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FOREWORD

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

This report is designated HSST Program Technical Report 88. It
is published in two volumes. Volume 1 contains the main body with
Appendices A and B. Volume 2 contains only Appendices C through F which
provide detailed load-displacement traces, fracture surfaces, etc. In
recognition of its very large size, Volume 2 will be distributed only to
those in the RF distribution requesting a copy from the HSST Program
Office. Other reports in this series include:

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

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

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

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

5. T. R. Mager and F. O. Thomas, Evaluation by Linear Elastic
Fracture Mechanics of Radiation Damage to Pressure Vessel Steels,
WCAP-7328 (Rev.), Westinghouse Electric Corp., PWR Systems Div.,
Pittsburgh, October 1969.

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

PWR Systems Div., Pittsburgh, December 1969.

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

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

9. T. R. Mager, Post-Irradiation Testing of 2T Compact Tension
Specimens, WCAP-7561, Westinghouse Electric Corp., PWR Systems Div.,
Pittsburgh, August 1970.
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~10. T. R. Mager, Fracture Toughness Characterization Study of A533,
Grade B, Class 1 Steel, WCAP-7578, Westinghouse Electric Corp.,
PWR Systems Div., Pittsburgh, October 1970.

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

12. N. Levy and P. V. Marcal, Three-Dimensional Elastic-Plastic
Stress and Strain Analysis for Fracture Mechanics, Phase I: Simple Flawed
Specimens, HSSTP-TR-12, Brown University, Providence, R.I.,

December 1970.

13. W. 0. Shabbits, Dynamic Fracture Toughness Properties of Heavy
Section A533 Grade B Class 1 Steel Plate, WCAP-7623, Westinghouse Electric
Corp., PWR Systems Div., Pittsburgh, December 1970.

14. P. N. Randall, Gross Strain Crack Tolerance of A533-B Steel,
HSSTP-TR-14, TRW Systems Group, Redondo Beach, Calif., May 1, 1971.

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

16. T. R. Mager and V. J. McLoughlin, The Effect of an Environment
of High Temperature Primary Grade Nuclear Reactor Water on the Fatigue
Crack Growth Characteristics of A533 Grade B Class 1 Plate and Weldment
Materrial, WCAP-7776, Westinghouse Electric Corp., PWR Systems Div.,
Pittsburgh, October 1971.

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

November 1971.

18. S. C. Grigory, Tests of 6-Inch-Thick Flawed Tensile Specimens,
First Technical Summary Report, Longitudinal Specimens Numbers 1 Through
7, HSSTP-TR-18, Southwest Research Institute, San Antonio, Texas,

June 1972.

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

20. S. C. Grigory, Tests of 6-Inch-Thick Flawed Tensile Specimens,
Second Technical Summary Report, Transverse Specimens Numbers 8 Through
10, Welded Specimens Numbers 11 Through 13, HSSTP-TR-20, Southwest
Research Institute, San Antonio, Texas, June 1972.
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21. L. A. James and J. A. Williams, Heavy Section Steel Technology
Program Technical Report No. 21, The Effect of Temperature and Neutron
Irradiation Upon the Fatigue-Crack Propagation Behavior of ASTM A533
Grade B, Class 1 Steel, HEDL-TME 72-132, Hanford Engineering Development
Laboratory, Richland, Wash., September 1972.

22. S. C. Grigory, Tests of 6-Inch Thick Flawed Tensile Specimens,
Third Technical Summary Report, Longitudinal Specimens Numbers 14 Through
16, Unflawed Specimen Number 17, HSSTP-TR-22, Southwest Research
Institute, San Antonio, Texas, October 1972.

23. S. C. Grigory, Tests of 6-Inch Thick Flawed Tensile Specimens,
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25. R. W. Derby, J. G. Merkle, G. C. Robinson, G. D. Whifman, and
F. J. Witt, Tests of 6-Inch-Thick Pressure Vessels. Series 1:
Intermediate Test Vessels V-1 and V-2, ORNL-4895, February 1974.

26. W. J. Stelzman and R. G. Berggren, Radiation Strengthening and
Embrittlement in Heavy-Section Steel Plates and Welds, ORNL-4871,
June 1973.

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

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

29. W. J. Stelzman, R. G. Berggren, and T. N. Jones, ORNL
Characterization of Heavy-Section Steel Technology Program Plates 01, 02,
and 03, NUREG/CR-4092 (ORNL/TM-9491), April 1985.

30. Canceled.

31. J. A. Williams, The Irradiation and Temperature Dependence of
Tensile and Fracture Properties of ASTM A533, Grade B, Class 1 Steel Plate
and Weldment, HEDL-TME 73-75, Hanford Engineering Development Laboratory,
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CHARACTERIZATION OF IRRADIATED CURRENT-PRACTICE WELDS AND A533
GRADE B CLASS 1 PLATE FOR NUCLEAR PRESSURE VESSEL SERVICE*

J. J. McGowan,!? R. K. Nanstad, and K. R. Thomsi
ABSTRACT

Studies of the effects of neutron irradiation on fracture
toughness properties of steels have generally included a minimum
number of tests for each material condition. The present study
attempts to apply statistical analyses, with multiple testing at
selected temperatures, to assess the accuracy and reliability of
the results. Fracture toughness test specimens were irradiated
in the Bulk Shielding Reactor at Oak Ridge National Laboratory
at 288°C to target neutron fluences of 2 X 102? neutrons/m?

(>1 MeV). The materials were ASTM A533 grade B class 1 plate
(HSST Plate 02) and four submerged-arc welds representing the
current fabrication practice for nuclear pressure vessels. Both
unirradiated and irradiated specimens were tested by two
separate laboratories, and multiple tests were conducted at
selected temperatures. Statistical analyses permitted the
determination of material and test variability and an interlabo-
ratory comparison. Behavior in both the transition and ductile-
shelf regions was studied. The results demonstrated the rela-
tively low radiation sensitivity of low copper/nickel welds and
the qualitative agreement betweern Charpy impact and fracture
toughness observations of toughness degradation.

*Research sponsored by the Office of Nuclear Regulatory Research,

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

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

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

tFormerly with Oak Ridge National Laboratory, now with Virginia

Military Institute, Lexington, VA 24450.

{Engineering Technology Division.






Appendix C

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







MFEA UNIRRADIATED 1TCS DATA SHEETS
T OF_CO

Specimen ID

02G292
02G294
02G297
02G300
02G302
02G304
02G306
02G308
02G310
02G313
02G315
02G319
02G320
02G322
02G323
02G324
02G333
02G341
02G343
02G347
02G352
02G355
02G364
02G400
68WAC

68WAE

68WHA

68WHD

68WHE

68WJC

68WJD

68WJE

68WMC

69W104
B9W110
69W111
69W127
69W129
69W130
69W133
69W134
69W135
69W150
69W152
69W158
69W162
69W164
69W168

OOOOOOOQQ?OOOOOOOOO

&
153
(]

]
SN ooy 1 n

~NN N
WNHHFOWOWORORNANMBEWNDNFROWESNOWM

C-74
C-75
C-76
C-77
C-78

Specimen 1D

69W174
69W176
69W180
70W102
70W105
70W109
70W121
70W122
T0W134
70W141
T0W146
70W151
71W102
T1W104
7T1W106
71W1089
7T1W113
71W129
71W132
7T1W136
T1W137
T1W145
71W148
T1W1562



MEA VALIDITY INDEX

Kie (ASTM E399) e
1. Kie > oys * dao/2.5

2. Kie > oys X 4(BxBN)0.5/2.5

3. PMax /Pq > 1.1

Jic__ (ASTM E813)

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

b. Data clustering problem.

c. Delta-a prediction error too large,

'(delta-a)prea-(delta-a)meas | > 0.15 (delta-a)meas
d. Bn < 25 Jq/ay

e. bo < 25 Jq /oy

Tentative J1 - R Curve Procedure

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

2. < 10 data points between secant line and (delta-a)max
{0.1%bo]
3. (delta-a) prediction error too larege,
'(delta-a)prea - (delta-a)meas ;| >

MINIMUM [0.15%(delta-a)meas,0.15%(delta-a)max]
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20 Cleawvage R
~ ~—Trztaptitty
z -
Z
- I3F I 4
T .
C //j I
; 3
£ 1o} 4 | ;
¢ g
c. //
v e FAILURE TYFE A

3 F Vel R curve < 0. 15mm excluszian line A

(Insufficient for analyszis)
G - '} 1 1
©. 60 . @8 1€ .24 .32 40

Epecimsn Loadline Deflaction

JEST SPECIMEH DARTR
Faterial Type

Test Temperatu~e
Fercent Side G-oove
Specimen Thickaess B
Initial asH

LI LI I (T N | O I I

Crivtn )

AS33-F PLATE 02
-95 €

@ %

25.4 mm

LE617

Init crack len3yth a 31.34 anm

Flow strecss 677.5 HFa

Yield stresse 592.9 MFa

Youngz modulus E 212800 MFa (Estimated Yalusg)
J-1HTEGEAL AMR_YSIS

Failure Type A (J at instability = Jic)

Jic = §,8 kJ/n~2
Kjc=C(EJic)~. 5 = 43.2 MPa \/m v=,3
kic (Beta Corr:zcted) = 42.1 MPa “/n v=.3
FSTH _E399-81 AYALVSIS

Fodified Kic Ejuation; B = (EEn)>~.5

Faximum Load = 17.41 kN

€% Secany Uffset Fq = 17.41 kN

kKic = 44.4 MFa N/m
Validity = VALID Kic value

IATA CORRECTIONT USED

FOF J-1INTEGRAL DATH

Perttle-Corten
Epecimen rotation
Fitted elastic

JFFZET LOAD=
Loa
lead range=

U b OFFSET LEFLECTION =-2,45€3SS2575S2E- 04 n.
intercept elastic slopg = ,0000002 Vb
2000 TO €00 Correcticn to J for crack extenzion
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.
[EA
n

Crack Extsrnzion Crmd

TEST SFECINEN DATH
Faterial Tupe = ASZZ-F FLATE 82
Tezt Temper-atu- = 121 [

Fercent Side GL = 2@

tpecimen Thick = :’5.4 frn

Imit crack l»na?h = Z1.85 mh ' Init a4 =
Fimal crack le-gth = 4, fifi Firnal asH = 73
Flow ztrezs= = Lhe.2 NFa

rowurigs modulas = zeozon MPa (Eztimated Yalusl

FOWEFR LRM DRTAR T = © ¢Delta ar ~ H

Jic . = 164,323 klomoz

(S I = 1&81.4 T {ielaT=3,20 = 7SIk
Euxpaorent H = _&mer

Cosfficient O = 41,4 EJrime2

T Caverage? = le¢g

LEAZT SOUARE LIMERR LIME CRETMY T = M dTlelta ar + F

Jic = 141,68 klsm~2

ke = ez STIOGE.
I' 110,

1 1

| LU <N
1
. )
T
1
f

-
N
o G
]
ha
-
oA
Lan)
S B ]

TH, =
%=11d1ty CTico
Yalidity CR-cu~ved =
J maximum alloassd

ITelta a wax, allowsd

S G A ]
[an]

ID--2 (.3 o= oEa
kY2
fiifn

:[.._.

n
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FE curve < D0 1Sm0 excluz:ian

1 1 1
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line

; {(Inzutficien: for arnalyziz)

o, 00 .25 LGS0 LS 1.00

Sprcirean Loadbins Def laction trami

Tpecimane Thiaol o
Initial a7l
Init Tenmgath 5
Flima
vield
Sonareds modulus
J=THTEGFAL HHA W
Farlurs Tops A 71 at an
Jic

stataalire = Jico
= T4, bl
= 124.1 MFa "m

= 79.% MFa ~om [REN

FETHM E33 ]
Fodified ¢ Ejuatyong E CERER LS
Foas o nmam Load F = 3

DoRewant Dffzit Fq =

i MFa
alidineg ) = IN¥ALID=-1, 2, 3
ATA COFRECTIOIE USED FOR J-INTEGFAL DATF
srble-Lorten JFFSET LOAD= 0 16 OFFSET LEFLECTION
ation Laad antercept elaztic X
cad ranges 2000 TO E00 Corrsction

T Tl g T

J

rEBitanzted Yalue -

for

[(A)

«n

-4

-arv

e,

b

T teniaon
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1

= 13 F 4
14
12 F J

Srecimen

FRILLEE TYFE A
2 < B.13mm excluziarm line A
(Inzufficient for analyziz)

R cury

]
e
ik 1 1 1 1
o, 00 .10 g .30 e LGS0
Specimen Loadlineg Deflaction (rami
JELT ZFECIMEN ODATA
[ cial Tope = nz
1 Tewmperatu-s =
Fe ; =
S = [
S ot
MFa
HF 3
AR HFa CE:timanzd Yaluco

J-IHTES
Favlure
Jic

inztabilyres =

Vi Load
Zecant Off

idity LID Fig valus

A OCOFFECTIONS UWSED FOF J-INTEGFAL DATE

3 orten JFFIET LOAD= O b OFFZET LEFLECYION =
(SRR A Wt )
Fitted slaztic 1oad

intercept slaztic =)
Su0n TO c0d Correction Lo
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FAILLFE TYPE
(R curve ' 1.5 mm) .

MEA & ASTM FMALYSIS APPLICRELE
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}

1 Le 1

Flow stress
Tourgs modulus

FOWER LAM DATAH

Side G-

1.8 1.5 <.

Crack Extarzion C(mm)

[aa]
-
-
I
—
m
D)
ra

121 C
28 %

25.4 mm

21,41 mm Init a<¥ = .12
41 ' Final a“M = .2@7
Sen.2 MFa
0200 MPa

Chelta ad» ~ N

CEztimated Yalusd

Jic

kEje

Exponent H
Cosfficient L
T Cawverage:

)

1.2 kKl a2
124, J C@IST=8.8) = F45.32
L9228

el
-l

149

X

WO Ny r

kJs s 2

M

(e )

—

ntercept  E
T CASTHS
Saltidity  (Jic

)]

validity (R-cu-~ve?

J maximum allossd

Iclta a max. allowed

EAST SRUARE LIMEAR LIME (ASTHMY J = M (Lelta a) + E
i
j

167 kJ -m~2

—
Lo D IO

(DY)

kI w2

= Ty PD

—

VYALID

IHYARLID--3 (.S92 v .29
424.5 kI smn2 CImax=Enet #F 1 o
1.94 mm (Delta a max

[u]
(12}
i
M
(]
1%
i

]
Do
.
—
*
[ag
om
et 10

Pt
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Flow
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Failurse Tups AR O at

Jic
Eje=iEJici~.5
S

CBeta Carrzcted

FETH EZ93-81 AHALY!

1=

Foditied Kic
simum Load
Secant Offzzst

CORRECTIONS

F-

Fq

USED

Ejuation;

FOE

&6 P25

g
2
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S

E
.
e

kN
MFa ~om
IHYALID--1, 2,
J-THTEGRERL DAT

Fi

—Corten
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ction

crack

tion for specimsn rotation
to J tor

extenzion

CEztimated Ya

1. BB

pecimen Loadlinsg Deflaction o
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E i / S o ¢
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= FARILLFE TYPE C
(R curwve ifl.s i ) -
MEAR & ASTM FRFALYSIS AFFLICAELE
{
b
1 50 1
1.0 1.¢ 2.0 2.5

SFECIMEH DHETH
aterial Tupe

= Temperatu-s
Side Groouve
Thicknezs=
l-_-ng?,h
leagth

< f.”: Cimen
Imit crack
Firal crack
Flow stress
Youngs modulus
FOUER LAW DRTAR J

non

-

f['n:]ta a

Crack Extan=zion

2-F PLATE
c

u-;

204
26

21.532 mm

%

nm

41.84
4933

mm
MF a
MFa

”~

H

Jic
Eic
Exponent M
Cosfficient C

T (aueraqe}

SAURRE LIMEAR LIHM

145.1 kI m~2

128.4

5355
7.4 EJome
17

(H TH2 J

Ceaen )

oz

Init
Firal

(Esti

asM

ai

mated

idity
idity
J Wmax i mam

CTich
CE-cu~uyel
alloasd

Iclta a max. allowed

EJsm~2

-—-nu—f‘l"lo—nr'._'ll

— Xy e
Y IO I | D

0N

kJlrma2

—
—
o0

VALID

INVYALID--3 (.

479.7 kI n2
1.92 mm

Slope

48 vs (28D

(Juax=Enet
(Delta a m

“Flaw

Aax

=t

rEesEs
B, 1%bol

14

o

e RGP

-
Px
—

3

Jeome 3
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SPECINEN O2G-308 (W)
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= e
= 13F /44 4
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U-.. ot

) FRILUFE TYFE A
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d
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.e0 .03 . 1E .z .40

Specimsn Loadline Deflaction (mm)

ZFECINEY DATA

-E FLRTE 02

= C

= fuln
Initial asW =
Init ¢rach lsnath  a = 10

MFa
HF a

MFa CEzrtimared Yaluc

Flow =tr
Yigld ztrez:
Yooueeg: meduluaz
J-IHTEGFAL ANA
Farlurs Tope H

RRES

tabilite = Jicl
S k)iwne

= 34.1 MFa N/u s, 3
= 42,8 MFa N/ [CE I

E = (EEn>~.S
= 17.5% kH

: = 17.5 &H
i = 45,2 MFa Nrm
dity = VALID Fi¢ walue

I w
<]t -

CO;PECT]DI? LWZED FOFR T-THTECFAL DATF.

Mot ThH & T AT T
P ]

< 1= “ten JFFZET LOAD= & b OFFZET
pECcimeEn Load
itted ranges
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Crack Extarnzion Crmm)
JEST SPECIMEH DARTH
Faterial Tuwpe = ASZZ-F PLATE @2
Test Temperatu~s =121 C
Fercent Side Groous = 28 %
Specimen Thickaes=ss = 25%.4 mn
Init crack lenath = 21.62 mn Init a4 = ,&22
Final crack le=agth = 3?7.62 wmmw Final asW = .74
Flow stress = 5068.2 HMFa
Youngs modulus = 288200 MPa (Eztimated Valued
FOWER LAWK IATH J (Neltta a)» ~ H
Jie » = 133.3 kJ/m~2
Ckjc = 191.6¢ J (@J-T=8,8) = &2¢ kJsmn
Exponent M = 588
Cosfficient C = 219.4 ka2
T Caverage? = 127
LEAZT SOUARRE LIHMEAR LIHE ¢ASTMY J = M (Delta a* + E
Jic =-173.2 klsm~2
kijc = 1&€.6 Slope M = 1E&1E9.8
Intercept B = 145 kJ/m~2
T (RZTHS = 123
validity (Jic)h = VRLID
validity (R-cu-~vyel = VALID
J maximum alloassd = 479.% kI m~2 (Jnizax=Enet*Flow strezz-202
Iclta a max., allowed = 1,92 am (Delta a max = @.1+bo>

-
-,

kI w2
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Crack Extarmzion C(mm)
JEZT SPECIMEH DATH
Faterial Tuype = RS3Z-B FPLATE B2
Test Tempesratuce = 284 C
Fercent Side Groowe = 28 %
Zpecimen Thickaez= = 25.4 mm
Imit crack Tenath = 31,65 mn Init asW = 6232
Firal crack le-agth = 42,86 mm Firnal asWl = ,8Z7
Flow ztresz = 432,23 MFPa
Youngs modulus = 1953308 MFa CEstimated Yaluel
FOMER LRM DATA J = € (Delta ad ~ H
Jic = 1S&.3 llrm z i
kEjc = 174.8 J C@IST=8, 80 = 4549
Exponent H = 4825
Coefficient C = 27%.4 EJrwm~2
T Caverage? = 184
LEAZT ZRUARRE LIMEAR LIME C(AZTH: J =M ‘Ieltta ad + EB
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T CHZTMD = 112
Yalidity <(Jico = VALILD
Yalidity (R-cu-~ve) YALID
J omaxinum allosed = 47e.6 Bl m~2 (Inax=EnetsFlow ztrezz 20
Ielta a max, allowed = 1,91 mm (Delta a max = 8. 1xbod
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Crack Extansion C(mm?
JEST SFECIMEH CATH
Faterial Type = RS32-F FLATE @2
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Specimen Thickaezs = 25.4 mm
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Final crack lteagth = 42.61 mm Final a<W = .28328
Flow stress = 4932.3 HFa
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FOMER LAW DATA T = C <Delta ad ~ N
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T {average? = 113
LEAZT SOUARRE LIMEAR LIHE CASTHMY J = M (felta ad + F
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Intercept E = 125.7 klsm~2
T CARETHMD = 115
Yalidity (Jic) = YALID
validity (R-cu-us? = THVYALID--3 (.5 ve .28)
J maximum alloasd = 476.8 kI 2 Clias=Enet #Flow stresso200
Izlta a max., allowsd = 1.91 mmw (Delta a max = @.1%bad

EJsme
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450 T | T T
SPECIMEN Q2G-32e
yd
g N
e {
TED | f 4 ! 1
s { '
rJ E !
b f 3 |
= ! j e
Seral | S _jCleavage
< cik b —— FImztab1iitty
= Vo — ;
[ T )
) A ]
L} " ,."' |l. !‘
{ &)
- } gJ :
=T | ¥ B
LRI N S !
W)
* L ‘
- g— |'I§{
- s {
= * } -’ ’ W 3
= P ! FAILURE TYPE E
0 - R curws dods not reach .
'% ; the 1.5 mm éxclualon I 1na
oI {
?# ! }
= - . - -
. .5 1.4 1.5 2. 2.

TESZT SFECIMEM DATH
Material Twps
Temperatures
Sides
Specimen Thickness
] length

|_—, PO e

Young; K3
FOWER LAM DRTH J =

Crack Extarnszion Cmm)

AS23-F 02 REF

Jic

Kjc

Cosfficient [

LEAZT SOUARE LIHERE

2z C
ped s I
25.4 mm B
31,51 mm Init a<W = ,&22
S43.9 MFa
g MPa (Eztimated Yalus?
a ar ~ H
2 kJrim-e
=) Exponent H = 543
D kIS w2
ZTHY J = M (Delta a» + F

Intercept EB

Yalidite CJFich

Yalidity (R-curwvel

J maximun allowsd

Delta a max, allowed
zon

Foizzon’s Ratio (uv)

|
.-l
=

5
P

bodl
=
]
LR}
.
o°
-—
—

Slops

kI m=2

1.7
IHYALID--3, b
THYALID--2

cas o
P P
1.%e

s}

Erst*Flow =

a a max = @,

Cnass

chelt

kI w2

fm

wn

Smea
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Madifird

F50 T T T T
SPECIMEN ©2G-323 ()
EGG e S .
v
- ¢ e E
o / o
< /o T
S {7 A /
o450 L e ol / -
_'A> i '}
= f ;
b i
{
4
;"/ l
!
K
FRILLRE TYPE C
(R curve y 1.5 wmm). -
MER & ASTH RMFLYSIS AFFLICRELE
1 A2 1
G .5 1.8 1.5 c.u =
Crack Extarnziocn C(mm)
JEZT SPECIMEH ORTA
Faterial Twupe = AS¥Z-F PLATE B&
Test Temperatu-e S8 C
Fercent Sids Groowve = 208 %
Zpecimen Thickasszs 3.4 mm
Init crack lemath 21.4E mm Init asH = .&19
Firnal crack leagth = 48,37 mm Final a<W = ,79%4
Flow stress = 531.1 MPa
Yourgs modulus 204400 MFa (Eztimated “Yalue?
FOMER LAW DRTA J = C {Delta ad ~ N
Jic = 243,22 kJrm~2
Ejc = 222.9 J (@I T=8,8> = PE2.T
Exponsnt N = ,527V2
Cosfficient C = 484.2 kIl w2
T C(averaged = 145
LEAZT SOUARE LIMEARR LIMNE (ASTH: J = M (lielta a2y + E
Jic = 221.7 kKJrm~
Eijc = 21z.8 ulape 1] = 21143
Intercepy E = 177.9 kJsmn2
T <ASTHD = {53
validity JJir) = VALID
validity (R-cu-~vel = IHYALID--2 (.53 w= .29
Jomas i muan =lluu=d = 513.2 kJ/m~2 Tnax=Enet #Flow streszs20
Iclta a max., allowsd = 1.92 mm (Delta a max = B, 1%bo?

u

s e

kJrme 3
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Madified

17 FRILLFE TYPE C
100 F a4 (R I
i MER & ASTH FHALYSIS APFLICAELE

curee 5 1.5 nm) -1

e

n
)
)
0
wn

o. @ .S 1.@ 1.5 2. z.

