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FOREWORD

The work reported here was performed at Oak Ridge National Laboratory
(ORNL) under t'.to 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 in Michael E. Mayfield.
This report is designated HSST Program Technical Report 88. It

|, 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:

1. S. Yukawa, Evaluatlon of Periodic Proof Testing and Warn
Prestressing Procedures for Nuclear steactor Yossels, HSSTP TR-1, Genet 11
Electric Company, Schenectady, N.Y., July 1, 1969.

[

2. L. W. Loechel, The Effect of Testing Yariables 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.

I 4. C. Visser, S. E. Gabrielse, and W. VanBuren, A 7ko Dimens/onal
i Elastic Plastic Analysis of Fracture Test Specinens, WCAP-7368,

Westinghouse Electric Corp., PWR Systems Div., Pittsburgh, October 1969.

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

l

Pittsburgh, October 1969.

6. W. O. Shabbits, W. H. Pryle, and E. T. Wessel, Heavy Section
Fracture Toughnesa Properties of AS33 Grade B Class 1 Steel Plate and
Submerged Arc Voldsent, WCAP 7414. Westinghouse Electric Corp.,
PWR Systems Div., Pittsburgh, December 1969.

7. F. J. l.oss, Dynamic Tear Test [nvestigations of the Fracture
Toughness of Thick Section Steel, NRL 1056, Naval Research Laboratory,

: Washington, D.C., May 14, 1970.

8. P. B. Crosley and E. J. Ripling, Crack Arrest Fracture Toughness
of A333 Grade B Class 1 Pressure Yessel Steel, HSSTP TR 8, Materials
Research Laborr'.ory, Inc., Glenwood, 111., March 1970.

,

9. T. R. Hager, Post frradiation Testing of 2T Compact Tension
|Specimens, WCAP 7561, Westinghouse Electric Corp., PWR Systems Div., *

Pittsburgh, August 1970,

iii

|
|

_ _ _ _ _ - _ _ _ - _ _ _ _ _ _ - - - _ _ - - _



. _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _____ _ -

,
1

10. T. R. Hager, Fracture Toughness Characterization Study of AS33,
Crade B, Class 1 Steel, WCAP-75',8, Westinghouse Electric Corp.,
PWR Systems Div., Pittsburgl., Oc ober 1970.

11. T. R. Hager, Notch Preptration in Compact Tension Specimens,
WCAP-7579, Westinghouse Electric l'orp., PWR Systems Div., Pittsburgh,
November 1970.

12. N. Levy and P. V. Marca1, Three-Dimensional Elastic-Plastic
Stress and Strain Analysis for Fracture Mechanics, Phase I: Slaple Flawed
Specinens, HSSTP TR-12, Brown University, Providence, R.I.,
December 1970.

13. W. O. Shabbits, Dynamic Fracture Tbughness Properties of Heavy
Ssction A533 Grade B Class 1 Steel Plate, WCAP-7623, Westinghouse Electric )
Corp., PhR Systems Div., Pittsburgh. December 1970.

14. P. N. Randall, Gross Strain Crack Tolerance of AS33 B Steel,
HSSTP TR 14, TRW Systems Group, Redondo Beach, Calif., May 1, 1971.

15. H. T. Corten and R. H. Sailors, Relationship Between Material
Fracture Toughness Using Fracture Mechanics and Transition Temperature
Tests, T6AM Report 346, University of Illinois, Urbana, August 1, 1971.

16. T. R. Hager and V. J. McLoughlin, The Effect of an Environment
of High Temperature Prinar:r Grade Nuclear Reactor Water on the Fatigue
Crack Growth Characteristics of A533 Grade B Class 1 Plate and Weldnent
Naterial, WCAP-7776, Westinghouse Electric Corp., PWR Systc=s 01v.,
Pittsburgh, October 1971.

17. N. Levy and P. V. Marcal, Three Dimensional Elastic Plastic
Stress and Strain Analysis for Fracture Nechanics, Phase II: Inproved
Modelling, HSSTP TR-17, Brown University, Providence, R.I.,

November 1971.

18. S. C. Grigory, Tests of 6 inch Thick Flawed Tenslie S,pecinens,
First Technical Sunnary Report, Longitudinal Specimens Hunbers 1 Through

! 7. HSSTP TR 18, Southwest Research Institute San Antonio, Texas,
| June 1972.

19. V. N. Randall, Effects of Strain Gradients on the Gross Strain
Crack Tblerance of A533 B Steel, HSSTP-TR-19. TRW Systems Group,
Redondo Beach, Calif., June 15, 1972.

20. S. C. Grigory, Tests of 6 inch Thick Flawed Tenslie Specinens,
Second Technical Sunnary Report, Transvorse Specimens Numbers 8 Through
10, Welded Specimens Nunbers il Through 13, USSTP TR-20, Southwest
Research Institute, San Antonio, Texas, June 1972.

!

| iv

|

- . .. -_ - __ __



. - -

.

21. L. A. James and J. A. Williams, Neavy Section Steel Technology
.

Program Technical Report No. 21, The Effect af Teeperature and Neutron
Irradiation U'on the Fatigue Crack Propagation Behavior of ASTN AS33p
Grade 8, Class 1 Steel, HEDL-TME 72 132, Hanford Engineering Development
Laboratory, Richland, Wash., September 1972.

22. S. C. Grigory, Tests of 6 Inch Thich Flawed Tenslie Specimens,
Third Technical Sunnary Report, Longitudinal Specimens Numbers 14 Through
16, Unflawed Speelnen Number 17 HSSTP-TR 22, Southwest Research
Institute, San Antonio, Texas, October 1972. ;

23. S. C. Grigory, Tests of 6 Inch 7 hick Flawed Tensile Specinens,
'

Fourth Technical Sunnary .zport, Tests of 1-Inch Thick Flawed Tensile
Specimens for Size Effect Evaluation, HSSTP-TR-23, Southwest Research
Institute, San Antonio, Texas, June 1973.

| 24. S. P. Ying and S. C. Grigory, Tests of 6 Inch Thick Tensile
Specinens, ilfth Technical Sunnary Report, Acoustic Entssion Nonttoring of 7

1 Inch and 6 Inch Thick Tens /le Spectnens, HSSTP-TR-24, Southwest Research
Instituts, San Antonio, Texas, November 1972.

25. R. W. Derby, J. G. Merkle, G. C. Robinson, G. D. Whitman, and
F. J. Mitt, Tests of 6 Inch Thick Pressure Yessels. Series 1:
Intermediate Test Vessels V-1 and V-2, ORNL-4895, February 1974,

26. W. J. Stelzman and R. G. Berggren, Rad /ation Strengthen /ng and
Enbelttlement in Heavy Sect /on Steel Plates and Welds, ORNL 4871,
June 1973, i

,

j 27. P. B. Cron1cy and E. J. Ripling, Crack Arrest in an increasing
i K Flold, HSSTP-TR-27, Materials Research Laboratory, Inc., Glenwood, Ill., |

January 1973.;

28. P. V. Marcal, P. M. Stuart, and R. S. Bettes, Elastic Plastle
Behavior of a longitudinal Semi Elliptic Crack in a Thick Pressure Vessel,
llSSTP-TR 28, Brown University, Providence, R.I., June 1973.

;

!

29. W. J. Stelzman, R. G. Berggren, and T. N. Jones, ORNE j

Characterization of Heavy Section Steel Technology Progran Plates 01, 02, t

and 03, NUREG/CR 4n92 (ORNL/TM-9491), April 1985.
J

30. Canceled.
,

i

31. J. A. Williams, The Irradiation and Temperature Dependence of
Tenstle and Fracture Properties of ASTN AS33, Grade B, Class 1 Steel Plate ,

j and Weldnent HEDL TNE 73 75, Hanford Engineering Development Laboratory, '

Richland, Wash., August 1973.
t

32. J. M. Stoichen and J. A. Williams, #lgh Strain Rate Tens /le :
Properties of Irradiated ASTN AS33 Grade B Class 1 Pressure Vessel Steel, |

Hanford Engineering Development Laboratory, Richland, Wash. , July 1973.

I

j v

I

l
a

_ _ _ _. _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ , _ . . - _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ ,



n- -

|

! 33. P. C. Riccardella and J. L. Swedlow, A Combined Analyt/ cal.
| Experimental Fracture Study of the Two Leading Theories of Elastic Plastic

Fracture (J-Integral and Equivalent E'nergy), WCAP 8224, Westinghouse
Electric Corp., Pittsburgh, October 1973.

34. R. J. Podlasek and R. J. Elber, 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,
Interin Report on the Effect of Low Frequencies on the Fatigue Crack
Growth Character /stics of AS33 Grade B Class 1 Plate in an E'nvironment of
High Temperature Primary Grada Nuclear Reactor Water, WCAP-8256,
Westinghouse Electric Corp., Pittsburgh, December 1973.

36. J. A. Williams, The Irradiated Fracture Toughness of ASTN AS33,
Grade B, Class 1 Steel Measured with a Tour 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 Ps essure Vessels. Series 2:

|Intermediate Test Vessels V 3, Y 4, and V 6, ORNL 5059, November 1975. j
.

38. T. R. Hager, S. E. Yanichko, and L. R. Singer, Tracture
Toughness Characterization of HSST Intermediate Pressure Vessel Material, i

1 WCAP 8456, Westinghouse Electric Corp., Pittsburgh, December 1974.

39. J. G. Merkle, G. D. Whitman, and R. H. Bryan, An Evaluation of
the HSST Progran Intermediate Pressure Vessel Tests in Ters: of

1 Light Water Reactor Pressure Yessel 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-/, ORNL/NUREG 1, August 1976.

41. J. A. Davidson, L. J. Ceschini, R. P. Shogan, and G. V. Rao, The.,

" Trradlated Dynaalc Fracture Toughness of ASTM AS33, Grade B, Class 1 Steel
Plate and Submerged Arc Feldsent, WCAP 8775 Westinghouse Electric Corp., '

3

Pittsburgh, October 1976.

1
' 42. R. D. Cheverton, Pressure Vessel Tracture Studies Pertaining to

PWR LOCA ECC Thereal Shock: Experleents TSE 1 and TSE 2,
ORNL/NUREG/TM 31. September 1976.,

i

j 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 S '

and V.9 with inside Nozzle Corner Cracks, DRNL/NUREG 1, Ausast 1977.
,

,

44. J. A. Williams, The Ductile Fracture T6ughness of Heavy Section
Steel Plate, >'MREG/CR 0859. Hanford Engineering Development Laboratory, ta

Richland, Wash., September 1979.

I

vi
,

'
a

i
I

F

_ _ - - _ - _ _ _ - . - - - . _ n __ __ . . . - - ,c ___ < - . , _ , - - . - -



_

i

45. R. H. Bryan, T. M. Cate, P. P. Holz, T. A. King, J. G. Merkle,
J.' 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
Portrining to a PWR LOCA ECC Thermal Shock: Experiments TSE-3 and TSE 4
and Update of TSE 1 and TSE 2 Analysis, ORNL/NUREG-22, December 1977.

47. D. A. Canonico, Significance of Reheat Cracks to the Integrity
of Pressure Yessels 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 Yessels, NUREG/CR 0093
I (ORNL/NUREG/TM-153), June 1976.

49. P. P. Holz and S. W. Wismer, Half-Bend (Temper) Repair Welding (

for RSST 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 Yessels, 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. Stolzman, Test of 6 in. Thick Pressure Vessels. Series 3:
Intermediate Test Vessel V-/B, NUREG/CR 0309 (ORNL/NUREG-38),
October 1978.

52. R. D. Cheverton, S. K. Iakander, and S. 8. Bolt, Applicability
of LEFM to the Analysis of PWR Yessels Under LOCA ECC Thornal Shock
Cond/clons, NUREG/CR 0107 (ORNL/NUREG-40), October 1978.

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

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

55. J. A. Williams, Tensile Properties of Irradiated and
Unterad2ated Wolds of A533 Steel Plate and A508 Forgings, NUREG/CR 1156
(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 Groavas on the Ductile Fracture Toughness Properties of ASTN A533
Steel, NUREG/CR 1171 (ORNL/SUB 79/50917/3), Hanford Engineering
Development Laboratory, Richland, Wash., October 1979.

vii



57. P. P. Holz, Flaw Preparations for HSS7' Progran Vessel Fracture
Mechanics Testing; Mechanical Cyclic Pumping and Electron Bean
Weld Hydrogen Charge Cracking Schemes, NUREG/CR-1274 (ORNL/NUREG/TM-369),
May 1980.

58. S. K. Iskander, TWo Finite Elenent Techniques for Computing
Mode I Stress Intensity Factors in TWo- or Three Dimensional Problens,
NUREG/CR 1499 (ORNL/NUREG/CSD/TM-14), February 1981.

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

60. S. N. Atluri, B. R. Bass, J. W. Bryson, and K. Kathiresan,
N0Z FLAW: A Finite Element Progran for Direct Evaluation of Stress
Intensity Factors for Pressure Yessel Nozzle Corner Flaws, NUREG/CR 1843
(ORNL/NUREG/CSD/TM 18), March 1981.

61. A. Shukla, W. L. Fourney, and G. R. Irwin, Study of Energy Loss
and its Mechanisms in Monalite 100 During Crack Propagation and Arrest,
NUREG/CR-2150 (ORNL/SUB 7778/1), University of Maryland, College 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: A Finite Element Program for Direct Evaluation of K Factors for
User-Defined Flaws in Plate, Cylinders, and Pressure Vessel Nozzle
Corners, NUREG/CR 2494 (ORNL/CSD/TM 165), April 1982.

65. B. R. Dass and J. W. Bryson, ORMGEN-3D: A Finite Element Mesh
Generator for 3 Dimensional Crack Geometries, NUREG/CR 2997, vol.1
(ORNL/TM 8527/V1), December 1982.

66. B. R. Bass and J. W. Bryson, ORVERT: A Finite Element Progran ;

for Energy Reicase Rate Calculations for 2 Dimensional and 3 Dimensional j'

Crack Hodels, NUREG/CR 2997, vol. 2 (ORNL/TH 8527/V2) February 1983.
4

67. R. D. Cheverton, S. K. Iskander, and D. C. Ball, PWR Pressure -

Vessel Integrity During Overcooling Accidents: A Parametric Analysis,
NUREG/CR-2895 (ORNL/TM 7931), February 1983.

|

viii

4

|
|

, , . _ . _ _ _ . . _ , . . . _ _ . _ _ . _ . _ _ __ . . _ _ . _ _ - _ - . _ _ _ __ . _ . _ _ .



.

,

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

69. A. Sauter, R. D. Cheverton, and S. K. Iskander, Nodification of i

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 ,tui D. G. Ball, OCA P, A Deterministic and
Probabilistic Fracture Hochanics Code for Appilcation 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 Specinen Cleavage Fracture Toughness Testing, |
NUREG/CR 3672 (ORNL/TM 9088), April 1984. ,.

72. C. E. Pugh et al . , Heavy Section Steel Technology Progran ~
Tive Year Plan, FY 1983 198/, NUREG/CR 3595 (ORNL/TM 9008), April 1984.

73. D. G. Ball, B. P. 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 Tenrile Properties of a Neutron Irradiated Stainless Steel .

'Submerged Arc Wold Cladding Overlay, NUREG/CR-3927 (ORNL/TM.9709),
September 1984.

75. C. W. Schwartz, R. Chona, W. L Fourney, and G. R. Irwin,
SAMCR: A Tuo Dimensional Dynaalc Finite Element Code for the Stress
Analys/s of Noving Cracks, NUREG/CR-3891 (0RNL/SUB/79 7778/3), University
of Maryland, College Park, November 1984.

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, Effece, of
Stainless Steel Weld overlay Cladding on the Structural Integrity of
Flawed 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, i

'D. P. Edmonds, R. W. McCullech, J. G. Merkle, G. C. Robinson, K. R. Thoes,
and G. D. Whitman, Pressurized Thornal Shock Test of 6 in. Thick Pressure
Yessels. PTSE 1: Investigation of Warn Prestressing and Upper Shelf
Arrest, NUREG/CR 4106 (OHNL 6135), April 1985,

1

78. R. D. Cheverton, D. G. Ball, S. K. Iskander, and R. K. Hanstad,
Pressure Vessel Fracture Studies Pertaining to the PWR Thernal Shock
Issue: Experiments TSE 3, TSE-5A, and TSE.6, NUREG/CR 4249 (OdNL.6163),
June 1985. ,

I |

:

; ix

i

j

_ _ . . _ _ _ . _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ . _ _ _ -__



79. R. D. Cheverton, D. G. Ball, S. E. Bolt, S. K. Iskander, and
R, K. Hanstad, Pressure Yessel Fracture Studies Pertalning 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 Yessels.
Series 3: Intermediate Test Yessel Y 8A ~ Tenring 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 PWR
Pressure Yessel Integrity During Overcooling Accidents, Considering Both
2 D and J D Plaws, NUREG/CR 4325 (ORNL/1H 9682), August 1985.

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

,

August 1985.'

83. J. W. Bryson, ORYlRT.PC: A 2 D Finite Element Tracture Analysis |

Progran for a #lerocomputer, NUREG/CR 4367 (ORNL 6208), October 1985. I

84. D. G. Ball and R. D. Cheverton, Adaptatlon of OCA P, A
Probabillstic Fracture Mechanics Code, to a Personal Computer,
NUREG/CR 4468 (ORNL/CSD/15 233), January 1986.4 ,

|
85. J. W. Bryson and B. R. Bass, ORNGEN.PC: A Nicroconputer Progran ,

for Automatic Mesh Generation of 2 D Crack Geonetries, NUREG/CR 4475
(ORNL 6250), March 1986.

86. G. D. Whitnan, Historical Sunnary of the Heavy-Section Steel
Techr: ology Progran and Sone Related Activities in Light Water Reactor

| Pressure Vessel Safety Research, NUREG/CR 448) (ORNL-6259), March 1986.
r

67. C. Inverstnt and J. W. Bryson, ORPLOY.FC: A Graphic Utility for
ORNCEN.PC and ORVIRT.PC, hVREG/CR 4633 (ORNL 6291), June 1986.

{ 88. This report.
j

89. K. V. Cook and R, W. McClung, Flow Density Examinations of a Clad
Bolling Water Reactor Pressure Vessel Segnent, h'UREG/CR 4860, Revision 1
(ORNL/TS 10364/R1), February 1988.

,
,

,

1 90. D. J. Naus et at., Crack. Arrest Behavior in SEN Wide Plate.s of !
Quenched and Tempered A 533 Grade B Steel Tested Under Monisothermal I

i Conditions, NUREG/CR 4930 (ORNL 6388), August 1087. |
:

91. D. B. Barker et al., A Report an the Round Robin Progran Con ?
;

! ducted to Evaluate the Proposed ASTN Starodard Test Method for Deternining
' the Plane Strain Crack Arrest Fracture Toughness Kra, of Ferritic Mater-

Jais, NUREG/CR 4966 (ORNL/Sub/79 7778/4), to be published.

:
!

X f

I

!
(

l ;

|
. _ _ _ . . _ .-__ _ _ _ _ _ _______ _ . _ - - _ _ - . ,

,_. __. - _ . _ _ __ l



, _. - -

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

93. R. H. Bryan et al. , Pressurized Thernal-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.
i
1 94. J. H. Giovanola and R. V. Klopp, YJscoplastic Stre' Strain

Characterization of AS338 Class 1 Steel, NUREG/CR-5066 ,

(ORNL/Sub/87 SA193/1), to be published. (
.

95. L. T. Hiller et al., Neutron Exposure Parameters for the Metal-
Jurgical Test Specimens in the Tlfth Heavy Section Steel Technology |

. Irradiatlon Serlos Capsules, NUREG/CR 5019 (ORNL/TM-10582), to be i

published. !
i

|

i 96. B. R. Bass et al. , YJscoplastic pynanic Tracture Analyses of the
WP 1 Series of Wide Plate Crack Arrest Tests, NUREG/CR report (CRNL
report), to be published.

;

i i

!

;
.

;

'
!
!

I I

|
\ |
; '

|*

- I

i

i

1

I |
1

J

l
,

I

I
i

Xl
,

|
-



CONTENTS

ABSTRACT . . 1 ;. . . . .. . ... . . . . . . . . . . . . . . . . . .

Appendix C. LOAD DISPLACEMENT AND J-R CURVES, SUPPLIED BY MATERIALS
ENGINEERING ASSOCIATES, FOR UNIRRADIATED MATERIAL . 3. .

Appendix D. LOAD DISPLACEMENT AND J R CURVES AND PHOTOGRAPHS,
SUPPLIED BY OAK RIDGE NATIONAL LABORAT3RY, FOR

'
UNIRRADIATED MATERIAL . 79. . . . . . . . . . . . . . . .

1

Appendix E. LOAD-DISPLACEMENT AND J-R CURVES, SUPPLIED BY MATERIALS
ENGINEERING ASSOCIATES, FOR IRRADIATED MATERIAL . 217. . .

Appendix F. LOAD-DISPLACEMENT AND J R CURVES AND PHOTOGRAPHS,
SUPPLIED BY OAK RIDGE NATIONAL LABORATORY, FOR'

IRRADIATED MATERIAL . 305. . . . . . . . . . . . . . . . .

1

}
s

:

L

I

1

A

n

{

}

,

i

i ;
' i

! i

i ,

|i

|

|
,

1

i
,

xiii

1
- _ _ _ _. _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ , . _ _ _ _ _ _ _ , _ _ _ _ _ _ , , _ _ _ _ __ , __ _ _ , _ . _ _ _ _ _ _ _ . _.__ _ _ _

_,
_ _ __



.

CHARACTERIZATION OF IRRADIATED CURRERT. PRACTICE WELDS AND A533
GRADE B CLASS 1 PLATE FOR NUCLEAR PRESSURE VESSEL SERVICE *

J. J. McGowan,i R. K. Nanstad, and K. R. Thoest

>

ABSTRACT

Studies of the effects of neutron irradiation 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. Fracture toughness test specimens were irradiated
in the Bulk Shielding Reactor at Oak Ridge National Laboratory'

| st 288'C to target neutron fluences of 2 x 10'8 neutrons /m' i

(>1 MeV). The materials were ASTM A533 grade B class 1 plate ;

(HSST Plate 02) and four submerged arc welds representing the i

current fabrication practice for nuclear pressure vessels. Both
unirradiated and irradiated specimens wore tested by two'

separate laboratories, and multiple tests were conducted at'
,

selected temperatures. Statistical analyses percitted the :

determination of material and test variability and an interlabo. ,

,

ratory comparison. Behavior in both the transition and ductile.
,

t shelf regions was studied. The results demonstrated the rela.
tively low radiation sensitivity of low copper / nickel welds and
the qualitative agreement between Charpy impact and fracture ,

toughness observations of toughness degradation.,

*Research sponsored by tha O'fice of Nuclear Regulatory Research, ,

Division of Engineering Safety, U.S. Nuclear Regulatory Commission under t

Interagency Agreement DOE 40 551 75 with the U.S. Department of Energy ,

under contract DE.AC05 840R21400 with Martin Marietta Energy Systems, Inc. L
j

iFormerly with 'ak Ridge National Laboratory, now with Virginia
Military Institute, Lexington, VA 24450. l

iEngineering Technology Division.
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-
,

& Specimen ID M Srecimen ID
C7 02G292 C-55 69W174
C8 02G294 C-56 69W176 |

C9 02G297 C-57 69W180 !

| C-10 02G300 C 58 70W102 !

| C-11 02G302 C-59 70W105 ;

C-12 02G304 C 60 70W109 :

C 13 020306 C 61 70W121 |
'

C 14 02G308 C 62 70W122
C 15 02G310 C 63 70W134 t

C 16 02G313 C 64 70W141
C 17 02G315 C 65 70W146
C 18 02G319 C 66 70W151
C 19 02G320 C-67 71W102
C 20 02G322 C-68 71W104
C 21 02G323 C 69 71W106
C 22 02G324 C 70 71W109
C 23 02G333 C-71 71W113
C-24 02G341 C-72 71W129 .

!
C 25 02G343 C 73 71W132
C 26 02G347 C-74 71W136 |

C 27 020352 C 75 71W137 :
C 28 020355 C 76 71W145 t

C-29 02G364 C-77 71W148 I

C 30 02G400 C 78 71W152
C-31 68WAC
C 32 68WAE
C 33 68 WHA
C 34 68WHD
C 35 68WHE I
C 36 68WJC
C 37 68WJD
C 38 68WJE
C 39 68WMC 1

C 40 69W104 '

C 41 69W110
C 42 69W111 ,

C 43 69W127 !

C 44 69W129
C 45 69W130

,

C 46 69W133 i

C 47 69W134
|C 48 69W135

C 49 69W150 r

C 50 69W162 '

'

C 51 69W158
C 52 69W162
C 53 69W164
C 54 69W168

!
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MEA VALIDITY INDEX'

El e (ASTM E3RSl
1. Kl e > oys * 4ao /2. 5

.

2. Kl e > oys * 4(B*BN )o. 5 /2. 5
,

3. PMa = /Pe > 1.1
|

j di e . (ASTM E813)
; a. < 4 data points between 0.15 and 1.G mm excletaion

lines.
.

i b. Data' clustering problem. |
1 i

i c. Delta-a prediction error too large,

j |(delta-a)pr ed -(delta-a) mea s ! > 0.15 (delta-almen s

: d. BN < 25 Je/or
1 -

e. bo < 25 Je /or |;

<

< t

I1

j Tsntn_tlyg_dr - R_Curvo Procidure

; 1. < 3 data points between (delta-a)=0 and secant line i

; (J:4/3*oy *(delta-a)] |
i
# 2. < 10 dats poir ts between secant line and (delta-a)ma n i

j [0.1 * bo ) ;

i i
i 3. (delta-a) prediction error too large, j
! '(delta-a)pr.4 (delta-a)mes | > t

-

i HINIMUM [0.15*(dolta-a)me.. 0.15*(delta-alma n ) t

) 1
'

4

i

I
'

b
: :

['

i i

i ;
) i

, ,

# 1
6 L

) '

f
i
h

I

i !
I P

| !
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<
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' ' ''

i 0.00 .09 .lE ,

'
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,
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'j i ourig t modalus E o 23;(00 Nfa (la t inate s value)
'

J.guttCS At *H4.Ytit. '
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] kjes(tJtc)*.5 a 43.2 NPa %<= vs.3
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I' tte e 44.4 Nr. sie

-

) battdety * VALID p te valu, i

! jata.COsttettoet y tt. W J l!st g rat._t,nts,
!terkie Corten )f f i t t Lt 4 = u i t, ofFi417 tfLitt|CH . 2.4((!!!2tTS:( 04 in.4
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S p< c i t < n Thi.:t w2s 15.4 m ia=

Init < r h< l 14 ti p t l. 21. i5 f N Init di 'll = .62/=
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} 71+.. seress e 57 .4 tts m
. 's i s t s a i r e s e 4*(.1 f.8 n
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*
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e- g-

c 95
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..g

s
.

't .:('
c g,.

| C .,/j r, FAILLFE T PE C

150 - < (R a u r d ' t . 5 nwd#'
-

/
e i tE A '. ASTf1 Ft .f; 'r SIS AFFLIC AEL EV

//r . . .m .

L.0 .5 1.0 1.5 2.0 2.5

Crack Extenston ( nyn )

1EST SF EC !t1EH DATA
l' nt artal Type = A533-1 PLATE 02

121 CTest Temper at u e =

F e r c e nt Side G oc"4 = 20 *.
Specimen Thtetless = 25.4 m hi

31.41 hi m Init a 'll = .618Inst crack l e n ;' h =

41 mm Final a 'll = .007F in al cract le sgt h =

Flow stress = 500.2 flPa
200300 t1Pa (Es t 16 at e d value sNoungs n.odulus =

F0WEP L AH DATA J=C (Delt 6 ai ^H
17 0. 2 6. J a. '2Jic =

184.6 J ( @ J l a 8. 8) = 746.3 hJea.-26 je =

.5825i'ponent il =

32 8. 9 6 J e n. 4C oc ((ic i e nt C =

1491 (nuerage) =

LEAST SOUAPE LlHEAP L1HE (ASTM) J= ti (te lt a a) + 1:

167 bJ ma2Jic =

= 102.9 Slope M = 183860.i 6 J,w' 36 jc
136.3 LJem^2Intercept I: =

1471 (ASTM) =

%tiidity (Jic ) = VALID
INVALID--3 (.52 vs .29)kalidity (R-cu me) =

J n. a x i m.u n. allo,cd = 4S4.5 6-Jem^2 (Jn o = Inst * Flow s t r e s s.'20 )
Is1t a 4 m.4x. allowe d = 1.94 ni m (De lt a a max = 0.1 + t o )
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SPECItttil 02G-304 (U)

40 Cleavage --

/ y^ 4,,__ Instabtlity
~ s
e ./ /
m 30 - ' -

A /

c &
.i

/
{ /
$ 20 - y' -

C j
Ac.

u- /*

y/* FRILURE TYFE R9
,

--
i

10 y R curve < D .15 tun e s c l u s i o n itne --
,

' (Insufficien- for analysis)j ;
o

'

/
/ , , , ,

.00 .25 .50 . [$ 1.00 1.25

Speeirnen Loadline De. f l e.c t i o n (mni
l

,

1EST SF EC it1E tt DATA
t at e r i 61 Type A533-I PLATE 02=

Test Te mpe r at u *e -5 C=

Forcent Side G oove 0 *.=

| S pe c i me n Thi c k ie s s I: = 25.4 mm
.

Ini t i 41 a < ll .619=

) Init cract length a = 31.46 mm
; Flow stress = 573.4 HPn
4 Nield stress = 496.1 tiP a
[ Nounga modulus E = 207500 t1Pn (tatimnied V61ue>

J-It4TEGE AL AHA.YSIS
Fstlure Type A (J 61 ins t abil it y = Jtc)
Jic 90.6 6J/m^2=

6 Jc =(E J ic )^.5 137.2 MPs N/m vs.3=

) te (1:e t a Cor r t c t e d ) 83.2 MPs %'m vs.3=

{ S Tit E349-81 A4ALYSIS
t odi f ie d L t c E aunt ion; I: (1In)^.5=

t aximura Lond P = 39.01 LH
**. Sec ant Offset Pq 22.4 L il=

Lte = 59 HP a L'm
k ni t dit y ll4Y AL I D-- 1, 2, ?ai

j IATA COFEECT10is USED F0F J-It4TEGE AL DATF
terLle-Corten :orrection
Correetion for spec then rot at t on

'

Correction to J for cract extension

i

- . _ _ - _ . -
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SPECIt1Erl 02G-306 (U)
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*C

1 300 -
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"

s
'
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|

-

/ y-c
c f

/ F"AILLFE 1 PC CC

150-- #~F.g
(Rcursl>/1.5n.ra

-

j / itEA L ASTil Ft#1.'rSIS 6FFL3CALLE

I((| ,

, , ,g_ .

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( rnm)

TEST SF'E C I M E H DATA
t nt e ri al Type = A533-I' FLATE 02
lest T e n.pe r at u e = 204 C

F o rc e nt Side G oove = 2 0 *;
' t re c ti e n Thtcl ua: = 25.4 n. m

.6231.53 un. Intt a LiInit crsch le n gt b = =

41.$4 mm Final a /l1 = .$23Finni c r ac 6 le igt h =

499.3 NFaFlow stress =

195500 t1Fa (E: t i n.at e d Y al ue >ioung modulus e

FouEF LAU Ii A T A J = c ( Dc i t a ni ^ ti

~fi c 145.I kJ/m^2=

168.4 J (9J 1=8.8) = 558.4 kJ/w^26 je =

.5355E ponent il =

2??.4 LJ/ma:Coe f f icient C =

11?1 ( ave r age ) =

LEAST SOUAFE LINEAR LINE ( ASTit s J = ti (t e lt a mi + 1:
~~~

139. S 6 Je m '2Jic =

1497 2.* 6 J ' m -3165.3 $1cte N =6 je =

110.7 kJ/ma2Intercept I: =

1161 (ASTM) =
i VAllD\alidtty (Jic ) =

lt4 VALID--3 (.48 vs .2S)Validity (F-cu ve) =

479.? LJ/m^2 ( J n 4.> = I ns t a F l ow streaa/20)J maximum 611 o se d =

( Ie l t a a un <. al lowe d 1.93 mm (De lt a a max = 0.1 * t o )=
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SPEC!!!Cil 02G-3Ce (U)

20 - Cle avsge -

1

If" / Tritttbt1Ityd .

:
a

,.i|! -

*r IS - / I
I' $ k'

# |-

* A'

! 10 f:I' | <

' t /*
s v

-
h'

'

/
f FMIL W C firt n

! 5 - / R curve < 0.45Isl e niosson Inne -

1 ," (Intufficsent for entlysts)
1 /
;| /

e

d 0'
.".4

--

0.00 .03 .14 ** .22 40;r

j sp.< i n 4...-i,n. t'. s i e.< t . <m.o>
)

) (1 1 tit ist(It4 6 (AM
-
3

t st or ial I.,.. e At)).1 FLnit o0
| 1est f e br er aiu *e e .+5 C ;

{ t e e < e nt tide G -o< t e 0% t

is. cimee. ft.ict was 1 e $.4 mm !,

lht9laI a*H e .$2
i inis tr a:6 l e e. 3 t t. a e 31.49 mm
j F l oma steela e 9' ? 7. 5 MI 4 j.
d ileld 4tfell e $).9 fi$ 6 )

| 'i +. .. . p m t e 212.* 00 ti8 6 . I s i i n ti e d V o l .. e
J - l et t l e.. o J.. l u sM eise. vill1

l is t ... e 1 > ,-e n *J ti i n s t .$.t. i l i e v e li< s
Jeg e 4.1 6 J ma:

4

1 6 i < = < t J e t * * . ', e 4 4.1 t18 a se m .e.) *

i 8 oc .let a (or set e J. = 42. 6 N 6 um (e.) *

i litt ()b4-41 A ML,tgg

]. f osit ie a e tc E 4 a st i . .. & E * slin ".5
t 6, i mum L o a f 9 e I?.S LH |
t '. t e c ant 08(set F4 e I?.S 4H j

4t.; M8 a s's -

i sc =

% s t e .s i t y e vnLilietc unlue |
p t s t :.. . r e i l o is in r l, e n. i- iiivi ce nt i i.

-

t e e 6 t e -(w i e n .Pf f n L I Lon!'* O lt V8 F il Il # L L C T ICil * -i. 6 *00 )t' 4 T ?d ( t 04 n. |

C or 'i t.tr.<imen ..t.ii+n t. i s t..i e r c e s.i a i u i i< s i ..e 4.):i4:estl4: re

feite4 elastie leaJ ran34e 2000 10 (00 (saraction to J f 4r cr eti e c ons son

6

I

f

!
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!

!
t

f
,

i
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-
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|
'
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i
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I
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SPECIt1DJ 02G-3:0 (U)
!,

!500 --

, ,

, -
~ 0. | !
f 1 / .- y -

450 --

/ / i.

i
4 ?t: ( ,

!M3 /
- 1 300 -

/ /' !
-

i
l .# !

f' FAILL] T PC C fE
:
J 150 - f (R cutwe |

>/1.5nr.)
-

,

f itEA L ASTil Ff# LYSIS AFFt.1CRELE |

| / / !

b.f / .; # :. .. .

0 .5 1.0 1.5 2.0 2.5 i'

!;

(|
Crack Extension (run)

I !

1EST SP E C i t1 Ell DATA l
,

A533-0 PLATE 02 [i faternal Type =

121 C !j lest Te mpe r at u *e =

20 % |' Forcent Side G oove =

= 25.4 mm ;
. Specimen Thickiess

31.62 mm Init a/W = .622 ;| Init crack length =

37.62 mm Final 4/W = .74 t

] F inal ccact l e ist h =

|j Flou stress = 500.2 HPa
200300 f1Pa (Est imat ed Value )| Soungs modulus =

H I
! FOWER LAW DATA .t = C (Delta a) a

183. 3 LJ/ma; !i Jtc =

696 kJ/6 9191.6 J (9Jel 8.9) *I kJc =
I .5088Exponent it =

319.4 6J/m^2Coefftetent C =

1271 ( ave r ag e ) =
,

! LEAST SOUAFE LlHEAP LlHE ( ASTit) J e H (Ie t t a as+t i

173.9 kJ/m^2 f
~~

Jic =

166189.(- 6J/m 3 !166.6 $1 ope H =FJc =

145 kJ/m^2 |Intercept S =

133 |1 (ASTH) =

VALID !v al idi t y (Jic) =

Nattdtty (R-c u ave ) = VALID ,

479.5 6J/m^2 (Jae =tnet+ Flow stress /20)J maximum allosed =

| Ie lt a a max. alloued = 1.92 mm (De lt a a max = 0.1*bo)
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50 --
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SPECIt1Cil 02G-313 (U)

40 - Cl e av ag e -

/,, -&"Ms t a b 1 1 1 \ y*
, ,

, .

5 / /
f' ',/

'
.

x 30 '-

$'

,.,

./c
<
E 20 - / -

. / |
t-

)et

/( ,c.
# FRILURE TYPE R |

*6 i

!O -

/
R curve < D.15tIdi exclu; ion 11ne -

/ (Iris u f f i c i e nt for analysts)j

..- ,
.

,.
#

1 i i_ i

! hi.00 .25 .50 .?S 1.00 1.25 !

1

| 'E p a c t rn+n LoadIine De. i' l e.c t i o n ( rn r. ) ;

:| !

1EST SPEC ! t1Et1 DATA
ihterial Type = A533-1 PLATE 02 i
lest Tempe r at u e = -5 C

*

j Fercent Side G'ooos = 0 *.

1 Specimen Thiel3ess I: = 25.4 m ia
.619 !i Init i al a ,- li =

I31.43 samInit er nc6 le n)t h a =
i 573.4 11P tFlow stress = 4

496.1 t1F m (; ineld stress =

ioungs modulu. E = 207500 ftPa < E s t i ia a t e d Value> '
;

1 }-IllT ECF AL Atla.YSI5
i Fhelure Type A <J ht ins t sbt 11 t y = Jic>

S1.8 6J'm^2 |Jic =

130.3 ftPk vm v=.3 l4jc=(E!ic)*.5 =
2 ) te (I:e t a Cor r t c t e d > = S t . 3 11P n N e m e=.3

f STil E399-81 A 4ALYS!S ,

t ooi s i e d Lic E au nt ion! 1: ( 1: I n ) ^ . .,=

t b e i mura Lo6d P = 37.i? 6 14 !
;

Se e ant 0 ( t' s i t Pq = 22.39 L t; i
**

< .

1 6 sc = 57.6 f1P n vm 1-

l \ nlidit y ll1V AL I D-- 1, 2,
*=

IATA C0FFECTIO1? USED FOP J-IllT ECE AL D A T f _, [

tert 14-Corten :orrectton
., Correction (or s pe e t hen rot at v on
'

Correction to J for c r ac k e xt e ns i on

!
|

| I

i
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SPECI!1 Ell 2G-315 (V)

E.00 -

f
-

i
/n

n.
/t /

/s
" 450 / / -

'

2 | /f - - y #~~s

[jv*"gE ~~f'
- i."- j

/::
ji 300
/

- -

| .s-+

2 #
j.f FAILLFE T PC C#E

150 -

''h[#
*

(R curse 1. 5 nird -

ttEA 1. ASTil Fid YSIS AFPLICAELE

/_, i

Ok # ' ' ''- '

O.0 .5 1.0 1.5 2.0 2.5

CrscL Extens6on ( u.nD

1EST S F E C 1 t1E tt ti A T A
tnteeial Type A 5 3 3-I: FLATE 02=

lest Tenperatu e = 204 C

F e rc e nt Side C*oove 20 %=

fpecthen Tht c6 se s s 25.4 k n.=

Init crac6 length 31.66 min. Init a 11 = .623=

Fink 1 c r ac 6 length 40.06 n.m Final a 64 == .827
Flou stress = 448.3 t1Fa
iounga modulus 195500 ttPa (Es t im mt e d Value )=

F 0llE P L All IinTA J =C (Iie I t a n) ila

Jic 156.3 6Jem^2=

6 jc 174.8 J (93<1=C.G) = 459 kJ n.~2=

E . pone nt 14 .4825=

C os i f i c i e nt C 275.4 6J/m-2=

1 saverage> 104=

LEAST SOUAF E L 1 TIE AF- L ! tlE ( A? Tit ) J = tt (Is t t a n) + 1:
Jic 148.5 LJem-2=

6 Jc 170.4 Slope t1 == 143428.5 6Jen. 3
Intercept 1 127.1 LJ<ma2=

1 ( ASTil) = 113
'v n l i d i t y (J t c ) V AL IIi=

Validity (F:-cu ve) = VALIII
J n. t x i n.u n. allosed 476.6 6J/n.^2 ( J a s.> = I n e t * F l o w s t r e s s .'2 0 )=

telen a n.ax. allowed 1.91 m m. ( I'e l t a a mi a x = 0.1*bo)=
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500 - -
i e i i

SPECIt1Et1 02G-319 (U)

400 - | -

I |n .

A /
/jF

~i -b /
N f.d 7300

f /#
- -

C

/ |-

.e
. | _ _ _ ,

9. ..e-
.; ,

' 200 -
'

/| /,p'$
-

+
~

T .4
C ft|-

- 'y,)'s. . - - -

1. 5 mi) -

FAILLFE TYPE C
, . (P c u r w e />100 -

j' *~ [ t1E6 : R5Tt1 Fl.dLYSIS AFFL EALLE
'

st t |

f.' /
b . i i. .

i. 0 .5 1.0 1. i 2.0 2.5

Cr4ck Extetuton ( rien )'

1EST SF EC INEti DATA
iaterial Type = A 5 3 3 - 1: FLATE 02
14st Te r p< r at u < OSP C=

F < r c 'e n t S e d e. C co"< 2 0 *.=

Specte.itn Tiii e I it s s 25.4 n. h.=

Intt cr sc4 14 n gt b 31.63 nir Intt i. ll = .622=

Fin 51 c r ac t le sgt h 4 0. 3 6 6.ni Final a 'il .794= =

F1cu streIs = $33.0 f1P4
'i o u n g s n.c.d u l u s 190800 tiF m (Estithted Vslue)=

F 0ljE P L All DATA 1 =C (Delta mi ^H
Jtc 126. 6 L J , t ^ 2=

6 jc 156.6 J (@J 1=0.8) 431.1 6 J . 6. 0= =

E pont nt il = 4563
(ovificient C 2 3 2 . 6 6 J hi' 2=

1 ( nve r agt > 73=

LEAiT SOUAG E L ! tie AF' L illE ( ASTiti J = t1 (I-lek si + I:
121.3 6J-ee;

'' ~

Jic =

6 jc 152.I Slope t1 = 1;0(00.1 i J 's 3=

Int 4cceet I: 107.6 6J<n.^2=

1 ( AS Tit e St=

%nlidsty (Jic ) = VALID
% hlidit y ( .4 - c u a v t ) IHYALID-~3 (.31 vs .20)=

J 6 n s i ha u t. 4!tosed a 511.4 LJe%^2 (Jaio=Intt*Flou str<ss 2 0 .a
le it a a n n s. al lout d 1. 9 2 em ( De I t a a sa n s = 0.;et.3)=

.

_ __-a
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750 -

ie i i

5PECIl1Eli 02G-320 (U)

E00 - ! -

/-

o. 'o(
2
N

24"'0 -

/ ,<_,,,,,..-;
/ g -

,. s * 6 5 ' ./"

#,,#'-

i 300 -

,/ .

. x# -

.. t. ::..-% y-.-

) 1
f

, -{,7, j
-:r,,,,

_

I FAILLFE T PC C
'

.
(R curie > 1. 5 nwd1 ". 0 -

* ttEA a ASTr1 Ft f L't SI 3 AFFLIC AE'L E

/ '/
i i u._ iq

U.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( rivid

1EST SPECit1 Ell DATA
i~at e r n al Type = A5 3 3-I: FLATE 02
lest Te nipe r at u e = 204 C

20 %i F e r c e nt Side G * oo >< =

( 5pectmen Thii:LSess 25.4 n. m=

31. 6 5 n.ta Init a /ll .623i Init cract lengt h ==

.S3G42.61 ni m F.nal a 'll =F inst crack le ngt h =

498.3 HPaFlov stress =

195500 f1Pa (Es t in at ed Value )'ioungs modulus =

F O LlE R LAW DATR 3=C (Delea s) ^ il
1 's 0. 5 L l < m ^ 2Jic =

171.5 J (0J<1 8.8) = 535.6 LJeni^2LJc =

.517E < pone nt 11 =

27S.0 6J/m*2C oe f f ic ie nt C =

1131 (average) =

LEAST SOUAkE LlHEAP LlHE ( ASTit) J = tt (relt a a) + I;
~~

14 7. 3 L J e m^2Jic =

146270.1 lJ.'m~3169.7 Slope H =L j ,; =

125.7 LJem*2Int crc ept I: =

1 (ASTH) 115=

%niidity (Jic) = VALID
'

IllVALID--3 (.5 vs . S)%alidity (R-cu ve) =

J ni a < i niu m allosed = 4 76. 8 L J/m^2 ( J a a. . = I n e t * F l o v streas/20)
I e l t a a n. a x . allowe d = 1.91 mm (De lt a a ma< = 0.1*t.o) ,

|
|

I

l,

1

|
|
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450 i i f i i

SPECIllEfl 02G-322

360
/

-
-

-

O. J
E

| Clesvages

,/) 270 -

j__ __ _ -7 In ; i a b 1 1 1 t y -

m

8 /
4 f'

,
#

"'||t / f
0 I F;0 - / -

a-
.

'+
/. | 1

*

/e
*

[ FAILUFE TYPE E
R curve does not r+ach -90 ,

f* the 1. 5 rirn sclusion Iine

b7 |

;

!
g-J , , .

0.0 .5 1.0 1.5 2.0 2.5

Crtek Extenston ( rnrn )

TEST SF EC IMEtt DA1A
it at e r i al Type = A5 3 3-I: i2 FEF
Teat T e nipe r at ur e = 22 C

P<rcent Side Groove = 2 0 *:
S p a c i nie n Thielneas = 25.4 be he

.62231.61 6. h Intt a < ll =Int' c r ac t length =

Flow stress = 54 9. 9 11P a
205900 ftPa ( E s t i n. at 03 V al u e )Youngs 64odulus =

PollE E LAH DATA .i = C (De lt a a) ^ 11
240.8 LJen.'2Jic =

222.6 E ponent il = .5496i .i c =

414. 9 L J e he *2C ot i f i c i e nt C =

ljLEA?T S00AEE LillEAP L ilit (ASTM) J= M (Delta ai +
1.7 LJem^2Jic =

10.5 Slope it = 3. S L J / h. 36:j c =

1. 7 L J h-2Intercept t =

litV AL I D-- a, bValidity (Jic ) =

IHVALID--2Validity (P-curve) =

527.3 LJem^2 (J6a =I' net +Flou a t r < s s ' 2 0 .'J h a si h un. Allov<d =

D< i t a aha. allou<d = 1.92 km (De l t a a ha < 0.1+bo)=

0Foisson's R at io (vi =

i

|

l
,
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7 5 0 ----- ==
.i . i

SPECIl1Di 02G-32S (U)
,

ds ,//
s

E.00 -

/ - -

< /
E | # '<*/ /'

j 450 -

/ g5 -

| /sf /
-

.

i
x | .r$ '
1 300 -

*'[w<
# -

f.
q4 e

T

FAILLFE T|YPE C
. .se

::'

150 - (P curse > 1.5 rir) -

/ IEA L A5iti Fif 'f SIS AFFLIC AOLE/,

j,0 |

2 |*/ .

'

t t n(__ i

U.0 .5 1.0 1.5 2.0 2.5

Cr ack Ext ens i on (nyn)

TEST SF E C ! t1E H DATA
taterial Type = A533-1 PLATE 02
lest Te nipe r at u e = 50 0
Forcent $tde G oove 2 0 *.=

Specthen Thictisas = 25.4 m m.
Inst cr ac t l e n gt h 31.46 km Init a ll = .615=

F inal c r ac k le 39t h 40.37 nm Final 4 / 11 = .794=

Flou stress = 531.1 HPa
ioungs n.odulus 204400 HPa (Es t imat ed Value )=

F0HEF L All DATA 1 =C (De lt a a) ^H
Jac = 24 3. 2 > Jim '2

= 222.9 J (9 J la 6.8)> Jc ?i3.7 LJ/mi^2=

E ponent H = .5272
Coe((ic*ent C 404.2 >J/m^2=

1 ( ave r age ) 145=

LEAST SOUAEE LillEAF LINE (ASTM) J =M (t e lt a a) + P
Jic 221.7 LJ<m^2=

012.8 Slope H =k Jc 2114i9.t.4Jem 3=

Intercept t = 177.5 hJem^2
1 ( ASTit) = 153
Validity (Jic ) = VALID
%alidtty (F-cu ve> INVALID--3 (.53 vs .29)=

J w ast hun, allosed 513. 3 L J/ m^2 (Jns.>=Inet*Flou atres: 20)=

te lt a a m ax. allowed = 1.93 mm (De lt a a max = 0.1*bo)
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500 ==
ii i >

SPECIttEli 02G-324 (U)

400 "

/1/
,*e.--

n .

<a
< |
t | ,(-< ~

! -N 000 -

| e/
f#,.1.W

' j
,gd'4 '' /e.

|x #'p-. 1

i 200 -

| 8 / -

+

/.e .V,
I-

Tu '.
|C 1 FAILLFE TYPE C<

11
100 - ,) (P cur i h 1.5 n.r.) -

t tE A a ASTri Fblt.'t SIS AF F L ]C RE L E |

|i / i !

./ '

i /
_

.. . ..

b.0 .5 1.0 1.5 2.0 2.5

Crack Ertensic.n (ra )

1EST SFE(ittEtt DATA
R533-1; FLATE 02t ne e r t al Type a

i test Te n.pe r ht ia e 258 C=

Fercent Side G oo.e 2 0 *;=

= 25.4 n, n,ipecin.en Thic6seaa
31.62 mm Init m elJ = .622Init c r ac 6 length =

40.12 km. Final k 'll = .789F inni cr ac6 l e igt 1. =

Flow streas n- 5 3 3. 8 HF's
190800 tif (E s t i n.at e d V al ue )'ioungs n.od u l u s =

F 0ttEF L Att liATA 1 = c (De lt n a) 14

Jic = 135.1 6 JI n.'2
160.5 J (@J/1=S.8) = 509. 7 6 i e n ';6 je =

4994E < pone nt il =

255. 6 6 J / ni '2Coe f f ic isnt C =

$71 t ave r age ) =

LEAST SOUAPF L !!tE MP L it4E ( ASTri n .1 = 11 (ILtn n) + I'i
= 12 8 6 J , e. - 2Jic

137844.i 6 J ' h. 3156.3 Slope H =6 je =

111.5 LJ.'n. 2Intercept I =

1 i n s t il s 92=

VALID%niidity ( Jic ) =

VALID%alidity ( R-c u've ) =

511. 5 6 J 'n.^ 2 (Jas. = Inst = Flow stress /20)J m m < i s.u n. 411oded =

!<1ta a max. allowe d = 1. 92 m ne ( De l t a a an a x = 0.1 = t, o )
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500 -~
i i i i

SPECIllEtl 02G-333 (U)

/
e400 - j -

.

. t.-O
< |
a j e . *,..**./~ ~s

6- 300 - -

Sa p'

-

| ,.sf.$
s. j/T r

i 200 -
,

ste .5 '
-C -

;i ys+
.. ,

FAILLFE[TYPEC
x 7
f ,/

# ( P c u r E/> 1. 5 aird100 - /b
-

s itE A |- ASTil 7tMt.1 SIS AFFL3CALLC

/
I

IOi --
'' ' ''

O.0 .5 1.0 1.5 2.0 2.5
,

Crack Exier.stcn t rivo )

1EST SF C s .1 Ell DATA
653 3-1. F'L AT E 02P at eri al TPre =

OSS Clest Temperstu e =

2 0 *.F o r c e nt Stot G oove =

25.4 mmfrscimen Thich it s s =

Init c r ac k le ngt h 31.S1 mm Init & /11 = .626j
=

F inal crac6 le Sgt b 3 7. i5 nim Final a ll = .741=

533.S ttFaFlow streas =i

| Noungs modulus 190$00 tiPa (Estthated Value)=

F 0llE F' L ALJ D AT A .I =C nDelta a) il^
,

| Ti c 121.1 6 J em-2=

150 J (@J< Tat.8) = 475.4 l J / n,^ ;-kJc =

4916E xpone nt 11 =

Coe f f tc ient C = 229.2 LJ m^2
= 761 ( ave r age )

L E AtT 500AF E L li4E AF' L li4E ( A? Tit ) J=H (!e it a a) + 1
121.6 LJem'2Jtc =

10S9i5.I 6 Jew- 3' 152.3 Slop 6 H =kJc
109.1 LJ/m'2Intercept 1: =

731 ( ASTit) =

Nalidity (Jtc ) * VALID
s. V6 LID% alidit y (R-c u ve i
506.5 6J/m^2 ( J a s.> = I ne t * F l ow atreas/20)J maxtuvm allo ec d =

1.9 mm (Delts. a max = 0.1 * tio )t e n t a a m ax. Allowed =

_ _ _ _ _ _ _ _ - _ _ _



___________________ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ - _ _ _ _ _ .

24

50 - - -
. i i i

SPECIt1Ett 02G-341 (U)

l0 - f-9: .d1 e avage -

~ Y''

of(.* In2tabt11ty, ,

'

'/ ,,/.a
.

l

/[l
~

/
?
c
4

3 20 /
--

/'
1 /
"v o

- ./ FRILURE T1FE R
R curve < 0.1-45 excluston Itneto -

(Insufttcien for an a l y s i s )
.

>

/
Ipr , , , ,

u.00 .50 1.00 1.50 2.00

Sp.ecirnen Lo=JIine De f l e.c t i o n ( rn o, )
,

t

|

1Eff $F E C I M DI DATA |
t at er i nl T"pe A533-L PLATE 02=

Test Ten.pernt4 e = 23 C i
'

Fercent $1de G oooe = 0 *;
3

3 s p e c i n.e n Thicksesa B = 25.4 niu
f, n i t t n 1 n Li .623=

Inti crnch len;th a = 31.64 k m.
Fleu streas = *49.9 ttPa.

,

'
i 16 eld stress = 473.9 ttPt

| 's c u n .; a soJulu3 E 205900 'IP a sEitin.nted Vn19e>=

J-!t4TECF AL A ti A .TI I $ |

Fatture Type N tJ nt i n s t ab i l i t i,. = tic) (

)ic = 2 0 .4. 5 L J. n.- 2
'

6 Jc =(E J ic )^.5 = 207.S tiPn w w vs. )
6- t c ( Lei n Corric t e 1) 96.1 ftPn w h vs.3=

f 37tt E344-91 A4ALY$!$ t

i'odiftad Lic E;untion; $ = (LIn)^.5 ;

39,61 L ili ta in. uni Load P =

!* Secant 0((set Pq = 22.27 L tt |
53.3 tt P n v n.kic =

Valid 6ty l t4V AL I D-- 1, 2, 2=
;

IATA C0kEECTIO45 1.lSED FOR J-I tt1 ECF AL DATF
terkle-Corten :orrectson !

j Corrgetton (or J p e c t h e ri rot at ion

]
Correc t ion t o j for c r ac k eatension

!

.
1

1r

i
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550 -
i . . .

SPECItttil 02G-343

,/
440 -

/ /-
-

v / /
-

| |3
/ Cleavagex ,

,y+
:._.__ * ~ -Anstabl11ty -330 -

t.A. [~
, s i
$'220 - , ,;| | -

+
u .'= I-

$ ,/,*[ FAILUFE | TYPE E
v s

[
1. 5 ra e,h n o t

-
R curv. do+ r uc h -1t0

the xclusion line

/4

7 |ga , , i, .

0.0 .5 1.0 1.5 2.0 2.5

Cesck Extension ( rre.O

TEST $F EC it1Ett DATA
A533-B 02 REFtt at e r i al Type =

22 CTest T e n.pe r at ur e =

Percent $tde Groove 2 0 '.=

Sp4ctmen Thickness 25.4 mm=

32.06 mm Intt s 41 =Intt c c ac k lengtb .631=

Flow stress = 549.9 tlPa
= 205900 t:P t (Est t unt ed Value)Youngs modulus

; P olJ E P L All DATA J = C (Delta t) ^ tl
' 243.9 hJ/m*2Jic =

224.1 Exponent il = . 41136: j e =

Coefficient C = 365.4 kJ/ma2
L E A !. T $6UARE L!tiEAP L ! t4E ( ASTit) J = tt (Deltt a) + I:
Jtc = 200.9 LJ.m^2

203.4 Slope ti = 22SN6.2 L J/m-36:Je =

159.I kJ/m*2Intercept t =

IllV AL I D--bValidity (Jtc) =

YALID.Validity (R-curve) =

515 kJ<=^2 (Jum~=Fnet= Flow stress /20)J n.h,imum niloved =

Deita a m m't . sllowed = 1.87 mm (De14s a m sx = 0.1+bo)
Poisson's Ratto (v) =0 ,

!

1

|

_______A
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50 , .- ,

SPECit1Cil 02G-347 (U)
1

,
40 - Cleavage -

j natsetitty,,

:=
? $ / J
J v 30 I- - *

# |
*

i c J
' rJ g

c |
| gg . <

2

,
1i

I *
3* FRILUFC TYPE R

I
40 - R curve < 0.1% a exclutton Itne <

- (InsuHictent for analysis) I
|

./ |

b.00
. . .

.45 .30 45 .to .751

i

f pe e t w.oo Lo ad i n ne De f l e.c t t e n ( w .. )
i

Igit esgc 3ngu g
a mS33.) FLAtt 0; f< Pnierten fyse

5 leat Testeratu*e * '40 C L

j Fercent $ t de C *eeve a 8%
a specimet. Thtchseas t e 2$.4 mm !

Int t t ti e'W e .42 |

Init t r et % l e n )lls 4 e 31.$1 sh h
Flow streat e (08. 9 f t# 4

; )ield stress * $;9.4 M8 4
,

; ioun.3s eeswius ( e 2$9!00 ett a cg e g g aie g value p
|J -Int t r.8 At *ne.v?15 ,

ITi l we e frse a tJ at tr.st at.t16tv e Jac : |
Jeg e 37.t 6J/m*2 j
e ;c e t t J e t * *.S e 41,8 M8 a um ve. 3 |
tic ele's Coerat*.ed * 6 9. 4 f:f a vm ve.3 >

ditM s')4*ft A4ALYllT
iegsened 434 inw at e m; Ie (lin)*.5
Pe.imwn Lo64 P e 32.78 kN
t *, t o t asit Offset Pq e 21.92 4H
tte a 61,9 P.8 6 sem '

i

% el tdiev e

IHv % 3t'cset
8, 2 ! I

I-Inti 1 A18 fJ t rossteilost t*ftli#Cs
f] t ee 6 te-ser t en >fe dt Lents w i t- AfftL M ifLfClif'H **t.74'?te:n;4* on.

e.2.t.:e .t:<ss t.ine, s ,.e c i me n r o i .i i e., t..a inte, cert ei.itic . i e .. . t . o r i t, i

P e t t e d e n ts t ts lead r ee.34 * 2000 10 400 ( c e r e t t e rr** t o J * er c v a c t. 4 tens ion |
t

1 i
| *

t

i i
.I L

- k
J

l f

|
'

! t

,

I

[i

1 ;

l '
t

.

4

'
.. _ . _ _ - _ _ _- _ . - . _. - _ _ _ - . . - _ .-- . - _ - . ._ . -_
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50 --- r i i i
--

,

SPECDICll 02G-352 (U)

40 Cleavage- -

# iisstabt11ty,

:f //
e 30 - /,

:
-

/,ffg .

-
,

c / !

a / l

i E 20 - / !-

| I f.| ' i,
- a4

j! FRILURE , TYPE R
10 - / R curve < 0.15tra e x c lu s t on line -

[;

/ (Insufficien; for analysts) i
:

,/i '
I

,

t

0 '/ !
-

' ' ' '--

j 0.00 .20 .40 . ti c .00 1.00 |
'

; Ep.e(men Leadiin. Detle.ction (m:0 ;
4 :
,

1EST SFEEIMEH DATA i
fatertal Type = A533-0 FLATE 02 |

Test Te mpe r at u *e -40 C=
3

Fercent Side G oove = 04
| Specimen Thickits: 0 = 25.4 wh
j I n t t i 41 a / 84 = .(22

' Ints crack lenph a = 31.61 mm
Flod stress = (C,S.9 HPt

,

iteld streas = 529.4 t1P n !j

140500 NFa (fatimated Value) ij Noungs modulus E =

J -l H T E GE- AL Atd.YSit)

1 Fstlure Type A (J at ins t abi t t s y = J t c )
' Jtc 59.7 6Jema2=

= 91.C HPa vm v=.3 }6Jc=(EJtc)^.5
l k t c (tet a Corr ect e d) 70.6 MPa sem v=.3 I=

j F $TH E399-91 A4ALYtt$ ;
! t od i f i e d 6,i c E aunt t on; ) = ($1n)a.5 |

taximuk Load P 36.8 LH l=
'

!1.14 LH!*; Secant Offset Pq =

! Fic = t e.4 NP4 vm
IHvnLID--1, 2, 3%nitdtty =

IATA COE'EECTIO4s UTED F05 J-!HTECEAL DATF. |
terkle-Corten :orrectson |

'Corre et ion for spec then rot at ion,

Correction to J for crack extension

!

i

. , - . __ .-
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t

50 . . . .

S P E C i t1Cil O.? G - 3 5 5
i

Citavage40 --

'InsTabi11ty; ,

::*

6 .s 4:

i e 30 ' --

/'

1 .J
/

5 |
,

/t E 20 --

o / !

*/'l U
c.
* g FRILURE TYPE R

/ R curve < D.15wn exclus ton 11net0 --
<

(Intuff1Cicht for &ntly315)

/
/ |, , , .

.00 .20 40 . E. 0 . E: 0 1.00

Sp e e t rnen Londlino Defleetion (rnn)
i

i

TEST TFECiMEH DATA'

(j tt at e r i al Type = A533-1 02 REF
'Test Temperature = -40 C)
*Percent Side Groove = 0 '4

*

25.4 mm (Specimen Thickness B =

) In t t t 41 4/W = .622 ,

I Init c rac k l e ngt h a = 31.58 mm j

C.4 6. 4 NPaFlou stress =

529.4 NPa iYleid stress =

i Youngs modulus E = 209500 HPa (Es t imat e d Value > f

Poisson's Rat t o (v) = 0
J-INTEC5'AL ANALYSIS j

Failure type n (J at i n s t ate t l i t y = J t c ) .

39.3 6-J/m-2 !Jte =

Vjc=(EJice(1-va2))^.5 = 90.8 HP n vm vs.3
= 70.2 MPa v m v=.3 [Kic (Is t a Correct e d)

A$TH E399-81 AHALY$ts ;

Modtfted Lic Equetton; i = (Lin)^.5 {
*taximum Load P = 32.5 hH |i

22.9 LH j5'; Se c ant Offset Pq =

59.6 HF 4 Vm ,Kic =
1

IHVALID--1, 2, 3 !J Validity =

C4.6 HPa N/w ;' K at Mastnum Load a

PATR C055ECT10H$ USED FOR J-lHTEGEAL DATA
He rk i e-cort e n c orr e c t ion

) Correctton for specthen rotatton
Correction to J for crack exten3 ton ;4

i i

| r

__ _ . - _ _ _ _ __ _ _ _ __._ _ _, _ _ _ _ - _ _ - _ _ __ ___ __- _
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000 i i i i

SPECIf!Cil 00G-364

/" / g -|
~

? /E.
,_

"*

%
*M 460 *) s-

C | eJ
/

P.g:4:7" (m
g= W

N b20 - }'
~

: /g:> 3,

'/60

gl F AILURE T PC CC
100 -

(*[/ t A 5 Tri Fttif4L[Y SI S ff F L 2 C AI L E
(R curve > 1. 5 aird -

tiEA
'

p.1s/ /
. . ,, .

0.0 .5 1.0 1.5 2.0 2.5

Crack Extansten ( nvid

TE?T TFECIMEH DATA
A 5 3 3- 1: 02 FEFMas e r i al Type =

50 CTeat T e or.e r at ur e =
i

Fercent Stde Groove 2 0 '.=

Spe c t s.e n Th t c h ne s s = 25.4 mm
32.17 n.ni Init 4 'll = .633Init co ncL length =

Finn 1 c r n <: L length 34.79 km Final a < ll = .664=

Flow stress t 531. 2 t1F a
Youngs modulus = 204400 f1Fa (Est t wat e d Value >
F0urs L AU DATA J = C (De l t a a) ^ il

202.9 kJ<m-2Jic =

203.( ttFa v mKJc =

J (+J<T=t.0) = (11.I LJ<m-2
.57(9E >-pene nt li =

Coe f f s c ie nt C a 375.8 kJ/m^2
T ( ave r age ) 151=

LEAiT S OU A5 E L ! HE A 5' (!HE ( A f f tt ) J = H (Delta a) + 1:
Jic = 194.1 LJ<m 2

199.2 tiFa v mKjc =

213000.5 LJ m^3Slope it =

155.2 kJ/m-2Intercept I: =

T ( Asilti = !!4
VALIDVhildity (Jic) =

Val t di t y (F -c ur ve ) = VALID
J m a t i n. u s allowed = 494.4 LJem^2 (Ju ax =Ine t +F l ov stresse204 |

'

Delta a 6.hv. Allowed = 1. 6 6 aim (Delta 4 shx = 0.1 * t o s
Ftnal D< 1t a a = 2.55 mm
Poi s s on's Rat t o (v) = 0

. - - _ - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ .
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750 - --
i i i i

SPECIl1Eli 02G-400 (Ut

/
//V" ~'~

//j j
/s

[ 450 -

#j# /
-

.
'

e.4 /g /.

/ '
I / '

3cc - ./ / -
.

2 ./.

/~4l,-
. E FAILL6E TYPE Cf4/ .--

}50 / (R curse > 1. 5 a,rd --

'

1
'' itCA L ASTri FM NSI3 FFFLICAELE

/ /
t I

g y* / , , ,u_ ,

0.0 .5 1.0 1.5 2.0 2.5 t

Crsek Estens, ton ( cr<n )

I

i 1EST TFECIMEtt ti A T A
| Imierial Type A333-1 FLATE 02=

= to C jlest Te n per at u o;

Fercent $6de G oove 20 !; i
=>

|trecimen ThicLsess 25.4 m e.=

Inti c r ack l e n gt h 31.27 mm Ints a/W .015= =
|
| F inal crack le sgt h * 39.64 aim Final aeu = .?8

Flow stress = $31.1 NF a
ioungs modulus = 204400 NFa (Es t 1 mat e d Valut )
Fours LAW I' A T A J = c (De lt a a) a H
Jtc 203.! LJe=~2=

= 203.9 J (9J,1s8.0) = $ 12. 6 6 J < m,-26 jc
E s pone nt li = .5995
Coe f f 6c ient C = 385.0 kJem a

1 ( ave r age ) 160=

LEA?Y $00A5 E L itlE AF- LlHE (AtTH) J= H (! it a a) * 17
Jic 6 192. 2 6 J /m^2

= 190.2 S l o p e- M = 22(743.4 6Jv36 Jc
Inte-cerit t 151. 2 6 J / ma2=

1 (ASTN) = 164
%alldity (Jic) VALID=

%alidity (5-cu ve) = !!4 VALID--3 (.40 vs .29)
'

J mavimum allosed 518.4 kJ/ma2 (Je u = Ins t * Flow stress 20)=

telta a maw. allowed 1.95 mm (Delt a a max = 0.1 * t o )=
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750 , , f- , .

SPECIf1D d54-RC (V)
/

!E.00 -

| /( /
-

5
h / /
s / / G l e avag e
2 450 /h_._

__
- - "~ Iji s t a b i 1 1 t y --

-

n /,

T .' /

/g /3 300 --

' r,4/,+ .

|
o.

T #

f / MIh_l3 ,TPC E
_

r+sch
R c u r v e d oof rios150 1 --

[ the 1. 5 r.n exclusion Iine

!/>
.

. gg .u_ ,. .

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( r .rn )

| 1EST SPECit1EH ti A T A
t at er t al Type = A503-F HS$T HELD

| 1est T e sipe r nt u e = -30 C

Fercent $td4 G oove = 0 ?;

25.4 mmfpscthen Thtcksess =
'30.33 mm Init a/H = .596Init c r ac k length =

| Ftou stress = (50.5 ttPa
200900 ttFa (Est t mate d Value )ioungs modulus =

FOWER LAW OATR J=C ( tie l t a a) *N
3ic J24.9 LJ m'2= i

= 260.5 Exponent 64 = .?t926 je
(0(.2 k J/ma2Cos(ficient C =

LEAST SOUAEE LIHEAS LlHE ( ASTit) J = tt (le t t a n) + 1
'''

3tc = 234.i. 6Jem2 |
= 221.4 tiope H = 4942(7. 0 6 Jew 3t jc

145.7 kJ/m 2Intercept i
a=

l i4V Al l ti-- a . b% si n di t y (Jic) =

!HVAL!0-e2\ 611d t t y (F-c u ve ) =

(t7.5 hJea*2 (Je sa =Ine t * F l ow stceas<20)J maxihum allosed 7=

2.05 km ( D e 1 t t. a maw = 0.1*bo)!eita a max, alIom 4 =

1

_ _ _ _ - _ -_______ -__.__ - __-_________________
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750 ~
i i i

SPECitOk6814-RC (V)
i

/
/

/ /
e}

600 -
1

-

ie
n.

k
s j Clesvage
) 450 stabillty

f - - - ~~-. -
-'- --

w
*

i |!j.

c *t 300 -

t
-

.

+

$ [- f6 / FAILL.FE TYPE E~ ..

150 '% F. curve 4ces not reach -

t h s. 1. 5 a.rt. ebclusion itne/ /
|fi i

lqJ . . .u. -

O.0 .5 1.0 1.5 2.0 2.5

CeseL Extin ic.n (run)

1E*T SF E C i tie H C' A T A
I nt e ri al T ype ' = 65*33-I HIST !J E L D
14st T e ng.e r at u e = -40 C

Forcent Side G oout =04
S p e c i n.e n Tht c6 Se s a = 25.4 ro m

= 3 0. 5 2 e- tu t ri t t a l! = .6init cr ac t le ngt h
iii. C MF aF i c.u stress =

209'0s NF a (Es t imat e d Yalut )Noongs m.o d u l u s =

F OUE E- LAN IATA J=E (Deltt ni H^
'

lic 2(0. 3 6 J w=

034.4 E .w p e n e s t H = .Gil)6 Jc =

/,48.2 LJem';C o e f e' t c i e n t C =

LEAST 5 0''AS E L l uE AE- LINE ( AS Ttt ) J = tt <!alta ai + 1.
' ~~

3ic 93.6 kJ,m 2=

140 Eiepe M - ( 10 ?i 3. 0 L J , n. - 3k je =

I n t, e r c e p t 1: = 50.5 6J<>^2
I HV AL I D--t,%hlidity (Jic ) =

YALID%blidtty (F,-cu ve) =

( ?; . 7 L J e h. ^ 0 (Ja,s.s=Ineterlow streas/20)J *,n thum al l o .ie d =

t e l t a a hav. allowed 0.03 mm (De lt a a max = 0.1 * t o i=
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40 , , . i

$PCC!rtCH ttsw-NPI (Un

32 Clotvage-
<

bl%ll?llily
:', /

'

24 -
<

. . <
.

, . - |
.

I il *

I [ '
,

"
FR!t,l*C ?#C H

8 - R curve < 0, lynn esc lui ton I t Me <

(InnwH t t e ent for analysts)

/

b.bo .30 .20 .30 40 .50
sp e c 4 %n L e. no l e n. De f l e.c t i o n (sam t

i.ierieittti estet h,eetv e ass - iisst wit
1ese time er at u e * -l:o c
servent s e de C co. . e os '

treet en thittsess i e ES.4 ==
|nitial a<u a .559
Inte c r ee t t e n y t. . . 30.42 ==
flew strees e FFS. 3 Mit
iteld stress e F43. F M8 a
%+wnas metulus t a 184400 Mia (tttstated Yatwel

}-|tiftQ8a b,aj .YtITItil re ly o m sJ at ins t at. i li t y e Jte)
Jet = 14.2 6Jen*2

6 J. a e t t h t e.1
e ti.9 Mi a u m ve.1

. < lei n corr ec t e 4> e t r a er a v. vs.:
ri..t n := + e l a inu.t i .ti,i ..ti ee iv ise .. t o <tini..s
Pa. tow = t at P * it.14 kN
!% let ant Offatt P4 e 25.56 kN
6se e S t.t MFa %rm
% tindit y a Vall8 Ett welwe
j nta < 0s s t(flo 47 U*tQe J-lHigl=L t.ats
p e e 6 te-Or t ea RIIll Lsa&* e it Ef f iEI'll 5 L i t t l o44 * * 4. 4 3191( 4 7 4 )[ t et in.
f re s t ee n rot at ie.n Lead tr.'ersept e l as t ic sitie e 2.4 *et tfilt;'t 07 14-
f it te d el as t te n e ed r ange n 2000 10 (00 ( se r e t t a an t o J f ee te act e n tent non

.
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750 i . .~- i*

SPCCDICH 68HO

-000 j
-

-

1 / X './,, .
,,0

= / ,/
.

/.-
j /y.cf.~

t' /j' [I 300 -
-

j4+
/V j*

i /*
FAILLGE T|YPE CC /* /

4 / -=
i

150 .

(R curse > 1. 5 riti) -

|

/ ttE A L AS Tri Ft.'i YGIS AFFL3CAELE j

V| / |
9

i . . u 'qy
U.0 .5 1.0 1.5 2.0 2.5

|

Cr a c k E x t e ns t c.n (rvn)

I
1EST $9ECit1Ett t' A T A
Iateriat Type' = A533-) HttT WELD
lest Temperatu*e = 200 C
Fercent Stda G-ooos = 2 0 *e.

25.4 in ntrecimen Thichsess =

30.81 mm Ints a'W = .(OfInit c r ac t l e ngt h =

= 34.E8 mm F t ntl aiu = .6L6F inal cract leagth
533.4 MP4 .Ficw stress =

195600 t1Pa (Estin.hted Value)ioungs modulus =

F0WEP LAW t' A T A J =C (Delta a) Ha

lic 242.3 6Jem-2=

217.8 J < e Je l s 0. 8 ) = 575.9 6J.*';4 Jc =

43(iE.ponent H =

369. 0 L J < m * 2Cos(ficient C =

- = 1061 * average)
LEAST SOUAFE L illE AP L !t4E ( Ast ri) J=H (! e it h a) * l-

236.t LJem-2
~~~

