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Abstract

The possibility of using subsize specimens to monitor the properties of reactor pressure vessel steels is receiving
increasing attention for light-water reactor plant life extension. This potential results from the possibility of cutting
simples of small volume from the internal surface of the pressure vessel for determination of the actual properties
of the operating pressure vessel. In addition, plant life extension will require supplemental data that cannot be
provided by existing surveillance programs. Testing of subsize specimens manufactured from broken halves of

|

previously tested surveillance Charpy specimens offers an attractive means of extending existing surveillance
programs. Using subsize Charpy V-notch-type specimens requires the establishment of a specimen geometry that
b adequate to obtain a ductile-to-brittle transition curve similar to that obtained from full-size specimens, and the
d velopment of correlations for transition temperature and upper-shelf energy (USE) level between subsize and
full-size specimens. Five different geometries of subsize specimens were selected for testing and evaluation. The
rpecimens were made from several types of pressure vessel steels with a wide range of yield strengths, transition
1:mperatures, and USEs. The effects of specimen dimensions, including notch depth, angle, and radius, have been
studied. The correlations of transition temperatures determined from different types of subsize specimens and the
full-size specimens are presented. A new procedure for transforming data from subsize specimens is developed.
The transformed data are in good agreement with data from full-size specimens for materials that have USE levels |
less than 200 J.

)

iii NUREG/CR-6379



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

1
s

I

i

Contents e
t

Page .

Abstract . . . . . . . . . . . . . . . . . . . iii........ ..... ..................... ....... ..... ..........
*t.

! Tcble of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................... .... .. . v

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi.................. .... . .... ... . .

{Ust of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii... .... .. ... .... ..........

Pue.ord .................. ....... ................ ... ix ,.. ... .. ... .... .... ....... .

!Acknowledgments . . . . . . . xv....... ...... .......... .......... ....... ........ . .......

l

| Introductior 1. ....... ........ ... ........................ . .. ...........................

Miterials . . . . . . . . . . . . . . . 1. .............. ... ... ... . ... ..... ... ............., .

Specimen Designs . . . . . . .. 1..... ........ .... . ...... .. . ........... . . . . ...

Testing Proced ure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.... . .. . ...... . .......... ...

Effects of Specimen Dimensions . . 8.. ... .... .. .. ... ............... ........ ........

Correlation of Absorbed Energy Between Full-Size and Subsize Specimens 12... .. ............ ........

Correlation of Transition Temperature of Full-Size and Subsize Specimens . . . . . . . . . . . . . . . 24 !........ .

1

Normalization of Data from Subsize Specimens . . . . . . . . . . . . . . . . . . . 28 ).. . ..................... .

Summary and Conclusions . 29.... ..... . .. . ..... .. ................ ................

i

. Rsfe re nces . . , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 '

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

Appendix A- A 533 Grade B Wrie Plate, LT Onentation . . A-1.... ...................... ...........

Appendix B - A 533 Grade B Wide Plate, TL Orientation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1

Appendix C - A 508, As Q uonched . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... C-1

Appendix D - A 508, Quenched end Tempered at S99'C . . . D-1.....................................

Appendix E - A 508, Ouenched and Tempered at 677'C . . . . . . E-1. .... . ..... ....... .. . ..

Appendix F - A 508, Ouenched and Tempered at 704*C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F-1

Appendix G - H3ST Plate 02, Quarter Thickness, TL Orientation . . . . . . . . G-1... ........ . ... ... ...

Appendix H -HSST Plate 02, Half Thickness, TL Orientation . ..........H-1. ... . ..... .. ..... .

Appendix l-HSST Plate 14, Quenched and Tempered at 950*C . . . . . . . 1-1. .... ... ...........

Appendix J - 15Kh2MFA. Forging 103672.... ... . . . . . J-1.. .. . . . . .... ...... ........

Appendix K- HSSI Weld 72W . K-1...... ... ....... . . ... .. . . . . .... . .. . .

y NUREG/CR-6379

L



- - . - -
+

i

;
f

Figures
!

Page |
t

1 Dimensions of subsize specimens used in this study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 |

2 Full-size and subsize specimens used in this study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ;

3 Comparison of notch dimensions of full-size and subsize speamens used in this work: |
(a) full size, (b) type 1, (c) type 2, (d) type 3, and (e) type 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 *

4 Absorbed energy versus test temperature for type 3 specimens from HSST Plate 02,
quarter-thickness locahon, with 0.8 ,1.0 , and 1.7-mm V-notch depths . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 |

:5 Absorbed energy versus test temperature for type 3 speamens from HSST Plate 02, ~

quarter-thickness location, with 0.25- and 0.10-mm V-notch root radii . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

6 Absorbed energy versus test temperature for type 1 subsize specimens from HSST Plate 02, j
quarter-thickness locahon, with 30 and 45' V-notch angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 -

t

7- Absorbed energy versus test temperature for type 4 subsize specimens from HSST Plate 02,
quarter-thickness location, tested at 22- and 20-mm span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

t

8 Absorbed energy versus test temperature for types 3 and 5 speamens of weld 72W i
tested at 40- and 20-mm span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1

9 Absorbed energy versus test temperature for types 3 and 5 specimens of HSST Plate 02,
|

half-thickness locahon, tested at 40- and 20-mm span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
j,

10 Absorbed energy versus test temperature for type 4 opecimens of weld 72W tested
at impact velocities of 5.5 and 2.25 m/s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

;

1

11 Absorbed energy versus test temperature for type 3 specimens of HSST Plate 02,
quarter-thickness locaton, tested at impact vele. cities of 5.5 and 2.25 m/s . . . . . . . . . . . . . . . . . . . . . . . . . . 13

12 Definition of specimen dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

13 Correlation of upper-shelf energies of full-size nnd type 1 subsize speamens . . . . . . . . . . . . . . . . . . . . . . . 18
|

14 Correlation of upper-shelf energies of full-size and type 2 subsize speamens . . . . . . . . . . . . . . . . . . . . . . . 18

|15 Correlation of upper-ehelf energies of full-size and type 3 subetze specimens . . . . . . . . . . . . . . . . . . . . . . . 19
;

16 Correlation of upper-shelf energies of full-size and type 4 subsize specimens . . . . . . . . . . . . . . . . . . . . . . . 19
|

17 The ratio of upper-shelf energy (USE) of full-size specimens to USE of type 1 specimens |

as a function of yield strength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 |
|

18 The ratio of upper-shelf energy (USE) of full-size specimens to USE of type 2 speamens
as a function of yield strength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 !

.

1

19 The ratio of upper-shelf energy (USE) of full-size specimens to USE of type 3 specimens |
as a function of yield strength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

]
t

i

!

NUREG/CR-6379 Vi

|
_ . _ - _ _ _



i

20 Tha rctic of upper-sh;lf snergy (USE) of full-size specimens to USE of type 4 specimens
as a function of yield strength . . . . . . . . . . . . . . . . . . . . . . . 21. . ... . ..... .. ...... .. ...

21 Load versus displacement record showing the definitions of the various load points . . . 23.......... .

22 Stress-temperature diagram showing the effect of specimen size on transition temperature . . . . . . 25...

23 Correlation of transition temperatures determined with data from full-size specimens and
normalized data from type 1 subsize specimens . . . . . . . . . 26... .. ....... ....... . .

24 Correlation of transition temperatures determined with data from full-size specimens and
normalized data from type 2 subsize specimens 26.............. .................... ....... .

25 Correlation of transition temperatures determined with data from full-size specimens and
normalized data from type 3 substze specin, ens . . . . . . . . . . . . . . . . . . . . . 27...... ........ . ..

26 Correlation of transition temperatures determined with data from full-size specimens and
normalized data from type 4 subsize specimens 27.. ........ .. ... .... .... ..... .. ....

27 Temperature correction for subsize specimens as a function of nominal fracture volume . . . . 28........

28 Comparison of Charpy curve for full-size specimens of A 508, asquenched, with data
from substze specimens normalized by the proposed procedure . . ...................... . 30

29 Comparison of Charpy curve for full-size specimens of A 508, quenched and tempered
at 599'C, with data from subsize specimens normalized by the proposed procedure . . . . . . . . . . . . . . 30

30 Comparison of Charpy curve for full-size specimens of A 508, quenched and tempered
at 677'C, with data from subsize specimens normalized by the proposed procedure . . . . . . . . . . . . . . . 31

31 Comparison of Charpy curve for full-size specimens of A 508, quenched and tempered
at 704*C, with data from subsize specimens normalized by the proposed procedure . . . . . . . . . . 31....

32 Comparison of Charpy curve for full-size specimens of HSST Plate 02, T-L orientation,
quarter thickness, with data from subsize specimens normalized by the proposed procedure . . . . . . . . . . 32

t

33 Comparison of Charpy curve for full-size specimens of HSST Plate 14, quenched and tempered
at 950*C, with data from subsize specimens normalized by the proposed procedure . . . . . . . . . . . . . . . . 32

34 Comparison of Charpy curve for full-size specimens of 15Kh2MFA with data
from subsize specimens normalized by the proposed procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

35 Comparison of Charpy curve for full-size specimcm of HSSI weld 72W with data
from subsize Charpy specimens normalized by the proposed procedure . . . . . . . . . . . . . . . . . . . . . . 33

36 Comparison of Charpy curve for full-size specimens of A 533 wide plate, L-T orientation,
with data from subsize Charpy specimens normalized by the proposed procedure . . . . . . . . . . . . . 34.

37 Comparison of Charpy curve for full-size specimens of A 533 wide plate, T-L orientation,
with data from subsize Charpy specimens normalized by the proposed procedure . . . . 34.. .. ...

|
i
i

i

i

VII NUREG/CR-6379
i



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

I

Tables
Page

1 Test matrix and mechanical properties of materials fer subsize Charpy specimen evaluation . . . . . . . . . . . 2

2 Comparison of different normalization factors for epper-shelf ener
' different specimen dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . .gy as ratios of

'
,

15......................... ......

3 Upper-shelf energies obtained for materials for subsize Charpy specimen evaluation . . . . . . . . . . . . . . . . 17

4 Effects of changes in percent shear on values of transition temperatures at 41 and 68 J
for normalized data from type 3 specimens of HSST Plate 02 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

!
!

.

|

I

l

1
1
!

!

I

i
,

I

l

NUREG/CR-6379 viii

_ ..



- - _ _

Foreword

The work reported here was performed at the Oak Ridge National Laboratory (ORNL) under the Heavy-Section
Steel irradiation (HSSI) Program, W. R. Corwin, Program Manager. The program is sponsored by the Office
of Nuclear Regulatory Research of the U.S. Nuclear Regulatory Commission (NRC). The technical monitor for the
NRC is M. G. Vassitaros.

This report is designated HSSI Report 14. Reports in this series are listed below-

1. F. M. Haggag, W. R. Corwin, and R. K. Nanstad, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab.,
Oak Ridge, Tenn., Irradation Effects on Strength and Toughness of Three-lMre Series-Arc Stainless Steel
Weld Overlay Cladding, USNRC Report NUREG/CR-5511 (ORNL/TM-11439), February 1990.

2. L. F. Miller, C. A. Baldwin, F. W. Str N an, and F. B. K. Kam, Martin Marietta Energy Systems, Inc.,
Oak Ridge Natl. Lab., Oak Ridge, Tenn., Neutron Exposure Parameters for the Metallurgical Test
Specimens in the Sixth Heavy-Section Steelliradiation Series, USNRC Report NUREGICR-5409
(ORNLfrM-11267), March 1990.

3. S. K. Iskander, W. R. Corwin, and R. K. Nanstad, Martin Marietta Energy Systems, Inc., Oak Ridge Nat
Lab., Oak Ridge, Tenn., Results of Crack-Arrest Tests on Two Irradiated High-Copper Welds,
NUREG/CR-5584 (ORNL/TIA11575), December 1990.

4. R. K. Nanstad and R. G. Berggren, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab.,
Oak Ridge, Tenn., Irradiation Effects on Charpy Impact and Tensile Properties of Low Upper-Shelf Welds,
HSSISeries 2 and 3, NUREG/CR-5696 (ORNL/TM-11804), August 1991.

5. R. E. Stoller, Martin Marietta Energy Systems, Inc., Oak Ridge Nati. Lab., Oak Ridge, Tenn., Modeling the
influence ofirradiation Temperature and Displacement Rate on Radiation-Induced Hardening in Ferritic
Steels, USNRC Report NUREG/CR ''859 (ORNL/TM 12073), August 1992.

6. R. K. Nanstad, D. E. McCabe, and R. L. Swain, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab.,
Oak Ridge, Tenn., Chemical Composition RTa Determinations for Midland Weld WF-70, USNRC Report
NUREG/CR-5914 (ORNL-6740), December 1992.

7. R. K. Nanstad, F. M. Haggag, D. E. McCabe, S. K. Iskander, K. O. Bowman, and B. H. Menke,
Martin Marietta Energy Systems, Inc., Oak Ridge Nati. Lab., Oak Ridge Tenn., irradiation Effects on
Fracture Toughness of Two High-Copper Submerged-Arc Welds, USNRC RLport NUREG/CR-5913
(ORNL/TfA12156N1), October 1992.

8. S. K. Iskander, W. R. Corwin, and R. K. Nanstad, Martin Marietta Energy Systems, Inc., Oak Ridge intl.
Lab., Oak Ridge, Tenn., Crack-Arrest Tests on Two ltradiatedHigh-Copper Welds, USNRC Report
NUREG/CR-6139 (ORNL/TM-12513), March 1994.

9. R. E. Stoller, Martin Marietta Energy Systems,Inc., Oak Ridge Natl. Lab., Oak Ridge, Tenn., A Comparison
of the Relative Importance of Copper Precipitates and Point Defects in Reactor Pressure Vessel
Embrittlement, USNRC Report NUREG/CR-6231 (ORNL/FM-6811), December 1994.

10. D. E. McCabe, R. K. Nanstad, S. K. Iskander, and R. L. Swain, Martin Marietta Energy Systems, Inc.,
Oak Ridge Natl. Lab., Oak Ridge, Tenn., Unirradiated Material Properties of Midland Weld WF-70, USNRC
Report NUREG/CR-6249 (ORNt/TM-12777), October 1994.

11. P. M. Rice and R. E. Stoller, Lockheed Martin Energy Systems, Oak Ridge Natl. Lab., Oak Ridge, Tenn.,
Microstructural Characterization of Selected AEA/UCSB ModelFeCuMn Alloys, USNRC Report
NUREG/CR-6332 (ORNL/TM-12980), to be published.
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i
;

12. J. H. Giovanola and J. E. Crocker, SRI intemational, Fracture Toughness Testing wie Cracked Round Bars:
Feasibi#ty Study, USNRC Report NUREG/CR4342 (ORNUSub/94-DHK60), to be published.

13. F. M. Haggag and R. K. Nanstad, Lockheed Martin Energy Systems, Oak Ridge Natl. Lab., Oak Ridge,
Tenn., E0ects of Thermal Aging and Neuton kradaban on the Mecharucal Proper 6es of Three-Wire
Stanless Steel Weld Overfey Claddng, USNRC Report NUREG/CR-6363 (ORNUTM-13047), to be I

published.

,14. This report.
i

The HSSI Program includes both follow-on and the r Aect continuation of work that was performed under the
Heavy-Section Steel Technology (HSST) Program.' Provious HSST reports related to irradiation effects in pressure ;
vessel materials and those containing unirradiated properties of materials used in HSSI and HSST irradiation !
programs are tabulated below as a convenience to the reader.

!

;
C. E. Childress, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., Oak Ridge, Tenn., Fabrice6on History of )d
the First Two 12-h.-Thick A 533 Groos B, Class 1 SteelPlates of the Heavy-Sechon Steel Tedmology Program, ,

ORNL-4313, February 1969. 1
;

4

T. R. Mager and F. O. Thomas, Westinghouse Electnc Corporation, PWR Systems Dmaion, Pittsburgh, Pa.,4

Evalua60n by Linear Elastic Fracture Mecharnce of Radabon Damage to Pressure Vessel Steels, WCAP-7328
(Rev.), October 1969.

,

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

L W. Loechel, Martin Marietta Corporation, Denver, Colo., The Esect of Testing Variables on the Transition
Temperatura h Steel, MCR-69-189, Nov. 20,1969.

'

W. O. Shabbits, W. H. Pryle, and E. T. Wessel, Westmghouse Electric Corporation, PWR Systems Dusion,
Pittsburgh, Pa., Heavy-Sechon Fracture Toughness Properbes ofA533 Grade B Class 1 SteelPlate and

'

Submerged Arc Weidnent, WCAP-7414, December 1969.

C. E. Childress, Union Carbide Corp. Nuclear Div., Oak Ridge Nati. Lab., Oak Ridge, Tenn., Fabncehon History of
the Third and Fourth ASTM A-533 SteelPlates of the Heavy-Sechon Steel Technology Program, ORNL-4313-2,
February 1970.

P. B. Crosley and E. J. Rapimg, Materials Research Laboratory, Inc., Glenwood, Ill., Crack Arrest Fracture
Toughness ofA533 Grade B Class 1 Pressure Vessel Steel, HSSTP-TR-8, March 1970.

F. J. Loss, Naval Research Laboratory, Washmgton, D.C., Dynamic Tear Test hves6pahons of the Fracture
Toughness of Thick Sechon Steel, NRL-7056, May 14,1970.

T. R. Mager, Westmghouse Electric Corporation, PWR Systems Drusion, Pittsburgh, Pa., Post-Arradation Tes6ng of
2T Compact Tension Specwnens, WCAP-7561, August 1970.

F. J. Witt and R. G. Berggren, Union Carbide Corp. Nuclear Div., Oak Ridge Nati. Lab., Oak Ridge, Tenn., Size
Etiects andEnergy Disposi60n k knpact Specimen Testing ofASTM A533 Grade B Steel, ORNLITM-3030,
August 1970.

I

D. A. Canonico, Union Carbide Corp Nuclear Div., Oak Ridge Nati. Lab., Oak Ridge, Tenn., Transition
Temperature Considera6ons tbr Thick-WaNNuclear 9 essure Vessels, ORNLITM-3114, October 1970.

T. R. Mager, Westmghouse Electric Corporation, PWR Systems Dmsion, Pittsburgh, Pa., Fracture Toughness
Characteritehon Study ofA533, Grade B, Class 1 Steel, WCAP-7578, October 1970.

;
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W. O. Shabbits, Westinghouse Electric Corporation, PWR Systems Division, Pittsburgh, Pa., Dynamic Fracture
Toughness Properties ofHeavy-Section A533 Grade B Class 1 SteelPlate, WCAP-7623, December 1970.

C. E. Childress, Union Carbide Corp. Nuclear Div., Oak Ridge Natt. Lab., Oak Ridge, Tenn., Fabrication Procedures
and Acceptance Data for ASTM A-533 Welds and a 10-in.-lhick ASTM A-533 Plate of the Heavy-Section Steel
Technology Program, ORNL-TM-4313-3, January 1971.

D. A. Canonico and R. G. Berggren, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., Oak Ridge, Tenn.,
T:nsile and Impact Properties of Thick-Section Plate and Weldments, ORNLJTM-3211, January 1971.

|
!

C. W. Hunter and J. A. Williams, Hanford Eng. Dev. Lab., Richland, Wash., Fracture and Tensile Behavior of
Neutron-Irradiated A533-B Pressure Vessel Steel, HEDL-TME-71-76, Feb. 6,1971.

C. E. Childress, Union Carbide Corp. Nuclear Div., Oak Ridge Natl. Lab., Oak Ridge, Tenn., Manual for ASTM A533 l
Grade B Class 1 Steel (HSST Plate 03) Provided to the International Atomic Energy Agency, ORNLfTM-3193, |
March 1971.

1
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Introduction

The possibility of using subsize specimens to monitor the properties of reactor pressure vessel (RPV) steels is
r:ceiving increasing attention for light-water reactor (LWR) plant life extension. Annealing of Soviet-built reactors"
rnufted in significant recovery of irradiation embrittlement and the extension of plant life. This suggests that
annealing of RPVs might be a very attractive way to extend the plant life for some U.S. LWRs." However, practical
implementation of annealing includes some regulatory aspects. One of these is extension of the surveillance
program, so that properties of the RPV can be monitored after annealing. Machining subsize specimens from
pr:viously tested Charpy surveillance specimens or reconstitution of specimens from broken halves are the most
faisible ways to resolve this problem. Additionally, subsize specimens could be used in performance experiments
to study the general behavior of RPV steels after reirradiation. Such experiments usually require simultaneous
irradiatiori of a large number of specimens at the same conditions, as well as intermediate annealing of a portion of
th:m after the first cycle ofirradiation and after the second reirradiation. Another application for using subsize
specimens is also associated with annealing. The subsize specimens can be used to confirm the beneficial effects
of vessel annealing by cutting pieces of smal! volume from the inside surface of the vessel before and after
cnnealing" and periodically during continued operation of the annealed vessel. In the last case, this could be an
titernative to the standard surveillance program.

The main issue for the feasibility of using subsize Charpy V-notch (CVN) specimens to determine properties of RPV
stiels is the correlation of transition temperature and upper-shelf energy (USE) between subsize and full-size

,

specimens. This study analyzed different published approaches to the use of subsize CVN specimens. Five I

different geometries of subsize specimens from 11 material conditions were selected for testing and evaluation.
The effects of specimen size and notch dimensions, including depth, angle, and root radius, on the correlation with
d ta from full-size specimens have been studied.

Materials

Four types of RPV steels were studied: American Society for Testing and Materials (ASTM) A 533 grade B class 1
plates (one of them after quenching and tempering at 95G"C), specially heat-treated steel with ASTM A 508 class 2
ch:mical composition, a Russian ring forging 15Kh2MFA, and a submerged-arc weld. All of these RPV steels have
be:n studied previously at Oak Ridge National Laboratory using standard specimens under different tasks of the
H:avy-Section Steel Technology (HSST) and Heavy-Section Steel irradiation (HSSI) Programs. The materials
were selected so as to have a relatively wide range of transition temperatures and USEs as measured with standard
full-size Charpy specimens, as well as a range of yield strengths. Typically, the properties of many RPV steels int

th3 as-produced state are quite similar. To increase the range of properties, some steels were studied in the
qu:nched-only or quenched-and-tempered conditions. As a result, the USEs varied from 73 to 330 J, the transition
t:mperatures varied from --46 to 58'C, and the yield strengths varied from 410 to 940 MPa. Table 1 lists the types
and properties of the different materials.

Specimen Designs

Ths Standard Test Method for Notched Bar Impact Testing of Metallic Materials, ASTM E 23-33a,' allows the use
of tubsize specimens when the amount of material available does not permit making the standard impact test
specimens, but "the results obtained on different sizes of specimens cannot be compared directly." Therefore, the
use of subsize specimens recommended by ASTM E 23 requires correlating them with standard specimens.
According to ASTM E 23, the length, notch angle, and notch root radius for subsize specimens are the same as for
full-size specimens, which restricts the range of possible subsize spechnen dimensions. A key feature of subsize
specimens for RPV applications is the ability to use halves of broken full-size surveillance specimens. As a result,
s;veral attempts have been made to develop subsize impact specirnens with a geometry acceptable for nuclear
cpplication; see, for example, refs. 6 and 8 through 15. Specimens were varied in all dimensions and are as small
ts a x 1 x 20 mm." However, there are some limitations on the dimensions of subsize specimens for RPV
m:terials.
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Table 1. Test matrix and mechanical properties of materials for subsite Charpy specimen evahsation !

i

upper hew Yield i
DBTT. ' 5=5 3.3 x 3.3 5x 5 3x 4 5x 5 fwg,
I I Tm P Tm P Tm P Tm 4* Type P

(J) (MPa)

A 533 wide plate, LT orientation 330' -43 422 X X X X
i>

A 533 wide plate TL orientation 244 -46 410 X X X X

A 508, as-quenched 115 58 634 X X X X
!
'

; A 508, quenched and tempered at 599'C 102 40 697 X X X X

A 508, quenched and tempered at 677*C 116 18 605 X X X Xu
!

A 508, quenched and tempered at 704*C 164 -32 500 X X X X ,

HSST' Plate 02, TL onentation, quarter thickness 141 3 432 X X X X t

HSST* Plate 02, TL orientation, half thickness 114 15 X X (
1 t

HSST* Plate 014, quenched end tempered at 73 .-34 940 X X X X- ,

950 c !
1

15Kh2MFA, melt 103672 181 -40 630 X X X X |

{HSST' weld 72W 136 -28 500 X X X X X
,

* Determined wth siendard fulkeine Charpy specimens. DOST = ducee< luces tenemen temperature [
t

,
*X = Twelve to 15 spechnens

t 'HSST = Hoovy-Sedlen Steel Technetear Prearern ;
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First, the specim:ns should be 1:rgxnough to be tested on commercially produced equipment in hot-cell
conditions. For example, the USE of 1 x 1 x 20 mm specimens could be as low as 0.16 J (ref.15) for steel with a
standard specimen USE equal to 200 J. It would be even smaller for low upper-shelf materials, where the USE on
standard specimens could decrease to - 70 J due to irradiation. For 1- by 1-mm croes-section specimens, the USE
might be less than 0.1 J, and in the transition region,it would be much less than 0.1 J.

ASTM E 23 requires that the specimen be broken within 5 s after removal from the conditioning medium. A
reduction of size resulting in a significant increase in the surface area to volume ratio may lead to excessive
temperature losses prior to impact.

Another important limitation in decreasing specimen size is the extent of the microstructuralinhomogeneities. For
cxample, a study of a special heat of A 508 steel''# indicated that carbon segregates in slender bands about
025 mm wide. Investigation of Midland Nuclear Power Plant RPV weld metal" showed that the cross section of
individual weld passes could be several millimeters. Testing of full-size Charpy specimens gives average properties
cf the material, but test results from very small subsize soecimens may be dependent on the location of the
specimens within the material.

Thus, the lower bound for the cross-sectional dimensions of subsize specimens for irradiated RPV steels may be
limited to about 3 mm. The length of a subsize specimen should be no longer than one-half of the standard Charpy
specimen (to allow for machining from a broken specimen). Taking into account all the above mentioned
considerations, five designs of subsize specimens were selected for the present study (see Figures 1 and 2). The
type 1 specimen has a length of 25.4 mm,5- by 5-mm cross section, with a 30' notch 0.8 mm deep and a root
radius of 0.08 mm. Two type 1 spec! nens could be machined from one broken full-size Charpy specimen. The
type 2 specimen has a length of 25.4 mm,3.33- by 3.33-mm cross section, with a 30' notch 0.5 mm deep and a
root radius of 0.08 mm. Eight type 2 specimens could be machined from one broken full-size Charpy specimen.
One advantage of choosing types 1 and 2 specimens is +he accumulated experience of using these subsize

t2 S aaspecimens in the United States and Japan""2' for studies of fusion reactor materials. The type 3 specimen
bas a length of 27 mm,5- by 5-mm cross section, with a 45' notch 1 mm deep and a root redius of 025 mm. This
type of subsize specimen has exactly the same geometry as the smallest ASTM E 23 subsize specimen but is half
as long. Two type 3 specimens could be machined from one broken full-size Charpy specimen. Experience with
this type of subsize specimen has been accumulated in Russia ' for RPV steels. The type 4 specimen has a length2

cf 26 mm,3- by 4-mm cross section, with a 60* notch 1 mm deep and a root radius of 0.1 mm. Up to 12 type 4
specimens could be machined from one broken full-size Charpy specimen. Experience with this type of subsize
specimen has been accumulated in Europe'".25 and Russia' for different low-alloy steels including RPV steels. The
type 5 specimen has a length of 55 mm,5- by 5-mm cross section, with a 45' notch 1 mm deep and a root radius
cf 025 mm. This type is the smallest subsize specimen recommended by ASTM E 23. A major disadvantage of
this design is that it is not possible to make this type of subsize specimen from a broken full-size Charpy specimen.
Nevertheless, specimens of this design were studie'l for two materials. Details of notch differences are shown in
Fture3.

Testing Procedure

All subsize specimens were tested on a specially modified pendulum-type instrumented impact machine.t2 The
modified anvils supported the types 1 and 3 subsize specimens so that their relative position with respect to the
pendulum was the same as that for the full-size specimen; that is, the center of percussion of the pendulum was
maintained at the center of tne point ofimpact, with the specimen just touching the striker with the pendulum
h:nging free. The types 2 and 4 substze specimens were tested using the same anvils, resulting in the center of
the point of impact being slightly lower and further ahead than the center of percussion of the pendulum when
hinging free. Similarly, for type 5 subsize specimens tested using the full-size anvils, this offset was 2.5 mm.
These offsets were estimated to produce errors of less than 0.1 J (ref. 26). The span (minimum distance between
th2 radi of the anvils) was 20 mm for types 1,2, and 3 specimens and 22 mm for the type 4 specimen. The
thickness of the ASTM E 23 striker was reduced to 4 mm to allow clearance of the specimen halves betwer'n the
cnvils. The radii of the striker and the anvils, however, were ma',ntained in accordance with ASTM E 23. The type 5
specimens were tested at the full capacit/ of the machine [407 J (300 ft-Ib)] and an impact velocity of 5.5 m/s
(18 ft/s). All other subsize specimens were tested at a lower potential energy [69 J (51 ft-lb)], with a corresponding
reduction of the impact velocity to 2.25 m/s (7.4 ft/s).
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Figure 1. Dimensions of subsize specimens used in this study.
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YP18323

TYPE 1 |
5.0 x 5.0 x 25.4mm !

30* notch. 0.8mm depth
0.08mm root radius

M
TYPE 2

3.3 x 3.3 x 25.4mm
30* notch. 0.5mm depth

,

0.08mm root radius j
!

M |
|

TYPE 3
5.0 x 5.0 x 27.0mm I

45' notch 1.0mm depth |
0.25mm root radius

'

TYPE 4
3.0 x 4.0 x 26.0mm

60* notch,1.0mm depth
0.1mm root radius

M

FULL SIZE
10.0 x 10.0 x 55.0mm

45' notch,2.0mm cepth
0.25mm rout radius

M
Figure 2. Full-size and substze specimens used in this study.
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i
1

; The impact data for each material condition and speci nen type were fitted with a hyperbolic tangent function to

| obtain transition temperatures and USEs:

|
I

Y = US + LS US - LS T-T ur+ tanh (1)-
'

2 2 C

where T is test temperature (in 'C), and US, LS, T,, and C are fitting parameters. Parameters US and LS can be
upper- and lower-shelf values of energy, lateral expansion, or percent shear; T, is the temperature at the middle of
the transition range (in 'C), and C is half of the transition zone width (in 'C). All hyperbolic tangent analyses for
full-size specimens were conducted with the lower shelves fixed at 2.7 J and 0.061 mm for energy and lateral
expansion, respectively. All hyperbolic tangent analyses for substze specimens were conducted with the lower
shelves fixed at 0.1 J and 0.0 mm for energy and lateral expansion, respectively. Upper and lower shelves of
percent shear fracture were always fixed at 100 and 0%, respectively. Appendices A through K contain the Charpy
impact results.

Effects of Specimen Dimensions

One objective of the study was to clarify the effects of specimen dimens;ons on the Charpy impact results.
Analyses of these effects will be used in the development of a methodology for estimation of the ductile-to-brittle
transition temperature (DBTT) and USE of full-size specimens using test data from subsize specimens.

The CVN dimensions-depth, angle, and root radius-play an important role in the transition behavior due to
changes in the stress concentration under the notch. Most obvious is the effect of notch depth (a) on the USE. The
sensitivity of USE to the V-notch depth was studied on type 3 specimens of HSST Plate 02 (see Figure 4). One set
of specimens was made with a notch 1.7 mm deep (0.065 in.), and a second set was made with a notch 0.8 mm
deep (0.030 in.). The results were compared with results for the common 1.0-mm (0.039-in.) notch depth.

NUREG/CR-6379 8
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Figure 4. Absorbed energy versus test temperature for
type 3 specimens from HSST Plate 02,
quarter-thickness location, with 0.8 ,1.0 , and
1.7-mm V-notch depths.

Increasing the depth significantly reduced the USE (from 31 J for a = 0.8 mm to 13 J for a = 1.7 mm). The
temperatures at the middle of the transition region, T,,r, were -31,-6, and -19'C for specimens with notch depths
cf 0.8,1.0, and 1.7 mm, respectively. These changes in transition temperature are mainly due to changes in the
USE rather than due to the effect of the notch depth on the transition behavior.

Th3 effect of the notch root radius can be seen when comparing data from HSST Plate 02 type 3 specimens with
0.25- and 0.10-mm notch radii (see Figure 5). For this particular experiment, specimens of 0.8-mm notch depth
were used. Sharpening of the notch led to an increase of transition temperature by - 20*C and a decrease of the
USE by - 5 J. These data agree with other observations of notch dimension effects on impact data.52'

Tha effect of notch angle was studied on two sets of HSST Plate 02 type 1 specimens with 45 and 30' angles (see
Figure 6). This change in the notch angle did not result in any effect on transition temperature or USE.

An:ther parameter is the distance between the anvil supports (span). Figure 7 shows Charpy curves of HSST
Plate 02 type 4 specimens tested with spans of 22 and 20 mm. No difference was observed in the transition region.
D ta from specimens with the shorter span possibly indicated a slightly higher energy on the upper shelf, but this
diff;rence could be due to scatter in the data. However, there is a mechanism that may explain higher energies for
specimens tested with the shorter span (20 mm). The smaller subsize specimens tested on the upper shelf usually
do not fracture completely, but bend around the tup until they are forced out past the anvils. With a shorter span,
th9 specimens must be bent further and scraped against the anvils for a longer time until they can be pushed out.
This will result in a longer tail on the end of the load-deflection curve, which will be reflected in slightly higher
c bsorbed energies, as the data tend to show. In the transition region, the specimens do break completely, so no
extra force is required to push the specimen through the anvils. In this case, no effect of span would be expected,
tnd no effect is observed (see Figure 7).

Another example of the effect of span on impact properties is given by a comparison of data from types 3 and 5
substze specimens. The only difference between these specimens is that type 3 specimens have one-half the span
of type 5. The impact curves of types 3 and 5 specimens of weld 72W are presented in Figure 8. Figure 9 presents

9 NUREG/CR-6379
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location, tested at 40- and 20-mm span. '

;

j the impact curves of types 5 and 3 specimens of HSST Plate 02. The type 5 specimens were cut from the
half-thickness region in the plate, whereas the full-size Charpy specimens were taken from both the quarter- and;

. half-thickness locations. The impact properties were slightly different at these two depths in the plate (see Table 1).
"

The type 3 specimens were cut from the broken halves of tested type 5 specimens. In both examples in Fgures 8 i

{ cnd 9, these results did not show any difference between types 3 and 5 specimens. These materials have fairly low |
{ USEs, and the 5- by 5-mm specimens break even on the upper shelf, so no effect of span is observed. !

i

! Five type 4 specimens of weld 72W were tested at an impact velocity of 5.5 m/s (18 ft/s), while 13 were tested at |
! 2.25 m/s (7.4 ft/s), the usual impe t velocity for subsize speamens in this study (see Fgure 10). The same

I[
cxperiment was repeated on two sets of HSST Plate 02 type 3 specimens. Fgure 11 presents Charpy data for
these sets with 12 specunens in each. The results in Fgures 10 and 11 show no sensitivity ofimpact properties to

; the increase of impact velocity from 2.25 to 5.5 m/s.
!

) Correlation of Absorbed Energy Between
; Full-Siza and Subsize Specimens
.

| The absence of standardized procedures for subsize specimen teshng results in different approaches to correlation
I cf data between subelze and standard specimens. Generally, exishng correlations of USE data can be divided into
! two approaches. One method widely used in Europe""2' consists of establishing an empirical ratio of the USE of
i full-size to USE of subsize (USEJ specimens based on large numbers of tests. The second approach, often

. used by North Americantanzz2' and Japanese''** researchers, conssts of correlation of the ratio between the.

; USE of full-size and subsize specimens with the ratio of different geometrical parameters of full-size and subsize
j specimens:
a
.

j USE f(geometric parameters)g,3g ,3
- =

(2)
! USE . f(geometric parameters).
J
!

4

!
:
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Figure 10. Absorbed energy versus test temperature for type 4
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In othIr words, the ritio of geometrical par: meters can be used as a normalization factor (NF) to determine USE of
full-size specimens based on the results of teshng subsize specimens:

USEmu in = NF x USE ;, (3)
<

The published ratios of geometric parameters of full-size to subsize specimens or NFs are described below.

Corwin et al.'22: compared two NFs. The first factor was equal to the ratio of the fracture area (Bb) of the full-size
specimen to that of the subsize specemen, where B is the width and b is the depth of the ligament below the notch of )
the specimen (see Figure 12 and Table 2). The second was equal to the ratio of the nominal fracture volume (FV) |
[(Bb)*''] of the full-size to the subsize specimen. It was shown that use of the NF (Bb)3r2gave good correspondence. |
Normalization by Bb gave poor agreement for USE data.

Lucas et al.'*2' also used an NF equal to the ratio of the FV of full-size to subsize specimens, but expressed the '

nominal FV as Bb2
i

Louden et al.2 suggested an NF equal to the ratio of Bb'/LK, of full-size to subsize specimens, where L is the span
and K,is the elastic stress concentration factor," which is dependent on ligament size b and notch radius R. The l

present study has shown (see Figures 8 and 9) that Charpy data, including USE, of specimens tested at spans that |
differed by a factor of two (20 and 40 mm) did not depend on span. However, the USE depends on ligament size b '

(see Figure 4) and notch radius R (see Figure 5), which might support using K,. Nevertheless, it is not clear how an I

elastic stress concentrabon factor can be related to behavior on the upper shelf, where fracture is taking place in a '

ductile manner dominated by plastic strain.

Kumar et al.azz." f ave developed an intereshng approach to predict the USE of full-size specimens by using bothi

notched and precracted subsize specimens. They suggest that this allows a separation of the USE into energies |'
for crack initiation and crack propagation. This approach is based on the assumption that the energy for crack
initiation normalized by FV of the specimen is equal for full-size and subsize specimeris. Energy for crack initiation
can be determined from the difference between the USE of notched specimens (USE) and procracked specimens
(USE,), that is:

USE - USE, USE - USE,
(4),

FV FV
. su in ,%

where FV is equal to Db2. In addition,it was found that the ratio of the USE of notched specimens to the USE of
procracked specimens (USE,) did not depend on specimen size, namely:

~

USE USE
(5)

-

USE,, USE,,

Thus, Kumar et al. claimed that knowledge of USE and USE,, of subsize specimens allowed the use of
Equations (4) and (5) to determine the USE of full-size specimens. Examination shows, however, that Equations (4)
and (5) are dependent and can be transformed into one equation:

USE USE
NFV FV ,,,,;, 'run sin

|
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Table 2. Comparison of different normalization factors for upper-shelf energy as ratios of different
specimen dimensions

Geometric
parameter, Bb Bb'l LK, (Bb)"I LK, Bb" (Bb)" Bb'lQ (Bb)"lQ Bb' LOK, (Bb)"lQK,

G.P.

G.P WG.P , 3.77 5.63 5.8 7.12 7.33 7.54 7.76 11.9 12.3

G.P:_:_ IG.P ,2 8.52 15.6 16 24.2 24.8 25.6 26.3 33.1 33.9

G.P M G.P ,3 4 2.8 2.8 8 8 8 8 5.7 5.7
z
C
g G.P _:_ _fG .P.,,,,. . 8.9 13 14.6 23.7 26.5 22.3 24.9 22.3 24.9

$ Note: L = span, K, = elastic stress concentration factor, and Q = plastic stress concentration factor.

n

M
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|

:
i
f

which is the same as Lucas et al."2' proposed previously for a nominal FV of Bb2 and does not require testing of !
procracked specimens.

|i
Kayano et al." have proposed an NF that incorporates not only FV but elastic (K,) and plastic (Q) stress !
concentration factors as well. For the plastic stress concentration factor, the following expression based on slip-line i
field theory for a notched specimen *" was used:

|
|

0Q=1+x (7),

|

where 0 is the notch angle in radians. Some uncertainty remains as to the exact value of Q in CVN teshng "28
i

Slip-line field theory also assumes elastic-perfectly plastic behavior and neglects work hardening, which is clearly i
not a valid assumption for most materials. In addition, shp-hne field theory can only be used when fracture occurs )
exactly at the point of general yielding. This will apply only et one specific temperature for a given material, not over
the whole transition regime. In any case, implementation of Q, as in Eq. (7), includes the effect of notch angle on i

USE. However, the results of the present study did not show such a dependence over the hmited range of notch
angles examined.

i

in the present work, different NFs described above, as well as modif5 ations by the authors, were implemented in )
the analysis of the data (see Table 2). Table 3 summarizes the resu.ts of measured USE values for full-size and '

subsize specimens of the steels investigated in the present study. For all types of subsize specimens, a linear i
dependence between the USE of full-size and subae specimens is observed except for two points with USEs of

{full-size specimens higher than 200 J. Values of USE higher than 200 J for full-size specimens require special
,

consideration. Specimens tested in the upper-shelf region show large amounts of plastic deformation at the support j
points. These features are associated with the specimen aqueeang between the anvils. Allinteractions between

. the specimen and the anvils will require additional energy as reflected by the absorbed energy value.'"' i
Specimens with high USE values will have significant amounts of erwrgy associated with the anvil interactions in j
addition to the fracture process at the notch. Further inveshgabons need to be performed to analyze these data. I
For the purposes of this study, analysis of USE data was limited to data below 200 J for full-size specimens.

i

Figures 13 through 16 present the correlation observed for the USE from full-size specimens to the USE from i

subsize specimen types 1 through 4 as well as ratios of USE to USE. for each type of subsize specimen.
Comparison of the ratios obtained with the NFs in Table 2 shows that no single factor can be considered as
universal for any specimen geometry, although an NF based on the FV of specunens, namely (Bb'W(Bb') ,

gives the clccest estimation for each geometry, but these eshmations are slightly higher than empirical ratios for
each specimen geometry. An implementation of elastic or plastic stress concentration factors did not improve the
correspondence. Based on this observation, a decision was made to use the obtained empirical ratio 6 (see
Figures 13-16) as USE normalization factors (NFues) for each specific geometry. There is no obvious wffect of the
yield strength on the empirical ratios of USEs, as Figures 17 through 20 show.