Crack Extamzion Cmm)

T SFECIMEH OATA
terial Tupe

a Z-E FPLATE a2

221 Temperatu-e C
Fercent Side Gooows = 28 X
»:[.-v:'-'llutn Thick ness= = 25.4 mm

Init crack len;nh 21,52 o Init ask =
Firnal crack lesqth = 40,12 mwn Final a<W =
Flow strezs = S533.8 MFPa
aungs modulus = 198208 MFa CEstimated Yalusl

FOWMER LAM DATA 1 = © (Delta a* ~ M

Jl- = 135.1 klJsm~2

= 1€B.5 J (@t T=2,8) = SRI.F EYomeZ

; H = 4994

Cc Eff ic IP'I' C = 255%.6 kI 2

T fawverage? = 87
LERST SolARE LIHEAR LIME (ASTM: T = M (Lelta a» + E

Jic = 128 kJrwm~g

ki = 156.3 Slope | = 13TE44.8 K Jome 3
Intercept F = 111.% kIl sm~2

1 STHS = 52

d

VALID
VALID
511.5 kI w2 CJouas=Frnet *F 1 ow
1.92 mm (Delta a max =

by CJigo
ity (R-cu~ued
<imutm allosed

J
IE ta a max. allowsd
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N
A
=
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o
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\
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FRILUFE 'TYPE C

| .
(R curve = 1.5 wm)

180 ‘ -
MER & RSTM FMALYSIS AFPFLICAELE
Jf
D«' t 1 it A
B. o .S 1.6 1.5 2.8 .5

SFECIMEN
Tupe
Temnperatu-e
Grooue
Specimen Thickaszs=
Init crack lsnath
Firmal crack leagth
Flow stress

foungs modulus

FOWEFR LAW DATH

DATH

-~

Crack Extarzion C(mm)

v33-F FLRTE 02

S

ae C

B %

Sed4 mm

1.21 wm Init asW = [&2&
T.E Firnal a~“H = ,741
Q

(Eztimated Yaluel

== D LYY DD

Jic

kjc

Exponent H
Coefficient C
T Caverage?

LERST SOUARE LIMEAR LINE C¢AZTHMX J =

L1 T I [ i}

A - )
.

—
n

—
[L 3N D

L4216
229.2
76

kI m~2

+ E

M (Lelta ad

Jic

Kjc

Intercept E

T CASTH,

validity (Jic)
Yalidity (R-cu-vyel

J maximum allossd
Iclta a max., allowed

121.6 klrnn2

152, Slope M ’ = 1as
189.1 kI n~2
rgc

VALID
VALID
SRS

1.9 mm

kI m~2 CJnaz=Enet#Flow stprezz.s

(Delta a max = @.1%ba)

28)
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SPECIMEN @2G-341 (U

45

i) oy ﬂ-"lt
- . -
z s
s i) g
— 4 7
= HJ/
- 4
- o ‘J e .a "‘
T P
- [
g
- Y
|
- L ;
2a ;

o nREImen

f FAILLURE

e Clezavwag
In=tabtl
TYFE A

R

T e
(Inzuftfician

(}
R

-
-

1 -l

FDP

1

analyzizs,

3

B. 15mm exclusian line

X s
X
2

,..
BA
-
Aot
!
—
.
.

1. Ba

TpE s L mEn

JEST SFPECIMEM OATH

Fatsrial Tups AS233-F PLATE 92
Tezt Tempesratu-s = 22 C

Fercent Side G0 = B X

Tpecimen Thick e = 25 mm

Iritial asH = .5

Irvit crack len3th  a = 31 nisfiy

Flow streszz = 54 MFa
ield stress = 472,32 MFa

m
n
2

foungs modulus
J-IHTEGRAL AHA_YE

[ Ap

L5

Loadlinse Deflaction

2. b

Crimn )

Failurse Tupse A OJ inztabilite = Tich

Jic = 283,35 kI s
Ejo=iEJicr»~. 5 INV.E MFPa it w=,3
Eic CBeta Corrzcte = 5.1 MPa N w=,3
FETH E293-21 A

Foditied Kic Equation; B = (EEn>»~.3

Fasimum Load F = 3%.61 kH

¥ Secant Off=zt Fq = 22.27 kH

Eic = 53,3 MPa ~“m
Yalidity = IHYRLID--t, 2, =

CORRECTIONS USED J-THTEGEAL

11
TH

I

IATF

<l

FOR

zrkle-Carten Torrsection

Correction for specimen rotation
Correction to k

I ¥Yor crack extensziaon

CEztimated Yalusl
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J

554 T T T - T
-"-H-
f
443 ! .
c !
"_-. Mo ] WaK e
o T
= 339 En;Taklllty .
v ZzD :
“+
= FAILURE TYPE E
118 R curws dosg not rsach ]
the 1.3 mm 2xsluston | ing
!
]
J !
Il
[ A— 1 L L
o, S 1.8 1.5 2.9 2.5
Crack Extarzion C(mm)
TEST SPECIMEM DRATA
Material Type = AS3Z-B 02 REF
Tezt Temperaturs = 22 C
Pzrcent Side Qroowve = 28 %
Specimen Thickness = 25.4 mm
Init crack lYength = 32.05 nm Init a-tl = ,&31
Flow stress = 549,39 MPa
Yourgs modulus = 2835293 MPa (Eztimated Yalue)
POWER LRMW DATAH = {Dzlta ad> ~ H
Jic = 243.9 kJ/sm~2
Kije = 224.,1 Exponent N = 4113
Cosfficient C = 385,44 kJ/m~2
LEAST SOUARE LIHEAR LIME CASTHMY J = M (Dslta ad + B
Jic = 2968,.9 kIl-m~2
kje = 283, 4 Slope M = 223755.2
Irtezrcept B = 15%.1 kJ/ /a2
VYalidity (Jic) = IHWALID~-b
Yalidity (R-curuss = YALID.
J maximun allowed = 313 kl/m~2 (ITwax=Enst*Flow stress-29)
Delta a max, allowed = 1,87 mm (Dzlta a max = 9.1sbod
Foizzon’z Ratio (vw) = 8
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50

T T T T
SPECINMEN ©2G6-34¢ (W)

40 . Cleavage T
~ Instability
Z
-

e P
- 36 F '}// b
e // |
< /’, I
:’_-‘ 'JG /
T s |
< /
c. /A%V
w 4 "
’/ﬁ FRILIRFE TYFE A
18 r /// R curve < B.1%wm excluzian line -
;///' (Insufficient for analysisz)
g ’/ 1 1 1 1
0. 00 .15 . 2C .45 LEQ .25
Cpesimen loadlins Deflaction C(mm)
IE?T SFECIMEN DATH
Faterial Tope = ASZ3-EF PLATE G2
Test Teuperature = -4q0 C
Fercent Side Groowe =0 %
Specimen Thickaszs B = 25.4 un
Initial asN = ,62
Init crack lenjath a = 31.51 nm
Flow stress = €03.9 lFa
Yield strecs = $29.4 MFPa
Taund: mwoduluzs |3 = 2Q9300 MFa (Estimated VYalueg)
J-IHTEGRAL AHA_YSIS
Failure Type A (J at instability = Jig)
Jic = 37.€ kKlJsan2
kjec=C(EJicI»~.S = £2.8 MFa \rn vs, 32
kic CEeta Corrzctaed) = 2.4 MFa \/un V=3
FITH EZ59-%21 A4ALYSTS
toditied Eic Equaticom; B = (EEn)~.S
aximun Load P = 32.78% LH
€% Secant Offezt Pq = 23.92 kH
Kic = 61.9 MFa \/m
validivy = IMVALID--1, 2, %

[ATA CORFECTIOYS WIED FOR J-IHTE

GFAL DATF

Feorble-Corten IFFZET LORD= O 1L
Spscitisn rotation Load inter
Fitted elaztic load rangs= 2000

GFFSET LEFLECTION =
cept slastic slops

TO €06 Ccorrection

==

to J
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T T T
SPECIMEMN &2G-352 (U

10 _Cleavaye
—_ , Yt Iﬁ tabllIt*
2 /’ ﬁff
- yard

%6 e
- Jur e
18 A?’
— '/:‘
- 'I,'
T g
E @r s
[ ,.'1'5; !
[} 8 ,4‘/;".
- A~
u ! ;

&ﬁ FRILUEE TYFE H
18 F c/f' F curwvwe < B.1Smm excluzian line
4 - s . . .
iy (Ingufficient for analy=zis)
e
'/
7
&) 4 L 1 1 1
&, 88 .29 .40 e LBO
Epecimsn Loadline Deflaction (mm)

TEST SFECIMEH DATH
Faterial Typs = RSZ3-F FLATE B2
Test Temperatu-e = -4 C
Fercent Side Groowve =@ %
Epecimen Th]nl wess E = 25.4 mm
Initial < = .E22
Imit crack lengyth a = Z1.61 mm
Flow stress = €02.,9 MFa
Yield strezs = 52%.4 MFa
Youngs modulus E = 140560 MPa (Eztimated Yalus)

J-IMTEGERAL AHA_YSIS

Jic

Ejoc=(EJic>»~.5

Kic (RBeta Corrzcted)
FSTM E399-21 AHALYEZIC

Fodified Kic Egquationg
Faximnun Load P

% Secant Offszt Fq
Eic

Yalidity

IATA CORRECTICYS USED

=]

FOR

Failure Tupe A (J at instability = Jic)

9.7 kJ/m~2
91.6 MFa ~/m u=,3
0.6 MFa N/m v=, 3

4 kH

66.4 MFa ~rm
INYALID--1, 2, Z
J-IHTEGRAL DARTFH

Ferkle-Corten

Correction to J for

orrection
Correction for specimen rotation
crack

exXtension

. Ba
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SPECIMEN

(kMND

Epecimen Load

C25-355
Cleavage

7 Inztabi1l11y

yw”# "
. V%éé ‘

7
e |
i

-p - ’
cB #’ I

&
ﬁﬂ
pd '
&ﬁ’ FRILURE TYFE AR
18 fﬁ R curve < B.1Smm excluzian line
VA (Inzufficient for analy=ziz)
)0
/
7
@ i 1 1 1 1
g, pu o8 .44 .E& LBE

Specimen Loadline Deflection (mm)

TEST SPECIMEH DRTR
Material Types

Tezt Tempsraturs
Fercent Side Grooue
Specimen Thickness B
Initial a-sMH

Init crack length a
Flow stress

Yield strecs

Youngs modulus E
Foisson‘s Ratio (wl
J-INTEGRAL AHALYEIS

Failure Type A (J at in

Jic
Kjo=(EJic/7(l-np~222~.5
Kic (EBeta Corrected)
ASTH E329-21 AHALYSIS

Modified Kic Equation;
Maximum Load F
S% Secant Offset Fq
Kic

"Malidity
K at Maximum Load

DATA CORRECTIONS UZED FOR

S3Z-B 02 REF

= -4a C

=6 %

= 25.4 mn

= 622

= 321.3& mm

= €62.9 MPa

= 529.4 HMFa

= Z2u9589 MFra (Eztimated Yalus)

=@

stability = Jic)

= 39.%3 kw2
Q8.8 MFa “/m v=.3
78.2 MPa “/m v=,3

E = (BEBEn>~.5

= 32.% kN

= 22.9 kN

= §9.6 MFa N/

= INWALID--1, 2, 3

= €4.6 MPa \/m
J-THTEGRRL DATAH

Merkle-Corten

correction

Correction for specimen rotation

Correction to J for

crack extension

. B
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BEe T T T T
SPECIMEM Q2G-364
BE40 / . / -
—_ e i,_--”; #*
cu AT
< __/:,f;*_ #*
€ et S
3 P
' 480 / /
= / L
- /
o oo /
- azn ;
-
2 /
= FRILURE TYPE C
1608 (R curwve > 1.5 mm)
MEAR & RSTM HNH&YSIS AFFLICHELE
¢
MM .
6 A i 17 1 -
G .5 1.8 1.5 2.0 z
Crack Extanmzion C(mm)
TEZT SFECIMEN DATH :
Material Tyupe = ASZ3-B 02 REF
Teszt Temperature = 56 C '
Percent Side Groove = 20 %
Specimen Thickness = 25.4 nm
Init crack length = 232.17 mm Init askl = &322
Final crack length = 34.79 mm Final asll = &84
Flow stress = §521.2 MFa
Yourngs modulusz = 294489 MFa (Estimated Yalus>
FOWER LAY DATA J = C {(Delta a>» ~ M
Jic = 282.9 kJ/m~2
Kje = 283.6 MPa N/m
J (@IsT=2.8) = &11.1 kI m~2
Exponent N = .576%
Cosfficient C = 373.8 kJ 2
T Caverage? = 151
LEAZST SOUARRE LIMEAR LIHE <ASTM)Y J = M (Delts ad + B
Jic = 194.1 kJ u~2
Kjc = 199.2 MFa ~Nrm
Slope M = 212808,.5 kKJSm~3
Intercept E = 155.2 kJ/m~2
T (RZTHD = 154
Yalidity (Jig) = VALID
Validity (RE-curve) = VRLID
J maximum allowsd = 494.4 kJ/m~2 (Imax=Enet#Flow streszz-28
Delta a max., allouwed = 1,86 mn (Ielta a max = d.1=bad
Final Delta a = 2.95 mm
Foissan’s Ratic (v) = 0

i



30

~J
on
Ga

T T T
SPECIMEN @2G-4@6 (U)
/f/ 4
BGO - o el .
: / P
N - /
o 456 r / " .
- '} / * /,5/ /
B el
< som e / .
& [ o
T _f'j-:‘,.x T/
c // ‘D#-
= ’*/f FRILLRE TYPE C
1509 Z;”' (R curve > 1.5 mm) -
‘é* / MEA % ASTM FNALYSIS APELICAELE
, /
’l [}
@ 3 '* / 1 1 1! 1
V.o .5 1.0 1.5 2.0 2.
Crack Extanmsion C(mm)
JEST SPECIMEH DATH
Faterial Type = RS22-B PLARTE @2
Tezt Temperatu-e =38 C
Fercent Side Groowe = 28 %
Specimen Thickases = 25.4 mm o
Init crack lenath = 31.27 mm . Imit asll = .€15
Final crack leagth = 29.€4 nm Final asW = .78
Flow stress = 531.1 MFa
Youngs modulus = 2044006 MFa (Estimated Yalus)d
FOWER LAW DATA J = C (Delta a> ~ H
Jic = 203.5 kJ/m~2 :
kic = 203.9 J (BJ-T=8,8) = §12.8
Exponent N = .599S
Coefficient C = 385.8 kJ/m~2
T Caverage) = 16D

LEAST SOUARRE LIMEARR LIHE (ASTMY J = M (Telta ad + B

Jic

kjc

Intercept B

T (ASTH?

validity <(Jic?
validity (R-cu-~ve)

J maximnum alloased
Ielta a max. allowsd

o % wn u

192.2 kl/m~2

198.2 Slope

151.2 kJ7m~2

1€4

VALID:

INVALID--3 (.4€ vs .29
S518.4 kI m~2 (Imax=FErnet*Flow stre
1.95 nm (Delta a max = 0, 1%b

1 =

[a]

>

22 /20)

kXY m~g

A RT3

LA
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4
/ // : fx
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g

£ y

S Lleavage

e ee—" Ithegtab1 11ty A
i /

<

i / i
&G

= FARILURE TYPE E

T 7 T
SPECIﬂﬂgjﬁéh-HC )

/ -

R curwve dosd4 not reach ' .

TEST SPECIMEM ORTH

the 1.5 mm exclustion | tna
{
] A 1
1.0 1.5 e.a .5
Crack Extanzion C(mm)

Faterial Type = AS33-PB HSET WELD

Tezt Temperatu-e = -306 C

Fercent Side Groave = 8 X%

Specimen Thickess = 25.4 mm

Init crack lenath = 36.32 mmn Init asl = ,59%

Flow strezs = 632.5 MFa

Youngs modulus = 282980 MPa (Estimated Yalued
FOWER LAW DRATA J = C (Delta a> ~ N

Jic = 324.9 kJrm~2

kKic = 260.5 Exponent H = .7192
Coefficient C = €£2¢6¢.2 kJ/m"2

LEAST SQUARE LIHEARR LIHE C(ASTM) J = M (Ielta ad + E

Jic = 234.6 kJ/an~2

kjc = 221.4 Slope M = 494267, 2
Intercept B = 145.7 kJrm~2

validity (Jig) = IHVALID--a, b

validity (R-cu-~ve) = IHVALID--2

J maximum allossd = EET.S kI/m~2 (Inax=EnetsFlow stress/280

Iclta a max. allowed

CET. =
2.895 mm (Delta a max = 8.1%bo)

kI m 3
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PSRt T

i T T
SFECIHEU’hBH RE (U}
E0G / / ]
o /
<
£ / |
~ Cleavage
—
N 450 / . ! __________—-—_-’_ Ithztak 1 1y A
— "( N4 I '/
- 7 |
o &
- [
: | 7 [
< ;" g ; FAILLUFE TYPE E
3 R curve doeg not reach .
the 1.5 mm exclusion |ina
/
1 | ~L i
.S 1.6 1.5 2.8 2.5
Crack Exterzion C(ram)
JEZT SPECIMEM OHTA
Faterial Type = AS323Z-F HSST HWELD
Tezst Temperatu~c = -48 C
Fercent Side Groowse = @ X
Specimen Thickaess = 25.4 um
Init crack lenath = 38.52 mm Init asll = .8
Flow stress = E€Z.8 MFa
Youngs modulus = 2823588 MFa (Estimated Yalusd
FOMER LAW DATA_J = C (Delta &) ~ M
Jic = 262.3 kIJ/m~2
kjc = 234.4 Exponent N = L8819
Coefficient C = &48.2 kJ/m~2
LEAST SOUARRE LIMERR LIHE ¢ASTMY J = M (Dslta a2 + F
Jic = 93.6 kI rm~2
L = 1460 Slope I = E£1B7TEE. 2
Intercept B = 98,5 kJrmn2 -
validity <(Jicy = IHVALID--b
validity (R-cu-~vel = VALID
J maxinum allossd = &72.7 kI/mn2 (Jnax=bBnet #Flow stre: 280

I=lta a max. allowed

2.83 mm-

(Islta a max B.1%bo

kT mn2
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SPECINMEN EBH-HA (U}

32 Cleavage -
~ /ﬁstabﬂny
=z
< 24F .
T
c
<
[y
E st .
C
Q
<.
u

FRILURE TYFE A
R curve < B,13mm excluzian line 4
(Insufficient for analysis)

1 Il I

.20 .38 - .40 50

Speciman Loadline Deflection (mm)

TJEST SFECIMEH DRTA

Faterial Type = AS2Z-F HSST HELD

Teetr Tempsratuss = -120 C

Fercent Side Grooue =0 %

Specitien Thicknezs B = 25.4 mwm

Initial asW = ,599

Init crack lenath a = Q.42 um

Flow stress = ?275.3 MP3

Yield stress = 742.7 WPa

Youngs modulus E = 214100 MFa (Ecvimated Yalue)d

J-IHTEGFAL ANAR_YEI1%
Failure Type A (J at in
Jic

tability = Jicg)
15.2 kJ/7u~2

nonoa o

Kje=CEJic)>~.9 3.9 HNFa N/ v=,2
Kic (Eeta Corrzoted? $€.9 NPa \N/m v=,3

FSTH _EZ93-81 AIALYSIS

lFodified Kic Eguation; B = (EEnd)~.S
Faxinun Load P = 25.18 kH

€% Secant Offsze Fgq = 25.18 kH

kic = §9.8 HPa \/u
validity = VALID Kic value

IATA CORFECTIOIS USED FUR J-INTEGRAL DATH

Ferkle-Lorten IJFFSET LOAD= @ 1b  OFFZET LEFLECTION
Specimen rotation Load intercept tlastic slape
Fitted €lastic load range= 2008 TO €00 (crrection to J for cra

Y.
it
L oesxtens.ion

~
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/50 T T T T
SPECIMEM 68HO
BEOOQ / / 4
< / ,,L’,%f
—~ ;
3
\E\ M
- = - = . -
X 458 / ’/’*d
~ / " X e
g /
5 / Pl
o
: . / -
4 A
B
c
= FAILURE TYPE C
(R curwve > 1.5 mm) 5
MEA & ASTM FIALYSIS AFFLICHELE
1 1 — L Kl
.5 1.@ 1.5 2.4 2.
Crack Extansion C(mm)
JEST SPECIMEH DRTH
Faterial Type = 33-F HSST HELD
Teet Temnperatu-e = 298 c
Fercent Side Groove = 26 %
Cpecimen Thickasss = 25.4 tum
Init crack lenath = 38.8! mm Imit asld = .(E&0E&
Final crack leagth = 34.88 mm Final arl = .&88
Flow stress = $33.4 MFa
Yourgs modulus = 195200 MFa (Eztimated Valus)
FOWER LAW DATA J = ¢ (Delta a3 ~ N
Jic = 242.3 kJsmne
Kjc = 217.8 J (®J-T=&,8) = §75.%9
Exponent H = .43€¢
Coefficient C = 369.8 kJ/n~2
1 C(average) = 186
LEAST SOUARE LIMEARR LIME (ASTHMY J = M (Delta a) + F
Jic = 236.1 kJsa~2
kjc = 215 Slope M = 1&1514@,
Intercept B = 2006.3 kJ/m~2
T (ASTMD = 111
validity (Jico = VALID
Vvalidity (R-cu-~uve) = VALID
J maximum alloased = §32.¢6 kJsm~2 (Jwax=Enet#Flow stressz 20D
Iclta a max. allowed = 2 mm (Delta a max = B.1%bo

wn
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SPECINEN EBKH-HE (L)

45

14
[

Crrimimen

FRILUFE TYFE A

19 .- F curwe 0. 1S cluiyan line =
/ iIrn:utficien: for amalyzazh

T

) 1 s s 1
3, 00 . 2% ] L3 1,00 1.2%

cadltine Def lactian (i

MF 3
MF s

MF 3 rEivamzrad il

J-INTEGFAL -
Fsrlurs Tuepe A WT 3 an

tahadare = Tyeo

HRLY 3 TS

Eguation E
&

Fq

COFFECTINGE WIED FOR JT-TUTEGFAL DRTF_
Te-Larten JFFSET LOADS 0 b OFFSET LEFLECTION

1.