Jic =

161519.1 tJ,m-3215 Slope N =k je =

200.3 kJ/m-2Int e rc e pt t =

1111 (ASTM) =

VAllD%alidity (J t c ) =
I YALID%A16dity (K-cu*ve) =

532.6 LJ/m-2 (Ja o =Inct* Flow stcesa'~0)J hanimum at1osed a

t e n t a a max, allowed = 2 mm ( D e l t a. 4. e4 a x 0.1 * t.o )=

i
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,

50 --
i i i .

..

SPECIt1CN 60W-JC (U1

40 Cleavage -

p
| Instability
I O
d

w

30 - -

g

2 7
.

1 ! /
..'E 20 --

-

i

/ FRILURE TYFE R' #
d'

10 - <" R curvc < 0.15 5 excluston 1ine' -

(Insuffteien for analysis)

. , , ,

.00 .15 30 . [5 E0 75
'

a . . .

7p e e t rnen Load)ine Defle.ctton (mn) ;:

I
'

i 1[if SFECIMEH DATA |
; tateriat Type A533-2 H5$7 WELI=

test Te mpe r at u * e -95 C' =

! Fercent S t de G oo*>e = 0% .

. S pe c i me n Th6ck was L = 25.4 mm !
l Int t i al aH = .597 i

1 Init crack le ngt h a = 30.34 mm i
Flou stress = 736.6 NF4 !;

- %teld stress = 70s.9 NPa !
Noungs modules E = 212000 NFa (E s t imat e d Va1ve ) [

.. J-lHTECEAL AHA.YTIS t

; intlure Type A (J at inst ability = Jic) !
Jtc = 40.2 6Jem*2 ji

] 6 Jc=(EJic P.5 = 92.5 NP4 vm v=.3 [
j 6 tc (Te t a Corr n t e d) = 79.( NF4 Nem v=.3 t-
j FSTN E399-81 A4ALY$lt

'

.

j i od)( t e d 6,1 c E qu at t on; ) = 13tn)*,5 '

; Pavtmum Lead P = 39.0) kH
t's to c ant Offset Pq 30.17 kN=,

* '

6 tc = 90.1 NFa N/m
INVALID--l. 2 !Saltdtty =

j I AT A C0FE EC T 10 45 USED F05' J-! H T E C E' AL DATA I

'

t er6 le-Cort e n :crrectton *

I Correctton for spec then rot at ton j

Correct ion to J tor crack extensten ;,

! [
!

! I
,

P

,.,---_..-..n - - - - n -_--a------n-,~ --- - ,n:- -_ ~ - -- ,-- -----*w w - -- - "
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I750 , , .- .

SPECIf1Erl 68H-JD (U)

000 - ! -

/
' ' 'Ve

/ /
450 -

| /
*

=

/.

I >,

fU1 300 f -- ' 6s | .4wx s

f,*/s
c >

FAILLEE YPE CI
j 150 g,I (R cur d '1.5 rel

7
-

f/''/ ttEA L ASTri Ff4 LYSIS ffFt!Cf4LE

/j -
,
, v . . ._ .

b.0 .5 1.0 1.5 2.0 2.5t

Crack Extension (nyn)-

TEST TFFCIMEH OATA
Istertal Type A533-1 H!5T WELD !a

'
lest Te mper at u e 288 C=

Forcent Side G oove 20 %=

f re e then thick ne s s = 25.4 mm
Intt c r ac t length 30.72 mm Intt ae9 = .(04=

F inal c r ac k le ngt h = 37.01 66 Final a/H = .744
Flow stress e 561.4 tiF' a

'iounga modulus = 190$00 MPa (Est6mased value>
F 0 u E 5' LAW DATA J=C (De lt a a) *N
Jic = 161. 3 L J < m- 2

= I?5.4 J (6J 1*t.5, = (51 6 Jew *6Jc
t pone nt H = .5914 i

'

C o e t' ( i c t e n t C 331.3 LJ/m*2=

187 |1 ( ave r age > =

LEAiT TOUAFE LlHfH5' t INE (ATTN) J=H ( t a ly 4 ) + ) '

131.5 LJ<maJtc =

= 158.4 $ lope h 4.t6J m 3>jc '
-

Interrept 1 = 106 kJ/m '
1 (6tTH) = 132 |

VALID ;salidity (Jic) =

\hlidtty (F-cuave) e VAL]D
'

J masimum 411oved = 503.4 kJ/ma2 (Ja p =Instertow stress /20) <

0.16bo) |Ie lt a a max. allowed = 2.01 mm (De lt a a max =

|

|

_ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ - _ _
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40 , , , .

SPECIt1Cfl 60H-JC (UI

leavage32 -

f Instablitty
.

5 /
./w

1 2A - -

.. .
|$.

|t

b 15 -

-
, .L

s <

c.
# FRIt.URE TYPE R

B - R aurve ( D.15ema exclusion line -
(Insufficient for an a lys t.

/
h.00 .35 30 .45 .k 0 .75

Sp e c t eren L o acil e r.. Defle.ctson ( m. I 1

|
,

IE47 S F E C itif f t 0ATA
P at er i al fppe e > $ $ 7 14EL D
test f ebr er atu e o -125 C

Fercent Side G* cove . 0 v.
1pec t men Thict w s s 3 = 25.4 mm
Initial a< u o .603
It it cract length a e 30.63 mm
Flou stress s 763.4 NF a
46414 stress * 15?.5 HPh
ioungs modulus ( * 114300 H8 6 (I s t imat e d Value )
j-liff(C$Al iMJ A .Y$ $ $

imiture type A sJ at inst nbt 1ity a Jic >
29.4 kJ'a-2Jos =

* f ). 4 Hi a vs va.36 Jc =(E Jic )*.5
kic (le t a Coerec tedi * 72.9 1PA um va.3
F S f ti E)**-El AsAL40!t
f odi f ie d A t c E 3uat iori; 9e (Eln)*.5

33.15 A lltastmum Lead P =

33.14 6 18* *; Se c ent Q(iset Pq *

tic e to MF a um
4alldity * .MVAllD*-2
JATA f (!5 8 t,(g 6 Ut t b U'$- J-Ilef f GB AL ! A?F
tertlea(wr t e n h7tti LvH0* O l t' UF F i L I Ilf LECflOtt * (. 4 314 4 $ 3!!011 05 in,5

t pec ime n rot et t en Lead t r.t e r c e pt elastic s i c t.e e .00000003 f t.

f a t t e d elas t te lona range * 2000 70 (00 (ce re c t ion t o J (or cr ac k ei n e n. t o n

t'

4

1
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2000 i . . .

SPECIf1Cl168W-11C (U)

//B00 -

j

5 /s /
[ 600 / / --

/
/,-w

/, .

/ -,

.I 400 -

/
-

1 / -

N [g-f*I FAILLFE TY E C
(R curse > ' . 5 mm )200

- f[(
-

- tiEA : ASTri FNFL ' SIS AFFL3CAELE I

/
/g. , , .c ,

0.0 .S 1.0 1.5 2.0 2.5

Crack Extension (mm)

TEST SP EC I MEll DATA
t at e ri al Type = A533-B HSST WELD
lest Temperatu*e 121 C=

Fercent Side G oove = 20 %
Specimen Thickiess = 25.4 mm
Init c r ac k length 30.82 mm Init a/W = . 606=

F inal crack leigth = 36.03 mm Final a/ll = .764
Flow stress = 542.3 MPa
ioungs modulus = 200300 MPa (Estimat ed Value)
F0WER LAW DATA J = C (Delta a) ^ II
Jtc = 177.5 kJ/m^2

'38.5 J (@J/1*8.8)kjc 1054. 8 k Jim ^2= =

Exponent H = .742
Cottricient C 417.1 kJ/m^2=

1 (average) 203=

LEAST S0tlAFE L!llE AR L!llE (ASTM) J=H ( I'e _1 t a a ) + B_

Jtc 156.1 kJ/ma2=

kje 176.8 Slope M = 299151'. S 1 J/v 3=

t rit e rc ept B 113 kJ/ma2=

1 (ASTM) 204=

V al idity (Jic) YALID=

t al i di t y (R-c u ave) IllV AL I D--!=

J maximum allosed 541.5 kJ/ma2 ( J a> &> =I'ne t * F l ow stress /20)=

t e l t a a max. allowed = 2 mm (Delta a max = 0.1*bo)
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50 . . .- ,

SPECIt1Cil 69H-!O4 (U)

40 - Cleavage <

nstab111ty,

5 |
- i-
'

30 -
|

*y

/ !

8 20 -
/ -

4

' .e ,
a
e.
# / FRILUPE TYFE Fi

10 - R curve < 0.lSun esclusion line j

(Insufficient for analysis) i
4

/ ,,

.00 .12 .24 .JG_

,- .

* 49 .E0

Sp e c, t r.wn t.osoItno Dei le.ct t on (mail

Itt' iP E C I Mtti (ATA
P ti e r e al tyr e R533*B Hibt Welt-*

1est f ebre r at u-e e -(0 C

Forcent Stde C oo.n e og
trec then thic6 se e s 5 = 25.4 a. =

In t t i ti aiu o .59?
Inst c e ac t length a a 30.34 mm
Flow stress * ?i6 HF a

725. 3 ttF a4teld stress =

)ounp m od.a l u s E = 210f00 HFa (E s t t h at 4 4 Value $
j - l u f t e.t v.L At4A ,v111
initure lys e n (J at i n s t at. t i t t y = Jac)

30.6 >Jeha:Jac =

6 Jc etE Jic )a.5 = 6 0. 3 NF' a v 6 ve.3
P lc (le t a Cor r re t e d) e 72. 7 NPa un to.3
F11H E345-t1 A s%Yt t ?
I o.s i o n e .s k i c L U nt i .:,n; * (Lin>a.5*

et<taum Load P = 34.53 k ti
34.53 6 tlt *; !a c ant Offset P1 =

fl.4 HF a whe tc *

INVAllD--1, 24 ti ndit y *

| A f s. ( 0s s E( 110 41 UTEI' F08 J - I H _i f C 8 8't taff
t e e t t e 4 or t e r. MFiLT LeML O lb QFF!El In f LECT 10fi e-i.Olii20$3404E.05 in.
t r e c ime n r c,t hn i on Load intercept el as t t e s)crq e .00v000204;?!. f t.
Fitted etasite lo ad r ange. 2000 to (00 t e r r e c t i c-n t o J (or cr ect eigenston

i

l

a

d

3

-- - - . - - - - , - - ., .- , , , . ,.
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750 m e a

SPECItc . 6984-110 (U)

500 - ! -

*
e

I~

/s / a

[ 450 -

/
/ -

/w

: / /l

. 300 - ff f -

1 / /<

*
,
C
I FAILLFE YPE C

'
150 ( R cu r va [ 1. 5 avn)

-

o
p' ttEA L RSTri FNFi.YSIS APPLICABLE
a

/r . . .m .

0.0 .5 1.0 1.5 2.0 2.5

Crack Extansion ( nyn )

1EST SPECIMEll DATA
l< s t e r i a l Type = A533-B HSST WELD

121 CTest Temperatuae =

Fercent Side G oove = 2 0 */.
Specirnen Thickiess = 25.4 mm

.60330.64 men Init a/ll =Init c rac k length =

40.62 mm Final a/W = .799Final c r ac k length =

630.3 itPaFlow stress =

200300 HPa (Est imat ed Value)ioungs raodulus =

FouER LAW DATA J=C (De lt a a) ^ 14
147.4 LJ/m^2Jtc =

171.8 J (8Jel=8.8) = 466. 9 k J /n ^2F: j c =

.5364Exponent H =

297.9 kJ/m^2Coefficient C =

821 (average) =

LEAST SOUAFE LIIIEAP L l tlE (ASTID J = 11 (Ij l t a a) + B
147.3 kJ/m^2Jte =

161876.? 1J/re 3171.8 Slope H =
F: Jc =

128.4 kJ/m^2Intercept B =

821 (ASTM) =

VALIDValtdity (Jic) =

VALIDValidity (R-cuave) =

634.8 kJ/m^2 (Ja40= Inst * Flow stress /20)J maximum allond =

Ie l t a a max. allowed = 2.02 mm (De I t a a max = 0.1 *bo)

|

l
i

I

l
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50 . , ,= ,

SPECIf1EN 69H-ill (U)

40 - Cl e avag e

/ g 4 s1abl11ty,

5 1*= / |
t 30 -

a
C ,

c
*

4
.

E 20 - -

- . gc *

f, c.
" f- FFULUPE _T1 PE F4

10 - / R curve < D.Ittirn exclusion line
/ (InsuHlesent for an a ly s t s )

/
o/ . . . .

0.00 .lb .30 45 .E0 75

Sp e c t er.e n Londttno De f le.c t i on ( nm )

ttti ef t(Ittru AAf A
e At:3-t HS$1 WEL!P6tersal ia, s e

lest 146perntu's e +5 C

F o r c e nt Side Gaoove = 0%
25.4 mmfrectmen 11.t<L$ess & *

Init i al a<u e ,(04

Inst c r ac k l e n)t h a e 30.(C mm
Flow stress a 107.4 ItP a
iteld stress = ((4.( i1P a
iounga m e.j'e l u s E e 207!O0 tiF a (f a t im ht e 4 Value )
J.lHttG5 At Asie .vt li
i nilue s f ys,e H eJ 4% ins t abil1 t y JtC)e

Joe a 34.4 6Jen*2
e 90.5 ttp a un (o.3>Jcattjie>a.5
e 74.0 #17 4 v ee ve.3tic (tein C<.rrecte45

FifM f '*'*-?) A4At.YSli
i o d i f i e d t' s t E Nat toes; Fe (lin)*.S
Pnremu= Lvaj P = 37.01 L tl
t 's t e c en t Of f s et Fq 33.25 k t4=

*tc e 60.4 MPa Nem
4 tlidely e lHVAll3--l. 2. |
{ATA ( f4 E f( f l 017 tei f te F08 J-Itif f G8 Al Iofd ,

It e r 6 t e -( ce t e e. )f f 6Li Lvn! * U l t- O F F '. L t 1( F L E Cil014 s -; . 4 %' 7 ? ) ! M v .*' C 0 4 in.

t r e t t be ri r ot at t <n L o nJ t e,t e r c e r.t ei nst oc slCte (.12*052!!!0tE*01 I t-e

F it ted e las t ic I c. ad i v.<;e = 2000 10 (00 (creaction t o J (er er ac t e t e n; le n

I

_ . . . . ._. _ _ . _
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500 , , , i

SPECIt1 Eft 69H-127 (U)

400 -
! -

O.
< #7{
". 300 - M'f -

/ -n /|
2

: /
f -

200 -

f'-

4T 9c s
E ;-74 FAILLFE TYPE C

~$' (Rcurse]') 1. 5 nm) -

100

7*f tiEA L ASTt1 FNFLYSIS RFPLICABLE
!

:n j
5 I '' ' ''0*

O.0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm)

1EST SP E C i tiEH DATA
t at eri al Type = A533-B HSST NELD
lest Temperat u e = 288 C

Fercent Side G oove = 20 %
Specia.en Thickness = 25.4 mm

.60130.57 mm Init a/W =Init crack length =

41.07 tam Final a/W = .508F i n al c r ac t- length =

650.7 tiPaFlow stress =

190900 MPa (Est imated Value)Noungs enodulus =

~F0 HEP LAW DATA J= C (Del t a a) ^H
101.5 kJen*21tc =

139.2 J (0J 1=8.8) = 299.7 kJ/n.^2=Vjc
.5029Exponent H =

212.4 kJ/m^2C oe f fic i e nt C =

511 (avera0e) =

+ BLEAST SOUARE LIHEAP L1HE ( ASTiti J = 11 (De_1 t a a)
102 kJ/m^2Jsc =

109743.2 LJ/m 3139.5 Slope M =
kje =

93. 4 k J/m^2Intercept E =

491 ( ASTri) =

VALID%alldity (Jic) =

N alidity (R-cu ve) = VALID
J m ax i t uta al l o se d = (.57. 6 k J / m^2 (Jan>=Fnet+ Flow stress /20)
IeIta a max. allowed = 2.02 mm (DeIta a max = 0.1*bo)

1

1

|

|

l
|
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500 . . . i

SPECD1Ef t 69H-129 (U)

480 - ! -

*

R V
i / /< / -

;380 - j
# |.

+/c

/ -s e40 - /* p2 |c
C /
Z FAILLFE TYPE C

,

120 (R curveli 1. 5 entn) -

,, f i1EA L ASTil FT- YSIS AFFLICAFLEt

'

/
s/ , , .. .

.0 .5 1.0 1.5 2.0 2.5

Cr ack Extenoion (mm)

TEST S P EC i t1 Ell DATA
t< st e r t a l Type = A533-I: HSST tlELD
lest Te rape r at u e = 50 C
Fercent Side G*oove = 2 0 *:
S pe : i rn e n Thickiess = 25.4 en ra

.60430.72 mra Init a /11Init c r ac k length ==

41. 53 men Final a/11 = .817F inal c r ac k length =

664.1 t1PaFlow stress =

204400 f1Pa ( Es t i va at e d V al ue )Noungs modulus =

F 0t4 E P L All DATH J=C (Delta a) ^ 14
Jic = 176.4 k J / ra ^ 2

189.8 J (03 1=0.8) = 4 3 4. 8 k J e r.. ^ 26: Je =

.4495E .< p o n e n t il =

309.9 kJ/r^2Coefficient C =

= 661 (average)
LEAST SOUAFE LillEAP LlllE ' ASTiti J = 11 (Ie l t a a) + I;

165.6 kJ/m^2Jic =

15 05 9 2. 3 k J , ta ^ 3= 104 Slope il =6: j c
146.8 kJ/m^2Intercept B =

= 701 ( ASTil)
Validity (Jic) = VALID

IllV AL I D--3 (.33 vs .3)V a l i d i t y ( R - c '.: ave) =

J m axi rauta allosed = 666.4 k J / n.^ 2 (Jn t> = Ins t +Fl ow st re s s/20)
Ielt a a max. allowed = 2.01 m en (De l t a a max = 0.1+ bo)

i

|
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30 . . . .

SPECIllEil C9H-130 (U)

24 - Cleavage -

,f % stabilityX
,

,'
t 18 -

/ - 8

e I'
C *,..,

c
e ,*
-8 12 -

I

-

L .

Mc.
# FRILURE (VTE R

6 - g/ R curve t 0.15mn e xc lu s ion l i ne
(Insufficient for an a l y s i s )

! , , . ,

h.00 .03 .16 .24 .32 40

fp c t r..en Londtlne Derle.ot on (mm)

1EST T F F Cit'E ts (' AT A
interiai ~ fype ~ = A533-E H557 utL!
lese T e 6.r e r at u * e a -(O C

7ercent Stde C ccee = 0 '4

T re s i ke n Th'cl u s s & 25.4 mm=

Initial a/W * .59%
Init crack length a e 30.45 mm

?ds. O I1F aFlo, stress =

16 eld stress * 715.5 fika
ioungs 6 o 4 91.. s E a 210700 t1Fa (Istthated Value)
j - t u t r c s v.L Ae.A,vtte

i p sur e lyre n (J at ina t at il t t y = Jtc)
10.3 6Jeha2' Jac =

( p jc atEJ tc)^.5 51.9 ffr a u m ve.3=

= 50.i itF a um v3| t Ic (le e a Corr ec ted)
FifM E)9%=f t AiALYTlE
indeeied ric L au nt s ove; Ee (lin)^.5

Panihum Load P * 20.72 l- fl
22.70 t ilt *s te c ent QF F s st P4 *

kiC = 54.1 III a um

v a l i d i t .) * VAllD Klc value
jntA COESEttt0 4% U!fD F0t' J-Itif f G8 AL !* A f f
P e t 6 l e -(cr t e n >FFIET L O H 1< = 0 lb VFF'EI ilFLECTIOH a l.13744?.1704et 04 in.

Ire c then rot et t on Lead intercept elastic slope **.000000;??? lb
F tited elastic load range 2000 10 (00 Ccr rection to J ror cract e > t e ns t e n

r

I

r

.- .- , - ~ - -
-,
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500 . . . .

SPECIhDJ 09W-133 (U)

/
/ /400 - -

6 A
~ %J J 1eavage,

; J 300 - y I. Instability -

. w

/ I:

; .| /
-

'

/ Is e00 ,
- -

/ /4

Y f f
| [ FAILLFE TYPE E
: 100 ,y R.curvedofc not r o sch -

'

the 1.5 re bxclusion I tre

I,

I i

e __ . . .t. .

0.0 .5 1.0 1.5 2.0 2. 5.
'

Crack Extenston (mm)
i,

; !

1 1EST SPECIMEtt DATA >

tatertal Type = A533-0 HSST HELD
lest Tempe rat u * e = 23 C
Forcent Side Gaoove = 0% r

Specimen Thickiess = 25.4 mm '
;
'

Init c r kc k l e n;t h 29.93 mea init a/H = .589=

Flow stress = 684.2 MPa
Noungs modulus = 205900 HPa (Es t i anat e d Value )

| F0HER LAN DATA _ J=C (Delta a) ^H '

i Jic 138.3 kJ/m^2=
'

; kJc 168.0 Exponent H = .5054=

Coefficient C = 276.8 kJ/ma2
; LEAST SOUARE LINEAP L illE ( AST!1) J = 11 (l'alta a) +B i

31c = 95.7 kJ/m^2 i
'

kje = 140.4 Slope H = 202079.6 6 J/m 3 i

Intercept B = 81.5 kJ/m^2
,

validity (J6c) = VALIDi

.
'

= INVALID--! [441tdtty (R-cu ve)
J maximum alloeed "

713.4 kJ/m^2 (Jne =tnet Flow stress /20)=
,

telta a max. Allowed = 2.09 mm (De l t a a max = 0. l *bo) f1
'

|.

i

.

n

a

i

,

!
._ - - _ - ..-. . . - . - . . - _ _ - . - . . . . - - - _ . - . _-
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50 i i e i

SPECIIIEtl 69H-134

40 - Cleavage -

Instability
m
Z
d

-

m 30 -

n
O

_J
,

,

5 /
E 20 - ,-

-

./
'o

o '

$ /
,' FRILURE TYPE R

/ R curve < 0.15rnm exclus ion I t ne -l0 f
-

(Insufficient for analysts)-

/*

.| n n , e

h. 00 .12 .24 .36 .48 .50

Specimen Lo ecil i n e Deflection (mn)

TEST SPEC!!1Eli DATA
flat e ri al Type = A533-B 02 REF
Test T e mpe r.at ur e = -100 C

| Forcent Side Groove =0%
Specimen Thickness B = 25.4 mm'

.593Initial a/W =

30.12 mmInit c r ac k length a =

818.4 HPaFlou stress =

778.8 11PaYield stress =

212900 11P a (Estimated Value)Youngs modulus E =

= 0Poi sson's Rat io (v)
J - Ill T E GP AL ANALYSIS
F ailure Type A (J at instability = Jic)

16.1 kJ/ma2Jic =

Kjc=(EJic/(1-v^2))^.5 = 58.6 HPa N/m v=.3 ;

56.9 HPa N/m v=.3 iKic (Beta Corretted) =

ASTil f'399-81 AHALYSIS 1

flodi t' . Ktc Equation; B = (BDn)^.5 i

Haximum Load P = 25.89 k il
25.89 k l45% Sec ant Offset Pq = ,

Kic = 60.1 t1Pa N/m )

Validity = VALID Kic value i
l

K at Maximum Load = 60.1 HPa s/m
DAT A COPPECT10HS USED FOR J-IllTEGRAL DATA,
lie rk l e-Cor t e n c orre c t i on
Correction for specimen rotation
Correction to J for crack extension

1
1
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i

l
.

I

25 . s . .

SPECit1EH 69H-135 (U)

20 - Q leavage
Instablltty, ,

,'

$ /
l

'

i, is -

/a
|- .-

: /
G E0 -

. |
?- /
c. .

# FRILUFC TYPE R '

5 - R curve c 0.15 nn exclus ton line
(Iris u f f i c 6 ent for analysis) i

I<
,

/
8.00

. . . .

.09 .lE .24 .32 .40

Sp e c t enen Loadtone DeFle.ctton ( enni )

'1Eff 18 E f t t'E f t ti A T A
ttoeriat T ypse e At33-t Htti tagLt

Iteat Tehrer st u e = -100 C

Fercent Side C cove e 0%
tre c imen thicL uss I = 5.4 mm
initial aew = .592
Init c r ac l- len;th a a 20.0? m=

Flem otre s a b l ? . I tif n
iteld stress e 776.6 t17n
i our.J 3 medulus E e 2 8 2 ?00 11f'1 (E s t t h at e d */alue )
j-1titEC5 AL A N H , Y T.1.#.
E n a lue e Iype H tJ at i n g t at. t I t t y e Jgc)

Jtc = 9.6 LJem 2
* J c a'E Jic > *.5 = 4!.1 itF a s ee. es.3
t ic (leta Corricted) 44.6 t1F's v m v3=

F 1 Tit (1**-?1 A 4 At y', l '

fodieled 6ic E tu nt t <. eil I * ( I l n 'i " . 5
t a i n.u m Loaf P = 10.14 kN.

;0.14 LHt % is c ae.t Of(set Pq e

4(.6 iif 4 %ebkiC *

4 tildit y a V6L j ls 5. s g valug

|ATA ((*8 8 f f ? I n it t{[ b r f'S J = | HT f G 5 A(Qn if,
t e e n l e -s c e t e e. MF.L1 t a.4 * o i t. OFtLt ti t LCC T Iyu .-l.9 3 8(7:07;;;t.04 in,

f r ec t' en r ot at ion Load t rit e r c e r ' elastic tice e *-2.*0t!!!!!!!<(.07 I t-
f it te d elast ic lo n1 e ne.ga * ;000 10 (00 ((e re c t ion t o J t oc cr act e n t e r.i t o n

I
t

!

I



.. . . . . .

49

750 . . . .

SPECII1 Elf 6964150

!600 --

R /
1 /s ,
2 A50 ) 1

- -

/w

r.

f300 - -

r / x. /-,
c gr
*

F AILL,F E YPE C

(Rcurse/ 1.5 nwd150 - / -

[ HEA 3. ASTil FNFLYSIS APPLICABLE

/i.

lO' # ' ' '' '

O.0 .5 1.0 1.5 2.0 2.5

Crack Extension (nyn)

TEST SPECIMEll DATA
Paterial Type = A533-B H5ST HELD
Test Temperatuae = 200 C
Fercent Side Gaoove = 20 '4
Specimen Thickitsa 25.4 mm=

Init crack length 30.6 mm Init a/W = . 602=

Final crack length 35.29 mm Final a/W = .694=

Flow stress 623 MPa=

ioungs modulus 195800 HPa (Estimated Value)=

F0HER L All DATA J = C (Delta a) ^H
Jtc 167.6 kJema2u

kje 191.6 J '0Je188.8) 323.1 kJ/m^2= =

Exponent H = .3399
Coefficient C = 281.4 kJ/m^2
1 (average) = 50
LEAST SOUAPE L! HEAP L1HE (ASTM) J=M (Ie lt a a) +B
Jtc = 184.3 kJ/ma2
kJc 190 Slope H = 107548.3 kJem^3=

Intercept B 168.4 kJ/m^2=

1 ( ASTil) 54=

Validity (Jic) YALID=

%alidity (R-cu ve) INVALID--2=

J maximum allom. 628.8 kJ/ma2 (Jn o =Enet+ Flow stress /20)=

IeIta a max. allowed = 2.02 mm (De l t a a max = 0.1+bo)
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100 , , , .

SPECIllEll 69H-152

60 - Clesvage
InstablIltym

:-
d
v 60 -

n
o
.J
c */
f 40 -

,

u
v
k /
"' FRILUFC TiFE R

R curve ( 0. ltrria e s c lui lo n line20

- /[ (InsufflC6ent for arin l y t t s )

!
h. 00

, , .

.30 .00 .90 1.20 1.50

Spectmen Londlone Detloctton ( ra ss i

TEtt if ECINFli f. A T A
Hat e r n al Type * A533-S 02 SEF
Test f e ste r at ur e =-5 C

Forcent Stde Groove =0%
f re c i a.e n thicknes: 2 = 25.4 mm
Init t al aW = .(01
Ints cr6ck length a = 30.'$ mm
Flow sereas * 707.4 HPa
Yield sirees * ((4.4 NF a
Youngs n.odulus E = 207500 HPa (Est t unt ed value )
Poissen's 5.htto (vs = 0
J-lutECSAt Atl At vi l t
F ai lur e ine ws> at ivis t at i li t y Jac)=

Jtc (9.8 kJem^2=

Ajce<EJtce(1-v,'0))^.5 = 119.* HP a s/m vs.3
Kic (te i a Corr e s s e d) 90.( HF a vm vs.3=

e t t ri ( ? * 2 * 1 A' 4Lvil5
Iiod i e i e d tic Equat ioni p = <!!nP 5
H a n 6 mum Load P * 47 kN
5 *4 $4 c ent Offset Pq 4 29.9 LH

78.7 NF a Um6. t c =

ItWALID--0, 3Val t d ely *

M as it a s i mue. LoaJ = 112.7 HF a sem
g, A T A cr.s t E t t leist lit t b f( s J liatre.s At retA

Her6te-torten uffilf LOMbe U l t. 06F1LT L E FL CCil Cl4 e-7. ( Ot e'(7 3 o;;(-0 4 in,

fivelmen rctatten Lead intercept e l as t ic sleet e-9.TS5714;$578E-07 It L
F6tled altatic 10 6 3 r ange s 7000 10 2000 ferrection to J for er ntl estenston

f

_ _ _ . _ _ _ ._ __ _ _ . - _ _ - _ _ ._ _ ._ .-. __ , - . _ -
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75 . , ,- ,
--

SPcc!!tCti 69W-159 (U)

60 - Cleavage -

[ stabt11ty
V'$ 7 ,

l
"

e 45 * -

a |
C
- |
c I
e,

8 30 -

|
-

i

|
-

U
j'' FRILURE TrFE Ri

,

it - r R cu r v e < D . I ts.e n esclu: ton I t ree - .

l (Insufficien, for analysis) !

>

/
/

I' , , , ,

8.00
,=

.25 .50 .?S 1.00 1.25
'

freatm+n Loaditne De f l e.c t i ort (mn) ,

4

1Ftf TF f(INEtl (. A T A

I at er i at irs 4 ~ * A533-& H$$f 6JCLI
-5 Clest f e hpe r at u *e' =

Forcent Stde C*co"e e O **
Spec 6 men Yhtetsess B 25.4 mm=

4 Initial t<W * .6
Ints cr ack le nJt h a e 30.5 mm |
Ftow streas = 707.4 NF n

'

16 eld stress 8 ((4.4 MFa
i ousc3 3 modulus t o 20?!00 f1F4 (f:t that e d Value s '

)-tfitFG8 At f. tin ,Ye l'

e Jtc)Fhalure type n sl at ins t abili t y
d jtt a $4.4 L ,f e m * 2

e 132.4 Het s/m ve.3kjce(EJtc)*.5
' kic (te t a Corr sc t ed) e $5.5 fir a um vs.3

($fH C344 81 48A(NT13 I

fode(sed 6.s c E tw at s oni % * (lln)*.5
'

Pastmum Lead P * to.33 k li

| .t N te c ant
Offset Pq = 14.49 L II

ic . e2.. nra s,.4

%tiidity * IHV AL I D--l e 2, 3<

J [ATA (Os4(0110t$ Uitp Fop l fHfFC8At IAfd
fertle-Corten >f f 4 L t L OM D * e i t. f' fit t d f LECfl0H e 2.t(4r448444*t.04 in.
(pgt imen ret an ton Lo6d intertept elestit s i c~ r e e .0000004343*!- Ib
Pitted elastic load r anges 2000 10 (00 (cerett son to J f or crac6 e s t e r.s t e n

i

i

d

i
l

a

1

_._ _ _ _ _ _ . _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ . . _ _ _ . . _ . _ _ _ _ . _ . _ _ _ _ _



52

P50 . . .- i

SPECIt1Cll 69W-162 (U)

! -500 - f
| |n

|(\

/ .

D /
; 450 -

-

'

/,ep-s. )
/e-

4 / /
~ -

, ,s' / -

I / FAILLfE YPE C

d (R eurse 1. 5 nm) -150 -

.// ITER L ASTil FM YSIS AFFL3CAELE i

,
I I

g3 ,e .. ,

0.0 .5 1.0 1.5 2.0 2.5

Crack Exten: ion (mm)

1EST SPECIMEll DATA
Paterial Type = A533-E HSST llELD

121 Clest Temperatu e =

Forcent Side G^oove = 2 0 */.
Specimen Thick itss = 25.4 mm

= 30.42 mm init a/ll .598init c r at.6 length =

= 40.14 m n. Final a/11 = .79F in al crack leigth
630.3 itPaFlow stress =

200300 HPa (Estimated value)'roungs modulus =

F OL4ER L All DATA J = C (Delta a) ^ il

Jtc
_

152.9 kJ/m^2=

493.2 LJ/n,^P175 J (0J/T=0.8)k je ==

.5409Evponent il =

308.1 kJ/ma2Coe(ricient C =

= 851 (average)
LEA?T SOUAPE LillEAP LillE (ASTM) J=H (Ie I t a a) + B

144.2 kJ/ma2Jtc =

175 7 S 1. 2 6 J e ra < 3169.9 Slope liPjc ==

124.1 kJ/ma2Intercept E =

891 ( ASTil) =

YALID%mildity (Jac) =

YALIDN al i di t y (F:-c u ve ) =

639. 9 k J/m^2 (Jn e =I' net * Flow stress /20)J n.aximum s '4 .ond =

!< lt a a max. allowed = 2.04 m m. (De lt a a maw = 0.1 + tso )
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100 . . . ,

SPCCIttCH C9H-164
r

80 - CIcavage -

natabtiIty
,

-

d I

, 6o - -

!

1

e
o

y/i .

5
i 40 - /p''

iu *

E / ,'l v' rn!LUFC TrFE R i

/ R curve c 0 15t* excluiton Itne - !20 -

/ (Iri t u f f i c i ent for an a ly s i s )
|

S. c/ .io io .koo i.ro i.so.

Ep cen+n Load 1in. Def lect i on (mai n
6

i Ytti ?8tett+s,e I.AtA

H 4' g r e al T: pe a (g$$3 3 Q2 ggr
fest f * 6t e r at ur e * 20 C'

forcent ttde Crocte a 0 *.

tracimen thictness 2 e ;$.4 a.

Innstal a. N = .593
init cr a:k l e n;t h a * 30.10 me
Flcw streas e (44 M8 a j'
Yteld stress * (41. 9 N7 4
Yourg s e o 3 alus E * 204100 tW a (Est imat e d Value s
poissor's P as io (v) = 0
J- t est g e,s AL Au m ett,

j Faiture f yr e H tJ at inst 6t t i1ty e Jic)
;

Jec e 92. 9 6 Jem 2i
i

I 6:j c < t J t c e< !-v = 0)) .S = t*t.4 Mrs vm vs.7
ktc (leea Correc'ed) * 95.9 N7 4 vm ve.3
Af ttt (?S***t ANAL '. $ ! ? !

Ho.sieted nec Etantiont Ie (!!nia.5 4

ti n t e mue. L o s s P = 51.45 6H
,

, t'. t o c ant Offsee Pq e 04. | kN '

! 6. t c e 79.4 NFa vs
, Val e dit y I NVAL I D-l , 2. 3*

1 6. at H a s t mue. Lond lif.4 IW a v me

( Ata r es t r( f lout _ vit y rn f.tutte,srLj ia,
; He r 6 t e -s er t e n W F a t i hn!'a 0 i t- 44Fiti i t FLECilC44 e-3.10tl Ts )t(te t 04 in.

fret'68a rotn''<'a LeaJ int e rC*l t elastic s tct e e 5.Sti;0(tad!!E Ot* I t.,

Fit ted elast 6c loaf rangte 2000 10 2000 Correctic.n to J ter cract estension
I'

i
a

i
j

,

.
e

i I

'i

-

. _ . - _ - _ _ _ _ _ _ _ . . __ --
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500 . . . i

SPECIf1Eli GSH-160 (U)

400 - ! -

R / /
1 / /%

[ 300 )
- -

/w

/, . ,

200 -

1 / /
-

i ,N f,

I FAILLFE TYPE C- y
100 (R curse > 1. 5 rend- -

j
/ IEA L A3Ttl Fl 1.'(SIS AFPL2 CABLE.s ' (< ,

/
/gu; , , ,c_ ,

0.0 .5 1.0 1.5 2.0 2.5
!

i

j Crack Extension (men ) :

!

! 1EST SPECIMEtt DATA
faternal Type A533-B HSST HELD>

Test Temperatu*e a 204 C.

i Fercent Side Gacove 20 *4=

Specimen Thickiess 25.4 mm=
, ,

: Init crack length .607 }30.88 mm Init a/l)= =

1 Finni crack leigth = 40.86 mm Final a/Il = .804 ;

i Flow stress = 623 NPa ,

'
ioungs modulus 195500 MPa (Estimated Value) !

=

I F 0llE R LAll DATA J=C (Delta n) 14 !
^

| Jtc 126.1 kJ/ma: ;=

j kJc = 157 J (9J/T=0.8) = 343 kJem 4 |
! Exponent il = .4744 r

: Coefficient C 241.7 kJ/m^2=
;

j 1 (average) C1 i
=

j L E AST SOUARE L illE AP LillE (ASTM) J=H (Is t t a a) + B ,
2 Jtc 124 kJ/m^2=
l kje 155.7 Slope M = 120457.t 1J/mM -j=

Intercept B = 112 kJ/m^2 ;

; 1 ( ASTii) 61 i
=

> %alidity (Jic) VALID
|

=

| %41tdity (R-cuave) VALID i-
=

'
J maximum alloeed = 620.2 kJ/ma2 (Jn a> =1:ne t * F l ow s t re s s /20 3 I

telta a max. allowed = 1.99 mm (De l t a a max = 0.1=bo) (
1 l

I !
!

!
,

I h

~ - - - - . - - - - . . . - .
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too . . . ,

'

f>CCI1Et1 69 H- 174

80 - Cleavage
Instability,

=
d
, so -

-

e
>3 . . -

c
<>

-

l E 40 -

'
| 5 /

a
* FRILtJFC Tt FE R

! 20 - R curve < 0.15 nan exclurlon line
(Insuffectent for analysis) ,

,.
k

*
,' /

h.00 40 .00 1.20 1.50
'

Ep e c t er.en loedltno Detleeteon ( ana l

J ttti 18teletH tAtA
e A533 8 02 5tF! M6ternal type

j Test Te mpe r at ur e e 20 C
Percent Side Groove = 0%<

f ret t me n Th t t b ree s t 3 e 25.4 ==i

.
Inis t al aew e .595

1 Init t r ac k length a e 30.28 mm
i Flou stress e (36 MPa

V6 eld stress e 4 41. 9 NP t
Younps modulus t e 199200 MPa (Est Imat ed Yalue)

) Foisscn*: S at t o (v) = 0
J.tHite.s % An%vtt$,

e Jit)F ailur e type e tJ at i n s t at, t i t t 1/

a 103.2 kJ/ma2Jtt
143.4 NP a vm vs.3Kj<e'tJtte(I-va2))*.5 e

Kit (tet a Correc ted) e 9P.6 NP a um vs.3
Atin (3*a-al AHAlvilt |

,

Nosti ted Lac t a'a nt i on; 5 = (ll.n)a.5

Mastmum Lead P e 53.9 k il
38.76 h te It's te c ant Offset Pe =

ric e F4.2 PP a um |<

validity e IHVALID--l, 2 3
'

K st Mantmum Lots e 125.9 NF a sen -

I

! [. A T A (Qs s t( f ] r,Ht Uttp FM J e t h t f r.B M TATA
He r 6 l e O r t e n QF lit t Lvn!'s 9 I t- OFFitt f(FLECT|Otl e-4.514!$$$Q47(t*04 en.
tree tmen ret 6t ton Lea s ent erc ept e l a s t t e s l e-t e e 7.53tfl424!?lt.od i t-

)' F it t e d e l as t t c lead range e 3000 TO 2000 Corret t t en t o J f or e r n< k entensten
i

) '

i

|

I

.

1

;

1
<

-- _ _ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ _ _
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550 i . . i

SPECIllEt1 69 H-176
*

v
4

440 -

/ /* -*

|i' )
5 A. |

pf' /j 330 -

I ./ I

-

~

; y |m

f.[} -

m |
I 220 -

2 4
/ |"

C ,) FAILUFC TYPE C-

110 - /j( (Rcurv/> 1. 5 nei) -

f TEA A ASTit Al4ftLYSIS Ff PLIC AELE

fI I
.0 .5 1.0 1 5 2.0 2.5

Crack E x t e r.: i o n (nyn)

TEST S P E C ! t1 Ell DATA
flat e ri al Type = A533-B 02 PEF
Test T e rupe r at ur e = 50 C
Fercent Side Groove = 2 0 *;

s p e c i nie n Thtcineas = 25.4 m *.a
Init c r ac k length 3 0. 8 9 ra n. Ints a /11 = .60S=

Finsi c r ac k length 41. 9 naa Final A/H = .824=

Flou stress = 664 11P a
Youngs n.o d u l u s 204400 f1Pa ( E s t i ra nt e d V 41 u e )=

PollE P L All DATA J =C (Deltt => ^ !!
Jtc 147.1 kJ/m^2=

173.4 11F n s,'tKJc =

J (@J/T=C.8) 492.2 kJ/r.-2=

Exponent H = .5?08
Coefftetent C = 319.3 LJ/t-2
T (avcrage> C?=

LEAST SOUAEF L !t4E AP L ! rlE ( ASTit) J = ri (Deltg g) + t ,

Jtc = 144.7 LJ/m-2
Kjc ! ? 2 11P h sem=

51 ope t1 187250.? 6J/rua3=

Int er cept 0 124.3 kJ/ma2=

T ( ASTit) 87=

Valtdtty (Jtc) = VAL'D
Validtty (P-curve) VALID=

J maxin.um alloued C60.6 LJ/m^? (Juax=Intt*Flou stres1'20/=

D e l t a a n. t x . allowed = 1.99 n.m (Letta a siax = 0.1 * t o )
Finst Delta a 10.97 ram=

Fotsson's Rat io (v) =0



|

l

!

57
|

|

500 . , , .

SPECIf1Di 69W-100 (U1

!400 --

e

A
<

$ /'

f /H

$. 3 0 0
--

/ f' |-

.| | /c

200 - p# , f -

1 I> ' |E # FAILLFE TYPE C

/8 7'. (RcurTe/> 1.5 avn)100 <

,.

f tCA t ASTf1 Ff:FUT SIS AFPLICAELE
im I

g ; i- ./ ___ , . iu .

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( wn )

1EST SPEC I MEtt DATA
t' ht e r i a l Type = A533-3 HSST 11 ELD
lest Tempe r atu e = 2P3 C
Ftrcent Side C'oovi = 20 %
Specimen Thickiess = 25.4 mm
Init c r ac k length 30.76 mm Init a/W = .605=

F in al c r ac k length 41.56 mm Final 4'N = .818=

650.7 MPaFlow stress =

190f.08 (1Pa (Est Imated Value)Noungs modulus =

F0WEP L AW LATA J=C (Delta a) ^f4
Jic 106.4 kJem^2=

142.4 J (01 188.8) = 296. 3 L J /m^2tje =

E vonent li = 487
215.7 kJ/m^2Coefficient C =

1 (average) = 50
LEAST 10VAFE LlllEAP L illE ( ASTli) J = ti (telta ai + B
Jtc = 97.2 kJ<ma2

~~

136.2 Slope H = 124238 L J, m* 3tje =

87.9 kJem^2Inteecept B =

561 ( ASTil) =

%kildity (Jtc) = VALID
IllV Al l D-- !%atidity ( F:-c u a ve ) =

651.4 LJ/m^2 ( J h. 4.> = I n s t * F l ow stress /20)J m n e t m u h. allosed =

Is lt a a max. alloued = 2 mm ( D e l t a. a. m ax 0.1*bo)=
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50 . . .- i

SPECIt1Erl POH-102 (U)

40 - Cl e avag e -

, [ stability

2 /
e 30 -

-

a
*

C

f~

C *

'

4

.! 20 - / -

e .-
|

* /c. /
" ' FRILUPE TYPE R

i, / --

R curve < 0. I'5rren e x c l us t on 11ne
j'/

10 --

(Ins u f f i c i ern f o r analys;c'

/

g/ , , , ,
__

U.00 .10 .20 .30 .40 .50

Epecimen Loadiine De f 14.c + t o n (mn)

1EST SPEC 1t1Ett DATA
A533-B HSST llELFPnterial Type =

-115 Clest Temperatu*e =
,

Fercent Side C oove = 0 '/. f

Specin.en Thtckiess B = 25.4 mb [
Ini t t 61 a/11 = .544 |

27.61 hu |Init crack l e n ;t h a =

Flow stress = 689.6 11Pa
iteld stress = C25.1 11P a

213700 ftPA (E s t i n.st e d V nlue ) |iioungs modulus E =i

J-IllTEGS AL Atla.YSIS
istlure Type A (J at instabtlity Jtc)=

J Jtc = 21.4 kJ/wa2 |
71 HPt N/h vs.3 i>: j c '2 ( E J t c / ( 1 - v ' 2 ) ) ^ . 5 =

4

65.5 l1Pa N/m v=.3 |): t c (let a Corr ec t ed) =

FSTl1 E399-Si A 4ALYSIS
d Podt(ted Ktc Eauation) B= (LEn)^.5

35.74 UtIaximum Losd P =
.

33.99 k il"% Secant Offset Pq =

(6 HP4 N/mvtc =

IHVAllD--1, 2Na)idtty =

; I AT A C0FE ECT 10 4% USE D F05: J-IllTEGE AL D A T fi
terkle-Corten :orrection
Correction (or spe c ime n rot at ion

| Correction to J f or crack extension
4 5

I

- . . _ . - -, __ . - _ . . -,
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750 , , , ,

SPECIf1 Ell 7014-105 (U)

500 - -

R / // ,/.-
'

D
g450

- j -

/ /,

/ /.e

1 300 - ::5*

| / /,/f.
-

,

+
.

1 ,

g7 FAILLFE. T PE CZ
(R curse */ 1. 5 nm) -150 . y'r-

j,r [ ttEA t aSTil FNFt.YSIS AFFLICAELE

//3 /gf ' ' .u. -

D.0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm)

1EST S PE C ! t1E tt DATA
t at eri al Type = A533-B HSST WELD

121 C1est Temper st u e =

rercent Side G oove = 2 0 :.

Speciten Thickitas = 25.4 ni h.
2 7. 8 hite Init a /1-1 = .547Init c r ac k length =

F inal c r ac k leigth 38.39 mea Final a/14 = .755=

Flow stress = 4 94. 't itP a
200300 t1Pa (Es t inist e d Value )ioungs modulus =

F 0 W E re LAll DATA J C (Delta a) ^H=

148.4 kJ/m^2JtC =

172.4 J (9J 1*S.8) = (84.5 kJ/ru-2Lje =

.5823E<ponent H =

297.6 LJ/ma2Coefficient C =

1 ( aoe r age ) = 140
LEAST SOUAF E L illE AP LitaE (ASTM) J = ti (Tetta a4 + I:

135.4 LJ/ma2Jtc =

.79761.T 6J/n."3164.7 Slope M =0je =

110.0 LJeni 2Intercept B a=

1 ( ASTit) = 148
VALID%alidity (J t c ) =

YALIDk alid t t y (P-c u ve ) =

501.8 LJ/ma2 tJnaa=Ine'+ Flow stress /20)J maximuni allosed =

Ivit a a max, allowed = 2.3 mm ( De l t a. a m ax = 0.1+bo) ,

|

|

. - - _ _____- - _ - _-__ -__ _______ ______________ ____ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _
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30 . . . .

EPCCIf tCfl 70H-109 (U)

24 - Cleavaae -

,X % stabtitty,

:" .

b |
*

i T 18 -

!
*

c ,...

e /'
\*

) 12 ~ / g .

l*
'

{ .

> .\*

s.
4 V FRILURC,TYF'E R

6 - R curve < 0.15.hia e a c i u t i on Itne-<

(In;ufficien* for analysis)

o
'
_. a a

i .00 .04 .10 .li .24 .30
1

lEp e e l n.+n Lendline De f le ct i on f am i
1

1 !

'

itif 1F TC 18ttH _DA f 4'

; Iniereat type - e R$32 1 lellf WELI '

* -135 C Itest fenseratu**
percent Stee C oove a 0% .-

feetthen thich$4ss 5 e 25.4 mm !

, In n s t al neW e .346 !
fI Ints cract 14 n 3t h a e 2?.75 mm

(i),( tti ni Flow stress e ,

11 14 stress e (25. 2 117 n
4eur..ps modulus E o 210100 tWa (lattmated valsas
J . ! Hf f f,s A( AHA,YT($
I n t l ur e lyre h tJ at i n s t at> t i t t y e Jt<<
Jtt a t.3 LJ.m-2 e,

> jc et tJ e t )*.53 e 42 ItPa sem so.3
l kat (le t a Corr es ted) a 48.2 flF n u m ve.3
4 F $ f M (349-91 A 4ALY$lt
! fodifiedits< it a nt t oni 1e (lln)*.$

P ar t sue Lead P e 22.*3 kH !

j *% Secent Offset Fq e 22.!) L 't i

4 #it e 44.1 NPh \/m
batt46ty + VALl> Kic value !

|6f4 (r.st[(f|al? It4[p F(t J. j ttf(f,s et( f.a f f

P e r 6 t e % c t e n TFTU t Lunb a o i t- vifftf IlFLECflOH e 4.(t W.(0:0;;C 03 in,.

f re t t me n ret et t en Lead intercept etaltte store a 2.t 4 *S *(Qi()g t 04 f t. [
F etted elastic le ni r as.ge s 2000 10 (00 (ttree t ten to J (er cr ece e.tenste.n [j

- !
ie

4

1' l
,

1 I
1

.

t

I

$
-

i

] b

$,
'

r

I

I

i
)+

f .

I
'

'

|

!
'

i t

i i
_. - _ . _ , _ _ _ . , _ _ . . ~ . , _ _ _ _ _ , _ _ _ _ _ _ - _ , . - . . . , , _ _ ~ .___ _ _ _ . _ _ _ _ _ . _ _ _ _ _ - - - - , _ . _
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60 , , , ,

SPEClittfl 70H-121 (U)
,

48 - Cleavage -

. Instabtlity

5 . ;.X
ew y,

T 36 - |
a
c /
- / | t

'

/
|l i 24 -

J/
- ,

' <

|
Y x* t

I ./
-

r, .

# / FRILUFC.frFE A
/ R curve ( 0.15Af. esclutton 1 i t.e12 <'

/ (Insufficieni for analists)

/
./

'

p _a -
- - -

v.00 .12 .24 .34 40 .EC

Treeir. n L o aci l i n. Detlection ( e.m l
i

1tt i ir re litter tata
P to e ri al t' S e * A!33*t Htti utLt,

leat teoreratu o e -45 C !
IP e r c e nt tide G c+"e = 0 .

ft.ecimen Tht<6sess $ a 25.4 mm
Init i at 4'u e .54(

27.74 mmInte < r a< L Ig n 3t h a e

7 low ateeaa e 606. $ ItF h
545. 7 ftF aileid stress a

T ou,cp m: 3. lis s t e 2l0600 t'sa (tetemneeJ vatwe,
-I tif f Cf % Au , 115

jig)t i t ue e I'rt e M () a' i til t nbi l i t y e

) .t 6Jem-2i Ji< e

6sc.(tJi<> .5 e $3. lit a s < m va.3
ki< ( i . e a ( c.r r t < t e J ) e i t . t' tipa sem s3
p i t ti F? aaff A leet V i t -t 6

,

t osse ssJ Lic ( 3 4 6t i c,e.; Ea (IleO*,$
P h s t h uen ( < & ,3 F e 41.!) 6 14

' '. T 4 C an t Offset f1 * )).!4 kN
kic e (S.? tit e W ii

,

s a i i .3, t v e lin All!' -l. 2 ! t

; |stA ressretteet eft!> rot 1-futjisAt tnis |
t t e e 6 e -e. vr i e s. >F l i t t t ve4 * O lb vif4LI lif t t C f!(t8 a-4. ( 3 7t(!0?(? t t + 05 i si.

tracimen r ot at ion LonJ tetercept slettle altre = .000N 6)(IPS lt-
P it t e J e g gst ic t o a s e ar. 3e = |cco 70 (00 terresteen to J ter < r st k es tens ten |

I

1 |

|
1 ,

|
|

i

4

.