Since no single known existing correlation procedure would work for data from different subsize specimens, a new
. correlation was developed. It was assumed that the fracture process could be partitioned into low-energy brittie and
high-energy ductile modes and that different correlation procedures should be applied to each component of the
fracture process. On the lower shelf where fracture occurs by a low-energy cleavage mechanism, it is reasonable j
to assume a constant value of absorbed energy per unit of fracture surface area or:

'LSE' 'LSE'
=

, Bb Bb (8) !'

% %
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Table 3, upper-shelf energies obtained for materials for substre Charpy specimen evaluation

us%~ us%~ us%~ us4.us%,,,, us%, us4, us%, us%,
materlat

(JI (JI (JI (JI (JIus4, us4, us%, us4,

A 533 wide plate, LT orientation 330 34.6 9.5 8.6 38.4 28.4 11.6 7.7 42.9

A 533 wide plate, TL orientation 244 34.3 7.1 8.9 27.4 35.9 6.8 7.2 33.9

A 508, as quenched 115 21.6 5.3 6.1 18.9 17.6 6.5 5.5 20 9
_

A 508, quenced and tempered at 102 21.1 4.8 5.3 19.2 15.0 6.8 5.1 20.0

599'C

A 508, quenced and tempered at 116 28.2 4.4 6.8 17.1 17.2 6.7 6.5 17.8

677'Cm
s

A 508, quenched and tempered 164 37.3 4.4 9.3 17.6 24.6 6.7 7.5 21.9

at704*C

HSST* Plate 02, TL orientation, 141 29.3 4.8 6.7 21.0 26.7 5.3 6.3 29.4

quarter thickness

HSST' Plate 02.TL orientation, 114 20.3 5.6

half thickness

HSST* Plate 014, quenched and 73 15.1 4.8 5.6 13.0 13.9 5.3 4.5 16.2

tempered at 950*C

15Kh2MFA, melt 103672 181 29.2 6.2 8.3 21.8 24.5 7.4 7.8 23.2

| HSSl* weld 72W 136 23.7 5.7 7.7 17.7 22.5 6.0 5.9 23.1

*HSST = Hoevy-Sectkm Steel Technology Program.

Z 'HSSI = Heny-Secuan M N Pmgram

E
B
a
2

b
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End thus

LSEmu e = NF x LSE%, (9)

where

(Bb) run .iuNF
m = (Bb) e (10).

in the transition region there is a competition between brittle and ductile fracture. It is assumed that the percent of
shear on the fracture surface can be used as a measure of the amount of ductile fracture in the transition region.

Based on these considerations, the following expressen is proposed for normalizing the absorbed energy (E) of
substze specwnens:

d

100 - SHEAR SHEARE=E%x NF + NF (11)m % ,

100 100

where NF. is a normalizaten factor for the brittle mode of fracture from Equation (10) and is equal to 3.77,8.52,
4.00, and 8.90 for types 1,2,3, and 4 subsize specimens, respechvoly. NF. is a normalization factor for the
ductile mode of fracture and is equal to 5.1,18.3,6.3, and 21.3 for types 1,2,3, and 4 subsize specsnens,
rW+1d; (see Figures 13 through 16). SHEAR is the percent of shear fracture on the fracture surface
measured, in general, visually. In some cases, fracture surfaces of broken subsize specimens were difficult to
interpret. In these cases, the procedure proposed by Nanstad and Sokolov" for estimation of shear fracture from
analysis of instrumented impact traces of full-size specwnens was used:

F'. - F*% SHEAR = 1- x 100 , (12)
"

0.5 (F,y + F,)

where F, F., F , and F, are characteristic points on the load versus displacement trace as shown in Figure 21. It
was assumed test the same approach could be used for subsize equations

Visual determination of the percent of shear fracture requires an interpretation of the appearance of the fracture
surface, a process that is subjective and may very from person to person. This variability may lead to some uncer-
tainty in values of the transition temperature determined with the normalization process in Equation (11). To
estimate how serious a problem this might be, data from HSST Plate 02 type 3 specimens were examined. The
original data were normalized and analyzed to determine the transition temperatures at energy levels of 41 and
68 J (Tm and T., respectively). Then the percent sheer data were moddled, first by adding 10% to each data
point, and then by subtracting 10% from each data point. The lower- and upper-shelf levels were kept at 0 and
100%, respectively, in both cases. The energy levels from the subsize specimens were then normalized with the
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Table 4. Effects of changes in percent shear on values of transition
temperatures at 41 and 68 J for normalized data from type 3
specimens of HSST Plate 02

,

Transition temperature I

(*C)

As-rneasured Asaneasured As-rneasured
shear * + 10%* - 10%*

T -28 -30 -26m

T -2 -5 1m

'Normalizaten performed wth as-measv3.1 percent si ear.
* Normalization performed with percent shear +10%.
' Normalization performed with percent shear -10%
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citered she:r values, in both cases. The results cf these chinges in the shear values are shown in Table 4.
, Changing of the shear values by 110% results in very small changes in the transition temperatures, showing that
j the normalization procedure is not overly sensitive to changes in the measured value of percent shear.

Correlation of Transition Temperature of Full-Size
and Subsize Specimens |

1

The effect of specimen size on the DBTT can ce explained as suggested by Davidenkov." The yield stress (o,)
depends on temperature, increasing as the tempersture decreases, while the cleavage fracture stress (o,) is

,

|assumed to be temperature independent (see Figure 22). The intersection of these curves determines the DBTT. i

The size effect can be explained by a statistical theory of strength, whose mathematical interpretation was given by
Weibull." It is based on the assumption that brittle failure is determined by the value of the local stress in the piece
at the point where the most critical structural defect is located. Using the theory of probability, Weibull established
the dependence of the brittle strength on the volume of the specimen. For the same states of stress but various
dimensions of the specimens, the brittle fracture stress changes as V*, where V is the volume of the specimen
cnd m is a constant of the material. The scatter obtained will be larger for smaller specimens. The dependence of
brittle fracture on the volume of specimens for different types of tests has been experimentally confirmed.87"

;

The above discussion is illustrated in Figure 22. The dependence of yield stress on temperature can be expressed |
as:

|

|

= A e *'T , (13)oy

where A and c are constants, and T is temperature in KeMn. According to Weibull,"87the dependence of the brittle
fracture stress on volume is:

o = ZV -l'" , (14)r

where Z and m are constants. If we define the DBTT as the temperature at which o,is raised so that it equals o,
(see Figure 22), then:

Ae = g y -1/m (15)D
,

Taking the natural logarithm of Equation (15) results in:

1
1DBTT = (16)R - S InV ,

where R and S are constants.

Thus, Equation (16) describes, in general, the shift of DBTT to lower temperatures due to a reduction in size.
However, different notch geometries result in different stress distributions under the notch for different subsize

NUREG/CR-6379 24

E. __



;

I
;

ORNL-DWG 96-3769

|

i

|
1

masin

g ,,.rrv- v= 3\ l
{ ruu.-stu

h |a
| |

| | * fre /r,c

i I
I i j

i l
I i
l ! !

DSTTeun f f DSTTrun-sin
TEMPERATURE

Figure 22. Stress-temperature diagram showing the effect of
specimen size on transition temperature. '

specimens, which does not allow the use of Equation (16) for a quantitatwo account of size effects in notched
impact tests. Nevertheless, it suggests the establishment of an empirical correlation:

1

DBTTrun.in = DB T T + M , (17)

I

where DBTTu,,, and DBTT. are transition temperatures for full-size and subsize specimens, respectively, and
M b a shift of DETT due to specimen size. A similar approach has been used in reis. 6,11, and 19.

The following procedure was used to determine the temperature correction, M. Absorbed energy values from
subsize specimens were normalized by Equation (11). These data were then fit with a hyperbolic tangent function
[see Equation (1)] to determine temperatures at 41 J (Tu),68 J (T.), and at the middle of the transition zone (T,).
Fcures 23 through 26 summarize the comparison of transition temperatures for full-size and different subsize

,

specimens. Transition temperatures at 50% shear (TW were also included in the analysis. The data show a linear :
correspondence of transition temperatures. The following equations were obtained for the different subsize
specimers: I

DBTTg ,i, = DBTT, 3 + 30 (*28) *C, (18)

!

DBTru g = DBTTw 2 + 53 ( 24) *C, (19)
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.

4

$

| DBTTrou i= = DBTT,3 + 34 ( 20) *C, (20)
r
1

; End
i

DBTTu iu = DBTT,, + 38 (*30) *C, (21)

i
j where the numbers in parentheses are 120 intervals.

j Figure 27 shows the dependence of the temperature-size correction, M, taken from Equations (18)-(21), on the
j nominal FV, Bb', for the subsize specimens used in this work. The solid line is a fit to the data:

! I
2

; M = 98 - 15.1 x in (Bb ) , (22)
! )
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{ Figure 27. Temperature correction for substre specimens as a
! function of nominal fracture volume.
|-
i The form of this fit is suggested by Equation (16), and the equation was forced to give a correction factor of 0 for the

full-size specimen. The trend agrees,in general, with the scheme for the effects of specimen size on the DBTT+

based on the statishcal theory of strength (see Figure 22). Deviations from this dependence reflect the constraint
|

tiffects of different notch dimensions, but the form of the dependence may be used as guidance to estimate size '

; corrections for subsize specimens.
,
I
'

Normalization of Data from Subsize Specimens

The normalization procedure described above was tested with the data from the ten materials used in the present
work (see Appendices A through K). The absorbed energies for subsize specimens were normalized by
Equation (11).

!

|
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Test temperatures were then shifted forward by size adjustment values from Equations (18)-(21) for the
corresponding subsize specimens. Data from subsize specimens normalized by this procedure correspond very
well with the mean and 95% confidence intervals from full-size specimens, as Figures 28 through 35 show. The
normalization did not produce a good match on the upper-shelf regime for materials with USEs greater than 200 J
for full-size specimens, as Figures 36 and 37 show. Excessive deformation at the anvils and the failure of subsize
specimens of tough m 'erials to fracture completely when tested on the upper shelf are factors that led to the poor
egreement. If the data a . restricted to materials with full-size USE levels less than 200 J, the present method for
normalizing data from subsize specimens can give good correlations with data for full-size Charpy specimens.

Examination of the standard deviations reported for Equations (18)-(21) shows that the type 3 specimen has the
smallest value, suggesting that this specimen is the best of the four types examined for determining the DBTT, since
it results in the smallest error, it was also noted that this specimen was more likely to fracture completely when
tested in the upper-shelf regime, whereas the other subsize specimens tended to wrap around the tup rather than
frtcture in this regime. This failure to fracture on the upper shelfis exacerbated for materials with high USE levels
end accounts for the poor agreement found for materials with upper-shelf levels of over 200 J, as measured with
full-size specimens. The types 1 and 2 subsize specimens have relatbely short notch depth to specimen width
ratios (a/W) of 0.16 and 0.15, respectively. The type 3 specimen has a relatively deeper notch, with aMI = 0.2. This
rziatively deeper notch will encourage fracture on the upper shelf. The type 4 specimen has a value of aMI = 025,
but the specimen thickness is only 3 mm as compared to 5 mm for type 3. The greater thickness of the type 3
specimen willincrease the transverse constraint developed in this specimen as compared to the thinner type 4
epecimen, and again encourage fracture. Thus, of all the specimens tested, the type 3 specimen seems to be the
best, although it is the largest of the subsize specimens. If a smaller specimen is desired,it might be useful to
consider a geometry with a relatively deeper notch (aMI greater than 0.25) to encourage fracture on the upper shelf
and improve the correlation with full-size specimens.

Summary and Conclusions

Five types of subsize specimens from ten materials were studied in the present work. The principal results are as
follows:

1. Subsize Charpy specimens may be useful for studies when material availability is limited. The broken
halves of surveillance specimens can be remachined into subsize specimens to extend current surveillance
programs and to monitor annealing response. The small specimen recommended by ASTM E 23 is too;

! long for such an application.

2. It was found that (1) an increase in the notch depth decreases the USE but has little effect on the DBTT,
(2) a decrease of the notch root radius reduces the USE and increases the DBTT, (3) variation of notch
angle from 30 to 45' while keeping the remaining dimensions identical does not result in any effect on

,
transition temperature or USE, and (4) span and impact velocity (in the ranges studied) do not affect the

| USE and DBTT.
|

3. The following equation is proposed for normalizing impact energy values from subsize Charpy
specimens (E):

100 - SHEAR SHEARE=Ex NF + NF|

| m m ,

100 100

i where NF,,. is a normalization factor equal to the ratio of the area of the fracture surface of the full-size
! specimen to the area of the fracture surface of the corresponding subsize specimen; NF is an empirical
'

normalization factor equal to 5.1,18.3,6.3, and 21.3 for types 1,2,3, and 4 subsize specimens,
| respectively; and SHEAR is the percent of shear fracture on the fracture surface.
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Figure 30. Comparison of Charpy curve for full-size specimens of
A 508, quenched and tempered at 677'C, with data
from subsize specimens normalized by the proposed
procedure.
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Figure 31. Comparison of Charpy curve for full-size specimens of
A 508, quenched and tempered at 704*C, with data
from subsize specimens normalized by the proposed
procedure.
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Figure 32. Comparison of Charpy curve for full. size specimens of
HSST Plate 02, T L orientation, quarter thickness, with
data from subsize specimens normalized by the
proposed procedure.
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Figure 33. Comparison of Charpy curve forfull-size specimens .

of HSST Plate 14, quenched and tempered at 950*C,
with data from subsize specimens normalized by the
proposed procedure.

NUREG/CR-6379 32
|

_ _ _



TEMPERATURE ('F) ORNL-0WG 30-370~
-too o too 200 300 soo 500*** i 3 J l i e i

< 175-

| VVER-4 4 0 FORGING 15Kh2MF A |....... .. . .. ... ........ . ..
*200 -

, 15o, -

| 0

4,h aa - i25
A

850 - P a O O 2
3 | . ...O........g......... .........

-

_

o | ./

h | | O
y

y,

w ioo - /

| b
- 75 w,

5,

/ 8
FULL-SIZE MEAN CHARPY CURVE

/ ----- FULL-SIZE 95% CI ON PRED. VALUE - So
'/ O SUBSIZE TYPE t CHARPY DATAO50 - , *

O SUBSIZE TYPE 2 CHARPY DATA'~~,
!A O SUBSIZE TYPE 3 DATA
| A SUBSIZE TYPE 4 DATA

- 25

|
I f ' ' ' 'o o

-loo -50 o So too 15o 20o 250 3oo

TEMPERATURE ('C)

|
Figure 34. Comparison of Charpy curve for full-size specimens of |

15Kh2MFA with data from subsize specimens
normalized by the proposed procedure.
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Figure 35. Comparison of Charpy Curve for full-size specimens of
HSSI weld 72W with data from subsize Charpy specimens
normalized by the proposed procedure.
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Figure 36. Comparison of Charpy curve for full-size specimens of
A 533 wide plate, L T orientation, with data from

i

subsize Charpy specimens normalized by the proposed J

procedure.
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Figure 37. Comparison of Charpy curve for full size specimens j

of A 533 wide plate, T-L orientation, with data from '

subsize Charpy spec'unens normalized by the
proposed procedure.
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4. Th3 cmpiric11 corralitions betwnn ths DBTT of full-size and the different subsize specimens were
determined as follows:

DBTTrun siz = DBTT, , + 30 (*28) *C ,

DBTTrun siz. = DBTTw 2 + 53 (*24) *C ,

DBTT = DBTT,3 + 34 ( 20) *C ,su .ize

and

DBTTsu size = DBTT,4 + 38 ( 30) *C ,

where the numbers in parentheses are *2a intervals. Further understanding of the shift in the DBTT as a
function of specimen size needs to be pursued.

5. Results obtained from the subsize specimens as well as the empirical correlations can be used for
development of an ASTM standard p Sctice for impact testing of subsize specimens for supplementary
surveillance data in nuclear applications.

|

35 NUREG/CR-6379

-



%

References

1. A. D. Amayev, A. M. Kryukov, and M. A. Sokolov," Recovery of the Transition Temperature of
irradiated WWER-440 Vessel Metal by Annealing," pp. 369-79 in Rada6on Embritdement of Nuclear
ReactorPressure VesselSteels: AnIntemabonalReview(Fourth Volume), ASTMSTP 1170,
ed. L E. Stee!e, American Society for Testing and Materials, Philadelphia,1993?

2. A. M. Kryukov and M. A. Sokolov, " investigation of Material Behavior Under Reirradiation After
Annealing Using Substze Specimens," pp. 417-23 in Small Specimen Test Techniques Appliedto
Nuclear Reactor Vessel Thermal Annealing andPlant Life Extension. ASTM STP 1204,
ed. W. R.Corwin, F. M.Haggag, and W. LServer, American Society for Testing and Materials,
Philadelphia,1993?

3. W. L Server," Review ofin-Service Thermal Annealing of Nuclear Reactor Pressure Vessels,"
pp. 979-1008 in Effects ofRada60n on Materials: Tweltth intema60nal Symposium, ASTM STP 870,
ed. F. A. Garner and J. S. Perrin, American Society for Testing and Materials, Philadelphia,1985?

4. T. R. Mager, Feasibility and Methodology for Thermal Annealing of an Embrit6ed Reactor Vessel,
Vol. 2. EPRI NP-2712, Electric Power Research Institute, Palo, Alto, Calif., November 1982.

5. R. Ahlstrand, E. N. Klausnitzer, D. Lange, C. Leitz, D. Pastor, and M. Valo, " Evaluation of the )
Recovery Annealing of the Reactor Pressure Vessel of NPP Nord (Greifswald) Units 1 and 2 by ;

Means of Subsize impact Specimens," pp. 312-43 in Rada6on Embntifement ofNuclearReactor
Pressure VesselSteels: An Intema6onalReview(Fourth Volutae), ASTM STP 1170,
ed. L E. Steele, American Society for Testing and Materials, Philadelphia,1993.*

6. A. D. Amayev, V. l. Badanin, A. M. Kryukov, V. A. Nikolayev, M. F. Rogov, and M. A. Sokolov, "Use of
Subsize Specimens for Determination of Radiation Embrittlement of Operating Reactor Pressure

.

Vessels," pp. 424-39 in SmallSpecsmen Test Techniques Appliedto NuclearReactor Vessel i

Thermal Annealing and Plant Life Extension, ASTM STP 1204, ed. W. R. Corwin, F. M. Haggag, and
W. L. Server, American Society for Testing and Materials, Philadelphia,1993?

7. Standard Test Method for Notched Bar impact Testing of Metallic Materials, ASTM E 23-93a, |
American Society for Testing and Materials, Philadelphia,1993?

8. M. Grounes," Review of Swedish Work on irradiation Effects in Pressure Vessel Steels and on
Significance of Data Obtained," pp. 224-59 in Effects of Rada60n on StructuralMetals, ASTM
STP 426, American Society for Testing and Materials, Philadelphia,1967?

9. C. Cur!!, "Subsize Charpy Correlation with Standard Charpy," Mater. Res. Stand.,91-94
(February 1961)?

10. R. C. McNicol, " Correlation of Charpy Test Results for Standard and Nonstandard Size Specimens,"
Weld. Res. Suppl.,385-93 (September 1965)?

11. E. Klausnitzer, H. Kristof, and R. Leistner, " Assessment of Toughness Behavier of Low-Alloy Steels
by Subsize impact Specimens," pp. 3-37 in Transactions of the 8th Intemational Conference on
StructuralMechanics in Reactor Technology, Brussels, August 1985, Vol. G, intemational
Association for Structural Mechanics in Reactor Technology,1986?

37 NUREG/CR-6379

_ -



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

'
.

'

4

;

i
1

12. W. R. Corwin and A. M. Hougland, "Effect of Specimen Size and Material Condition on the Charpy
j 1mpact Properties of 9Cr-1Mo-V-Nb Steel,' pp. 325-38 in The Use of Small-Scale Specanons fbr
] Tes6ng kradated Material, AS7M STP 888, ed. W. R. Corwin and G. E. Lucas, American Society for
j Tes6ng and Materials, Philadelphia,1986.*

| 13. G. E. Lucas, G. R. Odette, J. W. Shockherd, P. McConnell, and J. Perrin, "Subsized Bend and
j Charpy V-Notch Specimens for irradiated Testing," pp. 304-24 in The Use of Small-Scale Specanons
j fbr Testing kradated Matenal, ASTM STP 888, ed. W. R. Corwin and G. E. Lucas, American Society

for Testing and Materials, Philadelphia,1986.*
I

! 14. H. Kayano, H. Kurishita, A. Kimura, M. Narui, M. Yamazaki, and Y. Suzuid, "Charpy impact Testing |
i Using Miniature Specimens and its Application to the Study of irradiation Behavior of Low-Actwation j
i Ferritic Steels," J. Nucf. Mater.179-181,425-88 (1991) *

|
|

,

j 15. H. Kurishits. H. Kayano, M. Narui, M. Yamazald, Y. Kano, and 1. Shibahara, " Effects of V-Notch i
Dimensions on Charpy impact Test Results for Differently Sized Miniature Specimens of Ferritic i.

Steel,' Maler. Trans. JIM 34(11),1042-52 (1993).* |J

16. M. P. Manahan and C. Charles, 'A Generalized Methodology for Obtaining Quantitative Charpy Data
j from Test Specwnens of Nonstandard Dimensions," Nucl. 7'echnot. 90,245-59 (May 1990).*

17. M. P. Manahan, " Determination of Charpy Transition Temperature of Ferritic Steels Usmg
Mmisturized Specimens," J. Mater. Scl. 25, 3429-38 (1990).*

18. R. K. Nanstad, D. E. McCabe, R. L Swain, and M. K. Miller, Martin Marietta Energy Systems, Inc.,
1 Oak Ridge Natl. Lab., Oak Ridge, Tenn., Chemical Composl6on andRT, Determina6ans fbr
! Aksand Wold WF-70, USNRC Report NUREG/CR-5914 (ORNL-740), December 1992.t
!

i 19. D. J. Alexander and R. L Klueh, "Spacen=n Size Effects in Charpy impact Testing," pp.179-91 in |
: Charpyimpact Test: Fadors and Variables, ASTM STP 1072, ed. J. M. Holt, American Society for

Teshng and Materials, Philadelphia,1990.*-

: 20. A. S. Kumar, F. A. Gamer, and M. L. Hamilton, *Effect of Specimen size on the Upper-Shelf Energy
| of Fenttic Steeis," pp. 487-95 in Ellfects of Radebon on Matenals: 14th intemahonal Symposium
! (Volume 11), ASTM STP 1046, ed. N. H. Packan, R. E. Stoller, and A. S. Kumar, American Society for'

Testmg and Materials, Philadelphia,1990.*
: i

21. B. S. Louden, A. S. Kumar, F. A. Gamer, M. L. Hamilton, and W. L. Hu, "The influence of Specimen |
Size on Charpy impact Testmg of Untradiated HT-9," J. Nud. Mater. 155-157,662-67 (1988).* i

22. - A. S. Kumar, B. S. Louden, F. A. Gamer, and M. L Hamilton, *Recent improvements in Size Effects
Correlations for DBTT and Upper-Shelf Energy of Ferritic Steels," pp. 47 61 in Sma# Specimen Test
Techniques Apphed to Nuclear Reactor Vessel Thermal Annealing and Plant LWe Extension, ASTM
STP 1204 ed. W. R. Corwin, F. M. Haggag, and W. L Server, American Society for Testing and
Materials, Philadelphia,1993.*

23. W. R. Corwin, R. L Klueh, and J. M. Vitek, "Effect of Specimen Size and Nickel Content on the
Impact Properties of 12 Cr-1 MoVW Ferritic Steel," J. Nucl. Mater.122-123,343-48 (1984).*

24. F. Abe, T. Noda, H. Araki, M. Okada, M. Narui, and H. Kayano, "Effect of Specimen Size on the
Ductile-Brittle Transition Behavior and the Fracture Sequence of 9Cr-W Steels," J. Nucl. Mater.150,
292-301 (1987).*

NUREG/CR-6379 38

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



. _ _ _ . _ _ . _ _ _ . . _ . .- ____ _.___- _ _ _ __ . .

|

25. E. N. Klausnitzer and G. Hofmann, " Reconstituted Impact Specimens with Small inserts," pp. 76-90
in Ellects ofRadation on Materials: 15th intemational Symposium, ASTM STP 1925,
ed. R. E. Stoller, A. S. Kumar, and D. S. Gelles, American Society for Testing and Materials,

.

Philadelphia,1992.* I

26. N. H. Fahey, * Effects of Variables in Charpy impact Testing," Mater. Res. Stand. 1,872-76
)

(November 1961).*
)
i

27. G. E. Lucas, G. R. Odette, J. W. Sheckherd, and M. R. Krishnadev, "Recent Progress in Subsized I

Charpy Impact Specimen Testing for Fusion Reactor Materials Development," Fusion Techno!.10, |728-33(1986).* '

28. H. Neuber, Theory of Notch Stresses, Springer, Berlin,1958.*

29. A. S. Kumar, S. T. Rosinski, N. S. Cannon, and M. L. Hamilton, "Subsize Specimen Testing of a
Nuclear Reactor Pressure Vessel Material," pp.147-55 in Effects ofRadation on Materials: 16th
Intemational Symposium, ASTM STP 1175, ed. A. S. Kumar, D. S. Gelles, R. K. Nanstad, and
E. A. Little, American Society for Testing and Materials, Philadelphia,1993.*

30. A. P. Green and B. B. Hundy, " Initial Plastic Yielding in Notch Bend Tests," J. Mech. Phys. Solids 4,
128-44 (1956).*

31. J. F. Knott, Fundamentals ofFracture Mechanics, Butterworths, London,1973.*

32. R. Sandstrom and Y. Bergstrom, " Relationship Between Charpy V Transition Temperature in Mild
Steel and Various Material Parameters," Mater. Sci.18,177-86 (1984).*

33. T. Naniwa, M. Shibaike, M. Tanaki, H. Tani, H. N. Shiota, and T. Shiraishi, " Effects of the Striking
Edge Radius on the Charpy impact Test," pp. 67-80 in Charpyimpact Test Factors and Variables, ;

ASTM STP 1072, ed. J. M. Holt, American Society for Testing and Materials, Philadelphia,1990.* |
|

34. R. K. Nanstad and M. A. Sokolov, "Charpy impact Test Results on Five Materials and NIST
Verification Specimens Using Instrumented 2-mm and 8-mm Strikers," pp.111-39 in Pendulum

\ knpact Machines: Procedures and Specunens 16r Veri 6 cation. ASTM STP 1248, ed. T. A. Seewert
and A. K. Schmieder, American Society for Testing and Mateiials, Philadelphia,1995.*

35. N. N. Davidenkov, The Problems ofimpactin Material Science, Academy of Science of U.G.S.R.,
1938 (in Russian).*

36. W. Weibull, "A Statistical Theory of the Strength of Materials," p.151 in Proceedngs of the Royal
Snedsh Institute for Engrneering Research,1939.*

37. W. Weibull,'A Survey of ' Statistical Effects'in the Field of Material Failure," Appl. Mech. Rev. 5(11),
449-51 (1952).*

38. N. Davidenkov, E. Shevandin, and F. Wittmann, "The influence of Size on the Brittle Strength of
Steel,"J. Appl. Mech.,63-67 (March 1947).*

*Available in pubac techrucal libranes

tAvailable for purchase from Nabonal Technicalinformabon Service. Spnngroeid. VA 22161.

39 NUREG/CR-6379

_ _ _ _ _ . _ _



a,4mie em-w.' A a m.MJ-m,.p .._m.M,.mawa 4 i..m__m.d-J._J.2A.a,a;-Amd.m-_4-A._wAAE.eu Ai Aw .444-y.,4mJ._444mJA.4.J=M-.5%-ep.,a M. ,4. A ds 13-4 +45%h45 fp.M g4-,4.au.J.w.AJ.44.A4ma8.-AM..

I

o

I

i

?

t

,

-

I

i

4

4

APPENDIX A
,

A 533 GRADE B WIDE PLATE, LT ORIENTATION
:

,

,

A-1 NUREG/CR-6379
|

1

l
.

g. gy -- e.w,.-- r p -y.yw--- w-- we ry -y,--w- - t''''.-



. _ . _ _ . . . - - -

SET NAME: CE 23 LT
NOTE: LAYER 3 ~

TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
iCE2301 -75.0 -103.0 8.00 5.90 0.00 0.000 0.0 i

CE2307 -50.0 -58.0 19.01 14.02 0.30 0.012 10.0CE2310 -25.0 -13.0 67.03 49.44 0.94 0.037 28.0CE2312 -25.0 -13.0 82.04 60.51 1.17 0.046 25.0 iCE2308 -25.0 -13.0 64.03 47.23 0.97 0.038 21.0 !

CE2302 0.0 32.0 114.05 84.12 1.60 0.063 20.0 iCE2316 0.0 32.0 146.01 107.73 1.80 0.071 46.0 1CE2306 0.0 32.0 127.06 93.71 1.65 0.065 38.0 |CE2305 23.0 73.4 170.08 125.44 2.01 0.079 65.0 iCE2311 23.0 73.4 176.08 129.87 1.96 0.077 50.0 ICE2314 23.0 73.4 180.08 132.82 2.24 0.088 77.0 |CE2315 50.0 122.0 248.11 183.00 2.31 0.091 100.0CE2303 100.0 212.0 315.14 232.44 2.01 0.079 100.0CE2318 150.0 302.0 318.15 234.65 2.01 0.079 100.0CE2317 150.0 302.0 323.15 238.34 1.70 0.067 100.0,

CE2320 200.0 392.0 339.15 250.15 1.68 0.066 100.0 |CE2321 200.0 392.0 340.16 250.89 1.50 0.059 100.0CE2309 250.0 482.0 320.15 236.13 1.52 0.060 100.0CE2319 300.0 572.0 323.15 238.34 1.65 0.065 100.0

NUMBER OF SPECIMENS: 19

SET NAME: CE_24_LT
NOTE: LAYER 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT).

CE2411 -75.0 -103.0 10.00 7.38 0.13 0.005 0.0
CE2401 -50.0 -58.0 36.02 26.56 0.48 0.019 18.0
CE2413 -50.0 -58.0 45.02 33.21 0.71 0.028 13.0
CE2414 -25.0 -13.0 105.05 77.48 1.42 0.056 30.0
CE2404 -25.0 -13.0 91.04 67.15 1.30 0.051 27.0*

CE2407 -25.0 -13.0 72.03 53.13 1.04 0.041 21.0
CE2405 0.0 32.0 122.06 90.02 1.75 0.069 45.0
CE2406 0.0 32.0 111.05 81.91 1.50 0.059 52.0
CE2415 0.0 32.0 145.07 107.00 1.93 0.076 50.0
CE2416 23.0 73.4 163.07 120.28 2.03 0.080 40.0
CE2403 23.0 73.4 166.08 122.49 2.11 0.083 52.0
CE2412 23.0 73.4 162.07 119.54 2.18 0.086 75.0
CE2409 50.0 122.0 219.10 161.60 2.29 0.090 100.0
CE2402 150.0 302.0 285.13 210.30 1.98 0.078 100.0
CE2420 150.0 302.0 305.14 225.06 1.55 0.061 100.0
CE2421 200.0 392.0 342.16 252.36 1.63 0.064 100.0
CE2418 200.0 392.0 326.15 240.55 1.60 0.063 100.0
CE2417 250.0 482.0 337.15 248.67 1.68 0.066 100.0
CE2419 300.0 572.0 341.16 251.62 1.65 0.065 100.0

NUMBER OF SPECIMENS: 19

NUREG/CR-6379 A-2



SOURCE: ANALYSIS SET
ANALYSIS SET NAMES: CE_21_LT,CE_22_LT,CE_23_LT AND CE_24_LT

SET NAME: CE_21_LT
NOTE: LAYER 1

TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
CE2116 -75.0 -103.0 6.00 4.43 0.08 0.003 0.0CE2104 -50.0 -58.0 15.01 11.07 0.23 0.009 13.0CE2108 -25.0 -13.0 47.02 34.68 0.76 0.030 18.0CE2112 -25.0 -13.0 79.04 58.29 1.17 0.046 24.0CE2107 -25.0 -13.0 60.03 44.27 0.97 0.038 18.0CE2110 0.0 32.0 121.06 89.29 1.60 0.063 47.0 1CE2105 0.0 32.0 161.07 118.80 2.06 0.081 52.0 ICE2115 0.0 32.0 153.07 112.90 1.88 0.074 48.0CE2101 23.0 73.4 179.08 132.08 2.31 0.091 70.0CE2102 23.0 73.4 166.08 122.49 2.01 0.079 60.0 !CE2109 23.0 73.4 177.08 130.61 2.11 0.083 62.0CE2113 50.0 122.0 284.13 209.56 2.11 0.083 100.0-CE2106 50.0 122.0 263.12 194.07 2.13 0.084 100.0CE2114 75.0 167.0 353.16 260.48 2.13 0.084 100.0CE2111 100.0 212.0 341.16 251.62 1.83 0.072 100.0CE2120 150.0 302.0 343.16 253.10 2.06 0.081 100.0
CE2103 150.0 302.0 347.16 256.05 1.93 0.076 100.0
CE2118 200.0 392.0 340.16 250.89 1.80 0.071 100.0
CE2121 200.0 392.0 331.15 244.24 1.57 0.062 100.0
CZ2119 250.0 482.0 339.15 250.15 1.70 0.067 100.0
CE2117 300.0 572.0 335.15 247.20 1.70 0.067 100.0

NUMBER OF SPECIMENS: 21

SET NAME: CE_22_LT
NOTE: LAYER 2

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CE2214 -75.0 -103.0 9.00 6.64 0.10 0.004 0.0
CE2208 -50.0 -58.0 17.01 12.54 0.25 0.010 11.0
CE2215 -25.0 -13.0 48.02 35.42 0.74 0.029 23.0
CE2216 -25.0 -13.0 50.02 36.89 0.76 0.030 20.0
CE2203 -25.0 -13.0 59.03 43.54 0.86 0.034 23.0
CE2211 0.0 32.0 123.06 90.76 1.63 0.064 25.0
CE2212 0.0 32.0 110.05 81.17 1.50 0.059 30.0
CE2204 0.0 32.0 110.05 81.17 1.42 0.056 18.0
CE2201 23.0 73.4 145.07 107.00 1.75 0.069 ' 50.0
CE2202 23.0 73.4 179.08 132.08 2.08 0.0'82 70.0
CE2209 23.0 73.4 153.07 112.90 1.80 0.071 55.0
CE2206 50.0 122.0 229.10 166.98 2.29 0.090 100.0
CE2207 100.0 212.0 262.12 193.33 2.06 0.081 100.0
CE2218 150.0 302.0 303.14 223.58 1.80 0.071 100.0
CE2213 150.0 302.0 310.14 228.75 1.65 0.065 100.0
CE2219 200.0 392.0 321.15 236.87 1.52 0.060 100.0
CE2220 200.0 392.0 322.15 237.60 1.52 0.060 100.0
CE2221 250.0 482.0 346.16 255.31 1.63 0.064 100.0

.CE2217 300.0 572.0 304.14 224.32 1,42 0.056 100.0

NUMBER OF SPECIMENS: 19
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SOURCE: CE_,21_LT,CE_22_LT,CE_23_LT AND CE_24_LT ANALYSIS SETS

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED). 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 18.0 (DEG C),64.4 (DEG F)
TRANSITION ZONE WIDTH: 121.8 (C DEG),219.2 (F DEG)
UPPER SHELF ENERGY: 329.7 (J),243.2 (FT-LB)

UPPER SHELF ENERGY: 329.7 (J),243.2 (FT-LB) '

TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY):-43.5 (DEG C) , -4 6. 3 (DEG F)
|

TEMPERATURE [68 (J) ,5 0. 2 (FT-LB) ENERGY):-24.3 (DEG C) , -11. 7 (DEG F) jNOTE: NONE
;MODEL SET NAME: 4 i

1

|

TEMPERATURE FF) |
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SOURCE: CE_21_LT,CE_22_LT,CE_23_LT AND CE_24_LT ANALYSIS SETS

Y VARIABLE: EXPANSION
MODEL PARA C RS

LOWER SHELF EXPANSION [ HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE:-26.8 (DEG C),-16.3 (DEG F)
TRANSITICN ZONE WIDTH: 46.7 (C DEG),84.1 (F DEG)
UPPER SHELF EXPANSION: 1.872 (MM),0.0737 (IN)

UPPER SHELF EXPANSICN: 1.872 (MM),0.0737 (IN)
,

|
NOTE: NONE

'. MODEL SET NAME: 3
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SOURCE: CE_21_LT,CE_22_LT,CE_23_LT AND CE_24_LT ANALYSIS SETS
,

1

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIEED) : 0 (PERCENT) r

MID-TRANSITION TEMPERATURE: 8.4 (DEG C),47.1 (DEG F)
TRANSITION ZONE WIDTH: 95.2 (C PEG) ,171.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIEED): 100 (PERCENT) |

UPPER SHELF SHEAR: 100 (PERCENT)
'

NOTE: NONE
MODEL SET NAME: 5 '

TEMPERATURE (*F)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_LT.T1

SET NAME: WP LT.T1
-

NOTE: WIDE PLATE L-T ORIENTATION - TYPE 1
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) |

CL3 -100.0 -148.0 0.95 0.70 0.00 0.000 0.0
CL4 -87.5 -125.5 1.76 1.30 0.00 0.000 5.0
CL2 -75.0 -103.0 2.85 2.10 0.08 0.003 5.0
CL5- -62.5 -80.5 9.36 6.90 0.38 0.015 30.0
CL6 -50.0 -58.0 15.32 11.30 0.66 0.026 40.0
CL7 -37.5 -35.5 13.15 9.70 0.51 0.020 40.0
CL8 -25.0 -13.0 24.81 18.30 0.89 0.035 65.0
CL9 ' -12.5 9.5 28.20 20.80 0.91 0.036 80.0
CLIO 0.0 32.0 25.08 18.50 0.91 0.036 85.0

3CL14 12.5 54.5 31.73 23.40 0.97 0.038 100.0 j
CL11 25.0 77.0 35.39 26.10 1.02 0.040 100.0
CL12 50.0 122.0 37.42 27.60 0.99 0.039 100.0
CL13 100.0 212.0 31.73 23.40 1.02 0.040 100.0

]
i

NUMBER OF SPECIMENS: 13

i

i

|
i
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SOURCE: WP_LT.T1 ANALYSIS SET i
:

Y VARIABLE: ENERGY
MODEL PARAMETERS

fLOWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (FT-LB) '

MID-TRANSITION TEMPERATURE:-37.2 (DEG C) ,-34.9 (DEG F)
TRANSITION ZONE WIDTH: 81.8 (C DEG),3.47.3 (F DEG)
UPPER SHELF ENERGY: 34.7-(J),25.6 (FT-LB)

;UPPER SHELF ENERGY: 34.7 (J),25.6 (FT-LB) j
NOTE: NONE '

MODEL SET NAME: 4

\
TEMPERATURE FF) ;
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SOURCE: WP_LT.T1 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETEFS -

ILOWER SHELF EXPANSION [ HELD FIXED]: O.000 (MM),O.0000 (IN)
MID-TRANSITION TEMPERATURE:-50,8 (DEG C),-59.4 (DEG F)
TRANSITION ZONE WIDTH: 60.1 (C DEG),108.1 (F DEG)
UPPER SHELF EXPANSION: 0.988 (MM),0.0389 (IN)

UPPER SHELF EXPANSION: 0.988 (MM),0.0389 (IN)
NOTE: NONE
MODEL SET NAME: 6 j

l
i
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SOURCE: WP_LT.T1 ANALYSIS SET
i
; Y VARIABLE: SHEAR
;

MODEL PARAMETERS
i LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)i MID-TRANSITION TEMPERATURE:-37.1 (DEG C) ,-3 4. 9 (DEG F)
| TRANSITION ZONE WIDTH: 74.9 (C DEG),134.9 (F DEG)
4

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-37.1 (DEG C),-34.9 (DEG F)
NOTE: NONE,

j MODEL SET NAME: 7
i

{ TEMPERATURE FF)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_LT.T2

SET NAME: WP LT.T2
-

NOTE: WIDE PLATE TYPE 2 SPECIMENS IN THE L-T ORIENTATION
TEMPERATURE ENERGY EXPANSION SHEAR

'IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CL34 -137.5 -215.5 0.27 0.20 0.00 0.000 0.0
CL32' -125.0 -193.0 0.54 0.40 0.00 0.000 0.0
CL46 -125.0 -193.0 0.41 0.30 0.00 0.000 0.0
CL33 -112.5 -170.5 2.44 1.80 0.10 0.004 5.0
CL45 -112.5 -170.5 1.49 1.10 0.03 0.001 0.0
CL31 -100.0 -148.0 2.71 2.00 0.13 0.005 5.0
CL35 -87.5 -125.5 3.93 2.90 0.2B 0.011 10.0
CL36 -75.0 ~ -103.0 4.75 3.50 0.36 0.014 20.0 j
CL37 -62.5 -80.5 5.97 4.40 0.41 0.016 50.0 'l

CL38 -50.0 -58.0 7.46 5.50 0.61 0.024 UNKNOWN !
CL39 -37.5 -35.5 6.64 4.90 0.53 0.021 UNENOWN |
CL40. -25.0 -13.0 7.32 5.40 0.61 0.024 UNKNOWN l

CL41 0.0 32.0 8.68 6,40 0.64 0.025 UNKNOWN
CL43 50.0 122.0 8.54 6.30 0.74 0.029 100.0
CL42 100.0 212.0 8.81 6.50 0.71 0.028 100.0 1

CL44 150.0 302.0 8.81 6.50 0.76 0.030 100.0

' NUMBER OF SPECIMENS: 16
;

i
|

I

!

l

I,!
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SOURCE: WP_LT.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS,

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-80.0 (DEG C),-112.1 (DEG F)
TRANSITION ZONE WIDTH: 88.0 (C DEG),158.5 (F DEG)

' UPPER SHELF ENERGY: 8.6 (J),6.3 (FT-LB)
UPPER SHELF ENERGY: 8.6 (J),6.3 (FT-LB)
NOTE: NONE
MODEL SET NAME: 0,
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SOURCE: WP_LT.T2 ANALYSIS SET

Y VARIABLE: EXPANSION
|MODEL PARAMETERS
!

LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN)
{MID-TRANSITION TEMPERATURE:-72.6 (DEG C),-98.6 (DEG F)
|TRANSITION ZONE WIDTH: 77.6 (C DEG),139.7 (F DEG)

UPPER SHELF EXPANSION: 0.704 -(MM) ,0.0277 (IN)
| UPPER SHELF EXPANSION: 0.704 (MM),O.0277 (IN)

NOTE: NONE
MODEL SET NAME: 9

1
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SOURCE: WP_LT.T2 ANALYSIS SET
l

Y VARIABLE: SHEAR !

MODEL PARAMETERS

LO'fER StiELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-62.0 (DEG C),-79.5 (DEG F)

{
.i

TRANSITION ZONE W1DTH: 43.0 (C DEG),77.4 (F DEG)
|

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT) i
UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 8

|
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_LT.T3

SET NAME: WP_LT.T3
NOTE: WIDE PLATE TYPE 3 SPECIMENS, L-T ORIENTATION

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C)' (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CL17 -117.5 -179.5 0.68 0.50 0.00- 0.000 0.0
CL16 -104.0 -155.2 0.95 0.70 0.00 0.000 0.0
CL18 -92.0 -133.6 7.59 5.60 0.30 0.012 10.0
CL19 -79.4 ~111.0 10.30 7.60 0.51 0.020 20.0 :
CL20 -62.5 -80.5 14.64 10.80 0.74 0.029 30.0

| CL21 -50.0 -58.0 .18.03 13.30 0.74 0.029 45.0
CL22 -37.5 -35.5 17.90 13.20 0.86 0.034 55.0
CL23 -25.0 -13.0 23.73 17.50 0.89 0.035 80.0

'CL24 -12 5 5 20.47 15.10 0.84 0.033 75.0
l CL25 0.0 32.0 19.93 14.70 0.81 0.032 75.0

CL29 25.0 77.0 29.96 22.10 0.89 0.015 100.0
CL28 50.0 122.0 28.88 21.30 0.97 0.038 100.0
CL26 100.0 212.0 28.74 21.20 1.04 0.041 100.0

NUMBER OF SPECIMENS: 13
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SOURCE: WP_LT.T3 ANALYSIS SET
t

Y VARIAELE: ENERGV
MODEL PARAMETERS i

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-57.4 (DEG C),-71.3 (DEG F) i

TRANSITION ZONE WIDTH: 113.3 (C DEG),204.0 (F DEG)
|

,

UPPER SHELF ENERGY: 28.4 (J),20.9 (FT-LB)
UPPER SHELF ENERGY: 28.4 (J),20.9 (FT-LB)
NOTE: NONE
MODEL SET NAME: 1

TEMPERATURE FF) !
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SOURCE: WP_LT.T3 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

lower SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-80.8 (DEG C),-113.4 (DEG F)
TRANSITION ZONE WIDTH: 47.3 (C DEG),85.1 (F DEG)
,VPER SHELF EXPANSION: O.895 (MM),O.0352 (IN)

L;.4 SHELF EXPANSION: 0.895 (MM),0.0352 (IN)
NOTE: NONE

|MODEL SET NAME: 2
|

TEMPERATURE ( F)
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SOURCE: WP_LT.T3 ANALYSIS SET *

Y VARIABLE: SHEAR ,

MODEL PARAMETERS i

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT) <

MID-TRANSITION TEMPERATURE:-43.7 (DEG C),-46.7 (DEG F) $
TRANSITION ZONE WIDTH: 91.6 (C DEG),165.0 (F DEG)
UPPER' SHELF SHEAR [ HELD FIXED): 100 (PERCENT) |

UPPER SHELF SHEAR: 100 (PERCENT) i
NOTE: NONE I

f
MODEL SET NAME: 3

:
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_LT.T4

SET NAME: WP_LT.T4 I

NOTE: WIDE PLATE, L-T ORIENT., TYPE 4
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCElfr)

CL55 -100.0 -148.0 0.60 0.44 0.00 0.000 0.0
CL54 -87.5 -125.5 1.52 1.12 0.05 0.002 0.0
CL56 -87.5 -125.5 0.60 0.44 0.00 0.000 5.0
CL53 -75.0 -103.0 3.34 2.46 0.30 0.012 25.0
CL57 -75.0 -103.0 2.94 2.17 0.25 0.010 20.0
CL52 -62.5 -80.5 4.43 3.27 0.41 0.016 45.0
CLS8 -62.5 -80.5 3.99 2.94 0.33 0.013 45.0
CL51 -50.0 -58.0 4.43 3.27 0.41 0.016 45.0
CL59 -50.0 -58.0 5.14 3.79 0.41 0.016 60.0
CL50 -37.5 -35.5 7.10 5,24 0.66 0.026 80.0
CL49 -25.0 -13.0 6.35 4.68 0.64 0.025 75.0
CL48 0.0 32.0 7.35 5.42 0.69 0.027 100.0
CL47 25.0 77.0 7.17 5.29 0.76 0.030 100.0
CL60 100.0 212.0 B.31 6.13 0.76 0.030 100.0
CL61 150.0 302.0 7.93 5.85 0.74 0.029 100.0

NUMBER OF SPECIMENS: 15
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SOURCE: WP_LT.T4 ANALYSIS SET
s

Y VARIABLE:. ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-63.2 (DEG C) ,-81.7 (DEG F)
TRANSITION ZONE WIDTH: 68.4 (C DEG),123.1 (F DEG)
UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB) '

'

NOTE: NONE
MODEL SET NAME: 6

.

TEMPERATURE FF) ;
-200 -100 o 100 200 300 400 500 60010 , , , , , , , , , i
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SOURCE: WP_LT.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED]: 0.000 (KM),0.0000 (IN)
MID-TRANSITION TEMPERATUP.E:-59.5 (DEG C),-75.0 (DEG F)
TRANSITION ZONE WIDTH: 63.4 (C DEG),114.1 (F DEG)
UPPER SHELF EXPANSION: 0.739 (MM),0.0291 (IN)

UPPER SHELF EXPANSION: 0.739 (MM) ,0,0291 (IN)
NOTE: NONE
MODEL SET NAME: 5

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 6000. 9

I e i i i i i i 1 - 0.035
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0 0
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SOURCE: WP_LT.T4 ANALYSIS SET ;

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED]: 0 (PERCENT) ,

MID-TRANSITION TEMPERATURE:-54.3 (DEG C),-65.7 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),113.2 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT) ,NOTE: NONE '

MODEL SET NAME: 4
:
>

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

120 , , , , , , , , ,
,

| WIDE PLATE LT. TYPE 4 |
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APPENDIX B
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A 533 GRADE B WIDE PLATE, TL ORIENTATION
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SOURCE: ANALYSIS SET '

ANALYSIS SET NAMES: CE_24_TL,CE_23_TL,CE_22_TL AND CE_21_TL

SET NAME: CE'24 TL
NOTE: LAYER 4 ~

TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) j
CE2431 -100.0 -148.0 5.00 3.69 0.03 0.001 0.0CE2440 -75.0 -103.0 12.01 8.85 0.25 0.010 0.0 !

,

CE2433 -50.0 -58.0 40.02 29.52 0.64 0.025 3.0 |CE2444 -50.0 -58.0 44.02 32.47 0.66 0.026 13.0 ;
j CE2446 -25.0 -13.0 79.04 58.29 1.17 0.046 23.0 !CE2438 -25.0 -13.0 88.04 64.94 1.24 0.049 16.0
'

CE2443 -7.0 19.4 107.05 78.96 1.52 0.060 43.0
| CE2434 -7.0 19.4 109.05 80.43 1.68 0.066 45.0 |
'

CE2450 -7.0 19.4 114.05' 84.12 1.60 0.063 42.0CE2432 0.0 32.0 107.05 78.96 1.47 0.058 52.0CE2442 0.0 32.0 111.05 81.91 1.55 0.061 43.0CE2435 23.0 73.4 154.07 113.64 1.98 0.078 67.0CE2447 23.0 73.4 172.08 126.92 2.11 0.083 76.0CE2448 50.0 122.0 180.08 132.82 2.13 0.084 100.0 |CE2449 50.0 122.0 206.09 152.01 2.31 0.091 100.0 !

CE2437 75.0 167.0 183.08 135.04 2.16 0.085 100.0 !
CE2439 75.0 167.0 189.09 139.46 2.21 0.087 100.0CE2445 100.0 212.0 202.09 149.06 2.13 0.084 100.0CE2441 150.0 302.0 204.09 150.53 2.11 0.083 100.0CE2436 200.0 392.0 276.13 203.66 1.93 0.076 100.0

1

NUMBER OF SPECIMENS: 20

SET NAME: CE_23_TL
NOTE: LAYER 3

TEMPERATURE ENERGY EEPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CE2333 -75.0 -103.0 10.00 7.38 0,18 0.007 0.0
CE2346 -50.0 -58.0 17.01 12.54 0.28 0.021 0.0
CE2339 -50.0 -58.0 39.02 28.78 0.61 0.024 11.0
CE2347 -25.0 -13.0 36.02 26.56 0.66 0.026 11.0
CE2336 -25.0 -13.0 80.04 59.03 1.12 0.044 27.0
CE2337 -2.0 28.4 116.05 85.60 1.60 0.063 42.0
CE2331 -2.0 28.4 119.05 87.81 1.68 0.066 45.0
CE2348 -2.0 28.4 128.06 94.45 1.52 0.060 43.0
CE2341 0.0 32.0 102.05 75.27 1.47 0.058 31.0
CE2349 0.0 32.0 112.05 82.64 1.60 0.063 40.0
CH2334 23,0 73.4 150.07 110.68 1.80 0.071 66.0
CE2350 23.0 73.4 155.07 114.37 1,91 0.075 53.0
CE2340 50.0 122.0 192.09 141.68 2.26 0.089 100.0
CE2332 50.0 122.0 201.09 148.32 2.39 0.094 100.0
CE2338 75.0 167.0 195.09 143.89 2.18 0.086 100.0
CE2344 75.0 167.0 212.30 156.43 2.21 0.087 100.0
CE2345 100.0 212.0 201;/' 148.32 2.16 0.085 100.0
CE2343 150.0 302.0 206.09 152.01 2.03 0.080 100.0
CE2342 150.0 302.0 296.13 218.42 2.26 0.089 100.0
CE2335 200.0 392.0 320.15 236.13 1,57 0.062 100.0

NUMBER OF SPECIMENS: 20
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SET NAME: CE 22 TL .

NOTE: LAYER 2 - )
;TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (D:"O F) (J) (Fr-LB) (MM) (IN) (PERCENT) i

CE2233 -75.0 -103.0 7.00 5.17 0.13 0.005 0.0 )CE2242 -50.0 -58.0 11.01 8.12 0.23 0.009 0.0 |CE2243 -50.0 -58.0 16.01 11.81 0.28 0.011 0.0 )CE2247 -25.0 -13.0 46.02 33.94 0.71 0.028 13.0 |CE2248 -25.0 -13.0 52.02 38.37 0.74 0.029 18.0CE2244 -2.0 28.4 97.04 71.58 1.45 0.057 33.0CE2237 -2.0 28.4 97.04 71.58 1.42 0.056 37.0CE2238 -2.0 28.4 119.05 87.81 1.65 0.065 43.0CE2234 0.0 32.0 89.04 65.67 1.30 0.051 33.0CE2235 0.0 32.0 95.04 70.10 1.45 0.057 38.0CE2236 23.0 73.4 146.07 107.73 1.93 0.076 62.0CE2231 23.0 73.4 156.07 115.11 1.83 0.072 50.0CE2249 50.0 122.0 176.08 129.87 1.96 0.077 79.0 l
i

CE2250 50.0 122.0 178.08 131.35 2.08 0.082 92.0 !CE2241 75.0 167.0 197.09 145.37 2.21 0.087 100.0 '

CE2232 75.0 167.0 207.09 152.74 2.21 0.087 100.0CE2246 100.0 212.0 194.09 143.15 2.18 0.086 100.0CE2245 150.0 302.0 236.11 174.14 1.96 0.077 100.0 1

,

CE2240 150.0 302.0 241.11 177.83 1,91 0.075 100.0CE2239 200.0 392.0 272.12 200.71 2.01 0.079 100.0
NUMBER OF SPECIMENS: 20

SET NAME: CE_21_TL
NOTEa LAYER 1

TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) l

CE2134 -75.0 -103.0 3.00 2.21 0.08 0.003 0.0CE2131 -50.0 -58.0 7.00 5.17 0.10 0.004 0.0CE2143 -50.0 -58.0 9.00 6.64 0.15 0.006 0.0CE2132 -25.0 -13.0 55.03 40.58 0.86 0.034 13.0CE2149 -25.0 -13.0 70.03 51.65 0.99 0.039 22.0CE2135 -2.0 28.4 91.04 67.15 1.42 0.056 29.0CE2144 -2.0 28.4 104.05 76.74 1.63 0.064 38.0CE2147 -2.0 28.4 113.05 83.38 1.57 0.062 33.0CE2138 0.0 32.0 88.04 64.94 1.24 0.049 26.0CE2141 0.0 32.0 95.04 70.10 1.45 0.057 34.0CE2140 23.0 73.4 154.07 113.64 2.03 0.080 59.0
CE2150 23.0 73.4 163.07 120.28 2.03 0.080 52.0
CE2145 50.0 122.0 176.08 129.87 2.16 0.085 92.0
CE2137 50.0 122.0 179.08 132.08 2.11 0.083 86.0
CE2146 75.0 167.0 208.09 153.48 2.24 0.088 100.0
CE2133 75.0 167.0 225.10 166.03 2.16 0.085 100.0
CE2136 100.0 212.0 198.09 146.10 2.11 0.083 100.0
CE2142 150.0 302.0 208.09 153.48 2.13 0.084 100.0
CE2148 150.0 302.0 222.10 163.81 1.83 0.072 100.0
CF2139 200.0 392.0 290.13 213.99 1.65 0.065 100.0

NUMBER OF SPECIMENS: 20

B-3 NUREG/CR-6379



SOURCE: CE_24_TL,CE_23_TL,CE_22_TL AND CE_21_TL ANALYSIS SETS

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED] : 2.7 (J) ,2. 0 (PT-LB)
MID-TRANSITION TEMPERATURE: 10.0 (DEG C) , 5 0. 0 (DEG F)
TRANSITION ZONE WIDTH: 134.9 (C DEG),242.8 (F DEG)
UPPER SHELF ENERGY: 243.0 (J) ,179 . 2 (PT-LB)

UPPER SHELF ENERGY: 243.0 (J) ,179. 2 (FT-LB)
TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-46.1 (DEG C) ,-50.9 (DEG F)
TEMPERATURE [68 (J) ,5 0. 2 (PT-LB) ENERGY):-23.2 (DEG C),-9.8 (DEG F)
NOTE: NONE
MODEL SET NAME: 8

TEMPERATURE (CFI
-200 . - 100 0 100 200 300 400 500 600400 , , , , , , , , ,
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SOURCE: CE_24_TL',CE_23_TL,CE_22_TL AND CE_21_TL ANALYSIS SETS

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED]: O.C61 (MM),O.0024 (IN)
l MID-TRANSITION TEMPERATURE:-19.2 (DEG C),-2.6 (DEG F)
l TRANSITION ZONE WIDTH: 71.8 (C DEG),129.2 (F DEG)
I UPPER SHELF EXPANSION: 2.104 (MM) , 0 . 0 82 8 (IN)

UPPER SHELF EXPANSION: 2.104 (MM),0.0828 (IN)
NOTE: NONE
MODEL SET NAME: 7

i

TEMPERATURE ('F)
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ISOURCE: CE_24_TL,CE_23_TL,CE_22_TL AND CE_21_TL ANALYSIS SETS

Y VARIABLE: SHEAR
MODEL PARAMETERS '

LOWER SHELP SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 8.6 (DEG C) ,47.6 (DEG F)

!TRANSITION ZONE WIDTH: 81.8 (C DEG) ,147.3 (F DEG)
i

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT) ;
UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 6

i
t

i

TEMPERATURE (0F)
-200 -100 0 100 200 300 400 500 600 4120

1 6 6 i i 6 I i i
I
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SOURCE: ANALYSIS SET |

ANALYSIS SET NAME: WP_TL.T1

SET NAME: WP TL.T1 '

NOTE: SUB-SIZE CORREL PROG. - WIDE PLATE, T-L OREINT. - TYPE 1
TEMPERATURE ENERGY EXPANSION SHEAR'IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CT35 -100.0 -148.0 0.81 0.60 0.00 0.000 0.0
CT36 -87.5 -125.5 0.95 0.70 0.00 0.000 0.0
CT34 -75.0 -103.0 8.13 6.00 0.25 0.010 15.0
CT38 -62.5 -80.5 6.24 4.60 0.23 0.009 10.0
CT7 -62.5 -80.5 UNKNOWN 0.71 0.028 40.0
CT39 -50.0 -58.0 10.44 7.70 0.41 0.016 35.0
CT40 -37.5 -35.5 18.57 13.70 0.86 0.034 60.0
CT41 -25.0 -13.0 20.07 14.80 0.91 0.036 60.0
CT42 -12.5 9.5 18.71 13.80 0.86 0.034 70.0
CT43 0.0 32.0 24.81 18.30 1.02 0.040 80.0
CT46 12.5 54.5 30.91 22.80 0.99 0.039 100.0
CT44 25.0 77.0 33.35 24.60 1.04 0.041 100.0
CT45 100.0 212.0 29.42 21.70 0.99 0.039 100.0
CT33 200.0 392.0 37.69 27.80 0.58 0.023 100.0

NUMBER OF SPECIMENS: 14
,

i

l

:
i
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iSOURCE: WP_TL.T1 ANALYSIS SET '

;

Y-VARIABLE: ENERGY J

MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J) ,0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-30.7 (DEG C),-23.3 (DEG F)
TRANSITION ZONE WIDTH: 101.6 (C DEG),182.8 (F DEG)
UPPER SHELF INERGY: 34.3 (J),25.3 (FT-LB)

UPPER SHELF ENERGY: 34.3 (J),25.3 (FT-LB)
NOTE: NONE-
MODEL SET NAME: 7

TEMPERATURE (CF) j-200 -100 0 100 200 300 400 500 60045 , , , , , , , , , j

_ | A533B WIDE PLATE. TL ORIE.NTATION, TYPE 1 | 3g
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SOURCE: WP_TL.T1. ANALYSIS SET j

! Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0,0000 (IN) l
MID-TRANSITION TEMPERATURE:-55.9 (DEG C) ,-68. 7 (DEG F) i
TRANSITION ZONE WIDTH: 59.1 (C DEG),106.4 (F DEG) !UPPER SHELF EXPANSION (HELD FIXED): 1.000 (MM) ,0. 03 94 (IN)

UPPER SHELF EXPANSION: 1.000 (MM) ,0. 03 94 (IN)
NOTE: NONE
MODEL SET NAME: 9

TEMPERATURE (*F)
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SOURCE: WP_TL.T1 ANALYSIS SET

Y VARIABLE: SHEAR '

MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-37.6 (DEG C) ,-35.7 (DEG F)
TRANSITION ZONE WIDTH: 83.2 (C DEG),149.7 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 0

'
,

TEMPERATURE FF)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_,TL.T2

SET NAME: WP TL.T2
-

NOTE: WIDE PLATE TYPE 2 SPECIMENS IN THE T-L ORIENTATION
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CT2 -125.0 -193.0 0.14 0.10 0.00 0.000 0.0
CT15 -112.5- -170.5 0.14 0.10- 0.00 0.000 0. 0 '
CT3 -112.0 -169.6 2.03 1.50 0.13 0.005 0.0

| CT1 -100.0 -148.0 1.49 1.10 0.00 0.000 0.0
! CT16 -100.0 -148.0 0.95 0.70 0.03 0.001 0.0
'- -CT4 -87.5 -125.5 2.44 1.80 0.15 0.006 5.0

CTS - -75.0 -103.0 4.47 3.30 0.30 0.012 15.0
CT6- -62.5 -80.5 5.02 3.70 0.43 0.017 40.0
CT7 -50.0 -58.0 7.59 5.60 0.53 0.021 UFKNOWN
CT8 -37.5 -35.5 8.95 6.60 0.66 0.026 UNKNOWN

| CT9 -25.0 -13.0 7.32 5.40 0.51 0.020 UNKNOWN
! CT10 -12.5 9.5 8.41 6.20 0.64 0.025 UIENOWN
i CT11 0.0 32.0 9.08 6.70 0.71 0.028 UNKNOWN

CT12 50.0 122.0 9.36 6.90 0.79 0.031 100.0
; CT13 100.0 212.0 8.54 6.30 0.69 0.027 100.0
| CT14 150.0 302.0 8.81 6.50 C.71 0.028 100.0
!
! NUMBER OF SPECIMENS: 16

i.
l
,

!

!
!
4

i

.

:
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,

.
I

;

i
1

;
,

!

;

;
e

;

SOURCE: WP_,TL.T2 ANALYSIS SET
-,

,

Y VARIABLE: ENERGY
; MODEL PARAMETERS
1 LOWER SHELF ENERGY [ HELD FIXED]: 0.1 (J),0.1 (FT-LB) :4

MID-TRANSITION TEMPERATURE:-72.3 (DEG C),-98.2 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),113.3 (F DEG) i

,

UPPER SHELF ENERGY: 8.9 (J),6.5 (FT-LB) ;
'

UPPER SHELF ENERGY: 8.9 (J),6.5 (FT-LB)
NOTE: NONE

; MODEL SET NAME: 3
;

}.; TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

i 12 ,, , , , i , , , ,i

| | A5338 WIDE PLAT', TL ORIENTATION TYPE 2 |i g:
10 -

O 7-
"

O O _ i"
i O
) 8 - - 6,

9 0 ?-

5a,
-

* >- 6 |
; y5 I

-

p
w 4o-

Z E
2

: 4 - - 3w
a

4

1 2 '-
1

O2 -

| O CHARPY DATA g_

MEAN IMPACT CURVE .

|

0 #' ' ' ' ' ' I ' ' '

0-150 -100 -50 0 50 100 150 200 250 300 350,

TEMPERATURE FC) |

!

l

)

; ;
,

' \
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SOURCE: WP_TL.T2 ANALYSIS SET !

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-68.3 (DEG C) ,-91. 0 (DEG F) I

TRANSITION ZONE WIDTH: 59.4 (C DEG),106.9 (F DEG)
jUPPER SHELF EXPANSION: 0.693 (MM),0.0273.(IN)
-|UPPER SHELF EXPANSION: 0.693 (MM) ,0. 0273 (IN) !

NOTE: NONE
MODEL SET NAME: 2

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

0. 9
I I I i i i i 1 1 - 0.035

| WIDE PLATE. TL. TYPE 2 |
0.8 -

O
- 0.030

0.7 - O _ O
*

O
O 0.025-

j 0.6 -

.5 =

z 0.5 - O - 0.020 2
o O

mti m
k' - 0.015

~

k'
D0.3 - W

- 0.010
0.2 -

O CHARPY DATA
- 0.005 -

0.1 -

MEAN IMPACT CURVE

' ' ' ' ' ' ' '0.0 O.000-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)
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i

i

,i
i

a

i
j

.

i

| SOURCE: WP_TL.T2 ANALYSIS SET !

] Y VARIABLE: SEEAR
MODEL PARAMETERS

;

LOWER SHELF SHEAR [ HELD FIXED]: 0 (PERCENT) ;
'

MID-TRANSITION TEMPERATURE;-58.8 (DEG C),-73.8 (DEG F) !TRANSITION ZONE WIDTH: 37.0 (C DEG),66.6 (F DEG)
i'

UPPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT)
'

UPPER SHELF SHEAR: 100 (PERCENT) !
,

NOTE: NONE
MODEL SET NAME: 1

^

4

1 TEMPERATURE FF)
'

-200 -100 0 100 200 300 400 500 600I29
j i i i I 6 6 1 1 6

| WIDE PLATE. TL, TYPE 2 | !

100 - O O O
<

1
i

C 80 -
.

, Z
-

'

l> w'

o
IE+

W i
'

@ 60 -
-

;

; e
s <
$ W

L 40 -
-

1

4

'

20 -
~

l;
O CHARPY DATA '

| MEAN IMPACT CURVE
.

t t f f i ! i f jO
-150 -100 -50 0 50 100 150 200 250 300 350 |

'. TEMPERATURE PCI !
4

.

I

|

i

I.
*

I
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_TL.T3A

SET NAME: WP TL.T3A
-

NOTE: WIDE PLATE, T-L ORIENTATION, TYPE 3
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

CT50 -125.0 -193.0 0.81 0.60 0.00 0.000 0.0
CT49 -112.5 -170.5 1.22 0.90 0.00 0.000 0.0
CT48 -100.0 -148.0 7.59 5.60 0.33 0.013 5.0
CT51 -87.5 -125.5 7.59 5.60 0.33 0.013 5.0
CT52 -75.0 -103.0 10.17 7.50 0.51 0.020 10.0
CT53 -62.5 -80.5 11.93 8.80 0.58 'O.023 20.0
CT54 -50.0 -58.0 14.37 10.60 0.66 0.026 50.0
CT60 -25.0 -13.0 18.57 13.70 0.86 0.034 55.0
CT59 0.0 32.0 22.51 16.60 0.84 0.033 75.0
CT55 25.0 77.0 30.37 22.40 0.97 0.038 100.0
CT58 50.0 122.0 34.44 25.40 0.97 0.038 100.0
CT56 100.0 212.0 38.64 28.50 0.74 0.029 100.0
CT62 100.0 212.0 28.74 21.20 0.84 0.033 100.0
CT61 150.0 302.0 36.20 26.70 0.76 0.030 100.0

NUMBER OF SPECIMENS: 14

,
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SOURCE: WP TL.T3A ANALYSIS SET J

Y VARIABLE: ENERGY
MODEL PARAMETERS

1

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-31.8 (DEG C) ,-2 5. 2 (DEG F) !

TRANSITION ZONE WIDTH: 154.9 (C DEG),278.8 (F DEG) J

UPPER SHELF ENERGY: 35.9 (J),26.5 (FT-LB) I

UPPER SHELF ENERGY: 35.9 (J),26.5 (FT-LB) |
NOTE: NONE '

MODEL SET NAME: 5

|
,

. TEMPERATURE (*n ;
,

-200 -100 0 100 200 300 400 500 600 |45 , , , , , , , , 3 ;

, | A5338 WIDE PLATE, TL ORIENTATION, TYPE 3 | - 30
O |

n
35 -

O g.

i
30 -

.O .o
9 - 20 T ;

~ 25 - N .i>. -o O '

3

h20 - - 15g j
W $

'

,

15 - W
- 10

to -

O
- 5

O CHARPY DATA5 -

MEAN IMPACT CURVE

00, i ,,. i e i i iO ,
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)

i
~

l .

f !
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SOURCE: WP_TL.T3A ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-79.5 (DEG C),-111.2 (DEG F)
TRANSITION ZONE WIDTH: 70.9 (C DEG) ,127.6 (F DEG)
UPPER SHELF EXPANSION: 0.853 (MM),0.0336 (IN)

UPPER SHELF EXPANSION: 0.853 (MM),0.0336 (IN)
NOTE: NONE
MODEL SET NAME: 7

4

i

j TEMPERATURE FF)
-200 -100 0 100 200 -300 400 500 600

I'2
6 I I i i i i e i

l

g,o _ - 0.04,

! O O

.
-

v
'

~

g O
- 0.03 ]O

5z
30.6 -

Mm z
k - 0.02 y0- X
!$ 0.4 - w

o
- 0.01

0.2 -

O CHARPY DATA
MEAN IMPACT CURVE

0.0 # ' ' ' ' ' ' ' ' ' O.00
-150 -100 -50 0 50 100- 150 200 250 300 350

TEMPERATURE PC)
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,

i

!

!

SOURCE: WP_TL.T3A ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

;

LOWER SHELF SHEAR [ HELD TIXED): 0 (PERCENT) !

MID-TRANSITION TEMPERATURE:-34.2 (DEG C) ,-2 9. 5 (DEG F)
TRANSITION ZONE WIDTH: 93.4 (C DEG),168.2~(F DEG)

;

UPPER SHELF SHEAR:.101 (PERCENT)
|

UPPER SHELF SHEAR: 101 (PERCENT)
,

NOTE: NONE
MODEL SET NAME: 8 i

TEMPERATURE (0F) i

-200 -100 o too 200 300 400 500 600
120 , , , , , , , , ,

!

| WIDE PLATE. TL TYPE 3 | |
100 - 0 0 0 -

!
,

I

!C ao -
-

$ 0 !
.a

Icc

$ so - - |,

E 0 )w
5 do - -

'I
|

2o - -

O CHARPY DATA
O MEAN IMPACT CURVE

' I t ' f I i IO
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C1
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_TL.T4

SET NAME: WP TL.T4
NOTE: SUB-SIEE CORRELATION PROG., WIDE PLATE, T-L ORIENT., TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) QEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

)
CT27. -100.0 -148.0 0.20 0.15 0.00 0.000 0.0 !

CT26 -87.5 -125.5 0.33 0.24 0.00 0.000 0.0 j
CT21 -75.0 -103.0 2.36 1.74 0.20 0.008 10.0
CT28 -75.0 -103.0 1.57 1.16 0.11 0.005 5.0
CT25 -62.5 -80.5 3.53 2.60 0.23 0.009 30.0
CT29 -62.5 -80.5 2.56 1.89 0.20 0.008 10.0
CT20 -50.0 -58.0 4.37 3.22 0.41 0.016 45.0

- CT30 -50.0 -58.0 4.81 3.55 0.43 0.017 55.0
CT24 -37.5 -35.5 6.03 4.45 0.53 0.021 75.0
CT19 -25.0 -13.0 6.40 4.72 0.58 0.023 80.0
CT23 -12.5 9.5 7.86 5.80 0.69 0.027 100.0
CT18 0.0 32.0 6.47 4.77 0.61 0.024 80.0
CT17 25.0 77.0 6.85 5.05 0.64 0.025 100.0
CT22 100.0 212.0 7.43 5.48 0.71 0.028 100.0
CT31 150.0 302.0 7.36 5.43 0.79 0.031 100.0

NUMBER OF SPECIMENS: 15

|
,

1

1

i

|

!
!

|
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SOURCE: WP_TL.T4 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-58.1 (DEG C),-72.G (DEG F)
TRANSITION ZONE WIDTH: 53.7 (C DEG),96.7 (F DEG)
UPPER SHELF ENERGY: 7.2 (J),5.3 (FT-LB)

UPPER SHELF ENERGY: 7.2 (J),5.3 (FT-LB)
NOTE: NONE i

MODEL SET NAME: 1 ;
'

TEMPERATURE (0F)
-200 -100 o too 200 300 400 500 soo

i

8 '

ti i i i e i i i i
j

8 _

g - 6

0 o
7 -

O
0 - 5

6 -

9 g
4I{5 -

| A533B WIDE PLATE. TL ORIENTATION. TYPEJ$
~

$
w4 - *
O

- 3@
Y3 -

W
- 2

2 -

i _ O CHARPY DATA
~

MEAN IMPACT CURVE

o I ' ' ' ' ' ' '
-150 -100 -50 0 50 100 150 200 250 300 350

o

TEMPERATURE ( C)
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SOURCE: WP_TL.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-54.1 (DEG C) ,-65.3 (DEG F)
TRANSITION ZONE WIDTH: 56.3 (C DEG),101.3 (F DEG)
UPPER SHELF EXPANSION: 0.694 (MM),0.0273 (IN)

UPPER SHELF EXPANSION: 0.694 (MM),0.0273 (IN)
NOTE: NONE
MODEL SET NAME: 0

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600

i i i a I i e i i - 0.035

0.8 -
*

o
- 0.030

00.7 -

0
0

O
- 0,025

j 0.6 ,

E 5
= 0. 5 - - 0,020 2

3 b
E 0.4 - E
{ - 0.015{
b 0.3 -

0.010-
i

0.2 - O

l

0.1 - O CHARPY DATA
- 0.005-

NEAN IMPACT CURVE

I I I I I ' ' '0.0 o,0cc
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)

|

|
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3OURCE: WP_TL.T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODAL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-48.4 (DEG C) , -55. 2 (DEG F)
TRANSITION ZONE WIDTH: 45.8 (C DEG),82.4 (F DEG)
UPPER SHELF SHEAR (HFLD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 9

TEMPERATURE FM
-200 -100 o 100 200 300 400 500 soo

120
I I I i i J l i 4

| WIDE PLATE. TL, TYPE 4 |

100 - O -O O O

C 80 0 0-

b
-

o
5
@ 60 - -

I
w
Ej do - -

/ O CHARPY DATA
O MEAN IMPACT CURVE

I I ' ' ' ' 'o
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)

NUREG/CR-6379 B-22

-. . . .- , -.



i

]

1

i

APPENDlX C

A 508, AS QUENCHED
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! !
| SOURCE: ANALYSIS SET |

ANALYSIS SET NAME: 508_QUEN.F j
,

t
i SET NAME: 508 QUEN.F *

! NOTE: A508, QUENCHED ONLY, FULL-SIZE |
| TEMPERATURE ENERGY EXPANSION SHEAR -

| IDENT (DEG C) (DEG F) -(J) (FT-LB) (MM) (IN) (PERCENT).
,

t -

- 75C-8 21.0 69.8 21.00 15.49 0.20 0.008 0.0 $
75C-18 43.0 109.4 29.00 21.39 0.48 0.019 15.0

| - 7SC-10 66.0 150.8 47.00 34.67 0.69 0.027 30.0 )
'

75C-14 99.0 210.2 64.00 47.20 0.93 0.037 75.0
'

i 7SC-22 104.0 219.2 86.00 63.43 1.22 0.048 80.0
1 75C-20 110.0 230.0 103.00 75.97 1.45 0.057 95.0 ;

75C-12- 121.0 249.8 103.00 75.97 1.47 0.058 100.0
~

75C-16 177.0 350.6 108.00 79.66 1.57 0.062 100.0

NUMBER OF SPECIMENS: 8
1

l

!
'

l
L j

L

,

!

.

'

'
:
!

i
1, !

,

L
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ANALYSIS SET: 508_QUEN.F

Y VARIABLE: ENERGY
TANH REGRESSION NOT CONVERGING AF"rER 13 ITERATION (S)
MODEL PARAMETERS *

LCWER SHELF ENERGY (HELD FIXED]: 2.7 (J) ,2. 0 (FT-LB)
MID-TRANSITION TEMPERATURE: 76.7 (OEG C) ,170. 0 (DEG F)
TRANSITION ZONE WIDTH: 110.1 (C DEG),198.2 (F DEG)
UPPER SHELF ENERGY: 115.6 (J),85.3 (FT-LB)

UPPER SHELF ENERGY: 115.6 (J),85.3 (FT-LB)
TEMPERATURE (41 (J),30.2 (FT-LB) ENERGY): 58.3 (DEG C),137.0 (DEG F)
TEMPERATURE (68 (J),50.2 (FT-LB) ENERGY]: 85.4 (DEG C),185.7 (DEG F)

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600

120
g i g g ; 3 , , ,

| A505, QUENCHED CNLY. FULL-SIZE | 0 - 80

100 -

- 70

gg _
- 60

_

:9,

b2 - 50
> 0 5
10 60 -

y
- 40 f

a u
40 - - 50

- 20

20 - 0
0 CHARPY DATA _ go

MEAN IMPACT CURVE

' ' I I I ' I
O O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ('C)

NOTE: A508, QUENCHED ONLY, FULL-SIZE
morel SET NAME: 508_QUEN.F
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|

ANALYSIS SET: SOB _,QUEN.F

Y VARIABLE: EXPANSION |

MODEL PARAMETERS .

LOWER SHELF EXPANSION [ HELD FIXED): 0.061 (MM),0.0024 (IN) l
MID-TRANSITION TEMPERATURE: 77.8 (DEG C),172.1 (DEG F) '

TRANSITION ZONE WIDTH: 107.9 (C DEG),194.2 (F DEG)
UPPER SHELF EXPANSION: 1.659 (MM) , 0 . 065 3 (IN) !

UPPER SHELF EXPANSION: 1.659 (MM),0.0653 (IN) |
TEMPERATURE [0.89 (MM) , 0. 03 5 (IN) EXPANSION): 79.9 (DEG C) ,175. 8 (DE3 F) I

|

TEMPERATURE ( F) |
'

-200 -100 0 100 200 000 400 500 600

!
I'

I I I i 1 6 6 6 6

|A508QUENCHEDONLYj O
- 0.061.50 -

00
'

|

l- 1.25 -
- 0.05

c
E c i

* 1.00 -
- 0.04 z

5 0 2 i

G e 4

k O.75 -
- 0.03

1 X |

U W

0,50 -
- 0.02

!

0.25 -

O CHARPY DATA - 0.01

MEAN IMP ACT CURVE

' I I I I I I I I
0.00 0.00

-150 -100 -50 0 50 100 150 2C0 250 300 350

TEMPERATURE ('C)

i
!

NOTE: A508, QUENCHED ONLY, FULL-SIZE
MODEL SET NAME: 508_QUEN.FE ;

I
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508_QUEN.F
Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHFAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 78.3 (DEG C),173 (DEG F)
TRANSITION ZONE WIDTH: 62.6 (C DEG),112.6 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

'

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 78.3 (DEG C) ,173 (DEG F)

TEMPERATURE (D
-200 -100 0 100 200 300 400 500 600

120 g g g g 3 g ; , ,

| A508. QUENCHED ONLY |

100 - O - 0
0

C 80 - -

3
o
5 i

g 60 - -

e
Y
@ 40 - -

20 - -

O O CHARPY DATA
MEAN IMPACT CURVE

I I
O

- I I I I I I

-150 -100 -50 0 50 10D 150 200 250 300 350
TEMPERATURE FC)

REMARK: A508, QUENCHED ONLY, FULL-SIZE
MODF' SET NAME: 508_QUEN.FS
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SOURCE: ANALYSIS SET
'

ANALYSIS SET NAME: A508QUEN.T1

SET NAME: A508QUEN.T1 i

NOTE: A508 QUENCHED ONLY, TYPE 1 '

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

761D -75.0 -103.0 1.50 1.11 0.00 0.000 0.0
761C -50.0 -58.0 7.33 5.41 0.18 0.007 5.0
766A -25.0 -13.0 1.38 1.02 0.00 0.000 0.0
766B -12.5 9.5 2.03 1.50 0.00 0.000 0.0
761B 0.0 32.0 15.27 11.26 0.41 0.016 20.0
718D 0.0 32.0 5.50 4.06 0.15 0.006 0.0 ;

'

766D 12.5 54.5 3.32 2.45 0.03 0.001. 5.0
766C 25.0 77.0 8.60 6.34 0.13 0.005- 5.0
756A 37.5 99.5 15.68 11.57 0.56 0.022 50.0
756B 50.0 122.0 14.20 10.47 0.41 0.016 45.0
756C 62.5 144.5 13.96 10.30 0.41 0.016 40.0
718A 75.0 167.0 18.82 13.88 0.66 0.026 80.0
756D 100.0 212.0 19.51 14.39 0.69 0.027 100.0
718C 150.0 302.0 21.83 16.10 0.89 0.035 100.0
761A 200.0 392.0 20.99 15.48 0.89 0.035 100.0
761A 200.0 392.0 20.98 15.48 0.89 0.035 100.0
718B 250.0 482.0 21.10 15.56 0.79- 0.031 100.0

NUMBER OF SPECIMENS: 17 ,

i

1

|

|
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b
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|
|

l
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I
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SOURCE: A508QUEN.T1 ANALYSIS SET

Y VARIABLE: ENERGY-
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB) I
MID-TRANSITION TEMPERATURE: 27.4 (DEG C),81.4 (DEG F) |
TRANSITION ZONE WIDIH: 141.4 (C DEG),254.6 (F DEG)
UPPER SHELF ENERGY: 21.6 (J),15.9 (FT-LB) <

UPPER SHELF ENERGY: 21.6 (J),15.9 (FT-LB) |
NOTE: A508, QUENCHED ONLY, TYPE 1 j

MODEL SET NAME: 2 i

|

TEMPERATURE ('F) I

-200 -100 0 100 200 300 400 500 600
25 , , , , , , , , ,

- t 7.5
| A508. CUENCHED ONLY, TYPE | | ;

o
'

rO O
- t 5.020 -

0 i
|

- 12.5

f .

O
9 15 - 0

{ O _ to,oy ;

C >-
C Ow g ,

!d 10 -
- 7.5 g

WO 1

0 - 5.0

O
e _.

O O CHARPY DATA - 2.5

0 MEAN IMPACT CURVE
0

' f I i ' ' ' I
O 0.0
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)

l

,
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SOURCE: A508QUEN.T1 ANALYSIS SET

|Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0,0000 (IN)
MID-TRANSITION TEMPERATURE: 51.3 (DEG C),124.3 (DEG F)
TRANSITION ZONE WIDTH: 126.8 (C DEG),228.2 (F DEG) <

UPPER SHELF EXPANSION: 0.872 (MM),0.0343 (IN) ')UPPER SHELF EXPANSION: 0.872 (MM),0.0343 (IN)
NOTE: A508, QUENCHED ONLY, TYPE 1 |MODEL SET NAME: 3 j

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600 |1,0

, , , , 3 3 , 3 3

| A508, QUENCHED ONLY. TYPE 1 |
_

0.8 - o
- 0.030 1

|

50.6 - 0.025 = I- 2

O gz
S - 0.020 g
se =- <
{ 0.4 - O O

d
- 0.015 E I"

- 0.010
0.2 -

O
O O CHARPY DATA - 0.005

NEAN IMPACT CURVE

J# v' ' ' ' ' '0.0 O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)
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SOURCE: A500QUEN.T1 ANALYSIS SET

.Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 55.0 (DEG C) ,131. 0 (DEG F)
TRANSITION ZONE WIDTH: 77.7 (C DEG),139.9 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 55.0 (DEG C),131.0 (DEG F)
NOTE: A508, QUENCHED ONLY, TYPE 1
MODEL SET NAME: 4

TEMPERATURE FF)
-200 -100 o 100 200 300 400 500 600120 , , , , , , , , ,

| A508, QUENCHED ONLY, TYPE 1 |

ioo - o a c c

p so -
-

5
0

5
g, 60 -

-

E o
W
m to - O -

20 O -
-

O CHARPY DATA
MEAN IMPACT CURVE

L i _ 9 i i i i , i,
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)
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SOURCE: ANALYSIS SET '

-ANALYSIS SET NAME: A508QUEN.T2 ;
;

SET NAME: A508QUEN.T2 i
'

NOTE: A508, QUENCHED ONLY (TYPE 2 SPECIMEN)
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG T) - (J) (FT-LB) (MM) (IN) (PERCENT)
!