<
Tidity
T

v

i e

Laad intercept 2lazric zlops =
X1} 1

Za0n TO 230 Correction

te I o crsah SrtEniion
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S0 T T T T
SPECIMEN €8KH-JC (U
40 A e Cleavage
) Instability

5 / ¥
X //
- 36 _ 4
19 . A
C
| =
a
& 2B
C
a
UC_.
) /y’ FRILURE TYFE R

(RS /4/ R curve < B, 15mm exclusian line

/- (Insufficient for analysis)
P e
Ve
E‘ / 1 1 1 [l
6. ae w15 . 2d 45 .EB

Epecimen Loadline Deflesction (mm)

TEST SFECIMEH DATH

Faterial Type = AS23-B HSST WELLD
Tezt Tenmperatu-e -9 C

Fercent Side Groowe 6 %

25%.4 mm

".597

36.34 mm

736.8 MFa

706.9 MFa )
212660 MFPa (Eztimated Yalus)

Epecimen Thickass= B
Initial a-sW

Init crack length a
Flow strezs

Yield strezs

Youngs modulus E
J-THTEGRAL AMA_YEIS

Failure Tupe H (J at instability = Jich

oo unn

Jig = 40.2 kJ/rm~2
Kje=(EJic)>»~.5 = 92.5 MFPa ~/m v=,3
Kic (PBeta Corrzcted>? = 79.6 MFa Nrm v=,3

FSTH E299-81 RYALYSIS

Fodified Kic Equation; B = (BEn)~.S5
Faximum Lcad F = 29.61 kH
€% Secant 0Offszt Pq = 388.17 kH
kic = 98.1 MFa ~/m
validity = INVALID--1, 2

IRTA COREECTIONS USED FOR J-INTEGRAL DATH
Ferkle-Carten zorrection

Correction for specimen rotation
Correction to J for crack extenzion

~J

on
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Madifird T

Flow stress
Yourngs modulus
FOWER LAW DATA__J

561.4 MPa
1960500 HMFPa
C (Pelta a) ~ M

(Eztimated Yalue)

Jic

Kjc

Exponent H
Coefficient C
T Caverage)

161.3 kJ7m~2
175.4

.5914

331.83 kJ/mnr2
117

€51

J (@I T=8.8)

LEAST SQUAFRE LINEAR LINE C¢ASTM> J = M (Delta a) + B

Jic = 131.5 kJ /w2 )

kKjc = 158.4 Slope M =
Intercept B = 186 kJ/m~2

T CASTHY = 132

validity <{(Jico = VALID

validity (R-cu-~ve)d = VALID

J maximum allowscsd = 563.4 kJr m~2 (Jmax=Bnet*Flow =stress~
I=zlta a max. allowed = 2.01 mn (lelta a max = B.1%bao?

50 ] T 1 T
SPECIMEN 68W-JD ()

oo / -
~ o~
3% %// f’)H
< L -
3 F
~ o
LT /,;'}*’ 7 .
- P }/"’ /

#i
300 X / -
L
FRILURE {ﬁpE c
120 (R curve % 1.5 mm) .
MEA & ASTM HMH[YSIS APFLICAELE
/
f: p 1 1t 1
g. 1.6 1.5 e.a .5
Crack Extanzion (mm)
JEST SFECIMEM DATAH
Faterial Tvpe = AS33-B HZST WELD
Test Temperatu-e = 288 C
Fercent Side Groove = 208 %
Specimen Thickess = 25.4 mm
Init crack length = 38.72 mm Init asH = 664

Final crack leagth = 37.81 mm Final asW = .744

.
kI mm 2

(5]
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40 T

] 1 T
SFECIMEN EBW-JE (U}

32 /\-\%C_leavagf:
~ / I Irnstakility
> ]

X 2 i
~ 24 r
<
‘ |
: |
&
Eous
¢ !
«
&
' FRILURE TYFE R
8 r /// R curve < B. 153w excluzian line
‘// (Insufficient for analyzis)
/
g G 1 ] : —r 1
Q. 0o .15 .30 <45 LEQ
CSpecimen Loadline Deflection Cman)
JELT SFECIMEN DATA
Fatertral Type = HSST HELD
Tezr Temperatu-e = -125 €
Fercent Side G-ooue =0 %
Spscimen Thickless B = 25,4 wm

Inivial asH

Init crack len3ath
Flow stress

Yig¥d strez:
Young:s modulus E
J-THTEGFAL .RNA_VSIS
Failure Type A <J av irn
Jic

Kje=CEJicd~.5

Ki¢ (Beta Corrzcteds
FITM EZ93-81 AA4ALYEIIS

'Y

tFodified Kic Ejuatian;
Faxzimum Load P
€% Secant Offszt Pq
kicg

validity

wouononn

o onon oo

30.€3
2€3.4 MFa

214300 NMFa Estimar=d Yalus)

tability = Jic)

29.4 kJ m~2

?3.4 HFa “/m v=,3
TZ.9 MFa \/n v=.3
= (BEn)>~.S

33.15 kH

23.14 LH

€0 MFa “/m
INVALID--2

ATA COFRECTIOYS USED FOR J-THTEGFAL DATFE

M A Tiem

srle-Corten JFFSET LOAD= O b OFFZET TEFLECTION
pscimeEn rotation Load intercepty elaztic slope
itted elastic load rangs= 2000 TO €00 C(Correction

"

Tn.
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18806 - T T T T
SPECIMEN 88NW-NMC (L)

Madifird T (LT/mAP)

EGO ,/fj,,/;:
7
g
/’4’/ /
&
ul A / 1
’}y/
7 //
B
37"
400 w / -
FRILLRE TYKQ c
c b (R curwve >/ﬁ.5 mim ) 4
MEAR & ASTM FNALYSIS AFFLICAELE
//
@ 1 1z 1
B. 1.@ 1.5 2.0 2.5

Crack Extansion (mm)

TEST SFECIMEN [ATR
Faterial Tupe

A533-B HSST WELD

Test Temperatu-e = 121 C

Fercent Side Groove = 20 %

tpecimen Thickaess = 25.4 mmn

Init crack lenrnath = 39,82 mm Init asd = ,&0E
Firnal crack leagth = 32.832 mm Final arW = .7¢€4

Flow stress = 542.3 MPa .

Yourngs modulus = 266286 MPa (Estimated Value>
FOWMER LAW DATR J = C (Delta ad> ~ H

Jic = 177.5 kJ/m~2

Kjc = 188.95 J (BJ-T=8.8> = 18534.2 kJ- w2
Exponent N = .742

Coefficient C = 417.1 kJ7/n~2

1 Caverage) = 283

LEAST SQUARE LIMEAR LIME (RSTHM) J = M (Delta a) + E

Jic = 15¢.1 kJ/m~2

Kjc = 176.8 Slope M = 299157.5 kI w3
Intercept E = 113 kJ/mnr2 :

T (ASTMD = 214

Validity «(Jico = VALID

Yalidity (R-cu-~ve) = IHVALID--1

J maximum alloased = 941.5 kJ/mn~2 (Jumax=Enet*Flow stresz/20)
Izlta a max., allowed = 2 mm (Delta a max = B.1*bo>
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SO T T T T
SPECIMEN 69KH-104 (U)

40 Cleavags b
~ //ﬁ?ktablllty ~
pd ¢x
= ~
- 30} 7 ‘ q
b 7
c A
_Z /’,// l
<
a
£ 20t l -
C
[

é'

’ r FRILURE TYFE R
18- ’ R curve < B, 15mm excluszian line 4

/' (Insufficient for analysis)
G ./ 1 1 1 1
0.00 .12 ﬁE .35 .48 .EGQ
CSpecimen Loadline Deflection C(ram)

JEST SFECIMEH DATH ’

Faterial Tupe = AS3Z3-F HIST WELL

Test Temperatu-e = -gg C

Fercent Side Groouve =0 %

€ men Thickn = 25,94 mm

Initial  asKl = ,597

Init crack len3ith & = 30.34 nn

Flouw stress = 7?66 MFa

Yigeld stress = 725.3 MFa

Youna: modulusz € = 2100 MPa CE:timated Yaluz)

J-THTECFRL AHA_YSIS

Failure Type A () at instability = Jic)

Jic = 30.6 kJra~2

kjc=C{EJic)r~. 5 = 80.3 NFa \/n v=,3

kKic C(Esra Corrzcted) = ?22.7 MPa \N/m v=.2

FITH E339-21 :

Fodiyfred Kic Equation; B = (BEn)~.S

Faszinum Lead F = 24,53 kM

€% Zecant Offszt  -Pq = 34.55 kH

Kic = &1,4 _HPa N7

Vvalidity = INVALID--1, 2

[ATA CORRECTIONS WZED FOR J-IHTEGKAL DATFE

Ferkle-Corten JFFZET LOAD= O Ib  OFFSET DEFLECTIUH 64E~05 .
Specimen rotation Load intercept elastic slops IR
Fitted elastic load rangs= 2000 TO €60 C(Ccorrecticon to J for cr extension
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Flow stress

€306.3 MFa

50 T T T T
SPECIMEN §9K-118 (U}
EBB / <
3 /
<
E e
> / e
- 450 "t
- f" S
~ éfﬁj;;’
— */’#,fﬁ /
ki e d
-~ 308 = / .
<+ ;ﬁﬁﬁ&
- ;
[ 41
= FRILURE TYPE C
158 (R curve Z 1.5 mm) -
MEA & ASTM FNFLYSIS APPLICHELE
gif 4 11 1
3] 1.8 1.5 2.9 2.5
Crack Extansion (mm)
TEST SPECIMEH DATH
Faterial Type = AS33-F HESST WELD
Test Temperatu-e = 121 C
Fercent Side G-~ocove = 28 %
Epecimen Thickaess = 25.4 mm
Init crack lenath = 38,64 mmn Init arl = ,€@2
Final crack leagth = 408.62 mm Final asW = 799

Youngs modulus

2832600 MFa

C (Delta ar) ~ H

FOWER LAW DATR J =
Jic

kKjc

Exponent N
Coefficient C

1 Caverage?

LERST SQUARE LIHEAR LINE (ASTH:

147 .4 kJ/m~2
171.8

« 95364

297.9 kJ/m~2
82

J

CEztimated Yalue?

J (@J-T=8.8)

M (Delta a)> + B

Jic

kjc

Intercept B

T CASTHD
Vvalidity (Jic)

validity (R-cu-~ve)
J maximum alloased
Iclta a max. allowed

o w0 o

147.3 kJ/n~2
171.8
128.4 kJ/m~2

-
4

VALID
VALID
€34.8 kJ /2
2.82 mm

.o

S

lope M

(Jmax=Enet*Flow stress~2

a

¢(Delta

max

455, 9 kY 2

16187ve. kJrme3

<

O.1%bo>



S0 T T T —
SPECTHEN 69KH-111 (U)

40 Cleavange .
- H—""Instability
= e ’
> /s
N /'
~ 3o} // 1
3 /
: |
: |
£ 20+
T I l
T
&
’ FRILURE TYFE R

19 // R curve ¢ D. 13w exclusiagn line A

‘// (Inzufficient for amalysis)
/
@ 7/ R 1 L )
0. 09 .15 .30 o LEQ
Specimen Loadline Deflaction (mm)d

JEST SPECINMEN DRTA
taterial Typs = AS3Z-F HSST WELL
Tezt Tewperatute = -5 C
Fercent Side G-oous =0 %
Cpecimen Thickaszzs E = 25.4 mm

Initial aru = 504

Init crack lenath a = 30.2€ mm
Flecw strezs = 707.4 (Pa
Yield stres = €€34.¢6 MPa

<
Young: moduluz € 20700 MFRa (E:timated YValued
J-THTEGFAL RNA_VSITE
Failure Typs A J at in
Jic '

tability = Jic)
39.4 kJrmn2

s

Kjec=CEJic)~. S = 90.5 NFa ~/n =3
Kic C(Bera Coarrzcted? = ?6.& MFa \/n v=,3
F3TH E399-%1 AYALVEIS

todified Kic Equation; B = (EEr)~.S

Iavinun Load 4 = 2?.01 kN

€% Secant Offs:=t Fq = 32.25 kH

Kic = g6.4 MPa N/
Validity = INYALID--1, 2, &

IRTA COFFECTIONS USED FOR J-THTEGFAL DATH

Fertle-Corten JOFFZET LOAD= O b QFFZET LEFLECTION =-2.4
Spscinen rotatian cad intsrcept <laztic slaps = €17
Fitted elaztic lecad range= 2000 TO €00 Correction to J for
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Flow stress

€56.7 MFPa

SQo T T T T
SPECIMEN 63KW-127 (U}

4080 f I -
5 /
b :
E . ‘ .-Pd-’_d____.— S
300 — 7
- ’/dﬁv

o ‘K ]’

L o
= f/xgﬁgij
a T F
~ c@g e / 1
“ ﬁﬁﬁﬁ
g
<
= FAILLRE TYPE C

108 (R curvez> 1.5 mm) =

MEA & ASTM ANALYSIS AFFLICHELE
]
E‘ A — 1L i
() 1.4 1.5 2. a 2.5
Crack Extansion C(mm)

TEST SPECIMEW OARTH
Faterial Type = AS33-B HSST MWELD
Test Temperatu-e = 222 C
Fercent Side Groove = 28 X%
Specimen Thickaess = 29.4 mm
Init crack lenath = 3@,.5? mm Init asH = [&61
Final crack leagth = 41,087 wn Final asW = .B8@%

Youngs modulus
FOWER LARW DIATR J = C

190200 MPa (Eztimated Valus)

Jic

Kijc

Exponent H
Coefficient C
1 C(awverage?

LEAST SOUARE LIMEARR LINE C(ASTHD

(Delta a>» ~ H

1601.5 kKJ m~2

139.2 J (@J-T=E.8) - = 293.,7
.5029

212.4 kJ/7mn~2

S1

J =M (lelta a)> + E

Jic

Kjc

Intercept B

T CASTHMY
validity (Jic)

validity (R-cu-~ve)
J maximun alloased
I=slta a max. allowed

nwwnn nouenn

102 kJ/m~2
139.95

93.4 kJ/mn2
49

VALID

VALID

€57.6 kJ/m~2
2.82 mm

197432, 2

Slope M

(Jmax=Enet#Flouw strezs/28)
(Delta a max = @.1%bo)

EYosmn2

EJ

S

2
P
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1 I I i
SPECIMEM B3W-129 ()
180 / ! ]
T
~ ——
3 bs—
< -
E / /.u/-’/”
~ .»"é(ﬁ /
= 360 / o -
-
~ ! e
Lo { - —'.f':.-’: ’ /
- . o
< 240 == / .
&G L & !
- - ;
< ;
C
= FRILUFE TYPE C
128 (R curve l> 1.5 mm) -
MEA & RSTM FMALYSIS APFLICRELE
!f
G 1 i 12 1
) .S 1.0 1.5 2.0 2.5
Crack Extanzion (mm)
JTEST SPECIMEH ORTR .
Farterial Type = RSE3-F HSST HELD
Test Temperatu-e = 58 C
Fercent Side Groowve = 28 %
Specimen Thickasss = 25.4 mm
Init crack lengzth = 30.72 mm Init asll = .04
Final crack leagth = 41,93 mmn Final asW = .17
Flow =tress = £&4.1 MPa
Yourngs modulus = 264486 MFa CEztimated Yalued
FOMER LAW DATA J = € (Delta &) ~ H
Jic = 1?6 4 kI m~2
kjc = 18%2.8 J (r)sT=2.8) = 434,% klsm
Exporent tH = .44%95
Cosfficient C = 309.9 kJ/ /w2
T Caverage) = &€ .
LEASTY SGUARE LIMEAR LIHE (ASTM J =M (Lelta a) + E
Jic = 1&€5.6€6 kJ/m~d
kjc = 184 Slops M = 15a532.2 kJ
Intercept B = 146.8 kJsm~2
T CASTHS = 70
validity (Jic) = YALID
validity (RE-cu-~ve) = IMVALID--2 (.33 vs= .2
J mazinum allowssd = 68&.4 kKl/n~2 (Jmax=Fnet$Flow strezz- 2683
Iclta a max. allowsd = 2,81 nm (Delta a max = @.1%kbad

(R
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3a T T T T
SFECIMEN ESH-13G (W)
24 r Cleavage h
- Instabilvy
- 138rFr 4
T
v
£z :
C
a
v FRILURE TYFE R
6 /,/ R curwve <-B.13wm exclusion line A
//' (Insufficient for analysis)
Il "/ L - 1 I
5. oy .o 1€ L24 R 4@

Specimen Loadline Deflaction (mm)

TELT SFPECIMEN DATA

rral Type = AS3%-F HSST MHELL
Tempsratu~e = -6 C

Fercent Side Groove =0 %
Specimsn Thickacses E° = 25,4 mm
Initial asWll = 599
Init crack lan3th a = $0.45 mm
Flow stress = 786.2 NF3
Yield strezs = 725.9 MPa
Yourgz moduluz E = 210700 MFa CEzvimated Yalus)

"

J-INTEGFAL AHA_YE]
Failure Typs A CJ at in

tability = Jic)

Jic = 12.8 kJ/u~2
Kjc=CEJic)~. S = S1.% NP3 \/a v=.3
kic (E Corrzcoted) = S0.6 MFa \/m v=.3
FITM EZ99-81 ANALYSIS

Fodified ¥ic Ejquation; B = (EEn)~.G

Faximum Load P = 22.72 kH

£% Secant Offszt Pq = 22.72 kNM

kKic = 54,1 MFa \/m
Vvaltidity = VALID Kic wvalue

IRTA CORFECTIONS USED FOR J-IHTEGRAL DARTF

Faerkle-Cortern JFFIET LORD= O 1b OFFSET LEFLECTION =-1.1373494S17044E-04 1n.
Cpeciten rotation Load intercept elastic slopse =-,000000297S b

Fitted elastic load range= 2000 TO €00 Correction to J for crack extension
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T I T
SPECIMEN 63W-133 (U ~

468 /// '_,./‘/ -
a [
< A
£ i
= 4/“*‘-—_ Cleavage
= zoeo P Instability -
— )ﬁzy/
- P /
<
T 2o , / -
[re
: /
= FAILLUFE TYPE E

4] -

108 R.curve do not reac
the 1.5 mm bxclua1un I 1ne
!ll
@ p 1 1t 1
[z} 1. 1.5 c.u =
Crack Extanzion (mm)
TESY SPECIMEN DATH
Faterial Type = ASZ3-F HEST HELD
Test Temperatu~e =23 C
Fercent Side Groouese = 8 %
Cpecimen Thickaess= = 2%.4 om
Init crack lenath = 29.93 mm Init arH = 589
Flow stress = £84.2 MFa
Youngs modulus = 25288 MPa (Estimated Yalus)
FOWER LAW DIATH T = (Delra a)» ~ M
Jic = 13¢.3 kJrmn2
kje = 18&.8 Exponent H = ,oB54
Coefficient C = 276€.8 EJ/a~2
LEAST SOUARRE LIMEAR LIHE ¢(ASTMY J = M (Delta a) + B
Jic = 953.7 kJs/m~2
kKjc = 1406.4 Slope M = 2EZB79.6
Intercept B = 81,5 kJ/n~2
validity (Jico = YALID
Yalidity (R-cu-~ve)d = INVALID--1

J maximum alloassd
Iclta a max. allowsd

713.4 kKI/m~2
2.89 mmn

(Jax=Enet =F 1 o
(Dlelta a max =

xR

Ztresz 200

B.i#bad

wn
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50 T T T T
SPECIMEN E9K-134

40 Cleavage .
- Instabil1ty
<
- 30 .
m
u] P
- /}‘
“
£ zof 1
0 I
n
o

a

“ //” FRILURE TYFE R

1ar P R curve < B.13mm exclusian line A

/ (Insufficient for analysis)
'/
'/
E’ /‘) 1 1 1 i
8. 89 .12 .24 .36 .48 .E@

Specimen Loadline Deflection (mm)

TEST SFECIMEH DHTH
Material Type
Tezt Tempsrature

Percent Side Groowe
Specimen Thickness B
Initial asW

Init crack length a
Flow strezs

Yield stress

Yaurgs modulus E

Poiszon’s Ratio (v)
J-IHTEGRAL AMHALYEIS
Failure Type A (J at
Jic
Kjc={(EJic/{1-un2))~.5

in

Kic (Beta Corrected?
ASTHM E392-81 HAHALYSIS

Modified Kic Egquationg
Maximum Load P
S% Secant 0Offset Fq
Ki¢

Validity

K at Maximum Load

nou o ownnnn

hnnm

o nnn o

tability

HE

S33-B 02 EREF
-180

c

o )

o
o~

e

29.4 mm
L5932
30.12 mm
818.4 MPa

778.8 MPa
2129648 MPa (Eztimated VYalue)
a

Jic)
1€.1 kI m~2

S8.6 MFa ~’m v=,3
SE.9 MFa ~/m v=.3

= (BEn)>~.S
25.89 kH
25.89 kN
€a.1 MFPa
VALID Kic
€e.1 MPa

N/
value
N

DATA CORFRECTIONS USED FOR J-THTEGRAL DATA

Merkle-Corten correctio

n

Correction for specimen rotation
Correction to J for crack extension
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ro
[4)]
.