1

| 1
|

|
_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ . - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __.



_ _

,

62

75 , , . .

SPECIllEN 70W-122 (U.'

to - Cleavage -

W stability
, ..- =

.

e 45 -

#y |
-

t .,

8 30 - '

I I

E. '

c.

IS -
[" rn!LUFC fyrE R

;

R curve < D 15m.: exclualon Isne<

(Insufftelent for an a ly s i s )
,

/

S.c/
. . . ...

o .ao ..o .o .co i.co

Sp e c t rw n LonJIeno De(le.ction t ensil
,

ItSt fi t(It'tn ( AT A
'A!33-9 MS$1 litLt {f stor i al fue ~ =

teet fibrer st u o e -(5 C i

Iforcent Side G*oove a 0%
| 15 e t t ue r. ihic h se t s I e 25.4 mm ,

1 Int i 4 a t sew e .540
#

Inst t r ac t 14 n pt h a e 27.84 me
i Flow stresa e 6 * 6.4 HP n

tield sesest e $45. 7 t1F 4
4 cu.'. 3 3 mcjulus t e I S 0?OQ l'P 4 ($344hatad Value>

I J lutt csi.t An.n .v$ t e t
i ni t ur e twe n YnT i ris t at.i l i t y e Jics
Jtc = 71 LJ,6 2 9

e 1: 4. 4 tir t w we.3 |tJcettitc>a.5,
55.2 t P m um vs.3t te (Ist a Corr ac teds e

q

1 F if H IM*-81 A #At vili _ .

j f esse ned e tc t ie ns ic e.; &e (Itn>a.5 j
iti.02 t ti. ttoimum toad P e

4 !% Sec ant Offset P1 = 31.23 LH I
. 6 it a 68.6 N'a sem '

,

IHYALID**le 2e I| g al ldi t y *

jeta (0sst(flo n i.i'fp ros 1 intrcs *(~_ gw t e r
1

I Perkle-cu te , F7W Lentie & I t. vi F i LIl 8 L E Ci l 084 e-3.424t*1??t):( 05 an. L

a 8.92 oto ;:olt.o? 16 [.
' t r.e c i me n retatee- to.3 interceri eieet*< stcre

f itted elast ie is d ran;ee 2000 70 600 (terettsen to J for ce n<a 4.t ens t en i,

|I

1 !
a

k V

tj

! .

4 i

| I

!
a

Le

'

l

,

d ,

* |

j f

l |
! r

j [

i

l

j t

[
'

.- -. .. ..-_ -, - .- - .__ . _ _ . - - _ _ - - . _ - _ - - _ - . _ .--
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750 . . .- , ,

SPECIt1Cf1 70W-134- (II) i

-

BOO j-

(\

t / .

|,
"- 450 -

/
-

'

d / :I
-,

/ / !j3e0 -
-

//, -

| T
ei

j I FAILLFE: T PC C j,-
(R curse 1. " rai) -

i 15b -

J t1CA 3. ASTil FNF YSIS AFFLICAELE |

! /
a

' ' ' '
: 0 :-
j O.1 .5 1.0 1.5 2.0 &3

Crack Extension ( rnen)
)!
4

} 1EST SPECIMEH DATA
Iateriat Type = A533-B HSST WELD

,

; lest Temperatu e = 50 C
! Fercent Side G oove = 20 %
) Specimen Thtckiess = 25.4 mm
! Init crack length 27.88 om Init a/H = .548
1 Final crack l e igt h = 09.4 mm Final a/H = .775

= 526. 2 t1P aj Flow stress
204400 HP4 (Est imated Yalue)

1 Youngs modulus =

| F0HER LAH DATA J = C (Delt a 4) ^H |

i 34c = 196.6 kJ/ma2
= 200.4 J (9J<1 8.8) = $52 kJ/n.^;-; kJc

j Exponent il = .6015
376.5 kJ/m^2j Coefficient C =

1601 1 (average) =

i L E AST $0VARE LillE AR LlHE ( A$fM) J=H (f a lt a a) +t
-

i 3tc 180 kJ/m-2=

191.8 Slope M = 220763.t 6J/m*3
| kje =

142.2 kJ/m^2
! Intercept B =

1 (ASTN) = 163<

) 4tlidity (Jic) - VALID
IHYALID--3 (.4 vs .24)j %nitdtty (R-cu've) =

534.2 kJ/ma2 (Jn.a>=tnet* Flow stress /20)J maximum a;1osed =
y

. tel'.a a max. allowed = 2.29 mm (De It a a max = 0.l*bo)

-

i
_ _ _ _ . _ . _ _ _ _ _ _ . _ _ . _ . _ . . _ _ . _ , . _ - _ . _ . _ . . _ . . - _ _ . . _ _ _ .
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$PCCIf tEta 70H-141 (U)

EO - Cleavage
stabt18ty

./ /.s:
-

|
b /

# |-

c

30 - | <

L
e

$ FA!Lt.8FC y FE R
R curve < 0.1 u.a excluston line13 -

!
<

(Inauffic6ent f o r an a ly s i s )| /
.

I a a a__ a

l 0.00 .20 40 .05 .E0 1.00
i

j fr e c t mers m o nd i t n e De f l e.c t i e,$ ( e.m ;

|
Itti tit (INrti 0ATA4

| I nt er i al f ys e ~ e A533*1 H157 t.tLf
test fenserstu o e -35 C'

forcent Side G o+oe e o *4
t r e c t m e e- thick wa s t e 25.4 e.a.

I r. 6 t i t i a<u o .564
Intt c r act length a e 28.77 me j

flow s'ress e 594.6 NF n '.
'

Vield stress e 535 NF'a :

iour.as mo39tus t * 20M00NF6 < t a t emnt a 3 vslue ) !

) t o f t.;i at An A yg i

i n sure tne n sJ at ins t at>i t e t y e Jic)
_

Jic e 89.5 LJem 2
e 134.9 19 s w m ve.3*JcettJtcp*.5

. sie t i e s . c c r r i c i e .s s e t c. ? nr . s, m se.2
'

!_s tn t m e i A tsul[L..:
|

tooie e4 . . . . c o ni i c. o < t i r. > . 5,

i Pnetmua t e a-j F' * 52.11 b le
[

!\ toc ar t Ottset Sq e 22.49 b le c

kte e 59.9 MPa sem .

% 4 t i <s t l y e ItaV AL I D -l . 2 l*

I
jatA (eastittoi1 U<tti res 1.twitC8st I Ats 1

eeiste U .... aestt T G t. v t t 7(rTETT r t ( f l os e. i . 4 $ 4 4:o4 : n i t. c4
^

.n.
| trece e,. r. .iica t o .s t rii e r t e ra e l as t 's i t <e . e .0000001 i t.

f tited el664 64 lesJ ra.3e= 20(>0 70 e*00 ( c e r e c t e s-n t o / t e.r er sc6 e s te, e een

I
j t

a

t-

i
4

4

,

-

,

'
,

i

'

!
,

- ,--_- --- - _ - _ . , - - , - , , , _ . . - c.. .m. . . . . . , - . _ _ _ _ -m_.----._-.-m_ - _ - - - . - - - . _ - - - -. .__ .
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750 i i <~ '

SPECIPEtt 70 W-146 (U)

!600 -

./
-

-

A

1 / .

N

[ 450 -

/
-

*
/

r. p

I * #-s-300 - -

p,s..

i p**4-p*fI 7 AIL.LFE T PC Cj8 (R cur [e
~

150 3 > 1. 5 ran) --

r# HER A ASTil Ft1 YSIS AFFL3CAELE
//

.4

(W ! * * > t. -

0.0 .5 1.0 1.5 2.0 2.5

Crack Extenston (rnrO

TETT SF EC I MEtl DATA
A533-E HSST WELDPstorial Type =

lest Te n.pe r at u o 204 C=

Forcent Side C oove 20 './=

Specimen Th) e k is s s = 25.4 mm
Intt crack tenph 27.86 mm Init a/H = .549=

,

Final crack leigth = 37.81 mm Final 4/W = .744 |
485.5 HPaFlow stress = '

190500 MPa (Est imate d value ) !ieungs niodulus =

F OW E E' L All LATA J=C (Delt a a] * H |
115.6 kJ/ma2Jic =

150.3 J (0J 1=S.0) = 400.1 kJ/m^2>je =

.5356E ponent H =

232.5 kJ/m^2Coe f f te t ent C =

1051 (average) =

LEAtt TOUAE'. L l H E R E' LlHE (ASTN) J=H (!e l t a a) + B i

109.3 LJ/m^2 |Jtc =

146.2 Slope H = 130597.(- b J/m' 3 |>je =

94.6 k J/ma2 |Intercept t =

1 ( AStil) = 100 |

461tdtty (Jtc) = VALID
% al i di t y (R-cu ve) = VALID
J n 4 < i m u m, allond = 494 6J/m^2 (Jma>=Inet*Flou stress /20)

|
IeIta a hav. allousd = 2.29 mm (De It a a max = 0.lebo) '

|

|
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750 --
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SPECIl1Eli 7014-151 (U)

500 --

n.

N
y 450 -

/
-

js

". /,

1 300 -

/ ?
q d'

-

i .

150 -
/ ,%:.# . FAILLfE T PE CI

(R curse 1. 5 nwi) -

7 itEA L ASTil FNF 'ySIS AFPLICAELE |,.

t f

/
\

g ?=hJ. . . .. .

(- :i .5 1.0 1.5 2.0 2.5

Crack Extansion ( rren )

1ECT SF'ECIMEH DATA
taterial Type = A533-B HSST WELD
lest Temperatuas = 288 C
Fercent Side G oove = 20 */.
Specthen Thickiets = 25.4 mm
Int s cract length 28. 05 nim Init a/W = .552=

Final c r ac k l e ngt h 3S.07 mm. Final a/H = .749=

Flou stress = 511 HPa
Noungs modulus 190800 HPa (Es t imat e d Value >=

F0HER LAW DATA J = C (Delta a) Ha

Jtc 94.6 kJ/m*2=

= 134.4 J (0J 1 8.8) = 380.7 kJ/n.^2kjc
Exponent H = .5299
Coe f f t c t ent C = 199.4 LJ/ma2
1 (average) = SO
L*AtT SOUAFE L1 HEAF L1HE (ASTN) J=N (Itita a) + E
Jec 95.5 LJ/ma2=

135 Sicpe H =kJc 108126.5 L/ ta ^ 3=

Intercept E 65.4 k.1/m^2=

1 ( AST ri) = 79
Salidity (Jic) Y A|,l D=

Nalidity (R-cu ve) YALID=

J n. a v i n.u n. allosed 518.9 kJ/m^2 ( J e aa =I ns t * F l ow stress /20)=

Ielta a max. alloucd = 2.28 mm (De lt a a max = 0.1*bo)

. . . ,
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75 i i T i

SPECIl1Eli ?!W-103 (U)

Cleavage60 --

Instab111ty,

2
.x

/'
.

x AS - --

.. /*
c

E .-
E 30 --

T' i

1. -
" FRILURE TYPE R

R curve < 0, larmi e xc lu s t on line15 -- g
(Insuffielent for analysis)'

/
/ ' ' l-- '0

; O.00 .15 .30 .4S .50 .75

Specimen L o acil i n o De f l e.ct i o n (mn)

1EST SPEC 1NEH DATA i

A533-B HSST WELD '
t at ern al Type =

-50 C ;lest Tempe r at u*e =

0 '4Fercent Side C oove i=

[Specimen Thickiess B 25.4 mm=

.546| Initial aeW =

27.73 mm'

Init crack length a =

607.4 NPaFlou stress =

540.7 NPa |Nield stress =

210100 HPa (E s t imat e d Value) iNoungs modulus E =

J-li4TEGF AL AHA.YSIS f
F ailure Type A (J as inst ability = Jic)
J6c = 43.4 kJ/m^2 i

95.5 NPa sem v=.3k jc =(EJic )^. 5 =

72.9 t1Pa N/m v=.3tte (reta Corrected) =

FSTN E399-81 A4ALYSIS
Podtfled K14 4. auat t or , 'd = (Lin)a.5

'Faximum Los.d P = 46.96 kN
*4 Sec ant Offset Pq = 32.37 kN

63.3 NFa N/m 1kic =
I!HVALID--1, 2, 3%alidity a

IATA CORFECTIO4$ USED FOR J-INTEGRAL DATF. j

r e rk le-Cort e n :orrection |
Correction for specimen rot ation !

'

Correction to J for crack extension i

!

I
|

J
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500 =
.. . i

SPECD1DJ 71W-104 (U)

400 - -

R / //s /
[ 300 -

I / -

|w

fs| -f,
..*".,

f.c
.' 200 - j.# -

I !
1 /, |

100 - [gp.:#,s FAILLFE' TYPE CI

(Rcurse/> 1.5 nwi)
-

7 f TEA 1. ASTil FML'f SIS RFFLICAELE,

/-
II , , .u_ ,g

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( tr<n )

1EST S P E C i t1E tt ti A T A
= A533-B HSST WELDPaternal Type

288 Clest Temperatu e =

Fercent Side G oove 20 %=

= 25.4 mmSpecimen Thickiess
.565Init c r ac k le n gt h 28.71 mm Init a/W ==

.76438.82 enn Final a/W =Final cract length =

Flou stress = 508.1 t1P a
190000 HPa (Est imat ed Value)%oungs modulus =

FOMER LAW DATA J =C (De lt a a) H^

Jic = 77.5 kJema2
121.6 J (0Jels8.8) 296.9 LJen.^2Fjc = =

.5052Exponent H =

Coefficient C 163.2 kJ/m^2=

1 (average) = 65
LEAST $0VARE LINEAP LlHE ( ASTrt) J=H (Iy_Ita a) + B
Jtc = 69.9 kJema2

97110. 3 L . /s.^:.kjc = 115.5 Slope H =

Intercept B = 63.2 LJeni a

721 (ASTM) =
'

\alidity (Jic) = VALID
Nalidity (R-cu ve) = YALID
J maximuw allosed = 515. 8 k J/m^2 (Je u = Inst + Flow stress /20) ,

Ielt a a max. allowed = 2.21 mm (DeIta a max = 0.1*bo)
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500 i . . .

SPECIl1DJ 71W 106 (U)

400 - ! -

m
<
e
N

[ 300 - / -

/%
j

w. | ,-
T #

200 -

f :s*p(-
-

,

| x.

x
d.-cs y.e

:~ f FAILLRE YPE C
V100 (R cu r se [ 1. 5 myn) im- -

b iter L RSill Ft#t.YSIS APPLICAELE
&/
4:
ej
/g. , . % ,

0.0 .5 1.0 1.0 2.0 2.5

Cr ack Extens i on ( rren)
,

|
TEST SPECIMEH DATA

|faterial Type A503-B HSST WELD 1
=

lest Temperat u e = 204 C
Fercent Side Gaoove 2 0 */.=

Specimien Thickiess 25.4 mm=
j

Init er ack length 27.64 mm Init a/H = .544=

F inal crack t e igt b 38.12 mm Final a/W = .75=

Flow stress = 482 HPa
{Noungs modulus 195500 HPa (Es t imat e d Value )=

F0HER LAW DATA J = C (Delta a) ^H
Jic = 81 LJema2
kje = 125.8 J (9Jel*S.8) 291. 3 i: J / h.^ 2=

E spone nt H = .4751
Coe(rieient C ICO.7 kJ/ma2=

1 ( ave r age ) = 68
LEAST SOUAFE Lit (EAP LlHE (ASTM) J=M (I i + Pf ta a)
Jic = 82.1 kJem^2
Fjc 176.7 Slope M = 78632.3 L2/m^:t=

Intercept F = 75.4 LJem^2
1 (631H) = 6 t;

Salidity (Jic) VALID=

\aliditv (R-cu ve> INVALID--!=

J maximum allosed 409. 3 k J/m^2 (Ja n = Inst + Flow stress /20)=

IeIta a max. allowed 2.32 mm (De lt a a max = 0.1+bo)=
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n

j 500 . i i i

j SPECIt1Ett 71H-109 (U)

:

[! *
400 -

I R k'
; I / /. s .

[ 300 f I --

/ jw

/",

I,

| 1 200 f
.

--
,

f; 4
/.

i i
|C FAILL3 YPE C.

,

i 100 -

(Rcurvef>1.5asso
-

itEA 3. ASTl1 ft+4YSIS AFFt3CAELE. .

J

n.

0< . . .m .
;

O.0 .5 1.0 1.5 2.0 2.S ;
;

:

|Crack Extension (mm)

!

JEST SPECIMEli DATA
= A533-E HSST HELD| tstartal Type

,

i lest Temperatuae 50 C [
=

! Fercent Side G-oove = 2 0 */. j
i Specimen Thtckiess 25.4 mm=

;

} init c r ac k length 28.58 mm init a/W = .562=

Final c r ac k leigth 40.54 mm Final a/W = .798=

Flou stress 521.d MPa=

i Noungs modulus = 204400 HPa (Estine ed Value)
4

,

F0WER LAW DATA J = C (Delta a) ^ H ;

Jtc = 126,7 kJ/m 2 !a

= 160.9 J (9Jr1=S.8) = 529.2 kJ/ma2 !kJc9

E xpoi.e nt H .5195 [
' =

! Cosffictent C = 248.2 kJ/m^2 ,l
a 1 (average) = 99 ;

i LEAST SOUARE L1tiEAR L!llE (ASTN) J=H (I'eita a) + B !

! Jac 122.5 kJ/m t I
~

a=

! kjc 158.2 Slope M = 130702. 9 6 J/m' 3 {
=

' Intercept B = 107.1 kJ/ma2 ;

j 1 (ASTM) = 98
[Nattdity (Jic) YALID
[

=
.

kalidity (R-cu*ve) 1HVALID--3 (.33 vs .33) :=
*

J maximum allosed 529.4 kJ/m 2 (Jaax=Enet* Flow stress /20)a=
'

!< 1 t a a max. allowed = 2.22 mm (De It a a max = 0.1*bo)
! !

e

i i
:

.

. ._- _ . - _ _ _ - . -- -_ - - - , - -. - . - . - .
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50 . , .-- ,

SPEC!lltfl 71H-ll3 (U)

40 - Cleavage -

nstability,

3 /
/ i**

e 30 - -

i / |
/c
'

ZD 7' -

t /# / FRILURE TYFE R
10 - R Curve ( D.55 tun exclutton line -

| (Iris u f f i c i e nt for analysis)

i o/ . . .___ ,

O.00 .10 .20 .30 40 .50

Sp e c t er.en Lo ndl i ne De f le.c t i on ( enes i

1tti $7te ttatu e~n t eI nt eri al lyre * H161 kitLD
1est temperaiu e * -95 C j
Fercent Side C oeue e 0%

e 25.4 mmtrec tmen thick see s t
.548a Insttal arW e

Int s track length a e 27.85 mm
Ficu streat e (61.5 MPa
iltld Stret t e 593.1 NF 6
tounts **4ulus E * 210(00 NPa (f a t amate d Yalue )

3 ).lutt s g AnA,vels
>

; Patture type n tJ at ins t ab61 st v e Jtc)
Joe e 17.7 lJes*2

j m (1.4 HPa sem s e. 36JtettJit)*.5;

e '4.5 Nf a um va.3tec O t t a C +r r < t e d )
I F lt M ()*9-98 AeALYSit

h ede d le d k t c Ilual c ont 8m (lln)*.5 j

tamtmus L$43 5 o 38.40 6 94

e 31.46 kN ,
! 14 Secent Offset Pq

J 6 le e 42.1 N>a %<= .

i 4alidtty * IHyntID- 2
I J AT A t es s t(f le et Ut t p F01 J lHttClet lAtt

t er k le C<r t en >f f tt 1 L0nka u I t. Of f dDif Littlett e-7.9?:2503:t tt t 04 in.~

1 f re c t men ret an t on Load int e rt es,s e l as t le e ls t e e-l.57575?575?st.o? I t,

1
7otted elastic lead rangee 2006 10 (60 (ceression to J for cr act e s t e n..t en i

I

!
t

J

6

i
'

e

I '
.

I,

h

0 $

I
'

.

I

J

*
>

|
i >

<

>
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| SFCCIf1Di ? !!4-129 (U)

E00 - ! -

/e

ft /
1 /N /
[ 450 / /

--

/w

/. /,

300 -

j .____. =
,

1 /",
T. = = " FAILLFC T PE C

#

t1ER L ASiti FNFt.[YSIS AFFLI ^ABLE
150 f (R curso > 1. 5 rM- -

/ #
S~f.*' ,

/1,1/
k0

. . ., .

.5 1.0 1.5 2.0 2.5

Cr ack Extension (rnen )

,1EST SPECit1EN DATA
l' at e r n a l Type = A533-P HSST WELD
lest Temperat u e = 204 C
Fercent Side G-oove 20 %=

Specimen Thickness 2S.4 mm=

Init crack length 28.23 mm Init a/W .555= =

F inal c r ac k le ngt h 39.17 mm Final a/W = .771=

Flow stress = 402 HP4
Noungs modulus = 195500 t1Pa (Estimated Value)
FouER LAW DATA J=C (Delt a a) H^

Jtc 95.5 kJ/ma2=

kjc 136.7 J (0J 1=S.8) = 355.5 lJ/m^2=

Exponent H = 4925
C o s t' t' t e t e n t C 186. 5 k J/ma2=

1 (average) 62=

LEAST SOUAF-E LlHEAP LlHE (ASTM) J=M ( t e _I t a a) + t
69. 7 k Jen*2

_

Jic =

kjc 132.4 Slope M = 103315.7 6Jem"3=

Intercept B 80 kJ/m^2=

1 ( ASill) = 87
kalidity (Jic) VALID=

N al i di t y (F:-c u ve ) VALID=

J maxthum al l o se d = 489.3 kJ/m^2 (Jaaa= Inst + Flow stress /20)
Ie l t a a max. allowsd 2.26 mm (DeIta a max = 0.1*bo)=
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50 , , , .

SPECIlltfl 71H-132 (U)

40 - Cleavage
nstability,

2
.s .

| [*

t 30 - ' - '

s
C

fe

I 20 -

|
-

,

'

|
*

s .

5 FRILUFC TYFE R
10 - R c u r v e < 0.15:<a e x c l u s t o rs l i n e -

! '
(Insufficient for an 61 y s t s )

/
b. 004 .10 .20 .30 40 .50

Spostmen Londline De f t s.ot t en ( m.n l
|

Itti t*telMtu cAta~i nt e r i al type e At33 8 Hilf WELT <
lest T e ns.4 r at u.e e 95 C

4

F e rce nt $tde C cove a 0%*

'
fre.tmen Tht<ksess 8 * 25.4 mm
In t t i al sew e .551
inns tract length 4 * 27.93 mm
Flow stress a (64.5 MP6
iteld streas e 593.1 MPa

ft2(00 MPa (t t thas e d Value )4our.3s modulus E o

l ).Itsit C5 AL, AHA,Yi19'

F ni lwr e type A (J at t nst abli t ty e Jtg)
'14.8 hJem*2Jtt =

* 19.8 MP4 sem v=.36 Jc o t EJ tt >*.5
= 55.4 Mi a um ve.36ts (let a terr ec te d)

ft1H ($4%=91 4 4AL Y? ]$ i

F.a.<ies 6 c tlwat..R - (tin > .s
30.73 hH ,Pasimwm Lead P =

j

* 30.?3 kN }it locant Offset Pg
i 6te e St.1 Mfa %#m i

* IHvhLID*=2 [1 %altdtty
l geT A tes tictio ti Utt? F0F Ja lHit C#M _ fi Af f 1

fir 6 t e -( c.r- t e n 5ME T LG4 e e i t. 0$F1LI llPLECTIOH ==2.S*(52Cl?fttt.04 in.
,

spet tmen r ot at ten Load traercept e l as t ic s t ere e-l. lt t$ltit t!* E.07 lb |

|
Fitted elassts t e nd r an ge * 2000 10 (04 Carrection to J for cract e> t ans t e n

,

I

d

i
|

|

:

. _ . __ .__ ._ . _ _ _ _ . _ _ __ . _ - _ _ - _ _ _ . . . - --
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750 -
i i i i

SPECIt1Ett ? !H-136 (U)

500 --

(\

'/
450 - -

/r-; /
f '/$ 300 f --

|
|C g# FAILL{E T PE C

150 - f( (R cur * 1. 5 mm) -

# iter L ASill FNF. 'r SIS RFPLICALLE l
'

u/s /
-

re _ . .m .

0.0 .5 1.C 1.5 2.0 2.5

Crark Extension ( rren )

1EST SPECINEH DATA
i st e ri al Type A533-B HSST WELD=

lest Teuperat u s 121 C=

Fercent Stde G oove 20 %=

Epecimen Thickiess = 25.4 m ai
Init c r ac k lenph 28.16 aira Init a /11 = .554=

Final c r ac k l e n g t. h 40.1 mm F inal a/84 = .739=

Flow stress = 489.2 ftPa
)oungi modulus = 200300 MPa (Estimased Value>
FOUEP LAU LATA J =C (Delta a) ^H
Jtc 144.4 kJ/ma2=

= 170.1 J ($ Jet 8.8)t: j c 750.5 6 Jm2=

.6103Exponent H =

Coe f fic ient C = 301 kJ<m^2
1 ( ave r age ) 151=

LEAST S OU A r'E LlHEAR LlHE ( ASiti) J=M ( I e 1_t a a ) + I:
Jic = 135.2 kJ/ma2

164.6 Slope Hkje 105096.9 6Jer 3= =

Intercept B 109.6 LJ/m^2=

1 (ASTM) 155=

Salidtsy (Jtc) VALID=

kaledity (R-cu ve) VALID=

J maximum al l o se d 496.6 LJ/m^2 (Jan =Inet+ Flow stres5/20)=

I<lta a max. allowed = 2.20 mm (De lt a a max = 0.1+bo)
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SPECIt1EN 71H-137 (U)

B00 -
-

R / -

[ $/(
? /#

500 -
-

/
4 / /r-

/
--: - -

3. / /-
.

x .4

[ FAILLFE TY EC

200 - -f8 (R curse > 1.5 nyn) -

tiCA 3. ASTil F.t ' L f 5IS RFFLIC AE;LE#-

.| /

|*'
j

. . .. .

q '., 0U- .5 1.0 1.5 2.0 2.5

Crack Extension (mm)

1EST SPEC 1HEtt DATA
Paterial Type = A5 3 3-1: HSST HELD
1est Temperatu e =-5 C

Fercent Side G oove =0%
Specimen Thickiess = 25.4 mm

.55628.29 mm Init a /11Ints cract length ==

31.43 mm Final a/W = .61SF inal c r ac k length =

562.7 MPaFlow stress =

207500 MPa (Estimated Value)youngs modulus =

FouEP LAW LATA J=C (Delta a) ^H
Jtc = 188. 3 k J /m^2

197.7 J (9Je1=8.8) = 0 kJ/ma2FJc =

.6549Exponent H =

397.2 LJ/ma2i Coefficient C =

165' 1 ( ave r age ) =

LEAST SOUAFE Lit 1EAP L1HE (ASTM) J=M (!<Ita a) + I:
155.3 kJ/m^2

_

Jte =

= 179.5 Slope M = 256532.2 bJ/m'3kJc
119. 6 k J/m^2Intercept =

1701 (ASTM) =

= INVALID--c (.62 vs 47)\altdity (Jic)
lt4 VALID--3 (.62 vs .33)validity (R-cu ve) =

632. 8 L J/ma2 (Ja4.>=Inet* Flow stcess/20)J mrximum allosed =

te n t a a max. allowed = 2.25 mm (De lt a a max = 0.1+bo)
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SPECIt1 Ell 71W-145 (U)

/ -600 -

,f
-
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<

$ /
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/
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##p

'
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, /,;
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200 -

g[/*
(R curse > 1.5 rm) -

t1EA L ASTil FML SIS AFFLICAELE
2

# /
/ / i i ic .g

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( rren)

1EST S P E C i t1E H DATA
I41ertal Type = A*33-F HSST WELD
14st Temperatu e = -10 C

Fercent Side C oove = 0 *./

Specimen ThiciSess 25.4 mm=

init crack length 28.22 mm Ints a/Il .555= =

F inal crack Ivigth = 29.65 mm Final a/H .583=

Flow stress = $67.2 #1Ps
Soungs modulus 207600 MPa (Est i mat e d us;o 3=

F otJER L All DATA J =C (Delta a) ^H
Jic = 168.9 kJ/m^2
kjc 107.3 J ( C' J e l a 8. 8 ) = 0 LJ/m^=

.676Esponent H =

Coefficient C 379.9 kJ/m^2=

1 (average) 162=

LEAST S.0VAEE LIHEAP LIHE ( ASTft) J = t1 (I sj t a a) + F
Jlc 101.7 kJ/m^2=

145.3 Slope H = 3109:5.1 6 J / n. ' 3kJc =

Intercept L 73.8 LJ/m 2a=

1 (ASTM) 201=

Natidity (Jic) IHVALID--b, c (.3E vs .21)=

\atidity (R-cu ve) = iHVALID--? (.3S vs .21)
J maximum allosed 639.9 kJ/m^2 (Jn4>=Inet* Flow stress /20)=

Ie t t a a max. allowed = 2.26 mm (DeIta a max = 0.1*bo)



_ _ _ _ _ _ _ _ _ _

77

<,

500 . . . .

SPECIl1Ett 71H-140 (U)

!400 --

/ /~

7 i
e / |%

e" 300 / /
- * I

-

'/.~.

sp* f200 --

2 | A5.(/ fj
I FAILLFE TYPE C

* ( R c u r s e" 1. 5 ewi)100 --

itEA L RSitt FA 1.YSIS APFt.3 CABLE

I.

i
/

h.
4 . . .. .

.0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm)

_1Est SPECIMEN DATA
Paterial Type = A533-B HSST WELD
Test Temperat u-e = 288 C
Fercent Side G oove =20'4
Specimen Thickiess = 25.4 mm
Init crack length = 27.71 mm Init a/W = .545
F i nal crack leigth = 38.76 mm Final a/W = .763
Flow stress 508.1 MPa=

ioungs modulus = 190000 MPa (Estimated Value)
F0WER L AW DATA J=C (Delta a) ^H
J1c = 61,3 kJ/ua2
kjc 124.4 J (0J/1=8.8) = 347.2 kJ/m^2=

E xpone nt H = .5375
Coefficient C 177.7 kJ/ma2=

1 (average) = 74
LEAST SOU ARE L 1HE A5' LlHE (ASTH) J=N (Ijita a) +B
Jtc 83.9 k Jem^2=

126.5 Slope H = 96099.6 L,*/m*Dkje =

Intercept B 75.9 kJ/m^2=

1 ( ASTil) = 71
%411dity (Jic) = VALID
%alidity (R-cu ve) INVALID--!=

J maximum al tosed 515.8 k J/m*2 (Ja,a> =1'ne t * F l ow s t re s s /20 )=

Z eit a a max. allowed = 2.31 mm (De It a a max = 0.1*bo)
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SPECIt1 Ell 71W-152 (U)

500 --

A
< ./

450 - j
r, +-

T -

1 300 - -

: / g

/T a F' AI L_L f E 7 FC C
150 -

jj _

r (R curse > 1. 5 nwid -

'r itEA L ASTt1 FM 'r SIS AFF'L3CAELE
$ e j

$ |/g . . .m . _

O.0 .5 1.0 1.5 2.0 2.5

Crack Extension (nyn)

TEST 5FECIMEN DATA
iaterial Type = A533-E HSST llELD
lest Te mpe r at u e 121 C=

Fercent Side G oove = 20 '4

Spectn.en Thickness 25.4 mm=

Init crack lengt h = 28.13 mm Init a /11 = .553
Final c r ac k length 38.21 mm Final a /11 = .752=

Flow stress = 489.2 MPa
ioungs mSdulus = 200300 HPa (Estin.atad Value)
F0WEF LA11 LATA J=C (De l t a a) H^

Jic 131.6 LJ/m*2=

162.4 J ( 9 Ja l C'. 8 )tje 705.5 LJ/n^2= =

E poncnt H = .6111
Cos((ic t ent C 282.2 kJ/ma2=

= 1431 (ave r age )

LEAST SOUAFE LlHEAS L1HE (ASTM) J = tt (Istta a) + t
= 114,4 LJ/m ;

~

31c a

= 151.4 Slope N * 183219 L J< b^3kjc
92.9 kJ/m^2Intercept B =

1 (ASTM) 153=

kalidity (Jic) VALID=

%&lidity (R-cu ve) Vf:L I D=

J maxim.um allosed = 496.6 kJ/m^2 (JaL>=Inet* Flow stress /20)
Ielta a max, allowed = 2.27 mm (De It a a max = 0.1*bo)
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Appendix D

LOAD-DISPLACEHENT AND J-R CURVES AND Pil0TOGRAPtlS,

SUPPLIED BY OAK RIDGE NATIONAL l.ABORATORY,

FOR UNIRRADIATED HATERIAL

,
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ORNL VALIDITY _IMDEI

di e___LASI11 E813Y
1. < 4 data points between 0.15 and 1.5 mm exclusion

lines.

2. Data clustering problem.

3. Bw < 25 Je/or

4. bo < 25 Je /or

5. dJ/da > ortow

6. Delta-a prediction error too large,
! (delta-a)pr ea -(delta-a )me n s > 0.15 (delta-a)=.as

lentative Ji - R Curve Procedqrg

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

2. < 10 data points between secant line and (delta-a) man
(0,1 * bo )

3. (delta-a) prediction error too large.
|(delta-a)prea (delta-a) mens | >-

HINIMUM (0.15*(delta-a) ... 0.15*(delta-a) mas]

,
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QBHL_UNIRRADIATED iTCS DATA _ SHEETS
TAFLE OF_ CONTENTS

h Specimen ID h Specimen ID
D 83 020283 D 179 70W116
D 85 020293 D 181 70W120
D 87 02G296 D 183 70W127
D 89 020299 D 185 70W135
D 91 020301 D 187 70W143
D 93 02G303 D 189 70W144
D 95 02G309 D 191 70W147
D 97 020312 D 193 70W149
D 99 02G321 D 195 70W150
D 101 020325 D 197 70W152
D 103 02G326 D 199 71W103
D 105 020327 D 201 71W105
D-107 020350 D 203 71W107
D 109 020357 D 205 71W114
D 111 02G361 D 207 71W124
D 113 020367 D 209 71W125
D 115 02G374 D 211 71W127
D 117 020405 D 213 71W130
D 119 02G408 D 215 71W135
D 121 02G410
D 123 02G415
D 125 02G417
D 127 68WAA
D 129 68WCB
D 131 68WDD
D 133 68 WEB
D-135 68WHB
D 137 68WKA
D 139 68WKD
D 141 69W103
D 143 69W109
D 145 69W117
D 147 69W124
D 149 69W125
D 151 69W128
D 153 69W132
D 155 69W136 ,

D-157 69W138
D 159 69W140
D 161 69W141
D 163 69W145
D 165 69W151
0 167 69W154
D 169 69W161
D-171 69W170
D 173 69W175
D 175 70W103
D 177 70W114

_
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SPECIMEN ID= 02GA283
MATERIAL TYPE- A933-8-.1
TEST TEMPERATURE = -99 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 31.6 mm a/W)i- .619
MEASURED DUCTILE DELTA-A= .05 mm
Y! ELD STRENGTH = 993 t1Pa
FLOW STRENGTH = 678 MPa
EST it1ATED YOUNG ' S |100ULUS= 213 GPa

SPECIMEN CLEAVED AT Kle= 97.2 t1Pa SQR(m) (VALID ASTM E399)

VALUES AT "",Aind." LOAD VALUES AT CLEAVAGE LOAD
......................................... ...

J-INTEGRAL = 13.3 kJ/s,^2 J-!NTEGRAL= 13.3 kJ/m^2
KJc= 93.2 MPa SQR(m) KJe= 93.2 MPa SQR(m)
K-beta c= 90.4 MPa SQR(m) K-beta-c= 90.4 t1Pa SCR(m)

YP1247

35' ....;

n : .
~ ;;? ;

E,

%
.. .A. /

:a .

.'
d4

~ '

. . , . . .
-

'-|

[iM?i~khis 2 [
rwpstL.pp 1. ',
etzw A x .w d. w s T.
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ORNL-DWG 87-7893

02GR283 -95 DEGREES C
50

.

.

40 -

.

n

z .

d 30 -

v .

.

m -

0- 20 -

O -

.J '.
10 -

.

.

iiii . 1 iii1 i. i i i i ng i

0 .1 .2 .3 .4 .5

DISPLACEMENT (mm)

.

|

|
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SPECIMEN 10= 02GA293
TEST TEMPERATURE = 23 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 31.5 mm e/W)i= .619
MEASURED DUCT |LE DELTA-A= 2.06 mm
YlELD STRENGTH = 474 MPa
FLOW STRENGTH = 550 MPa
ESTIMATED YOUNG'S MODULUS = 206 GPa

SPECIMEN CLEAVED AT k 102.2 MPa SQR(m) (NOT VALIO Kic)=

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
...................... .......................

J-INTEGRAL = 248.6 kJ/m^2 J-INTEGRAL = 301.1 kJ/m^2
KJe= 126.2 MPa SOR(m) KJe= 200.1 MPa SOR!m)
K-betc c= 99.3 MPa SOR!m) K-beta.c= 107.6 MPa SQR(m)*

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
................... .....................

J!c= 153.6 kJ/m*2 J!c= 112.4 kJ/m'2
. K-Jic= 177.8 MPa SOR(m) K.Jlc= 152.1 MPa SOR(m)

POWER = .7307 SLOPE- 291420 kJ/m^3
COEFFICIENT = 379.7 kJ/m*2 INTERCEPT = 82.6 kJ/m^2
T (AVERAGE)= 184 T (ASTM)= 198

INVALID, 2

Jl-R CURVE CALCULATIONS
.......................

J (pJ/T=0.8)= 877.4 kJem*2
POWER = .6473 COEFFICIENT = 364.9 kJ/m^2
J-MAX ALLOWED = 533.9 kJ/m^2 DELTA-A MAX ALLOWEO= 1.94 mm

VALID R-CURUC
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ORNL-DWG 87-7894

02GR293 23 DEGREES C
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SPECIMEN ID= 02GA296
MATERIAL TYPE- AS338
TEST TEt1PERATURE= -40 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 31.4 mm a/W)i= .617
MEASURED DUCTILE DELTA-A= .05 mm
Y! ELD STRENGTH = 529 MPs
FLOW STRENGTH = 609 tiPa
EST itiATED YOUNG 'S MODULUS = 2 09 GPa

SPECIMEN CLEAVED AT K = 69 MPa SOR(m) (NOT VALID Kic)

VALUES AT MAXIMUti LOAD UALUES AT CLEAVAGE LOAD
...................... __.....................

J-INTEGRAL = 22.8 kJ/m^2 J-INTEGRAL = 22.0 kJ/m^2
KJc= 69.1 MPa SQR(m) KJc= 69.1 MPa SQR!m)
K-beta-c= 59.5 MPa SQR(m) K-beta-c= 59.5 MPa SQR(m)
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)
i SPECIMEN ID= 02GA299
i TEST TEMPERATURE- 50 DEG C
! THICKNESS = 25.4 mm

( SIDE GROOVES = 20 %

! INITIAL CRACK LENGTH = 31.6 mm a/W)i= .62

| MEASURED DUCT!LE DELTA-A= 3.09 mm

: YlELD STRENGTH = 456 MPa
FLOW STRENGTH = 531 MPa
ESTil1ATED YOUNG S t10DULUS= 204 GPa

,

!

1 SPECit1EN DID HOT CLEAVE, J-MAX LOAD- 265.5 kJ/m*2

! KJ-MAX LOAD- 232.9 MPa SQR(m)

f POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
------......-..----...-..................

Jte= 213.9 kJ/m^2 Jlc= 207.6 kJ/m^2
I K-Jlc= 209.1 MPa SQR(m) K-Jlc= 206 MPa SOR(m)

f POWER = .5363 SLOPE = 194064 kJ/m^3

| COEFFICIENT = 374.9 kJ/m^2 INTERCEPT = 169.? kJ/m^2
j T (AVERAGE)= 140 T (ASTM)= 141
I VALID, E813

i I

JI.R CURVE CALCULATIONS
........___............

J ( @J /T =8. 8 )= 663.8 kJ/m*2
POWER = .4978 COEFFICIENT = 373.6 kJ/m^2
J-MAX ALLOWED- 513.2 kJ/m^2 DELTA-A MAX ALLOuEO= 1.93 mm

PCURVE INVALID, 2 ,
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ORNL-DWG 87-7897

02GA299 50 DEGREES C
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SPECIMEN 1D= 02GA301
MATERIAL TYPE- A5338
TEST TEMPERATURE- -40 DEG C
THICKNESS = 25.4 mm
SiOE GROOVES = 0%
INITIAL CRACK LENGTH = 31.6 mm a/U)n= .621
t1EASURED DUC T ILE DELTA- A= .05 mm
YlELD STREtlGTH= 520 t1Pa
FLOW STRENGTH = 609 t1Pa
EST it1ATED YOUNG' S (10DULUS= 2 09 GPa

| SPECIMEN CLEAVED AT K = 73.0 MPe SQR(m) (NOT VALID Klc)

VALUES AT t1AXIt1Uti LOAD UALUES AT CLEAVAGE LOAD
_.._________. ..__ ... ...... ...__...........

J-INTEGRAL = 26.6 kJ/m^2 J-INTEGRAL = 26.6 kJ/m^2
KJc= 74. 6 tiPa SQR(m) KJe= 74.6 t1Pa SQR[m)
K-beta-c= 62.6 MPa SQR(m) K-beta-c= 62.6 ttPa SQR(m),

l
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SPECIMEN ID= 02GA303
TEST TEMPERATURE = 121 DEG C
TH!CKNESS= 25.4 mm

SIDE GROOUES= 20 %
INITIAL CRACK LENGTH = 31.7 mm a/W)L= .62
t1EASURED DUCTILE DELTA- A= 3,06 mm

YlCLD STRENGTH = 424 f1Pa
FLOW STRENGTH = 900 t1Pa
ESTir1ATED YOUNG'S f100ULUS= 200 GPa

SPEC!t1EN DID NOT CLEAVE , J-tiAX LOAD = 233.1 kJ/m*2
KJ-t1AX LOAD. 216.1 t1Pa SQR!m)

4

POWER LAW PROCEDURE ASTri LINEAR PROCEDURE
................ .. . . . . . . . . . . .... . . . . . . . . .

J!c. 171 kJ/m^2 Jte= 177 kJ/m^2
K-J!ca 105.1 t1Pa SOR(m) K-J!c= 1P3.3 t1Pa SQR(m)
POWER = .9717 SLOPE- 172048 kJ/m^3
COEFFICIENT = 327,9 kJ/m^2 INTERCEPT = 146.4 kJ/m^2 ,

T (AVERAGE)= 146 T (ASTM)= 138
VALID. E013

JI-R CURVE CALCULATIONS
.......................

J (RJ/T=0.8)= 999.8 kJ/m^2
POWER = 4869 COEFFICIENT = 327 k J . 'm ^ 2
J.t1AX ALLOWED- 404.aa LJ/m^2 DELTA-A MAX ALLOWC.0= 1.94 mm
R(.URUF I NV AL ' ., . 1
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OANL-DWG 87-7900

02GA303 121 DEGREES C
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SPECIMEN ID= 02GA309
TEST TEMPERATURE 23 DEG C
THICKNESS = 29.
SIDE GROOVES =
INITIAL CRACK 31.3 mm a/W)i= .617
MEASURED DUCT '- A = .96 mm

YlELD STRENG" MPa
FLOW STRENGTF MPe
ESTIMATED Y0urd ,dDULUS= 206 GPa

SPEClHEN CLEAVED AT K = 238.9 MPa SQR[m] (NOT VALID Kic)

I

UALUES AT t1AXIMuti LOAD UALUES AT CLEAVAGE LOAD
----------. ....-- ... ....----------------..--

J-lWEGRAL= 277 kJ/m^2 J-INTEGRAL = 277 kJ/m^2
kJe= 238.9 MPa SORCm) KJe= 238.9 MPa SQR[m]
K-beta-c= 101.4 MPs SORIm) K-beta-c= 101.4 MPa SOR(m)

POWER LAW .CROCEDURE ASTM LINEAR PROCEDURE
'

-------... ---_. .-- ---------------------

JIc= 216.6 kJ/m^2 Jtc= 0 kJ/m^2
K-JIc= 211.2 MPa SOR(m) K-J!c= 0 HPa SQR(m)
POWER = .7996 SLOPE = 0 kJ/m^3
COEFFICIENT = 481.9 kJ/m^2 INTERCEPT = 0 kJ/m^2
T (AVERAGE)= 239 T (ASTM)= 0

INVALID, 1;
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Jl-R CURUE CALCULATIONS
..._____________________

J (@J/T=0.8)= 773.9 kJ/m^2
pot JERv .9903 COEFFICIENT = 401.4 kJ/m^2

J-t1AX ALLOWED = 939 kJ/m^2 DELTA- A t1AX ALLOWED = 1.99 mm

RCURUE INVALID, 2

LOAD DISPLACEMEffr CURVE UNAVAILABLE

|

ORNL-DWG 87-7902

02GR309 23 DEGREES C
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SPECIMEN ID= 02GA312
MATERIAL TYPE- A933-B-1
TEST TEMPERATURE- -99 DEG C
TH1CKr4ESS= 29.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 31.2 mm a/W)i= .612
MEASURED DUCTILE DELTA-A= .09 mm
YlELD STRENGTH = 993 MPa
FLOW STRENGTH = 678 MPa
ESTIMATED YOUNG'S MODULUS = 213 GPa

SPECIMEN CLEAVED AT Kic= 41.8 MPa SQR[m] (VALID ASTM E399)

|

VALUES AT MAX 1 MUM LOAD VALUES AT CLEAVAGE LOAD
---------------------------------------------

J-INTEGRAL = 6.4 kJ/m^2 J-INTEGRAL = 6.4 kJ/m^2
KJe= 36.8 MPa SQRCm) KJc= 36.8 MPa SQR(m)
K-beta-c= 36.3 HPa SQR[m] K-beta-c= 36.3 MPa SQRim)
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ORNl.-DWG 87-7903

-02GA312 -95 DEGREES C
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SPEC i t1EN ID- 02GA321
TEST TEMPERATURE = 204 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 31.9 mm a/W)i= .626
(1EASURED DUCTILE DELTA A= 3.09 mm

YlELD STPENGTH= 418 MPa
FLOW STRENGTH = 498 MPa

,

ESTil1ATED YOUNG'S MODULUS = 196 GPa

SPECIMEN DID NOT CLEAVE, J-t1AX LOAD = 248.2 kJ/m^2
KJ-MAX LOAD- 220.3 MPa SOR(m)

| POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ ___________________ .

Jlc= 199.3 kJ/m^2 Jic= 191.4 kJ/m^2 ,

!
K-Jtc= 197.4 MPa SQR(m) K-JIc= 193.9 HPa SQR(m)
POWER = .3993 SLOPE- 127287 kJ/m^3
COEFFICIENT = 703.1 kJ/m^2 INTERCEPT = 167 kJ/m^2
T (AVERAGE)= 94 T (ASTM)= 100

VALID, E813
r'

Jl-R CURVE CALCULAT1ONS ]
_____ _________________

J (@J/T=8.8)= 429.3 kJ/m^2 |

POWER = .3664 COEFFICIENT" 302.3 kJ/m^2 i4

|J-MAX ALLOWED = 474.8 kJ/m^2 DELTA-A MAX ALLOWED- 1.91 mm

RCURVE INVALID, 2

|
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ORNL-DWG 87-7904

02GR321 204 DEGREES C
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SPECIMEN ID- 02GA329
TEST TEMPERATURE = 121 DEG C
THICKNESS- 29.4 mm

SIDE GROOVES = 24 N
INITIAL CRACK LENGTH- 31.7 mm a/W)i- .622
MEASURED DUCTILE DELTA-A= 4.11 mm

Y! ELD STRENGTH = 424 MPa
FLOW STRENGTH = 900 MPa
ESTIMATED YOUNG'S MODULUS = 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 282.5 kJ/m^2
KJ-MAX LOAD = 237.9 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
------------------- ---------------------

JIc= 139.8 kJ/m^2 Jic= 114.9 kJ/m^2
K-J!c= 167.3 MPa SQR(m) K-J!c= 191.5 MPa SQR(m)
POWER = .9976 SLOPE = 199314 kJ/m^3
COEFFICIENT = 293.1 kJ/m^2 INTERCEPT = 92.2 kJ/m^2
T (AVERAGE)= 139 T (ASTM)= 196

VALID, E813

JI-R CURVE CALCULATIONS
----------------_-----_

J (@J/T=0.8)= 688 kJ/m^2
POWER = .9998 COEFFICIENT = 292.8 kJ/m^2
J-MAX ALLOWED = 482.7 kJ/m^2 DELTA-A MAX ALLOWED = 1.93 mm
RCURVE INVALID, 1
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02GR325 121 DEGREES C
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SPECIMEN ID= 02GA326
TEST TEMPERATURE = 204 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES- 20 N
INITIAL CRACK LENGTH = 31.7 mm a/W)i= .623
MEASURED DUCTILE DELTA-A= 9.73 mm

YIELD STRENGTH = 418 MPa
FLOW STRENGTH = 498 MPa i

ESTIMATED YOUNG'S MODULUS = 196 GPa '

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 250 kJ/m^2
KJ-MAX LOAD = 221.1 MPa SQR[m]

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
|

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

J!c= 148.4 kJ/m^2 JIc= 142.9 kJ/m^2 ,

K-Jlc= 170.3 MPa SQRim) K-JIc= 166.9 MPa SOR(m)
POWER = .4626 SLOPE- 126090 kJ/m^3
COEFFICIENT = 259.4 kJ/m^2 INTERCEPT = 124.4 kJ/m^2
T (AVERAGE)= 96 T (ASTM)- 99

VALID, E813

JI-R CURVE CALCULATIONS
------------_----------

J (@J/T=8.8)= 439.1 kJ/m^2 |

POWER = .4576 COEFFICIENT = 259 kJ/m^2
J-MAX ALLOWED- 478.1 kJ/m^2 DELTA-A MAX ALLOWED = 1.92 mm

VALID R-CURVE
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' ORNL-DWG 87-7908

02GA326 204 DEGREES C
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SPECIMEN ID= 02GA327
TEST TEMPERATURE = 288 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 32.2 mm a/W)i= .632
MEASURED DUCTILE DELTA-A= 6.01 mm

YlELD STRENGTH = 444 MPa
FLOW STRENGTH = 934 MPa
ESTIMATED YOUNG'S MODULUS = 191 GPa

SPECIhEN DID NOT CLEAVE, J-MAX LOAD = 168.9 kJ/m^2
KJ-MAX LOAD = 179.9 MPa SOR[m]

FOWER LAW PROCEDURE ASTM LINEAR PROCEDURE
------------------ ---------------------

JIc= 130.9 kJ/m^2 J!c= 132.2 kJ/m^2
K-Jtc= 190 MPa SQR(m) K-J!c= 198.8 MPa SOR(m]
POWER = .499 SLOPE = 109068 kJ/m^3
COEFFICIENT = 236.4 kJ/m^2 INTERCEPT = 118.7 kJ/m^2
T (AVERAGE)- 79 T (ASTM)= 73

UALID, E813

J!-R CURVE CALCULATIONS
------.----_-----------

J (@J/T=0.8)= 337.8 kJ/m^2
POWER = .4083 COEFF1CIENT= 236.1 kJ/m^2
J-MAX ALLOWED = 900.8 kJ/m^2 DELTA-A MAX ALLOWED- 1.88 mm
RCURVE INVALID, 2
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02GR327 288 DEGREES C
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SPECIMEN ID= 02GA-350
MATERIAL TYPE = A933-B-1
TEST TEMPERATURE = -80 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 31.7 mm a/W)i- .622
MEASURED DUCTILE DELTA-A= .09 mm
YlELD STRENGTH = 974 MPa
FLOW STRENGTH = 69) t1Pa
ESTIMATED YOUNG'S MODULUS = 212 GPa

SPECIMEN CLEAVED AT K!c= 90.3 MPa SQR(m) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
____________________ . _______________________

J-INTEGRAL = 13.3 kJ/m^2 J-INTEGRAL = 13.3 kJ/m^2
kJe= 93.1 MPa SCRCm) KJe= 93.1 MPa SQR(m)
K-beta-c= 90.1 MPa SQR(m) K-beta-c= 90.1 MPa SOR(m)
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ORNL-DWG 87-7912

02GA-350 -80 DEGREES C
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SPECIMEN ID= 02GA397
TEST TEMPERATURE = 288 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES- 20 N
INITIAL CRACK LENGTH = 31.9 mm a/W)i= .627
MEASURED DUCTILE DELTA-A= 3.73 mm

YIELD STRENGTH = 444 MPa
FLOW STRENGTH = 934 MPa
EST IMATED YOUNG ' S f10DULUS= 191 GPa

|
i

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 200.1 kJ/m^2 1

KJ-MAX LOAD = 199.4 MPa SQRCm]

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
____________ ______ _____________________

J!c= 140.4 kJ/m^2 JIc= 143.7 kJ/m^2
K-Jic= 163.7 MPa SOR(m) K-J!c= 169.6 MPa SOR(m)
POWER = .9069 SLOPE = 133412 kJ/m^3
COEFFICIENT = 266.8 kJ/m^2 INTERCEPT = 129,7 kJ/m^2
T (AVERAGE)= 92 T (ASTM)= 89

VALID, E813

Jl-R CURVE CALCULATIONS
_______________________

J (@J/T=8.8)= 414.3 kJ/m^2
POWER = .4926 COEFFICIENT = 269.9 kJ/m^2
J-MAX ALLOWED = 507.7 kJ/m^2 DELTA-A MAX ALLOWED- 1.9 mm

RCURVE INVALID, 2
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SPECIMEN ID= 02GA361
MATERIAL TYPE- A5338
TEST TEMPERATURE = -40 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0 ';
INITIAL CRACK LtNGTH= 31.5 mm a/W)t= .62
MEASURED DUCT!LE DELTA-A= .05 mm
YlELD STRENGTH = 529 MPa
FLOW STRENGTH = 609 MPa
EST! MATED YOUNG'S MODULUS = 209 GPa j

SPECIMEN CLEAVED AT K = 69.7 MPa SORlm) (NOT VALID Kic)

| VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
|

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

J-INTEGRAL = 23.6 kJ/m^2 J-INTEGRAL = 23.6 kJ/m^2
KJc= 70.3 MPa SORtml KJe= 70.3 MPa SQRCm)
K-beta-c= 60.2 MPa SOR[m] K-beta-c= 60.2 MPa SQR(m)
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ORNL-DWG 87-7915
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SPECIMEN ID= 02GA-367 I

MATERIAL TYPE = A533-B-1 :

TEST TEMPERATURE = 0 DEG C :

THICKNESS = 25.4 mm
SIDE GROOVES = 04
INITIAL CRACK LENGTH = 31.7 mm a/W)i= .622
NEASURED DUCTILE DELTA-A= .05 mm

| YlELD STRENGTH = 492 MPa
FLOW STRENGTH = 969 MPa
ESTIMATED YOUNG'S MDDULUS= 207 GPa

|

'

SPECIMEN CLEAVED AT K = 98.6 MPa SQR(m) (NOT VALID K!c)

UALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
___________________ __ _______________________

J-INTEGRAL = 80.7 kJ/m^2 J-INTEGRAL = 79.1 kJ/m^2 i

KJc= 129.3 MPa SQRIm) KJe= 124.7 MPa SQR(m) |

K-beta-c= 00.7 MPa SOR(m) K-beta-c= 79.4 MPa SQR(m)
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02GA-367 0 DEGREES C
50

.

.

.

40 -

.

.

Z -

3 30 -

v .

.

o -

[ 20 -

o -

1

_J
-

"
|

!10 -

.

.

o: ii ..i.i . . .. . . .. ....

O .2 .4 .G .8 1

DISPLACEMENT (mm)

|
|

l

|

1
|

|
|



_ __.. _ _ _ _ _ _ _ _ _ _ . _ . _ . . _ . . _ _ _ _ _ _ _ . . . _ . _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ . . _ _ _ _ . . _ . _ . _ . _ __ _ _ _ _ ____ _

|

|

115
|

SPECIMEN 1D= 02GA-374
TEST TEMPERATURE = 40 DEG C I

THICKNESS = 29.4 mm

SIDE GROOVES = 0 N
IN1TIAL CRACK LENGTH = 31.7 mm a/W)i= .623 '

MEASURED DUCT!LE DELTA-A= 3.84 mm

YlELD STRENGTH = 462 MPa 1

FLOW STRENGTH = 938 MPa !

ESTIMATED YOUNG'S MODULUS = 209 GPa

!
>

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 490.9 kJ/m^2 I
KJ-MAX LOAD = 303.8 MPa SOR[m] -

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
i------------------- ---------------------

J!c= 164.3 kJ/m^2 Jte= 102.4 kJ/m^2 !

K-Jic= 183.9 MPa SOR(m) K-J!c= 144.9 MPa SOR[m] [
POWER = .8396 SLOPE- 379940 kJ/n^3 |

-| COEFFICIENT = 448.1 kJ/m^2 INTERCEPT = 66.6 kJ/m^2 |
! T (AVERAGE)= 298 T (ASTM)= 267 !

INVALID, 6
i |

I Ji-R CURVE CALCULATIONS
-----------------------

'

J (@J/T=0.8)= 1774.2 kJ/m^2
POWER = .836 COEFFICIENT = 446.1 kJ/m^2

i
J-MAX ALLOWED- 916.1 kJ/m^2 DELTA-A MAX ALLOWED- 1.92 mm

i RCURVE INVALID, 3
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SPECIMEN ID= 02GA409
MATERIAL TYPE = A9338
TEST TEMPERATURE- -9 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0N
'NITIAL CRACK LENGTH = 31.2 mm a/W)i= .612
MEASURED DUCTILE DELTA-A= .07 mm
Y! ELD STRENGTH = 496 MPa
FLOW STRENGTH = 974 MPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

i

|

SPECIMEN CLEAVED AT K = 101.1 MPa SQR(m) (NOT VALID KIc)

1

i UALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________ _____________________ _

J-INTEGRAL = 74.3 kJ/m^2 J-INTEGRAL = 74.3 kJ/m^2
KJe= 124.2 MPa SQR(m) KJe= 124.2 MPa SQR(m)
K-beta-c= 79.6 MPa SOR'm) K-beta-c= 79.6 MPa SOR(m)
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SPECIMEN ID= 02GA408
TEST TEMPERATURE- 24 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 31 mm a/W)i= .609
MEASURED DUCTILE DELTA-A= .17 mm
YlELO STRENGTH = 473 MPa
FLOW STRENGTH = 549 MPa
ESTIMATED YOUNG'S MODULUS = 206 GPa

SPECIMEN CLEAVED AT K = 100 MPa SQR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
.....__............... .....__..............__

J-INTEGRAL = 207.5 kJ/m^2 J. INTEGRAL = 206.9 kJ/m^2
KJe= 206.6 MPa SQR(m) KJe= 206.4 MPa SQR(m)
K-beta-c= 89.5 MPa SQR(m) K. beta.c= 89.4 MPa SQR[m]

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
....___............ .....___..__....__...

JIc= 152.7 kJ/m*2 Jte= 0 kJ/m^2
K-Jlc= 177.3 MPa SQR(m) K-J!c= 0 MPa SQRtml
POWER = .8108 SLOPE- kJ/m^3
COEFFICIENT = 417.8 kJ/m^2 INTERCEPT = 0 kJ/m^2
T (AVERAGE)= 225 T (ASTM)= 0

INVALID, 16

JI-R CURVE CALCULATIONS
.................____..

J (@J/T=8.8)= 728.8 kJ/m*2
POWER = .6093 COEFFICIENT = 330.6 kJ/m^2
J-MAX ALLOWED. 545.5 kJ/m^2 DELTA-A MAX ALLOWED = 1.99 mm
RCURVE INVALID, 123
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ORNL-DWG 87-7920

02GR408 24 DEGREES C
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SPECIMEN ID= 02GA410 l

TEST TEMPERATURE = 50 DEG C
THICKNESS- 25.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 31.9 mm a/W)i= .627
MEASURED DUCTILE DELTA-A= 2.95 mm

YlELD STRENGTH = 456 MPa
FLOW STRENGTH = 531 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN 010 NOT CLEAVE, J-MAX LOAD = 339.0 kJ/m^2
KJ-MAX LOAD = 263.5 MPa SORtm)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
..___ ____...--.....--...........______

i Jlc= 177.5 kJ/m^2 JIc= 110.8 kJ/m^2
K-Jlc= 190.5 MPa SQRtml K-JIc= 159.8 MPa SQR(m)
POWER = .6771 SLOPE = 271806 kJ/m^3
COEFFICIENT = 306.4 kJ/m^2 INTERCEPT = 88.4 kJ/m^2

' T (AVERAGE)- 103 T (ASTM)- 197
INVALID, 6

J!-R CURVE CALCULATIONS.

< .----------............

'
J (@]/T=0.8)= 1194 kJ/m^2

,

POWER = .7361 COEFFICIENT = 382.7 kJ/m^2
J-MAX ALLOWED = 503.6 kJ/m^2 DEt.TA-A MAX ALLOWED = 1.9 mm

RCURVE INVALID, 13
!
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ORNL-DWG 87-7922

02GR410 50 DEGREES C
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SPECIMEN ID= 02GA419
MATERIAL TYPE- A933-B-1
TEST TEMPERATURE = -100 DEG C
THICKNESS- 29.4 mm
SIDE GROOVES = 0N |

'INITIAL CRACK LENGTH = 31 ' mm a/W)i- .614
HEASURED DUCTILE DELTA-A= .09 mm
YIELD STRENGTH = 600 t1Pa
FLOW STRENGTH = 689 HPa
EST IMATED YOUNG ' S t100ULUS= 213 GPa

SPEC!t1EN CLEAVED AT Kic. 44 t1Pa SOP (m.1 (UALID ATTM E399)

VALUES AT MAXIMUt1 LOAD VALUES AT CLEAVAGE LOAD )
_______________________ j______________-_______

.)-INTEGRAL = 8.3 kJ/m^2 J-INTEGRAL = 8 . 3 'w J / m^ 2 '

KJe= 41. 9 t1Pa SQR(m) VJc= 41.9 t1Pa SOR(m) !
K-beta-c= 41 t1Pa SQR(m) K-beta-c= 41 t1Pa SQR(n 2
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ORNL-OWG 87-7924,

02GR415 -100 DEGREES C
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SPECIMEtt ID= 02GA417
MATERIAL TYPE- A9338
TEST TEt1PERATURE= 0 DEG C
THICKNESS = 29.4 mm
SIDE GROOVESa 0%
INITIAL CRACK LENGTH = 30.8 mm a/W) = .606
MEASURED DUCTILE DELTA-A= .1 mm
Y! ELD STRENGrH= 492 MPa )
FLOW STRENGTH = 969 f1Pa ,

EST !t1ATED YOUt1G 's t100ULUS= 2 07 GPa

SPEC!t1EN CLEAVED AT K = 99.7 MPa SQR(m) (NOT VALID K!c)'

,

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
---------- .. -------------------------------

J-INTEGRAL = 73.9 kJ/m^2 J-INTEGRAL = 79.9 k J . .n ^ 2
| KJe= 123.4 MPa SQR(m) KJc= 129.4 MPa SQR(m)
| K-beta-c= 79 MPa SQR[m] K-beta-c= 79.6 MPa SQR(m)
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OllNL-OWG 87-7925.