762A -75.0 -103.0 0.92 0.68 0.00 0.000 0.0 !

762B -62.5 -80.5 0.46 0.34 0.00 0.000 0.0 i

747D -50.0 -58.0 1.83 1.35 UNKNOWN. 0.0 '

762C -37.5 -35.5 0.72 0.53 0.00 0.000 0.0 !
747C -25.0 -13.0 3.46 2.55. 0.15 0.006 5.0 I
762D -12.5 9.5 3.06 2.26 0.10 0.004 10.0 i

747B 0.0 32.0 4.42 3.26 0.18 0.007 10.0
7711A 12.5 54.5 3.71 2.74 0.20 0.008 15.0 i
747A 25.0 77.0 5.69 4.20 0.30 0.012 80.0 1

7711B 37.5 99.5 6.28 4.63 0.41 0.016 100.0 |

7711C 50.0 122.0 5.76 4.25 0.33 0.013 75.0 !

774A 100.0 212.0 5.76 4.25 0.38 0.015 100.0 ;

7711D 200.0 392.0 5.95 4.39 0.33 0.013 100.0
J

NUMBER OF SPECIMENS: 13
|

|

|

!

i

i

l
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SOURCE: A508QUEN.T2 ANALYSIS SET
I

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-16.7 (DEG C),2.0 (DEG F)
TRANSITION ZONE WIDTH: 90.4 (C DEG),162.7 (F DEG)
UPPER SHELF ENERGY: '6.1 (J),4.5 (FT-LB) |

UPPER SHELF ENERGY: 6.1 (J),4.5 (FT-LB)
NOTE: A508, QUENCHED ONLY, TYPE 2
MODEL SET NAME: 7

TEMPERATURE l'F)
-200 -100 0 100 200 300 400 500 600

I i i i i i i i i 1 - 5 |

0
6 - g i

O O j
- 4

5 - i

. !

| A508, QUENCHED ONLY, TYPE 2| f
'
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O
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i I I I I I ' ' 8

O 0
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SOURCE: A508QUEN.T2 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS :

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 0.0 (DEG C),32.0 (DEG F)

| TPANSITION ZONE WIDTH: 69.1 (C DEG) ,124.4 (F DEG)
! UPPER SHELF EXPANSION: 0.369 (MM),0.0145 (IN)
! UPPER SHELF EXPANSION: 0.369 (HM),0.0145 (IN)

NOTE: A508, QUENCHED ONLY, TYPE 2
MODEL SET NAME: 6 ;

F

TEMPERATURE ( F)
-200 -100 0 100 200 300 400 500 600 -

0,45
i i t i t i i i i - 0.0175

0.40 - O
O - 0.0150

#
0.35 -

i

O O
- 0.0125

y0.30 7
-

Ji
=

| A508. QUENCHED ONLY, TYPE 2 |
- 0,0100 gz 0.25 -

8 G

$** ~

0.0075|-

0- X

d O.15 '- 0 W

- 0.0050

0.10 -

0.05 - O CHARPY DATA - 0.0025
HEAN IMPACT CURVE

' ' ' ' ' ' ' '
0.00 O.0000

-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE tC)
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SOURCE: A508QUEN.T2 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 19.3 (DEG C) ,66.C (DEG F)
TRANSITION ZONE WIDTH: 16.9 (C DEG),30.4 (F DEG)
UFPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 19.3 (DEG C),66.8 (DEG F)
NOTE: A508 QUENCHED ONLY, TYPE 2
MODEL SET NAME: 5

TEMPERATURE Fn
-200 -100 0 100 200 300 400 500 soo

I20 t 6 i i 6 i I i 1

| A508, QUENCHED ONLY. TYPE 2 |

0 O100 -

|
2

C Bo - -

5 0
a
5

- -g, 60

E 4

%
m to - -

2e - -

) O CHARPY DATA
00 MEAN IMPACT CURVE

' ^^A^ f f i i i 1

o
-150 -100 -50 o 50 100 150 200 250 300 350

TEMPERATURE FCI
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SOURCE: ANALYSIS SET ,

| ANALYSIS SET NAME: A508QUEN.T3 |.;.

|
| SET NAME: A508QUEN.T3 :

'

NOTE: A508 QUENCHED, SPECIMEN TYPE 3 I

| TEMPERATURE ENERGY EXPANSION SHEAR
| .IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
!
i 711D -100.0 -148.0 1.08 0.80 0.00 0.000 0.0
, 711C -75.0 -103.0 2.30 1.70 0.00 0.000 0.0
( 711B -50.0 -58.0 2.58 1.90 0.00 0.000 0.0

711A -37.5 -35.5 3.66 2.70 0.03 0.001 0.0
| 77D -25.0 -13.0 3.39 2.50 0.00 0.000 0.0
, 77C -12.5 9.5 3.66 2.70 0.03 0.001 5.0

| 775 0.0 32.0 8.00 5.90 0.23 0.009 15.0
77A 12.5 54.5 7.59 5.60 0.25 0.010 25.0

,

719B 37.5 99.5 10.17 7.50 0.43 0.017 60.0'

| 717A 50.0 122.0 9.63 7.10 0.33 0.013 45.0
719A 75.0 167.0 10.85 8.00 0.46 0.018 50.0
717B 100.0 212.0 15.32 11.30 0.64 0.025. 100.0

; '719C 100.0 212.0 14.24 10.50 0.71 0.028 100.0 !

| 717D 150.0 302.0 17.49 12.90 0.74 0.029 100.0 !
719D 150.0 302.0 34.91 11.00 0.56 0.022 100.0

t

| 717C 200.0 392.0 16.95 12.50 0.74 0.029 100.0
*

|

I NUMBER OF SPECIMENS: 16
;

I

|
|
,

a

4

4

h
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SC"TRCE: A508QUEN.T3 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE: 32.2 (DEG C),90.0 (DEG F)
TRANSITION ZONE WIDTH: 195.1 (C DEG),351.3 (F DEG)
UPPER SHELF ENERGY: 17.6 (J),13.0 (FT-LB)

UPPER SHELF ENERGY: 17.6 (J),13.0 (FT-LB)
NOTE: A508, QUENCHED ONLY, TYPE 3
MODEL SET NAME: 8

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

20.0 , , , , , , , , ,

| A508. QUENCHED ONLY, TYPE 3 |
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_ , , , ,
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- 10.0 ,
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q
a-
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o 10.0 - 0 ~

g0
W ct
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- 5.0 W
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2.5 - O CHARPY DATA

MEAN IMPACT CURVE
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TEMPERATURE FC)
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SOURCE: A508QUEN.T3 ANALYSIS SET

.Y VARIABLE: EXPANSION |
MODEL PARAMETERS '

LOWER SHELF EXPANSION [ HELD FIXED]: 0.000 (NM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 38.3 (DEG C),101.0 (DEG F) l

TRANSITION ZONE WIDTH: 115.5 (C DEG),208.0 (F DEG)
UPPER SHELF EXPANSION: 0.696 (MM),0.0274 (IN)

|UPPER SHELF EXPANSION: 0.696 (MM),0.0274 (IN)
NOTE: A508, QUENCHED ONLY, TYPE 3

|'MODEL SET NAME: 9
.

I

J

TEMPERATURE FF) I

-200 -100 0 100 200 300 400 500 600
0'8 i i I I i i i i 1 - 0.035

| A508, QUENCHED ONLY. TYPE 3 |
|,

O O
~

_ O
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j 0.6 -

{
5 O

|=
z 0.5 - - 0.020 g 1

O o -
M O $ i0
%
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0.015 f-

k
- 5o

w 0.3
O - 0.010

0.2 -

0.1 - O CHARPY DATA
- 0.005
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0.0 - I I ' ' ' ' ' O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)
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SOURCE: A508QUEN.T3 ANAL'lSIS SET

Y VARIABLE: SHEAR
t

MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 46.7 (DEG C) ,116.0 (DEG F)
TRANSITION ZONE WIDTH: 105.2 (C DEG),189.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 46.7 (DEG C) ,116.0 (DEG F)

,

|NOTE: A508, QUENCHED ONLY, TYPE 3
i

MODEL SET NAME: 0

i

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600120 , , , , , , , , ,

| A508, QUENCHED ONLY, TYPE 3 |

100 O n_ O-

C 80 -
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5
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5
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!

|
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MEAN IMPACT CURVE

1 _. t t I t I t t I

|
-150 -100 -50 0 50 100 150 200 250 300 350
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SOURCE: ANALYSIS SET
]ANALYSIS SET NAME: A508QUEN.T4

SET NAME:.A508QUEN.T4
NOTE: A508 QUENCHED, TYPE 4

i

TEMPERATURE ENERGY EXPANSION SHEAR !IDENT- (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) J

l 757F -50.0 -58.0 1.91 1.41 0.03 0.001 0.0776E -50.0 -58.0 0.27 0.20 0.00 0.000 0.0757E -37.5 -35.5 1.19 0.88 0.13 0.005 0.0757D -25.0 -13.0 0.53 0.39 0.00 0.000 0.0757C -12.5 9.5 0.53 0.39 0.00 0.000 0.0776D -12.5 9.5 1.59 1.17 0.00 0.000 0.0757B 0.0 32.0 2.70 1.99 0.18 0.007 20.0 |

,

776C 12.5 54.5 2.97 2.19 0.23 0.009 30.0 i

757A 25.0 77.0 3.35 2.47 0.20 0.008 50.0
; 776B 25.0 77.0 3.16 2.33 0.23 0.009 30.0-

767A 37.5 99.5 2.30 1.70 0.15 0.006 20.0
776A 37.5 99.5 3.16 2.33 0.23 0.009 40.0
767B 50.0 122.0 2.96 2.18 0.25 0.010 40.0 j767F 75.0 167.0 4.70 3.47 0.41 0.016 80.0

'

767C 100.0 212.0 5.29 3.90 0.46 0.018 100.0
767E 150.0 302.0 5.10 3.76 0.48 0.019 100.0
767D 200.0 392.0 5.22 3.85 0.48 0.019 100.0 |776F 250.0 482.0 5.63 4.15 0.43 0.017 100.0 :

NUMBER OF SPECIMENS: 18
|

|
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SOURCE: A508QUEN.T4 ANALYSIS SET i
!

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J) ,0.1 (FT-LB)
MID-TRANSITION TEMPERATURE: 24.9 (DEG C) ,76.8 (DEG F)

jTRANSITION ZONE WIDTH: 154.6 (C DEG),278.3 (F DEG) iUPPER SHELF ENERGY: 5.5 (J),4.1 (FT-LB) -jUPPER SHELF ENERGY: 5.5 (J),4.1 (FT-LB)
!NOTE: A508, QUENCHED ONLY, TYPE 4'
!

MODEL SET NAME: 3
i

j

TEMPERATURE l'F)
-200 -100 0 100 200 300 400 500 600

I
I i I i i I 4 i 1 - 5
| A508, QUENCHED DNLY TYPE 4 |
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O CHARPY DATA
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SOURCE: A508QUEN.T4 ANALYSIS SET
,

I

Y VARIABLE: EXPANSION |

MODEL PARAMETERS '

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN) 1

MID-TRANSITION TEMPERATURE: 36.9 (DEG C),98.3 (DEG F) ;
TRANSITION ZONE WIDTH: 114.4 (C DEG),205.9 (F DEG)
UPPER SHELF EXPANSION: 0.475 (MM),0,0187 (IN) !

UPPER SHELF EXPANSION: 0.475 (MM),0.0187 (IN) !

NOTE: A508, QUENCHED ONLY, TYPE 4
i

MODEL SET NAME: 2
i
!
,

TEMPERATURE ('F) ia

|-200 -100 0 100 200 soo 400 Soo soooe
. . , , , , , . , ,

| A508, QUENCHED ONLY, TYPE 4 | [
o.5 - - 0.020 |

O 0 !

O |

0 '

y o.4 - O |,

0.015 E |-g
!

-~

5 i5
- o.3 - y ;M

Z
% O - 0.010 < |
0- 00 k \
d 0.2 - W :'

O l
O

O - 0.005 |
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O CHARPY DATA
MEAN IMPACT CURVE
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I
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SOURCE: A508QUEN.T4 ANALYSIS SET l

Y VARIABLE: SHEAR:

| MODEL PARAMETERS l

i, LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
| MID-TRANSITION TEMPERATURE: 47.7 (DEG C),117.9 (DEG F)
1 TRANSITION ZONE WIDTH: 96.9 (C DEG),174.3 (F DEG)
l

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)
| UPPER SHELF SHEAR: 100 (PERCENT)
'

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 47.7 (DEG C) ,117.9 (PEG F)
L NOTE: A508, QUENCHED ONLY, TYPE 4
| MODEL SET NAME: 1
1

1

i TEMPERATURE FF)
I -200 -t00 0 100 200 300 400 500 600

120
|I I I I I I I I i

| A508, QUENCHED ONLY TYPE 4 | j
l

100 - O o O O |
|
.

C 80 -

Z
-

w
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Z
W
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5 40 - O -

|
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20 - O O -

O CHARPY DATA
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-
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TEMPERATURE l'C1
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A 508, QUENCHED AND TEMPERED AT 599 C
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 508_1100.F ,

SET NAME: 508_1100.F
NOTE: A508, QUENCHED & TENTERED 6 1100 F i

TEMPERATURE ENERGY EXPANSION SNEARIDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERCENT)
'

'

,

3SC-20 -18.0 -0.4 10.00 7.38 0.13 0.005. 0.03SC-8 21.0 69.8 39.00 28.76 0.30 0.012 0.0 I3SC-10 66.0 150.8 51.00 37.62 0.69 0.027 30.0 !3SC-14 104.0 219.2 65.00 47.94 1.09 0.043 65.03SC-22 110.0 230.0 99.00 73.02 1.42 0.056 100.0
t

3SC-12 121.0 249.8 75.00 55.32 1.17 0.046 85.0
>

3SC-16 149.0 300.2 96.00 70.81 1.47 0.058 100.03SC-18 204.0 399.2 97.00 71.54 1.52 0.060 100.0
NUMBER OF SPECIMENS: 8

|

I
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ANALYSIS SET: 508_1100.F

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 59.6 (DEG C),139.2 (DEG F)
TRANSITION ZOliE WIDTH: 164.8 (C DEG),296.6 (F DEG)
UPPER SHELF ENERGY: 101.9 (J),75.2 ( FT- LB .'

UPPER SHELF ENERGY: 101.9 (J) ,75. 2 (FT-LB)
TEMPERATURE [41 (J) ,3 0. 2 (FT-LB) ENERGY]: 40.5 (DEG C) ,104. 8 (DEG F)
TEMPERATURE (68 (J) ,5 0. 2 (FT-LB) ENERGY]: 86.6 (DEG C) ,18 7. 8 (DEG F)

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600120 , , , , , , , , ,

| A508. QUENCHED + 110DF. FULL-SIZE | - B0

100 - o
0 - 70

80 - - 60 _
O :9_

b
> O

- 50

y 60 -
b
y

$E O #~

W
E

40 -

O - 30 W

- 20
20 -

O CHARPY DATA go_
'

O MEAN IMPACT CURVE

' ' ' ' ' ' ' ' 'o O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ('C)

NOTE: A508, QUENCHED f. TEMPERED @ 1100 F, FULL-SIZE
MODEL SET NAME: 508_1100.F

1
i
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ANALYSIS SET: 508_1100.F

Y VARIABLE: EXPANSION i

MODEL PARAMETERS l

LOWER SHELF EXPANSION [ HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 72.8 (DEG C),163.0 (DEG F)

!
TRANSITION ZONE WIDTH: 117.8 (C DEG),212.1 (F DEG) J
UPPER SHELF EXPANSION: 1.545 (MM) , 0. 060 8 (IN)

|UPPER SHELF EXPANSION: 1.545 (MM) , 0. 0 608 (IN) jTEMPERATURE [0.89 (MM),0.035 (IN) EXPANSION]: 79.7 (DEG C) ,175.5 (DEG F)
j
i

TEMPERATURE (an ]
-200 -100 0 100 200 300 400 500 600 '

1. 5 '

g , , , , , i i i

| A508 GUENCHED+ 1110F |
-

i.50 - - 0. Os

O j

|

1.25 - - 0.05 )

1 0 -

E 5
{ 1.00

- - 0.04 g
o O

M-
(f) @
k 0.75 - - 0.03 E j
g n ,

x X
W jw

0.50 - - 0.02 |
j

0.25 -

O CHARPY DATA
- 0.01

1

MEAN IMPACT CURVE |

' ' ' I I ' ' ' '0.00 O.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)

NOTE: A508, QUENCHED +1100F, FULL-SIZE
MODEL SET NAME: 508_,1100.FE

|
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508 1100.F
Y VARIABLE: SHEAR ~
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 82.3 (DEG C) ,180.1 (DEG F)
TRANSITION ZONE WIDTH: 69.2 (C DEG),124.6 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 82.3 (DEG C) ,180.1 (DEG F) '

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600

120 g g g i g , , , ,

|A508|
1

100 - O - 0 |

)

O I
C 80
5

- 1-

:
O |

5 o
a eo -

-
!

cr i

<

cn 40 - -

20 - -

O CHARPY DATA i

MEAN IMPACT CURVE

t i f f i I i t^ ^
O
-150 -100 -50 0 50 100 150 200 250 300 350 j

TEMPERATURE ( C)
s

REMARK: A508, QUENCHED & TEMTERED 9 1100 F '

MODEL SET NAME: 508_1100.FS ;

|
i

i

.
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I

I

I

|

I

l
!

I

i

SOURCE: ANALYS12 SET
ANALYSIS SET NAME A5081100.T1

]
SET NAME: A5081100.T1

INOTE: A508 QUENCHED +1100F, TYPE 1
TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MN) (IN) (PERCENT)

,

338A -75.0 -103.0 0.85 0.63 0.00 0.000 0.03385 -62.5 -80.5 3.35 2.47 0.00 0.000 0.0321D -50.0 -58.0 3.61 2.66 0.03 0.001 0.0338C -37.5 -35.5 7.00 5.16 0.13 0.005 0.0321C -25.0 -13.0 11.31 8.34 0.30 0.012 5.0339D -25.0 -13.0 4.83 3.56 0.13 0.005 0.0338D -12.5 9.5 11.19 8.25 0.41 0.016 10.0321B 0.0 32.0 10.07 7.43 0.23 0.009 5.0 :
,

339A 12.5 54.5 8.51 6.28 0.20 0.008 15.0 !3L9A 25.0 77.0 11.73 8.65 0.33 0.013 10.0 1319B 50.0 122.0 14.44 10.65 0.43 0.017 45.0 '

339B 75.0 167.0 20.20 14.90 0.66 0.026 80.0 |319C 100.0 212.0 21.44 15.81 0.74 0.029 100.0
'

319D 125.0 257.0 20.70 15.27 0.76 0.030 100.0 {339C 200.0 392.0 21.68 15.99 0.89 0.035 100.0321A 250.0 482.0 18.25 13.46 0.74 0.029 100.0

. NUMBER OF SPECIMENS: 16

!

|

NUREG/CR-6379 D-6

1
l

|
. __



. _ _ _ _ _ . _ . _ _ _ _ . _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ . _ . _ _ . . ___

SOURCE: A5081100.T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

IDWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (PT-LB)
MID-TRANSITION TEMPERATURE: 3.7 (DEG C) ,38.7 (DEG F)
TRANSITION 2CNE WIDTH: 161.3 (C DEG),290.3 (F DEG)
UPPER SHELF ENERGY: 21.1 (J),15.6 (FT-LB)

UPPER SHELF ENERGY: 21.1 (J),15.6 (PT-LB)
NOTE: NONE
MODEL SET NAME: 8

TEMPERATURE C'F)
-200 -100 0 100 200 soo 400 500 soo

I i e i i i i i i

| A508, QUENCHED +1100F. TYPE I j
'

O O !

|
0

20 - 0 - 15.o
1

O i

12.5-

2 4

9 15 -

O ,i ;-

y - 10.0 6 <

e
5 o0 e :o

D to - 7.5-

0 w

0 - 5.o

5 o-

O 2.5-
O CHARPY DATA

MEAN IMPACT CURVE

' ' ' ' ' ' ' ' '
o O.0
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ("C)

;

,
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|

|

|
|

|

1

|

!

SOURCE: A5081100.T1 ANALYSIS SET =

|Y VARIABLE: EXPANSION
MODEL PARAMETERS

i

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN) j
MID-TRANSITION TEMPERATURE: 33.6 (DEG C),92.6 (DEG F)

iTRANSITION ZONE WIDTH: 161.5 (C DEG),290.6 (F DEG)
|UPPER SHELF EXPANSION: 0.833 (MM),0.0328 (IN) '

UPPER SHELF EXPANSION: 0.833 (MM),0,0328 (IN)
|NOTE: NONE

MODEL SET NAME: 7

,

TEMPERATURE ('F) !

|-200 -100 0 100 200 soo 400 500 soo10 i i i e i i i e i !
| A508 QUENCHE3+ 1 iOOF, TYPE 1 |

o 0.0s5-

0.8 -

j

0.050-

O O
l5 0

50.s
-

o.oe5 =2 |
;-

$z
S - 0.020 g

i

M zz o y
{ 0.4 - O

0.015E-

D O W
O

- 0.D10
o.2 - 0

0 0 CHARPY DATA - 0.005
MEAN IMPACT CURVE j

' '0.0 - ' ' ' I I
- 0.000

-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)
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SOURCE: A5081100.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 52.5 (DEG C) ,126.6 (DEG F)
TRANSITION ZONE WIDTH: 65.2 (C DEG) ,117.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PD c' JT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR): 52.5 (DEG C) ,126.6 (DEG F)
NOTE: NONE
MODEL SET NAME: 6

TEMPERATURE l'F)
-200 -100 0 100 200 300 400 500 600

120 , , , , , , , , ,

| A508, QUENCHED + t 100F, TYPE 1 |

100 O o O O-

C 80 - -

b

60 - -

s
W
y2 40 - -

20 - -

0 O CHARPY DATA
O O HEAN IMPACT CURVE

' ^^A- ' ' ' ' I 8O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C1
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SOURCE: ANALYSIS SET !

ANALYSIS SET NAME: A5081100.T2

SET NAME: A5081100.T2
.

NOTE: A508 QUENCHED +1100F, TYPE 2 i
TEMPERATURE ENERGY EXPANSION SHEAR ;

IDENT (DEG C) (DEG F) (J) (FT-LB) (MN) (IN) (PERCENT)

3175 -100.0 -148.0 0.20 0.15 0.00 0.000 0.0
39A -75.0 -103.0 0.46 0.31 0.00 0.000 0.0
338A -62.5 -80.5 2.03 1.50 0.00 0.000 0.0
39D -50.0 -58.0 0.99 0.73 0.00 0.000 0.0
3385 -37.5 -35.5 2.75 2.03 0.05 0.002 5.0
39B -25.0 -13.0 2.62 1.93 0.08 0.003 10.0 1

338C -12.5 9.5 3.59 2.65 0.15 0.006 20.0 |
39C 0.0 32.0 2.36 1.74 0.05 0.002 10.0 1

338D 12.5 54.5 4.49 3.31 0.25 0.010 60.0 I

310C. 25.0 77.0 4.73 3.49 0.28 0.011 45.0 )
317A 37.5 99.5 4.04 2.98 0.23 0.009 50.0 '

310A. 50.0 122.0 4.87 3.59 0.33 0.013 75.0 J

I310D 100.0 212.0- 4.80 3.54 0.36 0.014 100.0
317C 150.0 302.0 5.45 4.02 0.43 0.017 100.0 |
310B 200.0 392.0 5.69 4.20 0.43 0.017 100.0'

NUMBER OF SPECIMENS: 15

I

|

!

i

. NUREG/CR-6379 D-10
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SOURCE: A5081100.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED]: 0.1 (J),0.1 (PT-LB)
MID-TRANSITION TEMPERATURE:-21.5 (DEG C),-6.7 (DEG F)
TRANSITION ZONE WIDTH: 134.2 (C DEG),241.6 (F DEG)
UPPER SHELF ENERGY: 5.4 (J),4.0 (FT-LB)

UPPER SHELF ENERGY: 5.4 (J),4.0 (FT-LB)
NOTE: NONE
MODEL SET NAME: 6

TEMPERATURE ('F)
-200 -100 0 100 200 soo 400 soo coe

I
4 1 i i i I i I 4 5-

| A508, QUENCHED +1100F TYPE 2|

s -

0
0 4-

5 -

0 0
0 2

5
-

sa4 _ O -

& O

5 s
z3 0:-

2Ew O -

WO
O2 -

t-

1 - 0 0 CHARPY DATA
HEAN IMPACT CURVEg

O i i t i t i t, e
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)
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,

I
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l

SOURCE: 1.5081100.T2 ANALYSIS SET ,

Y VARIABLE: EXPANSION
MODEL PARAMETERS

IDWER SHELF EXPANSION (HELD FIXED]: 0.000 (MN),0.0000 (IN) ,

MID-TRANSITION TEMPERATURE: 16.9 (DEG C),62.4 (DEG F)
TRANSITION ZONE WIDTH: 106.6 (C.DEC),191.9 (F DEG)
UPPER SHELF EXPANSION: 0.414 (MM),0.0163 (IN)

UPPER SHELF EXPANSION: 0.414 (MM),0.0163 (IN)
NOTE: NONE ,

MODEL SET NAME: 5

TEMPERATURE FFI
-200 -100 0 100 200 300 400 500 600 -|

0.5 , , , , , , , , , ,

| A508, QUENCHED +1100F, TYPE 2 |
- 0.0175

0.4 -

0.0150 |
-

0
-

b 0.0125 3-

.50.s - -

O 5 :z
S O 0.0100 g '-

@ O g
Q. 0.2 0.0075 k

-
-

|

[ W l

l
- 0.0050

0.1 -

j

O CHARPY DATA 0.0025-

O MEAN IMPACT CURVE

' ' ' ' ' ' '0.0 O.0000
-150 -100 -50 0 50 100 150 200 ?50 300 350

TEMPERATURE PC)

4

l
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L

!
!

!

' SOURCE: A5081100.T2 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAHETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 26.5 (DEG C) ,79.7 (DEG F)
TRANSITION ZONE WIDTH: 95.8 (C DEG),172.5 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 26.5 (DEG C),79.7 (DEG F)'

NOTE: NONE
: MODEL SET NAHE: 4
I
,

i

| TEMPERATURE FF)
-200 -100 0 100 200 300 400 soo 600

i i i I i i i i i
- | A508, QUENCHED +1 lODF. TYPE 2 |

100 O -- O^-

{ 80 -
-

0
5
g 60 - O -

E O
W
gj 40 - -

20 - -

O CHARPY DATA
O MEAN IMPACT CURVE

O k- ' ' ' ' ' ' '"

-150 -100 -50 0 5d 100 150 200 250 300 350

TEMPERATURE PCI
!

|
j
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081100.T3

,
,

. SET NAME: A5081100.T3
'

NOTE: A508 QUENCHED +1100F, TYPE 3
J TEMPERATURE ENERGY EXPANSION SHEAR
i IDENT .(DEG C) (DEG T) (J) (PT-LB) (MM) (IN) (PERCENT)
!

i"

321D -125.0- -193.0 0.81 0.60 0.00 0.000 0.0 l

i 317B -100.0 -148.0 1.22 0.90 0.00 0.000 0.0 i
317C -87.5 -125.5 2.03 1.50 0.00 0.000 0.0'
317A' -75.0 -103.0 3.39 2.50 0.00 0.000 0.0

i 317D -62.5 -80.5 1.90 1.40 0.00 0.000 0.0 |
| 313D -50.0 -58.0 4.75 3.50 0.08 0.003 0.0 <

313C -37.5 -35.5 5.56 4.10 0.13 0.005 0.0 ;,

i 3135 -25.0 -13.0 5.97 4.40 0.18 0.007 5.0 }
! 313A -12.5 9.5 6.91 5.10 0.20 0.008 5.0 |

320A 0.0 32.0 8.13 6.00 0.30 0.012 15.0.

320B 25.0 77.0 8.13 6.00 0.28 0.011 20.0
320C 50.0 122.0 11.93 8.80 0.51 0.020 65.0

4 320D 100.0 212.0 13.15 9.70 0.56 0.022 90.0,
3'

321B 150.0 302.0 14.78 10.90 0.71 0.028 100.0 )
' 321A 200.0 392.0 15.19 11.20 0.66 0.026 100.0 |

321C 250.0 482.0 14.51 10.70 0.66 0.026 100.0 .|
!

+- NUMBER OF SPECIMENS: 16

*
.

I

'

i

-

e

t

;

.

1

;
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SOURCE: A5081100.T3 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED]: 0.1 (J),0.1 (PT-LB)
MID-TRANSITION TENPERATURE:-2.1 (DEG C),28.2 (DEG F)
TRANSITION ZONE WIDTH: 188.3 (C DEG),338.9 (F DEG)
UPPER SHELF ENERGY: 15.0 (J),11.1 (FT-LB)

UPPER SHELF ENERGY: 15.0 (J),11.1 (FT-LB)
NOTE: NONE
MODEL SET NAME: 7

. TEMPERATURE C'F)
-200 -100 o 100 200 300 400 soo soo

37 8 i i a i i i i i

12| A508, QUENCHED +11DoF TYPE 3 |
""

O15.0 -

O
to-

12.5 -

0
2 ie-

3 , ,

g j10.0- -

$ !
*

6 $ !$ 0 -

0:z 7.5 -

W z
w

'~

5.0 - o
O

~

2.5 - 0 WRPY DATA0 MAN WACT WRVEO
' ' ' ' ' ' ' ' '

o.o o
-150 -100 -50 0 50 100 150 200 250 300 350 j

TEMPERATURE (*C) J

l
,

l i
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SOURCE: A5081100.T3 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN) i

MID-TRANSITION TEMPERATURE: 19.6 (DEG C),67.3 (DEG F) i
TRANSITION ZONE WIDTH: 138.6 (C DEG),249.5 (F DEC)

|UPPER SHELF EXPANSION: 0.670 (MM),0.0264 (IN) i

UPPER SHELF EXPANSION: 0.670 (MM),0.0264 (IN)
NOTE: NOME i

MODEL SET NAME: 8
.

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 6000.5 J, , , , , , , , ,

\

l A508, QUENCHED + 1100F. TYPE 3 |
- 0.030 <

|- 0.025
C.6 -

O 1

"

0.5 - O 0,020 j-

5=

E'
~

- 0,015
{Z

4 < :
0, i

0- 0.3 - O x jO W
0.010-

0. 2 -

- 0.005
0.1 - O CHARPY DATA

MEAN IMPACT CURVE
i

I ' ' ' ' ' ' ' |0.0 O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)
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SOURCE: A5081100.T3 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 42.7 (DEG C) ,108.8 (DEG F)
TRANSITION ZONE WIDTH: 74.1 (C DEG),133.3 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 42.7 (DEG C) ,108.8 (DEG F)
NOTE: NONE
MODEL SET NAME: 9<

TEMPERATURE (*n
-200 -100 0 100 200 soo 400 500 soo

120 , , , , , , , , ,

| A608, QUENCHED +1100F, TYPE 3 |

100 - 0 0 0
I

O l

C so - -

6
M
$ so |- -

2 l

$
'

5 4o - -

o2o --

0 O CHARPY DATA
MEAN IMPACT CURVE

o ^ '^^^ - ' ' ' ' ' I '

-150 -100 -50 o 50 100 150 200 250 300 350

TEMPERATURE l'C1
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SOURCE: ANALYSIS SET |
ANALYSIS SET NAME: A5081100.T4 ;

!

SET NAME: A5081100.T4 }
NOTE: A508 QUENCHED +1100F, TYPE 4 :

TEMPERATURE ENERGY EXPANSION SHEAR :

IDENT (DEG C) (DEG F) (J) (FT-LB) (MN) (IN) (PERCENT) i

313A ~75.0 -103.0 0.39 0.29 0.00 0.000 0.0 !
3138 -50.0 -58.0 0.66 0.49 0.00 0.000 0.0 l

313C -37.5 -35.5 0.66 0.49 0.00 0.000 0.0
313D -25.0 -13.0 1.98 1.46 ' 01 . 0 5 0.002 5.0 ,

311F -12.5 9.5- 1.79 1.32 0.03 0.001 5.0 i

311E - 0. 0 32.0 4.79 3.53 0.36 0.014 60.0
311D 12.5 54.5 4.60 3.39 0.36 0.014 85.0
33A 25.0 17.0 2.32 1.71 0.13 0.005 40.0
311C 37.5 99.5 3.10 2.29 0.15 0.006 45.0

'
33B 50.0 122.0 3.16 2.33 0.25 0.010 55.0
311B 62.5 144.5 6.14 4.53 0.46 0.018 100.0 :

33C 75.0 167.0 4.72 3.48 0.30 0.012 85.0 l
33D 100.0' 212.0 6.01 4.43 0.53 0.021- 100.0
33E 150.0 302.0 4.60 3.39 0.41 0.016 100.0 ;

33F 200.0 392.0 5.04 3.72 0.41 0.016 100.0 )

311A 250.0 482.0 5.04 3.72 'O.48 0.019 100.0 .)

NUMBER OF SPECIMENS: 16
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SOURCE: A5081100.T4 ANALYSIS SET

Y VARIABLE: ENERGY
NODEL PARANETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (PT-LB)
MID-TRANSITION TENPERATURE:-7.0 (DEG C),19.4 (DEG F)
TRANSITION ZONE WIDTH: 111.5 (C DEG),200.8 (F DEG)
UPPER SHELF ENERGY: 5.1 (J),3.7 (FT-LB)

UPPER SNELF ENERGY: 5.1 (J),3.7 (PT-LB)
NOTE: NONE
NODEL SET NAME: 2

TEMPERATURE (*F) I

-200 -100 o 100 200 soo 400 soo soo
I

8 I I i i i i i i
| A508, QUENCHED + 1 loof. TYPE 4 |

|

e - 0 0
!

4 ;-

5 - C C '

O O 2
"i Ts,-4 - -

>- t
h >-
y5 - 00 @
W 2$-

"0
2 -

O

1-

3 ~

O CHARPY DATA
00 MEAN IMPACT CURVE

1 I f f f I f f 1g g
-150 -100 -50 0 50 100 150 200 250 s00 350

TEMPERATURE ('C)

|

|
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SOURCE: A5081100.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS 6

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
|MID-TRANSITION TEMPERATURE: 22.5 (DEG C),72.5 (DEG F)
1

TRANSITION ZONE WIDTH: 127.0 (C DEG),228.6 (F DEG) |UPPER SHELF EXPANSION: 0.451 (MM),0.0178 (IN) '

UPPER SHELF EXPANSION: 0.451 (MM),0.0178 (IN)
NOTE: NONE
MODEL SET NAME: 1

TEMPERATURE FF)
-279 -100 0 100 200 300 400 soo 600 |c.s , , , , , , , , , ;

%E. QUENCHED +11ooF, TYPE 4| |o
0.020o,5 . -

O i
O

y 0.4 - 0 0
-

0.015 c-

5 00
\

*

$
'z

S o.s - O- ~

Em

% 0 0.010 { l
-

0- X |

D o.2 W j-

lO 1

0 0.005
'

-

o.t -

O CHARPY DATA
O MEAN IMPACT CURVE

0.0 O I ' ' ' I ' ' O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC) j
|
|

l

i
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SOURCE: A5081100.T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

,

LONER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEHPERATURE: 19.8 (DEG C) ,67.7 (DEG F) i

TRANSITION ZONE WIDTH: 111.0 (C DEG),199.8 (F DEG) )
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT) ;

UPPER SHELF SHEAR: 100 (PERCENT) l

TEMPERATURE [50 (PERCENT) ,50 (PERCENT) SHEAR]: 19.8 (DEG C),67.7 (DEG F)
NOTE: NONE
MODEL SET NAME: 0 ;

TEMPERATURE ('F)
-200 -100 o 100 200 300 400 soo 600

120 , , , , , , , , ,

| A508, QUENCHED +11D0F, TYPE 4 | 4

|
100 - 0 0 0 -O O '

)O
. C 80 - -

N
a
5 )g, so - O

,

Oa: j

O
I do - O -

20 - -

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' t
C
-150 -100 -50 0 50 100 150 700 250 300 350

TEMPERATURE C'C1
|

|
|

|
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APPENDIX E

A 508, QUENCHED AND TEMPERED AT 677 C
,

1
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i
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 508_1250.F

SET NAME: 508 1250.F
NOTE: A508, QUENCHED & TEMPERED 9 1250 F

TEMPERATURE ENERGY EXPANSION SHEAR |
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

5SC-20 10.0 50.0 32.00 23.60 0.43 0.017 5.0
SSC-8 23.0 73.4 45.00 33.19 0.64 0.025 20.0
SSC-16 38.0 100.4 71.00 52.37 1.04 0.041 40.0 ;
SSC-22 38.0 100.4 77.00 56.79 1.19 0.047 55.0 ;
SSC-14 '43.0 109.4 99.00 73.02 1.45 0.057 75.0 -|
5SC-10 66.0 150.8 99.00 73.02 1.45 0.057 80.0
ESC-18 93.0 199.4 111.00 81.87 1.68 0.066 100.0
5SC-12 121.0 249.8 122.00 89.98 1.68 0.066 100.0

NUMBER OF SPECIMENS: 8 j

|

!
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!ANALYSIS SET: 508_1250.F
{

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF. ENERGY [ HELD FIXED] : 2.7 (J) ,2. 0 (FT-LB)
MID-TRANSITION TEMPERATURE: 28.0 (DEG C) ,82.5 (DEG F)
TRANSITION ZONE WIDTH: 60.7 (C DEG),109.2 (F DEG)
UPPER SHELF ENERGY: 115.8 (J),85.4 (FT-LB) i

UPPER SHELF ENERGY: 115.8 (J) ,8 5. 4 (PT-LB) '

TEMPERATURE [41 (J) ,3 0. 2 (PT-LB) ENERGY]: 17.9 (DEG C) ,64.2 (DEG F)
TEMPERATURE [68 (J) ,5 0,2 (FT-LB) ENERGY]: 32.8 (DEG C) ,91. 0 (DEG F)

TEMPERATURE PF) !

|-200 -100 0 100 200 300 400 500 600I#0
I I i l 1 i i i !

| A508, QUENCHED + 1250F, FULL-SIZE |
- 100

120 O i-
'

O
- 80

100 - oo
\--

3 e '

80 -

so L-

>.
6 |$ >. !E so -

$W
- 40 W |w s

40 -

- 20
20 -

O CHARPY DATA
MEAN IMPACT CURVE

i l i 1 I t I
*g i

g-150 -100 -50 0 50 100 150 200 250 300 350
TEMPERATURE PC)

|

NOTE: A508, QUENCHED & TEMPERED @ 1250 F, FULL-SIZE
MODEL SET NAME: 508-1250.F
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ANALYSIS SET: 508_1250.F

Y VARIABLE: EXPANSION I
MODEL PARAMETERS i

LOWER SHELF EXPANSION [ HELD FIXED]: 0.061 (MM) , O . 0 024 (IN) !
MID-TRANSITION TEMPERATURE: 27.9 (DEG C) ,82.2 (DEG F)

{TRANSITION ZONE WIDTH: 51.1 (C Drl),92.0.(F DEC)
;UPPER SHELF EXPANSION: 1.654 (MM),0.0651 (IN)
iUPPER SHELF EXPANSION: 1.654 (MM),0.0651-(IN)
|

TEMPERATURE [0.89 (MM) ,0. 03 5 (IN) EXPANSION]: 29.0 (DEG C) ,84.1 (DEG F) )

TEMPERATURE PF)
-200 -100 0 100 200 300 400 500 600 i.00

-, , , , , , j , |

|A505 QUENCHED +1250F|
1,75 - - 0.07 <

oo I

1.50 - - 0.06

f . 25 0.05 C- -

z
1.00 - - 0.04 *-*

e i
m
i <

-y .75 - - 0.03 k0- 0
'

uJ

0.50 - - 0,02

0.25 O CHARPY DATA - 0,01-

MEAN IMPACT CURVE |
,

' ' ' ' ' '' I I '0.00 O.00
-150 -100 -50 0 50 100 150 200 250- 300 350

TEMPER / 7URE PC)
|

NOTE: A508,. QUENCHED +1250F, FULL-SIZE |
MODEL SET NAME: 508 1250.FE !-

1
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508 1250.F

'Y VARIABLE: SHEAR ~ i
t

MODEL PARAMETERS !

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT) ,

MID-TRANSITION TEMPERATURE: 37.5 (DEG C),99.5 (DEG F) '

TRANSITION ZONE WIDTH: 44.3 (C DEG),79.7 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 37.5 (DEG C),99.5 (DEG F) :

TEMPERATURE ( F)
-200 -100 0 100 200 300 400 500 600120 ,

, g g j g i g g ,

| A508 QUENCHED +1250F |

100 - -O j

|
C 60 O-

-
1

5 !
U

$ is so -
-

I

e
<
W
g;j 40 -

-

20 -
-

O CHARPY DATA
MEAN IMPACT CURVE

I ' i I I f I fO
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ( C)

REMARK: A508, QUENCHED +1250F, FULL-SIZE
MODEL SET NAME: 508_1250.FS

!
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081250.T1 |

SET NAME: A5081250.T1 !

NOTE: A508 QUENCHED +1250F, TYPE 1 SPEC.
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
1

519C -125.0 -193.0 1.06 0.78 0.00 0.000 0.0
519B -100.0 -148.0 4.12 3.04 0.00 0.000 0.0 $

519D -87.5 -125.5 7.44 5.49 0.18 0.007 0.0
,

519A -75.0 -103.0 5.79 4.27 0.08 0.003 0.0 !

520A -62.5 -80.5 3.54 2.61 0.03 0.001 0.0 +

"

59D -50.0 -58.0 10.14 7.48 0.28 0.011 5.0
520B -37.5 -35.5 1.59 1.17 0.00 0.000 0.0 I
520D -37.5 -35.5 13.21 9.74 0.56 0.022 15.0 /
59C -25.0 -13.0 13.17 14.14 0.69 0.027 45.0 I
520C -12.5 9.5 12.41 9.15 0.43 0.017 15.0
59B 0.0 32.0 24.91 18.37 0.81 0.032 70.0 i

57A 25.0 77.0 18.43 13.59 0.64 0.025 50.0 )
57B 50.0 122.0 30.26 22.32 0.86 0.034 100.0 |

57C 75.0 167.0 26.90 19.84 0.79 0.031 100.0
57D 100.0 212.0 23.86 17.60 0.94 0.037 100.0
59A 250.0 482.0 23.81 17.56 0.76 0.030 100.0

NUMBER OF SPECIMENS: 16

.
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SOURCE:'A5081250.T1 ANALYSIS SET !