T T T
SFECIMEN B69W-135 (U)
2ok ~——___Cleavage
~ , Instabiliy
2z //'
- 15 ///" , ]
3
c // |
<
£ of | i
[
T
é.
’ /¢V FRILUFE TYPE H
S| / R curve < B.1Swm excluszian ling A
/ (Insufficient for amalysis)
s
E] / 1 1 1 1
o, eo .08 J1E .24 .32 .40
Specimen Loadline Defleaction (ram)
JE:T SPECIMEH OATH
Fatzrial Type = AS23-B HS2T WELL
Jez Temperature = -1an C
Fercemt $ide Grocove =0 % -
Specimen Thickness E = 25%.4 un
Initial asd = ,992
Init crack lemzth a = 30.07 un
Flow strece = E1%.1 MFa
Yield strecs = 77€.6 MFa
Youra: woduluz E = 2127200 MFa (Eztimatsd Yalue)d

J-THTEGEARL ANAR_YSIS
Failure
Jic
Kjo=C(EJic)~. S

Kic (Fe¢ta Corrzcted)
fETH Ez23-21 ARHALVEIS

Type

A () at in

tabitity =

9.6 kJsun2
4S.1 MFa N/
44.6 MFa \rmw

[TET.Y

nn

Fodified Kic Eguation; E = (EEn)~.S

Faxioum Load 4 = 26.149 ki

€% Secant Offzsz Pq = 2¢0.14 LH

Kic = 4€.6 MFa \/n

balidity VALID Kic value

[ATA CORFECTINNS WZED FOR J-THTEGFRL DATF

Ferkle-Lorten JFFLET LOARD= © 16 OFFZET LEFLECTION

Specimen rotation Load intercspt e€lastic slope

Fitted elaztic load range= 2000 TO €00 C(Correction to J for

Crack

VGEE- 0T
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FS0 T T ! T

SPECIMEN 69K154
EGO | / / 1
450 / -

Madifird T (LT/mA2)

TJEST SPECIMEH DATH
Faterial Type

Test Temperatu-e
Fercent Side G-oove
Specimen Thickqess
Init crack lYenath
Firnal crack leagth
Flow stress

Youngs modulus

ﬂﬂJ&fﬂﬂb / }
e
e
FRILLRE /‘(F’E C
(R curvez 1.5 mm) -
MEA % ASTM FNFLYSIS APPLICAELE
/
1 l 1L 1
1.0 1.5 2.6 2.5

Crack Extansion {(mm)

AS33-B HSST WELD
208 C

28 %

25.4 mm

26.6 mm

35.29 mm

623 MPa

195866 MPa

. €62
. €94

Init asld =
Final asl =

(Estimated Yalue)

FOMWER LAM DATR J = € (Delta a)> ~ N

Jic = 187.6 kJ/7mn~2

Kjc = 191.6 J r@J/Y=E2.8) = 323.1 kI nnd
Expoanent N = ,33%99

Coefficient C = 281.4 kJ /w2

T Caverage) = S0

LEAST SQUARE LIHERR LIHE (ASTMD

J =M (Iielta a» + B

Jic

Kjc

Intercept B

T (ASTHS

validity (Jic)
validity (R-cu-~ve)

J maximun allossd
Ielta a max. allowed

184.3 kJrm~2
196 Slope M =
168.4 kJ/m~2
S4

VALID
INVALID--2
€28.2 kJ/m~2
2.82 mm

167542.3 kKJ-m~3

(Junax=Enet#Flow strezc 26>
(Delrta a max = 8.1%bo>
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160 T T T T
SPECIMEN 69KW-152

s0 b Cleavage 1
Trstabt ity

(kD

60 ' .

40

Specimen Load

/’ FRILIUFE TYFE A

2P y F curve < BP.1Smm excluzian Yine A
///x/ (Inzufficient for analyziz)

0 '/ 1 1 i 1

©.00 .20 .E@ .aa 1.24a 1.5

Spesciman Loadline Deflaction G

TEZT SFECIMEH DIIATA

Haterial Typs = AS3%-FE 02 REF

Tezt Tenpsraturs = -5 C

Percent Side Groovs =0 %

Specimen Thicknezz E = 25.4 m

Initial asW = €0}

Iniv crack length a SO.SS

Flaw str = 707.4 WPa

Yisld =tress €54, 6 MPa

Youngs modulus E = 237500 WFa (Estimated Yalus)
Foizzon’e Fatio (u) = @

J-THTEGFAL " AHALYEIE

Failure Type A T at instability = Jic)

Jic = €9,1 kJI/u~g
Kjc=dEdicr(1-x = 119.& MFa ~/m v=, 32
Kic < .a Corr = 90.& MFa \/m v=.3
ASTM E293-31 AHALYS 3

Madified Kic Equatian; B = (EEREm)~.5

Maseimunm Load 3 = 47 kN

S¥% Secant Off:zet Pq = 29.9 kH

Kic = ?71.7 MFa N<m
Validity = INYALID--2, 3

K at Maximum Load = 112, MFa N/

DATA CORFECTIONS USED FOR J-THTEGRAL DATH
Merkle-Corten OFFSET LORD= O tb QFFZET DEFLECTIOH =-3.%
Specimen rotvation Load intercept clastic slaops =-9.72
Fitted elaztic load range= 2000 TO 2000 Correction to J

ZTE-D4
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?S T T T T
SPECIMEN B89KH-158 (U)

6o ’ Cleavage .
o ///' Ingtab vy
3 /’J,%
~ 45 F ;;//’ l .
3 /.
c /"
¢
& 3orf | .
C
a
c.
u. o

y FRILURE TYFE R
15 ¢ R curve ¢ O.1%mm excluzion line o
/ (Insufficient for analysiz)
G / 1 1 1 1
G, 0o .25 .50 AP 1.00 1.2¢%
Epeciman Loadlins Def laction (mm)

TEST SFPFECIMEN DATH
Faterial Type = ASZ3-FE HSST WELL
Test Temperatute = -5 ¢C
Fercent Side Groove = 0 %
Epecimen Thickagzz E = 25%.4
Initial  asH =,
Init crack lenath a = 30.5 mm
Flow stress = 707.4 MFa
Yield steress = €64.€ MNFa
Youngz modulus E = 207500 HFa CEztimatsd Yalueg)
J-IHTESFEAL AMA_VEIS ’
Failure Type A (J at instability = Jig)
Jic = 84.4 LJ/w~2
Kjc=C(EJic)>~. S = 132.4 MFa \/n u=,3
Kic C(Beta Corrzcted? = 95.5 MPa \/u v=.3
FETH E2992-281 AHALS =
Fodified Kic Equation; B = (EEn)~.S
Faximum Load - P = $0.33 kH
€% Secant Offs=t Pq = 24.€8 kN
Kic = €2.8 MPa \/m
validity = INVALIDp--1, 2, %
IATA CORRECTIONS WIED FOR J-THTEGRRL DATH
Ferkle-Corten JIFFIET LORD= © 1b  OFFIET LEFLECTION =-2,S8ATE4849947E--03 in,
Specimen rotation Load intsrcept elaztic slope = 0000004234275 1b
Fitted elastic load range= 2000 TO €00 C(crrection to J for crack exten:zion
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Y
(4]
[acx]

EGO

Madifird T (kT/mA2P)

T 1 1

SPECIMEM 69KR-162 ()

Y
Lo
,—"-:-2’
F )
. )
/"‘;/ /
T =

F / 1

FARILLURE z;FE C
(R curwve § 1.5 mm) -
MER & ASTM FNFLYSIS AFFLICHRELE

1 L 1

JEST SPECIMEH DRTA
Faterial Type

1.0 1.5 2. 2.5

Crack Extanzion C(mm)

ASZ%~-E HSST MHELD

Tezt Temperatu~e =121 ¢€

Fercent Side G-oove = 28 %

Cpecimen Thickaessz = 25.4 un

Init crack lenath = 30.42 wmn Init arW = [S592
Firal crack lenath = 40,14 mmn ' Final as# = .79

Flow stress = 638.3 MFa

Yourigs modulusz = 200388 MFa CEztimated Yalus?
FOWER LAM DATA J = C (Delta a) ~ H

Jic = 152.9 kJ/m~e

kKic = 175 J (BI/T=£.8) = 493.2 kJ mne
Exponent H = .5409 '

Cosfficient C = 388.1 kJ/m~2

T Caverage) = 85

LEAST SOUARE LIMEAR LIHE CASTHMY J = M (Tielta a) + B

Jic = 144.2 kJrsar2

kjc = 1€9.9 Slops 1 = 175781.2 kT
Intercept B = 124.1 kJ/n~2

T (RETMD = 89

validity (Jico = YALID

validity (R-cu~we? = VALID

J maximum allossd = €39.9 kJ/n"2 (Jma==FErnet*Flow stress 280
Iclta a mav. allowed = 2,84 nn (Delta a max = @.1%bo)d
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100 T

SPECINEN

Load (kM)

cimen
Xa
Lo |
T

N

f
KY

C
=
N\

E9k-164

Cleavage
Instabt ity

FRILURE TYFE R
R curve < B.1Smm excluzian
(Inzufficient for i

line

araly

s
E“, 1 A —l 1
. 0y .30 LEO oo 1.20

Speciman Lozdline Deflsctieon (ram)

T SFECIMEH DATA
2l Tope
t EmpEraturs
ercent Side Groo
s Thicknsss
astd
lenath  a

Yigld ztrees

Youngs modulus E
an’z Ratic (v)
J-IHTEGFARL - ARALYSIS

ASZ%-F 02 REF

=20 C

= 0 %

= 29,4

= 992

= Z0.12 un

= €8& NFa

= €41.9 MFa i

= 205100 HFa (Eztimated Yalued
= 0

Farlure Type A VI at instability = Jic)

Jic = 92,9 pl/aZ
Kje=<EJics/¢(l-vr2))~. 5 =1 4 MPa N/ v=, 3
Kic (Eeta Corrected) =9 MFa Nt vs, 3

ASTH EZ RHALYETS

wa-d

Modified Kic Equationg
Maximum Load P
S Secant Offset Fq

Kic

Vatidity

K at Maximum Load
DATA CORFECTIONT

USED FOR

E = (EEn)>~.S

= §1.45 kH

= 34,2 kH

= 749,94 MFa \/n

= INvYALID--1, 2, &

119,47 HFa \/m
I-THTEGRAL - IHTA

1.5

Merkle-Corten OFFSET LOAD= © 1t OFFZET DEFLECTION
Specimen rotation Load intercept e€laztic
Fitred slaztic load rangs= 3006 TO 2000 Correction

=-2.1
5.%
to J for

slopse =

crack

EXLENIION
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S06 T T r— T
SPECIMEN 89K-1E68 (W)
400 f / .
/ ]
_—

Madifird T (kT/mA?)

4
//{ﬁ§5;' ]
200 g / -
FAILLRE TYPE C
1800 (R curve{> 1.5 mm) =
MEA & ASTM ARALYSIS AFFLICARELE
{
@'}.7 1 1t 1
(e} 1.8 1.5 c.a 2.5
Crack Extanzion (mm)

JEST SFECIMEH DRTH
Faterial Tupe = ASZ3-B HSST WELD
Test Temperatu-~e = 264 C
Fercent Side Groowe = 28 %
Specimen Thickaess = 25.4 mm
Init crack len3zth = 20.288 mm Init asll = .E@7
Final crack leagth = 4B.8€ mm Final asM = .04
Flow strecs = 623 MPa
Youngs modulus = 195586 MFa (Estimated Yalue?
FOWER LAW DATA J = C (Delta ad» ~ H
Jic ‘ = 126.1 kJ/m~2
kKic = 157 J (@J/T=8.8) = 343 kJI/sm~Z
Exponent N = ,4744
Coefficient C = 241.7 kJ/m~2
T Caverage) = &1
LEAST SRUARE LIMERR LIME (ASTM) J = # (Delta ad + F
Jic = 124 kJ/w~2
Kjc = 155.7 Slope " = 126457.5
Intercept B = 112 kJ/7u~2
T C(ARSTHD = 61
validity (Jic) = VALID
Validity (R-cu~ve) = VALID
J maximum allosed = £20.2 kJ/m~2 (Jmax=Enet#Flow strezs 243
Ielta a max., allowed = 1.99 mm (Delta a max = 0.1%bo)

kI w2
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1aa T T T T
SPECIMEN 69K-174
§0 | Cleavage .
= Instabilivy
~ ~
- GOF .
o /,////
a . ¥
- e
an
5 V.
£ 4o} / | ]
9 /
& /
FRILUFE TYFE R
e r R curwe < 0.13mm excluzian line A
/ (Insufficient for analyzis)
G‘ "’v y 1 1 ]
@, B .40 .EO 1.29 1.E0

Cpecimen Loadline Deflsction (mm)

JEZT _SFECIMEH TATA

Material Typs = AS33-F 02 REF

Test Temperature =28 C

Fercent Side Groowe =0 %

Specimen Thickness E = 2%.9 nm

Initial asN = .595

Init crack length a = 20.21 mm

Flow strezs = €36 MFa

Yield strezsz = €41.9 MFa

Yourgs modulus E = 199200 MFa (Eztimated Yalue)
Foizzen’s Ratio (v) =@ '

J-IHTEGFAL AHALYESIS

Failure Type A (J at instability =.Jic)

Jic = 103.2 kJ/7ur2
KjssCEJicsC1-u~2554.% = 142,94 HFa \/n v=.3
Kic (Eeta Correited) = 97.6 MFa \/n v=.3
ASTH EZ23-21 AMALYSIC

Hedificed Kic Equatis E = (EEn)~.S

Maxinum Load [ = $3.9 kH

5% Secant Offzet Pq = 31.7€ kN

Kic = 74.2 MFa \/m

validity = INVALID--1, 2, 3

K at MHaximum Load = 125.9 HMFa N/m

DATA CORFECTINNS USED FOF J-INTEGRRL DATH

Merkle-Corten OFFSET LORD= @ b COFFSET DEFLECTION 3TEE-DY in.,
Specimen rotation Load intercept elaztic slope =-7.53571928ST1E-0E b
Fitted elastic load rang=z= 3600 TO 2000 Correction to J for crack extension
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556 , . ; - —
SPECIMEN 69W-176 ,ﬂ“ﬁj;
o -
/Zﬂf ¥
A
440 F / / * ]
& ¥
- b
¢ F f
E / 3
> 2 /
o 330 r f gﬁf .
g -
o
™ / g?// /
. / e
=
[V == A+
~ c2B ,ﬁf*/ / ]
94 o
: LA
©
= e g’
= T FRILURE TYPE C
118 | fﬁ (R curve > 1.5 mm) :
ﬁf’! MEA & RSTM ANALYSIS AFFLICAELE
&
;& /
Eﬁlr-' '/ 1 1 1 !
. A .5 1.8 1.5 c.n by
Crack Extarmzion (mm)
TEZT SPECIMEH DATR
Material Type AS22-E 02 REF
Test Temperatures = 58 C
Fercent Side Groouve = 208 %
Specimen Thickness = 25.4 mm
Init crack length = 3o i i Init asll = €83
Final crack length = 41 fitfiy Firnal asl = .&24
Flow stress = EE "a
Youngs modulus = 2R MFa (Estimated Yalusl
FOWER LAW DATA J = C (De a)> ~ M
Jic = 14 bk JAm™2
Kic = 17 MFz Nom
J (pIsT=2.8) = 49 kI mn2
Exponent H = , 5
Coefficient C = 31¢ LI m~2
T faverage) = &7
LEAST SOUARRE LIHWERFE LIMHE <(ASTM> J = M (Deltzx 2 + F
Jic = 144.7 kI m~2
Kjx 172 MPa N/m
c’]l’lf’lb‘- M = 18?25‘3-? b T |
Intercepy E = 124.3 kI sn~2
T CASTMD = 87
Yalidity <(Jic) = VAL'D
Yalidity (R-curve) = WRLID
J maximum allowsd = g0, 6 kKI/mr2 (de.—fht?‘F1uH ztress 20
Delta a max., allowed = 1,92 mm (Delta a max = LA=bod
Final Il'elta a = 16,97 nm
Paoicsson’s Ratio (v) = 0
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s@a T T T T
SPECIMEN 69MW-188 (U)
400 f f 1
5 /
(4%
<
£ _
~ 300 P e “
- ‘-J:’fﬂ
Lo ._';".f::' /
< df//)vﬁ
[ <
-~ CO8 ,fﬁﬁ [ ¥
o T
T
c
= FARILLIRE TYPE C
198 (R curvez> 1.5 mm) -
MEA & ASTM ANALYSIS AFPLICARELE
i
@ -b 1 | I
) 1.8 1.5 2.8 .5
Crack Extarmsion (mm)
TEST SPECIMEN DATA
raterial Type = AS33-B HSST MWELD
Teet Temperatu-e =288 C
Fercent Side Groove = 28 %
tpecimen Thickaess = 25.4 um
Init crack lenath = 30.7€¢ nm Init avl = .€8BS
Final crack leqath = 41,56 mm Final asid = .818
Flow strecss = 650.7 MPa
Youngs modulus = 196gBa MPa (Estimated Yalue)d
FOWER LAW DATR J = C (Delta ad ~ N
Jic = 186.4 kJ/mn~2
kic = 142.4 J (@I-T=2.8) = 296,32 kJ/n2
Exponent H = .487
Coefficient C = 215.7 kJ/n~2
T Caveraged = 56
LEAST SQUARE LIMEAR LIME C(ARSTMY J = M (lelta ad + B
Jic = 97.2 kJ/n~2
kjc = 13€6.2 Slope 1 = 124238 kJ w3
Intercept B = 87.9 kl/n~2
T (ASTHD = 56
validity <(Jic) = VALID
validity (R-cu-~ve) = INVALID--1
J maximunm allossd = 651.4 kJ/m~2 (Jnax=Ernet#Flow streszs-28>
Izlta a max. allowed = 2 mm (Delta a max = B.1%bod
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on
[
-{
N

SFECIMEN ?7BH-1082 (UJ

40 - Cleavage

%f,/f’fﬁétab1llty

(kN)
N\,

l nAad
[#%)
o

f

Enrrimen
S
=
1

A FRILURE TYFE R
1ar _// R curve < B.13mm excluzian 1i
// (Insufficient for analysis)

ne

’
A e ! 1 L 1
8. Ba .10 .28 .38 .40

Epacimen Loadline Deflaction (ram)

JE=ZT SPECIMEM DATH

Faterial Typs AS33-F HSST MELT
Tezt Temperatu-e -115 ¢C

Fercent Side Groove 8 %

Specimen Thickqaeze B 25.4 mm

Initial asi . 944

27.61 mm
€89.6 MFa
€25.1 MPa

Init crack lenath a
Flow stress
Yield stre==

Young:s modulus E 21327806 MFa (Eztimated Yalued
J-IHTEGRAL AMA_YVSIE

Failure Type A (J at inztability = Jic)

Jic = 21.4 kI w2

Kje=CEJic (1-u~g3>~.5 = 71 MFa \/nm v, 3
Kic (Eeta Corrzcted? = €5.5 MFPa Nm v=,3
FSTH E399-81 RYALYEIS

Fodified Kic Equation; B = (EEn)~.S

Fasximun Load P = 35.74 kH

€% Secant Offs:=t Fq = 33.99 kH

Kic E6 MFa ~/m

Yalidity INVALID--1, 2
IATA CORRECTIONS USED FOR J-IHTEGRAL TATH
Ferkle-Corten -orrection

Correction for zpecimen rotation
Correction to J for crack extension
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50

T T T T
SPECIMEM 2BW-1d5 (L)
/
BE0O / / 4
< ¢ /
$ / / / .
= T
- / &J/»H’Jr
— < = ] - - o -
o 450 / / L -4
~ 3 "f _J-F:;'-.:'.:-&---
= f T //
- / /’ -.f‘*}-,’
T zoo | / P ,/ :
+ / .;-:51.".‘-
- Fi Rl /
t “‘#
[ ! / (
= ! 45’_;;#-' FAILLRE TY¥PE C
150 Lﬂ?k“. (R curve »f 1.5 mm) .
'y MEA & ASTM FNAUYSIS AFFLICAELE
4 / '
. /
&/ :
,‘r:' ! 1 1 LL 1
0.8 .5 1.9 1.5 2.0 2.5
Crack Extansion C(mm)
TEST SPECIMEHW DRTH
Faterial Type = ASEZ-B HSST MWELD
Tezt Temperatu-e = 121 C
Fercent Side Groovse = 20 %
Specimen Thickasssz = 25.4 mm
Init crack lenath = 27.8 mm Init asH .= 547
Final crack lenagth = 28.329 mn Final asW = .785
Flow stress = 494,22 MFa
Youngs modulus = 2002006 MFa (Estimated Yalus)d
FOMER LAM DATA J = € (Delta a) ~ N
Jic = 148.4 kJI/m~2
Kic = 172.4 J (BI/T=g,.8> = 6&4,.5
Exponent M = .5823
Coefficient C = 297.6 kJr mr2
T Caverage)d = 140
LEAST SQUARE LIMEAR LIME (ARSTM) J = M (Delta a) + B
Jic = 135.4 kJ/mn~2
Kjc = 1€4.7 Slope M = {79761
Intercept B = 116.82 kJ/m~2
T CASTMD = 148
validity (Jico = VALID
validity (R-cu-~ve)d = VALID
J maximun allowsed = 5601.8 klJ/m~2 (Jwax=Enet#Flow strezs 202
I=slta a max. allowed = 2.3 mm (Delta a max = @.1%baod

a
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30 ¥

- 1 i 1
SPECINEN PBMH-103 (U)
24 r Cleavage b
- A7 Inztabtlity
Z .
< s [
- 18 F - E
: P
- VAP
,./
c g
; S |
E 12 - 4
c y !
[ 4
& y
’ 4 FRILUEE TYFE R
6 .,ff/ R curwe < B.13mm exclusian line -
/r (Inzufficient for analysis}
'/’
-
A
rj = 1 1 —L 1
@. 00 . OE .1e .13 .24 .20
Specimen Leoad)ine Defluction (mm)
JEST _SFECIMEH ORTHA
Farerial Typs = Z-F HSST MELI
Test Temperaturs =
Fercent Side G-oove =
Specimen Thick4ezs B =
Initial asu =
Init crack lenm3th a =
Flow stressz =
Yigld stress =
Youngs modulus = (E:vimated Yalug)d
J-IHTEGERL AHA_Y
Failure Type A ( instability = Jic)
Jic = 8.3 kI u~2
kjc=CEJic)>~.5 = 42 WPa “/m v, 3
Kic (Beta Corrzctedd = 41.2 MFa ~/m v=.3
FSTH E399-21 RAMALYEIC
Fodificsd Kie Ejquaticon; B = (EEn)~.S
Faximun Load P = 22.%3% kN
£% Secant Gff=z:zt Pq = 22.53 kH
kic = 44,1 MPa “/n
validity = VALID Kic value
IATH COFRRECTIONS WSED FOR J-THTEGFAL DATF
Ferkle-Corten JIFFSET LORAD= O Ib OFFTET LEFLECTION =~g €2
Cpscimen rotartion Load intercept elaztic slope = 2,64 [
Fitted elaztic Voad range= 2000 TO 600 Correction to J for crsch
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50 T T T T
SPECINEM 7@W-121 (W)

43 Cleavange h
- ‘//4ﬁkﬂablllly
5 L
— . e

V4

- 3§t v l .
¢ //
C
= 7 I
< '@"
¢ -
E Z24r // I .
C :
: v
v A © FRILURE TYFE A

12 r “¢$r R curve < B.13wmm excluszian line A

a (Insufficient for analyzis)
/,’
k4
Il g o ! 1 1
o, o0 Sl .2 .38 .48 LEO
Cpecimen Leadlinzg Deflection ()

JE=T SFPECIMEN DRTH

Farerial Type = REGE-F HIST MHELI

Tzt Temperature = -¢S ¢ ’

Fercent Side G-oouve = @0 %

Specimen Thichka E = 25.4 mm

Inivial ask = ,S4¢

Init crack lenath a = 27.74 mn

Flaw ztrezs = €26.3 MFa

Yield stress = 9€5.7 NMFa

Yourg: modulusz 210900 NMFPa (Ezvimated VYalus)
J-ITHTEGFHL AHA Y :
Failure Type R« tability = Jic)