02GR417 0 DEGREES C
59

.

.

.

40' -

.

n .

Z -

3 30 -

v .
,

', -

-Q -
,
; E 20 -

~

O -

.J -

.

I 10 -

1
-

.

' ' . '2 ' ' . '4
'

' . '6
'0 ' ' ' ' ' ' ' ' '

0 .8 1.,

e

j DISPLACEMENT (mm)
F

,

4

I

7

!

L
i

|<

!
+

! .

t

L

!
-

l I

[.

[.,

|

)
i, i

r

i
i

I
'

,

,f

|
i

t
1 k

i
+

1 ;

i . _ . _.- . _ _ _ . _ . - _ _ . _ _ . _ _ _ . , _ _ , , , , _ , _ . , . . _ , _ _ , . _ . _ _ , . . _ . . _ _ _ . . , _ _ _ . . _ . . . _ _ .. _



__ . _ . - _ __ _ ___ _ __. - _ _ .__ . _ _ _ _ _ _ ._- __ ___ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

127'

!

I SPECIMEN ID= 68WAA
1 TEST TEMPERATURE = 288 DEG C

THICKNESS = 25.4 mm4

| SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 30.3 mm a/W)i- .590'

i MEASURED DUCTILE DELTA A= 3.21 mm |

i'

YlELD STRENGTH = 500 MPa
FLOW STRENGTH = 562 MPa
ESTIMATED YOUNG'S MODULUS = 191 GPa |

!

! SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 348.6 kJ/m^2
KJ-MAX LOAD = 257.9 MPa SORCm1

,| POWER LAW PROCEDURE ASTM LINEAR PROCEDURE |

_________.. __________'

.._________________

I Jic= 229.1 kJ/m^2 Jtc= 206.8 kJ/m^2

i K-JIc= 209.1 MPa SQR(m) K-Jlc= 198.6 MPa SQR(m) 1

! POWER = .5528 SLOPE- 227436 kJ/m^3 |
COEFFICIENT = 406.8 kJ/m^2 INTERCEPT = 164.9 kJ/m^2 i

j '

| T (AVERAGE)= 130 T (ASTM)= 138
UALID, E013 !

| |
|

J1-R CURVE CALCULATIONS
_______________________

1 (@J/T=8.8)= 769.8 kJ/m^2
POWER = .5725 COEFFICIENT- 406.7 kJ/m^2

|
| J-MAX ALLOWED = 570.6 kJ/m^2 DELTA _A Me,X ALLOWED = 2.04 mm ;

VALID R-CURVE |
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ORNL-DWG 87-7926

G8 WAR 288 DEGREES C
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SPECIMEN ID= 68WCB
NATERIAL TYPE- A5330W
TEST TEMPERATURE = -80 DEG C
TiilCKNESS= 29.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 30.5 mm e/W)i= .601
MEASURED DUCTILE DELTA-A= .05 mm
Yl8~LD STRENGTH = 684 MPa
FLOW STRENGTH = 716 HPa
ESTIMATED YOUNG'S MODULUS = 212 GPa

SPECIMEN CLEAVED AT '<!c= 59.5 MPa SOR(m) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
---------------------------------------------

J-INTEGRAL = 16.2 kJ/m^2 J-!NTEGRAL= 16.2 kJ/m^2
KJe= 58.6 mph SQR(m) KJc= 58.6 MPa SQR(m)
K-beta-c= 55.9 MPa SQR(m) K-beta-c= 55.9 MPa SOR(m)
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OllNL-DWG 87-7928
a
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SPECIMEN ID= 60WDD
MATERIAL TYPE- A9338W
TEST TEMPERATURE = -30 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES- 0%
INITIAL CRACK LENGTH = 31.3 mm a/W)i= .616
MEASURED DUCTILE DELTA-A= .26 mm '

YlELD STRENGTH = 619 MPa
FLOW STRENGTH = 692 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

|

SPECIMEN CLEAVED AT K = 120.8 MPa SQR(m) (NOT VALlO Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
_..........._....__.__ ...__.. _______-.____..

J-INTEGRAL = 213.5 kJ/m^2 J-INTEGRAL = 219.7 kJ/m^2
KJc= 211.2 MPa SQR(m) KJe= 212.3 MPa SQR(m)
K-beta-c= 113.1 MPa SQR(m) K-beta-c= 113.3 MPa SQR(m)

t
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1

1 ORNL-DWC 87-7929

68WDD -30 DEGREES C
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1

SPEC !t1Et1 ID= 68 WEB
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -139 DEG C
THICKNESS = 25.4 mm 1

lSIDE GROOVES = 0%
INITIAL CRACK LENGTH = 30.3 mm a/W)t- .997 '

MEASURED DUCTILE DELTA-A= .09 mm
YIELD STRENGTH = 776 t1Pa
FLOW STRENGTH = 800 tiPa
EST !t1ATED YOUNG ' S t10DULUS= 215 GPa )

SPECit1EN CLEAVED AT K!c= 40. 2 t1Pa SQR(m) (VALID ASTt1 E399)

VALUES AT t1AXIt1UM LOAD VALUF.S AT CLEAVAGE LOAD
1 --------------------- ---. ------------------

1 J-INTEGRAL = 7.6 kJ/m^2 J-INTEGRAL = 7.6 kJ/m^2
KJc= 40.4 MPa SOR(m) KJc= 40.4 t1Pa SOR(m)
K-beta-c= 4 0 t1Pa SOR(m) K-beta-c= 40 MPa SQR(m)
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ORNL-0WG 87-7931
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SPECit1EN ID= 68WHB
TEST TEMPERATURE = 121 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.8 mm a/W)i- .607
MEASURED DUCTILE DELTA-A= 3.12 mm

YlELD STRENGTH = 490 MPa
FLOW STRENGTH = 542 MPa
EST !t1ATED YOUNG 'S t10DULUS= 200 GPa

SPECIMEN DID NOT CLEAVE , J-t1AX LOAD- 355.5 kJ/m^2
KJ-MAX LOAD = 266.8 t1Pa SOR(m)

POWER LAW PROCEDURE ASTri LINEAR PROCEDURE
----- ------------------.....--......--.

J!c= 243.1 kJ/m^2 Jlc= 203.3 kJ/m^2
K-JIc= 220.6 MPa SOR(m) K-Jlc= 201.8 MPa SOR(m)
POWER = .6496 SLOPE = 299044 kJ/m^3
COEFFICIENT = 460.5 kJ/m^2 INTERCEPT = 147.2 kJ/m^2
T (AVERAGE)= 191 T (ASTM)= 204

,!
VALID, E013

i Ji-R CURVE CALCULATIONS
|

i..-.---------------__.-

|J (@J/T=8.8)= 1070.5 kJ/m^2.,

'

POWER = .6363 COEFFICIENT = 457 kJ/m^2
| J-MAX ALLOWED = 541.3 kJ/m^2 DELTA-A MAX ALLOWED = 2 mm

VALIO R-CURVE

1
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SPECIMEN ID- 68WKA
TEST TEMPERATURE = 23 DEG C
THICKNESS- 25.4 mm

j

SIDE GROOVES- 20 N

INITI AL CRAC.K LENGTH = 30.6 mm a/U)t- .604 !

MEASURED DUCTILE DELTA-A= 2.78 mm

YlELD STRENGTH = 557 MPa

FLOW STRENGTH = 600 MPa

ESTIMATED YOUNG'S MODULUS = 206 GPa

i

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 423.2 kJ/m^2 |

KJ-MAX LOAD = 295.2 MPa SOR(m) t

ASTM LINEAR PROCEDUREPOWER LAW PROCEDURE ---------------------
--.......--.._.....

J!c= 223.5 kJ/m^2 Jte= 160.9 kJ/m^2
K-Jlc= 214.5 MPa SOR!m) K-Jlc= 182 MPa SQR(m)

POWER = .7398 SLOPE- 383755 kJ/m^3
'

COEFFICIENT = 500.6 kJ/m^2 INTERCEPT = 109.4 kJ/m^2
T (AVERAGE)= 202 T (ASTM)- 219 i

UALID. E013

i

f J!-R CURVE CALCULATIONS
i _...-_. _____.-___...__

j J ( @lJ / T = 0 . 8 ) = 1321.3 kJ/m^2

|
POWER = .7421 COEFFICIENT = 497.1 kJ/m^2

J-MAX ALLOWEO= 602.1 kJ/m^2 DELTA-A MAX ALLOWED = 2.01 mm
'

f RCURVE INVALID, 3
;
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SPECIMEN ID= 68WKD
TEST TEMPERATURE = -80 DEG C
THICKt4ESS= 25.4 mm
SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 30.6 mm a/W)i- .604
MEASURED DUCTILE DELTA-A= .07 mm

YIELD STRENGTH = 684 f1Pa
FLOW STRENGTH = 716 tiPa
EST il1ATED YOUNG ' S t10DULUS= 212 GPa

SPECit1EN CLEAVED AT K = 113.0 MPa SQR(m) (NOT VALID Kic)

|

VALUES AT f1AX1 HUM LOAD VALUES AT CLEAVAGE LOAD
............._.__..... .___. _______.....______

J-INTEGRAL = 71.3 kJ/m^2 J-INTEGRAL = 71.3 kJ/m^2
KJe= 122.9 MPa SQR(m) KJc= 122.9 HPa SQR(m)
K-beta-c= 93 MPa SQR(m) K-beta-c= 93 MPa SQR(m)
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SPECIMEN ID= 69W-103
MATERIAL TYPE = A9338W
TEST TEMPERATURE -100 DEG C
THICKNESS- 29.4 mm
SIDE GROOVES = 0 N
IN!TIAL CRACK LENGTH = 30.2 mm a/W)i= .999 .

MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 779 MPa
FLOW STRENGTH = 818 tips
ESTit1ATED YOUNG'S MODULUS = 213 GPa

SPECit1EN CLEAVED AT K!c= 42.6 MPa SOR(m) (VALID ASTM E399)

VALUES AT t1AXIMUM LOAD VALUES AT CLEAVAGE LOAD
---------------------- -----------------------

J-INTEGRAL = 9.9 kJ/m^2 J-INTEGRAL = 9.9 kJ/m^2
KJc= 49.9 MPa SQR(m) KJe= 49.9 MPa SQR(m)
K-beta-c= 49.3 MPa SOR(m) K-beta-c= 49.3 MPa SOR(m)
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SPECIMEN 1D= 69W109
MATERIAL TYPE- A5338W
TEST TEMPERATURE -100 DEG C
TH!CKNESS= 25.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 30.3 mm a/W)i= .597
MEASURED DUC TILE DELTA- A= .05 mm
YlELD STRENGTH = 779 MPa i

FLOW STRENGTH = Ole MPa |

ESTIMATED YOUNG'S MODULUS = 213 GPa )
|

SPECIMEN CLEAVED AT K!c= 40.7 MPa SQRtm) (VALIO ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
---------------------- -----...----------------

J-INTEGRAL = 7.8 kJ/m^2 J-lHTEGRAL= 7.8 kJ/m^2
KJe= 40.8 MPa SQR[m] KJc= 40.8 MPa SQR(m)
K-beta-c= 40.5 MPa SQR(m) K-beta-c= 40.5 MPa SQR(m)
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SPECIMEN ID= 69W117
TEST TEMPERATURE = 121 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.3 mm a/W) = .598
MEASURED DUCTILE DELTA-A= 3.18 mm
YlELD STRENGTH = 500 HPa
FLOW STRENGTH = 630 MPa
ESTlhATED YOUNG'S f100ULUS= 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 231.7 kJ/m^2
kJ-MAX LOAD = 215.4 MPa SORtml

i

POWER L AW PROCEDURE ASTM LlHEAR PROCEDURE
.......... ......._ ....__......... ___ .

Jic= 164.6 kJ/m^2 JIc= 146.4 kJ/m^2
K-Jtc= 101.6 MPa SOR!m) K-Jlc= 171.2 MPa SOR!m)
POWER = .5155 SLOPE- 184777 kJ/m^3
COEFFICIENT = 317 kJ/m^2 INTERCEPT = 124.9 kJ/m^2
T (AVERAGE)= 84 T (ASTM)= 93

UALID, E813

JI-R CURVE CALCULATIONS
..__..... __.. _____...

J (@J/T=8.8)= 460.6 kJ/m^2
POWER = 4075 COEFFICIENT = 316.3 kJ/m^2
J-MAX ALLOWED- 640.6 LJ/m^2 DELTA-A MAX ALLOWED = 2.04 mm
RCURVE INVALID, 23
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SPECit1EN ID= 69W-124 I

MATERIAL TYPE = A5338W !

TEST TEt1PERATURE- -20 DEG C |
THICKt4ESS- 25.4 mm 1

SIDE GROOVES = 0N
INITIAL CRACK LEt4GTH= 30.7 mm a/W)ia .605
MEASURED DUCTILE DELTA-A- .05 mm
YlELD STREf4GTH= 680 MPa
FLOW STREt4GTH. 722 t1Pa i

EST !t1ATED YOUt4G 's r10DULUS= 2 08 GPa

104.5 t1Pa SOR(m) (t40T VALID K!c )SPECIMEt4 CLEAVED AT V =

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
.............................................

J- I t4TEGRAL= 58.3 kJ/m^2 J-;NTEGRAL= 58.3 kJ/m^2 1

KJe= 110.2 MPa SOR(m) KJe= 110.2 MPa SQR[m]
k-beta-c= 07.4 MPa SOR!m) K-beta-c= 87.4 t1Pa SOR(m)
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SPEC!t1Et4 ID= 69U129
TEST TEt1PERATURE= 50 DEG C
THICkt4ESS= 25.4 mm
SIDE GROOVES = 20 %
Iti!TIAL CRACK LEt4GTH= 30 mm a/W)t= .591
t1EASURED DUCTILE DELTA-A= 2.72 mm

YIELD STREt4GTH= 619 t1Pa
FLOW STREtJGTH= 664 t1Pa
EST !t1ATED YOUtJG ' S t100ULUS= 204 GPa

SPEC!t1Et4 O!D t40T CLEAVE. J-t1AX LOAD = 215.3 kJ/m^2
kJ-t1AX LOAD = 209.8 t1Pa SOR(m)

l

POWER LAW PROCEDURE ASTM Lit 4 EAR PROCEDURE
................... ..___..........._-...

Jte= 160.4 kJ/m^2 J!c= 149.8 kJ/m^2
K-J!c= 101.1 f tPa SORIm) K.Jlc= 174.9 t1P4 SOR(m)

| POWER = .5106 SLOPE = 172774 kJ/m^2
I COEFFICIEt4T= 312.6 kJ/m^2 It4TERCEPT= 130.3 kJ/m^2

T (AVERAGE)= 76 T (ASTM)= 80
I t4 VAL I D , 6

J!-R CURVE CALCULAT!ONS
__........._____ .___..

J (@J/T=0.8). 454.2 kJ/m^2
POWER = .5102 COEFF I C I Et4T= 312.6 kJ/m^2
J-t1AX ALLOWED = 675 kJ/m^2 DELTA-A t1AX ALLOWED. 2.08 mm

RCURVE It1 VALID. 13;

i
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SPECIMEN ID- 69W128
MAYERIAL TYPE- A9338W
TEST TEMPERATURE = -9 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0%
INITlHL CRACK LENGTH = 30.4 mm a/W) = .999
MEASURED DUCTILE DELTA-A= .06 mm
YlELD STRENGTH = 669 MPa
FLOW STRENGTH = 708 MPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

i

SPECIMEN CLEAVED AT K = 99.1 MPa SQRCm] (NOT VF. LID K!c)
)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE .OAD
_________._______..___________________________

J-INTEGRAL = 44.4 kJ/m^2 J-lHTEGRAL= 44.4 kJ/m^2
KJc= 99.9 MPa SQR(m) KJe= 99.9 MPa SQRCm1
K-beta-c= 79.7 MPa SORCm1 K-beta-c= 79.7 MPa SOR[m] i

!
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SPECIMEN ID- 69W-132
TEST TEMPERATURE = 24 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 30 mm a/W)t= .592
MEASURED DUCTILE DELTA-A= 7.92 mm

YlELD STRENGTH = 640 MPa
FLOW STRENGTH = 684 MPa
ESTIMATED YOUNG'S MODULUS = 206 GPa

SPECIMEN CLEAVED AT K = 138.2 MPa 90R[m] (NOT VALID K!c)

| VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
... ................_____.........___.._____.

J-INTEGRAL = 183.2 kJ/m^2 J-INTEGRAL = 253.6 kJ/m^2

KJe= 194.2 MPa SOR[m] KJe= 228.5 MPa SQRIm)
K-beta-c= 111.8 MPa SQR[m] K-bete-c= 119.7 MPa SQR(m)

PO'4ER LAU PROCEDURE ASTM LINEAR PROCEDURE
._____..__ .__.....__....._____.________

J!c= 89.2 kJ/m^2 Jtc= 49.3 kJ/m^2
K-Jlc= 135.5 MPa SQR(m) K-Jlc= 100.8 MPa SQR(m)
POWER = .717 SLOPE- 235704 kJ/m^3
COEFFICIENT = 268.3 kJ/m^2 INTERCEPT = 40.8 kJ/m^2

! T (AVERAGE)= 87 T (r.STM)= 104
INVALID, 2 6

|

J!-R CURVE CALCULATIONS |
.....___...___..... ... ,

J (@J/T=8.8)= 932 kJ/m^2 |
POWER = .7017 COEFFICIENT = 264.1 kJ/m^2
J-MAX ALLOWED = 706.5 kJ/m^2 DELTA-A MAX ALLOWED = 2.06 mm

RCURVE INVALID, 2 3 ,

l
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SPECIMEN ID= 69W136
MATERIAL TYPE- A9338W
TEST TEtioERATURE- -60 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES- 0N
INITIAL CRACK LENGTH = 30.3 mm a/W)i- .996
MEASURED DUCTILE DELTA-A= .09 mm
YlELD STRENGTH = 726 MPa
FLOW STRENGTH = 766 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPa

| SPECIMEN CLEAVED AT K!c= 60.8 MPa SOR (;n ) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
---------------------- -----------------------

J-INTEGRAL = 16.2 kJ/m^2 J-INTEGRAL = 16.2 kJ/m^2
,(J e = 98.4 MPa SQR(m) KJe= 98.4 MPa SQR(m)
K-beta-c= 96.2 MPa SOR(m) K-beta-c= 96.2 MPa SOR(m)

YP1270
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SPECIMEN ID= 69W138
MATERIAL TYPE- A9338W
TEST TEMPERATURE -60 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 31 mm a/W)i- .612
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 726 MPa
FLOW STRENGTH = 766 f1Pa
ESTIMATED YOUNG'S MODULUS = 211 GPa

SPECIMEN CLEAVED AT Kic= 60.4 HPa SQR(m) (UALID ASTM E399)

VALUES AT t1AXIMUM LOAD UALUES AT CLEAVAGE LOAD
---------------------- -----------------------

J-INTEGRAL = 21.1 kJ/m^2 J-INTEGRAL = 21.1 kJ/m^2
KJe= 66.6 MPa SQR[m] KJ c 's 66.6 MPa SQR(m)
K-beta-c= 62.9 MPa SOP!m) K-beta-c= 62.9 MPa SQR(m)
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SPECIMEN ID= 69W140 |
MATERIAL TYPE = A9338W
TEST TEMPERATURE = -60 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES- 0N
INITIAL CRACK LENGTH = 29.7 mm a/W)i- .987 i

IMEASURED DUCTILE DELTA-A= .09 mm
|YlELD STRENGTH = 726 MPa

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

SPECIMEN CLEAVED AT Kic= 55.8 MPa SQR(m) (UALIO ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD )
_________._____________ ,______________________

J-INTEGRAL = 12.3 kJ/m^2 J-INTEGRAL = 12.3 kJ/m^2 i

KJe= 50.8 MPa SQR(m) KJe= 50.8 MPa SQR(m) ,

K-beta-c= 49.6 MPa SOR[m] K-beta-c= 49.6 MPa SQR(m) '
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SPECIMEN ID= 69W141
TEST TEMPERATURE = 121 DEG C
THICKNESS 29.4 mm
SIDE GROOVES = 20 N

INITIAL CRACK LENGTH = 30.2 mm a/W)i= .999

MEASURED DUCTILE DELTA-A= 3.2 mm

Y ELD STRENGTH = 980 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 SORCm1

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
--------------------------------- ....--

J!c= 178.8 kJ/m^2 JIc= 164 kJ/m^2

K-Jlc= 189.3 MPa SQR(m) K-Jlc= 181.3 MPa SOR[m]
POWER = .4994 SLOPE- 174908 kJ/m^3

COEFFICIENT = 329.2 kJ/m^2 INTERCEPT = 141.3 kJ/m^2
T (AVERAGE)= 83 T (ASTM)- 88

VALID, E013

Ji-R CURVE CALCULATIONS
-----------------------

J (@J/T=0.8)= 466.9 kJ/m^2
POWER = .4727 COEFFICIENT = 328.7 kJ/m^2

J-MAX ALLOWED = 640.6 kJ/m^2 DELTA-A MAX ALLOWED = 2.06 mm

RCURVE INVALID, 3
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SPECIMEN ID= 69W149
TEST TEt1PERATURE= 204 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.6 mm a/W)i= .603
MEASURED DUCTILE DELTA-A= 3.66 mm

YlELD STRENGTH = 966 t1Pa
FLOW STRENGTH = 623 f1Pa
EST IMATED YOUNG ' S f10DULUS= 196 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 229.2 kJ/m^2
KJ-MAX LOAD = 209.9 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
.....-------------- ----- ---------------

Jlc= 137.7 kJ/m^2 Jic= 104.9 kJ/m^2
K-J!c= 164.1 (1Pa SQR(m) K-Jlc= 143 MPa SOR(m)
POWER = .479 SLOPE = 190078 kJ/m^3
COEFFICIENT = 260.9 kJ/m^2 INTERCEPT = 91.9 kJ/m^2
T (AVERAGE)= 69 T (ASTM)= 76

j VALID, E813

! JI-R CURVE CALCULATIONS
----_ --_------_--_-_--

J (@J/T=0.8)= 369.3 kJ/m^2
POWER = .4986 COEFFIC'.ENT= 248.7 kJ/m^2
J-MAX ALLOWED = 626.9 kJ/m^2 DELTA-4 MAX ALLOWED- 2.01 mm
RCURVE INVALID, 23
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SPECIMEN ID= 69W191
1

MATERIAL TYPE = A933RW j
TEST TEMPERA 1 u.4E- 20 $ 'e '

|TH!CKNES9- 7 ^ > ,

SIDE GROF
]

,

INITIAL CRs. rP. * <. J'= ..

MEASURED DU't <It' JEL . .' -
.

Y! ELD STREN .H ,,42 MPe
,

FLOW STRENGTH = 636 MP '

ESTIMATED YOUN' ' MC . .. .U' r .

12. . (NO'' VALID Kle'sSP CIMe.'N CLEAVED AT K - ,

VALUES AT MAXIMUM LOAD 9LUCS AT Ci.EHUAX LOAD
______________________ _____.._________________

'

J-INTEGRAL = 110.2 kJ/m^2 J-INTEGRmL= 118.4 kJ/m^2
kJe= 196.1 MPa SQR(m) KJe= 196.2 MPa SQR(m)
K-5 eta-ca 101.6 MPa SOR. K-beta-c= 101.6 MPa SOR(m)
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SPECIMEN ID= 69W194
TEST TEMPERATURE- 288 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.3 mm a/W)i= .998
MEASURED DUCTILE DELTA-A= 3.31 mm

YlELD STRENGTH = 989 MPa
FLOW STRENGTH = 691 MPa
ESTIMATED YOUNG'S MODULUS = 191 GPa

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

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
| _.._____________________________________

JIc= 123.2 kJ/m^2 J!c= 112.9 kJ/m^2
K-Jlc= 193.3 MPa SOR(m) K-Jte= 146.5 MPa SQR(m)
POWER = .4938 SLOPE- 123281 kJ/m^3
COEFFICIENT = 233.4 kJ/m^2 INTERCEPT = 101.8 kJ/m^2
T (AVERAGE)= 91 T (ASTM)= 96

UALID, E813

JI-R CURVE CALCULATIONS
_________________. __ .

J (@J/T=0.8)= 302.6 kJ/m^2
POWER = .4906 COEFFICIENT = 233 kJ/m^2
J-MAX ALLOWED- 661 kJ/m^2 DELTA-A MAX PLLOWED= 2.04 mm

RCURVE INVALID, 2
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SPECIMEN ID= 69W161
TEST TEMPERATURE- 288 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.3 mm e/W)i- .598
MEASURED DUCTILE DELTA-A= 3.93 mm

Y! ELD 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 SOR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
------------------- ---------------------

J!c= 147 kJ/m^2 J!c= 140.2 kJ/m^2
K-Jtc= 167.5 MPa SOR(m) K-Jic= 163.6 MPa SOR(m)
POWER = .4186 SLOPE- 123937 kJ/m^3

! COEFFICIENT = 257.1 kJ/m^2 INTERCEPT = 126.8 kJ/m^2
T (AVERAGE)= 51 T (ASTM)= 56

i
UALID, E813

f

| JI-R CURVE CALCULATIONS
-----------------------

J (@J/T=0.8)= 301.6 kJ/m^2
i POWER = .3867 COEFFICIENT = 255.7 kJ/m^2
1 J-MAX ALLOWED = 661.6 kJ/m^2 DELTA-A MAX ALLOWED = 2.04 mm

RCURVE INVALID, 2
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SPECIMEN ID= 69W170
MATERIAL TYPE = A9338W
TEST TEt1PERATURE= -9 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 30.7 mm a/W)i- .609
MEASURED DUCTILE DELTA-A- .05 mm
YIELD STRENGTH = 669 MPa
FLOW STRENGTH = 708 MPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

SPECIMEN CLEAVED AT K = 99.8 MPa SQR[m] (NOT VALID K!c)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD'

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

J-INTEGRAL = 44 kJ/m^2 J-INTEGRAL = 44 kJ/m^2
KJe= 9 9. 9 t'Pa SQR(m) KJc= 99.9 MPa SQRIm]
K-beta-c= 79.9 MPa SORIm) K-beta-c= 79.9 MPa SQR(m)
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SPECIMEN ID= 69W179
MATERIAL TYPE- A9338W
TEST TEMPERATURE = 24 DEG C )
TH!CKNESS= 29.4 mm '

SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 30.4 mm a/W)i- .999
MEASURED DUCTILE DELTA-A= .1 mm
Y! ELD STRENGTH = 639 r1Pa
FLOW STRENGTH = 683 MPa
EST!?1ATED YOUNG'S MODULUS = 206 GPa

|

SPECIMEN CLEAVE 0 AT K - 133.7 MPa SOP (m) (NOT VALlO Kic)

1
i

l VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
_____________________________________________

'

J-INTEGRAL = 134 kJ/m^2 J-INTEGRAL = 136.3 kJ/m^2
KJe= 166.1 MPa SQR(m) KJe= 167.5 MPa SQR(m)
K-beta-c= 104.2 MPa SOR(m) K-beta-c= 104.6 MPa SQR[m]
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SPECIMEN ID= 70W103
MATERIAL TYPE- A9338W
TEST TEMPERATURE = -139 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 27.9 mm a/W)i- .99
MEASURED DUCTILE DELTA-A= .05 mm
Y! ELD STRENGTH = 692 f1Pa
FLOW STRENGTH = 710 MPa
ESTIMATED YOUNG'S MODULUS = 219 GPa

'

SPECIMEN CLEAVED AT K!c= 39.9 MPa SQR(m) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
...------------------- ------------- -------

J-INTEGRAL = 5.9 kJ/m^2 J-INTEGRAL = 5.9 kJ/m^2
KJc= 34.2 MPa SQR(m) KJe= 34.2 MPa SQR(m)
K-beta-c= 34 MPa SOR(m) K-beta-c= 34 (1Pa SOR(m)
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SPECIMEN ID= 70W114
TEST TEMPERATURE- 121 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 27.9 mm a.'W)i= .992
MEASURED DUCTILE DELTA-A= 3.27 mm

YlELD STRENGTH = 436 MPa
FLOW STRENGTH = 494 t1Pa
EST lHAT ED YOUtlG ' S t10DULUS= 200 GPa

|SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 190.4 kJ/m^2
KJ-MAX LOAD = 199.3 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
_________________ . _____________________

JIc= 164 kJ/m^2 Jte= 147.6 kJ/m^2
K-Jlc= 181.3 tiPa SQR(m} K-JIc= 171.9 MPa SOR(m)
POWER = .5312 SLOPE = 171413 kJ/m^3

i COEFFICIENT = 302.9 kJ/m^2 INTERCEPT = 122 kJ/m^2
T (AVERAGE)= 130 T (ASTM)- 140

UALID, E013

Ji_R CURVE CALCULATIONS.

1
_______________________

J (WJ/T=0.8)= 617.4 kJ/m^2
POWER = .9299 COEFFICIENT = 303.9 kJ/m^2
J-t1AX ALLOWED- 902.9 kJ/m^2 DELTA-A MAX ALLOWED = 2.27 mm
RCURVE INVALID, 2
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SPECIMEN ID= 70W116
TEST TEt1PERATURE- 288 DEG C
TH!CKNESS= 29.4 mm

SIDE GRO1VES= 20 N
I41TIAL CRACK LEttGTH= 28.1 mm a/W)i= .993
MEASUPED DUCTILE DELTA-A= 3.8 mm
Y! ELD STRENGTHS 442 MPa
FLOW STRENGTH = 911 t1Pa
EST It1ATED YOUNG ' S t10DULUS= 191 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 188.9 kJ/m^2
KJ-MAX LOAD = 189.9 MPa SQR[m]

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ _____________________

J!c= 129.8 kJ/m^2 Jlc= 119 kJ/m^2
K-J!c= 194.9 MPa SQR(m) K-JIc= 148.2 MPa SOR(m)
POWER = .4664 SLOPE = 121100 kJ/m^3

,

; COEFFICIENT = 230.9 kJ/m^2 INTERCEPT = 101.4 kJ/m^2
! T (AVERAGE)- 81 T (ASTM)= 88

UALID, E813

|

JI-R CURVE CALCULATIONS;

i _______________________

| J (@J/T=8.8)= 398.? kJ/m^2
| POWER = .4833 COEFF1CIENT= 230.6 kJ/m^2
4 J-MAX ALLOWED = 919 4 kJ/m^2 DELTA-A MAX ALLOWEDa 2.27 mm

| RCURVE INVALID, 2
;
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SPECIMEN ID- 70W120
MATERIAL TYPE- A5338W
TEST TEt1PERATURE -40 DEG C |

THICKNESS = 25.4 mm ,

SIDE GROOVES = 0% i

INITIAL CRACK LENGTH = 28 mm a/W)i- .552 |
MEASURED DUCTILE DELTA-A= .05 mm i

YlELD STRENGTH = 540 MPa |
'FLO'.J STRENGTH = 60C MPa

ESTIMATED YOUNG'S MODULUS = 209 GPa |

SPECIMEN CLEAVED AT K = 101.8 MPa SOR(m) (NOT VALID Kic)
,

VALUES AT MAXIMUM LOAD UAL,UES AT CLEAVAGE LOAD
______________________ ____________________.__

J-INTEGRAL = 99.3 kJ/m^2 J. INTEGRAL = 59.3 kJ/m^2
KJc= 111.4 MPa SOR(m) KJe= 111.4 MPa SQR(m) )
K-beta-c= 79 MPa SOR(m) K-beta-c= 79 MPa SOR(m) |

|

| YP1258
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SPECit1EN ID= 70W127
MATERIAL TYPE- A9330W |
TEST TEMPERATURE. -139 DEG C ,

'THICKNESS = 29.4 mm
SIDE GROOVES = 0% i

INITIAL CRACK LENGTH = 27.9 mm a/W)i- .949
MEASURED DUCTILE DELTA-A= .09 mm
YlELD STRENGTH = 692 t1Pa i

FLOW STRENGTH = 718 t1Pa |

ESTIMATED YOUNG'S MODULUS = 219 GPa

SPECIMEN CLEAVED AT Kic= 47.3 MPa SQR(m) (UALID ASTM E399) ,

|

.ALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD |

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

J-lh..GRAL= 10 kJ/m^2 J-INTEGRAL = 10 kJ/m^2
KJc= 46.4 t1Pa SQR(m) KJe= 46.4 MPa SQR(m)

,

K-beta-c= 49.3 MPa SQR(m) K-beta-c= 49.3 MPa SOR(m)i

|
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SPECIMEtt !D= 70W139
TEST TEMPERATURE = 121 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
It41TIAL CRACK LENGTH = 27.8 mm a/W)t= .948
t1EASURED DUCT ILE DELTA- A= 2.98 mm

YlELD STRENGTH = 436 t1Pa
FLOW STREtJGTH= 494 MPa
ESTit1ATED YOUNG'S t10DULUS= 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 224.2 kJ/m^2
KJ-t1AX LOAD = 211.9 MPa SOR[m]

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
-----....- ........ ---------------------

Jlc= 195.9 kJ/m^2 J!c= 131.6 kJ/m^2
K-J!c= 176.9 t1Pa SOR(m) K-Jic= 162.4 t1Pa SOR(m)
POWER = .9929 SLCPE. 194013 kJ/m^3

) COEFFICIENT = 312.9 kJ/m^2 INTERCEPT = 109.0 kJ/m^2
i T (AVERAGE)= 149 T ( ASTri) = 199

| UALID, E813

!

! Ji-R CURVE CALCULATIONS
j ... _______________-___

j J (@J/T=0.9)= 791.9 kJ/m^2
] POWER = .6021 COEFFICIENT = 310.4 kJ/m^2
| J-t1AX ALLOWED = 902.9 kJ/m^2 DELT A- A F1AX ALLOWED- 2.29 mm

j VAL 10 R-CURVE

!
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SPECIMEN ID= 70W143
MATERIAL TYPE = A9338W
TEST TEMPERATURE = -69 DEG C

|THICKNESS = 29.4 mm
SIDE GROOVES = 0% |
INITIAL CRACK LENGTH = 27.7 mm a/W)i= .546 i

MEASURED DUCTILE DELTA-A= 09 mm j
YlELD STRENGTH = 966 MPa |

FLOW STRENGTH = 627 HPa |
ESTIMATED YOUNG'S MODULUS = 211 GPa i

| SPECIMEN CLEAVED AT K = 103.1 MPa SQR(m) (NOT VALID K!c)

VALUEci AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
.|

'

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

J-!NTEGRAL- 90.1 kJ/m^2 J-INTEGRAL = 98.1 kJ/m^2 |
, KJe= 110.7 MPa SQR(m) KJe= 110.7 MPa SQR(m) !

| K-beta-c= 80.5 MPa SQR(m) K-beta-c= 80.5 MPa SQR(m) I
i
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I
,

'SPEC i t1EN ID- 70W144
TEST TEMPERATURE = 204 DEG C
THICKNESS = 25.4 mm <

SIDE GROOVES = 20 % I
INITIAL CRACK LENGTH = 28.1 mm a/W)i- .553 |
t1EASURED DUCT !LE DELT A- A= 2.81 mm .

YlELD STRENGTH = 424 t1Pa i
|FLOW STRENGTH = 487 (1Pa

EST IMATED YOUNG ' S r100ULUS= 196 GPa
-

,

I

SPECitiEN DID NOT CLEAVE , J-MAX LOAD- 159.2 kJ/m^2 i,
KJ-MAX LOAD = 176.4 t1Pa 50R(m3

| |
i

'

POWER LAW PROCEDURE ASTri LINEAR PROCEDURE
__________ ________ _____________________

J!c= 132.1 kJ/m^2 Jlc= 118.4 kJ/m^2
K-J!c= 160.7 t1Pa SQR[m3 K_JIc= 152.2 MPa SOR(m)
POWER = .5724 SLOPE = 161461 kJ/m^3 |
COEFFICIENT = 270.6 kJ/m^2 INTERCEPT = 98.8 kJ/m^2 |

! T (AVERAGE)= 128 T (ASTM)= 133 |
| UALID, E013 i

;

|

! Ji-R CURVE CALCULATIONS
i _______________________

1 J (@J/T=0.8)= 566.3 kJ/m^2,

: POWER = .5415 COEFFICIENT = 269.7 kJ/m^2
) J-MAX ALLOWED = 494.7 kJ/m^2 DELTA- A t1AX ALLOWED- 2.27 mm

]
RCURVE INVALID, 1
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SPECIMEN ID= 70W147
TEST TEMPERATURC- 204 DEG C
THICKNESS = 29.4 mm .

SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 28 mm a/W)i= .993
MEASURED DUCTILE DELTA-A= 3.01 mm

YlELD 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 = 209.9 MPa SQR(m)

POWER LAW PROCEDUPE ASTM LINEAR PROCEDURE
---------------------...............-- .

JIc= 137.6 kJ/m^2 Jlc= 128.8 kJ/m^2
K-Jlc= 164 MPa SQR(m) K-J!c= 198.7 MPa SQR(m)
POWER = .4989 SLOPE- 133223 kJ/m^3
COEFFICIENT = 294.6 kJ/m^2 INTERCEPT = 111.2 kJ/m^2
T (AVERAGE)= 106 T (ASTM)= 110

VALID, E813
j

.|

{ Ji-R CURVE CALCULATIONS
, _________-_____________

| J (@J/T=0.8)= 449 kJ/m^2
1 POWER = .4969 COEFFICIENT = 297.4 kJ/m^2
! J-MAX ALLOWED = 494.2 kJ/m^2 DELTA-A MAX ALLOWED = 2.27 mm

| RCURVE INVALID, 2
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SPECIMEN ID- 70W149
MATERIAL TYPE = A5330W
TEST TEMPERATURE = -65 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 27.7 mm a/W)t= .546
f1EASURED DUCTILE DELTA- A= . 05 ram
Y! ELD STRENGTH = 566 t1Pa
FLOW STRENGTH = 627 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPa

SPECIMEN CLEAVED AT k 101.3 MPa SQR[m] (NOT VALID K!c)=

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
.... .... ___..... .. ....-----------.. -----

J-INTEGRAL = 56 kJ/m^2 J-INTEGRAL = 56 kJ/m^2
KJe= 108.7 MPa SOR(m) KJe= 108.7 MPa SQR[ml

.

K-beta-c= 79,8 MPa SQR(m) K-beta-c= 79.8 MPa SQR(m)
l
1
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SPEC i t1Et4 ID- 70W150
TEST TEt1PERATURE= 50 OEG C
T H I CKt4ESS= 25.4 mm

SiOE GROOVES = 20 %
INITIAL CRACK LENGTH = 27.5 mm a/W)i= .543
MEASURED DUCTILE DELTA-A= 2.99 mm

YIELD STREt4GTH= 468 t1Pa
FLOW STRENGTH = 526 t1Pa
EST it1ATED YOU'4G ' S t10DULUS= 204 GPa

SPECIMEN DlD NOT CLEAVE, J - MA>' LO AD= 255 kJ/m^2

| KJ-t1AX LOAD = 228.3 t1Pa SOR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
.........-.....--.. -------- ....--...---

Jic= 151.3 kJ/m^2 JIc= 107.5 kJ/m^2
K-J!c= 175.8 t1Pa SOR[m) K.J!c= 148.2 t1Pa SOR!m)

.
POWER = .675 SLOPE- 254126 kJ/m^3

i COEFF I C I Et4T= 345.8 kJ/m^2 INTERCEPT = 81.5 kJ/m^2
T (AVERAGE)= 169 T ( ASTri) = 188 |

VALID, E013 !

,

;

j J1-R CURVE CALCULATIONS
; -......--....-..-.--..-

| J ( @lJ / T = 8 . 8 ) = 925.4 kJ/m^2
POWER = .671 COEFFICIENT = 344.6 kJ/m^2j

l
} J-MAX ALLOUED- 534.6 kJ/m^2 DELTA-A MAX ALLOWED = 2.32 mm

RCURVE INVALID, 3.
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SPECINEN ID- 70W152
TEST TEMPERATURE = 200 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES- 20 %
INITIAL CRACK LENGTH = 27.6 mm a/W)i= .949
MEASURED DUCTILE DELTA-A= 3.09 mm

YlELD STRENGTH = 442 MPa
FLOW STRENGTH. r,1 1 np.

ESTIMATED YOUNG'S t100ULUS= 191 GPa

SPECIMEN DID NOT CLE6VE, J-HAX LOAD = 104.7 kJ/m^2
KJ-t1AX LOAD = 107.7 HPa SOR[m]

|
POWER LAW PROCEDURE ASTM LINEAR PROCEDURE

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

Jlc= 122.1 kJ/m^2 J!c= 114.6 kJ/m^2
K-Jic= 152.7 NPa SOR[m] K-JIc= 147.0 MPa SQR(m)
POWER = .5059 SLOPE- 127306 kJ/m^3
COEFFICIENT = 237.1 kJ/m^2 INTERCEPl= 100.3 kJ/m^2

| T tAVERAGE)= 90 T (ASTM)= 93
VALID, E013

Ji-R CURVE CALCULATIONS
----.------------------

J (@]/T=0.8)= 403.9 kJ/m^2
POWER = .4776 COEFFIClENT= 236.4 kJ/m^2
J-t1AX ALLOWEG= 519.6 kJ/m^2 DELTA-A MAX ALLOWED- 2.31 mm

| RCURVE INVALID, 2
i
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SPECIMEN ID= 71W103
TEST TEMPERATURE- 121 DEG C
'HICKNESS= 25.4 mm

S'DE GROOVES = 20 %
th'TIAL CRACK LENGTH = 28.2 mm a/W)i= .556
t1EA;URED DUCTILE DELTA- A= 3.33 mm

Y I EL') STREt4GTH= 424 MPa
FLOW STRENGTH = 489 idPa
EST itik TED YOUNG' S t100ULUS= 200 GPa

SPECINEN DID NOT CLEAVE, J-t1AX. LOAD = 100 kJ/m^2
|

KJ.t1AX LOAD = 194.1 (1Pa SOR[m]

POWER LAW PROCEDURE ASTri LINEAR PROCEDURE
...---.....---.......-......--..........

J!c= 125.9 kJ/m^2 Jlc= 130.8 kJ/m^2
K-JIc= 158.8 t1Pa SORIm1 K-J!c= 161.9 t1Pa SOR(m)

j POWER = .5307 SLOPE- 125341 kJ/m^3
i COEFFICIENT = 248 kJ/m^2 INTERCEPT = 114.1 kJ/m^2

{ T (AVERAGE)= 112 T ( ASTri) = 109
i VALID, E813
!
!

| J!-R CURVE CALCULATIONS
j ...-. ..-_..--....-. ..

i J (p]/T=8.8)= 424.8 kJ/m^2
j POWER = 4516 COEFFICIENT = 246.9 kJ/m^2 I

J-t1AX ALLOWED- 497.1 kJ/m^2 DELTA-A t1AX ALLOWED- 2.25 mm )i

) RCURVE INVALID, 2
|
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SPEC l|1Ett ID= 71W-105
MATERIAL TYPE = A5330W
TEST TEMPERATURE -90 DEG C
THICKt4ESS= 25.4 mm
S!DE GROOVES = 0 %
INITIAL CRACK LENGTH = 27.7 mm .i/W ) i- .547
MEASURED DUCTILE DELTA-A= .05 mm
YIELD STRENGTH = 656 MPa
FLOW STRENGTH = 690 MPa
ESTIMATED YOUNG'S fiODULUS= 212 GPo

SPECIMEtt CLEAVED AT Kle= 47.0 MPa SQR[m] (VALID ASTM E399)

VALUES AT tiAXIr1UM LOAD VALUES AT CLEAVAGE LOAD
_ _ _ _ _ . - - _ - _ _ _ _ _ _ _ . . . . . ........____.------....

J-INTEGRAL = 12.6 kJ/m^2 J-INTEGRAL = 12.6 kJ/m^2
KJe= 51.7 MPa SQR(m) KJc= 51.7 MPa SQR(m)

; K-beta-c= 50 MPa SQR(m) K-beta-c= 5 0 t1Pa SQR(m)
1
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SPECit1EN 10- 71W107
MATERIAL TYPE- A5330W
TEST TEt1PER4TURE- -50 DEG C
THICKNESS- 2 ') . 4 mm
SIDE GROOVES = 0N
INITIAL CRACK LEtlGTH= 27.6 mm e/W)i= .544
t1EASURED DUCT ILE DELT A- Aa .05 mm
YlELD STRENGTH = 541 t1Pa
FLOW STRENGTH = 607 t1Pa
ESTit1ATED YOUNG'S t100ULUS= 210 GPa

SPECit1EN CLEAVED AT K = 84,1 t1Pa SQR(m) (NOT VALID kic)

UALUES AT t1AXit1UM LOAD UALUES AT CLEAUAGE LOAD
______________________ _______________________

J-INTEGRf4L= 35.1 kJ/m^2 J-It4TEGRAL= 35.1 kJ/m^2
KJc= 85.8 MPa SQR(m) KJc= 85. 8 tiPa SQR(m)

t K-beta-c= 68.6 MPa SQR(m) K-beta-c= 68.6 t1Pa SOR(m)
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SPEC ! t1Ett ID= 71W-114
MATERIAL TYPE- A5338W
TEST TEMPERATUPE= -10 DEG C
THICKt4ESS- 25.4 mm
S10E GROOVES = 0%
It41 T I AL CRACK LEtJGTH= 20.1 mm e/W)i= .553
f1EASURED DUCTILE DELTA-A. .05 mm
YlELD STREt4GTH= 502 f1Pa
FLOW STRENGTH = 567 MPa
EST it1ATED YOUt4G ' S t10DULUS= 2 00 GPa

|

99.5 MPa SQR(m) (t10T VAL.'O Kic)SPECIMEta CLEAVED AT k =

VALUES AT MAXIMUf1 LOAD VALUES AT CLEAVAGE LOAD
............................... .............

J-INTEGRAla 50.0 kJ/m^2 J. INTEGRAL = 50.0 kJ/m^2
KJe= 110.6 MPa SQR(m) KJe= 110.6 MPa SQR(m)i

i K. beta.c= 75.0 MPa SOR(m) K-beta-c= 75.8 MPa SCR(m)
,
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SPECIMEN ID= 71W124 |
TEST TEMPERATURE = 50 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 N l

INITIAL CRACK LENGTH = 27.8 mm a/W)i= .549
MEASURED DUCT ILE DE'. TA- A= 3.01 mm

YlELD STRENGTH = 457 MPa
FLOW STRENGTH = 521 MPa
ESTIMATED YOUNG'S MODULUG= 204 GPa

| SPECIMEN DIO NOT CLEAVE, J-MAX LOAD = 228.4 kJ/m^2
KJ-MAX LOAD- 216.1 MPa SQR(m)

!

POWER LAW PCOCEDURE ASTM LINEAR PROCEDURE ,

___________._______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _

IJ!c= 111.6 kJ/m^2 Jte- 99.2 kJ/m^.
K-J!c= 151 MPa SOR[m] K-JIc= 142.3 MPa SOR[m3
POWER = .6774 SLOPE- 191963 kJ/m^3
COEFFICIENT = 280.2 kS/m^2 INTERCEPT = 80.9 kJ/m^2
T (AVERAGE)= 143 T (AGTM)= 144

UALID, E813

Ji-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 |

|RCURVE INVALID, 13
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SPECIMEN ID= 71W125
TEST TEMPERATURE = 204 DEG C

'THICKNESSu 25.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 28.1 mm a/W)i- .553
MEASURED DUCTILE DELTA-A= 3.19 mm

Y! ELD STRENGTH = 415 MPa
FLOW STRENGTH = 482 MPa |
ESTIMATED YOUNG'S MODULUS = 196 GPa )

'

! l

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 158.4 kJ/m^2,

| KJ. MAX LOAD = 176 MPa SQR[m) |

1

|

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ ______.,______________

J!c= 136.5 kJ/m^2 Jlc= 122.1 kJ/m^2
K-Jlc= 163.4 MPa SQR(m) K-JIc= 154.5 MPa SQR[m]
POWER = .392 SLOPE =- 106699 kJ/m^3
COEFFICIENT = 221.2 kJ/m^2 INTERCEPT = 108.6 kJ/m^2
T (AVERAGE)= 76 T (ASTM)= 90

i

VALID, E013

Ji-R CURVE CALCULATIONS
___________________ ___

J (@J/T=8.8)= 344.6 kJ/m^2
POWER = .4007 COEFFICIENT = 222.9 kJ/m^2
J-MAX ALLOWED = 489.4 kJ/m^2 DELTA-A MAX ALLOWED = 2.27 mm
RCURVE INVALID, 2
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500

n
_

t10DIFIED-ERN5T J-INTEGRRL
N .

A J (8.8*Tavg) e JIC(E-813)
( .

0FF~ SET LINES e JIC(PHR LRH)--

BLUNTIN,G LINE 9 ACTUAL DELTA-Ag 400 gf
'
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h o ,3 . .i : i .i is . . . . . . . . ..

0 1 2 3 4 5

| CRACK EXTENSION (mm)
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SPECIMEN ID= 71W127
TEST TEMPERATURE- 288 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 28 mm a/W)i= .993
MEASURED DUCTILE DELTA-A= 3.87 mm

YIELD STRENGTH = 438 MPa
FLOW STRENGTH = 900 MPa
ESTIMATED YOUNG'S MODULUS = 191 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 199.1 kJ/m^2
KJ-MAX LOAD = 172 MPa SOR(m)

|
POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
------------------- ---------------------

JIc= 90.4 kJ/m^2 J!c= 86.9 kJ/m^2
K-Jic= 131.3 MPa SQR(m) K-JIc= 128.8 MPa SQR(m)
POWER = .4268 SLOPE- 82036 kJ/m^3
COEFFICIENT = 166.6 kJ/m^2 INTERCEPT = 79.9 kJ/m^2
T (AVERAGE)= 97 T (ASTM)= 61

UALID, E813

JI-R CURVE CALCULATIONS
-----------------------

J (@J/T=8.8)= 247.9 kJ/m^2
POWER = .4014 COEFFICIENT = 168.9 kJ/m^2
J-MAX ALLOWED = 916.2 kJ/m^2 DELTA-A MAX ALLOWED = 2.26 mm
RCURVE INVALID, 2,

YP1289
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ORNL-DWG 87-7989

71W127 288-DEGREES C
'

50
.

-

FF

m . ).]}/Ji\
*

z . /
3 30 - i

v .

.

g .
'

I 20 -
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-

-

_

:c
;

,

,

4 3 1 e i 1 1 I g g a 3 1 i a

'

O 1 2 3 4 5

DISPLACEMENT (mm)1

ORNl.-DWG 87-7990

71W127 288 DEGREES C
500 tiODIFIED-ERNST J-INTEGRALm

N [ A J (0.8*Tavg) e JIC(E-813)
< . - - - - - - OFFSET LINES e JIC(PHR LAH)

400 - BLUNTING LINE 9 ACTUAL DELTA-Re - - -

N .
t

|
- I| |b

; s . i ,300 I |
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- 11 I O :
j - ( j A ',

I C -/'
|a
l

O' 200 a r
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1 0 o i :
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H - i a i i

dm ,/ ;! z 300
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SPECIMEN ID= 71W-130
TEST TEMPERATURE- 30 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0 N
INITIAL CRACK LENGTH = 27.7 mm a/W)i- .947
MEASURED DUCTILE DELTA-A= 3.29 mm

YlELD STRENGTH = 470 MPa
FLOW STRENGTH = 939 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 289.3 kJ/m^2
KJ-MAX LOAD = 242.1 HPa SQRCm)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ ______. _____________

Jic= 131.9 kJ/m^2 J!c= 128.8 kJ/m^2 ,

K-J!c= 164.4 MPa SQRCm) K-Jic= 162.7 t1Pa SOR(m)
POWER = .7843 SLOPE- 298946 kJ/m^3

f COEFFICIENT = 364.2 kJ/m^2 INTERCEPT = 97.7 kJ/m^2
| T (AVERAGE)= 201 T (ASTM)= 186

VALID, E813

J1-R CURVE CALCULATIONS
--_______-- ____. _____

J (@J/T=8.8)= 1019.9 kJ/m^2
POWER = .6996 COEFFICIENT = 364.1 kJ/m^2
J-MAX ALLOWED- 613.4 kJ/m^2 DELTA-A MAX ALLOWED- 2.29 mm
RCURVE INVALID, 3

YP1288

f W{'|.'
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ORNL-DWG 87-7991

71W-130 30 DEGREES C
ies
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ORNL-DWG 87-7992

: 71W-130 30 DEGREES C
1000

m
_ MODIFIED-ERNST I-INTEGRRL

N .
A J (8.8*Tavg) e JIC(E-813

( .--- OFFSET LINES a JIC(PHR L,H)
BLUNTING LINE f , ACTUAL DiaTA-Ag 800 -

\ - f |,
. O@/h -

// g
a - l o<

i a
v 600 - %/

J - ||i 8>-
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0D' 400 ~
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SPECIMEN ID- 71W139
TEST. TEMPERATURE -10 DEG C
THICKNESS = 29.4 mm

S!OE GROOVES = 0 %
INITIAL CRACK LENGTH = 28 mm a/W)i- .991
MEASUREO OUCTILE DELTA-A= 45 mm

YlELO STRENGTH = 902 MPa
FLOW STRENGTH = 967 MPa
ESTIMATED YOUNG'S MODULUS = 208 GPa

SPECIMEN CLEAVED AT K = 111.3 MPa SQR[m] (NOT VALID K!c)

| VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________ _______________________

J-INTEGRAL = 202.9 kJ/m^2 J-INTEGRAL = 202.2 kJ/m'2
KJe= 209.3 MPa SQR[m] KJe= 209 MPa SQR(m)
K-beta-c= 99 MPa SQR(m) K-beta-c= 99 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ _____________________

I J!c= 161.9 kJ/m^2 Jlc= 0 kJ/m^2
K-J!c= 103.4 MPa SQR(m) K-J!c= 0 MPa SQR(m)
POWER = .9616 SLOPE = 0 kJ/m^3
COEFFICIENT = 322.9 kJ/m^2 INTERCEPT = 0 kJ/m^2
T (AVERAGE)= 117 T (ASTM)= 0

INVALID, 1

Ji-R CURVE CALCULATIONS
_______________________

J (@J/T=8.8)= 328.9 kJ/m^2
POWER = .3944 COEFFICIENT = 296.6 kJ/m^2
J-MAX ALLOWED = 649.3 kJ/m^2 DELTA-A MAX ALLOWE0= 2.27 mm
RCURVE !NVALIO, 2

YP126f
. < .

- 'g g .... ..

. 'e|.*'
' A. %- s. - i.e .

.. . &: ,' . ." Y"

g.g w'.r 5,, ,

n m. . ..i%
. ..

. Q ||. ..N|
.

x .
. -''''s, jlf;YI W '., w 's*

:

'fQ . 9 '' .' f?Oh
'

s .

j fh_. h.' &- .. :f? h?
'

, j,v r., .

. . y og'n- -

. . , v.
.

- w,:.
.. -

. e , , , ,

'

t- j. ,Jgb-

y g4 , , ;AM --g

] N,:~ _~;'; w'. j R. "' "
'g .,s

. _7 . ., . .
y.s

.s..

y .,$j. y u.
. - :...

.-. .,

, ; 3.J' |- Q J*,, ' (' ' $ 4 *. ' ;MO:
.

q, Q . ,.': . '.,% j
. ~

._ -



- _ _ _ - .

216

ORNL-DWG 87-7993

71W135 -10 DEGREES C-
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500

MODIFIED-ERNST J-INTEGRALn

N : A J (8.8*Tavg) e JIC(E-813)
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Appendix E

LOAD-DISPLACEMENT AND J-R CURVES, SUPPLIED BY HATERIALS

ENGINEERING ASSOCIATES, FOR IRRADIATED MATERIAL
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MEA IRRADIATED 1TCS DATA SHEETS
TABLE OF CONTENTS

Pm Specimen ID Page Specimen ID
E-221 02G280 E-269 69W137
E-222 02G287 E-270 69W146
E-223 02G331 E-271 69W148
E-224 02G332 E-272 69W157
E 225 02G335 E-273 69W159
E-226 02G342 E-274 69W166
E-227 02G345 E-275 70W104
E 228 02G348 E-276 70W111
E-229 02G349 E-277 70W112
E-230 02G354 E-278 70W113
E-231 020356 E-279 70W115
E-232 02G358 E-280 70W119
E-233 020360 E-281 70W125
E 234 02G368 E-282 70W128
E-235 02G379 E-283 70W129
E-236 02G375 E-284 70W130
E-237 02G402 E-285 70W131
E-238 02G403 E-286 70W132
E-239 02G411 E-287 70W133
E-240 02G412 E-288 70W137
E-241 02G413 E-289 70W138
E-242 02G416 E-290 70W142
E-243 02G419 E-291 70W145
E-244 02G423 E-292 71W110
E-245 68WAB E-293 71W112

| E-246 68WBA E-294 71W115
E-247 68WBC E-295 71W117
E-248 68WBD E-296 71W120
E 249 68WCC E-297 71W121

| E-250 68WCD E-298 71W128
i E-251 68WEA E-299 71W131

E-252 68WEC E-300 71W138
E 253 68WDE E 301 71W139
E-254 68WED E-302 71W149

| E-255 68 WEE E-303 71W150
E 256 68WJB E-304 71W151
E-257 68WLA
E-258 68WLP
E 259 68WLD
E-260 68WMA
E-251 68WME
0262 69W105
E-263 69W106
E-264 69W108
E 265 69W112
E-266 69W116
E 267 69W120
E-268 69W122

--m
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MEA VALIDITY INDEX

K1 e (ASIff E399)
1. K! c > oys * 4ao /2. 5

2. K! c > oye * 4 ( B*BN )0. 5 /2. 5

3. PMa x /Pe > 1.1

di e (ASTM E813)
a. < 4 data points between 0.15 and 1.5 mm exclusion

lines.
I

b. Data clustering problem. ;
,

c. Delta-a prediction error too large,
|(delta-a)pr ea -(delta-a) mea | > 0.15 (delta-a) mens

d. BN < 25 Je /oy

e. bo < 25 Je/oy

Tentative JI - R Curve Procedure

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

2. < 10 data points between secant line and (delta-a)maz
[0.1*bo]

3. (delta-a) prediction error too large,
| (delta-a )p r e d - (delta-a) meas | > '

MINIMUM [0.15*(delta-a) mea s ,0.15*(delta-a)ua s ]

f

1

'

<

'l

- , -
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50 i . > >

SPECIt1 Ell 02G-280

40 - Cleavage -

,,
M itab1112y_

Z
-
''

. ,/
, 30 , e- -

n s
O #

| J
,

1 .-

D ?
'

E 20 - ,
-'

//-

| A*
#( *

a ,

*
,f: FRILURE TYPE R

10 R curve < D.15mm excluston 1Ine -

,/g (Intufficient for analysis)

/
, _/.e e i e i

bg.00 .15 .30 .45 .50 .75

Sp e c t rmri Lo acil i n e De.flectton (mrn)
i

TEST SPE C i ttFil DATA
flat e r i al Type A333B Plate 02a

Test Tespersture = 25 C
i

Percent Side Grocoe 0 :: |=

Spe c t rue n Thickness B 25.4 m en=

Int t i al a il = .621
31.52 mie |Intt cract length a =

Flow stress = (86.3 NPa
Yield stress = 616.7 ttPa
You e g s e..od u l u s E 205800 flPa (E t i e.at e d Val ue >=

J-IllT E GP AL AHALYSIS
Failure Type A (J at instability = Jic)
Jtc = 30.6 LJ/m^2
I:jc =(E J i c P .5 79.3 ItPn v m v=.3=

Vic (Letn Corrected) 68. 7 11Pa vm v=.3=

ASill E399-81 AtlALYSIS
Modi f ie d V t c Equ at i on; E = (Lin)^.5
linxituum Load P = 30.12 kil
5% Sec ant Of(set Pq = 28.66 t il
Mic = 74.3 HPa vm
Vhltdtty IllVAL I D-- 1, 2.=

l'AT A CORRECTIOtlS IJSED FOR J-IllT E GR AL DATA
f 6e r 6 l e -i.or t e n c orr e c t i on l
Con rec t t on for spec imen rot at t on I

Cort ec t t on t o J ('or crack extension

_ _ _ _ _ _ _ _ _ _ _
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400 . i i i

SPECIt1Cil 02G-287

320 - -

N ./
b

iN
j 240 -

|
-

" s j

150 - ,(M f -

,;/'/'o 1
'o

E r FAILUF TYPE C
80 ' (R curve > 1. 5 twe) -

t

I1EA A ASTil At' LYSIS AFPLICABLE
.

*
<

I

Q
. t a s .* a

U.0 .5 1.0 1.5 2.0 2.5

Crack Extent, ion ( rcen)

TEST S PEC !(1 Ell DATA
'1asert al Type A5 331: 02 P1 at e=

Test T e ra p e r at ur e 2SS C=

Percent Side Groove 2 0 *.=

Spec 1ruen Thicineas 25.4 n.ra=

Init c r ac le 'ength 30.96 hira Init a/ll .609= =

Final c r ac t length 4 3. 6 5 er..a Final a/la = .859=

Flow stress = 613.1 l'1P a
Youngs rnodu l u s 190900 11P a (Es t i ru at e d Val us >=

P0llEP L All DATA J=C (De l t a a) ^ ll
Jtc 93.2 LJ/ra^2=

1:Jc 133.3 ftPa s/ro=

J <@J/T=S.8) 288. 5 l J/hi^2=

Exponent 14 = .4737
Coe f f t c lent C 188.9 LJehi^2=

T ( ave r age ) 49=

LEAST SOUAPE L!!1EAP L illE ( ASTil) J = ft (De l t a a) + I:
Jac 8 6. 8 k J e ra^ 2=

Kjc 1 2 8 . ? LIP a N /ra=

slope !! 105G33.9 LJ/hi^3=

Intercept I: = 79.3 kJ/rua2
T ( ASTil) 54=

Validity (Jic) = YALID
Yalidity (R-curve) I I.IV A L I D-- 1, 3 (.56 vs .29)=

J r a x i r u t. alloved 607.7 LJ/6.^2 ( J ni ax =I:ne t + F l ou streas 20)=

Delta a raax. allowed = 1. 9 3 ni eu ( De l t a a en ax 0.1+bo)=
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80 , , , .

SPECIl1EN 02G-331

64 - Cleavage -

Instability,

d
v 48 - A;

$ /

|J
.

: /
3 32 - |
u
w
a
* FRILUFC TYPE R

16 - R curve t 0.15nm excluston line -
(Insuffic6ent for an61y&Is)

,

a a a

h. 00 .40 .00 1.20 1.00

Spootnen Lo ecli t ne Deflection bed

TEST SFECIMtta DATA
A533-3 MtST 02 Fe(Mhter e at type e

= 80 CTest Temper at ure
Percent $6de Groove = 0 's

e 25.4 mmSpec imen Tht ckne s s 3
.62ini t i al aeW =

31.47 mmInit c r ac 6 l e ngt h 4 s

Flow stress a 656.4 MPa
Yteld stress a 590.2 MPt
Youngs modGlus E. e 200600 MP4 (Es t im at e d Value )
Pot a son's P at t o (v) = 0
J !HitGFAL ANALYS!$
Failure Type A sJ at instability = Jtc)
Jtc 147.8 > lim *e

173.1 MPa N/m va.3Kjc=tEJtc/(1-v'2))* 5 =

Kit (lett Corrected) e 108.6 MP4 sem vs.3
A$fM E34*-et AuAtyst$
Modified 6. s c Equetson; 5e (Sin)a.5

47.5 6 tiM4= tmum Loa j P e

5'. tecant Offset Pq 27.84 t il=

Kic e 71.8 MP s w e
V alidi t y j ety At l p-- 1, ;, 3a

K 64 Mt<thum L e g.3 e 122.5 MP a N/ m
tet A (ns s tr t lout U : t p F or- t-lufEG8nt t> A t e

Mt r t le -(or t e n CF F iLI L OHhe 0 lb OfiIE! 0EFLECTIOlt a 7.((5f758975;E-05 in.
f ret tme n r ot nt i c.n Lots intercopa eltstit sicpe a .000e0424$ It
Pilled e I ns t ic lohj rkngte Ot@Q TQ ;Q00 (orrect ion to J t or cr hit e%%enjien

i

l

|
i

!