!
Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-28.7 (DEG C),-19.7 (DEG F)

!

.

TRANSITION ZONE WIDTH: 114.9 (C DEG),206.9 (F DEG)
UPPER SHELF ENERGY: 26.2'(J),19.4 (PT-LB)

UPPER SHELF ENERGY: 26.2 (J) ,19. 4 (PT-LB) i

NOTE: A508, QUENCHED +1250F, TYPE 1 ;

MODEL SET NAME: 7
'

'

TEMPERATURE FF)
-200 -100 o 100 200 300 400 500 soo35 , , , , , , , , ,

| A508, QUENCHED + t 250F, TYPE I |
- 25

'

so - 0

0 - 20 !
25 - O '

O O
_

9 n
T- 20 -

~

>- O U !O
E

-

>w
- o iz 15

w E
o - 10 zo w

to -

O
0 - 5

5 -

0 0 CHARPY DATAO
MEAN IMPACT CURVE

' ' ' ' ' ' ' ' 'o
0-iso -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC) -

,

|

!
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SOURCE: A5081250.T1 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS ]LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN) :

MID-TRANSITION TEMPERATURE:-31.3 (DEG C) ,-24.4 (DEG F) {
TRANSITION ZONE WIDTH: 75.3 (C DEG),135.6 (F DEG)
UPPER SHELF EXPANSION: 0.820 (MM),D.0323 (IN) ;

UPPER SHELF EXPANSION: 0.820 (MM),O.0323 (IN)
NOTE: A508, QUENCHED +1250F, TYPE 1
MODEL SET NAME: 8

,

TEMPERATURE FF) !
. -200 -1oc o 100 200 300 400 500 soo

1,2 , , , , , , , , ,

| A508 QUENCHED +1250F, TYPE 1 |
'

- o.04i,o _

O

O

y 0.8 - O -o _

O - 0.03 cg
~ O z
$

.6 -
S0

-0 e
m O z
@ - 0.02 y I
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0 U

0.01-
,

O O CHARPY DATA
MEAN IMPACT CURVE

,

I^ ' ' ' ' I I '
o.0 'o.00

-150 -100 -50 0 50 100 150 200 250 300 350
;

TEMPERATURE PC)

,

P
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SOURCE: A5081250.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 2.8 (DEG C) ,37.0 (DEG F)

i

TRANSITION ZONE WIDTH: 89.0 (C DEG),160.1 (F CEG) '

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 2.8 (DEG C),37.0 (DEG F)
NOTE: NONE
MODEL SET NAME: 0

1

i

TEMPERATURE FF)
-200 -100 o 100 200 soo 400 500 soo

120 , , , , , , , , , ;

I

| A508, QUENCHED +1250F, TYPE 1 | j

100 - ooo O

C - so - - I

d
u o
5
g so - -

E O !

oE
w 40 - -

.

no - -
,

O O CHARPY DATA
'

MEAN IMPACT CURVE

O
^ 1- ' ' ' ' ' ' '

j

-150 -100 -50 0 50 100 150 200 250 300 350 '

TEMPERATURE PC) |

I
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SOURCE: ANALYSIS SET |
ANALYSIS SET NAME: A5081250.T2

SET NAME: A5081250.T2 I
'NOTE: A508 QUENCHED +1250F, TYPE 2

TEMP 5'RATURE ENERGY EXPANSION SHEAR I
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

'

519B -100.0 -148.0 0.99 0.73 0.00 0.000 0.0
519C -87.5 -125.5 0.39 0.29 0.00 0.000 0.0
519A -75.0 -103.0 0.60 0.44 0.00 0.000 0.0
519D -62.5 -80.5 3.53 2.60 0.18 0.007 10.0 |

'

59D -50.0 -58.0 3.34 2.46 0.15 0.006 10.0
517A -37.5 -35.5 4.42 3.26 0.25 0.010 10.0
59C -25.0 -13.0 5.38 3.97 0.30 0.012 60.0
517B -12.5 9.5 6.85 5.05 0.48 0.019 100.0
59B 0.0 32.0 6.40 4.72 0.46 0.018 80.0
517C 12.5 54.5 7.78 5.74 0.53 0.021 100.0
59A 25.0 77.0 6.28 4.63 0.38 0.015 70.0 j

517D 100.0 212.0 6.21 4.58 0.46' O.018 100.0 1

513A 150.0 302.0 6.85 5.05 0.48 0.019 100.0

NUMBER OF SPECIMENS: 13
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SOURCE: A5081250.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXC): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-51.4 (DEG C),-60.5 (DEG F)
TRANSITION ZONE WIDTH: 65.3 (C DEG),117.5 (F DEG)
UPPEA SHELF ENERGY: 6.8 (J),5.0 (FT-LB)

UPPER SHELF ENERGY: 6.8 (J),5.0 (FT-LB)
NOTE: NONE
MODEL SET NAME: 2

TEMPERATURE FF)
-200 -100 0 100 200 300 400 000 600

*
I I I I I i i i i

.

|, | A508, QUENCHED +1250F, TYPE 2| 6-

o '
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W
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2 -

,

0 CHARPY DATA
~ '

1 - 0 '
HEAN IMPACT CURVEg

' ' I I ' I I I '
0 0
-150 -100 -50 0 50 100 150 200 250 sco 350

TEMPERATURE FC)
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SOURCE: A5081250.T2 ANALYSIS SET
,

Y VARIABLE: EXPANSION
MODEL PARAMETERS |

IANER SHELF EXPANSION (HELD FIXED): 0.000 (MM) ,0.0000 (IN)
!

(
MID-TRANSITION TEMPERATURE:-41.4 (DEG C),-42.6 (DEG F)
TRANSITION ZONE WIDTH: 58.6 (C DEG),105.5 (F DEG)
UPPER SHELF EXPANSION: O.474 (MM),O.0187 (IN)

UPPER SHELF EXPANSION: 0.474 (MM),O.0187 (IN)NOTE: NONE
MODEL SET NAME: 1

TEMPERATURE (*F) '-2 , -loo 0 foo 200 300 400 500 6000. 6 , , , , , , , , ,

O f

o. , _

0.omo :-O n
O

\

j o.4 -

.E O -

O'''' E-

-

\z
| A508. QUENCHED + 1250F. TYPE 2 | $S o.s - O

m g +

k z
1 -

0.010 { l

N o.2 X-

UO
i

!
0.f - - 0.005

!

O CHARPY DATA
!

MEAN IMPACT CURVE l

0.0 ' ' ' ' ' ' ' '-150 -100 -50 0 50 100 150 200 250 300 350
O.000

i
'

TEMPERATURE ( C)
!

i
|

NUREG/CR-6379 E-12

.. - - - - . - -



SOURCE: A5081250.T2 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-27.2 (DEG C) ,-16. 9 (DEG F)

|TRANSITION ZONE WIDTH: 20.2 (C DEG),36.3 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT) ,50 (PERCENT) SHEAR):-27.2 (DEG C),-16.9 (DEG F) i
NOTE: NONE

iMODEL SET NAME: 21
|DESTINATION FILE NAME: 10 l

DESTINATION DIRECTORY PATH: C:\ USER \
FILE NAME: 21
MODEL VARIABLES SAVED

TEMPERATURE ('F)
-200 -100 0 100 200 300 400 500 600

120 , , , , , , , , 3

| A508, QUENCHED +1250F, TYPE 2|

100 - o^ 0 0

C 80 - O -

5 I
'

o O
5

O -g, 60 -

x !

d
3 40 - -

'

i

20 - -

|
O CHARPY DATA

00 HEAN IMPACT CURVE !

A^^ ' ' ' ' ' ' ' !O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE I'Cl

i
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081250.T3

'

SET NAF : A5081250.T3
NOTE: AiOS QUENCHED +1250F, SPECIMEN TYPE 3 |

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

513D -125.0 -193.0 0.68 0.50 0.00 0.000 0.0

513C -100.0 -148.0 2.44 1.80 0.00 0.000 0.0
515A -87.5 -125.5 6.78 5.00 0.15 0.006 0.0
517B -87.5 -125.5 2.71 2.00 0.00 0.000 0.0
515B -75.0 -103.0 5.97 4.40 0.15 0.006 5.0
515C -62.5 -80.5 6.78 5.00 0.25 0.010 5.0
515D -50.0 -58.0 9.90 7.30 0.38 0.015 5.0 l

517A -37.5 -35.5 8.95 6.60 0.38 0.015 5.0
'

511A -25.0 -13.0 11.39 8.40 0.48 0.019 35.0
513B 0.0 32.0 12.34 9.10 0.56 0.022 40.0
513A 25.0 77.0 12.88 9.50 0.61 0.024 70.0 i

511D 50.0 122.0 15.32 11.30 0.66 0.026 100.0 |

511B 100.0 212.0 17.63 13.00 0.79 0.031 100.0
"

517C 150.0 302.0 16.27 12.00 0.86 0.034 100.0
511C 200.0 392.0 18.30 13.50 0.86 0.034 100.0

NUMBER OF SPECIMENS: 15
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SOURCE: A5081250.T3 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (FT-LB) '

MID-TRANSITION TEMPERATURE:-44.2 (DEG C),-47.5 (DEG F) i

TRANSITION ZONE WIDTH: 265.3 (C DEG),297.6 (F DEG) ]
UPPER SHELF ENERGY: 17.2 (J) ,12.7 (FT-LB) |

UPPER SHELF ENERGY: 17.2 (J) ,12. 7 (FT-LB) i
NOTE: NONE
MODEL SET NAME: 3

|

TEMPERATURE FF)
-200 -100 o 100 200 300 400 500 600

22.5 , , , , , , , , ,

, | A508. QUENCHED +1250F, TYPE 3 | - 15.0

O
17.5 - 0

- 12.5
0

15.0 - n

f! l10.0 :- -

12.5 -
g 43

3
0 >-

7.5 g10.0 - O -

Ww
*7.5 -

O- - 5.0

5.0 -

2.5 - 00 O CHARPY DATA
~ *

|
MEAN IMPACT CURVE j

O , , , i e , , ,
g ,,,

-150 -100 -50 0 50 100 150 200 250 300 350 !

TEMPERATURE FC)

!

i
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|

|
| !

| SOURCE: A5081250.T3 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

j
LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN) i

MID-TRANSITION TEMPERATURE:-29.3 (DEG C) ,-20.7 (DEG F)
TRANSITION ZONE WIDTH: 136.3 (C DEG),245.3 (F DEG)
UPPER SHELF EXPANSION: 0.815 (MM),0.0321 (IN)

UPPER SHELF EXPANSION: 0.815 (MM),0.0321 (IN)
NCTE: NONE
MODEL SET NAME: 4

l

TEMPERATURE (*F) I

-200 -100 0 100 200 300 400 500 600
1.0 , , , , , , , , ,

145os. QUENCHED + 1250F, TYPE 3 |
- ' S3

O O
0.8 - --

- 0.030

0. 6 - O
~ *

5z

O
~ *'*#*

hz y

ti
- 0.0150'

~

O
w

- 0.010
0.2 -

O CHARPY DATA 0.005-

MEAN IMPACT CURVE

' ' ' ' ' ' ' '0.0 O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)
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SOURCE: A5081250.T3 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS I

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT) |
MID-TRANSITION TEMPERATURE: 3.2 (DEG C),37.8 (DEG F) |

TRANSITION ZONE WIDTH: 83.6 (C DEG),150.5 (F DEG)
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 3.2 (DEG C),37.8 (DEG F)
NOTE: NONE
MODEL SET NAME: 5

TEMPERATURE FF)
-200 -100 o 100 200 300 400- soo soo

120 , , , , , , , , ,

| A508, QUENCHED + t 250F, TYPE 3 |

too - o o 0 0

C 80 - -

N |
0 1

5 J

& So - -

a:
b
N to - -

0

20 - -

O CHARPY DATA
MEAN IMPACT CURVE

1_ t I f I t i I )0
_

-150 -100 -50 0 50 100 150 200 250 300 350 1

TEMPERATURE PC) I
I
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|

!

:

i
i

i

SOURCE: ANALYSIS SET |
ANALYSIS SET NAMES: TSP 125T4 AND TSP 125T4.FUL

SET NAME: TSP 125T4 |
'

NOTE: SUB-SIZE CORRELATION PROG., TSP 1250 DEG. F/4 Nours, TYPE 4
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) ;

;

57E -75.0 -103.0 1.13 0.83 0.00 0.000 0.0
?57F -62.5 -80.5 0.39 0.29 0.00 0.000 0.0

57D -50.0 -58.0 1.19 0.88 0.00 0.000 0.0 .

'511A -37.5 -35.5 3.88 2.86 0.30 0.012 30.0 i

57C -25.0 -13.0 3.69 2.72 0.36 0.014 70.0 )
5118 -12.5 9.5 4.08 3.01 0.33 0.013 40.0
57b 0.0 32.0 3.62 2.67 0.28 0.011 40.0
511C 12.5 54.5 6.59 4.86 0.53 0.021 100.0 |
57A 25.0 77.0 6.78 5.00 0.61 0.024 100.0 t

511D 37.5 99.5 6.26 4.62 0.53 0.021 100.0
511E 50.0 122.0 6.33 4.67 0.56 0.022 100.0

,

511F 100.0 212.0 5.95 4.39 0.46 0.018 100.0 1

515A 200.0 392.0 5.88 4.34 0.56 0.022 100.0

NUMBER OF SPECIMENS: 13 ,

.1
ISET NAME: TSP 125T4.FUL

NOTE: NONE |

TEMPERATURE ENERGY EXPANSION SHEAR !

IDENT (DEG C) (DEG F) (J). (FT-LB) (MM) (IN) (PERCENT)
~

l

515D -50.0 -58.0 0.90 0.66 0.00 0.000 0.0 1

515C -25.0 -13.0 1.70 1.25 0.03 0.001 0.0 .|
515E -12.5 9.5 0.30 0.22 0.00 0.000 0.0 =

515B 50.0 122.0 6.40 4.72 0.58 0.023 100.0
515F 100.0 212.0 6.40 4.72 0.51 0.020 100.0

NUMBER OF SPECIMENS: 5

I

1

I
i

.

|!
'

I

| '

I NUREG/CR-6379 E-18
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SOURCE: TSP 125Til AND TSP 125T4.FUL ANALYSIS SETS

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J) ,0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-15.2 (DEG C) ,4.7 (DEG F) l

TRANSITION ZONE WIDTH: 86.1 (C DEG),154.9 (F DEG) |UPPER SHELF ENERGY: 6.5 (J),4.8 (PT-LB) !

UPPER SHELF ENERGY: 6.5 (J),4.8 (FT-LB) I
NOTE: A508, QUENCHED +1250F, TYPE 4, 2.25 AND 5.5 M/S 1
MODEL SET NAME: 1 )

TEMPERATURE l'F)
-200 -100 0 100 200 300 400 500 600

0 i e i e i i i i

| A508, OUENCHED+1250F, TYPE ,| |
7 -

0 - s0
O V

6 - o 0
- 4_

5 - f ;

$a |~ >' g, - o
- 3;0

O o o |w
5

-
5 |

3 Z
- 2 W

l
2 -

O
- t

t - 0 0 CHARPY DATA
MEAN IMPACT CURVE

0,, , , , , , ,g
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ('C)
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|

l

SOURCE: TSP 125T4 AND TSP 125T4.FUL ANALYSIS SETS

Y VARIABLE: EXPANSION
MODEL PARAMETERS

lower SHELF EXPANSION [ HELD FIXED): 0.000 (MM) ,0. 0000 (IN)
MID-TRANSITION TEMPERATURE:-9.6 (DEG C) ,14.7 (DEG F)
TRANSITION ZONE WIDTH: 64.9 (C DEG) ,116.7 (F DEG)
UPPER SHELF EXPANSION: 0.557 (MM) , O. 0219 (IN)

UPPER SHELF EXPANSION: 0.557 (MM),0.0219 (IN)
NOTE: NONE
MODEL SET NAME: 2

TEMPERATURE ('M
I-200 -100 0 100 200 300 400 500 600

0.7 , , , , , , , , ,

| A508, QUENCHED + 1250F. TYPE 4 | - 0.025
0. s - O

o
O O

O i

'

0.5 - O 0.020-

E O q
.g = ;

0.015 b
~

2 -

S O g
m O z
z 0.3 - O < 1* O 1 I

|k - 0.010 y
LJ

0.2 -

0.005-

0.1 -

O CHARPY DATA
MEAN IMPACT CURVE

' ^' ' ' ' ' ' '
0.0 O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)

!
|
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SOURCE: TSP 125T4 AND TSP 125T4.FUL ANALYSIS SETS

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-4.4 (DEG C),24.1 (DEG F)
TRANSITION ZONE WIDTH: 54.7 (C DEG),98.5 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-4.4 (DEG C),24.1 (DEG F)
NOTE: NONE
MODEL SET NAME: 3 l

|

TEMPERATURE (*F)
-200 -100 0 100 200 soo 400 soo soo

120 , , , , , , , , ,

| A508 QUENCHED +1250F, TYPE 4 |

too - ooo 0 0

C 80 -
-

N
u O
5
g So --

m
4

b
@ 40 - O |-

1

0

20 - -

O CHARPY DATA
MEAN IMPACT CURVE

o -

' ' ' ' ' ' I'
-150 -100 -50 0 50 10 150 200 250 300 350 |

TEMPERATURE I'C1

i
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APPENDIX F
!

A 508, QUENCHED AND TEMPERED AT 704 C

i

l

!

F-1 NUREG/CR-6379

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



. _ ._ _ _ _ . . _ __ ._ _ _ ..__

i

!

,

,

,

!

i

!

|

|

'
.

SOURCE: ANALYSIS SET ,

!

ANALYSIS SET NAME: 508_1300.F
tSET NAME: 508 1300.F

NOTE: A508, QUENCHED & TEMPERED 9 1300 F
TEMPERATURE ENERGY EXPANSION SHEAR

;

IDENT' (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) j
'

6SC-20 -46.0 -50.8 29.00 21.39 0.38 0.015 .0.0

6SC-18 -18.0 -0.4 68.00 50.15 0.99 0.039 15.0
6SC-10 -18.0 -0.4 58.00 42.78 0.58 0.023 5.0

| 6SC-16 4.4 39.9 58.00 42.78 0.84 0.033 25.0
l 6SC-22 16.0 60.8 100.00 73.76 1.37 0.054 40.0

6SC-8 23.0 73.4 106.00 78.18 1.50 0.059 50.0

6SC-12 66.0 150.8 152.00 112.11 2.06 0.081 100.0

6SC-14 121.0 249.8 153.00 112.85 1.92 0.076 100.0

NUMBER OF SPECIMENS: 8

|

|
r

|
|

?

f

NUREG/CR-6379 F-2



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

|
'

!
r

, ANALYSIS SET: 508_1300.F

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED} . 2.7 (J),2.0 (PT-LB)
MID-TRANSITION TEMPERATURE: 5.7 (DEG C),42.2 (DEG F)
TRANSITION ZONE WIDTH: 129.5 (C DEG) ,233.1 (F DEG)
UPPER SHELF ENERGY: 163.5 (J) ,120. 6 (FT-LB)

UPPER SHELF ENERGY: 163.5 (J) ,12 0. 6 (FT-LB)
TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-32.0 (DEG C),-25.6 (DEG F)
TEMPERATURE [68 (J) ,5 0. 2 (FT-LB) ENERGY]:-6.6 (DEG C) ,20. 0 (DEG F)

TEMPERATURE PF)
-200 -100 0 100 200 300 400 500 600175

, , , , , g , 3 g

| A508. QUENCHED + 1300F, FULL-SIZE |
- 120

150 - 0 0

- 100
125 -

q
- 100 -

- 80

$ g
~m

W 75 - - 60 $
O tO

$O "
5 _ _ go

25 -
O CHARPY DATA

MEAN IMPACT CURVE
I I I I I ' ' IO

O-150 -100 -50 0 50 100 150 200 250 300 350
TEMPERATURE PC)

NOTE: A508, QUENCHED & TEMPERED @ 1300 F, FULL-SIZE
MODEL SET NAME: 508_1300.F

F-3 NUREG/CR-6379



m. _ _ _ _ _

ANALYSIS SET: 508_1300.F

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): O.061 (MM) , O . 0024 (IN)
MID-TRANSITION TEMPERATURE: 1.5 (DEG C),34.8 (DEG F)
TRANSITION ZONE WIDTH: 106.6 (C DEG) ,191. 9 (F DEG)
UPPER SHELF EXPANSION: 2.064 (MM),O.0812 (IN)

UPPER SHELF EXPANSION: 2.064 (MM),0.0812 (IN)
TEMPERATURE (0.89 (MM),0.035 (IN) EXPANSION]:-7.7 (DEG C) ,18.1 (DEG F)

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600

2.5 g g g g g g , g ,

| A508 QUENCHED + 1300F |

2.0 -
O _ o.og

O

c
51.5 - - 0.06 c

@z
o .-.

E $z 4
[ 1. 0 - O - 0,04 g
U O W

O
0. 5 - - 0.02

O CHARPY DATA
MEAN IMPACT CURVE

I I I I I I I I I0.0 0.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ('C)

NOTE: A508, QUENCHED +1300F, FULL-SIZE

MODEL SET NAME: 508_1300.FE

NUREG/CR-6379 F-4
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508_1300.F
Y VARIABLE:. SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 21.8 (DEG C) ,71.2 (DEG F)
TRANSITION ZONE WIDTH: 62.8 (C DEG),113 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR): 21.8 (DEG C),71.2 (DEG F)

TEMPERATURE FF) I

-200 -100 0 100 200 300 400 500 600
1 I i i I I i i |

| A508 QUENCHED +1500F |

100 - O . O

C 80 -

5
-

e
$ ' 60 - -

E
Wm 40 - -

20 - -

0 0 CHARPY DATA
MEAN 3MPACT CURVE

I ' ' ' ' ' I 'O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)

REMARK: A508, QUENCHED +1300F, FULL-SIZE

MODEL SET NAME: 508_1300.FS

i

j
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l

SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081300.T1

SET NAME: A5081300.T1
NOTE: A508 QUENCHED +1300F, TYPE 1 SPEC.

,

. TEMPERATURE ENERGY EXPANSION SHEAR i
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) |

I

611C -137.5 -215.5 0.46 0.34 0.00 0.000 0.0
611B -125.0 -193.0 1.84 1.36 0.00 0.000 0.0
611D -112.5 -170.5 4.77 3.52 0.08 0.003 0.0
611A -100.0 -148.0 5.84 4.31 0.13 0.005 0.0 |616A -87.5 -125.5 2.05 1.51 0.00 0.000 0.0 ;

69D ~75.0 -103.0 8.13 6.00 0.20 0.008 0.0 |
616B -62.5 -80.5 27.01 19.92 0.89 0.035 50.0 1

616C -50.0 -58.0 23.92 17.64 1.04 0.041 50.0
616D -37.5 -35.5 3.61 2.66 0.23 0.009 10.0 >

620D -37.5 -35.5 19.25 14.20 0.76 0.030 45.0 I

69C -25.0 -13.0 36.28 26.76 1.02 0.040 100.0
620A ~12.5 9.5 34.49 25.44 1.02 0.040 100.0
69B 0.0 32.0 33.90 25.00 0.99 0.039 100.0

.

69A 25.0 77.0 37.65 27.77 0.91 0.036 100.0 |

620C 75.0 167.0 36.74 27.10 0.97 0.038 100.0
620B 150.0 302.0. 34.25 25.26 0.91 0.036 100.0 I

NUMBER OF SPECIMENS: 16
I

!

|
!

I

I

|
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1

; SOURCE: A5081300.T1 ANALYSIS SET
,

Y VARIABLE: ENERGY.

iMODEL PARAMETERS
|

,

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
lMID-TRANSITION TEMPERATURE:-50.9 (DEG C),-59.5 (DEG F)

TRANSITION ZONE WIDTH: 101.5 (C DEG),182.6 (F DEG)
UPPER SHELF ENERGY: 37.3 (J),27.5 (FT-LB)

UPPER SHELF ENERGY: 37.3 (J),27.5 (FT-LB).

NOTE: A508, QUENCHED +1300F, TYPE 1 )
1

; MODEL SET NAME: 4

TEMPERATURE (*F)
-300 -200 -100 0 100 200 300 400 500 60045 , , , 3 g 3 3 3 3 g

;

| A508, QUENCHED +1300F, TYPE I |
30, -

0
-

35 -
0

; 0 0 '

25-

30 -
,

,

.c9 0 - 20 T,

' 25 -

t
'

>- o -

h'
>

g 20 - o - 15 g
: w

W
is - W

, - 10

to -

O*

5 - 0 O CHARM DATA
~

O MEAN IMPACT CURVE
.' O,

i i l i f f f f I 1g 0
-200 -150 -100 -50 0 50 100 150 200 250 300 350,

TEMPERATURE PC)

1

]

b
,

4
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i.
SOURCE: A5081300.T1 ANALYSIS SET

Y VARIABLE: EXPANSION
TANH REGRESSION DIVERGING
TANH REGRESSION DIVERGING
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-70.8 (DEG C) ,~95.4 (DEG F)
TRANSITION ZONE WIDTH: 12.9 (C DEG),23.2 (F DEG)
UPPER SHELF EXPANSION (HELD FIXED]: 0.960 (MM),0.0378-(IN)

UPPER SHELF EXPANSION: 0.960 (MM),0.0378 (IN)
NOTE: A508, QUENCHED +1300F, TYPE 1
MODEL SET NAME: 5 :

"

!
TEMPERATURE FF) '

-300 -200 -100 o 100 200 soo 400 500 6001.2 , , , , , , , , , ,

| A506. QUENCHED +1sooF. TYPE 1 |

3,0 _ 00 0'0#0 -

m
s

O O

3 o.a -

o -

.!i o.os s i
-

-

=
O o.6 5-

m E
k z

o.02 {
-

1
x0. 4 -

W

* ' * 'o '

.2 - o
O O CHARPY DATA

MEAN IMPACT CURVE

0.0 '^^ ' ' ' ' ' ' ' ' '
O.00-200 -150 -100 -50 0 50 100 150 200 250 300 350

i

TEMPERATURE PC) |
,

|
*

I

|

;
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SOURCE: A5081300.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS-

LONER SHELF SHEAR (HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-41.0 (DEG C),-41.8 (DEG F)
TRANSITION ZONE WIDTH: 60.9 (C DEG),109.7 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR):-41.0 (DEG C),-41.8 (DEG F)
NOTE: A508, QUENCHED +1300F, TYPE 1
MODEL SET NAME: 6

TEMPERATURE FF)
-300 -200 -100 0 100 200 300 400 500 600

I20 I i i i i t i i i I

| A508, QUENCHED +1300F, TYPE 1 |

iOC - coo O c

C 50 - -

b
M
$ e0 - -

$ oo
em 40 - -

20 - -

O CHARPY OATA
O MEAN IMPACT CURVE

'^ f t i t f f t f
O
-200 -150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE [*C1
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1

SOURC'; ANJJJSIS SET
ANALYSIS SET NAME: A5081300.T2

SET NAME: A5081300.T2 |
NOTE: A508 QUENCNED+1300F,':TPE 2 r

TEMPERATURE ENERGY EXPANSION SHEAR )
JDENT (DEG C) (DEG F) (J) (FT-LB) (MN) (IN) (PERCENT) |

615B -100.0 -148.0 0.39 0.29 0.00 0.000 0.0
615C -87.5 -125.5 4.04 2.98 0.25 0.010 10.0 ,

641B -87.5 -125.5 0.26 0.19 0.00 0.000 0.0
615A -75.0 -103.0 3.27 2.41 0.18 0.007 10.0
615D -62.5 -80.5 3.71 2.74 0.23 0.009 10.0 )
611D -50.0 -58.0 5.57 4.11 0.43 0.017 45.0 1

617A -37.5 -35.5 6.47 4.77 0.38 0.015 45.0 )
611C -25.0 -13.0 8.22 6.06 0.51 0.020 80.0
617B -12.5 9.5 6.21 4.58 0.46 0.018 70.0 .

611B 0.0 32.0 9.03 6.66 0.69 0.027 100.0
617C 12.5 54.5 9.84 7.26 0.71 0.028 100.0 ,'

6113. 25.0 77.0 8.53 6.29 0.58 0.023 100.0
617D 100.0 212.0 8.98 6.62 0.69 0.027 100.0
641A 1G0.0 302.0 9.65 7.12 0.66 0.026 100.0

NUMBER OF SPECIMENS: 14

i

!
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<

SOURCE: A5081300.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J) ,0.1 (FT-LB)
t MID-TRANSITION TEMPERATURE:-56.3 (DEG C),-69.3 (DEG F)
'

TRANSITION ZONE WIDTH: 90.7 (C DEG),16' 2 (F DEG)-

UPPER SHELF ENERGY: 9.3 (J),6.8 (FT-LB)
UPPER SHELF ENt;RGY: 9.3 (J),6.8 (PT-LB)
NOTE: A508, QUENCHED +1300F, TYPE 2
MODEL SET NAME: 9

TEMPERATURE ('F)
-200 -100 o 100 200 300 400 soo soog ,

i a i e i i i i

| A508, QUENCHED +1300F, TYPE 2 | g_

so - o 0 7-

O o
O

O 6a -_
n

9 i- sa_

$s - O D
ct: >-

E dE~

W"

3 W4 - 0 -

2-

2 -

O CHARPY DATA g_

MEAN IMPACT CURVE

90 e 1 e i e i e t0 ,
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)
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|SOURCE: A5081300.T2 ANALYSIS SET

Y VARIABLE: EXPANSION ;

MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-50.6 (DEG C),-59.0 (DEG F)
TRANSITION ZONE WIDTH: 91.8 (C DEG),165.2 (F DEG)
UPPER SHELF EXPANSION: 0.673 (MM),0.0265 (IN)

UPPER SHELF EXPANSION: 0.673 (MM),0.0265 (IN)
NOTE: A508, QUENCHED +1300F, TYPE 2
MODEL SET NAME: 8

!

TEMPERATURE ('F)
-200 -t00 0 100 200 s00 400 500 600

!0. 8 , , , , , , , , ,

0.030-

O0.7 -

n a \
U

0.025c.a -

i
-

O

O. 5 -

0.020[
-

E
~ [ A508. QUENCHED + I300F. TYPE 2 | @

O

2 0.015-

<0.3 -

W
O

0.010-

0.2 -

c.1 -
O CHARPY DATA

0.005-

MEAN IMPACT CURVE

0.0 M ' ' ' ' ' ' ' '
-150 -100 -50 0 50 100 150 200 250 300 350 i

O.000 I

TEMPERATURE ( C)
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SOURCE: A5081300.T2 ANALYSIS SET

Y VARIABLE: SHEAR 1
'

MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-39.2 (DEG C),-38.6 (DEG F)
TRANSITION ZONE WIDTH: 62.7 (C DEG),112.9 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT) ,

|TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-39.2 (DEG C),-38.6 (DEG F)NOTE: A508, QUENCHED +1300F, TYPE 2
MODEL SET NAME: 7 i

TEMPERATURE ('F)
-200 -100 0 100 200 300 400 000 600

1 ! I i i i i i 1

| A508, QUENCHED +1300F, TYPE 2 |
!

)100 con O O
-

C 80 - O
b

-

M
$ e0 -

-

E
E
g) 40 -

-

20 -
-

O CHARPY DATA
O O MEAN IMPACT CURVE

' ' ' ' t I ' iO '
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ( Cl
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081300.T3

SET NAME: A5081300.T3
NOTE: A508 QUENCHED +1300F, TYPE 3 ,

TEMPERATURE ENERGY EXPANSION SHEAR i
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) )

613D -125.0 -193.0 0.95 0.70 0.00 0.000 0.0 :l 613C -100.0 -148.0 3.12 2.30 0.00 0.000 0.0
! 613A -87.5 -125.5 0.81 0.60 0.00 0.000 0.0 ;

-

615A -87.5 -125.5 9.76 7.20 0.43 0.017 10.0
613B -75.0 -103.0 10.98 8.10 0.51 0.020 5.0

,

'

615B -62.5 -80.5 12.47 9.20 0.66 0.026 15.0
| 615C -50.0 -58.0 9.49 7.00 0.41 0.016 15.0

615D -37.5 -35.5 11.80 8.70 0.61 0.024 20.0 ,617A -25.0 -13.0 16.95 12.50 0.79 0.031 35.0
619B 0.0 32.0 24.95 18.40 0.91 0.036 100.0 i
617B 50.0 122.0 22.24 16.40 0.79 0.031 100.0
619A 50.0 122.0 23.59 17.40 0.89 0.035 100.0
617C 100.0 212.0 23.86 17.60 0.89 0.035 100.0

,

617D 200.0 392.0 25.22 18.60 0.89 0.035 100.0

NUMBER OF SPECIMEK5: 14
!

!
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SOURCE: A5081300.T3 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

I4WER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-50.3 (DEG C),-58.5 (DEG F)
TRANSITION ZONE WIDTH: 119.8 (C DEG),215.6 (F DEG)
UPPER SHELF ENERGY: 24.6 (J),18.2 (PT-LB)

UPPER SHELF ENERGY: 24.6 (J),18.2 (FT-LB)
NOTE: A508, QUENCHED +1300F, TYPE 3
MODEL SET NAME: 0 j

TEMPERATURE ('F)
-200 -100 o 100 200 300 400 500 soo

00
1 I I I I I i 6 I

| AtiOS, QUENCHEDei300F, TYPE 3 | 20.0-

25 - 0 0
0 - 17.5

!0 :

15.0 _-

20 -

:9-

2 12.5 h-

>- -

e is - >.
$ 10.0 e-

3 O
O

0 7.5 wio _ 0 g
-

- 5.0 |

1

5 - ;

'

O CHARPY DATA 2.5--

MEAN IMPACT CURVE

I I ' ' ' ' ' ' '
O O.0
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)
.

I
;

1
1
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SOURCE: A5081300.T3 ANALYSIS SET |
|

Y VARIABLE: EXPANSION '

i

MODEL PARAMETERS,

! JuoWER SHELF EXPANSION (HELD FIXED): 0.000 (MM) ,0. 0000 (IN)
MID-TRANSITION TEMPERATURE:-67.1 (DEG C),-88.8 (DEG F)
TRANSITION ZONE WIDTH: 82.3 (C DEG),148.1 (F DEG)
UPPER SHELF EXPANSION: 0.867 (MM),0.0341 (IN)

,

UPPER SHELF EXPANSION: 0.867 (MM) ,0. 0341 (IN)
NOTE: A508, QUENCHED +1300F, TYPE 3
MODEL SET NAME: 1

.

t

TEMPERATURE FF) >

-200 -100 0 100 200 300 400 500 600 I
ii.2 , , , , , , , , ,

| A508, CUENCHED+t300F. TYPE 3 |
I

i,o _
- o.04

O O O
,

Iy o.s o- -

0.03 5 j-

E \
-

z O $ J

S o.s - O g ]
50 z
Q O 0.02 *g-

1 X
d o.4 -

0 W0

- 0.01 |

o.2 -

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' ' '
o.0 O.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)
i
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' SOURCE: A5081300.T3 ANALYSIS SET
;Y VAPIABLE: SHEAR
;|MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-22.2 (DEG C),-7.9 (DEG F)
TRANSITION ZONE WIDTH: 42.8 (C DEG),77 1 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT) {TEMPERATURE (50 (PERCENT) ,50 (PERCENT) SHEAR) -22.2 (DEG C),-7.9 (DEG F) ;
NOTE: A508, QUENCHED +1300F, TYPE 3

'

MODEL SET NAME: 2 ,

TEMPERATURE FF)
-200 -100 0 100 200 soo 400 soo 600,,,

I a i i I i I i I

| A508, QUENCHED +1300, TYPE 3 |

100 - O O O O

C 80 -
-

N
s
$ 60 -

-

E
W
m 40 -

-
i

!

|
20 -

-

00 O CHARPY DATA l
O MEAN IMPACT CURVE |

#^ ' ' ' f ' ' ' '0
^

|-150 -100 -50 0 50 100 150 200 250 350 350 j

TEMPERATURE PC)
|

!
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SOURCE: ANALYSIS SET !
ANALYSIS SET NAME: A5081300.T4 !

I
SET NAME: A5081300.T4

,

NOTE: A508 QUENCHED +130k TYPE 4 !

TEMPERATURE ENERGY EXPANSION SHEAR j
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) !

67F -100.0 -148.0 0.27 0.20 0.00 0.000' O.0
,

619A- -87.5 -125.5 0.14 0.10 0.00 0.000- 0.0
67E -75.0 -103.0 2.18 1.61 0.13 0.005 5.0 |
6198 -62.5 -80.5 1.26 0.93 0.00 0.000 5.0 ;

641A -62.5 -80.5 0.60 0.44 0.00 0.000 0.0 !
67D -50.0 -58.0 3.55 2.62 0.28 0.011 15.0 i
6415- -50.0 -58.0 1.33 0.98 0.05 0.002 10.0 [619C -37.5 -35.5 5.69 4.20 0.46 0.018 40.0 ;
641C -37.5 -35.5 4.20 3.10 0.33 0.013: 30.0 i
67C -25.0 -13.0 5.37 .3.96 0.46 0.018 60.0 '

619D -12.5 9.5 7.73 5.70 0.61 0.024 100,0
-

678 0.0 32.0 7.66 5.65 0.61 0.024 100.0 !
.

67A 25.0- 77.0 7.61 5.61 0.61 0.024 100.0 i

619E 100.0 212.0 -6.97 5.14 0.66 0.026 100.0 ;
619F 150.0 302.0 7.16 5.28 0.74 0.029 100.0 J

NUMBER OF SPECIMENS: 15
i

:

!

!

!

I

I

|

!
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SOURCE: A5081300.T4 ANALYSIS SET

Y VARaABLE: ENERGY
MODEL PARAMETERS

I4WER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-42.8 (DEG C),-45.1 (DEG F)
TRANSITION ZONE WIDTH: 46.0 (C DEG),82.8 (F DEG)

tUPPER SHELF EFERGY: 7.5 (J),5.5 (PT-LB)
UPPER SHELF E N GY: 7.5 (J),5.5 (PT-LB)
NOTE: A508, Q'J JCHED+1300F, TYPE 4
MODEL SET NAME: 6

.,

TEMPERATURE (0D
-200 -100 0 100 200 300 4(r 500 soo

*7 1 I I I I I I I

_ | A508, QUENCHED +1300F, TYPE 4| 6 i, -

00 o
07 - 0

5_

6 -

nO a
9 O - 4T

5 _ e -

E ~

m >-

3hg4 - -

" u
3 - W

2-

2 - O

O ~ ~

j _ O CHARPY DATA
,

O MEAN IMPACT CURVE *

i l l I l I I Ig g
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ( C)

,

1
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SOURCE: A5081300.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-39.2 (DEG C) ,-38.6 (DEG F)
TRANSITION ZONE WIDTH: 40.8 (C DEG),73.4 (F DEG)
UPPER SHELF EXPANSION: 0.653 (MM),0.0257 (I!?)

UPPER SHELF EXPANSION: 0.653 (MM),0.0257 (IN)
NOTE: A508, QUENCHED +1300F, TYPE 4
MODEL SET NAME: 5

TEMPERATURE 6F)
-200 -100 0 100 200 300 400 500 600

0'8
s 4 i i i i i i i - 0.035

_ | A508, QUENCHED + 1300F, TYPE 4 |

0'o3o~

0
0.7 -

n
0.025-

y 0.6 - 00
_

E 5
0.020 2 )2 0.5 - -

O 1o
ti m

k
~

0.015 )
-

Q. 'X
b 0.3 -

O
W

- 0.010 )
0.2 )-

O CHARPY DATA
- 0.005

0.1 -

MEAN IMPACT CURVE
O
I I I I I I I '0.0 O.000

-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)

1
|
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SOURCE: A5081300.T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
,

MID-TRANSITION TEMPERATURE:-31.7 (DEG C) ,-25. 0 (DEG F) |
TRANSITION ZONE WIDTH: 35.2 (C DEG),63.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-31.7 (DEG C) ,-25. 0 (DEG F)
NOTE: NONE
MODEL SET NAME: 4

TEMPERATURE (T)
-200 -100 o 100 200 soO 400 soo soo

i I I I i i i i i !

| A508, QUENCHED +1500, TYPE 4 |

1oo - 0 0 0 0

!

i

C 80 - -
'

N
O

5g, so - -

E
u
m do - -

20 - -

O CHARPY DATA
MEAN IMPACT CURVE

A^ ^' ' ' ' ' ' ' 'O
-150 -100 -50 0 50 100 130 200 250 300 350

TEMPERATURE ('C1

;
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HSST PLATE 02, QUARTER THlCKNESS'
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TL ORIENTATION
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SOURCE: ANALYSIS SET-

ANALYSIS SET NAME: 02_F
.

, SET NAME: 02_F
NOTE: PLATE 02 FULL-SIZE DATA

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERCENT)

1 -46.0 -50.8 10.20 7.52 UNKNOWN UNKNOWN"

2 -18.0 -0.4 31.20 23.01 UNKNOWN UNKNOWN
j3 -7.0 19.4 21.70 16.01 0.36 0.014 30.0

4 -7.0 19.4 24.40 18.00 0.43 0.017 20.0'
5 -7.0 19.4 27.10 19.99 0.33 0.013 20.0

, 6 -7.0 19.4 27.10 19.99 0.38 0.015 20.0 |
'

7 ~7.0 19.4 29.80 21.98 0.43 0.017 20.0 |

9 -7.0 19.4 32.50 23.97 0.43 0.017 20.0
i 10 -7.0 19.4 33.90 25.00 0.58 0.023 30.04 11 -7.0 19.4 35.90 26.48 0.46 0.018 20.0 l

12 -7.0 19.4 36.60 27.00 0.64 0.025 20.0 |
; 13 -7.0 19.4 40.70 30.02 0.56 0.022 20.0

14 10.0 50.0 52.90 39.02 UNKNOWN 20.0
4 15 21.0 69.8 52.90 39.02 0.79 0.031 40.0

16 21.0 69.8 55.60 41.01 0.86 0.034 40.0
4 17 21.0 69.8 56.90 41.97 0.84 0.033 40.0'

18 21.0 69.8 58.30 43.00 0.94 0.037 40.0
19 21.0 69.8 58.30 43.00 0.76 0.030 35.0.