Jic 32,8 kI mn2
Kje=(EJic)~. & = 83.2 MFa “/m v=,2
Kic (Esta Corr:zcted) = 6&.¢ MFa \7nu vs,3
FETH EZ39-81 AIALYEIS

Faoditied Kic Equation; B = C(EEn)~.S

Faximum Load F = 41.53 kH

€% Secant Offs:t Fq = 33.94 kN

kic = €5.7 MFa N/
validity = INVALID--1, 2, &

IATA COFPECTIONS USED FOR J-INTEGRRL DATY
Ferkle=-Ctarten JFFIET LOAL= O 1b  OFFZET LEFLECTION =-3,637ca
Specimen rotation Load imntercept elastic slops = 04
Fitted e€lastic Voad range= 2000 TO €00 Correction to J
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T T T
SPECIMEN POH-122 (U)

6@ + 1
= 45 b
T
C
<
a
4§ 3o F - | T
C
3 /
o / FRILURE TYFE A

13 | R curve < DO.15mm excluziaon line A

(Insufficient for analysis)
V4
’/’
G / 1 1 i 1
@, 0o .20 .40 B9 s 1.00

Speec imen

Type
Temperatu-¢
Side Sroove

asll

Init crack Venath a
Flow stre::
Yield ztrecss
Yourigz modulusz
J-INTEGFAL AHA_Y
Failure Torpes
Jic

EjcsCEI eI~ S
Kic (Bera Corrzctedr
FaTH E° AdAL Y TS

t

noanonmw

“-81

Loadline Defleaction Crm)

(Eztimatsd Ya

abilivy
73 kJ/sm~2

124.1 WPa “/m =, 2
€S.2 MFa N/u v=, 3

Fodified Kic Equaticon; B = (EEny~.S

Faximum Load = 5&.02 kH

€% Secant 0ffz:ze P3 = 31.23 kN

Kic = €1.6 HMFa “/u

Vvalidity = INYALTID--1, 2, &

IATH CORFECTIONS ULED FOR J-THTESFAL DATFE
Ferkle-Carvere JFFZET LOAD= © 1k OFFZET ITEFLECTION
Specimen rotation Load intercept slastic slops

Fitted elaztic load range

= 2000 TO €00 Correctian

crack
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°/5a T T T 1 E
SPECIMEN 70 W-146 (U)
BOO / / 4
3 /
(38
<
E
: /
- R
Laue / —
AT
E ,#1$?7::;f
- .e*""- 1
pe }-"‘-@.-ﬂ“w
) e /
= ' FRILLRE TYPE C
(R curve >/1.5 mm} : .
MEAR & ASTM FRFLYSIS APFPLICARELE
1 1£ 1
1.8 1.5 2.0 2.5
Crack Extansion (mm)
TEST SFECIMEN ORTH
Faterial Tyupe = AS32-F HSST WELD
Test Temperatu*e = 284 C
Fercent Side Groove = 20 X%
Cpecimen Thickess = 25.4 un
Init crack length = 27.86 mm Init asld = .S48
Final crack leagth = 37.81 mm Final asW = .744
Flow stress = 486.5 MFa .
Youngs modulus = 193580 MFa (Estimated Yalus)
FOMER LAW DATA J = C (Delta a> ~ N
Jic = 115.€ kJs m~2
Kjc = 156.3 J @J-T=2,8) = 428.1 kJ/wu"2
Exponent N = ,93%6
Cosfficient C = 232.5 kJ/m~2
T (average) = 165

LERET SOUARRE LIHEARR LIHE CASTMD J =M (lelta a) + E

Jic = 189.3 kJ/n~2

Kjc = 146.2 Slope M = 139537.€ kJ/m
Intercept B = 94,6 kJ/m~2

T (ASTMD = 1688

validity (Jic) = VALID

validity (R-cu-~ve) = VYALID .

J maximum allogsed . = 494 kI /m~2 (Jmax=Enet*Flow stresz/2Q)

I=1ta a max. allouwsd = 2.29 nm (Delta a max = @.1%ba)
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?50 I 1 I 1

SPECIMEN ?8W-151 (B
Bwo / / -
4350 /, .

Madifird T (LT/mA?)

j _._'_3:—--_:
a—:;'*—’—

. T o
FARAILLRE TYPE C
(R curve >/ 1.5 mm)

MEA » ASTM FARFLYSIS AFFLICAELE

/

1 1L 1
1.0 1.5 c.u 2.5
Crack Extarzion Cmm)d
JEST SPECIMEM DRTH
Faterial Type = AS22-B HSST MWELD
Test Temperatu-e = 288 C
Fercent Side Groowe = 26 %
Specimen Thickaezs = 25.4 mm
Init crack lenath = 28.059 mm Init a-W = (552
Final crack leagth = 3%.87 mnm Final a<l = 744
Flow strezs = 511 MPa
Youngs modulus = 190808 MFa (Estimated Valued
FOWER LAW DATA J = € (Delta a> ~ N
Jic = 94,6 kJ/mn2
kijc = 134.4 J (BJ-T=€.8) = 2ER.7 kI
Exponent H = .5299
Coefficient C = 199.4 kJ/m~2
T C(average) = 56
LERST SOUARE LIMEAR LIME (ASTMY J = M (Delta &) + F
Jic = 95,5 kJ/m~2
Kjc = 135 Slape " = 183126.5 kI, w3
Intercept B = 85.4 kJ/n~2
T (ARSTHY = 79
validity (Jic) = VALID
validity (R-cu~ved = VALID

J maximum allowsed

I=lta a max. allowed

518.9 kJ/m~2
2.28 mm

strezs 200

@.1=xbad

(Jmax=Fnet#Flow

(Delta a max
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?’5 T T T T
SFECIMEN ?21H-182 (U)

66 Cleavage .
- Ingtability
<
< v
- 43 F '/)(' -
: 7
- #
c ~ |
< e
€ 30 .
T 1
g
. Y
& s FRILURE TYFE A

13 /f’ R curve < B.13mm exclusian line -

/' (Insufficient for analysis)
Vs
@ l/ 1 1 1 1
©. oo .15 .30 45 .EQ .7

Spescimen Loadline Deflection (mm)

TEST SPECIMEH
Faterial Tupe
Test Temperatu-e
Fercent Side G~oove
Specimen Thickaess B
Initial asW

Init crack length a
Flow stress

Yield strezs

Youngs modulus E
J-INTEGEAL AHA_YSIS
Failure Type A (J at
Jic -
Kjc=C(EJic>~.5
kKic (Beta Corrszcted)
FSTHM E399-81 ANALYSIS

DRTH

Fodified Kic Ejuation;

Faximum Load P
£% Secant 0ffszt Pq
kKic

validity

IATA COREECTIONS USED

o n wn mwnonn

-}

AS33-B HSST WELD
-58 C

e %

23.4 mm

. 546

27.73 mm

667.4 MPa

549.7 MFa

218160 MPa (Eztimated Yalus?

instability = Jic)

43.4 kJ/n~2
9S5.5 MPa N/ v=,3
72.9 MPa \/m v=,3

= (BEnd>~.5
4¢.96 kN
32.37 kN

€3.3

MPa \/m

INVALID--1,

2,

L)
-

FOR J-INTEGRHL DATH

Ferkle-Corten

correction

Correction for specimen rotation
Correction to J for crack extension
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580 T T T !
SPECIMEN ?71KH-184 ()

400 f 4
300 / ]
R
T
-’ - _‘_,—l“
2o T ]’ -
:-P’"'/#

Madified T (kT/mAa?)

FAILLRE TYPE C
(R curve ﬁ 1.5 mm) .
HMEAR & ASTH HNﬁLYSIS AFFLICRELE

188

@ . 1 1! 1
) 1.0 1.5 2.8 2.5
Crack Extarcion C(mm)
JEST SPECIMEH DATH
Faterial Type = ASZZ-B HSST WELD
Test Temperatu~e = 288 C
Fercent Side Groove = 20 %
Specimen Thickaess = 25.4 mm
Init crack length = Z8.71 mm Init asll = 55
Final crack leagth = 32.82 mm Final asld = ,7¢4
Flow stres= = 50&.1 MPa
Youngs modulus = 1908508 MPa (Estimated Yalue)d
FOWER LAW DATA_J = C (Delta ad ~ H
Jic = 77.5 kJsm~2
kje = 121.6 J (@J-7=8.8) = 296.9 kJ w2
Exponent H = ,5852
Coefficient C = 163.2 kJ/nw~2
T Caverage) = €95
LEAST SOUARE LINEAR LINE (ASTMY J = M (Delrta a) + B
Jic = 69.9 kJ/rm~2
kjc = 115.5 Slope M = 97118.3 kI/m
Intercept B = 63.2 kJsm~2
T (ASTHMD = 72
Vvalidity (Jic) = VALID
validity (R-cu~ved = VALID
J maximum allowsed = 515.8 kJ/mn~2 (IJmax=Enet ¥Flcw stres=/287%
I=1ta a max. allowed = 2.21 mm (Delta a max = B.1%¥bod
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=35]5] T T T T
SPECIMEM 71H-1@6 (U}
400 / f n
N / /
< /
g
: /

S 3060 [ / .
- / _
g e

br o] f / ,___.;____-’??'
L zoo . il l
Y- / ) e
T -i:‘-""’#ﬁ#’ é
[ 4
= / wfrﬂﬁf - FARILURE TYPE C
180 F -fiﬁ} (R curve £ 1.5 mm) -
/ fﬂf' MEA & ASTM FMALYSIS APFLICAELE
A ¢
ok /
& !
@ 2 3 ( ] 1 1L 1
b.o .5 1.0 1.5 2.0 2.5
Crack Extenszion (mm)

TEST SPECIMEM 0RTA
Faterial Type = AS33-B HSST WELD
Test Temperatu-e = 284 C
Fercent Side G-~oove = 20 %
Specimen Thickaezs = 25.4 mm
Init crack lenzth = 27.€64 mm Init asl = ,544
Final crack leagth = 38.12 mm Final asH = .75
Flow stress = 482 MPa
Youngs modulus = 195586 MFa CEstimated Yalue)d

FOWER LAW DATA

J

C (Delta a> ~ N

Jic

kKjc
Exponent N
Coefficient C

T Cawverage)

LEARST SOUARRE LIWERR LIME (RSTM2

81 kJ7m~2
125.8

.4731

166.7 kJ/m~2
Y]

J

J (@J-T=8.87

M (llelta a) + B

Jic

kjc

Intercept E

T (ARSTHY
Vvalidity (Jic)

validity (R-cu-~ve)
J
Islta a max.

maximum allosed
allowed

82.1 kJsmr2
126.7

5.4 kJsmr2
€&

VALID
INVARLID--1
4£9.3 kJ/m~2
2.32 mm .

M

Slope-

PREZ2.3 kI/mnl

(Jm§x=Enet*Flow Stresz/20)

(Delta a max = @, 1*ho)



500 T T T —
SPECIMEN 71W-16G9 (U)
»
480 - / / e
—
o ' el
¢ / A
2 -
- 300 e h
-
~— / ~ ?_//f;/
- et /
< / d
. //qﬁﬁﬁjg
-~ 8@ r J,f' .
4 . / e
z 7
c 3
= FRILLRE TYPE C
180 (R curve > 1.5 mm) .
MEA & RSTM HNALYSIS AFFLICHELE
{
A !
@'< 1 1 12 1
8.0 .S 1.@ : 1.5 2.0 2.5
Crack Extarmzion (mm)
JEST SFECIMEH DATH
Faterial Type = AS32-B HSST WELD
Test Temperatu-e =58 C
Fercent Side G-oove = 26 %
Specimen Thickaess = 25.4 mm
Init crack lenjyth = 28.58 mm Init asll = .35&62
Final crack leagth = 48.54 mn Final asW = .79%
Flow stress = 521.4 MFa
Youngs modulus = 204460 MPa (Eztimated Value)
FOWER LAW DARATA J = C (Delta ad ~ N
Jic = 126.7 kJ/m~2
Kjc = 1606.9 J (@J-T=£.8) = S929.2 k) 2
Exponent N = ,5195
Coefficient C = 248.2 kJs/m~2
1 Caverage) = 99

LEAST SQUARE LINEAR LIHE CASTMY J =M (Telta ad) + E

Jic = 122.5 kJ/m~2

kKjc = 158.2 Slope M = 136782.9 kJ w3
Intercept B = 187.1 kJ/m~2

T (RSTMO = 98

validity (Jic) = VALID

Yalidity (R-cu-~ve) = INVALID--3 (.33 vs .33

J maximum allowsed = 529.4 kJ/m~2 (Jmax=Enet*Flow stresss/20)

Izlta a max. allowed = 2.22 mm (Delta a max = 9.1%bc)
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50 T 1 T 1
SPECIMEN P21KH-113 (W)

40 Cleavage b
~ /ﬁstamnty
Z '
9
~ ) X//
T 36 r d .
¢ /l
€ g |
[N
£ a0} -
C 1
& 7
o yd FRILURE TYFE R

10 //f R curve < B.153mm exclugian line 4

////’ (Insufficient for analysis)
G t/ - 1 1 1
@. o0 .10 .20 .34 .40 So

Specimen Loadline Deflection (mn)

TJEST SFECIMEN DRTH
Faterial Type

HEST WELD

Test Temwperatu-e = -95 C

Fercent Side Groove =0 %

Specimen Thickaess B = 25.94 mh

Initial arsW = ,54¢

Init crack lenath a = 27.85 mm

Flow stress = €61.5 MPa

Yield strecs = 593.1 MFa

Youngs modulus E = 212€00 MPa (Eztimated Yalue)

J-IHTEGRHL RHA_YSIS
Failure Type A (J at in
Jic

kKjc=C(EJic)~. S

kKic (Eeta Corrzcted?
FSTM E399-81 ANALNVEIS

tability = Jig)

17.7 kJ/sm~2

€1.4 MFPa \/m v=,3
S6.5 MFa “/m u=.3

non oo

Fodified Kic Ejuation; B = (BErn)~.5
Faximum Load F = 31.46 kH
T% Secant QOffszt Fq = 31.486 kN
Kic = 62.1 MPa “/m

validity = INVALID--2

IATA CORFECTIONS USED FOR_J-THTEGRAL DATF

Ferkle-Corten JFFSET LOARD= © 1b  OFFZET LEFLECTION =-7.9732C {SE-04 in.
Specimen rotation Load intercept elaztic slope =-1.575757SFSTEE-O7 b
Fitted elastic load range= 2600 TO €00 Ccorrection to J for crack extension

~
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)
an
(X

T T T
SPECIMEN 71W-129 (U
5] / .
3 /
148
<
€
: /
o 45@ -
Sanr
- /
<
m |
~ 5808 / *: o —
?" ___,f'::;'__;-—’ "
e --:ﬁﬁ;i-_z
< <$ff“‘4bﬁp
= e FARILLFRE TYPE C
1508 (R curve 7f1.5 mim ) .
{?' MEA & ASTM ANFLYSIS AFFLICAHELE
: ¢
4 /
g$ / 1 1 1e -
8. .5 1.0 1.5 2.0 2.5
Crack Extanzion C(mrm)
TEST SFECIMEM DATH
Faterial Type = AS33-F HSET WELD
Test Temperatu-e = 284 C
Fercent Side Groove = 28 %
Specimen Thickaess = 25.4 mm
Init crack length = 28.23 mn Init asld = .S55
Final crack leagth = 3%.17 mm Final asW = .771
Flow stress = 482 MFPa
Yourngs modulus = 19330¢ MPa (Estimated Yalus)d
FOWER LAW DATA JF = C (Delta &> ~ H
Jic = 85.5 kJ/n~2 )
Kje = 13€.7 J (@J-T=8.87 = 395.%5 kJsmn2
Exponent H = .4925
Coefficient C = 188.5 kJ/u~2
T (averagev = g2

LEAST SOUARE LIMERF LIHME C(ASTHMY J = M (Telta a) + B

Jic = §9.7 kI sm~2

Kjc = 132.4 Slope M = 1@331S
Intercept B = 80 kJ/m~2

T CASTM? = 87

validity (Jico = YALID

validity (R-cu~ve) = VALID

J maximum allosed = 489.3 kJ/m~2 (JImax=Ernet*Flow strezz- 20>
Iclta a max. allowed = 2.26 mm (Delta a max = B.1%bod

kI w3
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S0 T T T T
SPECIMEN ?71W-132 (U)

40 Cleavage .
_~ Instabtltty
Z
b
- 30 4
T
c
<
[
E 20F .
C
QT
.
- FRILURE TYFE A

18 F R curve < B.13wm exclusian line A

/ (Insufficient for analysis)
@ '/ 1 1 1 1
0.00 .19 .20 .39 .40 .50

Specimsn Loadline Deflection (mm)

JEST SFECIMEN DRTH
Faterial Type

ASZ3-F HSST MELLD

Teet Temperatu-e = -95 C

Farcent Side G-oove =0 %

Specinen Thickeze E = 25.94 wum

Initial asW = .5%51

Init crack tenjth a = 27.98 mm

Flow stress = €61.5 MFPa

Yield stress = $93.1 MPa

Yourgse modulus E = 212600 MPa (Estimated Yalue)

J-IHTEGFRAL ANA_YSIS
Failure Type A (J at instability = Jic)
Jic = 16€.8 kJsn~2

kjc=CEJic)»~.S $59.8 MPa \/a v=,3
kKic (EBeta Corrzcted? $5.4 MFa “/n v=,3
FSTHM E399-81 AJYALYSIS

Fodified Kic Eguation; B = (EEn>~.S
Faximum Load 4 = 30.73 kH
€% Secant Offcszt Pq = 30.73 kN
Kic = €1.1 HFa \/m
validity = JNHVALID--2

IRTA CORRECTIONS USED FOR J-THTEGRHL DATH

Ferkle-Corten JFFZET LORAD= O 1b  COFFSET DEFLECTIOH =-2,S57€SISETE2SE-03 in.
€pecimen rotation Load intercept elastic slops ==~1.15S15151S152€E-097 b
Fitted elastic lcad range= 2000 TO €06 Correction to J for crack extencion
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a

°50 ; T T T
SPECIMEM ?1K-136 (U)
B00 / _ / .
3 /[
E / e e
~ e
= 450 | = -
Y / /-
e
- B /
% ze0 5 / .
4 / ,;;gfy
T ,A(/*ﬁ’ f/
C / »
= /K _;{ﬁx FAILLRE TY¥PE C
130 fo;f* (R curve >/1.5 mm) -
/; ,;’ MER % ASTM FNFAUYSIS AFFLICAELE
@ y / 1 i N2 L
.o .S 1.9 1.5 2.0 c.
Crack Externzion C(mm)
TEST SPECIMEH OHTR
Faterial Type = AS33-F HSST WELD
Test Temperatu-e =121 ¢C
Fercent Side Groove = 20 %
Cpecimen Thickaess = 25.4 nm
Init crack lenath = 28.16 mm Init asll = .S554
Final crack leagth = 40.1 nn Final arH = ,78%9
Flow stress = 4€89.2 MFa
Youngs modulus = 200%208 MPa (Estimated Valus)
FOMER LAKM DATA J = C (Delta ad> ~ H
Jic = 144.4 kJ/n~2
Kjc = 176.1 J (@J-T=8.8> = ?758.8
Expaonent H = .6183
Coefficient C = 301 kJ/m~2
T Caverage) = 151
LEAST SOUARE LIMEAR LIHNE C(ASTH) J = M (Lelta ad + B
Jic = 135.2 kJ w2
kKjc = 1€64.6 Slaope " = 1856%¢
Intercept B = 169.6 kJ/mn~2
T CASTMD = 155
validity «(Jic) = VALID
validity (R-cu-~ve)d = VALID
J maximum allowsd = 49€.6 kJ/smr2 (Jmax=Enet*Flow stress/206)

I=1ta a max. alloued

2.26 mm (Delta a max = 8.1%bo)

[P TRaPe:

IR N g (R
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SPECIMEN ?1K-137 (W)
EGO / / B
a /, ¥
< L
£ / P
> poe | 7 _
= EOO / /
St ,..-ﬂp' /
A:f'
Lt / 4;:2-
< A
- 400 /’-'{ﬁ"{ / i
" N
- !4§ﬁf
T . v
[ S é{
= /,)’ FAILURE TYPE C
uls) ,ﬁﬁﬁ (R curve > 1.5 mm) 1
MER & ASTH HHHL4SIS AFFLICARELE
//
@ k= 1 1 L2 1
] ] 1.8 1.5 2.0 2.5
Crack Extension (mm)
TJEST SPECIMEW DATA
Farerial Type = AS23-F HSST MWELD
Test Temperatu~e = -5 C '
Fercent Side G-oove = 06 %
Specimen Thickess = 25.4 mm
Init crack lenath = 28.29 mn Init asll = .S55&
Final crack leagth = 21.43 mm Final asW = .61%
Flow stress = S62.7 MPa
Youngs modulus = 207508 MFPa ¢Estimated VYalue)d

FOWER LAW DARTA J = C (Delta a) ~ H

Jic 188.3 kJ/mn2

kijc 197.°7 J <@J/T=8.8> = 8 kJ/m~Z
Exponent N L6549

Coefficient C 397.2 kJs w2

T Caverage? 1€5S

LEAST SGUARE LINEAR LINE CASTM> J = M (Ielta ad + E

Jic 155.3 kJ7m~2

Kjc 179.5 Slope 1 = 258353z2.2
Intercept B 119.6 kJrm~2

T (ASTHD 176

INVALID--¢c (.82 vs .47)

INVRLID--3 (.82 vs .33

€32.8 kJ m~2 (Jmax=Enet*Flow stressz/28)
2,25 mm (Delta a max = B6.1*bo>

Vvalidity (Jic)
validity (R-cu~ve)d

J maximumn allowsed
I=slta a max. allowed

nononon o = nounnnn
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1B06 ]

BEO

BOO

Madifird T (kT/mAR)

I T T

SPECIMEN 721H-145 (U)

/
7/

400 b
r’)*/f
' FRILLRE TYéL [
c B0 (R curve > /1.5 mm) 4
MES & RSTM FNALYSIS AFFLICARELE
//
G.. 1 17 i}
g. 1.8 1.5 2.9 _2.5
Crack Extension Cmm) .
TEST SPECIMEM COATH
Faterial Tupe = AS33-B HSST WELD
Test Temperatu~e = -186 C
Fercent Side Groove = 06 %
Specimen Thickaess = 25.4 nm
Init crack lenath = 28.22 mm Init asll = .555
Final crack leagth = 29.585 mm Final asl = .88z2
Flow stress = S€7.2 MFa