I
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'

300 , i i i

SPECIt1 Ell 02G-332 , , .

//
240 - / T -

m
. /N

i f *

I<
'' 180 ) + f -

i-

d | /
/ $

m j y (
o | C'
I 120 -

l'u.8
N -

+
.

v ./ ,1.
o '
I- FAILUF TYPE C

(R eurveI> 1. 5 wirn ) -

50.I /'

f i1EA 3 ASTil At ALYSIS AFPLIC ABLE

II

eI
.0 .5 1.0 1.5 2.0 2.5

Cr ack Ex tens i on ( nyn )

TEST SPECit1 Ell PATA
flat e ri al Type A533B 02 P1 at e=

Test Te rape r at ur e 288 C=

Percent Side Groove 2 0 *.=

Speciruen Thiciness 25.4 ra ra=

Intt e r ac t l e ngt b = 31.33 rura Intt a 'll = .616
Final c r ac l: length 42.94 ra tu Finsi a/11 .S45= =

Flou stress = 613.1 11P t
Youngs ruodul as 190800 ftPa (E t i raat e d Y al ue >=

MiiE F L Att DATA J =C (De lt a n 's ^ il

Jac = 86 l.J/m"2
Ejc = 128.I f tP a veu
J <@J/T=$.8) 2 8 0. 9 L J / ra- 2=

Exponent H = 4905
Coeffictent C = 179.8 |J/m^2
T (average) 98=

LEAST SOUAPE L1llE AR L !flE ( A 3 TID J = 11 (De lt s m) + B
Jic = 83.3 kJ/ra^2
Kjc 126.1 ItP a vea=

Slope 1-1 96953.4 kJ/ra^3=

Intercept B 76.7 kJ/m-2=

T ( ASTli) 49=

Validity (Jic) YALID=

Validity (R-curves YALID=

J ru ax t mum allousd = 596.4 L J / ra ^ 2 (Jmsx=Enet*Flou streaa/20)
Del t a a max. allowe d = 1. 9 5 mra (De Ita a max = 0.1*bo)
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80 . . . .

SPECIf ttfi 02G-335

64 - Cleavage
Instability,

-

d
| z 48 -

-
> n
( 3
|

.

/ i
j 32 -

I
u
v
o.
*

FRILURE TYPE R
16 - ! R curve c 0.15nm exc lus ion line

(Insufficient for an a ly s i s )

/
0.00

, , , ,

.30 .50 .90 1.20 1.50

Specimen Londtone Deflection (ran t

fE$f SPk(IMEH DATA
M si er t al type A533-8 HS$f 02 Fere

fest Tempe r ature e 80 C
Percent St.Je Groove e 0%
Specimen thickness 3 25.4 mee
Init t al neW e .617
Inst c e nc h length a e 31.33 mm
Flou stress a 656. 4 MP n
Vielij stress e 5?0.2 MP s
Yosangs nosutus E o 202600 MPs (Ea s t s.nes.$ v alue )
Poisson's Rntto (v) = 0
J-Illif Cf AL AHAt,Y$ ! $

F a i l u. g type M (J tt inst ability e Jtc)
Jte 68.3 6Je=~2e

kjce<Efice(1-wa2))*.5 e 111.5 NPm sem ve.3
Kic (teta Correcte.s> e 32.5 tiPa vm ve.3
A$fH E DS-91 AHAt,Y$l$
No.Joste.s Atc Equation; Se (8Fn)*.5
M a t t mum L o b.3 P e 40.8 kN
5*. S e c int Offset P4 e 27.76 kN

70.3 MPa N/mKic e

V al t ii t t y IHVAlta -le 2. 3.

102.3 NPt UmK at M a s t num ..o n.$ e

DATA cos s re fli tet ol,gp ror J-tHitcs At. DATA
Mer6 le-(or t en Of F 4E T LONDe Q lb QFFiEl O E F L E C f l 016

,

3.0)f7$344 3*C.05 in. 'e
Specimen rot at ion Lons intercept e l ast ic slope e t.3333333333 t-07 lb
F i t t e .1 e l a s t i c 1063 rangee 2500 TO 2000 Correc t ion to J ror cr nck extension

t

i

1 - _ - _ _ _ . . _ _ _ _



226

50 -
. . i i

SPECIf1Etl 02G-342
/ y-mX

'

40 - Cleavage -

Insaabti1ty, ,
., .

E /

.i?~

m 30 - / -

.0 o

cs /
-J /

<

h [
G 20 - / |

-

|vu g
U j'
2 4'
"'

/ FRILURE TYPE R
,

|

10 f R curve < 0,15mm excluiton 1ine -

|

/ (Insufficient for an a l y s i s )
/

|-

[nc ..____4_ _

i . i

0.00 .25 .50 ..'5 1.00 1.25 1

1

9p + c i n.en Loadline Deflection ( nm )

TEST SFCC!J1Ey DATA
tist e r i al Typ< A333B P1 ate 02=

T43e r e t.. p e r a t u r .e 80 C=

Fercent i. i d e Grcove 0 !;=

S p e c 1 r..i n ThicLngs2 B 25,4 ra re=

Intti21 1 'll = .615
t rit t er sci 14:igt h a = 31.24 .a n.

Flcu s'e4ss = 656.4 IIP h
Yield stresi = 590.3 t1Ps
Younga r.io d u l u s E 202600 IIPs <EJtir<e<d Valu.e>=

J-!tlTEGPnt Atl ALYS I S
Fhtlurg Type A (J a t' i n a t nb t l i t '/ = Jic)
.f t c 103.4 LJ/k+2=

>Jc=(EJici".5 144.3 ftPh v ra v=.3=

i: t c (l.ita Correct 4d) 9 3 . 3 flP h Uk v=.3=

ASTil E329-01 AtlALYS!$
llodi f t od i: t c Equ st t on; B= ( E I.n ) ^ . 5.

li a' . i t.iu r Load P = 44.06 t il
5*. Secnnt Offset Pq 28.56 k il=

6:i c 72.3 f1P A v na=

Ynltdity IllV AL I D-- 1, 2, 3=

DATA COPPECT!0 tid IJSED FOP J - l iiT E G R AL DATA
fjer n It-Cor t <n correc t 1on

Corr (ctton for specsken rothtton
Correctton to J f or crnck estension

w
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500 e i e i

SPECIt1Erl 02G-34s

4oo - f
-

I | , . < *,

OJ [ z ~~'
'%

3 300 -

1
ps:^, l -

fA| #w
g:#

f
-d f -200 -

| #,j. /+
,/ j-

,..

3 ,/ /
'

* FAILUAE TYPE C::-

100 - ,[q ( R c u r ve, > 1. 5 enth) -

liEA IL ASTil Af 4 LYSIS AF FLICABLE
/.g /

,

tr

f 1 , , ,1 e9o.o .s 1.0 1.s 2.0 2.s

Cr ack Ext ens i on ( rnro )

TEST SPEC lf tEll DATA
flat e ri al Type = A533B PLATE 02

,

1

Test T e hipe r at ur e = 204 C |
2 0 *.Percent Side Groove =

25.4 mmSpecimen Thiciness =

= 31.66 km Init a 'l1 = .623Init crac6 lenph
.81741.54 a. m Final a ll =Final crack isngth =

617.4 liPaFlou stress =

195500 ftPa (E s t i nist e d V al ue )Youngs n.odulus =

P0llE P L Al1 DATA J=C (Delta a) ^ 11
Jic 127.8 kJ/m^2=

158 HPa s/mKjc =

353.6 LJ/m^2J (9J/T=8.8) =

Exponent 14 = .4798
245.7 kJ/m^2Coefficient C =

T (ave r age ) 63=

LEAST SOUACE LillERP L I tlE ( ASTit) J = tt (De l t a ni +1
154.6 LJ/m^2Jic =

17 3. 8 11P a N.'ml'j c =

101752.7 LJ/m-3Slope 11 =

141.8 LJ/m-2Intercept B =

T (ASTil) = 52'
Validity (Jie) = YALID

lilV AL I D-- 1, 3 (.54 vs .28)Validity (P-curve) =

J m ax i muni alloued = 590.4 LJ/w'2 (Jn mx=0ne t +Flov stcess/20)
D e l t a a n. a x . allowed 1.91 km (De lt a a ma< = 0.1*bc.)=
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80 . . . .

SPECIHCl4 02G-340

64 - Cl e avage -

nstability_

5
w

e 46 - -

e
3
c -/e
3 32 -

u *

Is
* FRILUFC TYFE R

16 - R curve ( 0. ltrrste e x c lu s ion line -
(Insufficient for analysis)

/ . . . .

8.00 .20 40 .E0 .90 1.00

Ep e c t eren Loadline Deflection ( med

Ttti t&'tflNCH tATA
M at e r n al type A333-$ H$$f 02 Ref=

Test Temperature a 50 C
Percent 5tde Groove = 0%

25.4 mmSpecimen Thtckness 3 =

Int s t al n'W * . Cit
Int s crack l e ngt h a a 31.43 ==
Flou stress = (70.2 MPa
Yield stress = (04 HF4
Youngs modulus E' 204400 MPa (Estimated Value)=

Pc t ason's Rat to (u) e 0

p*!NTECSAL ANAL.YTIS
Pallure Iype H tJ at instabt111y e jsc)
Jic = 55.9 kJ/ma

= 107 HP4 s/n ve,3Kjce(CJac/(1-v^2))a.5
Kle (leta Corrected) * 21.5 HPa sem ve.3
ASTM (399-91 AH4 YSft
Hodle led Alc (quat iont 3 * (Iln)*.5
H aut num Load P = 39.5 kH
5% sec ant 0(rset Pe * 28.95 kN
Kic e 24.3 MPs s/n
Validity = INVAllD*-1, 2, 3
K at Hamtmue LeaJ e 101.4 MPa s/m
S AT A C08 8 tC T !0H1 tit t fi FOS- J-lHitC8AL tATA
Her6 le -(or t en 0F F 5E t LQnbo o lb QFF6(T LEFLECTION = 1.4((4511(??(E-04 in.
feet toen rot ation Lead intertept clastet slope = .00000455 lb
Fitted elastic lead range = 2500 to 2000 Cor rec t ion to J f or e r sc6 extension
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60 . . . .

SPECIt1Cil C03-349

AQl e a v ag e -43 -

S
Instabittty,

= /-
| _.-

, .o 3. .

/| :
|

J ,

c /
+ /

|3 24 - *

u
v
a
"' FRILUFC T)PE F1

12 - R curve < 0.I'sr.sn esclusion line
(Insuffteient for analyses)

*
*

*
.

/ a 1 . ,a

0.00 .30 .E0 .90 1.10 1.50

fpectmon Londleno Deflection ba l

_f E t t T F E( I tti'11 1 SATA
HatertAl Type e A$339 Plate 02 (1)

= 80 Cfeet te mper at ur e
Percent $6de Groove = 0%
Orec tmen Tht<kness t a 25.4 mm
Intstal new = .626
Int s cr ack length a e 31.81 mm
Flow stress a (t(.5 MP a
Yteld stress e 5F).3 MPs

202(00 MPs (Est that ed value )Youn3s mcdulus E e

J. lHircs At. AHA(Ytit
Failure type H sj at .r.statality e JIC)
Jtt a 13).4 6 Jem 2

* l(8.1 NPa um va.36'jte(Elec)*.S
100.3 NPn seu vs.)Kle (tetn (orrecteds =

AffH E13.*1 ANALYtit_
Hodified Att Eauntion: 3 = (Ifn)*.S
H a . i mua. Load P e 4?.S2 h pl

$'. $ 4 C ant Offset Pq e 26.4 l ti
*0.4 HF a UmKt< a

litvAL I D. . l . 2, 3val t dt t e e

..tHfEG86L lAfAliAT A (Os s t(f l0Hf Hit p F05 t

He r 6 le *(or t e n Of f iE l L0Al's 0 I ta Q> Fill 3FLECIlOpg e 1.2(44*21)*(IE.04 t r. .
Spe cimen ret at ten Load sneercept clasete store **3*442P(2*iE'iE*0* It.
F6t ted e 1 tot it lead r ann e 3000 10 500 Correctton to J fer <rn<t e.eension



. . . _.

,

*

230
<

500 . . . i

SPECIIIOJ 02G-354

:
. /400 -

a / -
t /N
j 300 f --

|w

/,

I,

I 200 f- -

I

i [
l E FAILURE TYPE C ,

(Rcut-ve/> 1. 5 med -# 100 -

f t1ER A ASTr1 Af4ALYSIS APPLICABLE4
,

/ ;

&I j. . .. . .

O.0 .5 1.0 1.5 2.0 2.5
,

i Cr ack Ex t ens i on (run)
i

TEST SPEC!MEll DATA
Hat er t al Type = A533-B HSST 02 Ref

j Test Tempe r at ure = 204 C
| Percent Side Groove = 20 '4

Specimen Thickness = 25.4 mm '

init c rac k length 31.36 mee Init a/W .617= =
:

; Final crack length = 41.98 mm Final a e l-l = .826
; Flow stress = 617.4 HPa
l Youngs modulus 195500 HPa (Estimated Valui) '=

PollEP L AIJ DATA J=C (Delta a) ^ 11 !
'

Jtc = 137.2 kJ/m^2
Kjc 163.8 HPa N/m=

J (9J/T=0.8) = 318.7 kJ/m^2
Exponent il = .4397

.

j Coefficient C = 246.5 kJ/m^2 |
t T (average) = 58 [

LEAST SOUAPE LillEAR LlllE (ASTM) J=H (Deltn O +} |
Jtc = 134.3 kJ/ma2 i

| Kjc 162 IIPA N/m i=

Slope H = 118561.1 kJ/m^3 |Intercept B = 121.4 kJ/m^2
7T (ASTN) = 61- '

Validity (Jic) = YALID i
,

Validity (R-curve) IllVAL I D--3 (. 87. vs . 29) |
=

J maximum allowsd = 599.8 kJ/m^2 (Jmax=0 net * Flow stress /20) '

De lt a a max. 411cwed = 1.94 mm (Delt a a max = 0.1*bo).
.
,

F i r.a t Delt a a = 9.75 mm
) Poisson's Rat to (v) =0 |

4
,

1

~w .m-- ,-_.._--.~-#,m.,,._,,m~ . - . - , . - , . , , . , . - - _ . - , . - ,,.y. y_,,.._.,3, . - - ,,m. . . - . , y m . _ _ . ,..
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500 . . . .

SPECD1Ett 02G-356

! - !400 -

/ *7 *e
N
j 300 - -

| p
200 g f

,

--

-

m
o
E FAILUFE TYPE C

100 (Rcurve[>1.5re.) -

' f i1EA 3. RSTil FW4ALYSIS FfFL3 CABLE

/
'

!1 ? . , ,, .

0 .5 1.0 1.5 2.0 2.5

Crack Extension (rren)

TEST SPECINEH DATA I

Mat eri al Type = A533B PLATE 02
Test Temperature = 121 C

Percent Side Groove = 20 '4
Specimen Thickness = 25.4 mm

4 Init c r ac k length = 31.6 mm Init a/W = .622
,

t

t Final c r ac k length = 40.61 mm Final a/W = .799
' Flow stress = 639.2 HPa !

'Youngs modulus = 200300 HPa (Estimat ed Value)
P0HER LAH DATA J = C (Delta a) ^H i

'
4 Jic = 163.1 kJ/m^2

Kje = 160.7 HPa N/m
,

J (9J/T=8.8) = 351.3 kJ/m^2#

'

Exponent H = .3314
Coefficient C = 246.6 kJ/m^2
T (average) = 43 ;

LEAST SOUAPE LlHEAR LlHE (ASTM) J = 11 (Delt a a) + B i

Jic = 165.2 kJ/m^2 !

Kjc = 181.9 liPa N/m
'

Slope H = 07303.3 kJ/n^3 -

! 153.9 kJ/ma2Intercept B = -

T (ASTN) = 43 *''

; Val idi t y (Jic) = VALID [

= INVALID--3 (.56 vs .28) !j Validity (R-curve) .

613.2 kJ/m^2 (Jmax=Enet * Flow st re ss/20)j J maximum allowed =
1

Delta a max. allowed = 1.92 mm (De I t a a max = 0.1 +bo) i<

4

!

1

I
_ _ _ _ _ . _ _ _ _ .
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J

60 . . . .

$PCCItfCli 02G-350

48 - Cleavage -

nstability,

=
d
v 36 -

n

3
5'c

$ 24 - / | i

u |
w I

a
* FRILURE T)PC A

12 - R cuPYe < 0.15wa exclus ion line -

(Insufficient for analysis) |

-
. n a a a

.00 .16 .32 49 .04 .P0

Op e o l enen 1.o sd l i n e Deflection ( w.ad

Ttti ?PECIMEN l' A T A
R$33-3 HS$7 02 RefM at e ri al type e

Test T e e pe r at ur e a 50 C
Percent $tde Groove e 0%
$pecimen Thickness 3 e 25.4 == ;
Intsta' a/W e .619
Int s crack length a a 31.46 ==
Flow stae s s e 670.2 MPa
Yteld stress e 604 NPa
Younfs modulus t e 204400 HPa (tss taated Value)
Poisson's Ratto (v) = 0 I

J-104T(Gs AL, mua(y$lg
F at lure type A (J at instabtIity a J6c)
Jet 26.6 k J/ma2a

kj e s(t J it /(1-va2)) *. 5 F3.8 MPa sem ve.3=

Kic (le ta Correc ted) 65 Nra sen vs.3e

AttM (19*-91 Ars* lyt t s

He e s f ie d '(t c Equ at ion! Be (tin >*.5
Mastnum Lead P e 23.5 kN

e 23.22 kN I$4 1s t ant Offset Pq
Kit e 72.7 HPa N/m
Yalidity IHVALID--l. 2e

a M as Havinum Lond e 74.2 NPa sem
P4f m c08 8 tCitotit WED F0t JalHitC8 At Data
tie r t l e -G a r t e n OF F IL I Lont> = 0 I t. OFFitt 1tFLtCT10H e 4.0810 >'N t ;:(-05 in.
$pettnen rotatten Lead intercept elettt( & lope a 9. 7 3 $ l t l 4 8 t t !(-Og' th

Fitted elastle load rangen 2500 TO 2000 Correc t ion to J (or trt<6 extension

!

- - - , - - - . . , , . _ - - . . . . . _ . _ - ,_
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i

35 , , , ,

SPECIt1 Ell 02G-360

-28 - Cleavage -

Instabilitym '

:::
5
m -21 --

e ,

Io
J ,

i'
c e

E 14 -

#j. |
-

8
a !

* l' FRIU'3C TYPE R#,

o se < 0,15nyn e xc lus ion l i ne-
- '

7
-

) (It sttf f i c i ent for analysis)

,

/ :
jp/ * .A .

' i4

j 0.'00 .09 .IG .24 .32 .40

Specimen t.c oll i n e IJe f l ect i on (mn.)

TEST SPECIMEH DATA
flat er t al Type = A5?3*B HSST 02 Refi

Test Temperature = -35 C.

j Percent Side Groove =a*/.
~ Specimen Thickness B = 25.4 me
j in t t i al a/W = .622

j Init crack length a = 21.0 mm
Flou stress a 715.7 HPa
Yield stress a (.43.3 HPa
Youngs modulus E * 208600 HPa (Estimated Value)

= 0Poisson's Ratio (v)1

! J-!HTEGRAL AHALYS!$
1 Failure Type A (J at iristat liity = Jic)

Jic = F.,' kJ/m 2' a

a a C. 3 HPa s/n v=.3] Kje=(EJic/(1-v 2))a.5
40.6 HPa N/m va.3Kic (Beta Corrected) =

ASTM E399-81 AHALYSIS
1

Nodt rled Kic Equat ion; 4 = (33n)^.5
i Haximum Load P = 16.5 kH

5'4 Sec ant Offset Pq = 16.53 kN,

Kic = 43.1 HPa N/m
Validity = VALID Kic value;

K at Maximum Load a 43 HPa N/m;
DATA COPFECTIONS ts)ED FOR J-!HTEGRAL DATA
Herkle-Corten correctton ,

Correctton for specimen rotatton '(
5

Correction to J for c ack extension |
1

|

; ,

1
_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ - - _ _ _ - _ _ _ _ - - _ . _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ - _ _ . - --- - -.-..- - -- --
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30 , , , .

SPECIfitti 02G-3E0

24 - Cleavage
fstab111\y

d
m 18 - -

n
O
J ..

./|e

I 12 - /
g p

.- I

a .-* '

FRILtJPE T1PE R
6 - R curve < 0.15nta exclusion line -

(Insufficient for analysis)

/
8

a a a a

h. 00 .09 .16 .24 .32 40

speeemen Londisne Detlestion (mm)

Tr$T $8t(!MEH TATA
e A533-3 Ntti 0 RefNtterial type

'Test f e mee r at ur e e -25 C
Percent $lde GrC$ve 8 9%
Specimen th6ckness 3 e 25.4 mm
Insttal a/W e .625
Init t r ac k length a e 31.72 mm
Flou stress a 715.7 NPa
Yteld stress e 643.3 NP4
Youngs modulus E = 20$400 HPa (Est imat ed Value >
Petsson's Ratte (v) = 9
J.!HTECs&( AHALY$lt
F ai l ur e type 6 (J at instability e Jte)
Jtc e 7.4 kJem 2a

rjes(EJic/(1-v'2))a.5 = 39. 3 NPa vm v8.3
Ktc (leta Corrected) e 30.8 NPa N/m ve.3
ATTN (3tt-91 analvttt
Mc4tfled Att (t;ation; 3m (RIn)*.5
No.tmum Leni P e 15.7 kN
5% Secant 0((set Pq e R$.47 kN
kit a 41.3 NPa N/m
Validity e Ve! LID Kit value
M at Ma<thun Loti e 48.e NPa va
inta (OsstcTIONS Utto POP J.!HttcamL tafa
Me r k l e *i.or t e n 0F $ 1(1 L i; ill e @ i t, QtFitt $(FLECT!0ft 8 2.4'It* * 01419' t ! * 0 4 en.

2.3014'liIld't'04 I t-frecimen retatten Loaf intercept elastit store 8

Fitted einst es lead rangee 2000 to 2000 Corre c t ion to J (O t r ail e a s se.s ten

t
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400 i i i i

SPECIl1 Ell 02G-373
!

320 - / -

}^ <
N |
c /
N /
5 240 - t ' -

| : I /'V |

/ f -f 150 -

2 | <'~
v
o
:- FAILUR TYPE C

80 - (Rcurve/> 1. 5 avn) -

/, f t1EA A ASTtt AIF4L f SIS AFF1.ICABLE

|

b.e I . . ., .

0 .5 1.0 1.5 2.0 2.5

Crack Extension ( rr<n )

TEST SPECIMEH DATA
Masertal Type = A533B 02 P1 at e
Test T e mpe r at ur s- = 288 C
Percent Side Groove = 20 */.
Specimen Thtekness = 25.4 mm

= 31.74 mm Init a/W = .624Init crack length
43.32 mm Final a/W = .852 IFinal crack length =

Flow stress = 613.1 t1P4
190800 MPa (Estimated Yalue)Youngs modulus =

POWER LAW DATA J = C g 'ta a) ^H
1

103.8 kJ/m^2 !Jtc =

140.7 HPa N/mKjc =

279.1 kJ/m^2 iJ (9J/T=8.8) =

Exponent H t 4287 |
192.4 kJ/m^2 |Coefficient C =

T (aversge) = 45
LEAST SOUARE LlHEAP LIHE (ASTM) J = 11 (Delt a a) + B

100.9 kJ/m^2Jac =

138.7 MPa N/m ;Kjc =

93565.2 kJ/m^3 1Slope H =

93.2 kJ/m^2 :Intercept B =

T ( ASTit) = 48
Validity (Jic) VALID=

Validity (R-curve) IHVALID--!=
i

= 584 kJ/m^2 (Juax=InetaFlow stress /20)J maximum allowed
Delt a a max, allowed = 1.91 mm (De'.sa a max = 0.1*t.o)

!
l

I

-
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500- /-. . . i

SPECI!Cil 02G-375

/j
400 -- f

i. j l ;,

N ,- [

300 --

|#
/m 4 ,I f 200 / --

./+
..

v
o e

i C f FAILtFE TYPE C,

( R curve [> 1. 5 nwi)100 --

/ IEA 1. RSTit At4ALYSIS AFFt.ICABLE '.

j t<

i
f| .

I
*

. t i If i

O '. 0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm) !
;

,

TEST SPEC *ttEH DATA
= 6533B PLATE 02H at e r i al Type ,:

' Test Te mperat ure 121 C=

Percent Side Groove 2 0 *:=

Specimen Thickness = 25.4 mm
'

init crack l e ngt h 31.85 mm Ints a/H = .626=

; Final c r ac k length 38.56 mm Final aH= .759 |
=

Flcw stress = 639.2 MPa i

200300 h.":. (Est imat ed value) iYoungs modulus =

POWER LAW DATA J = C 3 Delta a) ^H i

; Jtc = 182 kJ/ma2
i K S. 191 MPa N/m :=

J (9J/1=0.8) = 475.1 kJ/m^2 i

Expensnt H = .4784 ,

J Coefficient C 326. 5 k J/m^2=

Y (average) = 77
LEAST SOUAFE L1 HEAR LIHE (HSTN) J=H (Delt a a) +B |'

~

Jtc = 171. I k J/ma2 |
.i KJC 185.1 MPa N/m !=
! 168236.9 kJ/m^3 |Slope M =

int erc e pt B = 148.5 kJ/ma2 |
T (AS?H) 83=

Validity (Jic) = YALID j
Validity (R-curve) VALID=

i

605.2 kJ/ma2 sJmax=Enet+Flou stress /20) |
'

J waxitum allowed =

; Delta a max. allowed = 1.9 mm (Delt a a max = 0.1*bo)
'

,

| .

<

.I 3

i

.,- , - - . , , . . . - ,,. -- . - . - g . - - , - - - . , - . ..
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80 . . . .

SPECit1Cid CQG-402

C4 - Cleavage -

Instability,

d
v 48 -

/*
o s\

| J .' >

l c
| 9

-8 32 -
,!

|
n
* FRILUFC TYFC R *

16 - R curve < 0,15nta exclutten iIne -
(Insufficient for analysis)

*
<

/ , , ,

h. 00 .30 .50 .90 1.20 1.50

Ep e e t w.on Leaditne Deflection ( ena l

7t$f SPt(IMtN PATA
a R533 3 H357 02 FefNaternal type

Test Te ms.e r at ure e 50 C
Percent 5tde Groove a 0%

= 25.4 mm$ rec tmen Thtckness 3
Ins t lan aeW = .615
Ints track l e ngt h a e 31.24 mm
Flow stress e 670.2 MPa
Yield stress a (04 MPa

= 204400 MPa (Estimated Value lYoungs modulus !

Potsson's Ratto (v) e 9
J-lHTICsnt ANALYSl$
F an lure type n (J at ins t ability e Jtt)

71.9 hJ/m 2Jtt e a

e 128.2 NPa see we.1Kjts(tJete(1-v*2))*.5
Kit ('.t a Corrected) = 87.1 HPa sem we.3 {
R$fM tie 9.at AnAi,ytts
Hodif ied A t t Equattent 3 = (Ifn)*.5 -

IManimum Lead P * 43.P kN
5% le t ant Offset "q = 31.*5 kN
Kit a 79.1 MPa %,a

IHVALID--l, 2, 3Valldity e
110.7 Mpa ss.K at Mar t mum Lead a

DAT A Coa s tCTIONS ttf tp FOR !=lHTECrat IATA

Mer k le-Co rt en of(SEI LOAbe 0 lb 0FFEEI LEFLECil0H e 1.50l94(95121t 04 3

Spettaen rotation Load intercept elastle slepe e .000004275 it
Fitted elastic lead rangee 2500 TO 2000 Cor re c t. n on t o J f or t r te t entension

!

|
|

|
|

|

|

_ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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30 . i i i

SPECIlitti 02G-403

leavage24 --

Instabt11ty,
*:-

d ! ,

,

.

m 18 # --

$ !
. .-,

5 |'

i
.. -a i2 -

1 5 / I
i

a e
a .* FRILURE TYPE R

5 - R curve < 0.15mm excluston 1ine -
(Insufficient for analysis)-

1,

/
i / '

.00 .12 .24 .36 .40 .B0 |
1 |

Specimen Loadline Deflection (mn)
,

i
a

'
TEST SPEC 1HEtt DATA
Hat e r t al Type = A5330 Plat e 02 (!) ;

0 C 'Test Temperature =

Percent Side Groove =0% '

[Specimen Thickness B = 25.4 mm
; initial a/W = .608 ;

j Init crack length a = 30.99 mm
702.5 HPa (Estimat ed Value)i Flou stress = .

630 HPa (Estimated Vklue)Yield stress' =

; Youngs modulus E = 207200 HPa (Estimated Value)

! J-IllTEGRAL AHALYSIS, |
Failure Type A (J at inst ability = Jic) [

Jic = 19.4 kJ/ma2
Kje =(EJic )^.5 = 63.4 HPa vm v= 3

'

58.7 HPa v m va.3Kic (Bet a Corrected) =

ASTH E399-81 AllALYSIS [
Hodified Kic Equatton; B = (BBn)^.5 [
Maximum Load P = 25.04 kN

,
,

5% Secant Offset Pq 25.04 kit i=

Kie = 61.6 HPa N/m !

l Validity = YALID Lic valte |
i t9TA C0FFECT1064S USED FOR J - IllT E GR AL DATA l

Herk le-Cort e n c orrec t ion i

! Correction for specimen rot at ton |
Correction to J for crack extension '

|
:

. .. ..-._ - .- - - _ _ __ - - ..- -- , . -. . = ..
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70 . . . .

SPECIt1Cl4 G2G-411

56 - Cleavage
nstability,

5
w

w 42 - -

| e

3
X

h
|

-3 25 -
'

u
'%

W1 FRILUFE TYPE R
14 - R curve ( D.15nta exclutnon line -

(Insufficient for analysis)

.*
/ a a a a

b.00 .16 .32 49 .E4 .00

Spee teren Le adl Ine Deflection (ran)

itST SFreintu tota
e A533-8 Htti 02 RefMat e r n al lyre

Test Temperature e 50 C
e 0%Percent $6de Groove
e 25.4 mmtrecimen thickness 3

initial a/W e .Cl2
Int s track length a e 31.06 mm
Flow stress e 670.2 NF a
Yteld stress e 404 NPn ,

Youngs medu'lus [, e 204400 HPa (Estimated Value)
Poisson's Pat to tw) = 0
J-lHitC8AL AHatv515
F ai l ur e type A (J at inst abli t t y e Joc) i

Jet a 34.3 >Jema2
a e t3.7 NPa see we.)Kjc e([J t c /(1-w t))^.5

Klc (let a Correct e f) e *0.6 NPa see we.3
ASTN E 399 el ANAlvs t t
Nodif ied Aie Equat ion; 3m (33n)e.5
Haulmum Lead P e 33.4 kN
5% Sec ant Offset Pq e 29.28 kN
Kit e 73.8 NPa %#m

lHVALIDeale 2, 3Valtdtty a

K at Naulmum Lead e 84.4 NP9 %#m
tATA 008 5 tC fl0HS 95tB For J-IHitGB AL PATA
He r a t e-C<< t e n of f 6 E l L0nbo 0 Ib of F 6Li LEFLECflott = 1.3430'343'24C-04 in.
Specimen rot at ten Lead interte pt elastic slope e. 00000035 lt. 1

Fit t e d el ast ic load range s 2500 TC 2000 Corre c t ion t o J f(r ce act e x t e ns t on

.

!
--.
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500 i i i i

SPECD1Eli 02G-412

i 400 --

i /n
N /

! i / /
) 300 f

--

/ iw

/s.,

/ .
T

". 2 0 0 -

</ [-

- +
1 -

m .*o -
E FAILUEE TYPE C f

100 ' , - (R curve > 1. 5 nui) -

* NEA 1L ASTII At LYSIS APPL 3CAELE
,

!

l

)! I
,

|. , ,, .

t.0 .5 1.0 1.5 2.0 2.5 |
;

Crack Extension (mm) |

2
TEST SPECIMEH DATA,

H at e ri al Type = A5'53B Plate 02 !
'

Test Temperature = 204 C
Percent Side Groove = 2 0 */. I,

i specimen Thickress = 25.4 mm l

! Init c r ac k length = 31.09 mm Init 4 41 = .612 i
Final crack l e ng t, h = 40.92 mm einal a/H = .805

,

Flow s t r e 'a s = 617.4 HPa j;

j Youngs modulus 195500 MPa (Est imat ed Value) |
=

POWER LAW DATA J = C (Delta a) ^H ;
1, Jic = 147.5 k?/m^2 '

| Kjc = 169.8 HPa N/m |
j J (9J/T=0.8) = 323.4 kJ/m^2

|j Exponent H = .3836 ;,

Coefficient C = P43.1 kJ/ma2 .
i
I T (average) = JO {
3 LEAST GOUAFE L1 HEAR L1HE (ASTM) J=H (Delta a) + B |

~

143 kJ/ma2 'I; Jac =

{ Kjc 167.2 HPa N/m 1=

Slope N = 109648.9 kJ.'m^3
| Intercept B = 130. 3 k J/m^2
i T (ASTM) = 56

Validity (Jic) = VALID
Validit y (R-ct rue) = VALID
J maximun, allowed = 608 kJ/m^2 (Jmax=Fnet* Flow s-tress /20)
De lt a a max. allowed = i,97 mm (Delta a max = 0.l*bo) i,

'

|
r

.

! j

I
l
,

- - -- -.. - - . . _ - . - -_ - . - ---. . - . . - . . -- - ., .. - -. -
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50 . . . .

SPEC!ritfl CCG-413

Clesvage40 - %.! stabsIity.

: *

d /
30 - |e.,

3 / |
t

C
|

| ! 20 - |
o
ti

a
* FRILtJFC TY PE A

LO - R curve < 0.15na exclualon line
(Insufficient for analy is)

-
/ , , ,

h.00 .20 40 .50 .00 1.00

Spoctw+n I.osdIen. D.Il.cseon (mei n

ftti SFEctHtH DATA
e Ae !33 Pl at e 02 (I)M at er i al ,f ype
. 80 CTest Te mper at ure

Percent $4de Groove a 04
Spec teen Tht<Lness 3 a 25.4 mm
Intstal teW e .6
Inte cra<6 lenJth n e 30.48 sh i

Flow stre a s a 654.5 HP e
Yteld stress a $90.1 MP s
Youngs modulus E o 202400 HPa (E s t la nt e-3 Value )
J-1Hftr. SAL Anet,Y$ l t

F ailur e type AtJ 64 6nst abt 16 ty e J6c) ,.

Jtc e 54.1 hJ'm-2
e 104.? HPt v m ve.3Fjce(EJic) 5

Fic (le t a Correc t ed> e ??.s HPa sen ve.3
A$fM ()t4-SI At ALYtt$
Moois'eed Asc Equation: 3e (Ifn)*.5
M a s 6 mum Le ad P e 40.08 kN
5% Secant Ortset Pq e 24.74 kN
kit e 68.5 MPn %#m

IHYAll0--le 2, OValidity *

tota COPFECfl0H3 eJS(D F0P f*1HitGRAL DATA
t1e e k l e-C+rt en 0F F 4E t LO39. O lb 0FF it t DEFLECitCH e-4. l&C?4f ?410*E *05 in.
$pec 6sen con tinen Loki intertept e16s t ic s lope ==.000000574 It. I

Fit t ed e n tst 6c leaJ r angte 3000 TO 500 Correct ton to J tor cr 6c6 *Ntension
1

|
|

|
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60 . , , ,

l

| SPECIHCN 02G-416
l

48 - Cl e avage -

Instablisty ,

2
I m 36 -

1 *
'

b y
'

c

f 24 -

o
w
CL
* FRILLtPE TYPE R

12 - R curve ( 0.15nsa exclus von line -

(Insufficient f o r an a ly s t s )

h.00 .20 40 .50 .t0 1.00

Epeciman Loadtene Deflectton (mmi

it$f SPECIMfH PATA
e M 33-8 H$st 02 Pet INat eri al type

test f e ms.e r at ur e a 50 C
Percent $4de Groove = 0%
Specimen Thttkness 3 e 25.4 mm
Initial sew e .61
Int s crack length a e 30.98 as
Flow staess a 670.2 NPa
Yield stress a (04 NP4
Youngs medulus t e 204400 MPa (Estimat e d value)
Potssen's Ratto (v) = 0
J luttG8 % SHALYtit
F a i l ur e type A cJ at instability e Jtc)
Jtc = 26.7 kJema2
KjtettJic/(1-v 2))^.5a e 73.9 NPa Neu ve.3
Kit (leta Corrected 1 * 65 MPa sem ve.3
45tH C3t*-ft Analvtl$
Nediitea kit tedesiont 3 = (lin)*.5
N6uthun Load P e 29.98 kN
54 Secant Offset Pq e 29.04 kN

72 NPa s/nKic e

Validity IHYALID -l.e

K at Nautnum Load * 74.3 NFa sem
FATA cesstCT10HS Uttp F0e J-lHTECsat l' A T A
Merkle-(&rten utfatt LVnpa O lb Veliki ICFLECTICH e 4. t t ;g' 3 3 ));M E * 05 in.
Spec tmen ret ation Load interces4 elastic stere e 1. 4 4 41 s't'is'((; t -0 5 l b
F ttled elastic lead range = 2500 TO 2000 Correc t ier. t o J f or cr au eAtenston

J



- . -_ . .-- - .

243

500 i i i i

SPECIt1 Ell 02G-419
r

4.00 - /

/ 4./
ie

b300 # -e#

/ #g
-

O

#200 --

J i,

FAILURE | TYPE C
*o j

E
100 -

f
(R curve 1. 5 nad -

f itEA 3. ASTil At YSIS APPL 2CAELE/
?

/
0 .5 1.0 1 5 2.0 2.5

Cr ack Extens t on (mm)

TEST SPECIMEN DATA j

Mat e r n al Type = A533B Plate (HSST 02) ;

121 CTest Temperature =

Percent Stde Groove 20 %=

Specimen Thickness 25.4 mm=

Init c r ac k length 31.62 mm Init a/W = .622=

Final crack length = 40.56 mm Final a<W = .798 j
Flow stress = 639.2 HPa i

Youngs modulus 200300 HPa (Est imat ed Value) .
=

P0HER LAW DATA J = C (De l t a a) ^H |
J1c = 158.4 kJ/ma2
Kjc 178.1 HPa N/m=

J (0J/T=8.8) = 345.5 kJ/ma2
Exponent H = .3?27
Coctrictent C = 262.5 kJ/m 2a

T (average) = 53
LEAST SOUAFE LINEAR L1HE (ASTH) J = H (Delt a a) +t
Jtc 150.6 kJ/ma2=

Kjc = 175.r NP4 N/m
Slope H = 119773.4 kJ/m^3
Intercept B = 136.5 k J/ma2

)T (ASTN) 59=

Validity (Jic) YALID=

Validity (R-curve) = VALID
J maximum allowed 612. 6 k J/m 2 (Jeaxarnet+ Flow stress /20)a=

,

De l t a a max. allowed = 1.92 mm (De1\a a max = 0.1+bo)

|
1
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40 . . . .

SPEC!ltCH C2G-423

32 - C l e av sge
j 5;tabtiIty

'

,

1 = /
1 C /

m 24 - /
n ,-
o -

.)
*

,J .,

E

u, , . . ' , ' . ,C |a is - f-
'

s
cs A
* # FAILUPE TIF'E Fi

3 - ,/'f 0.15 tis.. e clutton line -F curse <

(In s uf f' I c i ent for snel sts)*
i.

*

.< */

b.00
. a

.10 .20 .30 40 .50

T p e .: i t..on Lo n:ll I r.o Os i loc t i on 8 s.m )

Trit i s t.* t Ht es !. A f 4
H n. e r i st f pe e AS))-l MMY 0 Fe(
fose Teoserneure e .;5 (
Feetene tiJe C. co. e = 0 *.

it < < i me .. f t.i c l e.e s s t * 25.4 mm
I n t e e 41 bW e .(3
| nit < r bil length 6 e il m
F l ou. seraas 's ? l t . ? t'f a
Yiel.a sitess a t' 4 ?. ) tif h
Youngs 65351..s t- e 20!s*00 H5 e e tJ e ss ge e y vnt ue .
Folsson s 8 a t. n o . .. . e 0
J- tiet tct At An At. v 515
F a i l or e 1 re a *J mi e..e st i l i t o e Jic *
Jet e 50 6 J m :
6j<e Elic (1-o 2. 5 e 45. t NF t m os.)
Ilc*Ie*t ( c.r r e < * e d . e 4 4. ? tit t = on.)
AttM ( ? s t.-i t AuAt yt t e.

Ho.s i e i e .s 6 i t E qu ht I .Q R e tilns .5
Ma imum t06s f' s I ). I iH
5*. le t 6. O f t' s e t F4 e t 4. I IH
6 tc e 47.5 ttF 6 m

V al i di t e. e vat t b l i< onlue
6 at fi n t hu Loss e 47.4 H7 n m

finin (08 8 t(i t osis. tgit ti Fes I tuf tcs AL ! A1
ne.iie.a, e..creus test.. s. i t. os ar strttction a t.*o44to p nt 04 . . . .
15ecimen rostonon Lo s s in' e r c e t t e i ns'i< s Ice < * 1.14 8 t'iiin G E .Gi i t-
Fiiied altsett 10 6-3 r ange s !!00 fv 1000 Corre<* ton t o J f or cr tch a tension

. . . . .
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1000 -
i i i i

SPECD1Ett 68H-8B

[DOO
>

-

$ / /
/ J'600 ~

-

/ ,- /-

1 - , // /
- -

" '

f 400 / /
-

T // .

/*s' |m
o .

E * FAILLEE T PE C |

'/ (R curve >/1. 5 nwi)200 --

/,?[ t1EA L RSTil At4ALYSIS AF PL2CRELE

:/ /
.: . . .. .

'

0 .5 1.0 1.5 2.0 2.5

Crack Extension (rnm )
i

TEST SPECit1EH DATR
Hat e r t al lype = HSST S/A Weld

121 CTest Te hr.e r at ur e =

Percent Side Groove = 20 %
Specimen Thickness = 25.4 mm
init crack length = 30.65 mm init a/W = .603
Final crack length = 34.75 mm Final a/W = .684

575.5 MPaFlow stress =

= 200300 MPa (Estimat ed Value)Youngs modulus
POWEP LAW DATR J = C (Delt a a) ^H

246.7 kJ/m 2Jtc a=

Kjc = 222.3 MPa vm
J ($J/T=0.8) = 983.7 kJ/m^2
Exponent H = .6326
Coefficicnt C = 465.2 kJ/m 2a

T (average) = 168
LEAST SOUAPE LlHERR L1HE (ASTM) J=H (Delta a) +B
Jtc = 217 k J/m*2
Kjc = 205.5 MPa N/m
Slope H = 286325.8 kJ/m^3
Intercept B = 163 kJ/ma2 i

i173T (ASTH) =

Validity (Jic) = YALID
Validity (R-curve) = IHYALID--!
J maximum allowed = 579.4 kJ/m 2 (Jmax=Bnet * Flow st re ss/20)a

Delt a a max. allowed = 2.01 mm (Delta a max = 0.!*bo)

i

|



246

60 i i i i

sh
SPECIf1Efl 08H-fib

o ,

'

48 - Cleavage -

Instability, ,

b .//
/'

e 36 -
-

-'

8 /
_J

c
O
E 24 - -

!/i

ct
-

* ' FRILURE T'r PE R,
t2 - R curve < 0.15tren e x c l u s t on 1ine -

,

(Insufficient for analysis)

.-

/

.00 .30 .50 .90 1.20 1.50

Specimen Loadline Deflection (mnd

TEST SPECIMEH DATA
HSST $/R IJeldHater 141 Type =

-75 Clest T e n.p e r at ur e =

Percent Side Groove = 0 */.
S p e c i t.ie n Thicknesa E = 25.4 mm
Inittal a/H = .596
Init crack length a = 30.26 mm
Flou stress = 741 NPa
Yie1d stress = 726 11P a
Youngs niodulus E 211400 t1Pt (Estiranted Yalue;a

J-!HTEGFAL AHALYSIS
Failure Type 6 (J at ins t ability a Jic)
Jtc 104.3 kJ/w^2=

Kjc=(EJic)^.5 148.5 HPa N/m v=.3=

Kic (Le t a Corrected) = 105.7 HPa N/m v=.3
ASTM E399-81 AHALYSIS
Moditted Kic Equgiion; E= (FBn)^.5

^

linximum Load P = 51.88 LH
5' Sec ant Offset Pq = 35.90 kN
Mic = 84.2 MPa N/m
Validity IHVALID--1, 2, 3=

DATA CORFECT10HS USED FOR J-lHTEGPAL DATA
fle rk le-Cort e n correc t t on

Correc t ion for spe c t he n rot at t on

Correctton to J for crack ex t e r.s t on
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500 . . . .

SPECItEN 68H-BC

400 - -

|m
N /t /

/'
'300 - *

/,

200 - "

8 iI f*AILLIRE TYPE C
de (R curve > 1.5 rm)100 - -

HEA A ASTM Rt YSIS APPL 3CRELE

.E |/
.'O .5 1.0 1 5 2.0 2.5

Cr ack Extaneion (mm)

TEST SPECIMEN DATA
Mat er i al Type = A533B HSST Weld
Test Temperature 288 C=

Percent Side Groove = 20 *./
Specimen Thickness = 25.4 mm
Init crack length 30.59 mm Ints a/W = .602=

Final crack length 38.04 mm Final a/W = .748=

Flou stress 590.9 NPa=

Youngs modulus 190800 MPa (Estimated Value)=

POWER LAW DATA J = C (Delta a) ^H
Jic 138 kJ/ma2=

Kje 162.3 NPa N/m=

J (9J/T=8.8) 542.9 kJ/m^2=

Exponent H .5642=

Coefficient C = 289.4 kJ/ma2
T (average) 90=

LEAST SOUARE LINEAR LIHE (ASTH) J = H, (Del t a a) +B
Jte = 125.8 kJ/m^2
Kjc = 154.9 MPa N/m
Slope M = 174822.2 kJ/m 3a
Intercept B = 107.1 kJ/m^2
T (ASTH) = 96
Validity (Jic) = VALID
Validity (R-curve) = IHVALID--3 (.62 vs .3)
J maximum allowed = 596.5 kJ/ma2 (Jmax=Inet* Flow stren/20)
Delta a max. allowed = 2.02 mm (Delta a max = 0.1*bo)

.
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60 . . . .

SPECIt1EN 66W-BD
yo

*

Cleavage -48 -

! Instabt11ty
, - .

8 /
'

o 36 - -

n
O
.J e

C
D
E 24 - -

/ !o
v <

-
ct
* FRILURE TYPE R

12 -

,. R curve < D.15 tam exclusion 1ine -

p/ (Insufficient for analysis)

/
/

9 a' , , , s,

0.00 .25 .50 .P5 1.00 1.25

Speeimen Lo acil i n e Deflection (mn)
,

i
TEST SPECINEtt DATA !

HSST S/A lleid
'

Hat e r i al Type =

Test Tgr perature -50 C i
=

Fercent Side Groove 0% '=

Specimen Thickness i 25.4 min=

Initin1 a < ll .5??=

Ints crack l e ngt h a = 30.33 mm i
Flou stress = 709 liPa *

Yield stress 691 NPa=

Youngs modulus E 210000 MPa (EstimLted Value)=
'J-It4TEGR AL At4ALYS!$

Failure Type A (J at ins t ability = Jic)
Jic 110.6 kJ/m^2=

Kjc=(EJic)^.5 = 152.4 HPa vm v=.3
IKic (Le t a Correc t e d) = 104.4 HPa vm v=.3

M.T H E 399-81 AtlALYS!$
Nodified Lt c Equat ion; 1: = (Lin)^.5
Maximum Load P = 51.64 L il

,

'

54 Secant Offset Pq = 32.2 k il '

Kic 75.9 NPa N/m=

Validity lt4 VALID--1, 3=
'

DATA C0FFECT10145 USED FOR J-!!QECf4L DATA
Herk le-Cort en correc t s on
Correct ion for spec imen rot at ion
Correction to J fcr crack extension

_ - . __ -
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,

50 i i i i

SPECIt1Ett 68W-CC

40
/ __ Cle vage ;

- -

Instability. ,

z !a
v

,

m 30 - ' - !
'

M >

o .

.J .j
e
., t

E 20 '- -
<,

T.3, / :- ,

c. -

*
,f ' FRILURE TYPE R |

LO R curve < 0.15mm exclusion line --

(Insufficient for analysis)

/
/

h. 00
. . . .

.20 .40 .SO .90 1.DO
'

Specimen Lond1tne Deflootton (mn)
.

i

i
'

TEST SPECINEH DATA !

Nat ert al Typse = HSST S/A Weld
Test Te mpe r at ure = -75 C ;

Percent Stde Groove = 0 '4 ;
Specimen Thickness B = 25.4 mm :

Int t i al a/W = .597 |
Intt crack lengt h a = 30.33 mm |.
Flou stress 741 MPa f=

726 NPa !Yleid stress =

[Yoengs modulus E 211400 MPa (Estimated Value)= '

J-1HTEGPAL RHALYSIS
Fallure Type A (J at inst ability = J t c) ;

Jic = 44.8 kJ/ma2 i
Kjc=(EJic)^.5 97.3 MPa N/m v=.3=

Kic (Pet a Corrected) 83.1 HPa N/m va.3 :
=

ASTH E399-81 ANALYSIS
!

Modified Klc Equat ion; P = (B3n)^.5 ,

Maximum t.ond P = 39.15 kN !
5*4 Se c ant Offset Pq 32.28 kN I=

Ktc = 76.1 MPa N/m i

f
Ymildity INYALID--2, 3=

DATA COFRECTIONS USE*) FOR J-lHTEGRAL DATA *

Herkle-Corten OFFSET LORD = 0 lb 0FFSET DEFLECTION = 0.5296095045SE-04 in. i
Specimen rot ation Load intercept clastic slope = 5.73529411765E-07 lb ;
Fitted elasste load rang 4=4000 TO 500 Correction to J for crack extension ;

,
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20 -

i i i i

p'SPECIi1Cfl SOH-CD

* Cleavage16 --

InstabtItty

5 /
'

, , , . .- .

8 /
.J *

,

e /
E 8

* --
,

i / '

c.
* FRILURE TYPE R

4 - R curve < 0.15rre excluston line -
(Insufficient for analysis)

/
h. 00 .10 .20 .3' .40 .50

Specimen Londline Deflection ( min )

TEST SPEClHEH DATA-

N at e ri al Type = HSST S/A lleld
Test Temperature = -130 C
Percent Side Groove = 0 '4
Specimen Thickness B = 25.4 mm
Initial 4/W = .594
Init crack length a = 30.10 mm
Flow stress = 824.5 HPa
Yield stress = S17 HPa
Youngs modulue E = 214900 HPa (Est imat e d Yalue > '
J-!HTEGPAL AHALYSIS
Failure Type A (J as instability = Jic)
Jic = 9. 5 k J/m^2
Kje=(EJic)^.5 45.3 HPa N/m v=.3=

Kic (Eeta Corrected) = 44.9 HPa N/m vn.3
ASTH E399-81 AHALYSIS
Modt f ted Kic Equat ton; E = (ben)^.5
Maximum Load P 19.1 LN=

5% Secant Offset Pq 19.1 kN=

Kic = 44.5 HPa Nem
Validity = YAllD Kic value
DATA COFRECTIONS USED FOR J-!HTEGRAL DATA
Herkle-Corten OFFSET LOAD = 0 lb 0FFSET DEFLECTION = 5.00325532604E-05 in.
Spec imen rot at ion 1.oad intercept elastic slope = 3.15789473684E-07 lb
Fitted elastic load range =3400 TO 500 Correction to J for cr.s. extension

.

i

_ _ . - , _ .
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I

SPECIt1CN 68N-ER i

!
, .

i
4 '

Cleavage - >20 -

Instability !
m ,

i z * i

6 / ;

'

e 15 * --

$ ! 5
,
; a

.

'

? /*

; a te .- --

o /
e / t

-
et
*

| - FRILURE TYPE R :

[! 5 R curve < 0.15trin e x c l u s i o n line --
,

I (Insufficient for analysis)
'

.

, , , ,

b. 00 .10 .20 .30 40 .50 :

l
Sp oim n Londlin. Deft.etion (mn) ;

l

<

i

I TEST SPECINEH DATR f
Mat eri al Type = HSST S/A Weld t

-130 C ITest Temperature =

Percent Side Groove =0% |
Specimen Thickness B a 25.4 mm !

Initial a/W = .605 |
i30.73 mmInit crack length a =

Flow stress = 824.5 MPa
817 MPaYield stress =

Youngs modulus E = 212300 MPa (Estimated Value)
J-1HTEGRAL RHALYS!$
Failure Type A (J as instablitty = Jic)

12.9 kJ/ma2Jic =

= 52.3 MPa s/n v=.3Kj c =(EJ i c )^. 5
= 51.4 MPa N/m v=.3Kic (Beta Corrected)

ASTH E399-01 AHALYSIS
Modt fled Kic Equat ion; B = (ben)^.5
Maximum Load P = 22 kN

22.03 kN5% Secant Offset Pq =

53.6 MPa N/mKic =

VALID Kic valueValidity =

DATA CORRECTIONS USED FOR J-INTEGRAL DRTR |
Merk le-Cort e n c orre c t 1on
Correction for specimen rot ation
Correction to J for crack extension

_ __._ -. _ _ ._ .. _ ._ -_. _ ___ _ _ _ _ ,__ _ _ _ ,.-_ _ _ _ -
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1000 i i i i

SPECIl1 Ell 6814-EC

B00 - -

///
^

#
$ /

/s
9 EiOO -

. /
-

/ /
r# ! -f 400 -

|//p+

4 /$ [A FAILUPE TTPE C

>/1. 5 nw.)
-200 - < tR curv.

/ t TEA A LTil AtJAL (SIS AFFL3CAELE

/0* ' ' '' '

O.0 .5 1.0 1.5 2.0 2.5

Crack Exten ion (mm)

TEST SF EC ittEtt DATA
M at e ri al Type HSST S/A !! eld=

Test Te mperat ure = 121 C

Fercent Side Groove = 2 0 *. -

Specimen Thickness = 25.4 mm
Init c r ac k length 30.75 mm Init a .* L4 .605= =

Finsi c r ac k length = 35.1 in n Final a/l4 = .69
Flow stress = 575.5 M.a
Youngs modules 200300 hT'a (Ett imat e d Value >=

Fol1E R L All DATA J = C (Del t a a) ^ 14
Jic 233.2 6J/m^2=

Mjc 216.1 MP a van=

J <0J/T=8.8) 990.1 kJ/ra^2=

Exponent il = .6541
Coefficient C 459 kJ/ma0=

T (average) 172=

LEAST SOUAFE L!!iEAR LlHE (ASTM) J = t1 (Delta a) + F
Jtc 210.8 kJ/m^2=

KJc 205.5 MPa v m=

Slope M = 290056.7 kJ/m^3
Intercept F 157.6 kJ/m^2=

T (ASTM) = 176
Validity (Jic) VALID=

Validity (R-curve) VALID=

J maximum allowed 576.5 6S/m^2 (Jmax=Fnet* Flow stress /20)=

Delta a max. allowed = 2.01 mm (De l t, a a m ax = 0.1 =bo)

,
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L
i

1200 , , , ,

SPECI!1 Ell 60 HOE
,

!960 -

/
-

! [80 -

/,

; ,
' o

I" 4* FAILURE TY C C'

(R curve > '.5 nm)i 240 --

HER k RSTil ANAL SIS AFPL3 CABLE

f |
i /, . . .. .

( .0 .5 1.0 1.5 2.0 2.5
'

,

f
4

i Crack Extension (mm)
'

1
.i

J- TEST SPECIMEN DATA '

Hat er t al Type = A533-B HS :
Test Temperature = 25 C
Percent Side Groove = 20 '4 i

i
'

Specimen Thickness = 25.4 mm
Init crack length = 31.01 mm Init a/W = .61 i

'

j Final crack length = 34.91 mm Final a/W = .687
Flow stress = 650.2 NPa

( Youngs modulue = 205800 HPa (Est imat ed Value) |

> POWER LAW DATP J = C (Delta a) ^H 1
I

Jtc = 228.I kJema2 .'
'

Kjc = 216.7 MPa vm1

IJ (9J/T=8.8) = 932.4 kJ/m^2
Exponent H = .6764,

J Coefficient C = 484.9 kJ/m 2a

j T (average) = 153
LEAST $0VARE LINEAR LlHE (ASTM) J=H (Delta a) +B;

,

Jic = 210.7 kJ/ma2
i Kjc = 208.3 HPa N/m

| Slope M = 309715.3 kJ/m 3a
' Intercept B = 160.5 kJ/ma2
i T (ASTM) = 151

Validity (Jic) = VALID
! Validity (R-curve) = VALID
j J maximum allowed = 642.8 kJ/m 2 (Jeax=BneteFlow stress /20)a

Del t a a max. allowed = 1.98 mm (Delta a max = 0.1*bo)
,

Final Delta a = 4.03 mm~

i Poi sson's Rat io (v) =0

i

. ,, . , _..- .
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SPECIllEll 68H-ED

Q 1eavage16 --

.' Instabilitym

5 /
- .

/ -e 12 -

n -

0 /
e .-
$ a - ./ -

-

o -

FRILURE TYPE R l
1D.15mm exclusion,1ine4 / R curve <- -

(Insufficient for analysis)
-

,
' I 1 i I

.00 .06 .12 .19 .24 30 |.

Sp e c i me.n Lo acil i n e Deflection (mn)

TEST SPEC !t1Ett DATA
Mat er i al Type = HSST S/ A lie ld
Test Te mpe r at ure = -130 C
Perc;nt fide Groove =0%
Specimen Thickness E = 25.4 mm
Inistal 4/H = .603
Init c r ac k length a = 30.65 mm
Flow stress = 824.5 HPa
Yield stress = 817 NPa-

Youngs modulus E = 014900 MPa (E s t i m at e d Val t;e >
J-!!11EGRAL At8 ALY S I S ,

Failure Type R (J as instability = Jic) '

Jic = 6.5 LJ/m^2
Kjc=(EJic)^.5 = 37.4 ItPa vm v=.3
Kic (Bet a Correct ed) = 37.0 MPa v m v=.3
ASTH E399-81 AHALYSIS
fiodi f i e d K t c Equ at i on; E = (Lin)^.5

t1&vimum Lotd P = 15.9 b il
5% Se c ant O((set Pq 15.91 k il=

Kic = O?.5 MPa vm
Validity * VALID Kic va'.ue !
DATA COFFECT10tlS USED FOR J-!HTECFAL DATA i~

tierk le cort en 0FFSE T LO9D= 0 lb 0FFSET DEFLECT 10li = 5.58354494761E-05 in.
! Specincn rot at ion Load intercept einstic slope = .000000375 lb i

Fitted elastic load range =3400 TO 500 Correction to J for crack extension

.

l

.n -, --. . - - - , _ , - , , . - - - _ , - , - - . . , - --- - - . - - _ - - - - -- - - _ -
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SPECIi1Eli 68H-EE

Cleavage40 -
-

_

,

Instability
,

1 2
1 6*

1

l m 30 -
-

n
O
.J

*
, ,

5
E 20 .' -

-

!
a ,'
* FRILURE TYPE R

10 - R curve < 0.15nyn exc lu s t on line -

(Intufficient for analysis)

e

1 e t i

h.00 .20 .40 . E. 0 .00 1.00

Sp e c i men Loadline Deflection (med

TEST SPECINEtt DATA
HSST S/A Weldt14t e r i al Type =

-100 CTest Te mpe r at ur e =

Percent Side Groove = 0 */.
Specimen Thickness I: 25.4 mm=

Initial aeW = .623
Init crack length a = 31.67 mm
Flou stress = 777 HPa

= 765 MPaYleid stress
212900 HPa (Est imat ed value)Youngs modulus E =

J-l'11EGFAL AHALYSIS
Failure Type A (J at instability = Jic)

51.8 kJ/ma2Jic =

105.1 11Pa v m vs.3Kjc=(EJic)^.5 =

88.9 ItPa vm va.3Kic (I:e t a Correc t e d) =

ASTil E099-81 fill ALYS I S
Nodified Ltc Equat ion; I: = ( I: I' n ) ^ . 5

Maximum Load P = 38.t' kN
33.48 k li5'. Se c ant Offset Pq =

87.8 NPa vmKic =

l t4Y AL I D -- 1, 2, 3Validity =

D AT A COF F EC T!Otis USED FOR J - I llT E G F' A L DATA
OFFSET lI FLECT10tl = 2.445330976SiE-04 in.fle r 6 le-Cort e n OFFSET LORD = 0 lb E

Spe c imen rot at ion Load intercept clastic slope = ?.3S709677419E-07 lb
Tit t ed elastic load r ange =3400 TO 500 Correction to J for cract extenston
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60 , , . .

SPECIttCH 60W-JD
4

64 - Cleavage -

Instability,

=
d
, <e -

/
|

- -

~

3 -

c

I 32 - ,' -

3 / .
en
a

' " FRILt.*E TYFC H
i 16 - R curve 4 0.!! nee exclusion line -

(Iris u f f i c e ent for analysis) (;

L
. ,

/' ,
, , , ,

.00 .30 .E0 .90 1.20 1.50 ,'

fEp e e t enen I.oadtino De f lec t i en t rau )
*i

j ttf7 tittlHFH l' A T 4

] Mater t al type e A533-3 Htti HELD '

e -50 C iTest f e 6re r at ur e
Percent $64e Croove = 0% ,

Spectmen thickness 3 e 25.4 na '

3 Intstal sew = .(03 !
' Ints crack length a e 30.62 ==
) Flow stress e ?? $.4 MPa >

V6 eld stress e (04 M7 4
1) Yevngs modulus t a 210100 MPa (Estimated Valwe) ;
j Pois s on's R at io (v) = 0 +

J*]NT((8A( All Al Y T 1 $
I failure type n tJ at instattitty e Jtc)

Jec e 65.3 6Jeaa2 )
rpe(tJice(1-v 2))*.5a e 133.9 N7a vm va.3< ,

4 Etc (Ista Correcte4) = 91.5 MPa sem va.3 '

j ASTM (Jea-et anALy$is !

fq ttoas t e s o k ic towes t on; 3e (I!n)a.S
; tt a n t own Leas P e 49.4 kN

|
| Sh loc ant Offset Pe = 38.74 kN

ric e FC.S MF a um p

a vattdtty a lHVAllS-al, 2, 3 [
K at M 6= t mum Lead a lit.1 Nta sen t,

tata f os s tet tot:5 ut rt For J-luttcs o.L I474
4

Ne r b l e -( < r t e n (4 F i t t Lbn D * O l t, t,(IIi f 1(FLECflCtH e 1.31s'!0t'0Gft 04 in.
.

i trac tmen rot es ten ti, s.s int e rc e p t e l ast t< store e 00NM 3 l t- f.