1 20 21.0 69.8 62.40 46.02 0.91 0.036 40.0 |1 21 21.0 69.8 67.80 50.01 0.89 0.035 30.0 l22 21.0 69.8 69.10 51.04 1.07 0.042 40.0 l
j 23 21.0 69.8 70.50 52.00 1.12 0.044 40.0

24 21.0 69.8 78.90 58.19 0.86 0.034 30.0
25 38.0 100.4 80.70 59.52 UNKNOWN 35.0
26 66.0 150.8 107.10 78.99 1.60 0.063 80.0

i 27 66.0 150.8 108.50 80.03 1.40 0.055 d5.0
29 66.0 150.8 111.20 82.02 1.47 0.058 80.0
30 66.0 150.8 112.30 82.83 1.60 0.063 90.0,

; 31 66.0 153.8 112.50 82.98 1.60 0.063 85.0
32 66.0 150.8 113.90 84.01 1.55 0.061 80.0 1

33 66.0 150.8 122.00 89.98 UNKNOWN 85.0 '

34 66.0 150.8 127.40 93.97 1.75 0.069 100.0
35 66.0 150.8 127.40 93.97 1.60 0.063 100.0 .

<

i 36 66.0 150.8 130.20 96.03 1.68 0.066 100.0 )37 66.0 150.8 130.30 96.11 1.70 0.067 90.0
38 93.0 199.4 139.60 102.97 1.83 0.072 100.0

'

39 121.0 249.8 141.00 104.00 1.96 0.077 100.0
40 149.0 300.2 130.20 96.03 2.11 0.083 100.0
41 149.0 300.2 132.90 98.02 1.88 0.074 100.0
42 149.0 300.2 132.90 98.02 1.88 0.074 100.0
,43 149.0 300.2 135.60 100.01 1.80 0.071 100.0
44 149.0 300.2 138.30 102.01 1.83 0.072 100.0
45 149.0 300.2 138.30 102.01 2.24 0.088 100.0
46 149.0 300.2 139.60 102.97 1.83 0.072 100.0
47 149.0 300.2 143.70 105.99 1.83 0.072 100.0
48 149.0 300.2 143.70 105.99 1.91 0.075 100.0
49 149.0 300.2 149.10 109.97 1.93 0.076 100.0
50 149.0 300.2 151.90 112.04 1.70 0.067 100.0
51 177.0 350.6 145.10 107.02 2.11 0.083 100.0
52 204.0 399.2 127.40 93.97 2.06 0.081 100.0
53 204.0 399.2 130.20 96.03 1.78 0.070 100.0

NUREG/CR-6379 G-2
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54 204.0 399.2 130.20 96.03 1.75 0.069 100.0
55 204.0 399.2 135.60 100.01 2.01 0.079 100.0
56 204.0 399.2 136.30 100.53 1.80 0.071 100.0
57 204.0 399.2 136.90 100.97 1.80 0.071 100.0
58 T04.0 399.2 138.30 102.01 1.47 0.058 100.0
59 J04.0 399.2 141.00 104.00 2.01 0.079 100.0
'60 204.0 399.2 142.40 105.03 2.11 0.083 100.0
61 204.0 399.2 146.40 107.98 1.93 0.076 100.0
62 204.0 399.2 157.30 116.02 1.75 0.069 100.0
63 232.0 449.6 139.00 102.52 2.01 0.079 100.0
64 260.0 500.0 140.30 103.48 2.06 0.081 100.0
65 288.0 550.4 119.30 87.99 1.78 0.070 100.0
66 288.0 550.4 132.90 98.02 1.78 0.070 100.0
67 288.0 550.4 134.20 98.98 1.73 0.068 100.0
68- 288.0 550.4 139.40 102.82 UNKNOWN UNKNOWN
69 288.0 550.4 142.40 105.03 1.83 0.072 100.0
70 288.0 550.4 143.70 105.99 1.60 0.063 100.0
71 288.0 550.4 146.40 107.98 1.91 0.075 100.0
72 288.0 550.4 146.40 107.98 2.01 0.079 100.0
73 288.0 550.4 149.10 109.97 2.11 0.083 100.0
74 288.0 550.4 150.50 111.00 UNKNOWN UNKNOWN
75 288.0 550.4 151.90 112.04 1.78 0.070 100.0

NUMBER OF SPECIMENS: 73

G-3 NUREG/CR-6379



, . . ~ _ . . . . . . . - . - - _ - . _ . . .. . . - - . . - . . . . . _ . . .- .- - - - .-

4
;

i

SOURCE: 02_F ANALYSIS SET

Y VARIABLE: ENERGY
CONFIDENCE INTERVALS: MEAN AND PREDICTED VALUE |MODEL PARAMETERS '

LOWER SHELF ENERGY (HELD FIXED): 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 26.5 (DEG C),79.6 (DEG F) j
TRANSITION SONE NIDTH: 98.2 (C DEG),176.7 (F DEG) |UPPER SHELF ENERGY: 140.6 (J),103.7 (FT-LB) |

UPPER SHELF ENERGY: 140.6 (J),103.7 (FT-LB)
CONFIDENCE INTERVAL ON MEAN

95 PERCENT: 138 TO 143.2 (J),101.8 TO 105.6 (FT-LB)
CONFIDENCE INTERVAL ON PREDICTED VALUE

95 PERCENT: 125 TO 156.3 (J),92.2 TO 115.3 (FT-LB)
TEMPERATURE [41 (J),30.2 (PT-LB) ENERGY): 3.0 (DEG C),37.4 (DEG F)

CONFIDENCE INTERVAL ON MEAN
95 PERCENT:-0.3 TO 6.1 (DEG C),31.4 TO 43 (DEG F)

CONFIDENCE INTERVAL ON PREDICTED VALUE
95 PERCENT:-13.7 TO 15.7 (DEG C),7.4 TO 60.3 (DEG F)

TEMPERATURE [68 (J),50.2 (PT-LB) ENERGY): 23.9 (DEG C),75.0 (DEG F)
CONFIDENCE INTERVAL ON MEAN

95 PERCENT: 21.4 TO 26.4 (DEG C) ,70.4 TO 79.5 (DEG F)
CONFIDENCE INTERVAL ON PREDICTED VALUE

95 PERCENT: 12.2 TO 35.3 (DEG C),54 TO 95.5 (DEG F)
NOTE: HSST PLATE 02, TL ORIENTATION, 1/4 THICKNESS
NODEL SET NAME: 7

TEMPERATURE FF) s

-200 -100 0 le 200 soo 400 soo soo175 , , , , , , , , ,

|HSST PLATE c2. FULL-SIZE | 120-

_4______,_,,

7 ''y_,n
- '"

15e
a j-

jO --

k.a Q - 100j, g g
-

'/ :--- u------------125 -
#-.i

/ ,/<#
' o

31 no- - -

2 100 - / ./ b// ,' l b>-
/ j/ /c

6 d
3

So e-

z 75 - til tt'a

" ,^
/ $/ / w

/
~

50 -

E/ . . ./ '

/ O CHARPY DATA/N'/ MEAN IMPACT CURVE 2025 -

-_ _ _ _ _,,,, , ' ,/ //|.3/ 95% CI DN MEAN
,

- - - 95% CI DN PREDICTED VALUE
^

/' ' ' ' ' ' 'o o
-150 -100 -50 o so 100 150 200 250 300 350

TEMPERATURE FC)
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 02_F l
Y VARIABLE: SHEAR ;

MODEL PARAMETERS
1

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT) {MID-TRANSITION TEMPERATURE: 29.4 (DEG C) ,85 (DEG F)
|TRANSITION ZONE WIDTH: 87.2 (C DEG),157-(F DEG) i

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT) |

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR): 29.4 (DEG C),85 (DEG F)

TEMPERATURE FF) |
-200 -100 0 100 200 300 400 S&O 600

120 , g g , , , , , ,

|HSST PLATE 02. FULL-SIZE | j

100 - 0 0 -O O O O O O
|

O
'

C 50 - -

z
U ,

5 !
g 60 --

e i
<
$m 40 - -

0
0 O l

i
20 - O -

'

O CHARPY DATA -
MEAN IMPACT CURVE

' I I I I I I I
D
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)
, ;

REMARK: PLATE 02 FULL-SIZE DATA
1,ODEL SET NAME: 02.FS
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DATA SOURCE: ANALYSIS SET i

ANALYSIS SET: 02_F q

Y VARIABLE: EXPANSION i

MODEL PARAMETERS
LOWER SHELF EXPANSION (HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 24.8 (DEG C),76.6 (DEG F)
TRANSITION ZONE WIDTH: 98.5 (C DEG),177.3 (F DEG)
UPPER SHELF EXPANSION: 1.892 (MM),0.0745 (IN)

UPPER SNELF EXPANSION: 1.892 (MM),0.0745 (IN) |

TEMPERATURE [0.89 (MM),0.035 (IN) EXPANSION]: 20.1 (DEG C),68.3 (DEG F) |

TEMPERATURE FF)
-200 -100 0 100 200 300 400- 500 600

2.5 ; y , g g g , g g

|HSST PLATE 02. FULL-SIZE | g
oo oO 0.0a0 o -2.0 -

O a n

8 @o-

E o c
_

51.5 - o 0.06 c-

8 i=
S s H
M z

8 <z
[ 1.0 - - 0.04 g
5 w

,

I

.

0.020.5 - -

O CHARPY DATA
MEAN IMPACT CURVE

' I I I I I I I I0.0 0.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)

REMARK: PLATE 02 FULL-SIZE DATA
MODEL SET NAME: 02.FE

,

NUREG/CR-6379 G-6

_ _ _ _



,

i

<

v

.

h

SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_T1 |

SET NAME: 02 T1
NOTE: SUB-SIYE CORRELATION PROGRAM - HSST 02 - SPECIMEN TYPE 1

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

'0251 -100.0 -148.0 0.27 0.20 0.00 0.000 0.0
0240 -87.5 -125.5 0.81 0.60 0.00 0.000 0.0
0239 -75.0 -103.0 1.36 1.00 0.00 0.000 0.0
0238 -62.5 -80.5 1.63 1.20 0.00 0.000 5.0
0237 -50.0 -58.0 5.02 3.70 0.15 0.006 5.0
0236 -37.5 -35.5 3.80 2.80 0.10 0.004 5.0
0235 -25.0 -13.0 8.81 6.50 0.36 0.014 15.0
0234 -12.5 9.5 10.85 8.00 0.48 0.019 25.0
0233 0.0 32.0 9.36 6.90 0.46 0.018 25.0
0252 12.5 54.5 10.58 7.80 0.46 0.018 35.0
0253 25.0 77.0 20.07 14.80 0.76 0.030 65.0
0254 37.5 99.5 21.42 15.80 0.91 0.036 80.0
0258 75.0 167.0 32.00 23.60 1.02 0.040 100.0
0255 100.0 212.0 24.95 18.40 0.97 0.038 100.0 i

0256 150.0 302.0 28.61 21.10 0.94 0.037 100.0
0257 200.0 392.0 28.88 21.30 0.99 0.039 100.0

NUMBER OF SPECIMENS: 16

|

|
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SOURCE: 02_T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

lower SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (PT-LB)
MID-TRANSITION TEMPERATURE: 11.3 (DEG C),52.3 (DEG F)

; TRANSITION ZONE WIDTH: 111.4 (C DEG),200.4 (F DEG)
. UPPER SHELF ENERGY: 29.4 (J),21.7 (PI-LB) '

t UPPER SHELF ENERGY: 29.4 (J),21.7 (PT-LB)
'

; NOTE: NONE '

, MODEL SET NAME: 2

TEMPERATURE (*n'

; -200 -100 0 100 200 300 400 500 600
#0

: 1 I I i i i i i 1
-f

|HSST PLATE 02 TYPE 1 |
3. -

,

- 25
j o

30 -

-! U U
- 20 ,

25 - O :51e

a 3 J., .

15 [
"

| g20 o --

-

m e i
; z ct: i

'

i. _ y' w
-

30 w_

to _ oo;

O O
5 |-

5 - 0 0 CHARPY DATA |

MEAN IMPACT CURVE
* ' ' ' ' ' ' ' '

0 0
-150 -100 -50 0 50 100 150 200 250 300 350

I TEMPERATURE ( C)

4

i
4

3
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SOURCE: 02_T1 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM) ,0.0000 (IN)
MID-TRANSITION TEMPERATURE:-0.4 (DEG C),31.3 (DEG F)
TRANSITION ZONE WIDTH: 94.3 (C DEG),169.7 (F DEG)
UPPER SHELF EXPANSION: 0.994 (MM),0.0391 (IN)

UPPER SHELF EXPANSION: 0.994 (MM),0.0391 (IN)
NOTE: NONE
MODEL SET NAME: 3

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 6001.2 , , , , , , , , ,

|HSST PLATE 02. TYPE 1 |

1.0 - O c 4 0 04

OO

'
~

-

0.03 _3
1 z $'

S 0.s -

Gm z$ 0.02 y0 -

A O x
d 0.4 W-

O

- 0.01
0.2 -

0 0 CHARPY DATA
O MEAN IMPACT CURVE

i f I i 1 l I Ig,g 0.00-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE I C)

|

)
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SOURCE: 02_T1 ANALYSIS SET !

Y VARIABLE: SHEAR
'

MODEL PARAMETERS
LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 16.3 (DEG C) ,61. 3 (DEG F) i

TRANSITION ZONE WIDTH: 74.1 (C DEG) ,133.3 (F DEG) ,

UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 4

TEMPERATURE FF)
-200 -100 o too 200 soo 400 soo soo

120 , , , , , , , , ,

| PLATE 02. TYPE 1 | f

O o O Otoo -

C eo - -

E
v -

5 1

g, so - -

m
I
@ so - -

| 0

0
to - -

0 0 CHARPY DATA
MEAN IMPACT CURVE

A- ' ' ' ' ' ' 'o
-150 -100 -50 0 50 100 150 200 250 300 350

| TEMPERATURE PC)

i
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,

4

I

i
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SOURCE: ANALYSIS SET j

ANALYSIS SET NAME: 02_T2 ;

SET NAME: 02_,T2
NOTE: SUB-SIZE CORRELATION PROGRAM - HSST PLATE 02 - TYPE 2 SPEC. I

TEMPERATURE ENERGY EXPANSION SHEAR I

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

0229 -87.5 -125.5 0.14 0.10 0.00 0.000 0.0
0228 -75.0 -103.0 0.14 0.10 0.00 0.000 0.0
0227 -62.5 -80.5 0.68 0.50 0.00 0.000 5.0
0231 -60.0 -76.0 3.80 2.80 0.30 0.012 20.0
0230 -58.0 -72.4 1.63 1.20 0.05 0.002 10.0
0232 -54.0 -65.2 3.33 2.60 0.20 0.008 15.0
0221 -50.0 -58.0 4.20 3.10 0.28 0.011 20.0
0222 -37.5 -35.5 4.61 3.40 0.25 0.010 15.0
0323 -25.0 -13.0 6.24 4.60 0.43 0.017 45.0
0224 -12.5 9.5 3.80 2.80 0.25 0.010 40.0
0225 0.0 32.0 7.05 5.20 0.51 0.020 85.0
0226 12.5 54.5 5.97 4.40 0.41 0.016 90.0
0267 100.0 212.0 7.32 5.40 0.56 0.022 100.0

1 0269 150.0 302.0 7.73 5.70 0.61 0.024 100.0
' 0268 200.0 392.0 '6.78 5.00 0.64 0.025 100.0
i

NUMBER OF SPECIMENS: 15

.

-i

G-11 NUREG/CR-6379 !

!

.



|
1

I

I

SOURCE: 02_T2 ANALYSIS SET j
|

Y VARIABLE: ENERGY :

MODEL PARAMETERS I
LOWER SHELF ENERGY GiELD FIXED): 0.1 (J),0.1 (FT-LB) |
MID-TRANSITICN TEMPE M UTRE:-50.2 (DEG C),-58.3 (DEG F) i
TRANSITION ZONF. WIDT'f- 53.7 (C DEG),96.6 (F DEG) i
UPPER SHELF ENERGY: 6.7 (J),4.9 (PT-LB) |

'

UPPER SHELF ENERGY: f.7 (J),4.9 (FT-LB)
NOTE: NONE
MODEL SET NAME: 7

TEMPERATURE FF)
-200 -100 o 100 200 soo 400 500 600

*
I i I 6 4 i 4 a i

|HSST PLATE 02. TYPE 2 |
,

- 6
o

0 1

7 - O
n _ s :

6 - O n
.o

I4T9 -

5 _ e
5

"

34 -

0 0
~

2
3 - W

- 2
r

2 -

O
~

g _ O CHARPY DATA
o MEAN IMPACT CURVE ,

no i I t I 1 1 I t
0 0 l
-150 -100 -50 0 50 100 150 200 250 300 350 '

l
TEMPERATURE FC) i

i

I

|
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MODEL PARAMETERS
' LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM) ,0. 0000 (IN)
MID-TRANSITION TEMPERATURE:-29.2 (DEG C),-20.6 (DEG F)
TRANSITION ZONE WIDTH: 105.3 (C DEG),189.5 (F DEG) .

UPPER SHELF EXPANSION: 0.590 (MM),0.0232 (IN) '

UPPER SHELF EXPANSION: 0.590 (MM) ,0. 023 2 (IN)
NOTE: NONE
MODEL SET NAME: 6

,

TEMPERATURE ('F)
-200 -100 0 100 200 300 400 500 600

0.7 , , , , , , , , ,

|HSST 02. TYPE 2| 0 - 0.025 I
00. 6 -

0

0.5 - O - 0.020 >

~
~

5 c
E O =
~ 0. 4 - O zg 0.015 o-

5 $ '

( 0.3 O g i-

I O - 0.010 dw
0,2 -

- 0.005 I

0.1 -

O CHARPY DATA

O MEAN IMPACT CURVE

o,o IwI I f I I f f f 0.000
-150 -100 -50 0 50 100 150 200 25e 300 350

TEMPERATURE ('C)

l

i
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SOURCE: 02_T2 ANALYSIS SET |

Y VARIABLE: SHEAR
MODEL PARAMETERS ;

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT) ,

MID-TRANSITION TEMPERATURE:-17.7 (DEG C),0.1 (DEG F) '

TRANSITION ZONE WIDTH: 69.9 (C DEG),125.9 (F DEG) ;

UPPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT) i

UPPER SHELF SHEAR: 100 (PERCENT) j
,

NOTE: NONE
MODEL SET NAME: 5

TEMPERATURE FF)
-200 -100 0 100 200 soo 400 500 soo

120 , , , , , , , , , ,

i

| PLATE 02. TYPE 2 |

100 - 0 0 0

0 4

O l

_IC so - -

b' s
O

LAIg, so - -

m

8 40 O --

i

00 ,20 -

O O CHARPY DATA I

MEAN IMPACT CURVE |

|
'' ' ' ' ' ' I '

0
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)
|
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SOURCE: ANALYSIS SET
ANALYSIS SET NAMES: 02_,TYP3.NH AND 02_,TYP3.FH

SET NAME: 02 TYP3.NH-
~

NOTE: TYPE 3 SUB CVN, PLATE 02, FROM LOW HEIGHT 51.2 FT-LBS
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) -(PERCENT)
'

02NB ~100.0 -148.0 0.80 0.59 0.00 0.000 0.0
02NJ- -75.0 -103.0 1.84 1.36 0.05 0.002 5.0
02NG -50.0 -58.0 4.45 3.28 0.18 0.007 10.0
02MQ -37.5 -35.5 8.65 6.38 0.43 0.017 20.0
02MS -25.0 -13.0 13.50 9.96 0.66 0.026 25.0
02NF -12.5 9.5 13.94 10.28 0.74 0.029 35.0
02MZ 0.0 32.0 14.41 '10.63 0.71 0.028 40.0
02NN 25.0 77.0 21.92 16.17 1.02 0.040 70.0
02MT 50.0 122.0 20.78 15.33 1.04 0.041 90.0
03NI 100.0 212.0 24.97 18.42 1.07 0.042 100.0
03NK 150.0 302.0 24.69 18.21 0.97 0.038 100.0
02MU 200.0 392.0 27.08 19.97 1.09 0.043 100.0

NUMBER OF SPECIMENS: 12

SET NAME: 02 TYP3.FH
~

NOTE:-TYPE 3 SUB CVN, PLATE 02, FROM FULL HEIGHT 300 FT-LBS
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT. (DEG C) (DEG F) (J) (FT-LB) (MN) (IN) (PERCENT)

02NM -100.0 -148.0 0.89 0.66 0.00 0.000 0.0
02MR -75.0 -103.0 1.94 1.43 0.05 0.002 5.0
02NA -50.0 -58.0 4.60 3.39 0.18 0.007 10.0
02NE -37.5 -35.5 7.80 5.75 0.36 0.014 15.0
02MW -25.0 -13.0 9.59 7.07 0.46 0.018 20.0
02NH -12.5 9.5 10.82 7.98 0.56 0.022 30.0
02MA 0.0 32.0 12.87 9.49 0.64' O.025 35.0
02NC 25.0 77.0 17.52 12.92 0.79 0.031 50.0
02MY 50.0 122.0 22.80 16.82 0.94 0.037 65.0
02ND 100.0 212.0 24.87 18.34 0.97 0.038 99.0

i 02MV 150.0 302.0 27.33 20.16 0.94 0.037 100.0
02MP 200.0 392.0 29.12 21.48 1.17 0.046 100.0

'

_

NUMBER OF SPECIMENS: 12
.

s
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SOURCE: C2_T3_14 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (PT-LB)
MID-TRANSITION TEMPERATURE:-6.2 (DEG C),20.9 (DEG F)

'
TRANSITION ZONE WIDTH: 132.3 (C DEG),238.2 (F DEG)
UPPER SHELF ENERGY: 26.7 (J) ,19. 7 (PT-LB)

UPPER SHELF ENERGY: 26.7 (J),19.7 (PT-LB)
NOTE: HSST PLATE 02, TYPE 3, 2.25 AND 5.5 M/S
MODEL SET NAME: 8

f

TEMPERATURE (*n
-200 -100 0 100 200 300 400 500 600

35
I I I I I I I I I - 5
|HSST PLATE O2, TYPE 3| ,

30 -

g
0 m - 20

25 -

O
n

O e 1n

3 20 -
O is a_

>- D
e O <>.

O
z is - =
W 00 - IU0 1w

10 -

5-

5 -

O CHARPY DATA 1

MEAN IMPACT CURVE I
O i

o o ji i i i i i t i
-150 -100 -50 0 50 100 150 200 250 300 350 I.

TEMPERATURE PC) I

l
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SOURCE: 02_T3_14 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

lower SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-22.8 (DEG C) ,-9.0 (DEG F)
TRANSITION ZONE WIDTH: 90.4 (C DEG),162.7 (F DEG)
UPPER SHELF EXPANSION: 1.026 (MM),O.0404 (IN)

UPPER SHELF EXPANSION: 1.026 (MM) ,0. 04 04 (IN)
NOTE: NONE
MODEL SET NAME: 9

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600 '

''d i I I I i i i i i

|HSS1 PLATE 02, TYPE 3| 0.05
1,2 -

O '

'

oO0 - 0.04t.0 -

0 g0-

E -
c

E =
.

0.a - o |
,,,3 gz

8 g ,

t;m O o z
{ 0.6 -

{
0.02 y-

,

0. 4 -

0.01-

02 ~

O CHARPY DATA
MEAN IMPACT CURVE

I ' ' ' ' ' ' I0.0 0.00
-150 -100 -50 0 50 100 150 200 250 300 350 !

TEMPERATURE PC)
,

;

!
!

!
,
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SOURCE: 02_T3 ,14 ANALYSIS SET

Y VARIABLE: SHEAR ;

'

NODEL PARAMETERS
-LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT) ,

MID-TRANSITION TENPERATURE: 12.1 (DEG C),53.8 (DEG F)
TRANSITION ZONE WIDTH: 117.7 (C DEG),211.8 (F DEG) ,

'

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 0

1

TEMPERATURE FF)
-270 -100 0 100 200 300 400 500 600

120 , , , , , , , , ,

| PLATE 02. TYPE 3|
,.

100 - 0 - O^ >

0

G a0 -
~

b
o O

5 o |
-

g 60 -

5 O

E ,

so 40 -
- t

i

O -
20 -

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' ' I
O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE [*C)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_T4

SET NAME: 02_T4
NOTE: NONE

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

0261 -87.5 -125.5 0.00 0.00 0.00 0.000 0.0
0202 -75.0 -103.0 0.00 0.00 0.00 0.000 0.0
0201 ~73.3 -100.0 0.27 0.20 0.00 0.000 5.0 !
0212 -62.5 -80.5 0.41 0.30 0.00 0.000 5.0
0203 -50.0 -58.0 0.81 0.60 0.03 0.001 10.0
0211 -37.5 -35.5 1.90 1.40 0.18 0.007 10.0
0204 -25.0 -13.0 2.44 1.80 0.25 0.010 20.0
0210 -8.5 16.7 3.12 2.30 0.38 0.015 40.0
0205 0.0 32.0 4.61 3.40 0.46 0.018 50.0
0209 12.5 54.5 5.56 4.10 0.58 0.023 75.0
0206 25.0 77.0 5.29 3.90 0.43 0.017 90.0
0264 37.5 99.5 5.83 4.30 0.64 0.025 100.0
0207 50.0 122.3 5.83 4.30 0.66 0.026 100.0
0208 75.0 167.0 5.83 4.30 0.61 0.024 100.0 '

02C4 75.0 167.0 7.73 5.70 0.64 0.025 100.0
0262 87.5 189.5 5.97 4.40 0.58 0.023 100.0 !

0263 200.0 212.0 5.83 4.30 0.64 0.025 100.0
02C5 100.0 212.0 6.64 4.90 0.58 0.023 100.0
02C6 125.0 257.0 6.33 4.67 0.61 0.024 100.0

NUMBER OF SPECIMENS: 19
:

I

I
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SOURCE: 02,_T4 ANALYSI" SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

IDWER SHELF ENERGY [ HELD FIXED): 0.1 (J) ,0.1 (PT-LB) {
MID-TRANSITION TEMPERATURE:-14.1 (DEG C),6.6 (DEG F) i

TRANSITION ZONE WIDTH: 74.7 (C DEG),134.5 (F DEG)
UPPER SHELF ENERGY: 6.3 (J),4.7 (PT-LB)

UPPER SHELF ENERGY: 6.3 (J),4.7 (PT-LB) )'
NOTE: NONE |
MODEL SET NAME: 3 '

TEMPERATURE FF)
-200 -100 o 100 200 300 400 500 600

'
4 I i 6 6 i i

,

, IHSST PLATE 02. TYPE 4 | 6-

0 ,

1

|7 -

0
- 5 ;

O
8 - 0 000 g

O _n

5 -
sh3 0

y 3
C >-
54 -

- 3g
5 W

s - o "
,_

2 -

'~

_ O CHARPY DATA
MEAN IMPACT CURVE

1 1 1 I f I I Ig o
-iso -100 -50 0 50 100 150 200 250 300 350

i

TEMPERATURE FC) ;
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SOURCE: 02_T4 ANALYSIS SET

Y VARIABLE: EXPANSION '

MODEL PARAMETERS
LOWER SHELF EXPANSION (HELD FIXEDj: 0.000 (MM),0.0000 (IN) ,

MID-TRANSITION TEMPERATURE:-17.8 (DEG C) ,0.0 (DEG F) '

TRANSITION ZONE WIDTH: 62.9 (C DEG),113.3 (F DEG) ,

UPPER SHELF EXPANSION: 0.611 (MM) , O. 0241 (IN)
UPPER SHELF EXPANSION: 0.611 (HM) ,0. 02 41 (IN)
NOTE: NONE-
MODEL SET NAME: 2

r

.

TEMPERATURE ('F) !

-200 -100 0 100 200 300 400 500 600
0.8 -

g , , , , , , , ,
- 0.050 ;

| PLATE 02, TYPE 4 | '

O.7 -
.

IO
O OO - 0.025 '

,

O.s -

O "00 "

o,5 _
-

0.020 [5
'

z o 8
0.015-u)

Z < '< g,
Ig 0.3 y-

W - 0.0I0
'

*

0.2 -
!

i
- 0.005 |

O CHARPY DATA
'

0.1 -

MEAN IMPACT CURVE ,

I 9 I I ' ' ' ' '
0 O.000
-I50 -100 -50 0 50 100 150 200 250 300 350 .

'
TEMPERATURE (C)

!
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SOURCE: 02_T4 ANALYSIS SET

Y VARIABLE: SHEAR
HODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-3.1 (DEG C),26.4 (DEG F)
TRANSITION ZONE WIDTH: 58.6 (C DEG) ,105.5 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
HODEL SET NAME: 1

TEMPERATURE FF)
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COURCE: ANALYSIS SET
ANALYSIS SET NAME: HSST02_T.3A

SET NAME: HSST02 T.3A
-

NOTE: HSST PLATE 02 TYPE 3 WITH A DEEPER THAN USUAL NOTCH, 0.065"
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

0215 -87.5 -125.5 0.54 0.40 0.00 0.000 0.0
0214 -62.5 -80.5 0.81 0.60 0.00 0.000 5.0
0213 -50.0 -58.0 1.90 1.40 0.03 0.001 10.0
0216 -37.5 -35.5 5.15 3.80 0.25 0.010 2.0
0248 -37.5 -35.5 4.20 3.10 0.15 0.006 25.0
0217 -25.0 -13.0 5.97 4.40 0.30 0.012 30.0
0218 -12.5 9.5 7.59 5.60 0.36 0.014 45.0
0219 0.0 32.0 8.41 6.20 0.41 0.016 55.0
0220 25.0 77.0 11.39 8.40 0.64 0.025 80.0
0241 50.0 122.0 10.98 8.10 0.51 0.020 90.0
0242 62.5 144.5 14.51 10.70 0.71 0.028 100.0
0243 76.0 168.8 14.37 10.60 0.69 0.027 100.0
0244 87.5 189.5 13.29 9.80 0.64 0.025 100.0
0245 100.0 212.C 10.85 8.00 0.58 0.023 100.0
0247 150.0 302.0 13.02 9.60 0.69 0.027 100.0
0246 200.0 392.0 12.88 9.50 0.76 0.030 100.0

NUMBER OF SPECIMENS: 16
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SOURCE: HSST02_T.3A ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB)
)
i

HID-TRANSITION TEMPERATURE:-19.1 (DEG C),-2.4 (DEG F)
TRANSITION ZONE WIDTH: 88.3 (C DEG),158.9 (F DEG)
UPPER SHELF ENERGY: 13.0 (J),9.6 (FT-LB)

UPPER SHELF ENERGY: 13.0 (J),9.6 (FT-LB)
NOTE: NONE
MODEL SET NAME: 5

1

I
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SOURCE: HSST02_T.3A ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

IDWER SHELF EXPAliSION [ HELD FIXED): 0.000 (MN),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-15.6 (DEG C),3.9 (DEG F)
TRANSITION ZONE WIDTH: 80.5 (C DEG),144.9 (F DEG)
UPPER SHELF EXPANSION: 0.665 (MM),0.0262 (IN)

UPPER SHELF EXPANSION: 0.665 (MM) ,0. 02 62 (IN)
NOTE: NONE
MODEL SET NAME: 4 '
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SOURCE: HSST02_T.3A ANALYSIS SET,

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT) t
'

MID-TRANSITION TEMPERATURE:-5.1 (DEG C) ,22.8 (DEG F)
TRANSITION ZONE WIDTH: 80.3 (C DEG),144.5 (F DEG)
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE ;

MODEL SET NAME: 3 |

,
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_T3.1R

SET NAME: 02 T3.1R
-

NCTE: HSST PLATE 02, TYPE 3, 0.8 MM NOTCH, 0.1mm ROOT RAD
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEC F) (J) (FT-LB) (MM) (IN) (PERCENT)

02MT -79.8 -111.6 0.99 0.73 0.00 0.000 0.0
02MS -51.8 -61.3 3.35 2.47 0.08 0.003 0.0
02MJ -37.5 -35.5 6.06 4.47 0.15 0.006 10.0
02MR -25.8 -14.4 6.63 4.89 0.23 0.009 15.0
02MV -12.3 9.5 14.60 10.77 0.56 0.022 25.0
02MQ 0.0 32.0 16.04 11.83 0.61 0.024 40.0
02MW 12.5 54.5 19.61 14.46 0.71 0.028 '55.0
03MA 25.0 77.0 18.85 13.90 0.71 0.028 50.0
02MB 51.0 123.8 23.89 17.62 0.84 0.033 90.0
02MO 77.0 170.6 25.26 18.63 0.86 0.034 100.0
02MX 150.0 302.0 25.58 18.87 0.97 0.038 100.0
02MY 200.0 392.0 26.94 19.87 0.94 0.037 100.0
02MP 206.9 404.4 25.20 18.59 0.97 0.038 100.0

NUMBER OF SPECIMENS: 13

l
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SOURCE: 02_T3.1R ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS *

LOWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (FT-LB)
i MID-TRANSITION TEMPERATURE:-10.2 (DEG C),13.7 (DEG F)

TRANSITION ZONE WIDTH: 91.1 (C DEG),163.9 (F DEG)
UPPER SHELF ENERGY: 25.7 (J),18.9 (FT-LB)

UPPER SHELF ENERGY: 25.7 (J),18.9 (PT-LB),

NOTE: NONE,

MODEL SET NAME: 6
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SOURCE: 02_T3.1R ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-11.3 (DEG C),11.7 (DEG F)
TRANSITION ZONE WIDTH: 76.5 (C DEG),137.7 (F DEG)
UPPER SHELF EXPANSION: 0.916 (MM) ,0. 03 61 (IN)

UPPER SHELF EXPANSION: 0.916 (MM),0.0361 (IN)
NOTE: NONE
MODEL SET NAME: 7

TEMPERATURE FF)
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SOURCE: 02_T3.1R ANALYSIS SET

| Y VARIABLE: SHEAR
MODEL PARAMETERS

'

LOWER SHELF SHEAR [ HELD FIXED): O.(PERCENT)
MID-TRANSITION TEMPERATURE: 12.8 (DEG C),55.0 (DEG F)
TRANSITION ZONE WIDTH: 88.2-(C DEG),158.8-(F DEG)
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT)-

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 8
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_T3.FH

SET NAME: 02 T3.FH
-

NOTE: HSST PLATE 02, TYPE 1, 45 DEG ANGLE, 0.25 MM kAD
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERCENT)

02NJ -100.0 -148.0 2.56 1.89 0.03 0.001 0.0
02NI -75.0 -103.0 6.59 4.86 0.18 0.007 0.0
02NH -50.0 -58.0 11.35 8.37 0.41 0.016 10.0
02NK -37.5 -35.5 16.65 12.28 0.69 0.027 20.0
02NG -25.0- -13.0 16.22 11.96 0.61 0.024 15.0
02NF 0.0 32.0 23.84- 17.58 0.89 0.035 60.0
02NB 25.0 77.0 21.77 16.06 0.71 0.028 65.0
02NC 50.0 '122.0 30.03 22.15 1.04 0.041 80.G
02ND 75.0 167.0 27.31 20.14 0.94 0.037 100.0
02NL 150.0 302.0 30.59 22.56 1.04 0.041 100.0
02NE 200.0 -392.0 32.00 23.60 0.99 0.039 100.0
02NM 200.0 392.0 31.85 23.49 0.97 0.038 100.0

NUMBER OF SPECIMENS: 31

,
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SOURCE: 02_T3.FH ANALYSIS SETj

Y VARIABLE: ENERGY
MODEL PARAMETERSa

. LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (PT-LB)
| MID-TRANSITION TEMPERATURE:-31.3 (DEG C),-24.3 (DEG F)
'

TRANSITION ZONE WIDTH: 145.5 (C DEG),261.9 (F DEG)
UPPER SHELF ENERGY: 31.0 (J),22.9 (FT-LB)

UPPER SHELF ENERGY: 31.0 (J),22.9 (FT-LB)
NOTE: NONE
MODEL SET NAME: 1
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SOURCE: 02_T3.FH ANALYSIS SET

Y VARIABLE:' EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN) |MID-TRANSITION TEMPERATURE:-44.6 (DEG C),-48.2 (DEG F) j
TRANSITION ZONE WIDTH: 91.8 (C DEG),165.3 (F DEG) )UPPER SHELF EXPANSION: 0.968 (MM) , 0. 0381 (IN) i

UPPER SHELF EXPANSION: 0.968 (MM),0.0381 (IN)
NOTE: NONE ;

MODEL SET NAME: 0

TEMPERATURE FF)
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SOURCE: 02_T3.FH ANALYSIS SET
'

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 3.1 (DEG C),37.5 (DEG F) -

TRANSITION EONE WIDTH: 100.4 (C DEG),180.8 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 9
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' SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 2HSST02_.T4

SET NAME:.2HSST02 .T4
NOTE: HSST PIATE 02, ANVIL SPAN EQUALS 20mm, SPEC. TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

02A2 .-75.0 -103.0 0.27 0.20 0.00 .0.000 0.0 j02A1 -62.5 -80.5 0.41 0.30 0.03 0.001 5.0 j
02A3 -50.0 -58.0 2.44 1.80 0.13 0.005 10.0
02C1 -50.0 -58.0 0.81 0.60 0.05 0.002 15.0
02A4 -37.5 -35.5 2.17 1.60 0.18 0.007 10.0
02A5 -25.0 -13.0 1.90 1.40 0.10 0.004 15.0
02C2 -25.0 -13.0 3.39 2.50 0.25 0.010 40.0
02A6 -12.5 9.5 2.58 1.90 0.23 0.009 35.0
02B1 0.0 32.0 4.61 3.40 0.38 0.015 60.0 .|02B2 12.5 54.5 5.02 '3.70 0.46 0.018 80.0 !0233 25.0 77.0 5.02 3.70 0.53 0.021 80.0 '

02B4 37.5 99.5 6.51 4.80 0.64 0.025 100.0
0266 75.0 167.0 7.70 5.68 0.61 0.024 100.0 )0265 100.0 212.0 7.30 5.24 0.64 0.025 100.0 102B5 100.0 212.0 6.78 5.00 0.69 0.027 100.0
02C3 125.0 257.0 7.10 5.24 0.56 0.022 100.0-

'0286 150.0 302.0 6.51 4.80 0.61 0.024 100.0

NUMBER OF SPECIMENS: 17

|

|

I

i
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SOURCE: 2HSST02 .T4 ANALYSIS SET
!

~,

Y VARIABLE: ENERGY |
<

MODEL PARAMETERS
!

LOWER SHELF ENERGY [ HELD FIXED]: 0.1 (J),0.1 (FT-LB)
|MID-TRANSITION TEMPERATURE:-9.1 (DEG C) ,15.7 (DEG F)
|TRANSITION ZONE WIDTH: 102.9 (C DEG),185.1 (F DEG)

UPPER SHELF ENERGY: 7.1 (J),5.2 (PT-3) 1

UPPER SHELF ENERGY: 7.1 (J),5.2 (PT-LB) i

NOTE: NONE {'
'

MODEL SET NAME: 3
i

:
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SOURCE: 2HSST02_.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

IhWER SHELF EXPANSION (HELD FIXED): 0.000 (MM) ,0. 0000 (IN)
MID-TRANSITION TEMPERATURE:-7.8 (DEG C),17.9 (DEG F) 1

TRANSITION 2ONE NIDTH: 79.7 (C DEG),143.5 (F DEG) !

UPPER SHELF EXPANSION: 0.632 (MM) ,0. 02 49 (IN) |UPPER SHELF EXPANSION: 0.632 (MM),0.0249 (IN)
NOTE: NONE
MODEL SET NAME: 4

a
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SOURCE: 2HSST02_.T4 ANALYSIS SET j

Y VARIABLE: SHEAR r

MODEL PARAMETERS
LOWER SHELF SHEAR [ HELD FIXED]: 0 (PERCENT) |
MID-TRANSITION TEMPERATURE:-6.7 (DEG C),20.0 (DEG F) ;

TRANSITION ZONE WIDTH: 69.1 (C DEG),124.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 5

TEMPERATURE FF) I
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APPENDIX H-

!

HSST PLATE 02, HALF THICKNESS,
,

l TL ORIENTATION
P
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SOURCE: ANALYSIS SET !
ANALYSIS SET NAME: 020_5.FUL

SET NAME: 020 5.FUL
NOTE: HSST PIITE O2 FULL-SIZE, T-L ORIENTATION, HALF-THICKNESS I

TEMPERATURE ENERGY EXPANSION SHEAR J

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
'

|
02B-1016 -1.1 30.0 32.54 24.00 0.61 0.024 20.0 ;
02B-1017 -1.1 30.0 31.18 23.00 0.48 0.019 20.0
02B-1019 -1.1 30.0 23.05 17.00 0.43 0.017 20.0
02B-1012 15.6 60.0 27.12 20.00 0.46 0.018 30.0
02B-1013 15.6 60.0 37.96 28.00 0.61 0.024 25.0
028-1015 15.6 60.0 47.45 35.00 0.71 0.028 25.0
02C-1008 15.6 60.0 36.61 27.00 0.64 0.025 20.0

)02C-1009 15.6 60.0 38.64 28.50 0.58 0.023 20.0 2

02C-1011 15.6 60.0 50.17 37.00 0.94 0.037 20.0
02C-1012 48.9 120.0 78.64 58.00 1.45 0.057 60.0 I
02C-1013 48.9 120.0 79.99 59.00 1.35 0.053 55.0 |02C-1015 48.9 120.0 84.06 62.00 1.37 0.054 65.0 !
02B-1008 93.3 200.0 100.33 74.00 1.75 0.069 100.0
02B-1009 93.3 200.0 104.40 77.00 1.52 0.060 100.0 ;02B-1011 93.3 200.0 81.35 60.00 1.35 0.053 100.0
02C-1004 93.3 200.0 128.80 95.00 1.83 0.072 100.0
02C-1005 93.3 200.0 123.38 91.00 1.68 0.066 100.0 ,

02C-1007 93.3 200.0 126.09 93.00 1.70 0.067 100.0
02B-1020 121.1 250.0 112.53 83.00 1.83 0.072 100.0
02B-1021 121.1 250.0 109.82 81.00 1.70 0.067 100.0
02B-1023 121.1 250.0 112.53 83.00 1.68 0.066 100.0
025-1004 148.9 300.0 109.82 81.00 1.75 0.069 100.0
02B-1005 148.9 300.0 116.60 86.00 1.83 0.072 100.0
02B-1007 148.9 300.0 103.04 76.00 1.68 0.066 100.0
02C-1000 148.9 300.0 124.74 92.00 1.78 0.070 100.0
02C-1001 148.9 300.0 124.74 92.00 1.88 0.074 100.0
02C-1003 148.9 300.0 115.24 85.00 1.75 0.069 100.0
02B-1001 204.4 400.0 97.62 72.00 1.47 0.058 100.0
02B-1003 204.4 400.0 107.11 79.00 1.68 0.066 100.0

.