Youngs modulus

20878008 MFa (Estimated Yalue?

J maximum allosed
Ielta a

FOUER LAM DATA J = € (Delta a) ~ H

Jic = 168.7% kJ/mu 2

kijc = 187.3 J (@J/T=8.8> = @ kJ w2
Exponent H = .67€

Coefficient C = 379.9 kJ/n~2

1 Caverage) = 162

LEAST SOUAFRE LIHERR LIHE (ASTHM, J = N (Delta ad + E

Jic = 101.7 kJsn~2

Kic = 145.,3 Slope M = 518925.1
Intercept B = ?73.8 kJ/mr2

T CRSTHD = 291

Vvalidity (Jic) = IHVALID--b, c (.38 wvs .21

Vvalidity (R-cu-~ve)d = IMVALID--2 (.38 wve .21)

max. allowed

629.9 kJ/m~2
2.2€6 mm

(Jmax=Enet*Flouw stre=z:z-29>

(Delta a max = @.1xbao)

ETomeG
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400

g uly

Madifird T (kT/mAP)

100

] 1 4

SPECIMEN ?71K-148 (U)

Faterial Type

Flow stress

__*‘,.pﬂ'f-f-’
#ﬁséifuff#ﬁ
i
3$ﬁ5?f’
= .
FAILLRE TYPE C
(R curwve ﬁ 1.5 mm) .
MER & ASTM FNFLYSIS APFLICAELE
o}
/
| L 1
1.@ 1.9 2.0 2.5
Crack Extanmsion {(mm)
JEST SPECIMEN DARTR
= AS33-B HSET WELD
Test Temperatu-e = 288 C
Fercent Side G~oove = 20 %
Cpecimen Thickaezs = 25.4 mm _
Init crack length = 27.71 mm Init asl = .5495
Final crack leagth = 328.76 mm . Final asl = .78
= 50&.1 MPa
= 194888 MPa CEstimated Value)d

Yyoungs modulus
FOWER LAW DRTA J =

C (Delta a>» ~ N

Jic

kKjc

Exponent H
Coefficient C
T Caverage)

1.1 kJsm~2

124.4 J (@J-/T=£.8)
«5375

177.7 kJsm~2

74

347.2 kI mn2

LEAZT SOUARE LIHEAR LIHE C(ASTHMY J = M (DIslta a) + B

Jic

Kjc

Intercept B

T C(ARSTHO

validity (Jico
validity (R-cu-~ve)

J maximum allowsed
Islta a max. allowed

83.8 kJ/ sm~2

126.5 Slope M = 96@99,6 ki/mrl
75.9 kJ/m~2

1

VALID

IHVALID--1

S515.8 kJs7m~2 (IJmax=Enet*Flow stress/20>

2.31 mm (Delta a max = @.1%bo>

-
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/50 T T T T
SPECIMEN 71KH-152 (W)

BB@ ~ / / -
& /
£
N - _/"*‘:'f
= 450 g
N - f’
- J_,::ﬂ/ /
T 7
- 300 o / -
* L
T &s‘#:{f /
c .
= FRILURE TY¥PE C

1508 (R curve >/ 1.5 wmm) -

MEA & ASTHM FANALYSIS RPPLICAELE

/

Coefficient C

282.2 kJ7ur2

@_ 1 1L 1
.6 1.0 1.5 2.0 2.
Crack Extanszion (mm)

TEST SFECIMEN OATH
Faterial Type = AS33-B HSST WELD
Test Temperatu~e = 121 C
Fercent Side Groove = 20 %
Specimen Thickaess = 25.4 mnm
Init crack lenzth = 28.13 mm Init aslH = .553
Final crack leaath = 38.21 mm Final a/W = .752
Flow stress = 489.2 MFa
Youngs modulus = 2003206 MFa (Estimated Valued
FOWER LAW DATA J = C (Delta ad> ~ N
Jic = 131.6 kJ7m~&
Kjc = 162.4 J C@JsT=8.8) = 785.5
Exponent H = .6111

1 C(average)

143

w

kY m~2

183219 kI - m~2

LEAST SOUARE LIHEAR LIMNE ¢ASTMY J = M (Lelta ad) + E

Jic = 114.4 kJ/mn~2

Kjc = 151.4 Slope M

Intercept B = 92.9 kJ/m~2

T C(ASTMD = 153

validity (Jico = VALID

validity (R-cu-~ve) = VALID

J maximum allowsed = 496.6 klJ/m~2 (Jmax=Enet*Flow stress/20)
Izlta a max. allowed = 2.27 mm (Delta a max = B.1%bo)
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Appendix D

LOAD-DISPLACEMENT AND .J-R CURVES AND PHOTOGRAPHS,
SUPPLIED BY OAK RIDGE NATIONAL LABORATORY,
FOR UNIRRADIATED MATERIAL
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Jie__ _(ASTM E813)

< 4 data points between 0.15 and 1.5 mm exclusién

! (delta-a)prea-(delta-a)meas | > 0.15 (delta-a)meas

< 3 data points between (delta-a)z0 and secant line

< 10 data points between secant line and (delta-a)max

1.
lines.
2. Data clustering problem.
3. By < 25 Jq/oy
4. bo < 25 Jq /oy
‘5. dJ/da > oflow
6. Delta-a prediction error too large,
Tentative J1_- R Curve Procedure
1.
[J=4/3*%0y*(delta-a)]
2.
[0.1%bo]
3.

(delta-a) prediction error too large,
'!(delta-a)preda - (delta-a)meas | >
MINIMUM [0.15%(delta-a)meas,0.15%(delta-a)max]
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N-JR-IAV-TRV-JRT- I - Jo N e
VNV WHOVONLW

Specimen ID
02G283
02G293
02G296
02G299
02G301
02G303
02G309
02G312
02G321
02G325
02G326
02G327
02G350
02G357
02G361 .
02G367
02G374
02G405
02G408
02G410
02G415
02GA417
68WAA
68WCB
68WDD
68BWEB
68WHB
68WKA
68WKD
639W103
639W109
69W117
69W124
69W125
69W128
69W132
69W136
69W138
69W140
69W141
69W145
69W151
69W154
69W1i61
69W170
69W175
70W103
7T0W114

82

Specimen ID

70W116
T0W120
T0W127
70W135
70W143
T0W144
T0W147
7T0W149
T0W150
TO0W152
71W103
71W105
T1W107
TiW114
Ti1W124
Ti1W125
T1W127
T1W130
T1W13%
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LORD
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ORNL-DWG 87-7893

BeGR283 -95 DEGREES C

:

| P T B B | -

a2 . 1 .2 .3 .4
DISPLACEMENT (mm)
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ORNL-DWG 87-7894

B2GR293 23 DEGREES C
58
-
40 t—
z R
X 30
~r o
D L
T 28 r
O -
— I
190 +
g i 1 1 l L 1 i | N L 1 L 1 1 1 I i 1 1
1 2 3 4 5
DISPLACEMENT (mm)
ORNL-DWG 87-7895
, A2GR293 23 DEGREES C
~ ceer MODIFIED-ERNST J-INTEGRAL
o i A J (8.8%Tavgl ® JIC(E-813)
< e OFFSET LINES [ ] JICIiPWR LAWK
& 4apg © — . BLUNTING LINE L ACTUAL DELTAH-H
! H E
N, L '- o e ;
! - ';' O
X - 4 a
| ; O
__J ' R . - 0
T -t / /o
¥ 280 o
L =f
- 1o - * &
— B
| y
) A L P | Y B [ 1 1 'R 1 1 | TS 1
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JI-R CURUVE CALCULATIONS

J (@3/T=8.8)= 773.9% kl/m"2

POWER= .5503 COEFFICIENT= 401.4 kJ-/m"2
J-MAX ALLOWED= 535 kJ/m~2 DELTA-A MAX ALLOWED= 1.95 mm
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ORNL-DWG 87-7959

(kN

LORD

50

40 |

18

YiTTI'

63W170 -5 DEGREES C
I /////
I //
[T S A T VU YOS SO S S W | -
2 4 6 .8

DISPLACEMENT (mm)







LORD C(kN)
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- ORNL-DWG 87-7960
63W175 24 DEGREES C

100

80 -

ae |-

28

A i 1 1 1 Il 1 1 | 1 A 1 | 1 L 1 | 1 1
g .4 .8 1.2 1.6 2

DISPLACEMENT C(mm)
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176

ORNL-DWG 87-7961
/BW14d3 - —135 DEGREES C

28

16 L /
. e

8

T /////
e ’

Z Il ] I | 1 1 1 i L 1 1 { 1 1 |
2 . B4 .88 .12 . 1B

DISPLACEMENT C(mm)







(kN

LORD

(kI /m~2)

J—-INTEGRAL

109

80

40

29

Q

&‘&L\I\\I\]I1‘,rl’7rlllililf

1800

8008

680

400

200

178

ORNL-DWG 87-7962

7dW114 121 DEGREES C

DISPLACEMENT (mm)

ORNL-DWG 87-7963

OW114 121 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg? ® JIC(E-813)
e — OFFSET LINES m JIC(PHWR LAW)
|- — 7 . BLUNTING LINE ® ACTUAL DELTR-A|
B oo 4
i / a
| __.:: 0]
L/ a
- ::;' =) ::5
'/; m] i
B ; O
[ ‘g ¢
L 1 i | L 6':. A ) I T v 1 1 1 1 11 1
5] 1 2 3 4 S

CRACK EXTENSION (mm)






LORAD (kN

(kJI/m~2)

J-INTEGRAL

180
80
60
40

20

1000
:Yals
600
400

200

180

* ORNL-DWG 87-7964

78W116 288 DEGREES C
1 L l L i 1 l L 1 L l L L 1 l i 1 L
%] 1 2 ) 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87-7965
7OW116 288 DEGREES C
— MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg? L JIC(E-813)
— OFFSET LINES B JIC(PWHR LAW)
- — —;— BLUNTING L:_INE @® ACTUARL DELTA-HA
- :.; i m .
[ o
Yy e i
/oo ]
i
’ -l !z:.:l ' L l L 4 by l L l L l 1 L i l L 1 i
% 1 2 3 4 5

CRACK EXTENSION (mm)






LORD (kN>
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| ORNL-DWG 87-7966
70W120 - -40 DEGREES - C

190
80 -
60 -

40 | /

20 +

@ 1 1 1 I 1 1 L | i i 1 1 1 A 1 | I A L
a2 .2 4 1= .8 1

DISPLACEMENT (mm)
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ORNL-DWG 87-7967

28W127 —-135 DEGREES C

LORD (kN)J

50

10

3e

28

19

L] ¥ T1 LA AL

l I [l ' l 1 L ' l 1 1 i

1 1

.1 .2 .3
DISPLACEMENT (mm)
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LORD

(k T/ m~2)

J-INTEGRAL

100
80
60
40

20

18080
809
660
400

200

186

ORNL-DWG 87-7968

70W135 121 DEGREES C
-
1 1 1 l 1 1 Il l i 1. 1 l 1 1 1 I L 1 L
6] 1 2 3 4 5
DISPLACEMENT (mm)
ORNL-DWG 87-7969
7AW135 121 DEGREES C
i MODIFIED-ERNST J-INTEGRRL
i A J (8.8%#Tavgl o JIC(E-813)
[ OFFSET LINES m JTIC(PWR LAW)
- — T ) BLUNTING L:INE @® ACTURL DELTAR-A
R / A
i ; e O
Y o
- / 0
L H ]
E / dj O o
o
L [ O
/4L
:::J A 1 | - f': ! | i 1 1 | 1 L | hd A
8 1 2 3 4 5
CRACK EXTENSION (mm)
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ORNL-DWG 87-7970
7AW143 -65 DEGREES C

100
89 -

60 |-

T 1

40

LML |

20 +

@hlll'llllllll||111>111
2 4 5] .8 1

DISPLACEMENT (mm)

(i)






LORD (kN)

(kJ/m~2)

J-INTEGRAL

100

80

60

40

20

1889

800

6 08

400

289

190

ORNL-DWG 87-7971

70W144 = 284 DEGREES C
R
el A L N 1 L N 4 1 N e 1 N 5 N
o 1 2 3 4 5.
DISPLACEMENT (mm)3
ORNL-DWG 87-7972
7aW144 204 DEGREES C
i MODIF IED-ERNST J-INTEGRAL
i A J (8.8%#Tavg) ® JIC(E-813)
— OFFSET LINES - JIC(PRWR LAW)
- — 7 . BLUNTING L:{[NE ¢ ACTUAL DELTA-A
: /;’f ; a
- i / O
i /f cf: oD s
I /; oP ¢
= : D
[t 3':: DD
:. ’1 i ‘D 0
::.::lL N 1 i:. 1 | Lo [ RS SN R T L
o { 2 3 4 5

CRACK EXTENSION (mm)
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(kJ/mAa2)

J-INTEGRAL

100
80
60
40

20

1000
515]%)
GAB@
400

200
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ORNL-DWG 87-7973

7OW147 284 DEGREES C
I 1 1 | 1 I | I 1 A | 1 I A | i 1 i
2 ! 2 3 4 5
DISPLACEMENT (mm)
ORNL-DWG 87-7974
‘BW147 204 DEGREES C
i MODIFTED-ERNST J-INTEGRAL
i A J (8.8%Tavg) ® JIC(E-B13)
OFFSET LINES ] J‘IC(PNR LBW)
| - — 7 BLUNTING L}NE ¢ ACTURL DELTA-A
Ly .
£ ot
[/ 5 ot
A @]
/] P
1
:{::.1 1 1 | 1 3 1 l i i 1 1 i A 1 l ). 1 1
%) 1 2 3 4 5

CRACK EXTENSION (mm)
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60

60

40

20

S
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ORNL-DWG 87-7975
’aW1483 -65 DEGREES C

AL

1 1 [ I 1 I ' l 1 1 Il l 1 1 1 l /] 1 '

.2 .4 .6 .8 1
DISPLACEMENT (mm)







(kI/m~2)

J-INTEGRAL

LORD (kN)

100

80

60

40

29
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800

600

400

200

)
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ORNL-DWG 87-7976

70W150 =~ 508 DEGREES C
_
1 1 1 ) I 1 | i 1 i | 1 i 1 | ) i 1
1 2 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87-7977
780W150 58 DEGREES C
P MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavgy ® JIC(E-813)
— - OFFSET LINES B JIC(PWR LAW)
| - — T— BLUNTING LINE @® RCTUAL DELTR-H
L, /I e
- O
- ;i o
5 b
= 5:: a
- o
L i O
g
L (m|
S
R / ’ E
—;#)l 1 1 I }:E 1 ] 1 1 1 1 1 Il i | A L ] N
(%) t 2 3 4 9

CRACK EXTENSION (mm)







LOAD (kN3

J=INTEGRAL (kJ/m~2)

100

80

15Y%)

40

20

180080

800

600

400

209

=
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ORNL-OWG 87-7978

78BW152 288 DEGREES C
1 1 1 l 1 1 1 L i L 1 l L ' 1 l A Il L
%) 1 2 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87-7979
BW152 288 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg) ® JIC(E-B13)
[ OFFSET LINES m JIC(PWR LAW)
- — —!— BLUNTING L‘:.INE . @ ACTUAL DELTR-A
/] *
o
[/ s
- i o
= /D B
f U S D i | T S S R | A PN A DU S (-
a 1 2 3 4 5

{mm)

CRACK EXTENSION







(kN

LORD

(kT m~2)

J-INTEGRHAL

100

A

80

60
40

2@

1800
868
600
400

200
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ORNL-DWG 87-7980

21W133 121 DEGREES C
) }
1 1 i I A 1 1 l 1 1 1 l 1 1 1 ‘ /] 1 I
1 2 3 4 5
DISPLACEMENT (mm)
ORNL-DWG 87-7981
71W1a3 121 DEGREES C
I MODIFIED-ERNST J-INTEGRAL
i A J (8.8#Tavyg) ® JIC(E-813)
e — OFFSET LINES m JIC(PWR LAW)
- — — BLUNTING LINE @ RCTUAL DELTA-A
i E _
L
i .j ! R
a /f o a
__ /.’:; o
H o
:'5 ol ;
_/5 a”
i ]
11:.::1 1 1 l i £ 1 I 1 L i l 1 1 L l L 1 1
2 1 2 3 4 S

CRACK EXTENSION (mm)
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ORNL-DWG 87-7982
71W-1@5 -390 DEGREES C

LORD (kN

59

410
30

2a

18

A i 1 I | /] L l ) 1 l‘ l

o1 .2 .3
DISPLACEMENT C(mm)
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| ORNL-DWG 87-7983
21W187 -5@ DEGREES C

LORAD (kN>

50

40
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20
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L L 1 L 1 I i 1 L l 1 A 1

.1 .2 .3
DISPLACEMENT C(mm)
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LOAD (KN)
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ORNL-DWG 87-7984
71W-114 -1@ DEGREES C

100

LEDRLE

80
60

40

ll]'frll‘

29 -

T F 1

g 1 1 ' l L I ' l 1 ] 2 l 1 L [l l ] L L
%} .2 4 6 .8 1

DISPLACEMENT (mm)
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=47 1%}
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ORNL-DWG 87-7985
Z1W124 5@ DEGREES C

/77777777777777‘

T l‘rT'T"1I]TiY]TIT

DISPLACEMENT (mm)

. ORNL-DWG 87-7986
Z1W124 5@ DEGREES C

f MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavyg) ® JIC(E-813)
[ — OFFSET LINES B JIC(PWR LAW)
- — _/_ BLUNTING LINE ¢ ACTURL DELTA-RH
i ::i .::' A
r /::}; L 4 O
— , ::: :::1 ‘ D
| 0
| o/
, i D i
i / a .
- ; a
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- / : D o
-
-l 4 1 1 | 1 F': 1 1 1 1 1 ] 1 1 I 1 1 1 1
a8 1 2 3 4 S

CRACK EXTENSION (mm)
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LGAHD

(kI m~n2)

J-INTEGRAL

1008

89

60

49

20

500

400

300

210

[

ORNL-DWG 87-7987

71W125 2084 DEGREES C
I 1 1 l S 1 1 I L [} L L 1 1 i l L L Y
8 1 2 3 4 5
DISPLACEMENT (mm)
. ORNL-DWG 87-7988
Z1W125 204 DEGREES C
[ MODIFTED-ERNST J-INTEGRAL
i A J (8.8%TavgJ ® JIC(E-813)
E— OFFSET LINES B JIC(PWR LAW)
- _f_ —_ BLUNTIN}G L INE L ACTUARL DELTAR-H
: . : & O
.'-— ( :;E ::5 D
[ o
Ny o
1 O
e
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=
-:'L i i l 1 i i l n 1 L l 1 1 i l 1 1 i
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Crrim )

CRACK EXTEWNSION
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LORD

(kJ/m~2)

J-INTEGRRL

50

40

18

500

400

1 8@

212

ORNL-DWG 87-7989

288 DEGREES C

ZIW12Y
|
[ ¥
-
[
1 4 1 | 1 1 1 1 Il 1 | I 1 1 I 1
@ 1 2 3 4 5
DISPLACEMENT (mm)
ORNL-DWG 87-7990
J1W127 288 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg? ® JIC(E-813)
[ e OFFSET LIN = ] JIC(PNR LAWK
- ——(— — BLUNTING LINE @® ACTUAL DELTH-A
[ o
) : o
Foo A
- jl' EE: ;D
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[ o
- ¢ o
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"I;l 1 1 | 1 { L | 1 s i 1 1 1 1 | A
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CRACK EXTENSION (mm)
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JT-INTEGRAL (kI /m~2)
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60

(=1%)
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18090

8060

600
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2@v
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ORNL-DWG 87-7991

1W-1308 380 DEGREES C
L
i |
: /4ﬂ07ﬁﬁ7ﬁ07n7fnvfn7xn
I
1 1 a1 1 I 1 | 1 i 2 | Il 1 1 | 1 1 1
%] 1 2 3 4 5
DISPLACEMENT C(mm)
ORNL-DWG 87-7992
1W-1304 30 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
- a J (8.8%Tavgy ® JIC(E-813)
— OFFSET LINES ® JIC(PWR LAW)
- —— — BLUNTING LINE & ACTUHL DELTA-H
- { i i J >
I ; - .
| : =
/ i g[]
i : ©
== DD=::
: f;;: ' Ca E ;'::.
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CRACK EXTENSION Cmm)







LORAD (kN)

J-INTEGRAL (KkJ/m~2)
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ORNL-DWG 87-7993

Z1W135 -180 DEGREES C
190 :
_ABZ —
60 ;
40 N
20 |
L
@ / 1 1 1 l i 1 1 | 1 1 1 l 1 | — l 1 1 1
2 .4 .8 1.2 1.6 2
DISPLACEMENT (mm)
ORNL-DWG 87-7994
71W135 -1@ DEGREES C
508 r MODIFIED-ERNST J-INTEGRAL
i A J (8.8%#Tavg?’ ® JIC(E-813)
[— OFFSET LINES m JIC(PWR LAW)
4B £ — — BLUNTING LINE @ FIE;TUHL DELTH—B
I e "
).
300 //
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200 B / g PY
i v i
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1@@EI //’/ o
R a
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G Lol 'l l i I-". ] l 1 L L l 1 ] .I l AL I '}
| _ 1 .2 .3 .4 .5

CRACK EXTENSION (mm)




Appendix E

LOAD~-DISPLACEMENT AND J-K CURVES, SUPPLIED BY MATERIALS
ENGINEERING ASSOCIATES, FOR IRRADIATED MATERIAL







Lage

E-221
E-222
E-223
E-224
E-225
E-226
E-227
E-228
E-229
E-230
E-231
E-232
E-233
E-234
E-235
E-236
E-237
E-238
E-239
E-240
E-241
E-242
E-243
E-244
E-245
E-246
E-247
E-248
E-249
E-250
E-251
E-252
E-253
E-254

E-255

E-256
E-257
E-258
E-259
E-260
E-261
E-262
E-263
E-264
E-265
E-266
E-267
E-268

Specimen ID

02G280
02G287
02G331
02G332
02G335
02G342
02G345
02G348
02G349
02G354
02G356
02G358
02G360
02G368
02G379
02G375
02G402
02G403
02G411
02G412
02G413
02G416
02G419
02G423
68WAB
68WBA
68WBC
68WBD
68WCC
68WCD
68WEA
68WEC
6B8WDE
68WED
68WEE
68WJB
68WLA
68WLB
68WLD
68WMA
68WME
69W105
69W106
69W108
69W112
69W118
69W120
69W122

219

Specimen ID
69W137

69W146
69W148
69W157
69W159
69W166
T0W104
70W111
T0W112
70W113
70W115
70W119
T0W125
70W128
70W129
70W130
70W131
70W132
T0W133
TO0W137
T0W138
T0W142
T0W145
71W110
71W112
T1W115
T1W117
T1W120
7T1W121
T1W128
71W131
71W138
T1W139
71W149
T1W150
71W151
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MEA VALIDITY INDEX

K1 e (ASTM E399) - _
1. Kic > oys * dao /2.5

2. Kic > gys % 4(BxBN)0.5/2.5

3. PMax/Pq > 1.1

Jre__ (ASTM E813)

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

b. Data clustering problem.