Ftttsd elastic load range e 2500 TO 2009 Ctcrec t ten to J f or cr act talension |
k
'

!

| !

1 )

|
',
t

, I

2

5
ia

1 l

1 |
'

I
>

|

|

4
,

d i

l
y - _-. m . ,m---- y y-.--.*% -ry--T .*--r+-r y a w a -w-.e r --r - - .-my-m -- - -w--eu-rt - - - - + r>-g
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I

60 . . . i

SPECItitti 60H-LR .
'

t

Cleavage48 --

Instability
-. .

5 /
m 36 - -

e
O
C
v

3 24
|

-

|
-

o |

c

(S FRILURE TYPE R
12 - R curve < 0.15mm exclusion line -

(Insufficient for analysis)

i -

/ , , , ,

.00 .25 .50 .75 1.00 1.25

Specimen Loadline Deflection (mn)

i

TEST SPECIMEH DATF
I Haterial Type = HCST S/A Held

-50 CTest Temperature =

Percent Side Groove = 0 */.
Spectuen Thickness B = 25.4 ==

.611Initial a/W =

31.04 mmInit crack length a =
3

709 MPai Flow stress =

691 NPaYield stress =

Youngs modulus E = 210000 MPa (Est imated Value)
J-!HTECRAL AHALYSIS
Failure Type A (J at inst ability = Jic)

105.8 kJ/ma:Jic =

149.1 NPa s/m v=.3Kjc=(EJic)^.5 =

103.3 HPa s/= v=.3Kic (tet a Corrected) =

ASTN E399-91 AHALYSIS
Modif t ed Kic Equat ion; B = (Ern)^.5
Maximum Load P = 51.8 kN

32.61 kN5% Secant Offset Pq =

! Kic = 81.3 MPa N/m
IHVALID--1, 2, 3Validity =

DATA CORSECTIONS USED FOR J-lHTEGRAL DATA
Herkle-Corten OFFSET LOAD = 0 lb 0FF5ET DEFLECTION = 2.60699548054E-04 in. I

Specimen rot at ion Load intercept classic slope = 2.6765714285?E-0? lb
Fitte d clastic load ranger 3400 TO 500 Correction to J for crack extension

.

.
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750 . . . i

SPECI!!Cll 6814-LB

/
B90 -

j 4
-

a /
1 / s- / -

'
450 P-

p /,
,

Vo | #sf 300 - /' f -

../+
- .er

4(o
c.

f/C f TAILUFE YPE C-

150 -

f (R curve / 1. 5 nind -

i1EA & ASTit FfJFbSIS AFFLICAELEv

/,/ /
4
0 .5 1.0 1.5 3.0 2.5,

Crsck Extension ( rwd

TEST SPECIMEH DATA
Haterial Type

~

HSST-$/A IJELD=

Test T e nipe r as -e = 204 C

Percent Side Groove 2 6 *;=

Specteen Thickness = 25.4 mm
Init er ac t le ngt h 30.76 mm Init a /11 = .605=

Final c r a.: t l e ngt h 36.02 6.m .t i n a l a ll = .709=

Flow stress = 571.8 flPa
Youngs n.odulus 195500 tiPa (Estimated Value>=

P olJ E F L G1 DATA J =C (Delta a) Ha

Jic = 211.3 LJ/m 2
203.0 ttPa vmKje a

J (0J/T=&.8) = 73&.5 kJ/m^2
E pensnt li = .5809
C o e f t'i c i e . t C 397.2 LJ<m^2=

1 (nverage) 133=

LEAST SOUARE LillEAP L!HE ( ASTit) J = 11 (Delts as *1
Jic 194.4 LJ/m^2=

KJC 195 MPa vm=

Slare H = 229436.7 LJem^3
Intercept F 155.4 LJ/ma2=

T ( ASTit) = 137
Validity (Jic) = VALID
Yalidity (R-curve) = YALID
J n. a x i n.u k allowed = 572.5 kJ/m^2 (Jua4= Inst *Fic* stresse20)
De lt a a n tx. allowed = 2 mm (Ie lt a a enx 0.1 * t o )=
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SPECIllEN 60W-LD
%

Cleavage -32 -

Instabti1ty, ,

2 .

5 /
-

, 31 _ . .

/!

a .

: /
E 16 .' --

o / I

v .

'a '

| FRILURE TYPE R* '

4

8 - / R curve ( 0.15nvn exclus icn Iine -

/ (Insufficient for analysis)

>

t a t i

h. 00 .15 .30 .45 .E0 !P5

Sp e c t men Lo acil i n o Deflection (mn)

TEST SPECIMEli DATA
Nat ert al Type * HSST S/P deld

= -75 CTest T e n.pe r at ur e
Percent Side Groove =0%
Specimen Thtckness B = 25.4 mm
Int t i al 4/H = .596
ints crack length a = 30.26 mm
Flow stress = 741 NPa
Yield stress = 726 HPa

211500 MP4 (Est ihat e d Value >Youngs modulus E =

J-IHTECFAL AllALYSIS
F at t ure Type A (J at ins t ability = J t c )

31.3 LJ/m^2Jtc =

01.4 HPa vm v=.3Kjc=(EJic)^.5 =

Kit (Leta Corrected) = 73.4 hr'a vm v=.3
ASTH E399-81 AtlALYSIS
Modif t ed Lic Equat ion; E = (Lin)^.5
Haximum Lokd P = 33.85 kN
5% Sec ant Offset Pq = 33.65 kN
Ltc = 79.4 NPa vb

lilV AL I D--2Val i d t t y =

DATA COFE ECTIONS USED FOR J-INTEGRAL DATA
lierkle-Corten OFFSET LORD = 0 lb 0FFSET DEFLECTION = 3.4521018792SE-04 in.
Spe c imen rot at ion Load intercept elastic slope = 2.64705802353E-07 lb
Ft sted el assic load range =4000 TO 500 Correction to J for cract extension

1
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1000 |. . . i

SPECIt1Cil 68H-t1A

!B00 --

N
! / /
N /
] 600 -

f
-

/*
,

m

400 -

f*f fY -

+ .f''s-

t
'

o
~

FRILURE TYPE C
#

t1ER 3. ASTil Af4AL[ ISIS RF Ft.2CAELE
-(R curve > 1.5 rad200 i-

[
f| /

1

q ,0
, , ,, ,

U. .5 1.0 1.5 2.0 2.5

Crack Extension (run)

TEST SPECittEH DATA
Mat e ri al Type HSST $/A Held=

Test Te mpe r at ure = 204 C

Percent Side Groove 20 %=

Specimen Thickness 25.4 mm=

Init c r ac 6 length 30.02 mm Init a/u = .(02=

Finni crsch length 36.18 mm Final aeu = .712=

Flou stress 571.8 MPa=

Youngs modulus 195500 MPa (Es t imat ad Value )=

P0 HEP LAW DATA J=C (Deltg a) ^H
Jtc 199.9 kJ/m^2=

Kjc = 197.7 MPa vm
J (eJ/T=0.8) = 0 1J/m^2
Exponent H = .6018
Coefficient C = 391.4 LJ/m*2
T (average) 136=

LEAST 50VARE LlHEAP LINE (ASTM) J=M (Delta a) +F
Jlc = 175.1 LJ/m^2
Kjc 185 MPa v m=

Slope M = 24 4415. 3 k J/m*3
Intercept B 137.7 kJ/m^2=

T ( ASTit) = 146
Validity (Jic) VALID=

Validi ty (R-cut ve ) = VALID
J maximum allowed 576.5 kJ/m^2 ( Jm a:<=Ine t + F l ow stress /20)=

D it a a m ax. allowed = 2.02 mm (Delt a a max = 0.1+bo)t
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1000 -- , , ,,

SPECIt1Eli 66WHE
i

;

-
-

|800
/ !^

/ >N

; / y ,

-

|

2 500 / /
-

-

F

l . [ ~

i

' *
/ / .

o / j ,
.

iI 400 / -
-

, 1 / .

i[*,e: :
FAILURE T PC C f' E

t1ER A ASTil Ata/1.5 awd
- '(R curve >200 -

| [ .YSIS APPL 3CRELE ,

! j
. . ,, .i

] .0 .5 1.0 1.5 2.0 2.5
|
.

Crsck Extansion (mm) !
i,a

g

I(i TEST SPECIMEH DATA
Mat e r t al Type = A533-3 HS

= 25 C |Test T e mpe r at ure<

I Percent Side Croove = 20 '4
|'| Specimen Thickness = 25.4 mm

= 30.85 mm Init 4/W = .607j Init c r ac k length ;

= 34.89 mm Final aeW = .696 ;j Final crack length
650.2 MPa |Flow stress =

,

= 205800 MPa (Est imat ed Value) :1 Youngs modulus
| PouER LAW DATA J = C ,(Delta a) ^H !

217 kJ/ma21 Jtc =

= 211.3 MPa N/m
]

Kjc
J (9J/Y=0.9) = 981.6 kJ/m^2

-j Exponent H = .6942
Coefficient C a 479.2 kJ/m^2

) T (average) * 156

] LEAST SOUARE L,IHEAR M Q (ASTM) J=M (Delta 4) +P
176 1 k J/ma2) Jnc =

) Kjc 191.1 MPa N/m=

I Slope it = 33680).2 kJ/m^3
131.9 kJ/m^2| Intercept 5 =

j T (ASTM) = 164
! Validtsy (Jic) = YALID
j Validity (R-curve) VALID=

649.1 k J/m^5: (Jmax=tnet* Flow stress /20)J maximum silowed =

Delta a maws allowed = 2 mm (Delta a max = 0.1660)
j Final Delta a a 1.99 mm

Poisson's Ratto (v) = 8
'I

.- .. - - - - _.. - _ .- - _ . . . - . - .
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400 ' ' i 'g
SPECit1Eli 69H-105

320 - -

|m
N |

I /0
/

E FRILLFE TYPE C
80 - /* ( R c u r vej > 1. 5 nw ) -

,f itEA :. SSTil ANALYSIS AFFt.ICAELE

f*. e

4,l
. A f if i

O.0 .5 1.0 1.5 2.0 2.5

Crack Extenston (rnm)

TEST SPECINEH DATA
Material Type = A533F We1d
Test Te mpe r at ur e = 268 C
Pe rcent Side Groove 20 %=

Spectmen Thickness = 25.4 mm
Init c r ac k l e ngt h 30.78 km Init a/W = .60i=

Finst c r ac k length = 42.56 km Final a/W = .837
Flow stress = 704.5 liPa
Youngs modulus = 190?00 HPa (Est imased Value >
POWEP LAW DA1A J = r (De lt a a) ^N
Jtc 108.3 hJ/m^2=

Kjc = 143.7 MPa N/m
J (93/T=S.8) = 212.1 kJ/ma2
Exponent H = .3873
Coefficient C 191.5 kJ/ma2=

T (average) 31=

LEAST SOUAFE L! HEAP LlHE ( ASTiti J=H (Delta a) + P
Jic = 112.1 k J e ra * 2
Kje = 146.2 MPa vm
Slope M = $0107 L J/ma3
Intercept B 105.7 kJ/>^2=

T (ASTM) = 31
Validity (Jtc) = VALID
Validity (R-curve) = V AllIt

J maximum allowed = 704.5 LJ/m^2 (Jmax=Inet* Flow stces4/20)
De l t a a max. allowed = 2 mm (Delte a max = 0.1*bo)
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i

SPECINEN 6SH 106

!Cl e avage84 --

nstability.

5
w

I
,qq .. .

a

3 ,

\'
*e .

!n / | -

: /,
,

'

& FR! LORE YtPE R
R curve ( D . Itn At esclustLn lineil

--
,

(Insufficient for sn e l y s t s ',

1*e ' s n n n

h. 00 .36 40 .50 .to 1.06 '

t

Ep.eom n Leadion. Dett esten (mmt

l
j tttt Streterw pata

. AS33 3 ptst uttyMat e r n al type
l fast Tenreratwee e le C ,

Percent $tde Greove e 20 4 |
e 25.4 me ;trettaen Thtebeess 3

i Int s t al teW e .6%
Inst t r ac t length a e 30.98 me'

Flow stress e 759.8 MPs t

Yls14 Stress e 723.9 MP g

Youags medw1ws t a 204400 /Ja (E stimate d Yalue) I
I

i Poisson's Batto (w) = 0

J-lhttG86L *HaLYS'2_ [
tp e i l we e Type a tJ at instattlety e Jac)
*

Jos e (0.2 6J/m-2'

a e lit.( MPa see we.3 rl'jeettJtte(1-w 2))*.5
84.1 MPa see ve.3 [K6e (let e (errested) e

A51M (?ta-98 aunLYt1S
Med t e s e e e.s s L tw an s on[ 8 m (3tata.S
Masteve Lead P * 38.9 kN ,

'

j t,i.FF M,N5% f es ent offset P4 e k
:

t. e .2 a s,.

IHvaLIP +2, 3- Valletty * ,

i K at Maelmum Lead a 19?.4 MPa sen j

tata tos s te t t ent t's t e to' J-Intres at * t ata -

Me r k le -(c.r t e n of f e $ f L( nDe e lb (.fftLI 1(FLECT|0H e 1.0937,973?|gg.g4 gn,'
,

spes toen rot at t en Lead Intereert ela' tis stes e e . 00c ',0 2 it i

fitted elset et lead range n 2500 10 2000 Correstten to J fe. c r ac t vetensten
I

i

;

!

.

I ;

i

!
l

!
l

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -
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35 - i- i ii

SPECIf1 Ell 69H-lOS
.N,

'

j M Ieavage -28 -

,' Instabilitym_

/
.- ., n .

8 /
a .-

5 /,a g4 -
,.

, .

T) / s
~iy /

|*a
* FRILURE TYPE R

R curve < 0.15nvn exclus ion l i ne '-7' -

(Insufficient for analysis) .

,

! /
/

b. 00 .12 .e4 .36 .49 .50

Speeimon Leadiine Deflection (rnm)
,

TEST SPECINEll DATA
Mat e r t al Type HSST S/A Ileid <!)=, <

Test Te rape r at ur e = 0 C
Percent Side Groove = 0%
etcimen Thickness B 25.4 rare !=

' ..I t i al 4 / 11 = .5982

Init c r ac k length a e 30.38 ram
Flou stress = 768 HPa
Yield stress 730 HPa=

'

Youngs modulus E 207200 HPa (Est i ra nt e d Value)=

J-litTEGPAL AtlALYS!$
i Fatlure Type A (J at instability = Jic)

Jic = 22.4 kJ/ma2
Kje=(EJic)^.5 68.1 MPa '/rn v=.3=

,

Kic (Beta Corrected) 64.1 11P a N/m v=.3=

ASTrt E399-81 All AL YS I S.,

11odi f i ed Klc Equat i on; E = (BBn)^.5
H4x i nium Loact P = 30 hit i

5% secant 06 (se t Pq = 29.24 k il,

Kic 69.2 MPa N/-=
,

Validity = VALID Kic unsue';

DATA C0FFECTIONS USED FOP J-!!1TEGPAL DATA !

Herkle-Corten sorrection ,

Correc t ion for spec imen rot at ion
Correction to J ror crack extension

.

> i

. - - .. . - . . . - - . - - - - - _ .__-,.. . - - - .. -- _-.
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t >l

.

55. . . . .

r

- SPECIi1Cll 59W-112

\ Cleavage -
'

44 -

Insteb111ty, ,
*g ,

o 33 - / -

$ / !;

| J ?

5 /
E 22 '- -

5 ./
/

v.

e n *

}* / FRILURE TYPE R j
ll- R curve < 0.15mm exclusion line - '

! (Insufficient for annlysis) !

!

! /
4 # I t t I

i G.00 .20 .40 .50 .90 1.00

1 Specimen Lo acil i n o Defleetion (men)
i

TEST SPECIMEtt DATA
i 11 at e r t al Type HSST S/F lleid (1)=

Test Temperature 40 C=

! Percent Side Groove =0'4 t

spec t raen Thickness B = 25.4 mm ;
,

Ini t i al 4/W = .618 '

Init c r ac k length a = 31.41 mm
Flou stress = 744.6 HPa.

Yield stress = 703.2 MPa
;

Youngs rodulus E = 204900 HPa (Es t imat e d Value )
j J-!HTEGPAL AtlALYSIS
; Failure Type A (J at" instability r. Jic) |

Jic = 63.1 kJ/m"2
K.j c = ( E J i c ) ^ . 5 113.7 HP4 N/m v=.3=

Mic (Bet a Correc ted) = 90.5 HPa N/m v=.3
ASTil E399-81 AllALYSIS1

i
11od t f i ed Kic Equat ion; D = (ben)^.5
Haximum Load P = 46 k il

| 54 Secant Offset Pq = 34.41 kN
Kic = 80.3 11Pa N/m
Validity IllV AL I D-- 1, 2, 3=

DATA CORPCC'jolls USED FOP J-IllTECP,AL DAT A
llerkle-Corten correction
Correc t ion for spec irnen rot at ion

,

Correction to J for crack extension
'

|
l

|
.. - -. . - - _ . - - - _ - - - _ . - . - - - _ - . . - _ - _ - -
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400 . . i i

SPECIf1 Ell 69H-118

320 - ! -

/?
E

240 -
'

,

m #
,

t

f -I 160 - 4
'

t / ,

T e s:
I FAILUR TYPE C/

80 - /**; (Rcurve/> 1 . 5 avrd
-

f
'

NEA L ASTM AtlALYSIS AFF1.3 CABLE
4
(*

|
-

' ' " '

On
O.0 .5 1.0 1.5 2.0 2.5

Cr ack Extensi on ( rren)

; TEST SPECIMEH DATA
A533B WeldMatertal Type =

288 CTest Temperature =

20 %Percent Side Groove =

25.4 mmSpecimen Thickness =

28.23 mm Init a/H = .555Init crack length =

41.81 mm Final a/W = .823Final crack length# =

704.5 HPaFlow stress =

190800 HPa (Estimated Yalue)Youngs roodulus =

POWER LAH DATA J = C (Delta a) ^H
110.5 kJ/m^2Jte =

145.2 MP4 N/mKjc =

199.9 kJ/m^2J (9J/T=8.8) = '

.3597Exponent H =
' 187.3 kJ/m^2tfrictent C =

29average) =

P t00ARE L1 HEAR LlHE ( ASTil) J=M (Delta a) + B

] 106.6 kJ/ma2=

= 142.6 NPa N/m,

Slope M = 86534.9 kJ/m^3
100.1 kJ/ma2: Intercept B =

,

T (ASTH) 33 '=
,

Validity (Jic) = VALID
INVALID--3 (1.66 vs .33)Validity (R-curve) =

715.2 kJ/m 2 (Juax=Bnet* Flow stress /20)J maximum allowed a=

Delta a max. allowed = 2.26 mm (Delt a a max = 0.1*bo)
,

,

. - - . . . - _ _ , , , , .,.~.3., .~.,r . , _ _ ~ . . - . _ , . - , _ . - . - , , . , , - . . . - _ . , _ _ , . .,__.,,.% ._, , ,.m ,__ r._ . - , , . - - ,_m,
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60 i i i i

SPECIt1Cil 69H-120

M leavage -48 -

! Instabil1ty
Z
b|

m 36 - < -

M
O

_J

C
e
E 24 '

-
-

,

!
ct
* FRILURE TYPE n

12 - R curve < 0.15mm exclusion line -'

(Insufficient for analysis)

/

b.
/ i . . . ,

00 .25 .50 .75 1.00 1.25 |

Sp e c i men Lo acil i n e Deflection (mn)

TEST SPECIMEH DATA
HSST S/A WeldHaterial Type =

50 CTest Temperature =

0%Percent Side Groove =
,

25.4 mm
{

Specimen Thickness B =
'.6Initial a/W =

30.48 mm.' n i t crack length a =
4

739.4 HPa] Flou stress =

703.3 HPaYield stress =

204300 HPa (Estimated Value)Youngs modulus E =
4

J-!HTEGRAL RHALYSIS*

! Failure Type A (J at instability = Jic)
86.5 kJ/ma2Jie =

= 133 HPa s/m v=.3Kjs=(EJic)^.5
98.3 HPa N/m v=.3Kic (Beta Corrected)' =

ASTH E399-81 AhALYSIS
! Hodified Kic Equation; B = (BBn)^.5 ,

; Haximum Load P = 48.5 kN |
5% Secani Offset Pq = 34.67 kN I

Kic = 82.7 HPa s/m
IHVALID--1, 2, 3

4 Validity =

i DATA CORRECTIONS U*ED FOR J-!HTEGRAL DATA
I Herkle-Corten OFFSET LOAD = 0 lb 0FFS67 DEFLECTION = 2.38168298016E-05 in. I

Spec imen . otat ion Load intercept clastic slope =-2.85714285714E-07 lb
Fitted elastic load range =0400 TO 500 Correction to J for crack extension

U
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500 . . . i

SPECD1 Ell 69H-122

1

!400 --

l^

I *

N
y 300 f */ *

--

\ l t
"

/m'

| /1 f -200 -

/
*/.,

-

i /'

E # FAILUR TYPE C,

-[f (Rcurve/> 1. 5 ew) -100
*: i1EA a RSTil Af4RLYSIS AF'Ft.1CABLC'

1,
' ' '' '

O
O.0 .5 1.0 1.5 2.0 2.5

j

Crack Extension (mm)

TEST SPECINEtl DATA
HSST S/A HeldI Haterial Type =

I Test Temperature = 204 C
Percent Side Groove 20 %=

Specimen Thickness 25.4 mm=

Init c r ac k length 30.23 mm Init a/W = .595=

= 41.91 mm Final aeH = .825Final crack length
f Flow stress 697.8 HPa=

} Youngs modulus 195500 HPa (Est imat ed Value)=
' Pol 1ER LAW DATA J = C (Delta a) ^ 14

Jtc = 121.5 kJ/m^2
154.1 HPa vmKjc =

282.4 LJ/ma2J (0J/T=0.9) =

.4723Exponent H =

238.7 kJ/m^2Coefficient C =

T (nverage) 48=

LEAST SOUAFE LillEAR L!llE ( ASTM) J = 11 (Delta a) +B
Jtc 123.7 kJ/ma2=

155.5 HPa vmKjc =

Slope H = 121962.9 kJ/m^3
Intercept B 2.9 kJ/m^2=

T (ASTN) 49=

Validity (Jic) VALID=

Validity (R-curve) = VALID
= 708.5 kJ/ma? (Janx=tnet* Flow stress /20)J maximum allo 9ed

Delt a a max- a) lowed = 2.06 mm (Delta a max = 0.1*bo)
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400 . , , ,

SPECD1EN 6SH-137

!320 --

I *

/
-

7 *

|2 t s
240 t --

,

/*n,

t *

0 150 f'!
-- , ,

t I
T *o j i

FAILUR TYPE C.E

80 -
) 4

(R curve > 1. 5 nwd -

*

f
liEA L ASiti At ALYSIS APPLICABLE

I
I

.0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm)
;

TEST SPECIMEH DATA
Material Type = A533-B HSST WELD,

Test Temperature = 50 C
0 *.Percent Side Groove /= .

'

Specimen Thickness = 25.4 mm
30.24 mm Init a/W = .595Init crack length -

34.14 mm Final a/W = .6,'2Final crack length =

739.5 MPariou stress =

Youngs modulus = 204400 tiPa (Est imated Value)
POWER LAW DATA J = C (Delta a) ^H

69.2 kJ/m^2Jic =

119 MPa N/m |Kjc =

J (9J/T=S.8) = 496.1 kJ/m^2 |

.4272 |Exponent H =

137.9 kJ/m^2 iCoefficient C =

T (average) = 25
LEAST SOUAPE LINEAR L!HE (ASTM) J=M (Delta a) +B

.2 kJ/m^2Jic =

Kjc = 6.8 MP4 N/m
124470.1 kJ/m 3Slope M = a

.2 kJ/m 2Intercept B a=

T (ASTM) 47 1

IHVALID--b, c (1.11 vs .58) 'Validity (Jic) =

INVALID--1,2, 3 (1.11 vs .3)Yalidity (R-curve) =

759.7 kJ/m 2 (Jmax=Bnet* Flow stress /20)J reaximum allowed a=

Delt a a max. allowed = 2.06 mm (Del t a a max = 0.1*bo)
5.02 mmFinal Delta a =

Poisson's Ratio (v) =0

|
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S00 . . . i

SPECD1EN 69H-146

AOO ~

|

/-
/N

[}300 - f / -

|w

M |
e /

f -I 200 - -

t
,
O I

FAILUR TYPE Cg/E
100 - (Rcurve/> 1. 5 med -

itEA & ASTil At4RLYSIS APPLICABLE

I
, /

3' 0 .5 1.0 1.5 2.0 2.5.

Crack Extension (uen)'

TEST SPEC!MEH DATA
Haterial Type = HSST S/A fleid <!)
Test Temperature = 121 C

Percent Side Groove = 20 '4
25.4 mmSpecimen Thickness = .

J0.37 mra Init a/ kl = .597Init crack length =

39.61 mm Final a/ll = .779Final c r ac k length =

711.6 11PaFlow stress =

200300 11Pa (Es t itaat ed Va r ue )Youngs modulus =

PollEP L AW DATA J = C (De It a a) ^ 11
173.4 kJ/m^2Jtc =<

186.4 HPa N/mKjc =

346. 4 k J.'ma2J (GJ/T=S.8) =

Exponent H = .4051
292.8 kJ/ra^2Coefficient C =

= 49T (average)
,

LEAST SOUARE LINEAR LlHE ( ASTil) J=ft (Delt a a) + _B
169. 3 k Jere^2Jte =

184.1 tiPa N.'mKje =

Slope tl = 129546.8 kJ/m^3
153.9 kJ/ma2Intercept B =

T ( ASTil) 51=

. Validity (Jic) = VALID
i Validity (R-curve) = VALID

J maximum allowed = 722.5 kJ/m^2 (Jmax=Enet* Flow stress /20)
Del',a a max. allowed = 2.04 mm (De l t a a max = 0.1*bo)

!

._ _ _, _ . . - . _ . . . - , _ , . _ _ . _ , _. . _ . . _ - , _ -.. - - . . _ , . _.
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500 i i i .

SPECD1 Ell GSW140

!400 --

) 300 - # g ed
-

1i

[ /
I- ,.

I 200 -

/e
/

-

'
;
o A

FAILUR TYPE CE
100 -

'/
(Rcurv+/> 1.5 rad -

lier k RSTil At4RLYSIS AF PLICAE!.E ;

1 |
I, . . .. .

0 .5 1.0 1.5 2.0 2.5

Crack Extension ( rren)

TEST SPECIMEH DATA
~

Mat eri al Type = HSST S/A HELD
Test Temperature = 204 C

Percent Side Groove 20 %=

25.4 miaSpecirnen Thickness =

31.05 mra Init a/W = .611init c rac k length =

41.86 mm Final a/H = .824Final c rac k length =

Flou stress = 697.8 t1Pa
195500 HPa (Es t iraat ed Yalue)Youngs aiodulus =

MHER LAW DATA J = C (Delta a) ^H
Jic = 142.6 kJ/ha2

167 HPa vmKjc =

J (0J/T=8.8) = 290.5 kJ/m^2
Exponent H = .4073
Coefficient C = 249 kJ/m^2
T (average) = 43
LEAST SOUARE LlHEAR LIHE ( A S T .1 ) J=H (Delta a) +t
Jic = 152.7 kJ/m^2

172.0 HPa vmKjc =

101685.8 LJ/rea3Slope H =

141.6 kJ/m^2I nt erc e pt B =

T (ASTM) = 41
Validity (Jic) = VALID

IHVALID--3 (.43 vs .29)Validity (R-curve) =

J u a x i esu hi allowed = 688.6 kJ/re^2 (Jmax=Enet*Flou stress /20)
Delta a max. alloweo = 1.98 mm (Del t a a max = 0.1*bo)
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500 i i i i

SPECIf1 Ell 69H-15?

I A'
/ -400 -

n,

N
< /
E |N
j 300 - f -

-

|w

>$ '

115 /
.I 200 - f

.

I-

h ,/'?
o r

FAILUR TYPE CE / )

|(R curve > 1.5 rad100' --

/ ItEA A ASTil FW YSIS'AFFL1CAELE.

* /
'

j

. r i t il 1

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension ( nvn)-

,

TEST SPEC 1MEH DATA
HSST $/A Held (I)Hat e r t 41 Type =

121 Ci Test Temperature =

Percent Side Groove 20 %=

Specimen Thickness 25.4 mm=

Init crack length 30.16 mm Init a/H .593= =

Final c rac k length 40.5 mm F i n al a/H = .797=
,

Flow stress 711.6 NPa=

Youngs modulus 200300 MPa (Estimat ed Value) ;=
'

POWER LAH DATA J = C (Delta a) ^ l{
Jtc 150.3 kJ/m^2=

Kje 173.5 HPa N/m=

J (91/T=0.8) 349.6 kJ/m^2=

Cxponent it = .4634
Coefficient C 281.6 kJ/m^2=

T (average) = 54 !

LEAST SOUAFE L! HEAR I.IHE (ASTM) J=M (Delta a) +B
Jtc = 149.3 kJ/ma2,

; Kje 172.9 NPa N/m=
1

4 Slopt 11 = 139007.6 kJ/m^3
Intercept B 134.7 kJ/m^*=

T ( ASTit) = 55 |
VALID iYalidity (Jic) =

,

! Validity (R-curve) IHVALID--!=
'

J maximum allowed = 722.5 kJ/m^2 (Jmax=Enet+ Flow stress /20)
. D,e l t a a max. allowed = 2.06 mm (Delta A max = 0.1*bo) !
I

\
I

.

. _ _ ~ , . . . . _ - . . ,----m., .-.-,y.,, , . . - . . , - , . _ _ . , . , , _ , _ , . - _ . . , m,. , . . _.. ,. -
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35 , , , ,

SPECIi1 Ell 69H-159

y leavage28 --

,' Instabilitym

/
'

o 21 - ' -

$ [ '
,

I
a .- ;

5 ,

E [4 *-
,

i 5 / |
-c.

*
j/ FRILURE TYPE R.,

R curve < El .15rren e x c l u s i o n 11 n e7 --

(InsuHicient for analysis)

, , , ,

.00 .12 .24 .36 .48 .60 |

|

Specimen Loadline Deflection (mn) ;

|
,

TEST SPEC 1 Hell DATA |
Nateri st Type = HSST S/A Weld |

Test Tempe r at ure = -35 C

Percent Side Groove =0%
Specimen Thickness B = 25,4 mm
Initial a/W = .589
Init crack length a = 29.9 mm
Flow stress = 803.8 MPa
Yield stress = 773.5 HPa

'

Youngs modulus E = 209100 HPa (Estimat ed Value)
J J-IllTEGRAL AllALYSIS

Failure Type A (J at instability = Jic),

Jte = 21.3 kJ/ma2
Kje=(EJic)^.5 = 66.F HPa N/m v=.3
Kic (Beta Corrected) = 63.6 HPa N/m vs.3

J (..TM E399-81 AllALYSIS
j Hodif1ed Ktc Equatton; B = (Btn)^.5
; l'aximum Load P = 28.66 kit
'

5% Secant Offset Pq = 28.66 k il
Ric = 65.4 HPa N/m'

Validity = VALID Kic value2

DAT A CORRECT!0lls USED FOR J-IllTEGRAL DAT A
Herkle-Corten OFFSET LORD = 0 lb 0FFSET DEFLECT 10H = 1.087287407SfE-05 in.
Specimen rotation Load intercept elastic slope = 1.8181818101SE-07 lb
Fitted elastic ioad range =340010 500 Correction to J for crack extension

.

T
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e3 . . . .

SPECIllCll 69H-166

64 - Cleavage -

Instability.,

Z
d
v 48 -

* /
.3

|
*

.

: /
E 32 -

|0

E *
'* FRILUFE T)PE R

16 - R curve C 0.15nen e xc lu s t on line -
(Insuffielent for analysis)

l/ . . . .

.00 .30 .50 .90 1.20 1.50

Epocin.en Londline Derlection (mn)

Ttst SPECINtw DATA
Natertal Type = A533-3 HS$f WCLD
Test T e mpe r at ur e = to C
Percent $6de Groeve = 0 '4

= 25.4 meSpecimen Thickness 3
Initial arW = .594

30.19 mmInit track length a =

Flow stress = 739.5 NPa
Yield stress = 723.9 NPa
Youngs mod.alus E = ?,06600 HPa (Es t imated Value)
Potsson's Ratto (v) = 0
J-l'etEC5AL ANALYS$$
Fatture Type A (J 44 inst ability = Jic)
Jtc 62. 3 k J/m-2=

113.5 HPa v a v=.3Kj c =(EJ t c /(1-v^2))^.5 =

9 8.3 NPa sem v=.3Ktc (let a Correct e d) =

At?M E3a?-Al ANA(YS$$
Nost(ted Att Equ at ion; & = ($$n)^.5
Natt mwn Load P = 45.6 kN
5's Se c ant Offset Pq = 25.35 k li
Kic = $9.1 NPa N/m
Validity lilV AL ! D--3=

K at Nautmum Lead 106.3 NPa s/n=

LATA CCs8tCT10Hf U?tp F0P J-!NitCFAL tATA
He r k l e -Lc r t e n OF F $ t t Lop,Lo 0 le Offsti LEFLECTIOli = 5.30899:lll ME-Oi In.
Specimen rot ation Load intercept elastic slope = 2.02?2?2?2'2;E-0( I t.
Fi t t e d e l as t ic load range = 2500 TO 2000 Correcston to J (c>r c r a:t sitenston
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500 , , , , .

SPECIt1Ef1 70H-104

400 /
--

!
\ m |< |

2 fN [
] 300 - / -

./ /
~

,

o
.0 200 - -

4-

Y |
FAILURE | TYPE C

o I

/E
100 - (R curve > 1.5 rind -

f tiEA L ASTr1 Af4HL'f SIS APPLICABLE

/-

/
b0 .5 1.0 1.5 2.0 2.5

Crack Extension (rren) )
|

|

TEST SPECINEll DATA |
Mat eri al Type = HSST S/A Weld (1) |

= 121 C !Test Temperature
Percent Side Groove = 2 0 */.

= 25.4 mmSpecimen Thickness
.541- = 27.51 mm Init a/Winit c rac k length =

= 37.57 mm Final a/W = .739Final crack length
549.8 HPaFlow stress =

200300 HPa (Estimated Value)Youngs modulus =

POWER LPW DATA J = C (Delta a) ^ 11
Jic = 193 kJ/ma2

= 196.6 MPa N/mKjc
J (0J/T=8.8) = 537.9 kJ/m^2,

Exponent H = .4639
Coefficient C = 323.7 kJ/m 2a

= 98T (average)
LE AST SOUARE L1HE AR LillE (ASTM) J = tt (Delta a) + B

187.9 kJ/m^2Jte =

= 194 HPa N/mKjc
151318.7 kJ/m^3Slope M =

|
Intercept B = 162 kJ/m^2

= 100T (ASTM)
Validity (Jic) = YAL1D

Il4YALID--3 (.37 vs .34)Yalidity (R-curve) =

558.2 kJ/m 2 (Jmax=Bnet* Flow stress /20)J maximum allowed a=

Delt a a max, allowed = 2.33 mm (De l t a a max = 0.1 +bo)d

. - _ - - .. - - - - - - - - -- - . - - _ --. -- - . . - - - - -.
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25 -
,, , .

.

SPECIl1Cll 70W-111

20 ;% Q 1eavage --

f, Instability,

2 ,'

6 /
, ss .. --

a ./a
.

?. /
j 10 - < -

.,

8 /
o. ,

M FRILURE TYPE R
'

fs R curve < D.15nvn exc lus t an line --
,

'

(Insufficient for analysis)

/ . , , , f

.00 .06 .12 .19 .24 .30

Sp o o i rnen Londline Deflection (rnm)
f

TEST SPECIMEf4 DATA
Mat e r t al Type = HSST S/A Ileid (I)
Test Temperature = -125 C
Percent Side Groove 0%=

Specimen Tb'ckness B = 25.4 mm
Initial a,~. = .544.

|Init crack lengt h a = 27.61 mm
Flow stress = 748.8 HPa (Estimated Value) ;
Yield st ress = 682.5 t1Pa (Estimated Value)

i Youngt modulus E 215000 MPs (Est imated Value) ;
=

J-IllTEGPAL At4ALYSIS
Failure Type A (J at instability = Jic)

,

Jic 7 kJ/ss2= '

Kje=(EJic)^.5 = 38.7 HPa N/m v=.3
Kic (Beta Corrected) = 38.3 HPa s/m va. 3 i

; QTil E399-81 AHALYSIS -

Hodtfled Kl.: Equatlon; B = (BBn)^.5 ;

Haximum Load P = 20.12 k li '

5% Sec ant Offset Pq = 20.11 kN '

Kic = 39 HP4 U ta
Validity = VALID Kic value

! DATA COFFECT! Oils USED FOR J-!HTEGPAL DATA
flerk l e-C ort e n c orre c t ion
Corre c t ion for spe c linen rot at ion
Correction to J for crack extension

,

!
'

i
,,,, . - - . . - - - - - - .- - . , , . - , - - - - , . . , - - . - . . . - - ,- , ,-.-- - - - - , . - - . - - - - . - . - - - --
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75 . . . .

' SPECIt1 Ell POW-112

, Q 1eavage -60 -

Instab111tym ,

/
'

e 45 - - -

o
.J .

5 /
j 30 - -

o
U <

'

o.
# FRILURE TYPE R

/ R curve < 0.15mm exclustan line -IS -

j/ (Insuffleient for analysis)

/
/

h.00 .20 .40 .60 .B0 1.00

1 Epecimen Loadline Deflection (mn)

TEST SPECIMElf DATA
HSST S/A HeldMaterial Type =

Test Te mpe r at ure -25 C= '

'Percent Side Groove 0'4=

Specimen Thickness B = 25.4 mm
Initial 4/W = .548
Init crack length a = 27.86 mm
Flou stress = 630 HPa i

Yield stress = 570 MPa |
208600 HPa (Estimated Value) |Youngs modulus E. =

J-!HTEGRAL AHALYSIS
F ai l ure Type A (J at inst ability = Jic)
Jic 82.6 kJ/m^2=

131.3 MPa N/m v=.3Kj c = (EJ i c )^. 5 =

Kic (!:s t h Corrected) = 87.9 tiPa s/m v=.3
ASTH E399-81 AHALYS!$
Nodtfied Ktc Equatton; B = fBBn)^.5
Haximum Load P = 58.75 kN
5'4 Secant Offset Pq = 34.97 kN
Kic = 69 MPa N/m

' IHVALID--1, 2, 3Validity =

DATA CORRECT!0Hd USED FOR J-INTEGRAL DATA
Merkle-Corten correction
Correction for specimen rotation

,

Correction to J for crack extension
'

,

4

-._sm - ,
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SPECIt1 Ell 70H-113

60 - Cleavage -

M s. tab 111ty
, ,

'Z
5 /

.

o 43 * --

$ !
J /

c
e >

E 30 -
-

*o.
-e

*c. ~*
/ FRILURE TYPE R

13 - R curve < 0.15mm exclusion line -
(Insufficient for analysis)-

,/ *

! , , . .

h. 00 .20 .40 .B0 .80 1.DO

Speeimen Lo scil i n o Defleetion (mm)

TEST SPEC 1 Heli DATA
HSST S/A WeldMatert al Type =

= -25 CTest Temperature
0%Percent Side Groove =

Spe c irme n Thickne ss B 25.4 mm=

Initial a/W = .544
27.65 mm*i n i t c r ac k length a =

Flou stress = 630 HPa ,

= 570 HPa
~

Yield stress
Youngs modulus E = 20860J MPa (Estimated Value>
J-IllTEGRAL AllALYSIS
F at 1*+4 Type A (J a t" instability = Jic) ,

65.5 kJ/m^2Jic = e

117 HPa N/m v=.3 :Kjc=(EJic)^.5 =

S3.1 MPa s/m v=.3 iKic (Peta Corrected) =

ASTM E399-81 FilALYSIS !

Nodt fied Kic Equat ion; B = (BBn)^.5
Haxistum Load P = 54.59 kN
5*4 Secant Offset Pq = 36.45 kN
Kic e 71 NP4 s/m

IHVALID--1, 2, 3Validity =

DATA CORRECTIONS USED FOR J-!HTEGRAL DATA i

Merk le-Corten corre c t 1on
Correction for specimen rotation
Correction to J for crack extension

!
,

i

, _ , - - - - - - - - - ,~,-,-------,,.,---.-.,,.,--_-..__-,.,,.,--~.,.--,m,.,-,,,, - - - , . - . , . r ,, -.
_
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600 '

i ii .

SPECU1Ef1 70W-115

!480 '-

m | ~

t / *
%

}360
- / -

I
I-

f 240 f --

1 /
/: -

E FRILURE TYPE C
(R curve 1.5 avn)120 --

HER 8. RSTF1 Af4MLYSIS FFFt.3 CABLE

* /
*

O .5 1.0 1 5 2.0 2.5

Cr ack Extens i on (mm)

TEST SPECIMEtt DATA
Mater 3 Type = A533-B HSST WELD
Test Temperature = 30 C
Percent Side Groove = 20 './

Specimen Thickness = 25.4 mm
init crack length = 28.22 mm Init a/W = .555
Final crack length = 39.79 mm Final avH = .783
Flow stress = 599.8 HPa
Youngs modulus = 205500 MPs (Estimated Value)
POWER LAN DATA J = C (Delta a) ^ 14
Jtc = 166.6 kJ/m^2

= 185 HPa N/mKjc
J (9J/T=8.8) = 442.5 kJ/m^2
Exponent H = .4144
Coetricient C = 277.7 kJ/m^2
T (average) = 68
LEAST SOURPE LINEAR LillE (ASTM) J=M (Delta a) +B

163 kJ/ma2Jic =

183 HPa N/mKjc =

123868.6 kJ/m^3Slope H =

146.2 kJ/m 2Intercept B a=

T (ASTH) = 71
Validity (Jic) = VALID

INVAllD--2Validity (R-curve) =

J maximum allowed = 609 kJ/m^2 (Jmax=Bnet* Flow st.ess/20)
Delta a max. allowed = 2.26 mm (De l t a a max = 0.1'bo)

11.34 mmFinal Delta a =

Poisson's Ratio 'v) =0

_____ __________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._
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SPEClitCf 3 70H-119

60 - Cleavage -

* /| M ttabt1 ty
,

:
e /

.-, 43 .

j
.

3 / |
a

t. / | -$ 30 -

*u
w f*a
* FRILUFC fYFE R

13 - -- R cur v e' < 0.15nsa eAclutson 11ne
(Insufficient for analysis)

.-
/

.00 .20 .40 .50 . E: 0 1.00

fpec traen Lo ndl1 no De f lec t i on (mnt

it$f tst(Intu TATA
Ha' e r f al Type a Hit? $< A IJELD
fest f e hpe r at ure . -15 C
Percent 514e Groove a 0 's
Specthen ih. :k ne s s 3 e 25.4 mm
int e e al s'W e .54)
Intf Cr ack l e ngt h & a 27.9 ==
Flow stress a g21 NF a

Yteld stress e til MPa
Youngs modulus t- e 204000 MPa (Es t imat ed Value )
J-fuftGsAL ANALyt.lt

'

F ailur e typt A (J at inst abilit y e Joc)
Jtc e 65.9 6Je=*2
VjcettJtci'.5 e 117.1 NP a s/= ve.3
ric <!e t a Correst ed) 82.5 HP a um vs.3.

AitM t?**-?1 AHAlv$lt
Modie sti 6.sc Eqan' ion; 3e trin>=,5
M a-t mum Lo ad P e 54.42 6 fl
s'. Se c ant O((set F1 e 35.28 6H
6de a (9.9 MP a %/m
va16 Jt t y IHVALID l . 2 3
DATA C0s s t(i t ent t.ftt b Fos 7 luttcsAL f> A T A
He r n i e -C ve ' re. OFF it i LOH1's o i t, 0FFbEt LEFLECTlott a 2.557833)?55)t-05 6n.
Spe i t ne r, r ot at ion LosJ lntercept el astic s1cre * 5.490t?(0?telt-07 i t-
F6tted ei nst 6c le ad r ange. 4000 TO 400 Corr <ctiari to J ('or cr ui < <* e ns i o n

|
|

r

_ _ . - _ _ . . _
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40 i e i '

SPECIf1Ef4 70H-125

32 Cleavage- -

Instabil1ty,, ,

z -

6 /
.-, an . .

/
a .- |

: /
.

E 15 - ,-
|

-

o i
ti

g .'
FPILURE TYPE-R |

8 R curve < 0.15rre exclus ian line '- -

(Insufficient f'or analysis)
,

|

/ |
' ' ' '0

O.00 .10 .20 .30 .40 .50

Specimen Londline Deflectian (mn)

TEST SPEC!HEH DATA
HSST S/A HeldMaterial Type =

Test Tempe rat ure = -95 C

Percent Side Groove 0%=

Specimen Thickness B 25.4 mm=

Ini t i al a/W = .54
Init crack length a = 27.41 mm
Flow stress 708 MPa=

Yield stress a 644 MPa
Youngs modulus E 212600 MPa (Estimated Yalue)=

J-!NTECPAL AHALYS!$
Failure Type A (J at instability = Jic)
Jic 16.7 kJ/ma2 .=

59.6 MPa N/m v=.3 |Kjc=(EJic)^.5 =

56.2 MPa N/m v=.3 |Kic (Beta Corrected) =

ASTH E399-81 ANALYSIS
Hedified Kic Equat ion: B = (BBn)^.5
Maximum Load P 30.8 kN=

5% Secant Of+ set Pq 30.82 kN=

Kic 59 MPa N/m=

!HVALID--1, 2 |Validity =

DATA CORRECT 10HS USED FOR J-INTEGRAL DATA <

tie rk ie-Cort en OFFSE T LOAD = 0 lb 0,FFSET DEFLECT!014 = 1.19871079605E-04 'n. l

Specimen rotation Load intercept elastic slope =-7.5609756097tE-08 lb
Fitted elastic load range =3400 TO 500 Correction to J for crack extension

I

i
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SPECIt1 Ell 70H-120

60 - Cleavage -

X M stabt11ty/
, ,

Z *

6 /
.

m 45 - ' -

n
O

_J

c
<>

E 30 -

|
-

-
,

o 1

Lt I
n
*

15 - [/ FRILURE TYPE R
R curve < 0,1"snvn e x c l u s i o n line -

(Insufficient for analysis)

-
/

0' ' ' ' '

O.00 .20 .40 .50 .00 1.00

Sp e c t w,n L o aci l i n e Deflection (mn)

TEST SPECIMEll DATA
t1at e r i al Type HSST S/A Weid=

Test Te rape r at ure -25 C=

Percent Side Groove 0 */.=

Spe c t rue n Thi c kne s t B 25.4 meie=

Initial a/W = .542 ,

Init cr ac k length a =
'27.51 mm

Flou stress = 630 11P a
Yield striss = 570 11P a
Youngs modulus E 200600 MPa (Est imat ed Value)=

J - I llT E G F AL All A L Y S ! $
Failure Type H (J at i n s t isb t i t t y = J i c ) ,

71 LJ/m^2 lJic =

Kjc=(EJtc)^.5 121. 7 11Pa vm v=.3=

Kic (Dett Corrected) 84. 8 11Pa vw v=.3=

ASTM E399-81 AllALYSIS
llodt f1 e d I;t c Equ at t on; E = (itn)^.5

,

linximum Load P = 56.92 L il j
5% Secant Offset Pq = 34.21 L il i

66 11Pa Vw jKtc =

Val i di t y l ilV A L I D -- 1, 2, 3 i=

DATA C O P E E f. T 10tli USE9 FOR J - I llT E C F AL DATA, |
tierkle-Corten correction l
Correctton for spec iben rot ation
Correct ion t o J (or c r ac k extension

l
l
1

j

l
1

l
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,

20 i , i i

l
y

SPECIMEtt 70H-129

'

16 - Cleavage -

Instablitty, , ,

, ,

S /
\ , s2

'

- . -

g / i
a e .

f. / :

..e. a - ,.- -

'
O /
g .- ;

FRILURE TYPE R ;

4 - R curve < 0.15nyn exc lus ion line -

(Insufficient for analysis)
,

I E f I

h..00 .06 .12 .19 .24 .30

Sp e c i rnen Lo acil i n o Deflection (inn )

TEST SPEC 1HEtt DATA
= HSST S/A lleld (1)Material Type
= -125 CTest Te mperat ure

Percent Side Groove = 0 *./
25.4 mmSpecimen Thickness B =

.55Ini t i al a/W =

Init c rac k length a = 27.94 mm
Flow stress = 749.8 HPa (Est imated Value)
Yield stress = 682.5 HPm (Es t imat e d Value)
Youngs modulus E = 214400 HPa (Es t imat ed Yalue)
J-IleTEGF AL AllALYSIS
ratture Type A (J at inst ability = Jic )

6.3 kJ/m^2Jic =

Kje=(EJic)^.5 = 36.8 HPa s/m v=.3
= 36.4 HPa s/m v=.3Kic. (Be t a Corre c t ed)

ASTH E399-t%1 AllRLYSIS
.'1odtfied Kic Equetion; B = (BPn)^.5
Haximum Load P = 18.82 kN

18.82 kN5?; Secant Offset Pq =

37.3 HPa N/m iKic =

Validity = VALID Kic value I

DATA COFRECT10 tis USED FOP J-IllT E GR AL DATA _ |
Herkle-Corten correctton

'

Correct ion for speciben rotat ion |

Correct ton to J for crack ext ension |

|
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SPECIt1Eli 70W-130

*
I -

.*
240 *-

N kV
<

'

E

180 -

* * <

-

.g ;
* ys 5

; n /r

f120 - * -

i <+. ;

4 Ii -

v
o |

I FAILUR TYPE C '

~
LC (R curve > 1. 5 rd -50

f liEA L ASTti At ALYSIS APPLICABLE, 's
I

e j i <+ ,

#: 0-- ' ' " '

O.0 .5 1.0 1.5 2.0 2.5

Creek Extension (mm)
.

!

I

TEST SPECIMEll DATA -

;i

; Nater1al Type A533B Held=

Test Temperature = 288 C
i Percent Side Groove = 20 %
| Specimen Thickness 25.4 mm ;=

Init crack length = 28.7 mm Init a/W = .566
i Final crack length 39.79 mm Final'a/H = .783=

Flow stress = 542.6 MPa |
1 Youngs modulus 190800 HPa (Estimated Value) [

=

POWER LAN DATA J = C (Delta a) ^H
Jtc 106.7 kJ/ma2=

Kjc = 142.7 HPa N/m ;u

| J (9J/T=8.8) = 287.0 kJ/m^2 |

| Exponent it = .3696 !
! Coefficient C a 177.9 kJ/m^2 )
| T (average) = 46 ,

1 LEAST SOUARE LIllEAR LillE (A$TM) J=M (Delti a) +B |

Jtc = 102.6 kJ/ma2 {
{ Kjc = 139.9 NPa N/m i

j 91 ope H = 74780.9 kJ/m^3 |

| Intercept B = 95.6 kJ/ma2 |'

T (ASTN) = 48 i
Validity (Jic) = VAL.D
Validity (R-curve) IllVALI D--3 ( . 37 vs .33)

|
=

J maximum allowed 5"so.9 kJ/ma2 (JuaxatneteFlow stress /20)=

IDelt a a max. allowed = 2.21 mm (Delta a max = 0.1*bo)

:
L

4

1_ _ . ... .. --- . _ _ _ _ _ , , _ _ - _ . - _ . _ - - _ - - , , , _ _ . - _ _ - . . - _ , - , , . - .
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500 , , , ,

SPECIf1Cll 70W-131

400 - ! -

l-^

| t /
-[!300 --

,, j,

|-

| ~

!5" ^

l/
" FAIL'JRE TYPE C,

/[ (R curve f> 1.5 nad1 100 -

1 tirA & RSTil AfM.YSIS APPLICABLE

/l . . .. .

b._0 .5 1.0 1.5 2.0 2.5
,

Crack Exteoston (mm)

TEST SPEClHEH DATR'

Mat e r t a.1 Type = HSST S/A Weld <!)
Test Te mpe r at ure = 204 C

2 0 */.Percent Side Groove =
,

= 25.4 mmSpecimen Thickness
28.28 mm Init a/W = .556

.i
Init c r ac k length =

39.8 mm Final a/W = .783Final c r ac k length =

535.3 MPaFlow stress =

195500 MPa (Estimat ed Value)Yourgs modulus =
y

i POWER t.AW DATA J = C (Delt a 4) ^H |
135.4 kJ/m^2 !Jtc =

.

162.7 HPa vmKjc =

412 kJ/m^2J (9J/T=8.8) =

.457Exponent H =
,

j Coefficient C = 242.7 kJ/m^2

| T (average) = 78
' LEAST 50VARE L1 HEAR LINE (ASTM) J=M (Delta a) +3
i Jtc = 123.9 kJ/ma2

155.6 HPa v m; Kjc =

124574.7 kJ/m^3Slope H =

109.5.kJ/m^2Intercept B =

7 (ASTN) = 85
YALIDValidity (Jic) =

IHVALID--1, 3 (.58 vs .33) ,: Validity (R-curve) =
I

543.5 kJ/m 2 (Jmax=BneteFlow stress /20)| J maximum allowed a=

De It a a max. allowed = 2.25 mm (Del t a a max = 0.1*bo)'

,

. _ _ _ _ - _ _ _ ,
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1000 i i e i

SPECIIIEll 7004-132

l 800 -

I
' #

a , /
< |
2 / iN -

5 600 - -

.e
w

b M j ,

i *0 ( u
j

<
''

S 400
'

/ f-

i4 +
i, -

t

/. |'

C FAILUPC TYPE C
i 200 4 (R curve > 1. 5 red- -

'
I1EA h ASTit .'Jv6L'f SIS AF PLICABLE (

/ :
~

o; f. . . . . .

0.0 1.0 2.0 3.0 4.0 5.0.

i

! Crack Extension ( rem) f

I i

TEST SPECIHEH DATA [
Hat e ri al Type = HSST $/A Held <!) I

j Test Temperature = 121 0
Percent Side Croove 20 %=4 '

''

Specimen Thickness = 25.4 enra |
| Init c r ac k l e ng t, h 27.72 mea Init a/W = .545 !=

{ Finni c r ac k length 36. 28 mea Final aH= .714 |
=

i Flow stress 549.8 11Pa=

j Youngs me.dul us- !200300 MPa (Es t ireat ed value )=

PollEP L All DAT A J = C (Delta m) ^H
j J (@J/T=&.8) 633.4 kJ/m^2=

1 Jtc = 178.5 kJ/m^2
j Kjc 189.1 HPa vm !=

'
i Exponent H = .5478
i Coefficient C = 336.2 kJ/m^2 !

= 120 '|! T ( ave r age )
LEAST SOUAPE L!HE AR LillE ( ASTit) J=M (Delta a) + B '

i
' ~

Jic = 151.4 kJ/m^2
! Kjc = 174.1 NPa Um

Slope H = 204363.5 kJ/ma3
! Intercept t = 123.2 kJ/m^2
j T (ASTN) 136=

1 Validity (Jic) VALID=

1 Validity (R-curve) VALID=

t J maximum allowed 558.2 kJ/m^2 (Juax=0 net * Flow stress /20)=
j Delt s a max. allowed = 2.31 mm (Delta a max = 0.1*bo)
\ |
1
1 |
J

,

!

E- - , , , , - - .n ..n,- ,---,,,..--,---,--------.-,,---,n- - - . - - - - , - , - - - - ----, - -..
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80 . . . .

SPCCIf1CH 70H-133

64 - Cleavage
Instabilsty,

:-
d

/ -, <a -

/ I:
J ,- I

e i
,

3 32 - [
c

l
*

O /
a /" FRILORC TYPE R

15 - R curve ( D.llerra exclusion line
(In su f f i c l et.t for analysis).

/
! . . , ,

h.00 .20 40 .50 .00 1.00

fp e o i men Loadlino Deflection (ran i

TttT tett!NEN QTA
R533-3 HSST WILDNaterial type o

Test t e mpe r at ur e = -50 C
Percent Side Croove o 0%
trecimen Tht<kness 8 e 25.4 mm
Ini t i al sew e .55
Init crack length a e 27.98 mm
Flow stress e 655.3 NPa

e 572.3 MPaYield stress
Youngs acdulus F. * 210100 NF a (Es t imated Value)
Pot sson's Rat t o (v) = 0
J=lHitC8 % AH%Yt t $
F ai lure lype A tJ at instability e Jic)
Jec 47.6 hJ/ma:e

a e 100.1 Mpa sem vs.3AjcettJtc/(1-v ;>>=.5
A t c (let a Correct ed) e 76.7 Mpa sen ve.3
ASTM (3%#-? 44 A(,Yt t $
Hodif ied Kic Equat ion; 8m (IFn)^.5
Nau ttum Load P e 49.5 kN
5% $rcant Offset Pq e 27.(6 kN
Kit e 54.0 MPa %<=

o INYAll&-~3Validity
K at Mantmum Lead e 98.1 NPa %/m
FATA cesstctt0Hf tiftp roe J.luttCe4 tATA
Me rk le-(c e t en Of fiE ! LO ADe e Ib 0F F H1 LEFLECfl0H = 1.04(lil?3948t*04 in.
Spet tmen rot at t en Load intercept elastic slope =*.0000040475 lb
F ested elast t< load rangen 2 00 to 2000 Correctlen to J for cratk e-tension

|
|

|
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SPECIl1EN 70W-137

Cleavage32 --

Instability, ,

/
y 24 .

,' -

/oa .

.

: /
E 15 - ,'

|
-

i /
g .-

FRILURE TYPE R
R curve < D.15mm excluston 1ine -8 -

(Insufficient for analysis)

h.00 .10 .20 .30 .40 .50

Specimen Loadline Deflection (mn)

TEST SPECIMEN DATA
HSST S/A WeldMat er t al Type =

Test Temperature = -75 C

Percent Side Groove = 0%
Specimen Thickness B 25.4 mm=

Initial a/W = .548
Init crack length a = 27.86 mm
Flou stress = 683.5 MPa
Yield stress = 621 MPa

211500 MPa (Estimated Value)Youngs modulus E =

J-IHTEGRAL AllALYSIS
Failure Type A (J at instability = Jic)
Jic 22.5 kJ/ma2=

Kj c = (EJi c )^. 5 69.1 MP4 N/m v=.3=

Kic (Beta Corrected) 62.5 MPa N/m v=.3=

ASTM E399-81 RHALY3IS
Modified Kic Equation; 3 = (BBn)^.5
Maximum Load P = 35 kN
5% Secant Offset Pq = 35 kN
Kic = 69.1 MPa N/m
Validity = IHVALID--1, 2
DATA CORRECTIONS USED FOR J-fHTEGRAL DATA
Merk t -Corten correction
Correction for specimen rotation
Correction to J for crack extens'on

.
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,

CB , e n e'

SPECIMEN 70W-138

j M leavage -
'48 -

/ Instab'11ty, ,

Z -

d
v 36 - + -

$ [ t
.J
c
e
E 24 - -

o
e
o.
* FRILURC TYPE R

R curve < B.15mm exclusion ilne12 - -

(Insuff1clent for analysis)

/

h.
/ . . . .

00 .15 .30 .45 .50 .75

Spoolmen Loadline Deflection. (mn)

TEST SPECIMEN DATA
Mat er i al Type HSST S/A Weld=

Test Temperature = -50 C
Percent Side Groove = 0 *./
Specimen Thickness 3 = 25.4 mm
Initial a/W .551=

Init crack length a = 27.99 mm
Flow stress = 655.5 MPa
Yield stress a 594 MPa
Youngs modulus E = 210000 MPa (Estimated Value)
J-!HTEGRAL ANALYSIS
Failure Type A (J E instability = Jic)
Jic = 49.8 kJ/ma2 i
Kjc=(EJic)a.5 102.3 MPa N/m v=.3=

Kic (Beta Corrected) = 79 MPa N/m vu.3
ASTM E399-81 ANALYSIS
Modtfted Kic Equat d 5 3 = (33n)^.5
Maximum Load P = 49.2 kN
5% Secant Offset Pq 36.45 kN=

Kic = 72.6 MPa N/m
Validity INVALID--1, 2, 3=

DATA CORRECTIONS USED FOR J-!HTEGRAL DATA
fierkle-Corten OFFSET LORD = 0 lb 0FFSET DEFLECTION = 1.41268570869E-04 in.
Specimen rot ation Load intercept elastic slope =-3.3009523e095E-07 lb
Fitted elastic load range =3400 TO 500 Corr ection to J for crack extension
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400 . . . .

SPECDIOl 70W-142

320 - -

n

I /
E [% |
) 240 ) i *-

| *w

h

'
160 / -*-

94

5 *

k *
FAILUR TYPE O

(Rcurve[>1.5mm)
-80 -

4 MER h ASTM AIRYSIS APPL 3 CABLE

I
b'.a* / . . ., .

'O .5 1.0 1.5 2.0 2.5

Cr ack Extens i on (mm)

TEST SPECIHEN DATA
Nater6al Type = A533B Weld
Test Temperature = 288 C
Percent Side Groove = 20 '4
Specimen Thickness = 25.4 mm
Init crack length = 27.94 mm Init a/W = .55
Final crack length 39.84 mm Final a/W = .784=

Flow stress = 542.C HPa
Youngs modulus 190800 HPa (Estimateo value)=

POWER LAW DATA J = C (Delta a) ^N
Jte = 91.5 kJ/ma2
Kjc = 132.1 NPa N/m
J (9J/T=0.8) = 249 kJ/m 2a
Exponent H = .4102
Coefficient C = 165.2 kJ/ma2
T (average) = 48
LEAST SOUARE L! HEAR a!HE (ASTH) J = H (Delt a a) +B
Jtc = 106.7 kJ/m 2a
Kjc 142.7 NPa N/m=

Slope H = 60966.1 kJ/m^3
Intercept B = 100.7 kJ/m 2a
T (ASTN) = 40
Validity (Jic) = VALID
Validity (R-curve) = IHVALID--1, 3 (.72 vs .34)
J maximum allowed = 5 5 0. 9 k J/m' i' (Juax=Enet* Flow stress /20)
Delta a max. 411oued = 2.29 mm (De i t a a max = 0.1 +bo)
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500 . , , .

5FECItO4 70W-145

!400 - -

N W; I /#N

) 300 - -

/I .-.

,

I 200 - -

E V |E FAILURE TYPE C

(Rcurve/>
1. 5 as) -100

Mf (EA h RSTil Ath . YSIS AFFt.2 CABLE

II !. . . .

.0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm)

TEST SPEC!NEli DATA
Naterial Type = HSST S/A Weld (!)
Test Tamperature 204 C=

Percent $1de Groave 20 %=

Specimen Thickness = 25.4 mm
Intt crack length = 20.07 mm I r.1 t 6/W = .5.2
Final c rac k length 39.62 mm Final a <ll = .779=

Flow stress = 535.3 NPa
Youngs modulus 195500 HPa (Estims <it>'=

~~

POWEP LAW DATA J = C (Delta a) ^ 14|

J1c = 126 kJ/m*2
'

KJc = 157 NP4 N/m
J (0J/T=0.8) = 410.9 kJ/ma2
Exponent H = .4797
Co*(ficient C = 236.1 kJ/ma2
T (average) = 80
LEAST SOUAFE LillEAR L!llE (ASTN) J = if (Delta a) +B
Ec~ = 124.1 kJ/ma2
Kje = 155.7 HPa N/m
Slope H = 118205.0 kJ/ma3
Intercept B = 110.4 kJ/m^2
T (ASTH) = 01
Validity (Jic) = YALID
Vilidity (R-curve) = VALID
J maximum allowed = 543.5 kJ/m 2 (Jmaxatnet* Flow stress /20)a

Delta a wax. allowed = 2.27 mm (Delt a a max = 0.1*bo)

-
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:

,

250 9 i i i

SPECIt1Ett 71H-110

200 - -

|. n s
N I-)

( $-

E I-

**150 -

100 '
4

i # [TYPEC:
E FAILUR

j 50g (R curv > 1.5 munt -

f
NEA 1. RSft1 At - 'fSIS APFL,2 CABLE'

d I |
-

. I . , .. . .