NUMBER OF SPECIMDIS: 29
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I SOURCE: 020_5.FUL ANALYSIS SET

. Y VARIABLE: ENERGY
i MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED): 2.7 (J),2.0 (PT-LB)
MID-TRANSITION TEMPERATURE: 29.2 (DEG C),84.6 (DEG F)
TRANSITION ZONE WIDTH: 86.4 (C DEG),155.6 (F DEG)'

UPPER SHELF ENERGY: 113.8 (J),83.9 (FT-LB)
UPPER SHELF ENERGY: 113.8 (J),83.9 (FT-LB)
TEMPERATURE [41 (J),30.2 (PT-LB) ENERGY): 15.4 (DEG C) ,59.7 (DEG F)

,

TEMPERATURE (68 (J),50.2 (FT-LB) ENERGY]: 36.9 (DEG C),98.4 (DEG F)
,

NOTE: HSST PLATE 02, TL ORIENTATION, HALF-THICKNESS
MODEL SET NAME: 9

'
TEMPER /sTURE FF)

-200 -100 0 100 200 soo 400 500 soo i150 , ; , , , , , , ,

|HSST PLATE 02, HALF-THICKNESS, FULL-SIZE | ggg

125 - @ O
A
O O - 80

100 - @ O
o

9 I
$O - 60

g 75 -
p

LI O

b l

So -

|

25 - o - 2a

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' ' 'o 0
i-150 -100 -50 0 50 100 150 200 250 300 350 '

TEMPERATURE FC)
i

!
,

i

i
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SOURCE: 020_,5.FUL ANALYSIS SET
'

Y VARIABLE: EXPANSION
MODEL PARAMETERS t

LOWER SHELF EXPANSION (HELD FIXED]: 0.000 (MM),0.0000 (IN) |

MID-TRANSITION TEMPERATURE: 23.3 (DEG C),74.0 (DEG F)
TRANSITION ZONE WIDTH: 85.6 (C DEG),154.0 (F DEG)
UPPER SHELF EXPANSION: 1.729 (MM) , O. 0681 (IN)

UPPER SHELF LXPANSION: 1.729 (MM),0.0681 (IN)
NOTE: NONE
MODEL SET NAME: 8

,

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

2'2D
!I I I I I i i i I

, | PLATE 02 HALF-THICKNESS | o,og_

0.071.75 --

O O j

j 1.50 -

0 0
- *

c
5 O =

0.05 gz 1.25 . -

S t;

$ 1.00 -

0 0.04 {-

< n.C. X
d 0.75 0.03 W- -

O |
0.50 -

O
- 0.02

O CHARPY DATA _ o,o g0.25 -

HEAN IMPACT CURVE

0.00 - ' ' ' ' ' ' ''
O.00

-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PCI
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" SOURCE: 020 5.FUL ANALYSIS SETann
I

Y VARIABLE: SHEAR !
} MODEL PARAMETERS |

lower SHELF SHEAR [ HELD FIXED): 0 (PERCENT) {MID-TRANSITION TEMPERATURE: 37.5 (DEG C) ,99.5 (DEG F),

TRANSITION ZONE WIDTH: 78.2 (C DEG),140.8 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT).

'

UPPER SHELF SHEAR: 100 (PERCENT)
J NOTE: NONE I

{ MODEL SET NAME: 7
||:

a

s

TEMPERATURE Fn
-200 -100 o 100 200 300 400 600 600,

,

120 , , . , , , , , , , |

1 | PLATE 02 HALF-THICKNESS |

100 - O |
' ^ ^

)
.

i

G ao -

z
-

:w
Io
1m

60 -
-

Oe
<-
w
@ 40 - -

1

20 - O -

i
O CHARPY DATA

MEAN IMPACT CURVE i

' f ' ' ' i i to
-l50 -600 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)

i

'
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SO'JRCE: ANALYSIS SET '

ANALYSIS SET NAME: 02_T3_12
1

SET NAME: 02 T3 12 i
r

| NOTE: HSST PLATE 02 - TYPE 3 SPEC., HALF-THICKNESS
-

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

2B06B -87.5 -125.5 0.95 0.70 0.00 0.000 0.0
2B06A -75.0 -103.0 2.58 1.90 0.00 0.000 0.0

4

| 2B02B -62.5 -80.5 2.85 2.10 0.05 0.002 5.0 |' 2B02A -50.0 -58.0 4.20 3.10 0.10 0.004 15.0 ;

2B10A -37.5 -35.5 6.91 5.10 0.18 0.007 20.0
2B10B -25.0 -13.0 8.81 6.50 0.30 0.012 35.0 I
2B14A -12.5 9.5 9.08 6.70 0.33 0.013 40.0
2514B 0.0 32.0 10.71 7.90 0.48 0.019 60.0
2C14A 12.5 54.5 12.34 9.10 0.53 0.021 75.0
2C02B 25.0 77.0 18.71 13.80 0.79 0.031 85.0
2C02A' 50.0 122.0 19.12 14.10 0.71 0.028 100.0
2C14B 62.5 144.5 21.56 15.90 0.89 0.035 95.0
2B18A 100.0 212.0 18.98 14.00 0.99 0.039 100.0
2B18B 200.0 392.0 18.57 13.70 0.46 0.018 100.0

NUMBER OF SPECIMENS: 14

|

t

!

$

.
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SOURCE: 02_T3_12 ANALYSIS SET
|

Y VARIABLEi ENERGY
g MODEL PARAMETERS

|IDWER SHELF ENERGY [ HELD FIXD): 0.1 (J) ,0.1 (PT-LB) '

MID-TRANSITION TEMPERATURE:-12.2 (DEG C) ,10.1 (DEG F)
TRANSITION ZONE WIDTH: 108.3 (C DEG),195.0 (F DEG)
UPPER SHELF ENERGY: 20.3 (J),15.0 (PT-LB)

UPPER SHELF ENERGY: 20.3 (J),15.0 (FT-LB)
NOTE: PLATE 02, HALF-THICKNESS
MODEL SET NAME: 4

TEMPERATURE (*F)
-200 -100 0 100 200 300 400 500 600

23
Ie e i i i e i e i

''
|HSST PLATE 02. HALF-THICKNESS. TYPE 3 |

~

1

0 !

20 e 15.O

O O O O

12.3-

2
:; ts T-

~ *a
p - 10.0 t
j O >
w e
b 10 - - 7.5 b

Z
W

- 5.0
i

5 - i

O CHARPY DATA - 2.5
HEAN IMPACT CURVE

I I ' I ' f f I IO 0.0-

-150 ~~100 -50 0 50 100 150 200 250 300 350

TEMPERATURE . 'C)
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SOURCE: 02_T3_12 ANALYSIS SET

Y VARIABLE: EXPANSION,

MODEL PARAMETERS ;
,

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-11.3 (DEG C),11.7 (DEG F)
TRANSITION ZONE WIDTH: 75.2 (C DEG),135.3 (F DEG)

.

'' UPPER SHELF EXPANSION: 0.779 (MM),0.0307 (IN),,

UPPER SHELF EXPANSION: 0.779 (MM),D.3307 (IN)
NOTE: NONE
MODEL SET NAME: 5,

i

TEMPERATURE ('F) '
-200 -100 o 100 200 300 400 soo soo

I'2
I I I i i I i i i

| PLATE 02, 0.5 THICKNESS. TYPE 3 |

1.0 - o - 0 04

O |
1

- 0.03 [
z !

~

2 o ,

30.6 - G I

- 0.02
n. O x
d o.4 - W

0.01-

0.2 -

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' ' '
0.0 O.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)
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SOURCE: 02_T3_12 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): O (PERCENT)
MID-TRANSITION TEMPERATURE:-8.8 (DEG C),16.2 (DEG F)
TRANSITION ZONE WIDTH: 80.0 (C DEG),143.9 (F DEG)

j
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)- i

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: MONE
MODEL SET NAME: 6

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600 1120 , , , , , , , , , j

| PLATE 02 HALF-THICKNESSl

100 - o e 0

C e0 -
-

5
o
b

|@ 60 -
-

{x
1 1 4

i5 40 -
- :

I
l

20 -
-

O CHARPY DATA
MEAN IMAACT CURVE |

0 -- f f i i f f t i'

-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PCI I
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I
SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_ TYPE _.5

SET NAME: 02_ TYPE _.5
NOTE: HSST 02 - SPECIMEN TYPE 5

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

2B14 ~75.0 -103.0 1.36 1.00 0.23 0.009 0.0
2B10 -50.0 -58.0 3.66 2.70 0.18 0.007 0.0
2C14 -37.5 -35.5 6.91 5.10 0.36 0.014 15.0
2B18 -25.0 -13.0 8.41 6.20 0.48 0.019 30.0
2B02 0.0 32.0 12.88 9.50 0.76 0.030 45.0
2B06 25.0 77.0 15.05 11.10 0.81 0.032 70.0
2CO2 50.0 122.0 20.07 14.80 1.02 0.040 90.0
2B22 75.0 167.0 16.68 12.30 0.99 0.039 100.0 j
2C06 100.0 212.0 22.24 16.40 1.02 0.040 100.0 i

2C10 150.0 302.0 19.52 14.40 1.04 0.041 100.0 l
|

NUMBER OF SPECIMENS: 10 |

I
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SOURCE: 02_ TYPE _.5 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

|LONER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB) '

MID-TRANSITION TEMPERATURE:-14.1 (DEG C),6.6 (DEG F)
TRANSITION ZONE MIDTH: 109.2 (C DEG),196.6 (F DEG)
UPPER SHELF ENERGY: 20.1 (J),14.9 (FT-LB)

UPPER SHELF ENERGY: 30.1 (J),14.9 (FT-LB) {
NOTE: NONE
MODEL SET NAME: 0

)
TEMPERATURE (*F) i

-200 -100 0 100 200 300 400 500 600 i25 , , , , , , , , ,
17.5-

0

0 - 15.020 -

0

0 12.5 ,-

.o
9 15 - O T !
- a \

t 0.0 3:: |-:,.

|HSST PLATE 02. HALF-THICKNESS TYPE 5 | y
5 to - - 7.5

"'
|

- 5.0

5 -

O CHARPY DATA
- 2.5

MEAN IMPACT CURVE
O

' ' ' ' ' ' ' ' '
o Oo
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATUREl'C)

H-11 NUREG/CR-6379



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

I !
i

|

l

| SOURCE: 02_ TYPE _.5 ANALYSIS SET

Y VARIABLE: EXPANSION '

MODEL PARAMETERS
IDWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE -20.6 (DEG C),-5.0 (DEG F)
TRANSITION ZONE WIDTH: 110.4 (C DEG),198.7 (F DEG)
UPPER SHELF EXPANSION: 1.040 (MM),0.0409 (IN)

UPPER SHELF EXPANSION: 1.040 (MN),0.0409 (IN)
NOTE: NONE
MODEL SET NAME: 1

|

TEMPERATURE (*F)
-200 -100 0 100 200 soo 400 000 soo

1.2 , , , , , , , , ,

| PLATE 02. TYPE 5 |
O

g,n _ O - 0.04

|
'" ~

0.0s j-

~

z |

.E o.s - S I
m o

z
{ - 0.02 *
a. g

'x
d o.4 'd-

|

'U'~

0
O.2 -

O
O CHARPY OATA

MEAN IMPACT CURVE

' ' ' ' ' ' ' ' I0.0 0.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)

|

|
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SOURCE: 02_ TYPE _.5 ANALYSIS SET

Y VARIABLE: SMEAR
MODEL PARAMETERS

IDWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 3.0 (DEC C),37.4 (DEG F)
TRANSITION ZONE WIDTH:'88.8 (C DEC),159.8 (F DEG) '

.

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT) !
UPPER SHELF SHEAR: 100 (PERCENT) !

NOTE: NONE
MODEL SET NAME: 2

.

TEMPERATURE (*F) |-200 -100 0 100 200 300 400 500 600120 , , , , , , , , ,

| PLATE 02. TYPE 5| f

|
100 oe c-

C 80 - '
-

b
O t

5
'

g, 00 -
-

a:
b *

E 40 -
-

0

2o -
-

i

O CHARPY DATA '

HEAN IMPACT CURVE

O A f ' t f f f f
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (*C)
,

!
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QUENCHED AND TEMPERED AT 950 C
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 14AS

,

SET NAME: 14AS
NOTE: PLATE 014 QUENCHED, TEMPERED 950 C/5hr. FROM BLOCE SURFACE )

'TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) |

A1413 -100.0 -148.0 10.03 7.40 0.05 0.002 0.0
A1462 -75.0 -103.0 22.37 16.50 0.20 0.008 10.0 '

A1414 -50.0 -58.0 29.29 21.60 0.30 0.012 15.0 )A1466 -50.0 -58.0 34.17 25.20 0.33 0.013 15.0
A1412 -25.0 -13.0 39.32 29.00 0.43 0.017 25.0

,

A1461 0.0 32.0 58.44 43.10 0.66 0.026 55.0 s

A1465 0.0 32.0 60.74 44.80 0.69 0.027 70.0 |
A1411 25.0 77.0 66.71 49.20 0.79 0.031 60.0 '

A1463 50.0 122.0 73.89 54.50 0.97 0.038 .100.0 i

A1415 75.0 167.0 71.99 53.10 0.99 0.039 99.0
A1464 100.0 212.0 72.81 53.70 0.94 0.037 100.0
A1416 150.0 302.0 67.52 49.80 0.97 0.038 100.0

NUMBER OF SPECIMENS: 12

|

|

1
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SOURCE: 14AS ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED]: 2.7 (J) ,2. 0 (FT-LB)
MID-TRANSITION TEMPERATURES-38.9 (DEG C) , -3 8. 0 (DEG F)
TRANSITION ZONE WIDTH: 118.6 (C DEG),213.5 (F DEG)
UPPER SHELF ENERGY: 73.0 (J) ,53. 8 (F't-LB)

UPPER SHELF ENERGY: 73.0 (J) , 53 . 8 (FT-LB)
TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-33.6 (DEG C) ,-28.4 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]: 37.4 (DEG C) ,99.4 (DEG F)
NOTE: PLATE 14 QUENCHED AND TAMPERED 9 950C/5hr FROM BLOCK SURFACE
MODEL SET NAME: 2

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 60080

1 4 ! I i i i 6 i

, |HSST PLATE 14, QUENCHED + TEMPERED e 950C| 60-

O
~

e -.

O 50-

en --

9 40 7-

~ 50 - da ~

z >-
W 40 - O 30@

-

$
30 - W

- 20

20 -

in _ O CHARPY DATA
~

MEAN IMPACT CURVE

| g I I I I f I f f ! g ,
| -150 -100 -50 0 50 100 150 200 250 300 350
'

| TEMPERATURE PC)
|
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SOURCE: 14AS ANALYSIS SET

Y VARIABLE: REPANSION
MODEL PARAMETERS

LOWER SHELF EEPANSION [ HELD FIEED]: 0.061 (MM) ,0.0024 '(IN)
MID-TRANSITION TEMPERATURES-18.6 (DEG C) , -1.4 (DEG F)
TRANSITION ZONE WIDTH: 114.6 (C DEG),206.3 (F DEG)
UPPE;..tHELF EEPANSION: 0.988 (MM) , 0. 03 89 (IN)

UPPER SHELF EEPANSION: 0.988 (MM) ,0. 03 8 9 (IN)
,

!

NOTE: NONE >

MODEL SET HAME: 3

TEMPERATURE ( F)
'

-200 -100 0 100 200 300 400 500 600
t.2 , , , i , , , , i

| PLATE 14. QUENCHED + TEMPERED # 950C |

1.0 -

0 00
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~
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~
z

5
- 0. 6 -

2
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a x
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O CHARPY DATA
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SOURCE: 14AS ANALYSIS SET

Y VARIABLE: SEEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (AELD FIEED): 0 (PERCENT)
MID-TRANSITION TEMPERATURES-5.9 (DEG C),21.4 (DEG F)
TRANSITION ZONE WIDTH: 100,.7 (C DEG),181.2 (F DEG)
UPPER SHELF SHEAR (BELD FIEED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 4

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 sooI20 i i i i i i i i !

| PLATE 14, QUENCHED + TEMPERED I 950C|

100 - Ci oA O
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6
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W
w 40 -

-
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O CHARPY DATA
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SOURCE: ANALYSIS SET
.

ANALYSIS SET NAME: P 14 T1 i
t

SET NAME: P 14 T1
-

:

|NOTE: SUB-SYZE CORRELATION PROGRAM, TYPE 1 SPEC., PLATE 14
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERC,D: ,

".4404 -150.0 -238.0 1.65 1.22 0.00 0.000 0.0
A+G5 -125.0 -193.0 2.56 1.89 0.00 0.000 0.0 i

A406 -112.5 -170.5 1.38 1.02 0.00 0.000 UNKNOWN i

A403 -100.0 -148.0 4.77 3.52 0.03 0.001 UNKNOWN |
A407 -75.0 ' -103.0 5.99 4.42 0.00 0.000 10.0 |
A402 -50.0 -58.0 8.01 5.91 0.18 0.007 UNKNOWN
A408 -25.0 -13.0 11.38 8.39 0.30 0.012 UNKNOWN
A401 0.0 32.0 14.30 10.55 0.43 0.017 90.0 ;

A410 50.0 122.0 14.85 10.95 0.46 0.018 UNKNOWN
A409 100.0 212.0 15.74 11.61 0.56 0.022 100.0
A411 200.0 392.0 13.69 10.10 0.51 0.020 100.0

,

NUMBER OF SPECIMENS: 11 ,

r

)

i

l

i

!
i

I
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SOURCE: P_14_T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-61.7 (DEG C),-79.1 (DEG F)
TRANSITION ZONE WIDTH: 129.0 (C DEG),232.2 (F DEG)
UPPER SHELF ENERGY: 15.1 (J),11.1 (FT-LB)

UPPER SHELF ENERGY: 15.1 (J) ,11.1 (PT-LB)
NOTE: HSST PLATE 14, TYPE 1
MODEL SET NAME: 8

TCMPERATURE FF)
-200 0 200 400 soo.17.5 , , , , ,

|HSST PLATE 14 TYPE | | ~

0
i5.0 -

0
0 - to

12.5 -

2
9 - ' T10.0~ - g>- -O
E

- 6 o
>-

N 7.5 - Ew
W
w

5.0 - o !

.

2.5 - 0
0 CHARPY DATA

O o MEAN IMPACT CURVE
,

I t i I Ig,g
O

-200 -100 0 100 200 300 400 '

TEMPERATURE FC)

,
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SOURCE: P_14_T1 ANALYSIS SET
:

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED]: 0.000 (MM) ,0. 0000 (IN) l

MID-TRANSITION TEMPERATURE:-33.2 (DEG C),-27.7 (DEG F)
TRANSITION ZONE WIDTH: 74.8 (C DEG),134.6 (F DEG) ;

-

UPPER SHELF EXPANSION: 0.510 (MM),O.0201 (IN)
<

UPPER SHELF EXPANSION: 0.510 (MM) ,0. 02 01 (IN) '

NOTE: HSST PLATE 14, TYPE 1 i

MODEL SET NAME: 9

TEMPERATURE FF)
-200 0 200 400 6000.7 , , , , ,

|HSST PLATE 14. TYPE 1 | - 0.025
!0. 6 -

O |

0.5 - 0 0.020

E O 2
E

~

=

2
- 0.015 hZ

0;
03 - z.
$ 0.3 -

{
,

!

k 0.010 y-

.w
0.2 -

- 0.005
0.1 -

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' '^0.0 O.000
-200 -100 0 100 200 300 400

TEMPERATURE FC)
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SOURCE: P_14_T1 ANALYSIS SET ]

Y VARIABLE: SHEAP.
MODEL PARAMETEP.4

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-37.5 (DEG C),-35.4 (DEG F)
TRANSITION ZONE WIDTH: 68.1 (C DEG),122.6 (F DEG)
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100-(PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR):-37.5 (DEG C),-35.4 (DEG F)
NOTE: HSST PLATE 14, TYPE 1
MODEL SET NAME: 0

TEMPERATURE FF)
,

-300 -200 -100 0 100 200 300 400 500 600
120 , , , , , , , , , ,

|HSST PLATE I4, TYPE 1 |

100 -
- O O

C 80 - -

N'
O

5
@ So - .- ;

E
E

-m 40 ~

20 - -

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' ' Io i

1-200 -150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PC)

'
|

.
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SOURCE: ANALYSIS SET |
ANALYSIS SET NAME: P_14_,T2

.. SET NAME: P 14 T2
NOTE: SUB-SYZE CORRELATION PROGRAM, PLATE 14, TYPE 2 SPECIMEN i

-

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERCENT) I

A421 -150.0 -238.0 0.99 0.73 0.00 0.000 0.0
A420 -125.0 -193.0 1.98 1.46 0.00- 0.000 0.0
A422 -112.5 -170.5 1.78 1.31 0.00 0.000 0.0
A419 -100.0 -148.0 1.98 1.46 0.00 0.000 15.0
A423 -87.5 -125.5 2.56 1.89 0.00 0.000 10.0
A418 -75.0 -103.0 3.93 2.90 0.13 0.005 40.0

|A424 -62.5 -80.5 1.84 1.36 0.00 0.000 60.0
A417 -50.0 -58.0 4.12 3.04 0.15 0.006 70.0
A425 -37.5 -35.5 5.03 3.71 0.23 0.009 45.0 i

A416 -25.0 -13.0 4.58 3.38 0.15 0.006 100.0
A426 -12.5 9.5 5.55 4.09 0.23 0.009 UNKNOWN I

A415 0.0 32.0 4.77 3.52 0.23 0.009 100.0
A413 25.0- 77.0 5.29 3.90 0.28 0.011 100.0
A414 100.0 212.0 5.92 4.37 0.36 0.014 100.0
A428 150.0 302.0 5.22 3.85 0.25 0.010 100.0
A427 200.0 392.0 5.29 3.90 0.33 0.013 100.0

|

NUMBER OF SPECIMENS: 16 '

|

$

!

|
|
1

1

1
)
i
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SOURCE: P_14_T2 ANALYSIS SET

Y VARIABLE: ENERGY r

MODEL PARAMETERS
LOWER SHELF ENERGY (HELD FIXED): 0.1 - (J) ,0.1 (FT-LB) i
MID-TRANSITION TEMPERATURE:-83.3 (DEG C) ,-118. 0 (DEG F) '

TRANSITION ZONE WIDTH: 150.2 (C DEG) ,270.4 (F DEG) 1

UPPER SHELF ENERGY: 5.6 (J),4.1 (FT-LB)
UPPER SHELF ENERGY: 5.6 (J),4.1 (FT-LB)
NOTE: HSST PLATE 14, TYPE 2
MODEL SET NAME: 3

,

TEMPERATURE FF)
-300 -200 -100 0 100 200 300 400 500 soo

I
,

I e I i i i I 4 4 4 _ g

|HSST PLATE 14, TYPE 2|

s - o
O
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O O
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0
2

-

3
-- ,

b4 ~

O~

>- 6
C
E >. ,

O
W 3 - t
0 - 2$ !w '

2 - O O

i i_

1 ~

O CHARPY DATA
MEAN IMPACT CURVE

' ' ' ' ' ' ' ' ' '
O 0
-200 -150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE FC)
,

I
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SOURCE: P_14_T2 ANALYSIS SET I

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-38.7 (DEG C),-37.7 (DEG F)
TRANSITION ZONE WIDTH: 96.9 (C DEG),174.5 (F DEG)
UPPER SHELF EXPANSION: 0.306 (MM),0,0121 (IN) i

UPPER SHELF EXPANSION: 0.306 (MM) ,0,0121 (IN) |

NOTE: HSST PLATE 14, TYPE 2
MODEL SET NAME: 2

TEMPERATURE ('F)
-200 0 200 400 600 10' d0 i i a i

|HSST PLATE 14 TYPE 2]
- 0.0150

-

-

iO0,35 -

l

O
0.0125-

_

-

1
f 0.2e O

0.0100 [5
-

-

; O
z i

S o.2o - O
ig 0.0075 $-

< *0-c.is - 00 EX" O y
0.0050-

0.10 -

C. 05 - O CHARPY DATA
NEAN IMPACT CURVE

0.00 ' ' I ' I
0.0000-200 - 100 0 100 200 300 400

TEMPERATURE I C)
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SOURCE: P_,14_T2 ANALYSIS SET '

Y VARIABLE: SHEAR
MODEL PARAMETERS '

LOWER SHELF SHEAR [ HELD FIXED): 0 (PEkCENT)
MID-TRANSITION TEMPERATURE:-6A.1 (DEG C),-78.0 (DEG F)
TRANSITION ZONE WIDTH: 79.3 (C DEG),142.8 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR):-61.1 (DEG C) ,-78. 0 (DEG F)
NOTE: HSST PLATE 14, TYPE 2
MODEL SET NAME: 1

TEMPERATURE FD
-300 -200 -100 o 100 200 soo 400 500 soo

I20
1 I I I i a i i i i

[HSST PLATE 14. TYPE 2|

too - oo c c c

G B0 - -

b
'o

5
- O -g, so

cr
4:

0$ |

w do - -

i

20 -

O CHARPY DATA
O MEAN 3MPACT CURVE

I ' ' ' ' ' ' ' '
O I
-200 -150 -100 -50 0 50 100 150 200 250 300 350 !

TEMPERATURE PC)
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2 SOURCE: ANALYSIS SET
J ANALYSIS SET NAME P_14_T3

,

SET NAME: P 14 T3
-

NOTE: SUB-SIZE CORRELATION PROGRAM, TYPE 3 SPEC., PLATE 14
TEMPERATURE ENERGY EXPANSION SHEAR r

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

A436 -150.0 -238.0 3.86 2.85 0.03 0.001 0.0
A440 -150.0 -238.0 3.21 2.37 0.00 0.000 0.0

'

A435 -125.0 -193.0 3.42 2.52 0.00 0.000 0.0
A437 -112.5- -170.5 5.60 4.13 0.08 0.003 5.0
A434 -100.0 -148.0 5.74 4.23 0.00 0.000 10.0
A438 -75.0 -103.0 6.94 5.12 0.10 0.004 30.0
A433 -50.0 -58.0 8.70 6.42 0.13 0.007 35.0

| A439 -12.5 9.5 13.82 10.19 0.33 0.013 86.0
* A432 0.0 32.0 14.24 10.50 0.41 0.016 84.0 i

A429 25.0 77.0 11.93 8.80 0.43 0.017 95.0 ,

A430 100.0 212.0 14.95 11.03 0.53 0.021 100.0
A431 200.0 392.0 11.75 8.67 0.41 0.016 100.0

NUMBER OF SPECIMENS: 12
*

.

,

i

(

.

I

4

$
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SOURCE: P 14 T3 ANALYSIS SET

Y VARIABLE: ENERGY
,

MODEL PARAMETERS
LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB) |MID-TRANSITION TEMPERATURE:-88.3 (DEC C),-126.9 (DEG F) !
TRANSITION ZONE WIDTH: 166.1 (C DEG) ,299.0 (F DEG)
UPPER SHELF ENERGY: 13.9 (J),10.2 (FT-LB) .

(
UPPER SHELF ENERGY: 13.9 (J),10.2 (FT-LB) '

NOTE: HSST PLATE 14, TYPE 3
MODEL SET NAME: 4

TEMPERATURE (0F)
-200 0 200 400 600

"

17'5 i i i i i

|HSST PLATE 14 TYPE 3| 12-
i
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O CHARPY DATA
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SOURCE: P_14_T3 ANALYSIS SET
,

Y VARIABLE: EXPANSION I

MODEL PARAMETERS
LOWER SHELF EXPANSION [ HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-38.4 (DEG C),-37.0 (DEG F)
TRANSITION ZONE WIDTH: 101.1 (C DEG) ,182.0 (F DEG). i

UPPER SHELF EXPANSION: 0.471 (MM),0.0185 (IN)
UPPER SHELF EXPANSION: O.471 (MM),O.0185 (IN)
NOTE: HSST PLATE 14, TYPE 3 -

MODEL SET NAME: 5

TEMPERATURE ('F) ;

-200 0 200 400 600 i

0. 6 , , , , ,
,

!

|HSST PLATE 14 TYPE 3 |
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'
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k - 0.010 y 1

0- X
b 0.2 -

,

t

- 0.005 |

o.1 - !
O O CHARPY DATA

MEAN IMPACT CURVE
O ' ' ' '0.o o.oco 1

-200 -too o too 200 300 400
|

TEMPERATURE ( C) |
1

|

|
:

!

NUREG/CR-6379 L16
1
4

._ _ .______



_ . _ _ ~ ._ . . . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . . _ _ _ _ . _ _ . _ _ . _ . _ __

i

,

;
,

!

SOURCE: P_14_T3 ANALYSIS SET !,

Y VARIABLE: SHEAR t

MODEL PARAMETERS ,

i

LOWER SHELF SHEAR [ HELD FIXED]: 0 (PERCENT) !
MID-TRANSITION TEMPERATURE:-44.3 (DEG C),-47.7 (DEG F)

.TRANSITION ZONE WIDTH: 95.3 (C DEG),171.6 (F DEG) '

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT) >

UPPER SHELF SHEAR: 100 (PERCENT)
t

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-44.3 (DEG C),-47.7 (DEG F)
NOTE: HSST PLATE 14, TYPE 3 ,

|MODEL SET NAME: 6
-

i

r

TEMPERATURE FF).
-300 -200 -100 0 100 200 300 400 500 600120 , , , 3 , , , , , , ,

i i

l 100 A O-

i
O 1

| C 30 -
' z

U
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j
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@ 40 -
-

0
0
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-

O CHARPY DATA
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' ' i ' ' ' ' ' 'O
-200 -150 -100 -50 0 50 100 150 200 250 300 350
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1-17 NUREG/CR-6379

1

. - l



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

i

I
!

I

!

:

,

;

,

!

;

I

!
!

|
t
,

I
.

t

SOURCE: ANALYSIS SET
ANALYSIS SET NAME: P_14_T4 !

SET NAME: P 14 T4
-

NOTE: SUB-SIZE CORRELATION PROGRAM, PLATE 14, SPECIMEN TYPE 4
#TEMPERATURE ENERGY EXPANSION SHEAR

IDENT- (DEG C) (DEC F) (J) (FT-LB) (MM) (IN) (PERCENT)

IA447 -112.5 -170.5 0.53 0.39 0.00 0.000 0.0
A446 -100.0 -148.0 1.25 0.92 0.00 0.000 0.0 f

A448 -87.5 -125.5 1.25 0.92 0.00 0.000 5.0 f

A445 -75.0 -103.0 2.24 1.65 0.03 0.001 25.0 I

A449 -75.0 -103.0 2.62 1.93 0.10 0.004 4C.0
A450 -62.5 -80.5 2.82 2.08 0.10 0.004 50.0 i

A444 -50.0 -58.0 1.45 1.07 0.00 0.000 40.0 j
A451 -50.0 -58.0 2.56 1.89 0.10 0.004 60.0 :

'A452 -37.5- -35.5 3.85 2.84 0.18 0.007 UNKNOWN
A443 -25.0 -13.0 3.85 2.84 0.20 0.008 90.0 i

A453 -25.0 -13.0 4.18 3.08 0.18 0.007 UNKNOWN |

A442 0.0 32.0 4.18 3.08 0.23 0.009 100.0
A441 25.0 77.0 4.30 3.17 0.25 0.010 100.0
A454 100.0 212.0 4.62 3.41 0.30 0.012 100.0 ;

?A455 200.0 392.0 4.04 2.98 0.25 0.010 100.0
A456 200.0 392.0 4.62 3.41 0.38 0.015 100.0 !

.

NUMBER OF SPECIMENS: 16

:

i
i

|

I

I
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SOURCE: P_14_T4 ANALYSIS SET
<

Y VARIABLE: ENERGY
MODEL PARAMETERS

IDWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-67.0 (DEG C) ,-88. 5 (DEG F)
TRANSITION ZONE WIDTH: 109.5 (C DEG),197.1 (F DEG)

.

UPPER SHELF ENERGY: 4.5 (J),3.3 (PT-LB)
j UPPER SHELF ENERGY: 4.5 (J),3.3 (FT-LB) ,

t

NOTE: HSST PLATE 14, TYPE 4
MODEL SET NAME: 9

'

TEMPERATURE C'F)
3-200 -100 0 100 200 300 400 500 600 l*j i i i i i i i
|

IHSST PLATE 14, TYPE 4 |
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.a9 7 i
,
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W
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O CHARPY DATA 0. 5.-

O MEAN IMPACT CURVE
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. SOURCE: P_14_T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0,0000 (IN)
,

MID-TRANSITION TEMPERATURE:-31.9 (DEG C),-25.4 (DEG F)
TRANSITION ZONE WIDTH: 96.1 (C DEG),173.0 (F DEG)
UPPER SHELF EXPANSION: 0.307 (MM),0.0121 (IN)

UPPER SHELF EXPANSION: 0.307 (MM),O.0121 (IN)
NOTE: HSST PLATE 14, TYPE 4 '

MODEL SET NAME: 8

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

0.45 i i i i i i i - 0.0175

, jHSST PLATE 14. TYPE 4|
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O CHARPY DATA0.05 -

- - MEAN IMPACT CURVE
O

1 ' ' ' ' ' ' '0.00 O.0000
-150 -100 -50 0 50 100 150 200 250 300 350
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SOURCE: P,14_T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAKETERS

LOWER SHELF SHEAR [ HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-55.9 (DEG C),-68.6 (DEG F)
TRANSITION ZONE WIDTH: 70.0 (C DEG),126.0 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),SO (PERCENT) SHEAR):-55.9 (DEG C),-68.6 (DEG F)
NOTE: HSST PLATE 14, TYPE 4
MODEL SET NAME: 7

TEMPERATURE FD
-200 -100 o 100 200 soo 400 500 soo120 , , , , , , , , ,

|HSST PLATL 4; TYPE 4|

100 O ^ O O-
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E
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-

O CHARPY DATA
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15Kh2MFA, FORGING 103672
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SOURCE: ANALYSI3 SET
ANALYSIS SET NAME: WG3CV

SET NAME: WG3CV
NOTE: RUSSIAN SPECIMENS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT) |

WG3 CV27 -80.0 -112.0 8.81 6.50 0.08 0.003 0.0
WG3CV28 -80.0 -112.0 4.47 3.30 0.05 0.002 0.0.!' WG"CV24 -40.0 -40.0 59.66 44.00 0.76 0.030 10.0
WG3CV25 -40.0 -40.0 10.71 7.90 0.10 0.004 5.0,

WG3 CV2 6 -40.0 -40.0 66.30 48.90 0.91 0.036 10.0
t WG3CV19 -20.0 -4.0 76.20 56.20 1.02 0.040 20.0

WG3CV20 -20.0 -4.0 86.91 64.10 1.12 0.044 20.0
.

WG3CV21 -20.0 -4.0 89.62 66.10 1.22 0.048 20.0 j
i WG3CV31 -20.0 -4.0 93.10 68.67 1.35 0.053 30.0 ;

WG3 CV32 -20.0 -4.0 72.10 53.18 0.99 0.039 20.0
WG3CV33 -20.0 -4.0 100.50 74.13 1.42 0.056 35.0
WG3CV34 -20.0 -4.0 110.90 81.80 1.58 0.062 35.0
WG3 CV35 -20.0 -4.0 106.70 78.70 1.42 0.056 25.0
WG3 Cv36 -20.0 -4.0 75.00 55.32 1.04 0.041 20.0
WG3 CV37 -20.0 -4.0 G8.60 50.60 0.94 0.037 10.0 |

4

WG3 CV3 8 -20.0 -4.0 115.20 84.97 1.70 0.067 45.0 i

WG3CV39 -20.0 -4.0 46.80 34.52 0.71 0.028 5.0
WG3CV40 -20.0 -4.0 117.30 86.52 1.68 0.066 40.0 i

'

WG3CV16 0.0 32.0 181.54 133.90 2.08 0.082 100.0 1

WG3CV17 0.0 32.0 124.74 92.00 1.80 0.071 75.0
NG3CV18 0.0 32.0 129.75 95.70 1.65 0.065 75.0
WG3CV29 20.0 68.0 183.04 135.00 2.08 0.082 100.0
WG3CV30 20.0 68.0 162.56 119.90 2.03 0.080 100.0 I

WG3CV22 60.0 140.0 190.49 140.50 2.06 0.081 100.0 l

WG3CV23 60.0 140.0 168.80 124.50 2.06 0.081 100.0 )
i WG3CV41 100.0 212.0 155.00 114.32 1.93 0.076 100.0 i

WG3 CV42 100.0 212.0 178.40 131.58 2.06 0.081 100.0
WG3CV43 100.0 212.0 183.20 135.12 1.93 0.076 100.0
WG3CV44 100.0 212.0 183.20 135.12 1.88 0.074 100.0
WG3CV45 100.0 212.0 181.40 133.80 1.91 0.075 100.0
WG3Cv46 100.0 212.0 184.50 136.08 1.98 0.078 100.0
WG3CV47 100.0 212.0 191.60 141.32 2.13 0.084 100.0
WG3 CV48 100.0 212.0 182.00 134.24 2.03 0.080 100.0
WG3 CV49 100.0 212.0 172.70 127.38 2.18 0.086 100.0 ;

WG3CV50 100.0 212.0 191.80 141.47 1.98 0.079 100.0
'

NUMBER OF SPECIMENS: 35
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SOURCE: WG3CV ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED]: 2.7 (J) ,2. 0 (FT-LB)
MID-TRANSITION TEMPERATURES 19.5 (DEG C),-3.2 (DEG F)
TRANSITION ZONE WIDTE: 61.6 (C DEG),110.9 (F DEG)
UPPER SHELF ENERGY: 181.3 (J),133.7 (FT-LB)

UPPER SHELF ENERGY: 181.3 (J) ,133 . 7 (FT-LB)
TEWERATURE [41 (J),30.2 (FT-LB) ENERGY]:-39.5 (DEG C) , -3 9.2 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]:-28.0 (DEG C) , -18. 5 (DEG F)
NOTE: NONE
MODEL SET NAME: 3
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SOURCE: WG3CV ANALYSIS SET I
i

Y VARIABLE:= EXPANSION
MODEL PARAMETERS 4

LOWER SHELF EXPANSION [ HELD FIXED]: 0.061 (MM) , 0 . 0024 (IN) |
MID-TRANSITION TEMPERATURES-25.7 (DEG C) ,-14.2 - (DEG F) 1

TRANSITION ZONE WIDTE: 51.1 (C DEG),92.0 (F DEG)
UPPER SHELF EXPANSION: 2.029 (MM) , 0. 0799 (IN)

UPPER SHELF EXPANSION: 2.029 (MM),0.0799 (IN)
NOTE: NONE
MODEL SET NAME: 2 i

J

|

l

TEMPERATURE l'F) '
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O CHARPY DATA
MEAN IMPACT CURVE

i t t i 1 I I 1 1
OO 0.00
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ('C)

NUREG/CR-6379 J4

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



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

i

|

SOURCE: WG3CV ANALYSIS SET

Y VARIABLE: SEEAR
MODEL PARAMETEkS

LOWER SHELF SHEAR [EELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURES-11.8 (DEG C) ,10. 8 (DEG F)

jTRANSITION ZONE WIDTE: 30.3 (C DEG) ,54.6 (F DEG)
i

UPPER SHELF SHEAR [ HELD FIXED] : 100 (PERCENT)
UPPER SHELF SEEAR: 100 (PERCENT)

.NOTE: NONE <

MODEL SET NAME: 1
)

TEMPERATURE FF) .
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SOURCE: ANALYSIS SET
IANALYSIS SET NAME: VVER440_.T1 '

SET NAME: VVER440 .T1 r

NOTE: VVER-440, TYPE 1 SPECIMENS ,

TEMPERATURE ENERGY EXPANSION SHEAR j
!

IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERCENT). ;3G38 -100.0 -148.0 0.54 0.40 0.00 0.000 0.03G37 -87.5 -125.5 4.47 3.30 0.08 0.003 5.03G: .1 -75.0 -103.0 9.49 7.00 0.41 0.016 10.0 I
:

3G" L -62.5 -80.5 9.63 7.10 0.41- 0.016 15.0
|

3G34 -50.0 -58.0- 17.22 12.70 0.84 0.033 50.03G51 -37.5 -35.5 15.32 11.30' O.71 0.028 60.0 J

!

3G52' -25.0 -13.0 15.19 11.20 0.71 0.028 65.03G53 -12.5 9.5 29.69 21.90- 1.02 0.040 100.03G54 0.0 32.0 27.25 20.10 0.97 0.038 100.03G55 12.5 54.5 26.17 19.30 0.91 0.036 100.03G39 25.0 77.0 26.85 19.80 0.91 0.036- 100.03G40 100.0 212.0 21.96 16.20 0.81 0.032 100.03G57 100.0 212.0 37.15 27.40 0.66 0.026- 100.03G56 150.0 302.0- 30.91 22.80 0.86 0.034 100.03G58 200.0 392.0 26.71 19.70 0.71 0.028' 100.0

NUMBER OF SPECIMENS:'15
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SOURCE: VVER440_.T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-47.7 (DEG C) ,-53.9 (DEG F)
TRANSITION ZONE WIDTH: 95.1 (C DEG),171.2 (F DEG)
UPPER SHELF ENERGY: 29.2 (J),21.6 (FT-LB)

UPPER SHELF ENERGY: 29.2 (J),21.6 (FT-LB)
NOTE: 15Kh?MFA, TYPE 1
MODEL SET NAME: 0
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i SOURCE: VVER440-.T1 ANALYSIS SET
'

| .