c. Delta-a prediction error too large,

'(delta-a)prea-(delta-a)meas| > 0.15 (delta-a)meas
d. By < 25 Jq /oy

e. bo < 25 Jq/oy

Tentative Ji_- R Curve Procedure
1. < 3 data points between (delta-a)=0 and secant line
fJ=4/3%cy*x(delta-a)]
2. < 10 data points between secant line and (delta-a)max
[0.1%bo ]
3. (delta-a) prediction error too large,

i (delta-a)pred - (delta-a)meas | >
MINIMUM [0.15%(delta-a)meas ,0.15%(delta-a)max ]
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Flow strezs
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J-INTEGRAL AHARLYESIE
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Eic CEsta Corrected?
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Modified Kic Equation;
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b

400 T T T T
SPECIMEMN Q2G-e87
g f
Jc f J m
o / —
E f lﬁ
2 oe40 / f .
~ ’l y
- P
5 P
~ 150 | { n
g Fl
s':*-.
123 f 'ﬁﬁ(/ _ Ef "
= g & FAILURE TYPE C
Jull o (R curvel> 1.5 wm) .
:'l,.-’;"'; il MER &% RSTM AMALYSIS APFLICAELE
F# ! !
#* !
_ K :4f
IR : 1 1 1 1
@, @ .5 1.6 1.5 2.0 2.5
Crack Extanzion Cmm)
EST SPECIMEM DATH
Material Types H 12 Plate
Test Temperaturs 2
Fercent Side Gr = 2
Specimen Thickne = 2
Irit crack length = 3 + Ml Imit asl L EAT
Firal crack length = 4 T Final a<sl = .3253
Flow ztress = & MFa
Yowungs modulus 1 MFa CEztimated Yalued
FOWER LARH DATA J = s ay ~ H -
Jic ’ = 9 Jomn2
Eijc = 1 MPa ~/m
J (RI-/T=8.8) = 28 EJsms2
Expanent H =,
Cosfficient C = 14 kX m~2
T Cauverage! = 49
LEAST SQURFRE LIHERR LIHE ¢AZTM» J = M (Dslta a2 + E
Jic = s kJsm~2
Kic =1 i
Stope t =1 K]
Intercept B = 73
T (ARZTH> . = 54
Yalidity (Jicoh = v
Yalidity (R-curve) = 1 3 (.58 vz .29
J maximun allowed = ERAT. 2. Z CImax=Bnet¥Flow stres= 280
Delta a max. allowsed = 1.9 mm (Delta a max = B.1%boo
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80 T T T T

SPECIMEN 02G-331

64 [ Cleavage 1
-~ Instabiliyy
=
.3 a|r // . /*W’X b
3 ".J/f l
: v
g 32} ; | ]
0
L]
o
[

FRILIEE TYPE R
16 R curve < @.1%mm exclusian line o
(Inzufficient for analysiz)

—1 1 2

. oo .40 .EO 1.20 1.EQ

[

Specimen Loadline Deflection CGam)

TEST SFECIMEN DATA

Material Tyupe AS22-B HEST 0z Ref
Test Temperature &y C
Percent Side Groove e %

* Specimen Thicknezz B
Initial  asM

Init crack length a
Flow stress

Yield stress

Youngs modilus E.
Poizson’s Ratio (v
J-INTEGRERAL RHALYSIS
Failure Type A (J at instability = Jico

“a 0N uunn 0
1)
L)

5 .
202609 MFa (Eztimated Yalueg)
e

Jic . = 147.8 kJ/nn2
KjesC(EJic/(1-v~203~,5 = 172.1 MPa \/nm v=.3
Kic (Beta Corrected) = 191.6 HFa v/ vu=,32

ASTH E329-21 AMALYES
Modified Kic Equation;

<

-]

= (BEr)~.S

Maxinun Load F = 47.5 kH

S% fecant Gffzst FPq = 27.84 kN

Kic = 71.8. MF3 “/m
Validity = INWALID--1, 2, 3

K at Maximuw Load 122.% MPa “rm

DATA COFFECTIONS USED FOR J-INTEGEAL DATH
Merkle-Corten OFFZET LORD= O 1b  OFFZET DEFLECTION
Specimen rotation Load intercept =
Fitted elazrvic load range= 2500 TO 2

astic slaops 0D
1 Correction to J
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Modified
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SPECIMEN 026-

f
)

I

.||
FRILURE T¥PE C
(R curv% > 1.5

ASTH AMALYSIS

nim’
HMER & AFFLICARELE
t

1 10 i

s

=0
't

(I

n

. @ .S 1.@ 1.5 2.m
Crack Extarmzion Crm)
TEST SFECIMEH DRTA
Material Tupe ate
Tezt Tempsraturs =
FPercent Side Groowe =
Specimen Thickness = :..-.4 fir i
Init crack lerath 21,3232 mm Imit a-H = .f&le
Firmnal crac ". lerngth 42024 mm Final a-W = .24%
Flow strezs = E13.1 MFa
Youngs modulus = 12az20a MFa (Eztimatesd Yalusl
FOUER LRW DATA J = ba a*» ~ H
i cJomE
) 1 MFPa Som
I b 2 kI w2
E: H = 43785
C C = 172,23 kIl m~2
T Quuerage} = 4z
LEARST SQUARE LIHEAR LIHE YAR=TMZ =M ‘bslta a>» + E
Jic = 33.3 kIsmn2
kje = 12 MFa ““m
Slopes & = 9k 4 kI3
Imtercept B = 7E.7 kEJsmn2
T CAZTM: = 4
Yalidity (Jico) = ¥
Yalidity (R-curwed = W
J maximnun allowed = S kJomn2 (Jmax=Enest*Flow stpress
Delta a max. allowsd = 1. it s (Delta a max = B.1%bol
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T T 1
SPECIMEM 02G~-335

64 Cleavage 1
_- Instabtiltty
;
- 43 F 4
]
[a]
-J
-
s 32}t k
Q0
w
0 v

FRILURE TYPE A J
L6 [ /// R curve < B.13mm exclusian line
(//y (Inzufficiant for analysis)
yd
ﬂ’ 1 A S 'l
9. 99 .30 .BO .99 1.20 1.593
Spaciman Loadline Deflsction (mm?

TEST SPECIMEN DATH
Matzrial Tups = AS33-B H3ST 02 Ref
Te: Tempsrature = 89 C
Percent Side Groowe =9 %
Specimen Thickneszs B = 25.4 nm
Initial asW = ,617
Init crack length a = 31.33 mnm
Flow stress = 855.4 MFPa
Yield stress = 599.2 MPa
Youngz modulus E = 202609 MPa CEztimatsd Yalue)
Poizzon’s Ratio () =0

J-INTEGFAL AHALYSIS
Failure Tupez A (J at
Jic
Kje=C(EJics(1-u~2))~.5
Kic (Bzta Corrected) ~
ASTH E333-31 ANARLYSIIS

in

Modiricd Kic Equation;

Maximum Load P
S% Secant Offset Pq
Kic
YValidity

K at Maximum Load

tability = Jic)
61.3 kJrmn2
111.5 HPa ~7m [VE A

13

32.5 HPa “/m =
B = (BEn)~.5
= 49.1 kM
= 27.76 kH
= 79.8 MPa \/m
= [HYALID--1, 2, 3
= t02.3 MNPa \/m

FECTIONS USED ?OR J-INTEGRAL DATA

pECimen rotation

Fitted claztic load range=

Corten OFFZET LOAD=

@ b OFFSET DEFLECTIGOH = e 3VE-9S in.
Load intercept =laztic slope = 1,333 FIE-97 Ib
2599 T0 2000 Correction to F for crack extension



226

S
44
SR

Load

n

=

= 20
—
[ :

Spe

st

SPEC

Inen o2

-
g
-— T

FRAILLUEE TYFE A

F

g Ry

tInz

1

uffic

8.

1Smm exclusian

ient for

11

analysiz)

>
'

[

=

L E .
A
/
o
bl e
1, B

TEZT

SPECTIMEN

o
L =)
R Ty

OATH

Mat zrial

Side
‘fl -

=t

epeul
Irita
Iriat

Flauw

Yaigld
Yiourgs
J-THTEGEAL HHHL

=S a- M

Ttress

Tups

Tﬁmperature

L AT N

modia s

[}

SIS

Failurs
Tia‘
Ejo=
ki
HZTM E3Z°

Tups

CETicie

I at

CEeta Lurrected? =
21 AHALYSIS

Moditisd Eic
Maswimum Lozad

—eC ant
ki

Maliditw
DATH

Equationg

Offzet

CORRECTIONS

v

F-
Fq

"

IISED F0O

ST

=
]

B
X

-
ﬂl
o

DO (]
e L -

(S

IN”HLID-—I

 Loadlins

Deflaction

ASZ3E Flate
=l I

SR

25 fmim

R 1

L)

E J-IHTEGRAL UHTH

Merkle-Corten
for
| X ]

Correction
Corrsction

COrrection

TR imen

rotation

ck oextensiaon

1. bBa

Cram )

i3

iy
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Delta a max.

allowsd

1.91 mm

SaE T ! T T
SPECIMEN 02G-345
A !
4688 | ! ! .
| -
— | ; 1 ! o -
\-EJ |' ! l’ . --"7'[--
= { ," P
— - ;" e
_‘:' :’ l‘ L1 — l. |.| __:_-;:'-' e . ‘| -
e I‘ | _’.--.-;.'-"k
'I ' e |l'
r ! ! A ¥
- ! ! ../}/
o po o /
~ BB . .|' ' - .-3;.'-:" 'f 1
* [ e T
e 4 'l"
= ! o
= -y FAILURE TYPE ©
188 -Ixf‘ (R curwaf} 1.5 wm) 5
k‘ f MEAR & RASTM ARALYSIS AFPFLICAELE
1l':Qu: s ) f
I \ /
13 N J ) 1 14 1
@, @ .5 1.8 1.5 z.o 2.
Crack Extermzion Cmrm)
TEST SPECIMEH DATH
Material Tupe = ASZZE FLATE B2
Test Tenpsraturs = 2u4 C :
Fercent Side Groowse = 26 %
Specimen Thickneszs = 25.4 mm
Init crack length = 31.66 mm Imit a<l =
Final crack length = 41.54 mm Final a-H =
Flow str . = €17.4 MFPa -
Youngs modulus = 195506 MFPa CEztimatsd Yalued
FOMER LAW DATR J = C (Delta a» ~ H
Jic = 127.8 kJsmn2
Kic = 1592 MFa »~/n
J (@) T=8.30 = 353.6 EJ/mnE
Exponent H = 4738
Cosfficient = 2495.7 kIl 02
T Caverags) ' = &3
LEAST S0UARE LIMEAE LIME CASTMY J = M J{DIelta a) + F
Jic = 15%4.5 kJ w2
Kic = {72.8 MPa ““m
Slops M = 181752,V kJsm3
Intercept E = 141.8 kJ a2
T (ASTHD = 52’
Yalidity (Jich = VALID
Validity (R-curwe?l = JTHWALID--1, 2 <.594 ws 233
J maxinum allowed = S%6.4 kJ/mnE CImaxsEnst #Flow stresss8
(Delta a max = 8,1%bod
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60 T T T T

SPECIMEN O2G-348

64 - Cleavage -
: nstability

Z
~
- 48 t+ 1
a
3
< ,{?’A
° )y
..E. 3er / I <
0 .
[}
& /
///V FAILIUEE TYPE R
16 | i R curve < BO.1Swm exclusion line o
’///’ﬁ (Insufficient for analysis)
8 // 1 1 1 1
B. oo .20 .40 .EO .BO 1.B68@

Specimen Loadline Deflzction (mm)

TEST SPECIMEN DRTA
Material Type

AS33-F HSST 02 Ref

=
Test Temperature = $6 C
Percent Side Groove =9 %
Specinen Thickness B = 25.4 mm
Initial _a-sN = ,€1¢€
Init crack length a = 21.41 nnm
Flow streszs = 679.2 MFa
Yield stress = €64 MFa
Youngs modulus E = 204400 WFa (Estimated Valus)
Poisson’s Ratio (V) =0

J-INTEGRAL RAHALYSIS

Failure Type A (J at instability = Jic¢)

Jic = $5.9 kJ/sa~2
Kje=CEJics7(1-u~2))4.5 137 NPa \r/n V=,
Kic (Bzta Corrected) €1.5 MFPa \/n v=,3
ASTH EZ29%-31 RARHALYSIS

Moditied Kic Equation;

= (EEn)~,S

E
Haximum Load P = 39.5 kM
5% Secant Off:zet Pq = 28.95 kH
Kic = 74.3 MPa “/n
Validity = INYALID--1, 2, 3

K at Maximum Load 101.4 MPa \/m
DATA CORRECTIONS USED FOR J-IHTEGRAL DATA

Merkle-Corten OFFSET LOAD= 0 1b OFFSET DEFLECTION = 1.4€6€4S11677CE-04 in,
Specimen rotation Load intercept elaztic slope =-.00000455 b
Fitted elastic load range= 2500 TO 2000 Correction to J for crack extenzion
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€a

T T T T
SPECIMEN O2G-349

43 r // ,v”v*‘“miileavagf 4
_ , W and Inztabrltty
= SB[ / l -
o
b /ﬁ/
- e |

//

P y
E e4ar e l .
o s
a /
G £
' # FRILUEE TYFE A

12 r %ﬂ R curwve < B, 13mm excluzian tine A

//; (Insufficient for analysis
G i 1 [ 1 L
Q.00 . 24 .EQ .80 1.20 1.50
Specimsn Loadline Deflesction CGam)

TEST SPECIMEM DATR
Hatezrial Type = AS23E Flate 02 (D
Test Tewpsrature =83 C
FPercent Side Groowve =0
Specimen Thickness B = 25%.4 mw
Initial asN = €25
Init crack length a = 31.8&1 mn
Flow streszz = £55.5 MFa
Yield stress = 530.3 HFa
Young:zs moedulus E = 2Gze00 MFa (Eztimated Yalued
J=IHTEGFAL RANALYSIS
Failure Tupe A (J at inztability = Jizo
Jic = 13%.4 kI w2
Kjo=<(EJic)r~.5 = 183,1 MFa N7 ws, 3
Kic (Beta Correccted? = f00.3 MPa N/ vz, 3
ASTH EZ29-21 AHALYVSIS
Modified Kic Equation; B = (BEn>~.S
Maximun Load P = 47.5%2 kM
8% Secant Offzet FqQ = 2.6 kH
Kic = 70.¢ MFa “-m
Validity = IHVALID--1, &, 3
DATA COFFECTIONS USED FOR J-INTEGFRL DATA

Merkle-Coarven OFFSET LOAD
Specimen rotation Loa
Fitted elaztic load rangs

O Vb OFFZET DEFLECTICH
intercept elastic slope
3000 TO SO0 Correction to J for <rach
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SPECIMEN 026G-354
1602 f f .
u / / I
s / e
£ e S
" 306 - ! 2R N
N ’l ;- .
! ; e ;
- || ’J /-’:::;.. ’
rad =
oo g
~ 200 gk;:’fﬁ f T
- ."f e
pal ‘f Py
Pt} .p-""' ,ﬁ:
= */}" FRILURE TYPE C
108 }/ (R curvaf> 1.5 mm) .
{
jﬂ:f MEA &% ASTM AMALYSIS AFFLICAELE
ﬂ%f / 1 L 18 1
5. @ .5 1.0 1.5 <. d e
Crack Extanzion Cmm)
TEST SFPECIMEH DATH
Material Type = AS33-F HSST 02 Ret
Test Tempsratures = 284 C
Fercent Side Groowe = 26 %
Specimen Thickness = 2%.4 mm
Init crack length = 31.35 mm Init asl =
Firmal crack length = 41.92 mm Final asl =
Flow streszs = &17.4 MFa
Youngs modulus = 1955600 MFa (Eztimated Yaluesl
FOWER LAW DRTA J = C (Delta ay ~ H
Jic = 137.2 kJ/m~2
Ejc = 1632.8 MFa \rm
J (@JsT=8.8) = 312.7 kI w2
Exponent H = L4397
Cosftficient : = 245.5 kEJran2
T Caveragsl . = S8
LEAST SRUARE LIMEAR LIME (RETMY J = M dDelta ad + F
Jic = 134.3 kJrun2
Kjc = 162 MPa \N/m
Slope 1 = 1185¢1.1 kI a3
Intercept E = 121.4 kJ/m~2
T CASTHY = &1
Yalidity (Jic? = VALID
Yalidity (B-curvel INVALID--3 (.&7 ws .29
J maximum 2l 1cwed S99.2 EJ ran2 CJmax=Enet#Flow stresz-2
Delta a max. allowed 1.94 mm (Delta a max = B.1%bal

Final Delta a

Foizson’s Ratio (v)

9.75 mm
5]

..
Doy
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SPECIMEN 02G-356
460 | [ / N
/ ;
] o,
dﬁqéﬁL’*Jﬂif_
2806 r 1

(kJ/mA2)

J
———
——

Modified

"
2eo f e / T
e
Z- ] FARAILURE TYPE C
1868 "4% (R curvef> 1.5 wom) .
H / MEA & ASTM AMNALYSIS APFLICAELE
fr /
E“"r:. / ] 1 [ i
8.8 .5 1.8 1.5 c.B 2.

TEST SPECIMEN DATH

Material Type

Test Temnperature

Fercent Side Groove
Specimen Thickneszs

Init crack length
Final crack length

Flow stress
Youngs modulus
POWER LAW DATH

J

A\

c

Crack Extermnsion C(mm)

ASZ3E PLATE 02

121 €

28 %

25.4 mm

31.6 mm Init aH = ,€22
468.61 mm Final arH = ,799
€39.2 MPa
2083608 MPa
(Delta a) ~ H

(Estimated Yalue)

Jic

Kjc

J (@J-T=£.8>
Exponent M
Coefficient C
T (average)

163.1 kJ/rm~2
180.7 MPa Nr/m
351.3 kJ/mr2
L3314

248,86
43

kJsm~2

LERST SOUARE LIMEAR LIHE (ASTHMY J = M (Delta ad + F

Jic

Kjc

Slope M
Intercept E
T (HETMD

Yalidity (Jico
VYalidity (R-curwve)d

J maximum allowed

Ielta a max. allowed

165.2 kI m~2

181.9 MPa ~rm

E7203.3 kI n~3

15z, kJrm~2

43

VARLID

INYRLID--3 (.SE6 ws ,28)

.,

of1 g

612.2 kJ/m~2 (JImax=FEnet*Flow stres=z~

1.92 mm (Delta a max = B8.1%ho)

[ (]
Dl
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SPECIMEN 0O2G-3568

48 © Cleavage .
-~ Inztabiliry
prad
<
- 36} k
o
o
—‘ e
< i N
[
L ;
4}
[\
o
0 FRILURE TYFE A

12 r R curve < B.15mm excluzion line A

(Insufficient for analysis)
- .
G / 1 1 s 1 1
B.00 .16 .32 .42 .E4 . BG

Specimen Loadline Deflsction ()

TEST SPECIMEN DATA

Material Type = AS33-F HSST 02 Ref

Tezt Temperature =56 C

Percent Side Groove =0 %

Specimen Thickness B = 2S.4 wm

Initial asM = ,€19

Init crack length a = 31.46 nn

Flow stress = 670.2 MFa

Yield stress = 664 MPa

Youngs modulus E = 204400 HFa CEstimated Valus)
Poiscon’s Ratio (v) =0

J-IHTEGRAL AMHALYSIS
Failure Type A (J at ir
Jic

>

oo

tability = Jic)
26.6€6 kJ/wn2

Kje=CEJic s (1-v~2)3~,5 ?3.8 MFa N/m v=,3
Kic (EBeta Corrected) €5 MPa ““/n v=.3
ASTM E399-21 ANRLYESIS

‘Modified Kic Equatiwn; E = (BEn)A.S

Maximum Load P = 28.8 kH

5% Secant Offset Pq = 22.22 kN

Kic = 72.7 MPa “/m
Validity = INVALID--1, 2

K at Maximum Load = 74.2 MPa \/n

DATAR CORFECTIONS VSED FOR J-IHTEGRAL DATA
Merkle-Corten OFFZET LORD= @ 1b  OFFIET DEFLECTIQN
Spscimen rotation Load intercept elastic slops B

Fitted elastic load range= 2500 TO 20006 Correction to J for cracl extension




233

35 T T T T
SPECIMEN 02G-360

2d r Cleavage .
—_ Instabtltty
= 21 4
flal
D
_
5
E 4 -
)
bS]
o
m

7 F “" R curve < B.15mm exclusian line -

(Insufficient for analysis)
B 1 L 1 1
g, 09 . B8 .16 .24 .32

Specimsn Loadline Deflection (mm)

TEST SPECIMEN DRTA
Material Type

AS33-B HSST 02 Ref

Test Temperature = -25 C

Percent Side Groove =8 %

Specimen Thickness B = 25.4 mm

Initial asH = ,622

Init crack length a = 31.6 mm

Flow stress = 715.7 MPa

¥Yield stress = 643.3 MPa

Youngs modulus E = 203603 MPa (Estimated Yaluse)
Poisson’s Ratio (v) =09

J-IHTEGRARL AMALYSIS
Failure Type A (J at instability = Jic)

Jic = 8.2 kJ/m~2
Kje=C(EJic/(1-u~2))~.5 = 41.3 MPa “/m v=.3
Kic (Beta Corrected) = 48.6 MPa \/m v=,3
ASTM E399-81 AMALYSIS

Modified Kic Equation; B = (BBn)~.3

Maximum Load P = 16.5 kN

9% Secant Offset Pq = 16.53 kN

Kicg = 43.1 MPa \“/m
Validity = VALID Kic value

K at Maximum Load 43 MPa “/m

DATA CORRECTIONS USED FQOR J-INTEGRAL DATA
Merkle-Carten correction '
Correction for specimen rotation
Correction to J for crack extension
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SPECIMEN 02G-368
24 Cleavage .
- Instability
<
- 8}F 4
o
o
-
o
g 12F :
i}
Q
<
¢ FRILURE TYFE R
6 R curve < B.1Smm exclugion line A
’///4 (Insufficient for analysis)
a /. 1 - 1 1 1
©.00 .08 .16 .24 .22 .48

Epecimen Loadline Deflection C(mm)

TEST SPECIMEN DATA

Marerial Type = AS33-F HSEST 02 Ref
Tezt Temperaturs = -25 C

Percent Side Groove = Q %

Specien Thickness B = 25.4 nm

Initial asM = .625

Init crack length a = 31.72 nn

Flow streszss = 715.7 MNPa

Yield stress = €43.3 MFPa

Youngs modulus E = 208602 MPa (Eztimated “Yalus)
Poisson’s Ratio (w) = @

J-IHTEGRAL ARHALYSIS

Failure Type R (J at instability = Jic)

Jic = 7.4 kJ/m~2

Kjc=(EJic {1-v2233~.5 = 39.3 MPa “/n v=.3
Kic (EBeta Corrscted) = 38.8 MPa “/m v=,2

ASTM EZ99-21 AHALYSIS
Modified Kic Equation;

B .
Maxiwun Load F = 15.7 kN
S% Secant Offset Fq = 15.67 kN
Kic = 41.3 MPa \/m
Validity = VALID Kic value
K at Maximnum Load = 41.4 MPa \/m
DATA CORRECTIONS USED FOR J-IHTEGRAL DATA

Merkle-Corte
Specinen rot
Fitted elazt

n OFFSET LORD=
ation Load
ic load range=

0 Ib OFFZET DEFLECTION
intercept slastic slop
2500 TO 2000 Correction

T193Ed
for crach

to J

TAIS IS E~-0g
cE-de

.
1Rl

exXtenzion
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4006 T

168

Modified J (kJ/ma2)

8e

T 1 1

SPECIMEN 02G-373

A e
ﬁﬁﬁsz
% o~
T f
T
e
" / i

FHILLIR‘E/ TYPE C
(R curve; > 1.5 mm) =
MEA % ASTM AMALYSIS AFFLICAELE

/

B“ 1 | & 1
0.6 1.0 1.5 2.1 2.5
Crack Extamsion (mm)

TEST SPECIMEN DATA
Material Type = ASZ3B 02 Flate
Test Temperature = 288 C \
Percent Side Groove = 28 X%
Specimen Thickness = 25.4 nn
Init crack length = 31.74 mm Init asll = .624
Final crack length = 43,32 mm Final asW = .852
Flow stress = 613.1 MPa
Youngs modulus = 196200 MPa CEstimated Value)

POWER LAW DARTA J =

C (Delta a) ~ N

Jic

Kjc

J (@JsT7=8.8>
Exponent N
Coefficient C
T Caverage)

LEAST SQURRE LINEAR L

IH

163.8 kJ/w~2

146.7 MFa “/m
279.1 kJ«mAQ

.4287

192.4 kJ/n~2

45

E (ASTMY J = M (Delta a) + B

Jic

Kic

Slope M
Intercept B

T (ASTHD
Validity <(Jic?