I.0 .5 1.0 1.5 2.0 2.5
; i

: Cr ack Ext ens i on ( ntn) ,

t

TEST SPECIMEN DATR j
'

Haterial Type = R533B HSST Weld
Test Te mperat ure = 288 C"

1 Percent Side Groove = 20 % '

| Specimen Thackness = 25.4 mm j

! Init crack length = 28.17 mm Init a/l! = .554 t

Final crack length = 40.27 mu Final'a/W = .792 |
.; Flow stress = 532.6 HPa

Youngs modulus = 190800 HPa (Estimated Value)
'

POWER LAW DATR J = C (Pe'ta e) ^H
63.7 kJ/m^2 !Jtc =

= 110.3 HPa vi.. !Kjc
169 kJ/m 2 |J (9J/T=8.8) a=

Exponent l' = .3606 !

] Coefficient I, = 111.4 kJ/m 2 j
a

T (average) 31' *

i
LERST $0VARE INE (R:.fr* J=H (Delta a) +B t. i.

i ~ Y 56.' !~ :*2 (Jtc

! Kje = 103.' '" /m ;

i Slope H ..m^3 ;
; !sitercept A ,< t !

-

'. T (RSTH) !

| ','a l i d i t y (Jic) ?" !
-

; Validity (R-curs s' ' - !
' 4ecimum 911 owed * vt '/m^2 (Jmax=Bnet eFlow stress /20) i

i L.4 + a c .,11 owed = 2.it. 4 se (Del t a a max = 0.1 *bo) !.'

: Final :+- 4 =
'

11.ta |
Poisso '4, ; tat t o (v) =8 i

i

1 e

!
_ _ _ . . _ - . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . - _ _ _ - . . - - - . . . . - _.._.__.1
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70 i i . .

!SPECIt1Cil 71H-112
|

'

56 - leavage -

Instability
1, ,

~ . .

'

S /
' .-, 4a _.

/
a :.

:c
ec

i E 28 - ' -

I '

o..

a
* FRILURE TYPE R

t4 - R curve < 0.15nyn exclus t on 1 i ne -

(Insufficient for analysis)

,. ,

h.
/ , . . .

00 .20 .40 .B0 .00 1.00

Spoo(men Lo acil i n o De f l eet. l o n Onn) I

a

TEST SPECIMEll DATA
'

= HSST S/A lleld (!)Matertal Type
0 C iTest Te mpe rat ure =

Percent Side Groove = 0%
,

Specimen Thickness E 25.4 mm=

Inistal a/W = .548,

Init c r ac k l engt h a = 27.83 km ,

!Flou stress = 615.5 NPa
Yleid stress = 550 MPa ;

Youngs modulus E = 207200 HP4 (Est imat ed Yalue >
1 J-IllTEGRAL AHALYSIS i

Failure Type A (J at instability = Jic)
91.8 kJ/ma2Jic =

Kje = (EJ i c )^. 5 = 138 MPa N.'m v=.3
'|Kic (Leta Corrected) 89 KPa vm va.?=

ASTil E399-81 AHALY31$ i

j Modifted K1c Equation; B = (den)^.5 f
a Maximum Load P = 59.58 kN 1

J 5'/. Se c ant Offset Pq = 3a.06 kN
Kic = 61.2 MP4 N/m '

a

l Validity = IHVALID--1, 2, 3 '

; DATA CORFECTIONS USED FOR J-!HTEGRAL DATA i

Merkle-Corten correct t on |
| Ccorection for specimen rotation ;

Correction to J for crack extension |

i
|

t

:

+- - -- _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ - - - _ - _ _ _ _ _ - . _ . _ - _ - - _ - _ _ _ - _ _ - - _ - _ - _ - - - - - _ - _ _ _ - . _ _ - _
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60 i i i .

*
.

SPECIMCil71N-1If
* r

/ M leavage -48 -

,/ Instabt11ty,
*2

.x |
i*

o 36 --

e
O

: .J
d e
' G
i E 3A - -

! Io' v

! FRILURE TYPE R

i 12 - N curve < 0.15wa exe tus icn 1ine -

(Insufficient for analysis)

/ .

e e e a

h. 00 .25 .50 .75 1.00 1.25 j2

i Spectmen Lo acil i n o Deflectioi (mm) !
1 !

!r

} TEST SPECINEt1 DATA {
j Mat e rt al Type = HSST S/A lleld <!) i

0 C ,
2 Test Temperature =

0 *< !j Percent Side Groove =

25.4 mm jSpecimen Thickness B =

InttIal 4/W = .545 i;
'

; Init crack l engt h a = 27.7 mm
615.5 HPa !f Flow stress =

'

Yield stress = 558 NPa l

! Youngs modulus E 207:00 11Pa (Est imat ed Value > j=

J-!HTEGRAL AllALYSIS i

; Failure Type'A (J ai instability = Jic) f
'

Jic = 88 kJ/m^2 !
135.1 HPs s/= v=.3 |

* Kjer(EJtc)^.5 =
'

Kic (Beta Corrected) 08.1 MPa N/m v=.3=

ASTH E399-81 AllALYSIS i
'

Hodtf t ed Kic Equat ion; L = (ben)^.5 [
,

57.32 kN jMaximum Load P =-

j 5% Sec ant Offset Pq = 35.11 LH !

68.6 HPa N/m {Kic =

IHVALID--1, 2, 3 :Validity =<

DATA COPPECTIONS USED FOR J-INTEGRAL DATA !
! Hertle-Corten correctton
j Correction for spec imen rotation I

Correcticn to J for crack extension

t4

J .

-
;

L _ -. . . . _ . _ . . . , _ . - . _ _ . , _ . _ _ . _ . , _ . _ _ _ _ _ _ . _ . . . _ - _ . . _ _ . , . . - . . _ . . _ . ~ . _ . , . _ , , _ . . , _-
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1

:

250 . . i i

SPECIMEN 71W-117

1 500 --

j J |^
'

7 I I
E j
N f
2 150 I .

--

[ I d !

/ - t
, .

fI 100 --

! t b '

f, v ,

o f t

E FAILURk TYPE C
I50 (R curv > 1.5 m) -

,
8 * HER k ASTM At YSIS APFt.3 CABLE t

] f
| i

, ,

!j 0'- ' ' " '

'

O.0 .5 1.0 1.5 2.0 2.5
0 ,

Crack Extansion (mm) |

1 TEbr SPECIMEH DATA
j Maser 1al Type = A533B 02 P1 ate |

Test Temperature a 288 C9 ,

l
Percent Side Groove = 20 *./ ,

j Specimen Thickness = 25.4 mm L

|
Init crack length = 28 mm Init a/W = .551 '

,

Final crack length = 28.85 mm Final a/W = .568 ;

j Flow stress = 532.6 MPa
'

I Youngs modulus = 198800 HPa (Estimu ed Value)
POWER LAW DATA J = C (Delta a) * H C'

| Jtc = 80.2 kJ/ma2 f
'

Kjc = 123.7 MPa N/m )4

'

i
J (8J/T=8.8) = 0 kJ/ma2

) Exponent H = .2377 :
!

; Coefficient C = 114 kJ/m 2a
'

T (average) = 21
4

6 EAST SOUARE L! HEAP LlHE (ASTM) J=M (Delta a) +3
!'

i Jtc = 51.8 kJ/ma2
i Kjc 99.4 MPa N/m=

113429.9 kJ/ma3! Slope M =

46.3 kJ/m 2 ;) Intercept B = a

' 'T (ASTN) = 76
f Val i di t y (Jic) = INVALID--b, c (.33 vs .12)

IHYALID--2, 3 (.33 vs .12) lValidity (R-curve) =

= 540.8 kJ/m 2 (Jmax=Enet* Flow stress /20.J maximum allowed a

Delt a a max, allowed = 2.28 mm (Delt a a max = 0.1*bo) |

= .51 mm (Final Delt,a a
Poisson's Ratio (v) = 0 |

|

|

_ _ _ _ - . _ _ _-_ _ ______ _ _ ____- _-
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500 . i i i

SPECIt1Cil 71H-120

!400 --

N

/<

300
; e | /

-

/, ,.

g f200 --

i o
E FRILuft TYPE C

(R curse p 1 5 nwd100 - -
;

'FER A ASTil ANNLYSIS ffPL 3C3BLE3
/

e/ . . .. .

0.0 .5 1.0 1.5 2.0 2.5
i f

Crack Extension (mm) I

TEST SPECIMEH DATA
HSST S/A Weld (1) !Material Tvpe =

Test Te mpe rat ure = 204 C
[,

1 Percent Fide Groove = 20 '4 '

25.4 mm [Cpecimen Thickness =

fnit crack length a 28.58 mm Init a/W = .542
Final crack length '41.26 mm Final a/W = .81*=

Flou stress = 527 NPa !

Youngs modulus 195500 MP4 (Estimat ed Value) |
=

P0 HEP LAW LATA JS C (Delt a a) ^H i<
~

i Jic = 95.3 kJ/ma2 !

136.5 NPa N/m !
'

Kjc =
! J (0J/T=8.8) * 374.3 kJ/m^2 1

E4ponent H .5426 !=

Coefficient C = 205.4 kJ/ma2 ,

T (average) = 82
,

LEAST SOUARE L1 HEAR LINE (ASTM) J=H (Delt a a) +B.

95.7 kJ/ma2 iJte =,
' Kjc = 136.8 NPa N/m '

Slope M = 114956 kJ/ma3 )

i Intercept B 85.2 k J/m 2 (
a=

i T (ASTM) = 81
[

; Validity (Jic) VALID=

{ Val i di t,y (R-c u.*ve) IHYALID--1, 3 (.51 vs .33) I=

| J wnimu'A s11oved 535 kJ<ma2 (Jmax=3 net * Flow stress /20) '*

be,tir a ma.t. allowed = 2.22 mm (Delta a max = 0.1*bo),

!

j

!1

t
!

. - . . _ . . . - , , _ . - - - , _ _ , - . - , . - - , , --. . _ _ ._, .. _ . - . .
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i
!

500 , , , , <

SPECIMEN FlW-121 |
,

!400 -
j

-

I ln
N,,

| < m
e
N

,
j 300 --

I w

I t,

/ i,

I 200 f
.

--

/
,

+

p/ /! i >

Ed FAILURE TYPE C
! IN - 4 (R curve 1. 5 me.) I-

/ NEA h ASTit At YSIS APPL 3 CABLE !;

I

I !

,

! // . . .. .

$ .0 .5 1.0 1.5 2.0 2.5 !
1

| Crack Extension ( rr.) j

; TEST SPECIMEH DATA ;

j Material Type = HSST S'A Wald <!)
4 Test Temperature 121 C=

i Percent Side Groove = 20 %
I' Specimen Thickness = 25.4 mm

27.81 mm Init a/W = .547 Linit crack length =

: F enal crack length = 39.14 mm Final a/W = .77 |
Flow stress = 545.5 MPa !;

= 200300 MPa (Est imat e d V21ue) ;j Young: modulus
; POWER (AW 1ATA J = C (Delt a ai a H I

109.4 kJ/m 2 iJic a=

= 148 MPa N/m )Kjc
J (9J/T=0.8) = 383 kJ/m^2 !

Exponent H = .5253
225.3 kJ/m^2Coerficient C =

= C3 :T (average)
LEAST SOUARE L1 HERR LINE (ASTM) J=M (Delta a) +B jg

; Jtc = 115 kJ/m^2 :

151.9 MPa N/m 1i Kjc =

| Slope M = 121637.2 kJ/m^3 i

l'

Intercept B = 102.2 kJ/m^2
j T (ASTM) = 82 |

YALID |j Validity (Jic) =

INVALID--t |; Validity (R-curve) =

553.8 kJ/ma2 (Jmax=Pne t * Flow st ress e 20)J maximum allowed a ;

; Delt a a max. allowed = 2.3 mm (Del t a a max = 0.1*bo) )
I
!

I
i

i

_.
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SPECD1Eli 71H-128

/ -480 -

; -s.

|? )
R I

360 - -

| /e I,

-

f -240 -
.

/-

/ /'

FRILURE TYPE CZ
120

- [[ (Rcurve[1.5 awl
-

tier L RSTit AtJRLYSIS RPF1.3CRELE

/-

/
0 .5 1.0 1 5 2.0 2.5

Crack Extension (mm)

TEST SPELaMEN DATR
Hat e rt al Type = R533-B HSST HELD-
Test Temperature = 50 C
Percent Side Groove = 20 '4
Specimen Thickness = 25.4 mm
Intt crack length = 28.21 mm Init a/ 64 = .555
Final c rac k length 38.74 mm Final a /14 = .762=

Flou stress = 569.5 MPa
Youngs modulus 204400 MPa (Estimat ed Value)=

POWER LAW DATA J = C (Delta a) ^H
Jtc 148.7 kJ/m^2=

Kjc = 174.3 NPa N/m
J (GJ/T=0.8) 478.2 lJ/m 2a=

Exponent H = .4963
Coefficient C = 278.3 ':J/m 2a

T (average) = 88
LEAST SOUARE L1 HEAR LIFE (ASTN) J=M (Delta a) +B
Jtc = 145.7 kJ/ma2
Kjc 172.5 MPa N/m=

Slope N = 141057.5 kJ/m^3
Intercept B 127.6 kJ/m^2=

T (RSTN) 89=

Val i di t y (Jic) = VRLID
Yalidity (R-curve) IHVALID--2 1=

J maximum allowed = 578.2 kJ/ma2 (Jmax=Fne t *Fl ow stresse20)
Delta a max. allowed = * 26 mm (De l t a a max = 0.1 *bo)
Final Delta a = .38 mm
Poisson's Rat io (v) =
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40 *
. . . .

SPECIIICH 71H-131 ,

leavage32 --

| Instabtlity,

: [
d i

24 --

J -

5 /
E IS - .' '

!
<a ,

'* / FRILURE TYPE R ;

R curve < 0.15mm exclusion line - I8 -

(Insufficient for analysis)
:

. I

a i e a0-
0.00 .10 .20 .30 .40 .50 !

t

Sp.oimen Lo acil i n o Defleetion (mM [
!

TEST SPECIMEH DATA ?

HSST S/A Held (1) !Haternal Type =

-50 CTest Temperaturv '=
'

Percent Side Groove 0 ft=

= 25.4 mm iSpecimen Thickness B
Initial 4/W = .553

28.09 mm iInit c rac t* 1ength a =

649.2 MPa (Estimated Value) iFlow stress =

Yield stress = 597 MPa (Estimated Value) r
*

Youngs modulus E = 210100 MPa (Estimased Value)
J-lHTEGR6L AHALYSIS
Failure Type A (J at inst ability = Jt c ) '

21.4 kJ/m^2Jic = ,

67.1 MPa N/m v=.3 |Kje=(EJic)*.5 =

60.2 MPa N/m vs.3 (Kic (Beta Corrected) =

ASTM E399-81 RHALYSIS F

Modt(ted Ktc Equation; 3 = (32n)^.5 ,

Maximum Load P = 34.14 kN I

5't Sec ant Offset Pq = 33.66 kN !
'Kic = 67.5 MP4 N/m

Validity INVALID-*1, 2=

DATA CORRECTIONS USED FOR J-!NTEGRAL DATA f
Merkle-Corten correction !

Correct ion for spec t men rotation !
Correction to J for crack extension

:
!

. - - - _ _ . . .-- .- _ _. _- _ _ _ _ _ _ ___ _ _ _ _ _ _
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40*
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SPECINL'N 71H-130

C1 e avage32 --

3

Instability
. ,

2
6 /

.-,4 -.

1 : /
: a .-

c /
j f l5

'

.' -

|
-

,

g / i
-.. '*

| FRILUPE TYPE R !

'
R cutve < 0.15mm exclusion line! 8 --

(Insuffielent for analysis) .;

i / [

/
i]

. . . .

.00 .12 .24 .36 .49 50 &

i i

Spoo lmen Loacil l ne Deflection (mn)

| |
' TEST SPECIMEN DATA
j Maternal Type = HSST S/R Weld i

Test Temperature = -70 C ,

'
Percent $1de Groove = 8%
Specimen Thickness 3 = 25.4 mm '

' Initial a/W = .548 +

Init crack length a = 27.84 mm |
,

Flou stress = 672.5 NPa !,

Yleid stress = 609 MPa },

; Youngs modulut E = 211100 MPa (Estimated Value) !

(J-1HTEGRAL ANALYSIS
i Failure Type A (J at instability = Jic) ,

Jic = 22.2 kJ/m^2 :-

I Kjc=(EJic)^.5 = 68.6 MPa N/m v=.3 |
Kic (Bet a Correctwd) = 61.8 MPa N/m va.3 '

| ASTM E399-81 ANALYSl$ I

| Modtfled Ktc Equation; 3 = (BBn)^.5 !
; Maximum Load P = 34.9 kH I

i 5% Sec ant Offset Py = 34.91 kN [
Kic = 68.8 MPa N/m ,

validity = INVALID--1, 2. |
! DATA CORRECTIONS USED FOR J-INTEGRAL DATR i

i Merkle-Corten OFFSET LORD = 0 to 0FFSET DEFLECT 10H =-1.99267238415E-05 in. |
: Specimen rotation Load intercept elastic slope =-1.8292682?26SE-07 lb t

Fitted elastic load range =3400 TO 500 Corre: tion to J for crack extension i
'

( ;

:i

-
,

i

I i
_ _ . _ _ _ - - _ . . - _ _ _ _ - - _ _ _ . _ _._ . _ _ _ . __ __ . _ - - - - , _ - _ - , . _ , _ . _ , . _ . , _ .__
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80 .- , , .

SPECIt104 P!H-139
'

64 - Cleavage <

n tability.
=
$ '

S 48 - -

e

J

32 - -

-.
a
" FRILURE TYPE R

16 - R curve t D.15nyn eaclusion line
(Insuf ficient f or ar.alysis)

h. 00 .12 .24 .3C 49 .E0

fp e e i men Load)tno Deilectton banl

if97 ?7((IMfH P4T4
Material Type e AS33-8 Ntsf WELD
Teet fosserature * -30 C
Percent Stde Croove = 0%

e 25.4 astrettaen Thttkness t
Int s t al arW e .55
Ints trath l e ngt h a e 27.95 mm
Flow stress e 635 MPa
Yteld stress * SPP.8 MPa
Yeungt medalus I o 209900 NP4 (Est imated Value)
Potssen's Latte (v) = 0
J-IHtfCsA( AH4(YTl$

e Jit)Failure type A (J at tnetablitty
Jtt = 25.9 hJ#m-

a = F3.4 MPa sen ve.3Kjte(fttt#(1*v 2))a.5
Ktt (teta Corrected) = 63.9 MF4 %#m vs.3
attM E34*-91 *HM v5 3 9
Medic ted Att E qu at i on g 3m (88n)*.5

Mastmue Lead P e 37.8 kN
34 Set ant Offset P4 e 27.02 6H
Kit a 53.7 MPa see
Valletty a lHVALID*-3
K at Manteve Lead * F5.4 MPa %<a
DAtm C0estCfl0NS tittp F0# J-IHitCsmL taim
"Me rk le -f or t e n GF F 6E l LCnte o Ib 0FF6(1 3 FLECfl0H = 6.70llStet14tt*05 in.
Specimen rot ation Lead intercept elastle slope e .00000931 It
Fitted elast ts IWad range n 2!06 TO 2000 Correction to J for t. .tk estensten
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500 - - -
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I SPECIMDI 71H-149

j.-

1 400 --

i-
N |

! t / |
s /
5 300 /
e / J

-

.

-, ,
m i j

I 200 / [
--

5 "'' / !
/'I FAILURE TYPE C >

,
i

- 100 - ( R cu r ve p 1. 5 nwd -

j t1EA L ASTit Ft4ALYSIS APFt.ICABLE ;

/ |;

: . / :. . .. .

.'O .5 1.0 1.5 2.0 2.5 !
!

Cenek Extension (run),

*
.

t

'

TEST SPECIMEN DATA |-

t Mat e r t al Type = HSST S/A Weld (!) ',
= 204 C |i Test To.,erature

j Percent Side Groove 20 %=
j

Spec ir:sen Thicknes s 25.4 mm=+ ;

| Init crack length = 27.99 mm Init a/W = .55 |
1 Final crack length = 41.12 mm Final a/W = .e09 i
J Flow stress 527 MPa j=

l Youngs modulus = 195500 MPa (Est imat ed Value ) |;

^ 14 iPOWER LAW DATA J = C (Delta a),

"
Jtc 92 LJ/m^2=;

Kjc 134.1 MPa N/m=

1 J (0J/T=S.8) = 305.6 kJ/m^2
l Exponent H e .4644 |

Coefficient C * 183.7 kJ/ma? -
'

;

; T (average) = 66 [
LEAST SOURPF L1 HERR LINE (ASTM) J=M (Delta a) +P |.

. Jtc = 89 kJ/ma2 i'
Kjc = 131.9 MPa N/m
Slope M = 96998.8 kJ/ma3
Intercept 3 = 80.6 kJ/m 2a
T (ASTM) = 70
Validity (Jic) = YALID ,

Yalidity (R-curve) = VALID
J maximum allowed = 535 kJ/m 2 (Janx=BneteFlow stress /20)a -

.

4 De lt a a max. allvwed = 2.28 mm (Delta a max = 0.1*bo) i

| I.

l
J

:
.

1 |

.. . .. .- . -. . _.-.
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SPECU1EN 71H-150

/ t

400 -- f
! |n

|N

t /s
y 300 /- -

/ jv

j (n
[m

f 200 f- -
i

En
/-

m
o
2: FRILURE TYPE C

100 (R curve 1.5 nm)* -

) MER & RSTM YSIS RPPLICABLE

/,. . . .. .

0.0 .5 1.0 1.5 2.0 2.5

Crack Extension (mm)
1

|

TEST SPECIMEH DATA
Masertal Type = HSST S/A Held (!)
Test Temperature 121 C=

20 % !
4 Percent Side Grooue =
i Specimen Thickness = 25.4 mm

Init crack length 27.74 mm Init a/W = .546=
.

I Final crack length 39.75 mm Final a/W = ,782
|

=

Flou stress = 545.5 MPa
200300 MP& (Est imated Value) |Youngs modulus =

| POWER LAW DATA J = C (Delt a a) ^H |
Jtc = 109.9 kJ.*ma2

155.5 MPa N/m Kic (Beta) = 92.7 MPa N/m !Kjc =
'

! J (DJ/T=0.8) = 365 kJ/ma2
Exponent M = .4972
Coefficient C = 217.6 kJ/ma2 ii

! T (average) = 76
4 LEAST SQUARE LIHERR LlHE (ASTM) J=M (Delta a) +B
; Jtc = 107.4 kJ/ma2

,

Kjc 153.7 MPa N/m Kic (Beta) = 92.3 MPa N/m=
I Slope M = 116347.5 kJ/m^3
: Intercept B = 95.9 kJ/m 2a

} T (ASTM) 78=

i Validity (Jic) VALID=

| Yalidity (R-curve) IHYALID--! !=

J maximus2 alloued = 553.8 kJ/m 2 (Jmax=Enet* Flow stress /20) |
a

,
; Delta a max, alloued = 0.31 mm (Del t a a max = 0.1*bo)

,

! !

!
4

|

- - -
. , - _ - - _ _ - - _ - _ _ - _ - - _
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80 , , , ,

SPECI!1CH 71H-lSt

64 Cleavage --

n tability,

=
d
, 4e - -

e

b

32 -

,.
|

-

/
o

| * FRILURE TYPE R
'

16 - R curve t 0.15nn exclus ton line -

(Insufficient for analysis)

b. 00 .32 .24 .3G 49 .50;

Specimen Loadlene Deflection (mmt

I
tit? 1stflMtu t4TA
Mat e r n al type A533-8 H15T WCLDa
fest te mp e r at ure e -10 C
Forcent Stde Groove o 04
Specimen thickne ss 8 e 25.4 mm
'.n t s t a t erW e .553
Int s track length a = 23.07 mm
Flow stress e 635 MPa

- Yteld stress e 577.8 MPa
Youngs modulus E a 208900 MPa (Estimated value)
Pot ssen's R at t o (v) = 0
J-lHTtce*( *ian(vt t $ _
F ai l ur,e type A (J at inst abt i t ty e J4c)
Jet o 25.3 hJ/ mat
Kjc e t tJ4 c /(1-v 2))*. 5a = 72.8 MPa sem ve.1
Kic (tete Correctedh = 63.4 MPa sem vs.3
R$fM E344 91 AHA(Y$lt_
Nodesied Let Equationi 3m (lln)..5
Mastmum Lead P e 34.8 kN
5% Secant Offset Pg a 30.77 kN
Kit a 68.6 MPa s/n
Validity IHYALID -l. 2 3o

K at Mastown Lead a 73.7 MPa see
PATA C08stCfl0H1 vitD FOR J-1MTEC8A( DATA
Merk le-Corten OFF 6t ! LQADe O tb OFF6LT L(FLECil0H e 7.t453749!45 t-06 in.
$ pet tmen ret et ten Lead tenertept elasttt slope e .0000036125 lb
Fitted elastet less rangee 2500 10 20)0 Correttien to J for t r ac k entensten
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Appendix F
e

i

LOAD-DISPLACEMENT AND J-R CURVES AND PHOTOGRAPHS, f
SUPPLIED BY OAK RIDGE NATIONAL LABORATORY, |

FOR IRRADIATED MATERIAL
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ORNL VALID 7"Y INDEX
,

JI e (ASTM E813) ,

1. < 4 data points between 0.15 and 1.5 mm exclusion !

linos. :

f
i

2. Data clustering problem.
|

'

3. Bu < 25 Je /or,

*4. oo < 25 Je /ay

6. dJ/da > actow

8. Delta-a prediction error too large,
| (delta-a)p r ed-(delta-a)ms a s ! > 0.15 (delta-a) a.<

!

Tentative Jr - R Curve Procedure,

1

J 1. < 3 data points between (delta a)=0 and secant line |

[J:4/3*ay * (delta-a))'

|

! 2. < 10 data points between secant line and (delta-a) man
(0.1*bo)

3. (delta-a) prediction error too large,
1 |(delta-a)pr ea - (delta-a) men s | >

HINIMUM [0.15*(delta-a)m...,0.15*(delta-a)===]

1

.

k

i

! l
! l
! !

I

I
4

|

'
i

I

:
,

.

|
_ _ Y



.____________________ _ _ _ -

308

ORNL IRRADIATED 1TCS. DATA _ SHEETS
TABLE OF CONTENTS

Pm Specimen ID Pm Specimen ID
F 309 02G282 F-405 69W172
F 311 02G285 F 407 69W173
F 313 02G288 F-409 70W106
F-315 02G298 F 411 70W107
F 317 02G316 F 413 70W108

,

I F 319 02G328 F 415 70W110
| F 321 02G329 T-417 70W117

F 323 020338 F 419 70W118
F 325 020340 F 421 70W123
F-327 02G344 F 423 70W124
F 329 02G353 F 425 70W126
T-331 020362 F 427 70W136
F 333 020363 F 429 70W139

,

F 335 02G365 F 431 70W140
F-337 02G401 F-433 70W148
F 339 02G404 F-435 71W101
F 341 02G406 F 437 71W108
F 343 020407 F-439 71W111
F 345 02G414 F-441 71W116
F-347 02G421 T 443 71W119
F 349 02G422 F 445 71W122
F 351 68 WAD F 447 71W123
F 353 68WBB F 449 71W126
F 355 68WCE F 451 71W133

,

| F 357 68WDA F-453 71W134
F 359 68MDC F-455 71W140
F-361 68WHC F 457 71W141
F 363 68WKB F 459 71W142
F-365 68WKC F 461 71W143
F 367 68WKE F 463 71W144

| F 369 68WLC F 465 71W146,

F 371 68WMB F 467 71W147
T 373 68WMD
F-375 69W102
F 377 69W113
F-379 69W114
F 381 69W116
F-383 69W119
F 365 69W121
F-387 69W126
F-389 69W142
T-391 69W143
F 393 69W144
T-395 69W149
F-397 69W153
F-399 69W160
F-401 69W165
F 403 69W167

%
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SPECIMEN ID- 02G282
MATERIAL TYPE- A533
TEST TEMPERATURE = 50 DEG C
THICKNESS = 25.4 mm
SIDE GRCOVES= 0%
INITIAL CRACK LENGTH = 31.6 mm a/W)i- .610
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 604 MPa
FLOW STRENGTH = 672 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN CLEAVED AT K = 116.5 MPe SQR(m) (NOT VALID Kic)
;

4

) VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
i _ ..___________________..____________________

| J-fNTEGRAL= 90.7 kJ/m^2 J-INTEGRAL = 90.3 kJ/m^2
: KJc= 136.1 MPa SQR(m) KJe= 135.9 MPa SQR(m)
j K-beta-c= 92.2 MPa SQR(m) K-beta-c= 92.2 MPa SQR[m]
i

|
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ORNL-OWG 87-7995

02G282 50 DEGREES C
180 --

~

\
.

.

80 -

-
t

I
n .

Z -

j3 G8 -

v -

J
-

'fQ '

[ 40 -

O -

i

d |

i28 -

!. .
,

.

l

.l t .. l l . . .g . .. . . ..

0 2 .4 6 .8 1 L. .

i

DISPLRCEMENT (mm) j
!

'
.

,

l

!

i

i
l
i

!
,

I

e

I
l
.

!

!

1
r

I
i

l
I

!.

I

!
i

.,-,,-,nn~m-_m.,,-. n.,.,__ ., ,-,o,- n ,, , , , _ . - - . . - _ _ . . . . - - . - . . . - - ,.-.,=.,n,_, . - --n.-



. _ - . _ - _ - - - - _ _ _ _ _ - - - - _ . - _ _ _ _ - _ - _

311

SPECIMEN ID= 02GA285
TEST TEMPERATURE- 121 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 31.9 mm a/W)i- .626
MEASURED DUCTILE DELTA-A= 3.54 mm
YlELD STRENGTH = 573 MPa
FLOW STRENGTH = 639 MPa

| ESTIMATED YOUNG'S MODULUS = 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 204.1 kJ/m^2
KJ-MAX LOAD = 202.2 MPa SQR(m)

POWER LAW PROCEDURE ASTM LlHEAR PROCEDURE
;

___............... --
j ......... _-__ ....

i JIc= 156.7 kJ/m^2 Jic= 141.6 kJ/m^2
j k-JIc= 177.2 MPa SQR(m) K-J!c= 168.4 MPa SQR(m)

POWER = .4336 SLOPE- 139549 kJ/m^3
,

.I COEFFICIENT = 275.4 kJ/m^2 INTERCEPT = 126.2 kJ/m^2
; T (AVERAGE)= 61 T (ASTM)= 68

UALID, E813

!
t

) JI-R CURVE CALCULATIONS
i ...................---.

i J ( [BJ / T= 0 . 8 ) = 376.5 kJ/m^2
J POWER = .4614 COEFFICIENT = 274 kJ/m^2
1 J-MAX ALLOWEO= 609.4 kJ/m^2 DELTA-A MAX ALLOWED = 1.91 mm

) RCURVE INVALID, 13
4
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ORNL-DWG 87-7996

02GR285 121 DEGREES C
50
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ORNL-DWG 87-7997 '

: 02GR285 121 DEGREES C
3 ,

1000
fIDDIFIED-F.RN5T J-INTEGRRL4 m

| N A J (8.8*Tavg) e JIC(E-813) i

( OFFSET LINES a JIC(PHR LRH),

BLUNTING LINC * RCTUAL DELTR-R 'g 803 -
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SPECIMEN ID= 02GA288
MATERIAL TYPE- A5338
TEST TEMPERATURE- 79 DEG C
THICXNESS= 25.4 mm
SIDE GROOVES = 9 %
INITIA CRACK LENGTH = 31.9 mm a/W)i= .624
MEASURED DUCTILE DELTA-A= .12 mm
YlELD STRENGTH = 591 MPa

| FLOW STRENGTH = 657 MPa
l ESTIMATED YOUNG'S MODULUS = 203 GPa

SPECIMEN CLEAVED AT K = 111 3 MPa SQRtml (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
...................... ...... ____.________...

J-INTEGRAL = 84.9 kJ/m^2 J-INTEGRAL = 84.7 kJ/m^2
KJe= 131.2 MPa SQRtml KJe= 131.1 MPa SQR(m)
K-beta-c= 89.6 MPa SQRtml K-beta-c= 89.5 MPa SQR(m)
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ORNL-OWS 87-79984

02GR288 79 DEGREES C'
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SPECIMEN ID= 02GA298
TEST TEMPERATURE = 121 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 %
INITIAL. CRACK LENGTH = 31.8 mm r/W)i- .623
MEASURED DUCTILE DELTA-A= 4.5 mm

YlELD STRENGTH = 573 MPa

| FLOW STRENGTH = 639 MPa
LSTIMATED YOUNG'S MODULUS = 200 GPa

SPECIMEN DID NOT CLEAVE, J. MAX LOAD- 209.1 kJ/m^2
KJ-MAX LOAD- 204.6 MPa SQR[m]

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
,

j ___________________ ...-__________________

| Jtc= 159.6 kJ/m^2 JIc= 146.3 kJ/m^2
; K-J!c= 173.8 MPa SQR[m) K-J!c= 171.2 MPa SQR(m)
! POWER = .3918 > OPE- 123731 kJ/m^3
! COEFFICIENT = 264.7 kJ/m*2 INTERCEPT = 132.2 kJ/m^2
| T (AVERAGE)- 54 T (ASTM)= 61
) VALID, EB13
1
1

| JI-R CURVE CALCULATIONS
\ _______________________

i J (@J/T=8.8)= 337.8 kJ/m^2
j POWER = .4162 COEFFICIENT = 264.7 kJ/m^2
| J-MAX ALLOWED = 614.3 kJ/m^2 DELTA-A MAX ALLOWED- 1.92 mm

RCURVE INVALID, 2 3
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ORNL-DWG 87-7999

02GR298 121 DEGREES C
se

.

.

.

40 -

.

m .

Z . i
3 30 1-

v .

.

p i.

[ 20 -
,

o .
,

d
10 -

'

,

,

* '''''''''''''''''O ' '

O 1 2 3 4 5 ;

! DISPLRCEMENT (mm)
!
t

ORNL-DWG 87-8001 |

02GR299 121 DEGREES C !

1 1000 tiODIFIED-ERN5T J-INTEGRRLn
; N : A J (8.8*Tava) e JIC(E-813)

( OFFSET LINES e JICtPHR LRH)>
,

BLUNTING LINE * RCTUAL DELTA-Rj g 800 --
:

N .
t

'

b I !.

\ g I.

|
' 600v -

' I 40 |

_l - I a i,

[ c ''

. (y_ 400 'a-

'

O -| ,

W O / t
"

*& f
!200

|Z
H f

|'''''''''''''''' ||,

h'
0 L- i

1 0 2 4 6 8 10
1

1
j CRACK EXTENSION (mm) |
t

:

i
, ,

,

4

.__ - . _ _ - _ _ _ - - _ _ _ _ - _ - _ - - . _ _-. - - . . .- - - - - - .



__ _

317

SPECIMEN ID- 02G316
MATERIAL TYPE- A533
TEST TEMPERATURE- 00 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 31.6 mm a/W)i= .619
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 590 MPa
FLOW STRENGTH = 656 MPa
ESTIMATED YOUNG'S MODULUS = 203 GPa

,

SPECIMEP CLdAVED AT K = 96.9 MPa SQR(m) (NOT VALID Vic)

VALUL rtAXIMUM LORD UALUES AT CLEAVAGE LOAD
________....____.....__ _______......... ......

J-INTCGRAL= 50.2 kJ/m^2 J-INTEGRAL = 50.1 kJ/m^2
^Je= 100.9 MPa SQR[m] KJe= 100.7 tion SQR[m]

~

K-beta-c= 70.2 MPa SQR(m) K-beta-c= 70.1 MPa SQR(m)
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OltNL-121B 87-8002

02G316 80 DEGREES C
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SPECIMEN ID- 02G328
TEST TEMPERATURE- 288 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 31.2 mm a/W)i- .613
MEASURED DUCTILE DELTA-A= 4.5 mm
YlELD STRENGTH = 526 MPa
FLOW STRENGTH = 613 MPa
ESTIMATED YOUNG'S MODULUD- 191 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 192.4 kJ/m^2
KJ-MAX LOAD = 191. 6 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ _____________________

Jte= 162.4 kJ/m^2 JIc= 157 kJ/m^2
K_J!c= 176 MPa SQR(m) K-Jlc= 173.1 MPa SQR(m)
POWER = .3464 SLOPE = 100182 kJ/m^3
COEFFICIENT = 251.7 kJ/m^2 INTERCEPT = 144.1 kJ/m^2
T (AVERAGE)- 47 T (ASTM)- 51

UALID, E013

JI-R CURVE CALCULATIONS
_______________________

J (@J/T-8.8)= 282.6 kJ/m^2
POWER = .3256 COEFFICIENT = 250.2 kJ/m^2
J. MAX ALLOWED = 605 kJ/m^2 DELTA-A MAX ALLOWED = 1.97 mm

RCURVE INVALID, 23
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ORNL-DWG 87-8003

02G328 288 DEGREES C
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02G328 288 DEGREES C
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SPECIMEN ID= 02G329
TEST TEMPERATURE = 80 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 31.2 mm a/W)n= .612
MEASURED OUCTILE DELTA-A= .51 mm

YlELD STRENGTH = 590 MP4
FLOU STRENGTH = 656 MPs
ESTIMATED YOUNG'S NODULUS= 203 GP2

121.2 MPa SQR(m) (NOT VALIO Kic)SCCIMEN CLEAVED AT K =

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
...................... ............... .......

J.!NTEGRAL= 157 kJ/m^2 J. INTEGRAL = 161.1 kJ/m^2
KJe= 178.4 MPa SQRtml KJe= 100.7 MPa SQRtml
K-beta.c= 102.9 MPa SQR(m) K-beta-c= 103.5 MPa SOR[m]

| POWER LAU PROCEDURE ASTM LINEAR PROCEDURE
; ................... .....................

j J!c= 150.4 kJ/m^2 Jtc= 0 kJ/m^2
- K-JIc= 174.5 MPa SQR[m] K.Jte= 0 MPa SQR(m)
! POWER = .5643 SLOPE = 0 kJ/m")

{ COEFFICIENT = 317.1 kJ/m^2 INTERCEPT = 0 kJ/m^2
1 T (AVERAGE). 85 T (ASTM)= 0

) INVALID. 16
l

JI-R CURVE CALCULATIONS
i

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

1 J (pJ/T=8.8)= 0 kJ/m*2
j POWER = 0 COEFFICIENT = 0 kJ/m^2
j J-MAX ALLOWED- 65G.3 kJ/m*2 OELTA.A MAX ALLOUEC. 1.90 mm

j RCURVE INVALID, 2 3 s
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ORNL-DWG 87-8005

02G329 80 DEGREES C
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02G329 80 DEGREES C
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SPECIMEN ID= 0)GA338
TEST TEMPERafuSEa 288 CEG C
THICKNESS. 2 5 . .i. mm

SIDE GG00VES. 20 %
INITI AL CRACK LENGTH = 31.' ar m e,W). .622
ME ASURED DUC T ILE delis- A. 1. a l e.m

YlELD STPENGTH* 926 Mpe

FLOW STRENGTH * 613 MPe
EST IMATED ioutG 's Mocutus. tw1 GPe

VEC IMEN DlO NOT CLE AVE , J.MAv LC,4Da 186.7 6J'm'2
>:J.HHW LOAO* 195. 7 MPa SGD(m)

POWEB L AW P ROC E DLE E ASTM LINEAR PROCEDURE
............ ...... .....................

J!c. 139'.S kJ'm'2 Jtc. 116.8 k J/m'2
E.Jle. 163.2 noe 5091m) 6.J!c* 1**.3 NPe $QW(m)
POWER = .3854 SLOPE = 121?40 bJ m^3
COErFICIENT* 233.2 bJ"m'2 INTERCEPfe 105.2 k J 'm* 2
T (AvtRA"C). 4+ T 4ASTN). 62

UALID. E813

J l .R CURVE C ALCULwf lO4 5
.......................

,

J i p ]'T = 8.9 ). 299.6 kJ'm 2
POWER * 4119 COEFIILlENT= 233.1 kJ/m"2

j J-Ma< HLLOWED= 981.? b]'m~2 CELTA.A Ns4 HLLOWED* 1.93 mm

kCURVE I Nval l D . 2
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ORNL-0WG 87-8007
'

02GR338 288 DEGREES C'
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| 02GR338 288 DEGREES C .
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|SPECIMEt1 I C'a 02GA340
FEST TEMPERATURE = 20m DEG C |

|THIC> NESS. 29. mm

SIDE GROOVES * 20 % |

INITIAL CRACv LENGTH * 31.@ me e/W)l* .622 |

jMEASUREO OUCTILE CELTA.A= 2.99 mm

Yl[LD STEENGTHe 445 MP.
rLow STEENGTH. 417 FPe
E S T t h4 T E D N CMJ4G ' S NOCOL US * 196 GPe

SPECIN(H CID NOT CLis t , J-MH< LOwDe 177.1 b J s'

>J. Mar LOAD. 196.1 NPe SGelal

POWER LAW P ROC E DUE E ASTN Lit 4AD PROC E Ou6 E
................... ................ ....

Jlce 129.2 bjem*2 Jica 110.0 kJrm*2
k.Jlc. 184.5 MP. SQRI-t 6.Jlc= 152.4 NPe SQRim)
POWER * 4'?9 SLOPE * 126401 kJ/m*)
COEFFICIENT. 2 2.?. bJema INTERCEPT = 106.6 kJ m'2
7 (AVERwGE)= 62 Y (ASTMie 69

I Ni>HL I D , 6

JI.R CURVE CALCULATIONS
.......................

J (nJef.s.es. 31c.2 6Jem 2
POWER. 40'9 COEFrtCl[NT. 241.8 kJ/m'2
3.hA< ALLOWED. '96.3 6J m*2 DELTA.A NAx ALLOWEO= 1.93 mm

RCURUE l er.'aL I D , 23
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ORNL-DWG 87-8009

02GR340 204 DEGREES C
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SPECIMEN 1D= 02G344
TEST TEMPERATURE = 90 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 31 mm e/W) = .607
MEASURED DUCTILE DELTA-A= .25 mm

YIELD STRENGTH = 590 MPa
FLOW STRENGTH = 656 MPa
ESTIMATED YOUNG'S MODULUS = 203 GPa

115.1 MPa SORim) (NOT VALlO Kle)SPECIMEN CLEAVED AT K =

UALUES AT MAxlMUM LOAD VALL'ES AT CLE AVAGE LOAD
...................... . . . . . . . . . . . . . . . . . . . . . . .

J. INTEGRAL = 151.2 bJ/m*2 J. INTEGRAL = 152 kJ/m*2
KJe= 175.1 MPa SCR(m) MJc= !?5.5 MPa SQR(m)
K. beta-c= 102.1 MPa SCR(m) K-beta.c= 102.2 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
................... .....................

Jlc= 140.8 kJ/m*2 Jte- 0 kJ/m*2
K.JIc= 168.9 MPa SQR(m3 K-JIc= 0 MPa SQR(m)
POWER = .8026 SLOPE. kJ/m*3
COEFFICIENT = 454.2 kJ/m^2 INTERCEPT = 0 kJ/m*2
T (AVERAGE)= 181 T (ASTM). O

INVALID, 1

i

| Ji-R CURVE CALCULATIONS
, .......................

1 J (eJ/T=8.8)= 0 kJ/m*2
l POWER = 0 CCEFFICIENT= 0 bJ/m'2
| J. MAX ALLOWED- 658.6 bJ/m^2 DELTA-A MAX ALLOWEO= 2.01 mm

RCURVE INVALID, 2
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OML-DWG 87-8011

02G344 80 DEGREES C
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; 02G344 80 DEGREES C
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SPECIMEN ID= 02G353
MATERIAL TYPE- A533
TEST TEMPERATURE- 50 DEG C
THICKNESS = 21.4 mm
SIDE GROOVES'' 0%
INITIAL CRACI: LENGTH = 31.5 mm a/W)i= .618
MEASURED DUC',*lLE DELTA-A= .05 mm
Y! ELD STRENGTH = 604 MPa
FLOW STRENGTH = 672 MPa
FSTIMATED YOUNG'S MODULUS = 204 GPa

JPECIMEN CLEAVED AT K = 78.9 MPa SQR(m) (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________ _______________________

J. INTEGRAL = 29.8 kJ/m^2 J-!NTEGRAL= 29.8 kJ/m^2
KJe= 78 MPa SQR(m) KJc= 78 MPa SQR(m)

| K_ beta-c= 67.5 MPa SQR(m) K-beta-c= 67.5 MPa SQR(m)
;
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| ORNL-DWG 87-8013

02G353 50 DEGREES C:
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|

SPECIMEN ?Da 02G362
TEST TEMPERATURE = 121 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES- 20 N
INITIAL 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(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
|

__________ .___.... ________...______....

l Jtc= 148.7 kJ/m^2 JIc= 146.3 kJ/m^2
K-JIc= 172.6 MPa SQR(m) K-J!c= 171.2 MPa SQR(m)

;

j 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
VALID, E811

|
;

i Ji-R CURVE CALCULATIONS
______.......___.......

j J (@J/T=0.8)= 246.2 kJ/m^2
l POWER = .2567 COEFFICIENT = 239.9 kJ/m^2
I J-MAX ALLOWED- 617.5 kJ/m^2 , DELTA-A MAX ALLOWED = 1.93 mm

RCURVE INVALID, 2 |
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ORNL-ING 87-8014

02G362 121 DEGREES C'
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02GR363 204 DEGREES C'
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SPECIMEN ID= 02G365
MATERIAL TYPE = A533
TEST TEMPERATURE = 50 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 31.0 mm e/W)i= .624
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 604 MPa
FLOW STRENGTH = 672 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN CLEAVED AT K = 69.4 MPa SQR(m) (NOT VALID Kic)

'
VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD:

4 ...................... .......................

| J.!NTEGRAL= 22.5 kJ/m^2 J-INTEGRAL = 22.5 kJ/m^2
KJe= 67.0 MPa SQR(m) KJe= 67.0 MPa SQR(m)

,

j K-beta-c= 61.2 MPa SQR(m) K-beta-c= 61.2 MPa SQR(m)
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SPECIMEN ID= 02G401
MATERIAL TYPE = A53301
TEST TEMPERATURE -25 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES >* 0 %
INITIAL CRACK LENGTH = 31 mm a/W)i- .609
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 647 MPa
FLOW STRENGTH = 717 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT Kle- 50.9 MPa SQR(m) (UALID ASTM E399)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
-............... ....- ---------....-------..-

J-INTEGRAL = 14.6 kJ/m^2 J-INTEGRAL = 16.6 kJ/m^2
' KJe= 50.0 MPa SQR(m) KJea 50.0 .;Pa SQR(m)

K-beta-c= 55.6 MPa SQR(m) K-beta-c= 55.6 MPa SQR(m)
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SPECIMEN ID- 02G404
MATERIAL TYPE = A533
TEST TEMPERATURE- 50 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 31.1 mm a/U)i- .609
MEASURED DUCTILE DELTA-A= 05 mm.

YlELD STRENGTH = 604 MPa
FLOU STRENGTH = 672 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN CLEAVED AT K = 79.9 MPa SQR(m) (NOT VALID Klc)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
...................... .......................

! J-INTEGRAL = 36. 7 kJ/m^2 J-INTEGRAL = 36.7 kJ/m^2
KJe= 86.6 MPa SQR(m) KJe= 06.6 MPa SQR(m)
K-beta-c= 72.1 MPa SQR(m) K-beta-c= 72.1 MPa SQR(m)
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SPECIMEN ID= 02G406
MATERIAL TYPE- A5338
TEST TEMPERATURE- -25 DEG C
THICKhESS= 25.4 mm
SIDE GROOVES = 0 N
INIT!AL CRACK LENGTH = 30.7 mm a/W)i- .602
MEASURED DUCTILE DELTA A= .05 mm
YIELD STRENGTH = 647 MPa
FLOW SYRENGTH= 717 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K!c= 45.1 MPs SQR(m) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
...................... .......................

J.!NTEGRAL= 14.3 kJ/m^2 1. INTEGRAL = 14.3 kJ/m^2
KJe= 54.6 MPa SQR(m) K = 54.6 HPa SQR(m)
K beta-c= 52.2 MPa SQR(m) K beta-c= 52.2 MPa SQR[m]
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SPECIMEN ID= 02GA407
MATERIAL TYPE = A5330
TEST TEMPERATURE = 50 DEG C
THICKNESS- 25.4 mm
SIDE GRDOVES= 0 N
INITIAL CRACK LENGTH = 31.1 mm a/W)t= .611
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 604 MPa
FLOW STRENGTH = 672 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN CLEAVED AT K a 62.3 MPa SQR(m) (NOT VALIO K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
-.--------.----------- -----------------------

J-!NTEGRAL= 18.3 kJ/m^2 J-INTEGRAL = 18.3 kJ/m^2
KJe= 61.1 MPa SQR(m) KJe= 61.1 MPa SQR(m)
K-beta-c= 56.6 MPa SQR(m) K-beta-c= 56.6 MPa SQR(m)
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SPECIMEN ID= 02G414
MATERIAL TYPE = A53381
TEST TEMPERATURE = -29 DEG C
TH1CKNESS= 29.4 mm
SIDE GROOVES = 0 N
INITIAL CRACK LENGTH = 30.2 mm a/W)i- .992,

MEASURED DUCTILE DELTA-A= .05 mm
YIELD STRENGTH = 647 MPa
FLOW STRENGTH = 717 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

| SPECIMEN CLEAVED AT Kle= 36 MPa SQR[m] (VALID ASTM E399)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
______________________ _______________________

;

J-INTEGRAL = 6.9 kJ/m^2 J-INTEGRAL = 6.9 kJ/m^2
| KJe= 38 MPa SQR(m) KJc= 38 MPa SQR(m)

K-beta _c= 37.9 MPa SQRCm1 K-beta-c= 37.9 MPa SQRtml
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SPECIMEN ID- 02G421
TEST TEMPERATURE = 80 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 0 %
INITIAL 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 SQR(m) (NOT UALID KIc)

. VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD

|
____. ____ ..__________...._________ ....____

J-INTEGRAL = 138.1 kJ/m 2 J-!NTEGRAL= 198.8 kJ/m^2a

KJe= 167.3 MPa SQR(m) KJe= 200.7 MPa SQR(m)
K-bata-c= 100.1 MPa SQR!m) K-beta-c= 108.1 MPa SQR!m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
.....___.......___. ....___......___.__..

Jlc= 151.4 kJ/m^2 Jte= 0 kJ/m^2
,

K-J!c= 175.2 MP4 SQR(m) K_J!c= 0 MPa SQR(n)
i

POWER = .353 SLOPE- kJ/m^3'

; COEFFICIENT = 241.9 kJ/m^2 INTERCEPT = 0 kJ/m^2
i T (AVERAGE)= 43 T (ASTM)= 0
' INVALID, 1

Jl-R CURVE CALCULATIONS
__..........__..__.....

,

J (@J/T=0.8)= 236.7 kJ/m^2
POWER = .2921 COEFFICIENT = 223.9 kJ/m^2
J-MAX ALLOWED = 662.8 kJ/m^2 DELTA-A MAX ALLOWED = 2.02 mm

RCURVE INVALID, 2
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|

SPECIMEN ID= 02G422 ,

|TEST TEMPERATURE- 288 DEG C
|THICKNESS = 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.9 mm a/W)i- .607

;MEASURED DUCTILE DELTA-A= 4.73 mm

YIELD STRENGTH = 926 MPa j

FLOW STRENGTH = 613 MPa j

ESTIMATED YOUNG'S MODULUS = 191 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 199.9 kJ/m^2
KJ-MAX LOAD = 193.1 MPa SQR(m) i

l

|
POWER LAW PROCEDURE ASTM LINEAR PROCEDURE

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

J!c= 194.4 kJ/m^2 J!c= 193.8 kJ/m^2
K-J!c= 171.6 MPa SQRtml K-J!c= 171.3 MPa SQRtm) |

POWER = .3786 SLOPE = 103020 kJ/m^3
COEFFICIENT = 291.4 kJ/m^2 INTERCEPT = 140.9 kJ/m^2
T (AVERAGE)= 91 T (ASTM)- 92 ;

VALID, E013 j

i
|
'JI-R CURVE CALCULATIONS
|-----------------------

J (@J/T=8.8'= 293.9 kJ/m^2,

POWER = .3909 COEFFICIENT = 291 kJ/m^2
J-MAX ALLOWED = 614.4 kJ/m^2 DELTA-A MAX ALLOWED- 2 mm

RCURVE INVALID, 2 3
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SPECIMEN ID= 68 WAD
MATERI AL TYPE = A'5338W
TEST TEMPERATURE = -50 DEG C
THICKNESS- 25.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 30.9 mm a/W)i- .608
MEASURED DUCTILE DELTA-A= .25 mm
YlELD STRENGTH = 727 MPa
FLOW STRENGTH = 727 MPa
ESTIMATED YOUNG'S MODULUS = 210 GPa

SPECIMEN CLEAVED AT K - 131.3 MPa SQR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD |
:...................... .......................

J-INTEGRAL = 140.3 kJ/m^2 J-INTEGRAL = 140.4 kJ/m^2 |

KJc= 171.7 MPa SQR[m] KJc= 171.7 MPa SQR(m)
K-beta-c= 113.5 MPa SQR(m) K-beta-c= 113.5 MPn SQR(m) |
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SPECIMEN ID= 68WBB
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -75 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 30.1 mm a/W)i- .993
MEASURED DUCTILE DELTA-A= .09 mm
Y! ELD STRENGTH = 797 MPa
FLOW STRENGTH = 757 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPa

SPECIMEN CLEAVED AT K = 116.1 MPa SQR[m] (NOT VALID KIc)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
---------------------------------------------

J-INTEGRAL = 84.3 kJ/m^2 J-INTEGRAL = 84.9 kJ/m^2
KJc= 133.6 MPa SQRCm) KJe= 134 MPc SQR(m)
K-oeta-c= 102 MPa SQR[m] K-beta-c= 102.2 MPa SQR[m]
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1

i P E C i t1E U !D= 66WOs |
TEST T E t1PE E47UDE = 204 DEG r
f M I C k t dE 59= 25. 4 **

SIDE GROQUES* 20 *.
INITIAL CP..C* L E t JG T H = ?O.* = * . e-lest= .o
P1FwSupFD DUC T ILE C EL Tw.s. 2.* am
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SPECINEN ID= 68WDC
TEST TEMPERATURE = 121 DEG C
TH!CKNESS= 29.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.9 mm e/W)i- .601
MEASURED DUCTILE DELTA-A= 2.81 mm

YlELD STRENGTH = 938 MPa
FLOW STRENGTH = 979 MPa
ESTIMATED YOUNG'S MODULUS = 200 GPa

|

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 313.1 kJ/m^2
KJ-HAX LOAD = 290.4 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
________________________________________

J!c= 163.8 kJ/m^2 J!c. 131.2 kJ/m^2
K-J!c= 181.1 MPa SOR(m) K-J!c= 162.1 MPa SOR[m]
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

J1-R CURVE CALCULATIONS
_______________ _______

J (@J/T=8.8)= 1090 kJ/m^2
POWER = .7321 COEFFICIENT = 402.7 kJ/m^2
J-MAX ALLOWED = 983.3 kJ/m^2 DELTA-A MAX ALLOWED = 2.03 mm

RCURVE INVALID, 2
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SPECIMEN ID= 68WHC
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -130 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 30.5 mm a/W)i= .601
MEASURED LUCTILE DELTA-A= .05 mm
Y! ELD STRENGTH = 833 MPa
FLOW STRENGTH = 833 MPa
ESTIMATED YOUNG'S MODULUS = 215 GPa

SPECIMEN CLEAVED AT Kic= 52.5 MPa SQR(m) (VALID ASTM E399)

UALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
---------------------- -----------------------

J..!NTEGRAL= 13.5 kJ/m^2 J-INTEGRAL = 13.5 kJ/m^2
KJe= 53.9 MPa SQR(rn) KJc= 53.9 MPa SQR(m)

,
K-beta-c' 52.9 MPa SQR(m) K-beta-ca 52.9 MPa SQR(m)
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68WHC -130 DEGREES C
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,SPECIMEN ID= 68WKB
!TEST TEMPERATUPE= 204 DEG C

THICKNESS = 25.5 mm
!SIDE GROOVES = 20 %

INITIAL CRACK LENGTH = 30.5 mm s/W)t= .602 i

MEASURED DUCTILE DELTA.A= 2.28 mm

YlELD STRENGTH = 533 MPa
FLOW STRENGTH = 572 MPa
ESTIMATED YOUNG'S MODULUS = 196 GPa ,

i

i

SPECIMEN O!D NOT CLEAVE, J. MAX LOAD = 278 kJ/m'2 |

KJ-MAX LO40= 233.1 MPa SQR[ml [
i

|
'

'

PJWER LAW PROCEDURE ASTM LINEAR PROCEDURE |
........................................

I

Jtc= 14a.7 kJ/m*2 J!c= 122.3 kJ/m^2
K.Jle= 168.2 MPa SQR(ml K.JIc= 154.7 MPa SQR(m)
POWER = .6506 SLOPE = 227311 kJ/m^3
COEFFICIENT = 333.9 kJ/m*2 INTERCEPT = 90 kJ/m*2

T (AVERAGEb 129 Y (ASTM)= 136
,

VALIO, E813'

I Ji-R CURVE CALCULATIONS
.......................

; J (RJ/T=8.8). 730.4 kJ'm*2
; POWER = .6433 COEFFICIENT = 333.2 bJ/m^2
| J. MAX ALLOWEO= 577.6 LJem^2 DELTA.A MAX ALLOWEO= 2.02 mm

! RCURVE INUALlO, 1
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68WKB 204 DEGREES C
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SPECIMEN ID= 68WvC
TEST TEMPERATUGE= 283 DEG C
THICKNESS. 25. mm

SIDE GROOVES = 20 %
INITIAL CPACK LENGTH. 30.3 mm seus = .5*8
NEASUDED DUCT!LE DELTA-A= 2.31 mm

YlELD STPENGTH- 548 MPa
FLOW STRENGTH = 593 MPs i

ES T ! MAT E D YOU'4G ' S t100ULUS= 191 GPe
|

SPECIMEN DID NOT CLEAVE. J-M M LOAD * 306.5 kJ/m^2 i

k J-t1M LOAD = 241.8 MPe 500!m)

POuER LAW PROCEDUEE ASTri L INE AR PPOCEDUPE
)................... .....................

J!c= 100 6J/m*2 Jica 164.1 bJem^2
6.Jle. 105.3 t1P e SO5t i m ) V-J!ca 176.9 MPe SQR(m)
POWER = .5009 SLOPE. 219095 kJ/m")
COEFFICIENT = ?64.5 kJ/m'2 INTERCEPT = 13).9 kJ/m*2
T ( AVE R AGE ) = 115 7 (ASTM)* 113i

UALID. E013'

1

J i-R CURVE CALCUL AT IONS
.......................

J (d]/T=6.9)= 657.4 kJ/m'?
POWER = .5801 CCEFFICIENT= 364 kJ<m^2
J.NM ALLOWED = 602.4 kJem'2 DEL T4. A MM ALLOWED. 2.04 me
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100

.

.

.

80 -

, .

n .

Z -

3 60 -

m .

. .

A -

[ 40 -
,

: o -

J :
i 20 -

.

.

ii i .i.g . . . . . . . . . .. . .

; O 1 2 3 4 5

DISPLRCEMENT (mm)
.

ORNL-DWG 87-8040 ;
I :

i G8WKC 288 DEGREES C I

i

I 1000 t1ODIFIED-ERN5T J-INTEGRRLn

i N .
A J (8.8*Tavg) e JIC(E-813) |

'

| < OFFSET LINES e JIC(PHR LRH),

BLUNTING LINE * RCTUAL DELTA-A
| g ggg _

s .

IA -

as .,

) v 600 - ap :

J -

*1 |-

a
1 g 400 -

: o / o
,

' oW - '

$ 200
'

H
I /

.i /. i ih i~ .a . . . . . . . . . .

0 1 2 3 4 5

CRACK EXTENSION (mm)
-

, , - - . _ , _ _ _ . , _ - - - - . . , - - ~ , - , ,__ - , _ _ _ , - _ _ . , , _ _ . . _ . _ . . . - - -
. - --



__- .. . - _ . _ . _ - ._ _ _ _ - _ _ . _ _ - _ _. _. . . . - . - . - - _ - - - -

i

367 |

SPECIMEN ID= 68WKE
TEST TEMPERATURE- 121 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.6 mm a/W)i- .601 ;

MEASURED DUCTILE DELTA-A= 2.62 mm !