! Y VARIABLE: EXPANSION i

MODEL PARAMETERS I

LOWER SHELF EXPANSION [ HELD FIXED): 0.000 (MM),0.0000.(IN)
MID-TRANSITION TEMPERATURE:-68.3 (DEG C),-91.0 (DEG F) 1

TRANSITION ZONE WIDTH: 43.3 (C DEG) ,78.0 - (F DEG) !
| UPPER SHELF EXPANSION: 0.841 (MM),0.0331 (IN) '

UPPER SHELF EXPANSION: O.841 (MM) , O.0331 (IN) !
'

NOTE: 15Kh2MFA, TYPE 1
,

MODEL SET NAME: 1

i .

| TEMPERATURE FF)
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,
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SOI'RCE: VVER440_.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-43.9 (DEG C) ,-47. 0 (DEG F)
TRANSITION ZONE WIDTH: 57.2 (C DEG),102.9 (F DEG)
UPPER SHELF SHEAR (HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT) ,50 (PERCENT) SHEAR]:-43.9 (DEG C),-47.0 (DEG F)NOTE: 15Kh2MFA, TYPE 1
MODEL SET NAME: 2

TEMPERATURE FD
-200 -100 0 100 200 300 400 500 600

i e i a i i i i i

| 16Kh2MFA. TYPE 1 |

100 - 00 ^ O O O

{ a0 -
-

6
6 0
@ 60 -

-

E
&
w to -

-

20 -
-

O CHARPY DATA
MEAN IMPACT CURVE

' i I ' I t ' 'O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE PCI

J-9 NUREGiCR-6379



SOURCE: ANALYSIS SET
ANALYSIS SET NAME: VVER440_,.T2

SET NAME: VVER440 .T2
NOTE: VVER-440, S'/EC. TYPE 2

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (PT-LB) (MM) (IN) (PERCENT)

3G23 -137.5 -215.5 0.00 0.00 0.00 0.000 0.0
3G24 -125.0 -193.0 0.14 0.10 0.00 0.000 0.0
3G67 -125.0 -193.0 0.00 0.00 0.00 0.000 0.0
3G22 -112.5 -170.5 3.66 2.70 0.28 0.011 10.0
3G32 -112.5 -170.5 2.71 2.00 0.08 0.003 5.0
3G72 -112.5 -170.5 0.00 0.00 0.00 0.000 0.0
3G25 ' -100.0 -148.0 5.02 3.70 0.41 0.016 20.0
3G68 -100.0 -148.0 4.47 3.30 0.33 0.013 10.0
3G21 -87.5 -125.5 5.69 4.20 0.41 0.016 20.0
3G26 -75.0 -103.0 4.75 3.50 0.38 0.015 20.0
3G31 -75.0 -103.0 5.69 4.20 0.46 0.018 30.0
3G27 -62.5 -80.5 5.56 4.10 0.46 0.018 35.0
3G69 -62.5 -80.5 8.54 6.30 0.58 0.023 100.0
3G28 -50.0 -58.0 8.54 6.30 0.61 0.024 100.0
3G29 -37.5 -35.5 8.41 6.20 0.58 0.023 100.0
3G30 -25.0 -13.0 9.08 6.70 0.64 0.025 100.0
3G70 50.0 122.0 8.54 6.30 0.61 0.024 100.0
3G71 100.0 212.0 7.73 5.70 0.66 0.026 100.0

NUMBER OF SPECIMENS: 18

NUREG/CR-6379 J-10
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SOURCE: VVER440_.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [ HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-94.4 (DEG C),-137.9 (DEG F)
TRANSITION ZONE WIDTH: 65.0 (C DEG),116.9 (F DEG)
UPPER SHELF ENERGY: 8.4 (J),6.2 (FT-LB)-

UPPER SHELF ENERGY: 8.4 (J),6.2 (PT-LB)
NOTE: 15Kh2MFA, TYPE 2
MODEL SET NAME: 5,

:
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SOURCE: VVER440_.T2 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED]: 0.000_(MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-95.7 (DEG C) , -14 0. 3 (DEG F)
TRANSITION ZONE WIDTH: 58.3 (C DEG),105.0 (F DEC)
UPPER SHELF EXPANSION: 0.607 (MM),0.0239 (IN)

UPPER SHELF EXPANSION: 0.607 (MM),O.0239 (IN)NOTE: 15Kh2MFA, TYPE 2
MODEL SET NAME: 4

\
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SOURCE: VVER440_.T2 ANALYSIS SET
I Y VARIABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-68.4 (DEG C),-91.2 (DEG F)
TRANSITION ZONE WIDTH: 33.6 (C DEG),60.5 (F DEG) '

UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-68.4 (DEG C),-91.2 (DEG F)
NOTE: 15Kh2MFA, TYPE 2
MODEL SET NAME: 3

TEMPERATURE (*F) ;

-300 -200 -f00 0 100 200 soo 400 soo soo j
120 , , , , , , , ; , , ;

| 1 SKh2MFA. TYPE 2 |

100 - 00 ^ O O

:

C no - -

5
M :
$ so -

i

E
W
m 4o - -

0

20 - 00 -

O CHARPY DATA
00 MEAN IMPACT CURVE

'" ' ' ' ' ' ' ' '
O
-200 -150 -100 -50 0 50 100 150 200 250 30b 350

TEMPERATURE (*C1
|

J-13 NUREG/CR-6379

l



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

I
|

|
:
,

|

l

)

,

'I

|

t

SOURCE: ANALYSIS SET *

ANALYSIS SET NAME: VVER440 .T3 -

i

SET NAME: VVER440 .T3
NOTE: VVER-440, SPECIMEN TYPE 3 )

TEMPERATURE ENERGY EXPANSION . SHEAR |

IDENT .(DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

3G16. -112.5 ~-170.5 0.41 0.30 0.15 0.006 0.0 |

3G14 ' -100.0 -148.0 0.81 0.60 0.13 0.005 0.0
6C46 -100.0 -148.0 0.54 0.40 0.15 0.006 0.0 i

3G13 -87.5 -125.5 8.68 6.'40 0.33 0.013 0.0
6G47 -87.5 -125.5 2.71 2.00 0.00 0.000 0.0

'
3G15 -75.0 -103.0 13.42 9.90 '0.66 0.026 20.0
3G17 -62.5 -80.5 12.07 8.90 0.61 0.024 15.0'

'3G18 -50.0 -58.0 14.10 10.40 0.66 0.026 45.0 |
3G19 -37.5 -35.5 15.73 11.60 0.79 0.031 70.0
3G20 -25.0 -13.0 13.29 9.80 0.61 0.024 65.0
6G45 -25.0 -13.0 25.22 18.60 0.89 0.035 100.0 ,

6G44 -12.5 9.5' 24.68 18.20 0.86 0.034 100.0 |

6G43' O.0 32.0 25.22 18.60 0.91 0.036 100.0
6G41. 50.0 122.0 22.64 16.70 0.91 0.036 100.0
6G42 100.0 212.0 25.22 18.60 0.89 0.035 100.0

NUMBER OF SPECIMENS: 15
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SOURCE: .VVER440_.T3 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS !

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-59.7 (DEG C),-75.4 (DEG F)
TRANSITION ZONE WIDTH: 85.4 (C DEG),153.7 (F DEG)
UPPER SHELF ENERGY: 24.6 (J) ,18.1 (FT-LB)

UPPER SHELF ENERGY: 24.6 (J),18.1 (FT-LB)
NOTE: 15Kh2MFA, TYPE 3
MODEL SET NAME: 6
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SOURCE: VVER440_.T3 ANALYSIS SET ]

Y VARIABLE: EXPANSION j
MODEL PARAMETERS |

'IDWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-75.5 (DEG C),-103.9 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),113.3 (F DEG)
UPPER SHELF EXPANSION: 0.863 (MM) ,0. 03 4 0 (IN)

UPPER SHELF EXPANSION: 0.863 (MM),0.0340 (IN) 1;

NOTE: 15Kh2MFA, TYPE 3 |

MODEL SET NAME: 7 |
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SOURCE: VVER440_.T3 ANALYSIS SET '

Y VARIABLE: SHEAR
MODEL PARAMETERS

,

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT) 1

MID-TRANSITION TEMPERATURE:-46.7 (DEG C),-52.0 (DEG F)
TRANSITION ZONE WIDTH: 48.6 (C DEG),87.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED): 100.(PERCENT) >

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-46.7 (DEG C),-52.0 (DEG F)
NOTE: 15Kh2MFA, TYPE 3
MODEL SET NAME: 8

|
2
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: VVER440_.T4

SET NAME: VVER440 .T4
NOTE: VVER-440, TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

3G07 -100.0 -148.0 0.20 0.15 0.00 0.000 0.0

3G08 -87,5 -125.5 0.20 0.15 0.00 0.000 0.0

3G12 -87.5 -125.5 0.72 0.53 0.00 0.000 0.0

6G63 -87.5 -125.5 0.34 0.25 0.00 0.000 0.0
3G09 -75.0 -103.0 3.46 2.55 0.23 0.009 10.0 )
6G61 -75.0 -103.0 3.59 2.65 0.25 0.010 10.0 j

6G64 -75.0 -103.0 0.62 0.46 0.00 0.000 0.0 -

3G10 -62.5 -80.5 5.19 3.83 0.38 0.015 40.0

6G62 -62.5 -80.5 5.00 3.69 0.41 0.016 45.0

6G65 -62.5 -80.5 5.23 3.86 0.28 0.011 20.0 l

3G11 -50.0 -58.0 7.78 5.74 0.61 0.024 100.0

6G66 -50.0 -58.0 3.82 2.82 0.25 0.010 10.0

3G06 -37.5 -35.5 8.16 6.02 0.56 0.022 100.0

3G05 -25.0 -13.0 7.54 5.56 0.58 0.023 100.0

3G04 -12.5 9.5 7.54 5.56 0.61 0.024 100.0

3G03 0.0 32.0 7.97 5.88 0.66 0.026 100.0

3G02 12.5 54.5 8.04 5.93 0.61 0.024 100.0

3G01 25.0 77.0 7.54 5.56 0.53 0.021 100.0

NUMBER OF SPECIMENS: 18

!
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SOURCE: VVER440_,.T4 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-67.3 (DEG C) ,-89.1 (DEG F)
TRANSITION ZONE WIDTH: 37.0 (C DEG),66.5 (F DEG)
UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)
NOTE: 15Kh2MFA, TYPE 4
MODEL SET NAME: 1

TEMPERATURE (0F)
-20o -100 o too 200 soo 4o0 soo 6co .;,

i i i i i i i i i ;

0 600 -

8 -

0 o O
~

5-

6 - n

|15Kh2MFA TYPE 4| 4yq _

5 - t'
>. -

O >- )
~ *$ |4 ~ o y 'w

3 -
"

2-

2 -

~

t _ O CHARPY DATA
MEAN IMPACT CURVEO

o
- 9 I i i t i i e i 3

-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ( C)
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SOURCE: VVER440_.T4 ANALYSIS SET

Y VARIABLE: EXPANSI,0N
MODEL PARAMETERS

IDWER SHELF EXPANSION [ HELD FIXED): 0.000 (MH),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-64.6 (DEG C),-84.3 (DEG F)
TRANSITION ZONE WIDTH: 37.9 (C DEG) ,68.2 (F DEG)
UPPER SHELF EXPANSION: 0.592 (MM),0.0233 (IN)

UPPER SHELF EXPANSION: 0.592 (MN),0.0233 (IN)
NOTE: 15Kh2MF7., TYPE 4
MODEL SET N/EE: 0

TEMPERATURE ('n
-200 -100 0 100 200 300 400 500 soo

0.5 , g g g i g , ,
- 0.030

|15Kh2MFA. TYPE 4 |
o.1 -

O
~

'

c.6 - 0 0 0

O~

fo5 0.020 j
-

-
_

-
z

5
''# -

a
E - 0.015 $z <
4 G.

0.3 - y
W O - 0.010

0.2 -

- 0.005
0.1 - O CHARPY DATA

MEAN IMPACT CURVE

' ' ' ' ' ' ' '
0.0 O.000
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (C)

.
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SOURCE: VVER440_.T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED]: 0 (PERCENT)
i

i

MID-TRANSITION TEMPERATURE:-54.9 (DEG C) ,-66. 8 (DEG F)
i

TRANSITION ZONE WIDTH: 35.2 (C DEG),63.4 (F DEG)
UPPER SHELF SHEAR [ HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-54.9 (DEG C),-66.8 (DEG F)NOTE: 15Kh2MFA, TYPE 4
MODEL SET NAME: 9

TEMPERATURE FF)
-200 -100 0 too 200 300 400 soo soo .120 , , , , , , , , , j

!
| 15Kh2MFA. TYPE 4 |

100 - 000 000

{ ao -
-

u
5
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b
h to ',

-
-

!
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O CHARPY DATA
O MEAN IMPACT CURVE

O -
f I ' f I ' I I

-150 -100 -50 0 50 100 150 200 250 300 350
TEMPERATURE PC)
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APPENDIX K

HSSI WELD 72W
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 72W.FUL

SET NAME: 72W.FUL
NOTE: NONE

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

72W329 -74.0 -101.2 9.50 7.01 0.08 0.003 10.0
72W343 -74.0 -101.2 10.10 7.45 0.00 0.000 3.0
72W449 -48.0 -54.4 14.90 10.99 0.25 0.010 0.0
72W469 -48.0 -54.4 15.50 11.43 0.24 0.009 0.0
72W460 -48.0 -54.4 15.60 11.51 0.27 0.011 0.0
72W327 -48.0 -54.4 16.30 12.02 0.27 0.011 18.0
72W434 -48.0 -54.4 25.80 19.03 0.44 0.017 0.0
72W395 -48.0 -54.4 30.50 22.50 0.39 0.015 0.0
72W341 -32.0 -25.6 19.70 14.53 0.34 0.013 12.0,

72W338 -32.0 -25.6 27.80 20.50 0.37 0.015 14.0
72W443 -24.0 -11.2 29.80 21.98 0.69 0.027 32.0
72W350 -24.0 -11.2 32.50 23.97 0.56 0.022 18.0
72W389 -24.0 -11.2 38.60 28.47 0.67 0.026 23.0
72W436 -24.0 -11.2 46.10 34.00 0.69 0.027 25.0
72W435 -24.0 -11.2 55.60 41.01 0.91 0.036 30.0
72W348 -24.0 -11.2 56.30 41.52 0.72 0.028 42.0
72W393 -24.0 -11.2 65.10 48.02 1.04 0.041 47.0
72W442 -24.0 -11.2 67.10 49.49 1.04 0.041 50.0
72W456 -24.0 -11.2 69.20 51.04 1.12 0.044 39.0
72W455 -24.0 -11.2 71.90 53.03 1.17 0.046 57.0
72W325 -18.0 -0.4 71.90 53.03 0.83 0.033 52.0
72W377 -4.0 24.8 23.70 17.48 0.60 0.024 44.0
72W359 -4.0 24.8 28.50 21.02 0.48 0.019 20.0
72W424 -4.0 24.8 35.90 26.48 1.02 0.040 47.0
72W357 -4.0 24.8 46.80 34.52 0.69 0.027 36.0
72W379 -4.0 24.8 59.7G 44.03 0.97 0.038 39.0
72W336 -4.0 24.8 77.30 57.01 1.18 0.046 48.0
72W426 -4.0 24.8 78.60 57.97 1.32 0.052 53.0
72W437 -4.0 24.8 86.80 64.02 1.25 0.049 23.0
72W438 -4.0 24.8 86.80 64.02 1.45 0.057 43.0
72W461 -4.0 24.8 86.80 64.02 1.37 0.054 64.0
72W462 -4.0 24.8 92.20 68.00 1.52 0.060 69.0
72W323 10.0 50.0 107.10 78.99 1.47 0.058 70.0
72W451 21.0 69.8 50.80 37.47 1.00 0.039 56.0
72W375 21.0 69.8 66.40 48.97 1.14 0.045 38.0
72W371 21.0 69.8 88.80 65.50 1.36 0.054 73.0
72W414 21.0 69.8 96.30 71.03 1.60 0.063 60.0
72W444 21.0 69.8 101.00 74.49 1.68 0.066 79.0
72W452 21.0 69.8 108.50 80.03 1.78 0.070 78.0
72W301 21.0 69.8 109.80 80.98 1.52 0.060 25.0
72W/.68 21.0 69.8 111.20 82.02 1.83 0.072 82.0
72W418 21.0 69.8 112.50 82.98 1.78 0.070 84.0
72W404 21.0 69.8 l'A 4 . 6 0 84.52 1.65 0.065 80.0
72W445 21.0 69.8 122.00 89.98 2.13 0.084 88.0
72W303 38.0 100.4 134.20 98.98 1.83 0.072 95.0
72W305 66.0 150.8 135.60 100.01 1.79 0.070 95.0
72W473 80.0 176.0 108.50 80.03 1.60 0.063 86.0
72W447 80.0 176.0 122.00 89.98 2.01 0.079 100.0
72W472 80.0 176.0 124.70 91.97 1.97 0.078 96.0
72W446 80.0 176.0 130.80 96.47 2.21 0.087 100.0
72W387 80.0 176.0 133.50 98.46 2.10 0.083 100.0
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73W454 80.0 176.0 135.60 100.01 2.18 0.086 100.072W430 80.0 176.0 136.90 100.97 2.39 0.094 100.072W397 80.0 176.0 138.30 102.00 2.08 0.082 100.072W453 80.0 176.0 139.50 102.96 2.21 0.087 100.072W420 80.0 176.0 141.00 104.00 2.41 0.095 100.073W307 93.0 199.4 136.90 100.97 1.89 0.074 100.072W355 140.0 284.0 124.70 91.97 2.11 0.083 100.072W385 140.0 284.0 127.40 93.97 2.03 0.080 100.072W349 140.0 284.0 130.80 96.47 2.13 0.084 100.073W458 140.0 284.0 132.90 98.02 2.06 0.081 100.073W470 140.0 284.0 134.20 98.98 2.20 0.087 100.072W457 140.0 284.0 135.60 100.01 2.29 0.090 100.072W471 140.0 284.0 136.90 100.97 2.06 0.081 100.072W361 140.0 284.0 136.90 100.97 2.01 0.079 100.072W440 140.0 284.0 136.90 100.97 2.34 0.092 100.072W381 140.0 284.0 148.50 109.53 2.31 0.091 100.072W309 149.0 300.2 134.90 99.50 2.05 0.081 100.072W450 190.0 374.0 113.90 84.01 1.78 0.070 100.073W448 190.0 374.0 122.70 S0.50 2.12 0.083 100.072W475 190.0 374.0 127.40 93.97 2.06 0.081 100.072W474 190.0 374.0 129.50 95.51 2.21 0.087 100.0l 72W408 190.0 374.0 138.30 102.00 2.08 0.082 100.073W464 190.0 374.0 138.30 102.00 1.80 0.071 100.072W463 190.0 374.0 141.70 104.51 2.41 0.095 100.072W441 190.0 374.0 142.40 105.03 2.26 0.089 100.072W432 190.0 374.0 143.00 105.47 2.06 0.081 100.073W406 190.0 374.0 143.00 105.47 2.18 0.086 100.072W465 288.0 550.4 135.60 100.01 1.94 0.076 100.072W466 288.0 550.4 136.30 100.53 1.97 0.078 100.072W412 288.0 550.4 140.30 103.48 2.03 0.080 100.073W459 288.0 550.4 141.00 104.00 2.13 0.084 100.072W321 288.0 550.4 142.40 105.03 2.24 0.088 100.073W467 288.0 550.4 147.80 109.01 2.22 0.087 100.0

NUMBER OF SPECIMENS: 84
|

|
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SOURCE: 72W.FUL ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY (HELD FIXED] : 2.7 (J) ,2. 0 (FT-LB)
MID-TRANSITION TEMPERATURE -4.5 (DEG C) ,23.9 (DEG F)
TRANSITION ZONE WIDTH: 103.7 (C DEG) ,18 6. 6 (F DEG)
UPPER SHELF ENERGY: 136.3 (J) ,10 0. 5 (PT-LB)

UPPER SHELF ENERGY: 136.3 (J) ,10 0. 5 (FT-LB)
TEMPERATURE [41 (J) ,3 0. 2 (FT-LB) ENERGY):-28.1 (DEG C) , -16. 6 (DEG F)
TEMPERATURE (68 (J) , 50. 2 (FT-LB) ENERGY]:-5.7 (DEG C) ,21. 8 (DEG F)
NOTE: NONE
MODEL SET NAME: 9

TEMPERATURE (0F)
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SOURCE: 72W.FUL ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD FIXED]: 0.061 (MM) , 0. 0024 (IN)
MID-TRANSITION TEMPERATURES-5.7 (DEG C),21.7 (DEG F)
TRANSITION ZONE WIDTH: 98.6 (C DEG),177.4 (F DEG)
UPPER SHELF EXPANSION: 2.119 (MM) , 0. 083 4 (IN)

UPPER SHELF EXPANSION: 2.119 (MM) , D . 0 834 (DT)
NOTE: NONE
MODEL SET NAME: 0

TEMPERATURE PF)
-200 -100 0 100 200 300 400 500 6003'O i i i i 6 i a i 1

|HSSI WEl.D 72W |
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0
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o c
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O

8
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SOURCE: 72W.FUL ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE -1.0 (DEG C),30.2 (DEG F)
TRANSITION ZONE WIDTH: 99.6 (C DEG),179.2 (F DEG)
UPPER SHELF SHEAR [ HELD FIZED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 10
DESTINATION FILE NAME: 1
DESTINATION DIRECTORY PATE: C:\ USER \
MODEL VARIABLES SAVED

TEMPERATURE (On
-200 -100 0 100 200 000 400 500 600

120 , , , , , , , , ,

|HSSI WELD 72W |

100 - 0 00 O O
O

O O

{ 20 - h -

O
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O o

5 40 - 8 8o -

0
20 -

O O
-

a O CHARPY DATA
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L I ' ' ' ' i i
O
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE ('Cl
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 72W T1

_

SET NAME: 72W T1
NOTE: HSSI WriD 72W SPECIMEN TYPE 1

TEMPERATURE ENERGY EXPANSION SHEARIDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
7W1G -112.5 -170.5 1.45 1.t7 0.00 0.000 0.07W1F -100.0 -148.0 0.66 0.49 0.00 0.000 0.07W1H -87.5 -125.5 4.75 3.50 0.03 0.001 5.07W1E -75.0 -103.0 10.21 7.53 0.36 0.014 10.07W1I -62.5 -80.5 3.59 2.65 0.08 0.003 10.07W1D -50.0 -58.0 13.31 9.82 0.48 0.019 45.07W1J -37.5 -35.5 12.35 9.11 0.48 0.019 50.07W1C -25.0 -13.0 8.09 5.97 0.38 0.015 65.07W1K -12.5 9.5 16.70 12.32 0.69 0.027 75.07W1B 0.0 32.0 18.21 13.43 0.74 0.029 75.07W1L 12.5 54.5 21.02 15.50 0.91 0.036 90.07W1A 25.0 77.0 20.66 15.24 0.91 0.036 85.07W1M 50.0 122.0 22.19 16.37 0.89 0.035 100.07 WIN 100.0 212.0 22.80 16.82 0.91 0.036 100.07W1P 150.0 302.0 24.55 18.11 0.99 0.039 100.07W10 200.0 392.0 22.47 16.57 0.91 0.036 100.0

NUMBER OF SPECIMENS: 16

i
:
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SOURCE: 72W T1 ANALYSIS SET_

1

Y VARIABLE: ENERGY i

MODEL PARAMETERS *

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-36.2 (DEG C) ,-33.1 (DEG F) |

'

TRANSITION ZONE WIDTH: 131.9 (C DEG),237.4 (F DEG)
UPPER SHELT ENERGY: 23.7 (J),17.5 (FT LB)

UPPER SHELF ENERGY: 23.7 (J),17.5 (FT-LB)
NOTE: HSSI WELD 72W, TYPE 1
MODEL SET NAME: 1

'

TEMPERATURE FF)
,
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SOURCE: 72W T1 ANALYSIS SET_

Y VARIABLE: EXPANSION
MODEL PARAMETERS !

LOWER SHELF EXPANSION [ HELD FIXED]: 0.000 (MM),0.0000 (IN) |

MID-TRANSITION TEMPERATURE:-34.1 (DEG C),-29.4 (DEG F) !
TRANSITION ZONE WIDTH: 99.7 (C DEG) ,179.4 (F DEG) ;

UPPER SHELF EXPANSION: 0.951 (MM),0.0375 (IN)
UPPER SHELF EXPANSION: 0.951 (MM),D.0375 (IN)
NOTE: HSSI WELD 72W, TYPE 1 !
MODEL SET NAME: 2 l

I

TEMPERATURE (*F)
-200 -100 o too 200 300 400 500 soo

1.2 , , , , , , , , ,

|HSSI 72W. TYPE 1 | j
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SOURCE: 72W T1 ANALYSIS SET i
_ '

)
Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-34.9 (DEG C),-30.8 (DEG F)

)TRANSITION ZONE WIDTH: 85.6 (C DEG),154.0 (F DEG)
UPPER SHELF SHEAR (HELD FIXED): |

100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT) I

TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR):-34.9 (DEG C) ,-30. 8 (DEG F)j
|

NOTE: HSSI WELD 72W, TYPE 1
MODEL SET NAME: 3 ,

4

I

TEMPERATURE (*F)-200 -100 0 100 200 300 400 500 600I20 l I i i e i e i 4
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100 - o O O O

OC 80 -

$ 0 -

V

g 60 -

i
-

e
I o5 40 -

,

'
-

20 -

-
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 72W T2

,

SET NAME: 72W T2
NOTE: 72W TYPE 2 SPECIMENS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

7W2H -125.0 -193.0 0.14 0.10 0.00 0.000 0.0
7W2G -112.5 -170.5 2.16 1.59 0.05 0.002 0.0
7W2F -100.0 -148.0 1.57 1.16 0.00 0.000 0.0
7W2I -87.5 -125.5 0.79 0.58 0.00 0.000 0.0
7W2E -75.0 -103.0 0.99 0.73 0.00 0.000 0.0
7W2P -75.0 -103.0 4.23 3.12 0.28 0.011 20.0 !

7W2J -62.5 -80.5 4.75 3.50 0.33 0.013 40.0 1

7W2D -50.0 -58.0 5.64 4.16 0.36 0.014 70.0 )7W2K -37.5 -35.5 6.02 4.44 0.41 0.016 80.0 :
7W2C -25.0 -13.0 6.52 4.81 0.51 0.020 90.0 l
7W2L -12.5 9.5 7.21 5.32 0.43 0.017 90.0 1
7W2B 0.0 32.0 7.28 5.37 0.61 0.024 100.0
7W2M 12.5 54.5 7.40 5.46 0.56 0.022 95.0
7W2A 25.0 77.0 7.73 5.70 0.56 0.022 100.0
7W2N 37.5 99.5 7.54, 5.56 0.64 0.025 100.0 |7W2O 100.0 212.0 7.85 5.79 0.66 0.026 100.0 |

NUMBER OF SPECIMENS: 16

I

!

I

I

I
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SOURCE: 72W T2 ANALYSIS SET |_,

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENEKGY (HELD FIXEDI: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-64.6 (DEG C),-84.3 (DEG F)

,

TRANSITION ZONE WIDTH: 79.1 (C DEG),142.4 (F DEG) !
UPPER SHELF ENERGY: 7.7 (J) ,5.7 (FT-LB)

UPPER SHELF ENERGY: 7.7 - (J) ,5.7 (FT-LB)
NOTE: HSSI WELD 72W, TYPE 2 i

'

MODEL SET NAME: 6

TEMPERATURE (*F) |
-200 -100 0 100 2 00 300 400 500 600 i

I i i i i I i e i i

- |HSSI 72W. TYPE 2 | 6-
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o CHARPY DATA
'
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TEMPERATURE PC) ,
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SOURCE: 72W T2 ANALYSIS SET_

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [ HELD. FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-54.2 (DEG C) ,-65. 6 (DEG F)
TRANSITION ZONE WIDTH: 74.7 (C DEG),134.5 (F DEG)
UPPER SHELF EXPANSION: 0.601 (MM),O.0237 (IN)

UPPER SHELF EXPANSION: 0. 601 (MM) ,0. 0237 (IN)
NOTE: HSSI WELD 72W, TYPE 2
MODEL SET NAME: 5

TEMPERATURE FF)
-200 -100 o 100 200 300 400 500 6000.5 , , , , , , , , ,

|HSSI 72W. TYPE 2 |
_
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Z O $
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~

0.015-

E o 2
k o.3 b
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i
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SOURCE: 72W T2 ANALYSIS SET ,
_

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURES-56.3 (DEG C),-69.3 (DEG F)
TRANSITION ZONE WIDTH: 41.4 (C DEG),74.4 (F DEG)
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT) 1

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR):-56.3 (DEG C),-69.3 (DEG F)
NOTE: HSSI WELD 72W, TYPE 2
MODEL SET NAME: 4

l

TEMPERATURE PF)
'

-200 -100 0 100 200 300 400 soo soo
'20 '

4 I I i 4 4 i | |

|HSSI 72W. TYPE 2 |

100 -
" 00 O

O
00

C 30 - -

N
O

5
g 60 - -

E
W
v2 40 -

-

20 -
-

O CHARPY DATA
MEAN IMPACT CURVE

f f ' ' ' ' ' ''~'
O
-150 -100 -50 0 50 100 150 200 250 300 350
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 72W T3

_

SET NAME: 72W T3
NOTE: SUB-SIZE CORREIATION PROGRAM, TYPE 3 SPEC. , PLATE 72W

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

7W3I -137.5 -215.5 0.92 0.68 0.00 0.000 0.0
7W3G -125.0 -193.0 1.26 0.93 0.00 0.000 0.0
7W3H -112.5 -170.5 6.89 5.08 0.18 0.007 5.0
7W3F -100.0 -148.0 4.84 3.57 0.08 0.003 0.0
7W3J -91.5 -132.7 10.09 7.44 0.36 0.014 15.0
7W3E -75.0 -103.0 9.08 6.70 0.30 0.012 0.0
7W3K -62.5 -80.5 11.93 8.80 0.56 0.022 35.0
7W3D -50.0 -58.0 11.75 8.67 0.51 0.020 45.0
7W3L -37.5 -35.5 11.93 8.80 0.53 0.021 60.0
7W3C -25.0 -13.0 13.45 9.92 0.58 0.023 65.0
7W3M -12.5 9.5 16.03 11.82 0.74 0.029 85.0
7W3B 0.0 32.0 16.74 12.35 0.71 0.028 80.0
7W3N 12.5 54.5 19.43 14.33 0.76 0.030 100.0 )
7W3A 25.0 77.0 20.00 14.75 0.81 0.032 00.0

'

TW30 100.0 212.0 20.23- 14.92 0.79 0.031 100.0
7W30 100.0 212.0 20.23 14.92 0.79 0.031 100 0
7W3R 150.0 302.0 20.V1 15.42 0.89 0.035 100.0
7W3R 150.0- 302.0 20.91 15.42 0.89 0.035 100.0
7W3P 200.0 392.0 24.27 17.90 0.97 0.038 100.0
7W3Q 250.0 482.0 25.15 18.55 0.76 0.030 100.0

NUMBER OF SPECIMENS: 20
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4 SOURCE: 72W T3 ANALYSIS SET
_

fY VARIABLE: ENERGY
MODEL PARAMETERS

j

LOWER SHELF ENERGY (HELD FIXED): 0.1 (J) ,0.1 (FT-LB) |
MID-TRANSITION TEMPERATURE:-54.3 (DEG C),-65.7 (DEG F) f

TRANSITION ZONE WIDTH: 183.4 (C DEG),330.2 (F DEG) j
UPPER SHELF ENERGY: 22.5 (J),16.6 (FT-LB) ,

UPPER SHELF ENERGY: 22.5 (J),16.6 (PT-LB)
NOTE: HSSI WELD 72W, TYPE 3
MODEL SET NAME: 7

;

1

TEMPERATURE ('F) ]
-300 -200 -100 0 100 200 300 400 500 600

I00 i e i t i i i I 6 6

i

|HSSI 72W, TYPE 3 I 20.0 |-

!

O
'

25 - O 17.5-

O
0 O - 15.0

20 - 9
9 I

115 g- -

-
>-
to 15 - 3

O 10.0 @h
-

O OO y
7.5 W-

to - O

O - 5.0

5 O- ,

O CHARPY DATA - 2.5 I
MEAN IMPACT CURVE i

I I ' ' ' ' ' ' ' '
0 O.0
-200 -t50 -t00 -50 0 50 100 150 200 250 300 350 j

TEMPERATURE (*C)
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SOURCE: 72W T3 ANALYSIS SET~

l

Y VARIABLE: EXPANSION |

MODEL PARAMETERS
LOWER SHELF EXPANSION (HELD FIXED): 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-62.6 (DEG C) ,-80. 6 (DEG F)
TRANSITION ZONE WIDTH: 121.4 (C DEG),218.5 (F DEG)
UPPER SHELF EXPANSION: O.842 (MM),O.0331 (IN)

UPPER SHELF EXPANSION: 0.842 (MM) , O. 0331 (IN)
NOTE: HSSI WELD 72W, TYPE 3
MODEL SET NAME: 8

|
TEMPERATURE (*F) '

-300 -200 -100 0 100 200 300 400 500 600 I
i 4 i i i i i i i i

|HSSI 72W. TYPE 3 |
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SOURCE: 72W T3 ANALYSIS SET j_

'

\
Y VARIABLE: SHEAR |

MODEL PARAMETERS l

|LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT)
'

MID-TRANSITION TEMPERATURE:-42.9 (DEG C),-45.1 (DEG F)
TRANSITION ZONE WIDTH: 78.9 (C DEG),141.9 (F DEG)
UPPER SHELF SHEAR (HELD FIXED): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-42.9 (DEG C),-45.1 (DEG F)'

' NOTE: HSSI WELD 7?W, TYPE 3
MODEL SET NAME: 9

TEMPERATURE FF)
-300 -200 -100 0 100 200 300 400 500 600

120
1 I i e i e i i i i

|HSSI 72W. TYPE 3 |

00 O O O O100 -
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5
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E
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SOURCE: ANALYSIS SET
ANALYSIS SET NAMES: 72W T4 AND 72WT4FUL.,

SET NAME: 72W T4
NOTE: SUB-SIZE CORRELATION PROGRAM, 72W, SPECIMEN TYPE 4

T.!MPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

7W4F -100.0 -148.0 0.90 0.66 0.00 0.000 0.0
7W4G -87.5 -125.5 1.60 1.18 0.00 0.000 0.0
7W4E -75.0 -103.0 0.70 0.52 0.00 0.000 5.0
7W4H -75.0 -103.0 0.80 0.59 0.00 0.000 5.0
7W4I -62.5 -80.5 2.80 2.07 0.20 0.008 30.0 |

7W4D -50.% -58.0 2.60 1.92 0.20 0.008 25.0
7W4J -50.0 -58.0 4.00 2.95 0.36 0.014 70.0 |

7W4K ~37.5 -35.5 5.90 4.35 0.51 0.020 100.0 )

7W4C -25.0 -13.0 6.10 4.50 0.48 0.019 100.0 I

7W4L -25.0 -13.0 6.20 4.57 0.48 0.019 100.0 ;

7W4B 0.0 32.0 5.50 4.06 0.74 0.029 100.0 |

7W4A 25.0 77.0 5.50 4.06 0.51 0.020 100.0
7W4M 100.0 212.0 5.50 4.06 0.53 0.021 100.0

NUMBER OF SPECIMENS: 13

SET NAME: 72WT4FUL
NOTE: 72W TYPE 4 SPECIMENS TESTED WITH HAMMER AT FULL HEIGHT

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)

7W4N -75.0 -103.0 1.87 1.38 0.05 0.002 5.0

7040 -62.5 -80.5 3.12 2.30 0.23 0.009 20.0

7W4P -50.0 -58.0 3.47 2.56 0.25 0.010 40.0

7W4Q -25.0 -13.0 4.24 3.13 0.36 0.014 80.0

7W4Q .100.0 212.0 5.45 4.02 0.56 0.022 100.0

NUMBER OF SPECIMENS: 5
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i' SOURCE: 72W T4 AND 72WT4FUL ANALYSIS SETS_

Y VARIABLE: ENERGY
i MODEL PARAMETERS
' IcWER SHELF ENERGY [ HELD FIXED): 0.1 (J),0.1 (FT-LB)
| MID-TRANSITION TEMPERATURE:-59.4 (DEG C),-74.9 (DEG F)
; TF.ANSITION ZONE WIDTH: 53.1 (C DEG),95.6 (F DEG)
| UPPER SHELF ENERGY: 5.7 (J),4.2 (FT-LB)

UPPER SHELF ENERGY: 5.7 (J),4.2 (FT-LB)
NOTE: HSSI WELD 72W, TYPE 4, 2.25 AND 5.5 M/S
MODEL SET NAME: 2

|

TEMPERATURE l'F)
-200 -100 o 100 200 soo 400 500 soo
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O
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SOURCE: 72W T4 AND 72WT4FUL ANALYSIS SETS_

Y VARIABLE: EXPANSION
MODEL PARAMETERS

|
LOWER SHELF EXPANSION (HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-50.6 (DEG C),-59.0 (DEG F)
TRATISITION ZONE WIDTH: 48.0 (C DEG) ,86.4 (F DEG)
UPPER SHELF EXPANSION: 0.560 (MM) ,0.0221 (IN)

|UPPER SHELF EXPANSION: 0.560 (MM) ,0. 0221 (IN)
NOTE: HSSI WELD 72W, TYPE 4, 2.25 AND 5.5 M/S ;

MODEL SET NAME: 1 ,

t

i

TEMPERATURE FF)
-200 -100 o too 200 soo 4oo soo soo, , ,

3 i i i I i i - 0.035 |

- |HSSI 72W. TYPE 4 ]8

0.030-

O
0.7 -

,
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'
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S 8 5
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!

z 0.5 . O O - 0.020 z
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w e
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i 0 0.015y-

b 0.3 - b
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SOURCE: 72W T4 AND 72WT4FUL ANALYSIS SETS_

t

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [ HELD FIXED): 0 (PERCENT); MID-TRANSITION TEMPERATURE:-50.2 (DEG C),-58.4 (DEG F)-
, TRANSITION ZONE WIDTH: 33.0 (C DEG),59.5 (F DEG) ;

| UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)'

UPPER SHELF SHEAR: 100 (PERCENT)
.

'

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-50.2 (DEG C),-58.4 (DEG F)
NOTE: HSSI 72W, TYPE 4, 2.25 AND 5.5 M/S |

'

MODEL SET NAME: 10
DESTINATION FILE NAME: 10
DESTINATION DIRECTORY PATH: C:\ USER \

,

MODEL VARIABLES SAVED ,

1

;
,

!

TEMPERATURE FM
-200 -100 o 100 200 300 400 500 600 i

i i i i i i 6 i sIId
!

|HSSI 72W. TYPE 4 | .
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100 -
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,

'u
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4
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. h 40 3-
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 72W TS

_

SET NAME: 72W T5
_

NOTE: SUB-SIZE CORRELATION PROG., 72W, TYPE 5 SPECIMEN
TEMPERATURE ENERGY EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
;

7W5L -125.0 -193.0 C.83 0.61 UNKNOWN 0.0
7WSF -103.3 -154.0 0.96 0.71 UNKNOWN 0.0 ;

7W5G -100.0 -148.0 2.83 2.09 UNKNOWN 0.0 |

7W5M -87.5 -125.5 7.93 5.85 UNKNOWN 5.0 1

7W5E -75.0 -103.0 8.37 6.17 UNKNOWN 5.0 i

7W5H -75.0 -103.0 10.52 7.76 UNKNOWN 10.0 |
7W5N -62.5 -80.5 11.40 8.41 UNKNOWN 20.0 1

7W5D -50.0 -58.0 11.54 8.51 UNKNOWN 45.0
7W5I -50.0 -58.0 11.32 8.35 UNKNOWN 45.0 1i

7W5C -25.0 -13.0 14.10 10.40 UNKNOWN 65.0 |
7W5K -25.0 -13.0 13.80 10.18 UNKNOWN 65.0
7W50 -12.5 9.5 17.07 12.59 UNKNOWN 70.0
7WSB 0.0 32.0 14.53 10.72 UNKNOWN 70.0 1

7W5A 25.0 77.0 18.40 13.57 UNKNOWN 100.0 '

7W5P 100.0 212.0 19.92 14.69 UNKNOWN 100.0
7W5Q 200.0 392.0 20.13 14.85 UNKNOWN 100.0
7W5R 200.0 392.0 19.01 14.02 UNKNOWN 100.0

NUMBER OF SPECIMENS: 17
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SOURCE: 72W T5 ANALYSIS SET
_

!Y VARIABLE: ENERGY
MODEL PARAMETERS ,

LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB) J
MID-TRANSITION TEMPERATURE:-63.6 (DEG C),-82.5 (DEG F) !

TRANSITION ZONE WIDTH: 121.1 (C DEG) ,218.0 (F DEG) |

UPPER SHELF ENERGY: 19.1 (J) ,14.1 (FT-LB)
UPPER SHELF ENERGY: 19.1 (J),14.1 (FT-LB)
NOTE: HSSI WELD 72W, TYPE 5
MODEL SET NAME: 3

TEMPERATURE FF)
-200 -100 0 100 200 300 400 500 600

22.5 , , , , , , , , ,

|HSSI 72W, TYPE 5| 0 - 15 0
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'e
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0 2
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- 10.0 T
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c 0 3
O _ 7,5 g
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W z
O w
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~
'
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TEMPERATURE FC)
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; SOURCE: 72W TS ANALYSIS SET_

!''
Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR (HELD FIXED): 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-36.5 (DEG C) ,-33. 6 (DEG F)
TRANSITION ZONE WIDTH: 86.7 (C DEG),156.0 (F DEG)

| UPPER SHELF SHEAR [ HELD FIXED): 100 (PERCENT)
| UPPER SHELF SHEAR: 100 (PERCENT)"

TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR]:-36.5 (DEG C) ,-33.6 (DEG F)
NOTE: HSSI WELD 72W, TYPE 5

i MODEL SET NAHE: 4

j TEMPERATURE (*F) )
- -200 -100 0 100 200 300 400 soo soo

120
I i i I I I I i i

|HSSI 72W, TYPE 5|
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TEMPERATURE FCI
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