YlELD STRENGTH = 538 MPa
FLOW STRENGTH = 575 MPa
ESTIMATED YOUNG'S MODULUS = 200 GPa

|

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 342.3 kJ/m^2
KJ-MAX LOAD = 261.8 MPa SQR(m) |

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
------------------------------ ....-----

., Jlc= 196.8 kJ/m^2 J!c= 172.6 kJ/m^2

K-J!c= 198.6 MPa SQR[m] K-J!c= 185.9 MPa SQR(m)'

POWER = .6466 SLOPE- 263609 kJ/m^7

COEFFICIENT = 410.4 kJ/m^2 INTERCEPT = 133.1 kJ/m^2'

T (AVERAGE)= 155 T (ASTM)= 159
UALID, E013

Ji-R CURVE CALCULATIONS
------------..........--

J (@J/T=8.8)= 903.8 kJ/m^2
| POWER = .643 COEFFICIENT = 409.8 kJ/m^2
j J-MAX ALLOWED = 583.1 kJ/m^2 DELTA-A MAX ALLOWED = 2.03 mm

i VALID R-CURVE
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G8WKE 121 DEGREES C
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|
SPECIMEN ID= 60WLC |

MATERIAL TYPE- A5338W l

TEST TEMPERATURE = -75 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES- 0 %
INITIAL CRACK LENGTH = 30.3 mm a/W)i- .597
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 757 MPa
FLOW STRENGTH = 757 MPa
ESTIMATED YOUNC'S MODULUS = 211 GPa

SPECIMEN CLEAVED AT K - 110.2 MPa SQR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
---------------------- -----------------------

J-INTEGRAL = 67.9 kJ/m^2 J-lhTEGRAL= 67.7 kJ/m^2
KJe= 119.0 MPa SDR(m) KJe= 119.6 MPa SQRCm3
K-beta-c= 96 MPa SQR(m) K-beta-c= 95.9 MPa SQR(m)
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SPECIMEN ID= 68WMB
TEST TEMPERATURE = -130 DEG C
THICKNESS = 29.4 mm

SIDE GROOVES = 0 N
INITIAL CRAC'4 LENGTH = 30.4 mm a/W)i= .998

MEASURED DUCTILE DELTA _A= .09 mm

YIELD STRENGTH = 833 MPa
FLOW STRENGTH = 833 MPa
GSTIMATED YOUNG'S MODULUS = 219 GPa

SPECIMEN CLEAVED AT KIc= 37.4 MPa SQR(m) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________________________ _____

J-INTEGRAL = 6.9 kJ/r'' J-!NTEGRAL= 6.9 kJ/m^2
KJe= 37.4 MPa SQR(m) KJe= 37.4 MPa SQR(m)
K-beta-c= 37.2 MPa SOR(m) K-beta-c= 37.2 MPa SQR(m)
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LOAD DISPLACEMENT AND J.R CURVES UNAVAILABLE
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SPECIMEN ID= 68WMD
TEST TEMPERATURE = 32 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.8 mm a/W)i- .606
MEASURED DUCTILE DELTA-A= 6.75 mm
YIELD STRENGTH = 569 MPa
FLOW STRENGTH = 610 MPa
ESTIMATED YOUNG'S MODULUS = 205 GPa

SPCCIMEN D!D NOT CLEAVE, J-MAX LOAD = 346.7 kJ/m^2
KJ-MAX LOAD = 266.8 MPa SOR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ ______ _____________

J!c= 206.4 kJ/m^2 J!c= 178.3 kJ/m^2
K-J!c= 205.9 MPa SOR(m) K-J!c= 191.3 MPa SOR(m)
POWER = .6942 SLOPE = 310973 kJ/m^3
COEFFICIENT = 456 kJ/m^2 INTERCEPT = 132.8 kJ/m^2
T (AVERAGE)= 168 T (ASTM)= 172

UALID, E813

J!-R CURVE CALCULATIONS
_________________.._____

J (@J/T=8.8)= 1113.1 kJ/m^2
POWER = .7141 COEFFICIENT = 458.1 kJ/m^2
J-MAX ALLOWED = 611 kJ/m^2 DELTA-A MAX ALLOWED = 2 mm
RCURVE INVALID, 3
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ORNL-DWG 87-8044

68WMD 32 DEGREES C
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SPECIMEN ID= 69W102
TEST TEMPERATURE = 121 DEG C
THICKNESS = 25.5 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.6 mm a/W)i- .603
MEASURED DUCTILE DELTA-A= 3.43 mm

YlELD STRENGTH = 675 MPa
FLOW STRENGTH = 712 MPa
ESTIMATED YOUNG'S MODULUS = 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 204.3 kJ/m^2
KJ. MAX LOAD = 202.3 MPa SQRtml

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
________________________________________

J!c= 150.1 kJ/m^2 J!c= 133.4 kJ/m^2
K.J!c= 173.4 MPa SQR(m) K-J!c= 163.4 MPa SQR(m)
POk'ER= .4034 SLOPE = 134114 kJ/m^3
COEFFICIENT = 260.3 kJ/m^2 INTERCEPT = '20.8 kJ/m^2
T (AVERAGE)= 44 T (ASTM)= 53

VALID, E813
4

|
'

Ji-R CURVE CALCULATIONS
, _______________________

| J (@J/T=0.8)= 296.7 kJ/m^2
POWER = .4009 COEFFICIENT = 259.6 kJ/m^2

1 J-MAX ALLOWED = 717 kJ/m^2 DELTA-A MAX ALLOWED = 2.02 mm

i RCURVE INVALID, 1 2
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69W102 121 DEGREES C
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SPECIMEN ID= 69W113
MATERIAL TYPE = A5338W
TEST TEMPERATURE = 29 DEG C
THICKNESS = 25.5 mm
SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 31.3 mm a/W)i- .617
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 714 MPa
FLOW STRENGTH = 751 HPa
ESTIMATED YOUNG'S MODULUS = 206 GPa

SPECIMEN CLEAVED AT K = 106.3 MPa SQR(m) (NOT VALIC K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________ _________________._____

J-INTEGRAL = 54.3 kJ/m^2 J-!NTEGRAL= 54.*/ kJ/m^2
KJe= 105.7 MPa SQR(m) KJe= 105.7 MP', SQR(m)
K-beta-c= 87 MPa SQR(m) K-beta-c= 87 St*a SQR(m)
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ORNL-DWG 87-8048
1 69W113 29 DEGREES C
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|
SPECIMEN ID= 69W114 |

MATERIAL TYPE = A9338W j
TEST TEMPERATURE = 10 DEG C i

'

THICKNESS = 29.4 mm
SIDE GROOVES = 0 N
INITIAL CRACK LENGTH = 30.4 mm e/W)i- .990
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 739 MPa
FLOW STRENGTH = 760 HPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

SPECIMEN CLEAVED AT K = 77.3 MPa SQR(m) (NOT VALID Klc)

|

UALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
__ ___... .........___.___........ . _______

J-INTEGRAL = 29 kJ/m^2 J-INTEGRAL = 25 kJ/m^2
KJe= 71.9 MPa SQR(m) KJc= 71.9 MPa SQR(m)
K-beta-c= 67.1 MPa SOR (,a } K-beta-c= 67.1 MPa SQR[m]

,

. ?

&w.
.

-
't.,

i;W},

r , ; ,'$ 1.I ,

h?' ('|e
,

'

} % j{ b;|? ''
,? k y_

9,,s'

'
#'

ht ' \ f .' e .
. ,| a(s<a

. _ .a-
-

I

|

|

|
t

i

i
!
|

|
,

_ _ . - - - - _ - - _ _ _ _ _ _ _ _ . _ _ _ . . , , _ _ _ , .mc._____,..__ __,



-. . . . _ - ,. - . - - - . -.

380,

ORNL-OWG 87-8049
'

69W114 10 DEGREES C
se

-
,

.

| -

'

48 -

.

. .

2. -

.:t 30 -

v
,

Q -,

[ 28 -

O -

19

) J -

,
-

| 10 -

; -

1
-

| ~. ..l .l .. 1 l. . . . . . . ,g
e .1 .2 .3 .4 .5

DISPLRCEMENT (mm) :
,

,

I

l

i

8

|
'

r

.l
' I

a

!
'

i
4

f

!

q

u
,

! ;

||
,

4
y

S

i

a

r<

1 -

|
1,

,

i I
,

I

f

i

- . . . - - _ - - _ _ - - . . - _ - ._ , - --, ,-. ~ . ,_._,. ,_.... _ _ _ _ _ _ _ . , _ _ . _ _ _ _ . - . - . __-



_______ _

|

381
|

| |

SPECIMEN ID* 69W116
TEST TEMPERATURE. 92 DEG C
THICvNESS. 25.4 mm

SIDE GROOVES = 0 %
INITIAL CRACF LENGTH = 29.* mm a'W)ia .58
MEASURED DUCTILE DELTH.A. .99 mm

YlEl.D STEENGTH= 702 MPe
FLOW STEENGTH. 730 MPs
ESTIM4TED YOUNG'S MODULUS = 204 GPa |

SPECIMEN DID NOT C L E AVE , J - Ma < LOwD= 171.6 kJem*2
FJ nAX LOnD* 197.2 MPa S^ Rim!

POWER LAW PROCEDURE A.Tri L INE AR PROCEDURE
................... .....................

Jte= 103.2 kJ/ma: Jtc= 75.2 kJ/m"2
K-Jlc. 1 5.2 MPa scrim) K.Jtc= 123.9 MPe scrim)
P0uER= .5673 SLOPE = 182326 bJem'3
CCEFrlCIENT= 243.7 bJem"2 INTERCEPT. 65.9 kJ/m^2
T 4AUERAGE). 55 Y (ASTM). 68

INVALID, 6

Jt-R CURUE CALCULATIONS
.......................

J ts).T=9.9). 312.9 kJ/m*2
POWER = .5153 COEFFICIENT = 238.2 6J/m*2
J-Ma< ALLOWED = 736.9 h J 'm '' 2 DELTA-A max ALLOWED = 2.13 mm

RCURVE INVALID. 23
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69W116 52 DEGREES C
ice

.

.

.

80 -

.

n -

Z -

3 60 -

[ /" '

,

a -

[ 40 -

O '

J :
| 20 -

.

.

'

ii.i , . . i
I g . . . . . .. . .. .

1 0 .4 .8 1.2 1.6 2

DISPLRCEMENT (mm)

ORNL-DWG 87-8051

69Wil6 52 DEGREES C
500 "

MODIFIED-ERN5T J-INTEGRRLn

N A J (0.8*Tavg) e JIC(E-813)
< OFFSET LINES e JIC(PWR LRW),

BLUNTING LINE 9 RCTUAL DELTR-Rg 400 -

\ f /
)b

a -

j /
-

. ,v 300 - ,
,

f ;,

/ 4 oJ -

[fC O-

E 200 -

C
0 ' / / Ow : / o

/ /
-

if
I J
h .i i i ig -, . . . . . . . . . . . .

0 .4 .8 1.2 1.6 2

CRACK EXTENSION (mm)

_



._.__ __ _ _ _ _ _ _ . _ _ . _ _ . _ _ _- - _ _ __ _ _ . __ __ _ . . _ _ . - - _____

383

SPECIMEN ID= 69W119
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -35 DEG C
TrilCKNESS= 25.4 mm
SIDE GROOVES = 0 4
INITIAL CRACK LENGTH = 30.1 mm a/W)i- .593
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 704 MPa
FLOW STRENGTH = 812 MPa |

|ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CCEAVED AT Kle- 56.9 MPa SQR(m) (UAL1D ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
...__..___ ____ ...... __ ....................

J-INTEGRAL = 15.2 kJ/m^2 J-!NTEGRAL= 15.2 kJ/m^2 i

KJc= 56.4 MPa SQR(m) KJe= 56.4 MPa SQR(m)
K-beta-c= 55 MPa SQR(m) K-beta-c= 55 MPa SQR(m)
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SPECIMEN ID= 69W121
MATERIAL TYPE = A5330W
TEST TEMPERATURE- 10 DEG C
THICKNESS = 25.4 mm I

'

SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 30.6 mm a/W)i- .603
MEASURED DUCTILE DELTA-A= .05 ~

YlELD STRENGTH = 739 MPa
FLOW STRENGTH = 760 MPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

SPECIMEN CLEAVED AT K = 70.3 MPa SQR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE 60AD
......................-......________ .___...

J-INTEGRAL = 24.7 kJ/m^2 J-INTEGRAL = 24.7 kJ/m^2
KJe= 71.4 MPa SQR(m) KJe= 71.4 HPa SQR(m)
K-beta-c= 66.7 MPa SQR(m) K-beta-c= 66.7 HPa SQR(m)
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SPECIMEtt ID= 69W126
TEST TEMPERATURE = 121 DEG C
THICKt1ESS= 29.5 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 30.3 mm a/W)i= .597
MEASURED DUCTILE DELTA-A- 3.15 mm

YlELD STRENGTH = 675 MPa
FLOW STRENGTH = 712 t1Pa
EST ! MATED YOUNG ' S t100ULUS= 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 206 kJ/m^2
KJ-MAX LOAD- 203.1 MPa SOR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
---------------------------------------

J!c= 124.3 kJ/m^2 Jlc= 105 kJ/m^2
K-J!c= 157.8 MPa SOR!m) K-J!c= 145 MPa SOR(m)
POWER = .4793 SLOPE- 144001 kJ/m^3
COEFFICIENT = 247.6 kJ/m^2 INTERCEPT = 94.4 kJ/m^2
T (AVERAGE)= 50 T (ASTM)= 57

UALID, E813

JI-R CURVE CALCULATIONS
-----------------------

J (@J/T= 0.8 )= 303.1 kJ/m^2
POWER = .4567 COEFFICIENT = 245.2 kJ/m^2
J-MAX ALLOWEDn 724.4 kJ/m^2 DELTA-A MAX ALLOWED = 2.05 mm

RCURVE INVALID, 2
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SPECIMEN ID= 69W142
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -36 DEG C
THICKNESS = 25.5 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 30.1 mm a/W)i- .594
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 785 MPa
FLOW STRENGTH = 813 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K!c= 55 MPa SQR(m) (VALID ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________ _______________________

J-INTEGRAL = 12.9 kJ/m^2 J-INTEGRAL = 12.9 kJ/m^2
KJe= 52 MPa SQR(m) KJew 52 MPa SQR(m)
K-beta-c= 51.1 MPa SQR(m) K-beta-c= 51.1 MPa SQR(m)
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SPECIMEN 10= 69W143
MATERIAL TYPE- A5330W
TEST TEMPERATURE = 50 DEG C
THICKNESS = 25.5 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTHS 30.3 mm a/W)i- .577
MEASURED DUCTILC DELTA-A= .05 mm
YlELD STRENGTH = 703 MPa
FLOW STRENGTH = 739 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN CLEAVED AT K = 112.6 hPa SQR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
.................. ... . .....................

J-INTEGRAL = 68.5 kJ/m^2 J. INTEGRAL = 68.5 kJ/m^2
KJc= 110.3 MPa SQR(m) KJc= 118.3 MPa SQR(m)
K-beta-c= 92.3 MPa SQR(m) K-beta-c= 92.3 MPa SQR(m)
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SPCClNEN ID* 69W144
TEST TEMPERATURE = 289 C{G C
THICKNESS. 29.4 mm

S I CC GROOLE S. 20 %
jNITIAL CRACF LEP6T H= 30.9 mm e<W)i= .608
NEASUFED DUCTILE CELTA.A. 2.17 mm

YlELD STEEt4tH* 693 NPe
FL OW STRE NGTH. 704 MPa
ESTINATED YOUNG'S NODULUS* 191 GPe

SPE C I ME N D l D NO T CL E A'.T . J . NA v L OAD. 190.9 b J em"'?
kJ.NAv LOAO* 190.9 NPe SQR(m]

POWER L AW PROCEDueE Asin LINE AR PROC Ett&E
................... .....................

Jica 118.9 kJer*2 Jlc. 97.6 bJem'2
K.JIc= 15 0.6 NPe SQotal k Jica 136.= Nee SQRtel
POWER. 4937 SLOPE * 131899 bJ/m*3
COEFFICIENT. 229,s hjem*2 INTEPCEPT= $9.4 bJem^2
7 (AVERAGE)* 43 T (ASTN). 91

UALID. E013

JI.R CURVE CHLCULATIONS

h hhef 8 0 hE7 bJem'2
POWER * .4973 COEFFICIENT * 229.6 kJ/m*2
J.NAA HLLOWED. 701.9 bJ.m*2 CTLT A. A NAV ALLOWED * 1.99 mm
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SPECIMEN 1D= 69W149
MATERIAL TYPED A5339W
TEST TEMPERATURE = -35 DEG C
THICKNESS = 25.5 mm
SIDE GROOVES = 0 N
INITIAL CRACK LENGTH = 29.9 mm a/W)i= .501
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 704 MPa
FLOW STRENGTH = 012 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K!c= 69.0 MPa SQR(m) (VALIO ASTM E399)

1

l VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
! ...................... .......................

J-1NTEGRAL= 24.1 kJ/m^2 J.lHTEGRAL= 24.1 kJ/m^2
KJe= 71.1 MPa SQR(m) KJc= 71.1 MPa SQR(m)
K-beta-c= 67.2 MPa SQR(m) K-beta-c= 67.2 MPa SQR(m)
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SPECIMEN IDa 69W193
TEST TEMPERATLREa 204 CEG C
THICANESS= 2%.4 m*

|-

SIDE GR000ES. 20 %
INITIAL CRACV LENGTH = 30.0 ** e< Wit = .e06
MEASURED DUCTlLE DELTA.A. 2.24 mm

YlELD STRENGTH = 496 PPe
FLOW STRENOTH. 699 MPe
E S i l M A T E D Y OUNG ' S MOC'UL'J! = 19e GPe

srECIMEN O!D NOT CLEa9E, J-Max LOAD. 195.8 kJem-2
FJ-MAX LOAD. 135.? nPa SCRimi

POWE R (*.W PROCEDUk E ASTN L INE AR PROCEDURE
................... .....................

Jte= 196.6 kJ/m'2 Jlce 134.4 bJem*2
k.Jica 1?T.1 MPe SQRim! k.Jte. 142.1 MPa SQRin!
PowEE. .4002 SLOFE= 1383?A kJ/m*3
C CE FF I C I D4T. 267.9 kJm2 INTERCEPT = 121.1 kJ/m^2
T ( AVE R AGE )= ma T (ASTN). 96

UALIO. [813

| JI-R CURVE CALCULATIONS
i .......................

J taJeT=8.81 296.2 hJem 2
, POWE R * .3??? COEFFICIENT. 265.8 kJ/m^2
i J-Mu< ALLOWED. e48.2 kJ<m'2 DELTA.A FA< ALLovED. 2 mm
; RCURUC INVALID 2
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S*ECleEN ID= 69W160
TEST TEMPERATUREe 204 CEG C
THICbHES$* 29.9 mm

SIDE GROOW S. 20 %
INITIAL CRACm LENGTH. 30.9 *.= e Wii= .402
NE45uRED DUCTILE CELTA.A. 2.00 mm

YlELD STRENGTH * 696 MPa
FLOW STREleGTHe 498 MPs
E ST I MA T E D YJUNG ' S NOC'VLV1 = 186 gps

SPECIM H DID NOT CLEA'T, J.N< LOAD. 1*4.9 kJ m*:
k J . nu L OAD. 1*9.2 NPa $0 Rim)

power Ls W i '90CE0ueE ASTM L INE AR PROCEOust
...........,....... .....................

J!se 12$.9 kJ'a 2 Jic. 112.0 bJ,'m*2

K.Jice 196.9 M88a SQRim) v.Jite 144.9 MPs $QR(ml
POWER. 4939 StoPE. 134039 kJem'3
COErrtCIENT. 240.9 kJ/m'2 INTERCJPT= 102 kJ m*2

| T (AVERAGEl* 4' 7 (ASTM)* 94
i VALID. E813

J1.R CURVE CALCULATIONS
.......................

J EpJ/T+0 e'* 2*e.1 kJ m'2
POWER = 4937 COEFFICIENTe 240.4 kJ/m*2

j J.MA* ALLOwE0* 709.7 kJ/m*2 DE L T A. A NM ALLOWED * 2.02 ma
,; RCURVE INVALID, 2
6

I
'
i
!

a

g
.

. i ' ').'i 1 h.

. . y- ,

w s: a T ; , .. ..;..
_e ., -

g R| h ' g !-
_

.

.s y
.

*' '
.g. ,

, . '$ Qy j'x | - .i . . j'
'

.

,

.

9 p- ,) '
-

9;.
-., . , , ., ,

..' . s.t . ? Y.
. ,

, , . .. ,

.. , .a* ..

.
. . .

s
- - '

. b
d f.-1 1 . . ...

| * 's .' - < e. ,. ,. . , . -.
'*

.

'O 1 g g

t - .e .- . ,q
- s e

. g
.

.

-

g. .

,

<.y -

- - _ _ - - - - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _

400

Omn.-DWB 87-8063
f

69W160 204 DEGREES C
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DISPLRCEMENT (mm) :

|
4 !

l OMR.-tMG 87-8064 j
l

'

89W160 204 DEGREES C i

I 500 MODIFIED-t.RN5T J-INTEGRMLm

N ,' & J (0.8dTave) e JIC(C-813) |;

; < OFFSET LINCS e JIC(PWR LRH) .

,

BLUNTING LINC 9 ACTUAL DELTA-R {g 4gg'
,,
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401 |

SPECIMEN ID= 69W169 ,

TEST TEMPERATURE- 90 DEG C |

|THICKNESS- 29.9 mm
fSIDE GROOVES = 0 8

INITIAL CRACK LENGTH = 30.1 mm a'W)i= .992
11EASURED DUCTILE DELTA-A= 2.26 mm
YlELD STRENGTH = 703 MPc
FLOW STRENGTH = 739 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LCAD- 191.2 kJ/m^2
KJ-MAX LOAD = 197.7 MPa SQR(m)

|

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ _____________________

J!c= 94.1 kJ/m^2 J!c= 74.9 J/m^2
K-Jlc= 138.7 MPa SOR(m) K-Jlc= 123.. MPa SOR(m)
POWER = .6252 SLOPE = 174094 kJ/m^3
COEFFICIENT = 247 kJ/m^2 INTERCEPT = 69.7 kJ/m^2
T (AVERAGE)= 61 T (ASTM)= 69

VALID, E813

JI-R CURVE CALCULATIONS
__________________ ____

J (@J/T=0.8)= 411.6 kJ/m^2i

POWER = .6947 C.OEFF I C I ENT= 249.1 kJ/m^2
J-MAX ALLOWED = 767.3 kJ/m^2 DELTA-A MAX ALLOWED = 2.08 mm

RCURVE INVALID, 24
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ORH.-DWG 87-8065

69W165 50 DEGREES C
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DISPLRCEMENT (mm)
!

ORNL-DWG 87-8066

69W165 50 DEGREES C
1000 MODIFIED-ERN5T J-INTEGRALm

ry | A J (0.8*Tavg) e JIC(E-813)
( .

OFFSET LINES a JIC(PHR LRH)
BLUNTING LINE $ RUTUAL DELTR-R6 800 fI

-

N
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3 - !
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|

SPECINEN ID= 69W167
! TEST TEMPERATURE = 288 CEG C |

-

THICVNESS= 25.4 erm

SIDE GROOVES. 20 %
INITIAL CRACK LENGTH = 30.e == a W) = .602
NEASURED DUCTILE DELTA.A. 2 mm
YlELD STRENGTH. 653 NPa'

' FLOW STRENGTH = 704 NPa
EST I NA T E D 'rOUNG ' S NODULUS= 191 GPa

SPECINEN DlD HOT CLEAVE, J-NAX LOAD- 190.6 kJ/m"2
kJ-NAX LOAD. 190.7 NPa SCR(m)

POWER LAW PROCEDURE ASTN LINEAR PROCEDURE
........................................

Jlc= 148 kJ/4^2 J!ca 132 kJ/m^2
K.Jte= 168 NPa 5091m1 K-Jte= 158,7 NPa SQRim)

POWER = .3378 SLOPE = 104737 kJ/m*3
! COEFFICIENT = 234.8 kJ/m^2 INTERCEPT = 122.2 LJ/m^2

7 (AVERAGE). 33 7 (ASTN)* 40
UALID. E813 |;

.

JI.R CURVE CALCULATIONS
....................... ,I
J (pJ/T=8.8)= 238.1 k J/ c,'2

POWER = .303 COFFFICIENT= 236.3 kJ/m^2 |

J.NAX ALLOWED. 712.1 kJ/m^2 DELTA.A NAX ALLOWED = 2.02 mm

RCURVE INVAll0, 2 ,
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ORNL-DWG 87-8067

69W167 288 DEGREES C
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DISPLACEMENT (mm)

ORNL-DWG 87-8068

89W187 288 DEGREES C
500 NODIFIED-ERNST J-INTEGRRLn

N : A J (8.8*Tavg) e JIC(E-813)
< .

OFFSET LINES m JIC(PHR LRH)
BLUNTING LINE + RCTUAL DELTR-Ag 400
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SPEC it1 Eta ID= c W172o

TEST T Et1 PEP ATUPE = 50 DEG C
THICkt4ESS= 25.4 mm

SIDE GROOVES = 0 %
ItllTIAL CPACK LEt4GT H= 29 mm a/W)l= .572

t1EASUPED DUCTILE DELTA-A= .64 rnm

YIELD STREtlGTH= 703 t1Pa
FLOW STREt4GTH= 739 11Pa
ESi t t1ATED YOUt4G ' S t100ULUS= 204 GPa

129.7 MPa SQR(m) (t40T VALID K!c)SPECit1Erl CLFAVED AT K =

VALUES AT MAXIMuti LOnD VALUES AT CLEAVAGE LOAD
____..___.._...........___......___........__

J-INTEGPAL= 193.2 LJ/m^2 J-It4TEGRAL= 186.4 kJ/m^2
kJe= 193.5 tipa SORtml KJc= 195.2 MPa SOR(m)
k-beta-c= 1 17. "' MPa SOP (m) V-beta-c. 118.2 MPa SOR(m)

POWER LAW PROCEDUPE ASTM LitJEAR PROCEDURE
| ........_.___..._............. _...._...

Jlc= 141.2 kJ/m^2 Jlc= 0 kJ'm^2

K.Jlc= 169.9 t1Pa SOP!m) K-Jte= 0 MPa SOR[m]
POWEP= .5859 SLOPE = 0 kJ/m*3

COEFF I C I Et4T = 321.6 kJ/m^2 INTERCEPT = 0 k J /m '2
! T (AVERAGE)= '' 3 T (ASTM)= 0

I t> VAL I O . 16'

Ji P CUPUE CALCULHTIOt45
.......____._______....

J <s] T=8.8)= 318.7 kJem^2
POWEP= -4340 COEFF I C I Et4T = 273.1 kJ/m^2

.

J.ti.* ALLOWED = 303 L J / m '2 DELTA.A MAX ALLOWED = 2.17 mm

| RCUPUE I t 40 AL I D . 23
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ORNL-DWG 87-8069

69W172 50 DEGREES C
100

.

.

.

80 -

.

m .

Z -

3 60 -

v .

.

Q -

[ 40 -

O -

J :
20 -

.

.

. '4
' ' '0 ' ' ' ' ' ' '' ' ' ' ' ' ' '

O .8 1.2 1.6 2
,

| DISPLACEMENT (mm)
i

ORNL-DWG 87-8070
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SPECIMEN ID= 69W173
MATERIAL TYPE- A5338W
TEST TEMPERATURE = 10 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0 %
INITIAL CRACK LENGTH = 30.7 mm a/W)i= .604
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 739 MPa
FLOW STRENGTH = 768 MPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

SPECIMEN CLCAVED AT K = 85.9 MPa SQR(m) (NOT VALID K!c)
|

UALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
________a___________________.________________

J-INTEGRAL = 29.5 kJ/m^2 J-!NTEGRAL= 29.5 kJ/m^2
KJe= 78.1 MPa SQRCm) KJe= 78.1 MPa SQR[m]
K-beta-c= 71.6 MPa SQR(m) K-beta-c= 71.6 MPa SQRtm]'
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69W173 10 DEGREES C
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SPECIMEN ID= 70W106
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -50 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES- 0 %
INITIAL CRACK LENGTH = 27.7 mm a/W)i- .544
MEASURED DUCTILE DELTA-A= .05 mm
YIELD STRENGTH = 603 MPa
FinW STRENGTH = 660 MPa
ESTIMATED YOUNG'S MODULUS = 210 GPa

SPECIMEN CLEAVED AT K = 96.8 MPa SQR(m) (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
----- .....----------- -----------------------

J-INTEGRAL = 39.6 kJ/m^2 J-INTEGRAL = 42.7 kJ/m^2
KJe= 91.2 MPa SQR[m] KJe= 94.7 MPa SQR[m]
K-beta-c= 74.4 MPa SQRtml K-beta-c= 76.1 MPa SqRtm]
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ORNL-DWG 87-8072

70W106 -50 DEGREES C
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SPECINEN 10= 70W107
TEST TEMPERATURE = 288 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 %
'

INITIAL CRd.CK LENGTH = 27.9 mm a/W)l= .549
NEASURED DUCTILE DELTA.A= 2.05 mm

YlELO STRENGTH * 469 MPa
FLOW STREFGTN= 543 NPa
ESTINATED YOUNG'S NODULUS= 191 GPa

SPECINEN OlD HOT CLEAVE, J-MAX t.OAO= 163 kJ/m*2
KJ-MAX LOAO= 176.3 NPa SQR(m)

POWER LAW PROCEDURE ASTN LINEAR PROCEDURE
................... .....................

JIce 113.1 kJ/m*2 J!ca 97 kJ/m^2
K.Jte= 146.9 MPa SQR(m) K.Jlc= 136 NPa SQR(m)
POWER = .3772 SLOPE = 97489 LJ/m*3
COEFFICIENT = 189.6 kJ/m*2 INTERCEPT. 88.3 kJ/m*2
T (AVERAGE)* 50 T (ASTN)= 63

INVAllO, 6

JI.R CURVE CALCULATIONS
.......................

J (pJ/T=0.8)= 251.4 kJ/m^2
POWER = .3727 COEFFICIENT = 189.8 kJ/m^2
J.NAx ALLOWED = 551.3 kJ/m^2 DELTA.A NAx ALLOWED = 2.29 mm
RCURVE INVAL1D, 2 3
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DISPLRCEMENT (mm)
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ORNL-DWG 87-8074

70WlO7 288 DEGREES C
500 MODIFIED-ERNST J-INTEGRALm

N : A J (8.8*Tavg) e JIC(E-813)
( ,
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SPECINEN 10 70W100
TEST TEMPERATURE = 204 DEG C
THICKNESS = 25.4 mm |

S10E GROOVES = 20 %
INITIAL CRACK LENGTH = 20 mm a/W)ie .551
NEASUREO DUCTILE DELTA-A* 2.05 ==

YlELD STRENGTH. 477 NPa
FLOW STRENGTH = 539 NFa
ESTINATED YOUNG'S NODULUS= 196 gps

SPECINEN 010 NOT CLEAVE, J.NAX LOAD = 196.5 kJ/m*2
K.1.NAx LOAO. 196 NPa SQRlm3

POWER LAW PROCEDURE ASTN LINEAR PROCEDURE
................... .....................

Jle= 132.9 kJ/m*2 JIc= 124.7 kJ/m*2
K-Jlc* 161 2 MPa SQRlm) K.Jte= 156.1 NPa SQR!m)
POWER = .4716 SLOPE * 125840 kJ/m*3
COEFFICIENT = 244.6 kJ/m^2 INTERCEPT = 110 kJ/m^2
T ( AVER /(.E ) . 81 Y (ASTN)* 86

VALlo, E813

Jl.R CURVE CALCULATIONS
.......................

J (pJ/T=0.8)= 384 kJ/m^2
POWER = 4507 COEFFICIENT = 245.1 kJ/m^2
J.NAx ALLOWED. 543.9 kJ/m^2 DELTA.A max ALLOWED. 2.28 mm
RCURVE INVALID, 2
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ORNL-DWG 87-8075
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SPECIMEN ID= 70W110
TEST TEMPERATURE = 121 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 20 mia e/W)i- .991
NEASURED DUCT!LE DELTA-A= 4.39 mm

YlELD STRENGTH = 497 MPa
FLOW STRENGTH = 990 MPa
ESTIMATED YOUNG'S MODULUS = 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 204.8 kJ/m^2
KJ-MAX LOAD = 202.5 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
___________________ _____________________

J!c= 119 kJ/m^2 J!c= 96.3 kJ/m^2
K-J!c= 191.8 MPa SOR(m) K-J!c= 138.9 MPa SQR[m]
POWER = .9992 SLOPE = 169933 kJ/m^3
COEFFICIENT = 261.1 kJ/m^2 INTERCEPT = 81.4 kJ/m^2
T (AVERAGE)= 106 T (ASTM)= 113

VALID, E013

Ji-R CURVE CALCULATIONS
_______________________

2 J (@J/T=8.8)= 971.4 kJ/m^2
'

POWER = .6160 COEFFICIENT = 299.4 kJ/m^2
J-MAX ALLOWED = 998.6 kJ/m^2 DELTA-A MAX ALLOWED = 2.28 mm ;

RCURVE INVALID, 1 1
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ORNL-DWG 87-8077

70W110 121 DEGREES C
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SPECIMEN ID= 70W117
TEST TEMPERATURE. 288 DEG C
THICWHESS* 29.4 mm
SIDE GROOVCS= 20 % \

INITIAL CRACK LENGTH. 28 am e/W)ia .991
NEASURED DUCTILE DELTA.A= 1.83 mm
YlELD STRENGTH. 469 NPe
FLOW STRENGTHe 543 NPe
ESTIMATED YOUNG's N00ULUS= 191 gps

SPECINEN DIO NOT CLEAVE, J.NAX LOAO= 164.8 kJ/m*2
kJ.NAX LOAD = 177.3 NPe SQRlm)

POWER LAW PROCEDURE ASTN LINEAR PROCEDURE
................... .....................

JIc= 123.4 kJ/m*2 Jte. 109 kJ/m*2
K.Jte= 191.4 NPe SQR(m) K.Jtc. 141.9 NPe SQRlml I

POWER * .4106 SLOPE = 110431 kJ/m") !

COEFFICIENT = 213.3 kJ/m*2 INTERCEPT. 94.3 kJ/m^2
T (AVERAGE)= 60 T (ASTN). 72

VALID, E013
l
,

Jt.R CURVE CALCULATIONS
.......................

J (pJ/T*0.8)* 287.4 kJ/m*2
POWER * .3879 COEFFICIENT. 211.4 kJ/m*2
J.NAx ALLOWED * 991.3 kJ/m^2 DELTA.A ItAX ALLOWEO. 2 28 mm
RCunVE INVAL10, 2
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ORNL-DWG 87-8079

70W117 288 DEGREES C
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SPECIMEN ID= 70W118
TEST TEMPERATURE = 204 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 28.2 mm a/W)t= .556
MEASURED 00CTILE DELTA.A= 2.5 mm

flELD STRENGTH = 477 MPs
FLOW STRENGTH = 535 MPa
ESTINATED YOUNG'S N00VLUS= 196 GPa

SPECIMEN 010 NOT CLEAVE, J. MAX LOAD = 169.5 kJ/m*2
KJ. MAX LOAO= 192 NPa SQRim)

POWER LAW PROCEDURE ASTN LINEAR PROCEDURE
................... .....................

Jtc= 141.5 kJ/m^2 JIce 132.5 kJ/m*2
k-Jlc= 166.4 NPa SQRim) K.Jtc= 160.9 NPa SQRfal

,

POWER = .4312 SLOPE = 116006 kJ/m*)
COEFFICIENT = 244.2 kJ/m^2 INTERCEPT = 119.1 kJ/m^2

| T (AVERAGE)= 74 T (ASTM)= 79
! VALID, E813

Jl.R CURVE CALCULATIONS
.......................

J (pJ/T=0.9)= 371.5 kJ/m^2
POWER = 4345 COEFFICIENT = 244.9 kJ/m^2
J-MAX ALLOWED = 543.9 kJ/m*2 DELTA.A MAX ALLOWED = 2.26 ==
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ORNL-DWG 87-8081

70W118 204 DEGREES C
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SPECIMEN ID- 70W123
MATERIAL TYPE- A9338W
TEST TEMPERATURE = -29 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 27.4 mm a/W)i- .930
MEASURED DUCTILE DELTA-A= .09 mm
YIELD STRENGTH = 979 MPa
FLOW STRENGTH = 634 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K = 63.9 MPa SQR(m) (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
-- .. .--------.-----. -----------------------

J-!NTEGRAL= 19.3 kJ/m^2 J-INTEGRAL = 19.3 kJ/m^2
KJe= 63.4 MPa SQR(m) KJe= 63.4 MPa SQR(m)
K-beta-c= 97.6 MPa SQR(m) K-beta-c= 97.6 MPa SQR(m)
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ORNL-OWS 87-8083

70W123 -25 DEGREES C
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SPECIMEN ID= 70W124
MATERIAL TYPE- A933BW
TEST TEMPERATURE- -90 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0% ,

INITIAL CRACK LENGTH = 27.6 mm a/W)i= .543 |
MEASURED DUCTILE DELTA-A= .05 mm j

YIELD STRENGTH = 603 MPa i

FLOW STRENGTH = 660 MPa
ESTIMATED YOUNG'S MODULUS = 210 GPa

'SPECIMEN CLEAVED AT K = 82 MPa SQR(m) (NOT VALID K!c)
1

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD |
--------------------.. -----------------------

J-INTEGRAL = 20.4 kJ/m^2 J-!NTEGRAL= 20.4 kJ/m^2
KJc= 77.2 MPa SQR(m) KJc= 77.2 MPa SQR(m)
K-beta-c= 66.9 MPa SQR(m) K-beta-c= 66.9 MPa SQR(m)
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70W124 -50 DEGREES C
; se

-j

a
-

i .

'
40 -

.

m .

Z -

.2 30 -

v -

.

A -

[ 20 -

O -

: J
'

-,

10< -

-
3

' ~

,.

b. '
' . '1 ' ' . '2

'

.'3
'O ' '' ' ' ' ' ' '

O .4 .5
.

DISPLACEMENT (mm)

!:

;.
,

I i

[
,

i.

!

i

|

|
'

t

i

!

| s



-. _ _. . .-_ . - _ _ _ - . _ _ . _ _ _ _ . _ ____

|
1

425

SPECIMEN ID= 70W126
MATERIAL TYPE = A9338W
TEST TEMPERATURE = -125 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES- 0N
INITIAL CRACK LENGTH = 27.8 mm a/W)i= .546
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 691 MPa
FLOW STRENGTH = 753 MPa
ESTIMATED YOUNG'S MODULUS = 214 GPa

SPECIMEN CLEAVED AT K!c= 37.9 MPa SOR(m) (VALIO ASTM E399)

UALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
, __....________.....___ ___________ ... __.....

J-INTEGRAL = 6.2 kJ/m^2 J-!NTEGRAL= 6.2 kJ/m^2
KJc= 36.4 MPa SQR(m) KJe= 36.4 MPa SCR(m)
K-beta-c= 36.1 MPa SQR(m) K-beto-c= 36.1 MPa SQR(m)
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OWIL-OWB 87-8085

70W126 -125 DEGREES C
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!
SPECIMEN ID= 70W136
TEST TEMPERATURE- 121 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 27.7 mm a/W)i= .944
t1EASURED DUCTILE DELTA-A= 9.27 mm

YlELD STRENGTH = 497 f1Pe
FLOW STRENGTH = 990 t1Pa
ESTIMATED YOUNG's MODULUS = 200 GPa

|
SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 238.4 kJ/m^2

KJ-MAX LOAD = 218.9 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
________________________________________

J!c= 140 kJ/m^2 J!c= 126 kJ/m^2
K-J!c= 167.9 MPa SQR(m) K-J!c= 198.9 MPa SQR(m)

| POWER = .9878 SLOPE- 181248 kJ/m^3
COEFFICIENT = 297.6 kJ/m^2 INTERCEPT = 109.3 kJ/m^2

1 T (AVERAGE)= 116 T (ASTM)- 120
VALID, E813

J!-R CURVE CALCULATIONS
_______________________

i J (@J/T=8.8)= 610.1 kJ/m^2
POWER = .9696 COEFFICIENT = 297.2 kJ/m^2

1 J-MAX ALLOWED = 998.6 kJ/m^2 DELTA-A MAX ALLOWED = 2.31 mm

VALID R-CUP.VE
i

'

f ~ [ ; * 4 A['' fI
.,I*

C' ' '
fer

, )dp' ^ 4 " r '* ,| g
|

.

; p ,

-

'

b
,.:

hr ,m. ,a)?.'97 n}Iki....

r. <r|

's . 6 .M; , ., ,! '$
m .i s . .

i.

. ,e

i [._G
~

h,3 g4., .3. 9 |
,

>

et , o.

g ,; .w
. 7.c.27

:

|
. .

, . . y' ]
,

MC # I d
.

. , ,,714
is w. w . . .. is

: 1
l

,

i |
_-



. ., .

428

'
ORNL-DWG 87-8086

70W136 121 DEGREES C
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SPECIMEN ID= 70W139
TEST TEMPERATURE- 32 DEG C
TH!CKNESS= 25.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 27.9 mm a/W)i= .547
MEASURED DUCTILE DELTA-A= 8.66 mm

YlELD STRENGTH = 533 MPa
FLOL, STRENGTH = 590 MPa
EST! MATED YOUNG'S MODULU9= 205 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD = 157.1 kJ/m^2
KJ-MAX LOAD = 179.6 HPa SOR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE |,

1 -........--. ---... ---_-----___----_---.

J!c= 136.7 kJ/m^2 JIc= 121.9 kJ/m^2
K Jte= 167.6 MPa SQR(m) K-Jlc= 158.! MPa SOR(m)
POWER = .5089 SLOPE = 1532L J kJ/m^3
COEFFICIENT = 268.3 kJ/m^2 INTERCEPT = 106.1 kJ/m^2

: T (AVERAGE)= 83 T (ASTM)= 90

| UALID, E813

'J i - R C S .:c. CALCULATIONS
____--__---___--_______

,

J (@J/T=8.8)= 456.4 kJ/m^2
; POWER = .5277 COEFFICIENT = 268.3 kJ/m^2

.

|
J-MAX ALLOWED = 599.9 kJ/m^2 DELTA-A MAX ALLOWED- 2.3 mm
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SPECIMEN 1D= 70W140
MATERIAL TYPE = A9338W
TEST TEMPERATURE = -129 DEG C
THICKNESS = 29.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 27.9 mm a/W)i= .941
MEASURED DUCTILE DELTA-A- 05 mm.

YlELD STRENGTH = 691 MPa
iFLOW STRENGTH = 793 MPa

ESTIMATED YOUNG'S MODULUS = 214 GPa

SPECIMEN CLEAVED AT K!c= 36.9 MPa SQR(m) (UALIO ASTM E399) j-

| |
,

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
---------------------- -----------------------

J-INTEGRAL = 6.3 kJ/m^2 J-INTEGRAL = 6.3 kJ/m^2
KJe= 36.7 MPa SQR(m) MJc= 36.7 MPa SQR(m)
K-beta-c= 36.4 MPa SOR(m) K-beta-c= 36.4 MPa SQR(m)
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SPECIMEN ID= 70W148
MATERIAL TYPE = A9338W
TEST TEMPERATURE = -29 DEG C i

THICKNESS = 25.4 mm i

SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 27.4 mm a/W)i= .938
MEASURED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 979 MPa
FLOW STRENGTH = 634 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K = 121.6 MPa SOR(m) (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
___________________._________________________

J-INTEGRAL = 124.6 kJ/m^2 J-INTEGRAL = 123.3 kJ/m^2
KJc= 161.2 MPa SQR(m) KJe= 160.4 MPa SQR(m)
K-beta-c= 97.4 MPa SQR[m] K-beta-c= 97.2 MPa SQR(m)
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SPECIMEN ID= 71W101
TEST TEMPERATURE = 121 CEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 28.2 mm a/W)i= .555 ,

MEASURED DUCTILE DELTA-A= 2.94 mm :

Y! ELD STRENGTH = 492 MPa |

FLOW STRENGTH = 546 MPa
ESTIMATED YOUNG'S MODULUS = 200 GPa

!

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 165.7 kJ/m^2 f
KJ-MAX LOAD = 182.2 MPa SQR(m)

|

|

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
,

j___________________ _____________________

J '. c = 102.3 kJ/m^2 J!c= 79.5 kJ/m^2 '

K-JIc= 143.1 MPa SOR(m) K-J!c= 126.2 MPa SOR(m)
POWER = .5005 SLOPE = 126247 kJ/m^3
COEFFICIENT = 207.3 kJ/m^2 INTERCEPT = 70.3 kJ/m^2
T (AVERAGE)- 74 T (ASTF)= 85

VALID, E813

JI-R CURVE CALCULATIONS
_______________________

J (@J/T=8.8)= 357.5 kJ/m^2
POWER = .5131 COEFFICIENT = 202.1 kJ/m^2
J-MAX ALLOWED- 554.2 kJ/m^2 DELTA-A MAX ALLOWED = 2.26 mm

RCURVE INVALID, 123

-re g-
-

.; p
-

. ,

$g
'

' ' (g
''

< e ' -

. , .,
,

,1 - 1
_

t
. 3, .$ .

i P ., s /L . . N
'

. , .,

% -(
'

e g

;.h I [ *i '

k )
' '

' a,
i

s

. ... s > -.

.
. .

* -*
. .

k@ Q~MLa(s.gfy
Os ..' 2.

,

|



_ _ - _ _ _ __--

436
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SPECIMEN ID= 71W108
MATERIAL TYPE = A5330W
TEST TEMPERATURE = -70 DEG C
THICKNESS = 25.4 w.m
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 27.7 mm a/W'i= .544
MEA?URED DUCTILE DELTA-A= .05 mm
YlELD STRENGTH = 622 MPa
FLOW STRENGTH = 679 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPo

SPECIMEN CLEAVED AT K = 65.1 MPa S,.lR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
__________________ ________________.._________

J-INTEGRAL = 20.1 kJ/m^2 J-INTEGRAL = 20.1 kJ/m^2
KJe= 65.2 MPa SQR(m) KJe= 65.2 MPa SQR(m)
K-beta-c= S9.9 MPa SQR[m] K. beta-c= 59.9 MPa SQR(m)

i

| '@'"
, .

,

? b?| * -sy av
,

j g ,'. fW $:j
'

-

' ;
-

.

s. -
, .> N4p m .', .. . .

(|(f. . s .
.

'
4

;fg
4 , ,.,

* u- ~q ... .. .

.
.

s ,. .
,

'" *
3

g.,, - x .g
. .;

,

;
,

.

,

sph$(
, . ,

.

8
~

:
,

A&G}%1 ~
^

' '
j ;; .

~

>|
1
i

!

,

l

i

|

. _ _ _ _ _ _ _ . _ _ _ . . _ _ _ . . _ _ _ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _



- . . .

438

OANL-DWG 87-8094

71W108 -70 DEGREES C
50

.

.

.

40 -

.

m .

Z -

.:4 30 -

v -

.

Q -

[ 20 -

O -

J :
le -

.

.

' ' ' . '1 ' ' . '2 ' . '3
'0 ' '' ' ' ' ' ' '

.4 .5O

DISPLRCEMENT (mm)

.

. .



_ ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ . . _ _ . _ _ _ . _ _ _ _

439

SPECIMEN ID= 71W111
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -30 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 27.9 mm a/W)i= .942
11EASURED DUCTILE DELTA- A= ,05 mm

YIELD STRENGTH = 579 MPa
FLOW STRENGTH = 635 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K = 80.3 MPa SQR(m) (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VAI,UES AT CLEAVAGE LOAD
________ _____________ ________________ ______

J-INTEGRAL = 27.1 kJ/m^2 J-!NTEGRAL= 27.1 kJ/m^2
KJe= 75.3 MPa SQR(m) KJe= 75.3 MPa SQRCm1
K-beta-c= 65 MPa SQR(m) K-beta-c= 65 MPa SQR(m)
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|
SPECIMEN !D= 71W116 |
MATERIAL TYPE- A9338W i

'TEST TEMPERATURE = -70 DEG C
THICKNESS = 29.4 mm

|SIDE GROOVES = 0%
INITIAL CRACK LENGTH = 27.7 mm a/W)i- .544
MEASURED DUCTILE DELTA-A= .05 mm
Y! ELD STRENGTH = 622 MPa
FLOW STRENGTH = 679 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPa

SPECIMEN CLEAVED AT K!ca 61.9 MPa SQR[m] (VALIO ASTM E399)
|
|

VALUES AT MAX! MUM LOAD VALUES AT CLEAVAGE LOAD
______________________ ______________ ________

J. INTEGRAL = 19.7 kJ/m^2 J-INTEGRAL = 19.7 kJ/m^2
KJe= 97.6 MPa SQRtml KJe= 97.6 MPa SQR[m]
K-beta-c= 94.2 MPa SQR[m] K-beta-c= 94.2 MPa SQR[m]
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SPECIMEN ID= 71W119
TEST T E *1PE R A T UPE- 204 DEG C ;

iTHICKNESS = 25.4 mm
'

S10E GROOVES = 20 %
)!NITIAL CRACK LENGTH = 27.0 mm a/W)t= .546

MEASUPED CUCTILE DELTA.A. 2.34 mm ;

YlELD STRENGTH = 470 MPa i

FLOW STRENGTH = 527 MPa
EST IMAIED YOUNG'S ttODULUS= 196 GPa

SPECIMEN 010 NOT CLE AVE . J-MAX LOAD * 161.2 kJ/m*2
kJ-MAX LOAD. 177 MPa SCR(m)

POUER LAtt PDOCEOURE ASTM LINEAR PROCEDURE
.......................................

JIc= 106.5 kJ/m*2 Jlc= 114.1 LJ'm^2 1

K.Jlc= 146.3 tiPa SQR(m) K.Jlc= 149.4 MPa SQR[m! ;

POWER = 4144 SLOPE = 77975 kJ/m^3
COEFFICIENT = 108.9 kJ/m^2 INTERCEPT = 105.? kJ/m^2

i T (AVERAGE)= 59 T (ASTM). 55

I.
UALID, E813

!

JI-R CURVE CALCULATIONS
.......................

j
J (93/T 8,0l= 276.9 bJ/m^24

! POWER = .3963 COEFFICIENT. 193.9 bJ/m*2
J.Me4x ALLOWED = 535.4 kJ/m^2 CELTA.A MAX ALLOWED * 2.3 mm
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SPECIMEN ID= 71U122 1

MATERIAL TYPE = A533BW
TEST TEMPERATURE- -13 DEG C '

THICKNESS = 25.4 mm
SIDE GROOVES- 0%
INITIAL CRACK LENGTH = 27.7 mm a/W)i= .546
MEASURED DUCTILE DELTA-A= .09 mm
YlELD STRENGTH = 563 MPa
FLOW STRENGTH = 619 MPa
ESTIMATED YOUNG'S MODULUS = 208 GPa

|

SPECIMEN CLEAVED AT K = 103.2 MPa SQR(m) (NOT VALID K!c) ;

'

|

VALUES AT MAalnGM LOAD VALUES AT CLEAVAGE LOAD I

_____________ ____ __________ ____ ___ .___

J-INTEGRAL = 57.4 kJe.c^2 J-!NTEGRAL= 57.4 kJ/m^2
'

KJc= 109.3 MPa SQR(m) KJe= 109.3 MPa SQR(m)
i K-beta-c= 79.8 MPa SQR(m) K-beta-c= 79.8 MPa SQR(m)
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SPECIMEN 10= 71W12)
TEST TEMPERATURE = 2AB DEG C

,

THICKNESS. 25.4 mm i

SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 28 mm a/W)i= .552 f

tMEASURED DUCTILE DELTA.A= 2.16 mm
|

YlELO STRENGTH = 445 MPa !
FLOW STRENGTH. 533 MPa

fESTIMATED YOUNG'S MODULUS = 191 GPa
l

SPECINEN 010 NOT CLEAVE, J.NAX LOAO= 156.9 kJ/m 2a

KJ-MAX LOAD. 17) MPa SQR(m1 {

l

POWER LAU PROCEDURE ASTM LINEAR PROCEDURE
.....................

i...................

JIt= 105.9 kJ/m^2 Jte- 97 kJ/m^2
I

K.J!c= 142.2 MPa SQRtml K.J!c= 136.1 NPa SQR(m)
TOWER = .3802 SLOPE = 80665 kJ/ma) i

COEFFICIENT = 179.6 kJ/m^2 INTERCEPT = 89.7 kJ/m^2

; T (AVERAGE)= 50 T (ASTM)= 54
VALID, E813

|
i

.i!.R CURVE CALCULATIONS
| .......................

J (pJ/T=6.8)= 222.4 kJ/m^2 ;

a '

POWER = .3279 COEFFICIENT = 178.3 kJ/m 2
J. MAX ALLOWE0= 541.1 kJ/m*2 DELTA.A MAX ALLOWED = 2.28 sie

)

j RCURVE INVALIO, 2
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,

; SPECINEN !D= 71W126
TEST TEMPERATURE = 204 DEG C

! TN!CKNESS= 25.4 mm

j SIDE GROOVES = 20 %
INITIAL CRACK LENGTH. 28 mm e/W)t= .551

,

! NEASURED DUCTILE DELTA-A= 2.26 mm

i YlELD STRENGTH = 470 MPa
' FLOW STRENGTH = 527 NPa

ESTINATED YOUNG'S MODULUS = 196 GPa<

l
!

* NAX LOAD. 164.7 kJ/m^2' SPECIFiN O!D NOT CLEAVE, .

f KJ.NAX LOAD = 179.5 MPa SOR(m)
1

POWER LAW PROCEDURE ASTN LINEAR PROCEDURE
.....................

: ...................

J!c= 118.2 kJ/m^2 J!c= 102.9 kJ/m*2
K-J!ce 152.1 NPa SCR(m) K.Jle= 141.8 NPa SQR(m)
POWER * .3562 SLOPE = 92797 kJ/m^3

| COEFFICIENT = 190.5 kJ/m^2 INTERCEPT = 9).6 bJ/m^2
T (AVERAGE)= 52 T (ASTN)= 65

;

UALID. E813

JI.R CURVE CALCULATIONS
.......................

J (SJ/T=8.8)= 264.2 kJ/m*2
POWER = .3763 CCEFFICIENT= 192.9 kJ/m*2
J-NAX ALLOWED = 535.4 kJ/m^2 DELTA.A NAX ALLOWEO= 2.28 mm

RCURVE INVALID, 2
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SPECIMEN ID= 71W133
t1ATERI AL TYPE- A5330W
TEST TEMPERATURE = 0 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES- 0 %
INITIAL CRACK LENGTH = 27.3 mm e/W)i= .537
MEASURED DUCTILE DELTA-A= .16 mm
YlELD STRENGTH = 552 MPa
FLOW STRENGTH = (99 tiPa
EST IMATED YOUNG ' S t100ULUS= 2 07 GPa

100.1 t1Pa SQR(m) (NOT VALIO Kle)SPECIMEN CLEAVED AT K -

VALUES AT MAXIMUt1 LOAD UALUES AT CLEAVAGE LOAD
.......___............._____......________...

J-!NTEGRAL= 74.5 kJ/m^2 J-INTEGRAL = 74.5 kJ/m^2
KJc= 124.3 MPa SQR(m) KJe= 124.3 MPa SQR(m)
K-beta-c= 04.2 MPa SQR(m) K-beta-c= 04.2 MPa SQRfm)
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i

SPECit1EN ID= 71W134 i

TEST TEMPERATUPE- 121 DEG C
THICKNESS = 25.4 mm

SIDE GROOVES = 20 N
INITIAL CRACK LENGTH = 27.4 mm a/W)i- .539
MEASURED DUCTILE DELTA-A= 2.3 mm

Y! ELD STRENGTH = 492 MPa

FLOW STRENGTH = 546 t1Pa

ESTlHATED YOUNG'S MODULUS = 200 GPa

SPECit1EN DID NOT CLEAVE, J-MAX LOAD = 167.4 kJ/m^2
KJ-MAX LOAD = 183.1 MPa SORtm)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE {
....._____...... .........__.___...___..

Jic= 122.3 kJ/m^2 J!c= 108.7 kJ/m^2 i

K-J!c= 156.5 MPa SORtml K-Jtc= 147.6 MPa SORtml
POWER = .4516 SLOPE- 117231 kJ/m^3

j COEFFICIENT = 223.9 kJ/m^2 INTERCEPT = 97 kJ/m^2 !

I
j T (AVERAGE)= 71 T (ASTM)= 79
; UALID, E813 [

|

f Ji-R CURVE CALCULATIONS

b khb/T=8 8$= hhh 1 kJ/m^2
I POWER = .4303 COEFFICIENT = 224.1 kJ/m^2

| J-MAX ALLOWED- 554.2 kJ/m^2 DELTA-A MAX ALLOWED- 2.34 mm

RCURVE INVALID, 2
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SPECIMEN ID= 71W140 |
TEST TEMPERATURE- 16 DEG C
THICKNESS = 25.4 mm :

'

SIDE GRODUES- 0 %
!NITIAL CRACK LENGTH = 20.1 mm a/W)i= .553
MEASURED DUCTILE DELTA-A= .71 mm
YlELD STRENGTH = 547 MPa
FLOW STRENGTH = 603 MPa
ESTIMATED YOUNG'S MODULUS = 206 GPa

SPECIMEN DID NOT CLEAVE, J. MAX LOAD = 139.7 kJ/m^2 |
KJ. MAX LOAD = 169.7 MPa SOR[m] ,

I

J

I

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
|................... .....................

Jtc= 154.9 kJ/m^2 J!c= 0 kJ/m^2
! K-J!c= 178.7 MPa SQR(m) K-Jic= 0 MPa SQR(m)

| POWER = 4434 SLOFE- 0 kJ/m^3
i COEFFICIENT = 273 kJ/m^2 INTERCEPT = 0 kJ/m^2

I
j T (AVERAGE)= 71 T (ASTM)= 0

INVALID, 16'

'Ji-R CURVE CALCULATIONS
.......................

J (@J/T=8.8)= 0 kJem^2
I POWER = 0 COEFFICIENT = 0 kJ/m'2

J-MAX ALLOWED' 604.2 kJ/m^2 DELTA-A MAX ALLOWED = 2.27 mm

RLURVE INVAL s 23

;7n m q'y M, ; .
,

,

a

i .
.

n '3

!
a . - - - . - _ _ - .- -



. .

456

OK-thii 87-8107
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SPECIMEN ID= 71W141
MATERIAL TYP.' +'i > 3 8W
TEST TEMPF'* '' -70 DEG C
THICKNESS *

,

SIDE GROO
INITIAL C: TH= 27.9 mm a/W)i= .548
MEASURED : '' JELTA-A= .09 mm
YlELO STF 522 MPa
FLOW STRENC 679 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPa

SPECIMEN CLEAVEO AT K = 60.2 MPa SQR m) (NOT VALID Kle)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
-_____ . _____________ _______________________

J-INTEGRAL = 21.7 kJ/m^2 J-INTEGRAL = 21.7 kJ/m^2
KJe= 67.7 MPa SQR(m) KJc= 67. 7 11Pa SQRCm)
K-berta-c= 61.6 Moa SQR(m) K-beta-c= 61.6 MPa SQR(m)
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ORNL-DWG 87-8109

71W141 -70 DEGREES C
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SPECIMEN ID= 71W142
MATERIAL TYPEa A9338W
TEST TEMPERATURE- -30 DEG C
THICKNESS- 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 27.7 mm a/W)i- .546
MEASURED DUCTILE DELTA-A= .09 mm
YlELO STRENGTH = 979 MPa
FLOW STRENGTH = 639 MPa
ESTIMATED YOUNG'S MODULUS = 209 GPa

SPECIMEN CLEAVED AT K = 98.9 MPa SQR(m) (NOT VALID K!c)

VALUe.S AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
---------------------- -----------..-----------

J-INTEGRAL = 46.8 kJ/m^2 J-!NTEGRAL= 46.6 kJ/m^2
KJe= 98.8 MPa SQR(m) KJe= 98.7 MPa SQR(m)
K-beta-c= 76.6 MPa SQR[m] K-beta-c= 76.9 MPa SQR(m)
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SPECIMEN ID= 71W143
MATERIAL TYPE- A5338W
TEST TEMPERATURE = -73 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 0h
INITIAL CRACK LENGTH = 27.8 mm a/W)i= .548
MEASURED DUCTILE DELTA-A= .05 mm
YIELD STRENGTH = 566 MPa
FLOW STRENGTH = 653 MPa
ESTIMATED YOUNG'S MODULUS = 211 GPa

SPECIMEN CLEAVED AT K!c= 36.6 MPa SQRCm) (VALIO ASTM E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
______________________ _______________________

J-INTEGRAL = 5.6 kJ/m^2 J-INTEGRAL = 5.6 kJ/m^2.

KJe= 34.3 MPa SQR(m) KJe= 34.3 MPa SQR[m]
K-beta-c= 33.8 MPa SOR(m) K-beta-c= 33.8 MPa SQR(m)
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ORNL-0WG 87-8111
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SPECIMEN ID= 71W144,

MATERIAL TYPE- A9338W
TEST TEMPERATURE = 0 DEG C
TH1CKNESS= 29.4 mm
SIDE GROOVES = 0N
INITIAL CRACK LENGTH = 27.4 mm a/W)i= .54
MEASURED DUCTILE DELTA-A= .18 mm
YlELD STRENGTH = 592 MPa
FLOW STRENGTH = 608 MPa
ESTIMATED YOUNG'S MODULUS = 207 GPa

SPECIMEN CLEAVED AT K = 117 MPa SQR(m) (NOT VALID Kic)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
___________________________________________

J-INTEGRAL = 123.6 kJ/m^2 J-INTEGRAL = 129.1 kJ/m^2
KJe= 160 MPa SQRIm) KJe= 161 MPa SQR(m)
K-beta-c= 94.5 MPa SQR(m) K-beta-c= 94.8 MPa SOR(m)
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SPECIMEN ID= 71W146
TEST TEMPERATURE = 50 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 26.5 mm a/W)i= .522
MEASURED DUCTILE DELTA-A= 1.49 iam

YIELD STRENGTH = 526 MPa
FLOW STRENGTH = 500 MPa
ESTIMATED YOUNG'S MODULUS = 204 GPa

SPECIMEN CLEAVED AT K = 103.3 MPa SQR(m) (NOT VALID K!c)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
------.--...........--.--......---......--...

J-INTEGRAL = 155.9 kJ/m^2 J-INTEGRAL = 243.7 kJ/m^2
KJe= 178.5 MPa SQR(m) KJc= 223.2 MPa SGR(m)
K-beta-c= 90.2 MPa SQR[m] K beta-c= 98.4 MPa SOR!m)

POWER LAW PROCEDURE ASTM LlHEAR PROCEDURE
-----........--- ...-......---..........

Jlc= 97 kJ/m^2 Jic= 74.7 kJ/m^2
K.J!c= 140.8 MPa SQR[m] K-J!c= 123.5 MPa SQR(m)
POWER = .5022 SLOPE- 127794 kJ/m^3
COEFFICIENT = 201.4 kJ/m^2 INTERCEPT = 66.5 kJ/m^2
T (AVERAGE)= 65 T (ASTM)= 78

VALID, E013

JI-R CURVE CALCULATIONS
................... .--

1 J (@J/T=0.8)= 341 kJ/m^2
POWER = .5238 COEFFICIENT = 199 kJ/m^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= 71u147
TEST TEMPERATURE = 288 DEG C
THICKNESS = 25.4 mm
SIDE GROOVES = 20 %
INITIAL CRACK LENGTH = 27.8 mm a/W) = .547

,

MEASURED DUCTILE DELTA.A. 2.31 mm '

YIELD STRENGTH * 465 MPa
.

'

FLOW STRENGTH = 533 MPa
ESTIMATED YOUNG'S MODULUS = 191 GPa

SPECIMEN DID NOT CLEAVE, J. MAX LOAD = 195.8 kJ/m^2
KJ. MAX LOAD = 172.4 MPa SORim)

,

i

POWF.R LAW PRO".EDURE ASTM LINEAR PROCEDURE |
|................... .............. .-....

JIc= '04.! k J/m^2 Jlc a 95.9 kJ/m^2 '

K.J!ca 141 MPa SQRim) K-Jlc= 135.2 MPS SQRim) ;

POWER = .3704 SLOs2= 80652 kJ/m*3
COEFFICIENT = 174.6 kJ/m^2 !NTFRCEPT= 88.6 kJ/m^2 I
T (AVERAGE). 47 T (ASTM)= 54

UALID, F.813

JI.R CURVE CALCL1 ATIONS
.......................

J (lBJ/T=0.8)= 234.1 kJ/m*2
POWER = .3676 COEFFICIENT = 175.9 kJ/m^2
J-MAX ALLOWED = 541.1 kJ/m^2 DELTA-A MAX ALLOWEO= 2.3 mm
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ORNL-DWG 87-8115
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Characterization of Irradiated Current-Practice Welds
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Studies of the effects of neutron irradiation on fracture toughness properties .

of steels have generally included a minimum number of tests for each material con-
dition. The present study attempts to apply statistical analyses, with multiple
testing at selected temperatures, to assess the accuracy and reliability of the
results. Fracture toughness test specimens were irradiated in the Bulk Shielding
Reactor at Oak Ridge National Laboratory at 288'C to target neutron fluences of - 1

2x 10'' neutrons /m' (>1 MeV). The materials were ASTM AS33 grade B class 1 plate
(HSST Plate 02) and four submerged-arc welds representing the current fabrication
practice for nuclear pressure vessels. Both 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 tran-
sition and ductile-shelf regions was studied. The results demonstrated the rela-
tively low radiation sensitivity of low copper / nickel welds and the qualitative
agreement between Charpy impact and fracture toughness observations of toughness
degradation.
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