Validity (R-curve)
J maximum allouwsd
Delta a max. allowsd

166.9 kJ/m~2
138.7 MPa ~/n
935¢65.2 kJs/m~3
93.2 kJ/rmw~2

48

VALID

INVALID--1

S84 kJ/m~2 (Jmax=FEnct*Flow stress/ /208>
1.91 mm

(Delta a max = @.1%#bo)
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SPECIMEM Q2G-375 o i
,/##f’/
_ adﬁ‘« f
4 C‘U = f }_;:_n;.-’" -
i { .ﬁﬁﬁ
= / i
A A {
o Jna f retal
~ ) o
™ ! dﬁé; /
- / .,-
w cOb /fi / i
201 L
> | /
o / T ) ! :
= fk ; FRILURE TYPE C
1@@_—‘4 iR fur¢e£ 1.5 mm) -
ff f MEA & ASTM AMALYSIS AFFLICHELE
@;f. j 1 1 . 1¢ 1
o.a .5 1.9 1.5 c.a Py
Crack Extanmsion Cmrm)
TEST SFECIMEH DARTH
Material Tups = AS2ZE FLATE 02
- T Tempsratures = 121 C
Fercent Side Groowe = 208 %
Specimen Thicknessz = 25.4 mm
Init crack length = 31.325 mm Init asH = (&26
Final crack length = Z2.58 mmo Final asH = 7359
Flow stress = £39 2
Youngs modulus = 281 (Estimated Yaluesl
FOMWER LAW DATA J = C (Delta ay ~ H
Jic = 182 kJ/rm~2
Kye = 191 MFPa ~/m
J (@JsT=8.8) = 475.1 kKl sm~2
Exponent H = .47&84
Coefficient C = 326.5 kJ n2
T (average) = 77
LERST SOURRE LIMEAR LIME (AZTMY J = H (Delta a) + F
Jic = 171.1 kI /w2
Kjc = 18%.1 MPa N/m
Slope 3] = 162236.9 LJ'mAC
Intercept B = 142,55 kJ/n~2
T CASTHMD = 83
Yalidity (Jic) = VALID
VYalidity (R-curwve) = YRLID
J omaxinun allowsd = &6B85.2 kIl m~2 vImax=Bnet*Flaw stresz 2@
Delta a max., allowed = 1.9 nm (Delta a max = @.1%bad

wn
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SPECIMEN 025-462

€4 Cleavage .
~ 3 Tretabil1ty
z g
< 43 E
I ,
| ;>,/‘
5 yaa
E 32+ ) | 4
9 //
@ / FRILURE TYFE A

16 R curve < DB.1Smwm exclusian ling A

(Insufficient for analysis)
;
g f'/ 1 A - ' 1
@, o0 .39 .5@ .90 1.20 1.5@

Cpecimen Loadline Deflection Ginm)

TEST SFECIMEN DRTA

Material Type = AS23-F HSST 02 Ref

Test Temperature = 501 C

Percent Side Groove =0 %

Specinmen Thickness B = 25.4 am

Initial asN = .615

Init crack length a = 31.24 nn

Flou stress = €70.2 HPa

Yield stress = €04 MPa .
Youngs modulus E = 204400 MPa (Estimated Yalue)
Poizson’e Ratio (V) =0

J-IHTEGRAL ANALYSIS
Failure Type A (J at instability = Jic)

Jic = 71.9 kJ/m~2
Kje=sCEJic/(1=u~2))~.S = 121.2 HPa \/n v=.3
Kic (Reta Corrected> = 87.1 MPa \/n v=.3
ASTH E229-21 ANALYEIS -
Modified Kic Equation; B = (BEn)~,5

Maximun Load P = 43.7 kN

5% Secant Offset Pq = 31.25 kN

Kic = 79.1 HPa \/m

Validity = INVALID--1, 2, 3

K at Maximum Load 116.7 MPa \/n

DATA CORKECTIONS USED FOR_J-IHTEGRAL IRATA

Merkle-Corten OFFSET LOAD= O b OFFSET DEFLECTION 1.50193€9S22E-04 in.
Specimen rotation Load intercept elastic slope 000004270 1L

Fitted elastic load range= 2500 TO 2000 Correction to J for crack extension
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SPECIMEM 02G-4G3
~ \b‘% -
24q | . _Cleavage b
~ Instabxiltty
=
=
- 18r a
m
0
-
5
2 12k i
//
ol / FAILURE TYPE R
b | y R curve < B, 13mm exclugion line A
(Inzufficient for analysiz)
yd
/£
E.' i 1 1 1
.88 12 .c4 . 2B .48 LED
Specimaen Loadline Deflsction (mm)

TEST SFECIMEH LATH

Material Type = AS3ZE Plate 82 (I

Tezt Temperature =a C ~
Percent Side Groove =@ % '
Specimen Thickneszs B = 259.94 mm

Initial asM = 548

Init crack length a = 3@.89 nu

Flow stress ’ = ?82.95 HPa (Eztimated Yaluel
Yield strezs = &28 MPa (Eztimated Yalusl
Yourgs modulus E = 27288 MPa (Eztimated Yalusd
J-IHTEGEAL HRHALYEZIS

Failure Type A (J at instability = Yic)

Jie = 19.4 kl/m

Kjo=sEJico~, 5 = &3.4 MPa “~m u=,3

{ic (Beta Corrected) = S2.7 MPa ~ m v=,3

AZTHM EZ299-21 ARHRLYSIS

Madified Kic Equationy; E = (RBEn

Maxioun Load P = 25.04 kM

S% Secant Otffszer Fq = 25,04 kH

Kic = €1.¢6 MFPa N7m

Yalidity = VALID Kic value

DATA CORRECTIONS USED FOR J-THTEGRAL DATH

Merkle-Corten correction
Correction for specimen rotation
Correction to J for crack extension
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SPECIMEN 02G-411

S6 Cleavage N
~ Instability
z
&
- 42 4
o
o
4 . -

H

o A~
£ e - ]
o
Q
[+3
v FRILUFE TYFE R

14 F R curve < B.1%mm exclusian line A

(Insufficient for analyziz)
e /. ] 1 i L
8. 00 .16 .32 .48 .E4 LEQ

Epeciman Loadline Deflection (am)

TEST SFECIMEN DRTR

Marterial Typs
Test Temperature

Percent Side Groove

Specimen Thickness B

Initial asW

Init crack length
Flow stress

Yield stress
Youngs modulus

Poisson’s Ratio (v)
J=INTEGFAL ANARLYSIS

a

E.

Failure Type A (J at

Jic

Kjc=CEJic/7(1-v~2>)~.5
Kic (keta Correctzd)
ASTM EZ29-51 AHALYVEIS

31.08 mm

670.2 HFa

€04 MPa

204400 MPa C(Estimated Valtue)

0
inst

u o

M Laa

Hodified Kic Equationg

Maximum Load

S% Secant Offcset
Kic

Validity

K at Maxinuwm Load

P
Pq

9 nauu e

M= ~NNW U

U I I I B I
.
(4]
-
n

bility = Jic)

4.3 klIsm~2

2.7 HFa \/n .=, 3

0.6 HFa \/mn v=,3
(EEn)>~.5

2.8 kH

39.28 kN

3.1 MPa \/m

MYALID--t, 2, 3

4.4 MFa \/m

DATA CORFECTIONS USED FOR J-INTEGRAL DATA

Merkle~-Corten OFFSET LORD=

Specimer rotation

Load

Fitted elastic load range=

0 lb OFFSET DEFLECTIOH = 3
intercept elastic slope =-. [ETRN 1t
2509 TO 2008 Correction to J fuor crac

AETIIE-04 in,

extenzion
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Modified J (kJ/m~2)

SBa T T T T
SPECIMEM Q2G-41¢
f / f}fg_
| L
3@@ - fﬂ'_:_ 1 g -
/ o
| * _,./) /
[ / e
e
oo+ ." el / -
I’I /Z'T-'}*"(,
A
," £ FRILURE' TYPE C
198 _;ﬁ:' (R curvef} 1.5 mm) .
g
4;=f MER & RSTM AMNALYSIS AFPLICAELE
@ﬁ f l
@ P L 1 1 15 1
B, .S 1.6 1.5 2.6 2.5
Crack Extanzion Cmm)
TEST SFECIMEH TIRTH
Material Type = ASZIE Plate 02
Tezt Temperature = 284 C
Fercent Side Groove = 20 %
Specimen Thickness = 25.4 nm
Init crack length = 31.922 wmn Init a<H 2 =
Finxl crack length 40,92 mmn Final as{ = .&85

Flow strezs
Youngs modulus

617.4 MFa
195580 MFa

FOMEFR LAW IARTH J = (Nelta a) ~ H
Jic = 147.9 kJ w2
Kj: = 162.2 MFa “/n
J (@JsT=5,.382 = 323.4 kJsm~2
Exponent H = ,3836
Cosfficient C = 243.,1 kJ/m~2
T {averags) = 58

{Eztimate

LEAST SOMJARE LINEARR LIME ¢ASTM> J = M (Dslta ad + E
Jic = 143 kI m~2

Kje = 167.2 MFa ~~“m

Slope M = 1A9648.9 kI w3

Intercept E = 130.23 kJ/a~2

T CHSTHM)D = 56 '

Yalidity (Jic) = VALID

VYalidity (RE-curve) = VALID

J maximunm allowsd = &66% kJ/m~2 (Jmax=Enet*Flouw
Delta a max. allowed = 1.97 mn (Delta a max =

d VYalusd
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58 T

T 1 )
SPECIMEN C2G-413
40 E
Z
- 39 r E
)]
[n]
-
5
£ eof y
» /
4 : -FRILURE TYFE R
1ar p R curwve < Q.13mm exclusian line 4
(Inzufficiant for analyvsis)
g / 1 i . 1 L

2. 99 .29 .49 .E0

m
st
o
]

Spoacimen Loadlins Deflaction Gam}

TEZT SFECIMEHM DATR

Matzrial Typs2 = AS33E Plate 02 (I3

Tezt Tenpsrature = &9 C

Percent Zide Groove =9 %

Specimen Thickness B = 295.4 it

Initial aszu = .8

Init crack length a = 39.43 mm

Flow stress = $55.5 MPa

Yield stress = $9%9.3 MPa

Youngs modulus E = 2026090 MPa (Eztimarzd Yalua)

J-INTEGRAL AHALY31S
Failure Tepe A (J at inztability = Jic)

Jie = S4.1 kJ w2
Kje=CEJic)>~.5 = 104.7 MPa \/m v=,3
Kic (Beta Corrected) = 79.3 MPa “/m v=,3
ASTM E322-31 RHALYSIS

Modified Kic Equation; B = (BEn)~,S5

Maximun Load P = 49.03 kN

5% Secant Offset Pq = 23.74 kN

Kic = €3.5 MPa \/m

Validity = INVALID--1, 2, 3

DATA CORFECTIOHS USED FOR J-IHTEGRAL DRATA .

Mzrkle=-Corten OFFSET LOAD= © 1b OFFSET DEFLECTIOQH =-4.130735232109€-05 in.
Spscimen rotation Load intercept slastic slops =-,0I0GOSTs 1k

Fitted clastic load range= 3009 TO S99 Correction to J for <rach 2xtension
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60 — , - I

SPECIMEN O2G-416

48 Cleavaqge .
~ Instabtlity
=z
S
- 36 -
o
o
- X
< :
[ Y]
E 24t .
3]
L4
13
tn

FRILURE TYFE R
12 R curve < B.13mm exclusziagn line A
(Insufficient for analysis)

1 1 1 1

.@o .20 .40 .BG . B0 1.04a

O

Epeciman Loadline Deflection (mm)

TEST SPECIMEN. DATH

tlaterial Type = AS33-E HSST 02 Ref

Test Temperature = S8 C

Percent Side Groove =0 %

Specimenr Thickness B = 25.4 un

Initial asW = .61

Init crack length a = 306.92 nmm

Flow stress = 670.2 NMPa

¥ield strecss = 604 MPa

Youngs modulus E = 2044030 MPa (Estimated VYalue)
Poisson’s Ratio (w) = @

J-INTEGRHAL RHALYSIS
Failure Type A (J at instability = Jic)

Jic = 26.7 klJ/n~2 , -
Kjec=C(EJics{1~un2))~.5 = 73.9 MNFa “/n v=,3
Kic (Beta Corrected) = 65 HFa ~/m v=.3

ASTH ES99-81 ANALYSIS
Moditied Kic Equationg -

= (EEm~.S

E
Maxinum Load P = 29.98 kN
S% Secant 0ffzet Pq = 29.04 kH
Kic = 7?72 HMPa “/m
Validity = INVALID--1, 2

K at Maximum Load = ?4.3 WPa \/m

DATA CORFECTIONS USED FOR J-THTEGRAL TRATA

Merkle-Corten QFFSET LOAD= O lb OFFSET DEFLECTION 4,522
Specimen rotation Load intercept elastic slope 1.4141
Fitted elastic lcad range= 2500 TO 2000 Correction to J far cr
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S0a T T T T
SPECIMEN (G2G-419

106 ! f 1
o / , e
& f T
.. e __-’7
Lo T~ ZIE .-'_,'.'sf * -
- pu GG = f y - 4
= ) ,_;_Pﬂ?., D
- = l
i f / T
— BB o j -
. f £$A(
; I_,-";}*.‘ -
o - / { _
= ﬁ{ ; FRILURE TYPE C

1808 '51 (R curvef> 1.5 mm)} .

' ﬁk / MEA & ASTM AMALYSIS AFPLICAELE

!
|
) 3 J i 1 12 1
0.8 .5 1.6 1.5 2.6 2.5
Crack Extansicocn C(mm)

TEST SPECIMEH DATA .
Material Type = ASZ2E Plate (HSST 62
Test Tempesrature = 121 C
Percent Side Groove = 20 %
Specimen Thickness = 25.4 mm
Init crack tength = 31.€2 mm Init asM = .622
Final crack length = 40.5€ mm Final a-WN = .798
Flow streszs = 639.2 MPa

Youngs modulus
FPOMER LAK DATA J =

2062a8 MPa (Eztimated VYalue?

C (Delta a) ~ H

Jic

Kic

J (eJ/T=€.2)
Exponent N
Cosfficient C
T (averaags)

LERST SOURRE LIMERR LINE CASTMD

15€¢.4 kJ/mn~2
178.1 MPa \/m
245.5 kJ/m~2
3927

2€2.5 kJ/mr2
S3

J = M (DNelts a) + B

Jic

Kjc

Slope M
Intercept B

T C(ASTHM)
Validity <(Jic)

VYalidity (R-curved
J maximum allowed
Delta a max. allowed

158.6 kJ/m~2
173.7 MPa N7
119773.4 kJ/n~3
136.9 kI mn~2

59

VALID

VALID

€12.6 kI/m~2 (IJnax=Enet*Flow strezz 205
1.92 (Delta a max = B.1%ba)

mim
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25-42

SPECINEN ¢

i

32 r 23w age 1
- /ffﬁétabli|my
pad e

24 F e ;

Load
\'\

Cimen

Spe

‘ FRILUFE TVvFE R
3k " FE curve < B.1Smmm e<Ccluazion line o

o (Inzufficient For aralyzis)
e
s
:"’
l.‘1 /; L 1 1 I3
&, a0 10 .20 L0 .40 LSO

simar Leosdline Deflaction Oam?

SPECIMEM TATH
m1al Tops
Tetperatur
Tads Gra
Cimgn Thichrnszz E
Izl - W

Irnvt cracy languh 3

=B HLLT QI Faef

Ty

CEztamared Yaluso
Foizzan : Favio
J-INTELGFAL AHAL
Faylure Tups H
Jic
i

tkera Corvact
M E -1 AHALS
oditied Kic Equaticen: B = (EEn*.%
Maximem Lo F = 12,1 kH
 Tecant Offzet Fq = 13,1 kH
= 47.% MFa o
= YALID tie calus
= 347.4  HF3 “sm
CED FOF J-THTEGFAL DATA

1 Corten OFFLZET LORD= O b OFFZET DEFLECTION in,
| v Dt atian Laad intercspt Vazric 2lay b
Fitted claztic lgad ranges 2900 TO 2000 ECtan For ar PENLENE D
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180 Y T T T
SPECIMEM 58W-HB
£
el / AT
~ ;! AT
o / T /
= / / o
\“:: f, .-'.'P/- "“‘
7 BOD [ /f / T / 7
- /7 H /
) ,!/ 'l.' - -;'::”' I
= Fa e
2 4p0 A 2 / -
?: _.."' '_.'" ,r#-.
o R !
= [ a*
< P FARILURE TYPE C
] il (R curwve ~4ﬁ.5 nm) .
MEA & ARSTHM AMALYSIS ARFFLICAHELE
i A (W4 1
.5 1.9 1.5 2. a .5
Crack Extanzion C(mm)
TEST SFECIMEM DATA
Material Type = HEET S/RA Held
Test Tempsrature =121 ¢€
Percent Side Groove = 28 %
Specimen Thicknezss = 25.4 mn
Init crack lenqth = 39.65 mmn Init asW = .62
Final crack length = 34.75 mm Final a W = ,&84
Flow stress = 575.9 MPa )
Yourgs modulus = 286200 MPa (Estimated Yalue>
FOWEF LAW DATA J = C (Delta a)> ~ H
Jic = 246.7 kJ/m~2
Kjc = 222.3 MPa N/m
J (@J-T=£.8> = 982.7 kJ/m~2
Exporent H = ,6325
Coefficient C = 465.2 kJ/m~2
T <average? = 168

LERST SHRUARE LIMWEAR LINE (ARSTHMD

J M

(Delta ad) + B~

Jicg

Kic

Slope 31
Intercept E

T <ASTHS
Validity (Jic)

VYalidity (R-curve)
J maximum allowed
Delta a max. allawed

21?7 kJ m~2
208.5 MPa S/m
286325.8 kJ/n~3
163 kJ/n 2

173

VALID
IHVYALID--1
S79.4 kJ/nn2

2.81 mm (Del

(IJnax=Bnet#Flow stresz 28D

ta a max = 8.1%bo
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(8 T T T T
SPECIMEN 68H-AB
-" -\\\
49 /' x\\\ L]E&Vugt
— , InstakllIty
Z .
X #
— 'j'.".
- 36 e
11}
5 S/
- /
e %ﬁ
« ]
O 7
o /ﬁ
7] / g
ﬁfﬁ FRILURE TYFE R
12 & R curwve < B,15mm exclusian line
' (Inzufficient for analysis)
E‘ /' T ] i ] N -
o, 98 .28 .EQ L850 1.2
Cpsciman Loadline Deflection (mm)
TEST SFECIMEH DATH
Material Type = HEET S<A MWeld
Tezt Temperatuers = -vS C
Fercent Side Groous =6 %
Specimen Thickness E = 29.4 mm
Initial as i = .59
Init crack length & = 28.2¢ mm
Flow stress = 741 MFa
Yield stress = 726 MFa
Youngs modulus E = 211480 MFa (Eztimated Yalusd

J-IHNTEGRAL ARHALYESIS

Failure Tepe A (J at instability = Jico

Jic = 104,32 kI m~2
Kic=CEJicy~.S = 145.5 MPa SN/ V=3
Kic (Beta Carrectsd) = 185.7 MFPa ~/m v=,3
ASTH EZ99-21 AMALYEIS

Modified Kic Equation; B = (EEn)»~.3

Maximum Load F = $1.82 kH

S5X Zecant Offset FqQ = 35.93 kN

Kic ’ = 84,2 HMPa N/m
Validity = [MVYALID--1, 2, 3

IATA CORRECTIONS USED FOR J-INTEGRHAL DATH
HMerkle-Corten carrecticon

Correction for
Coarrectian

to J

specimen rotation
for crack extension

m

"
L
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Sago

400

300

cao

Modified J (kJ/m~2)

180

SPECIMEN 68KW-8C

FAILURE TYPE C
(R curve > 1.5 mm)
MEA & ASTM ANALYSIS APPLICAELE

[

Material Type

Final crack
Flow stress

—le 1L L
1.0 1.5 2.8 2.5
Crack Extenzion (mm)
TEST SPECIMEN DATA
= AS33EF HSST HWHeld
Test Temperature = 2g8 C
Percent Side Groove = 208 %
Specimen Thickness = 25.4 mm
Init crack length = 30,59 mm Init asW = .é82
length = 38.04 mm Final asW = ,748
= 598.9 MPa
= 196260 MFa (Estimated VYalue>

Youngs modulus
POWER LAW DATRA J

c <

JDelta a> ~ N

Jic = 138 kJ/m~2

Kjc = 162.3 MPa “/n

J (@JrT=8.8> = 542.9 kJ/m~2

Exponent N = ,5642

Coefficient C = 289.4 kJ/n~2

T (average) = 90

LEAST SOUARE LINEAR LIHE CASTMY J = M (Delta a) + B
Jic 125.8 kJ/m 2

Kjc

Slope M
Intercept B

T CASTMD
Validity <(Jic)

Yalidity (R-curwve)
J maximum allowed
Delta a max. allowed

154.9 MPa \/n
174822.2 kJ/m~3
167.1 kJ/m~2

96

VALID
IHYALID--3 (.€&2
S9€,5 kJ/n~2
2.02 mm.

ve .3
(Jmax=Enet*Flow strez=- 20>
(Delta a max = @.1xbar
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235 T T T T

SPECIMEN 6B8W-BD

3 /M/i \ Cleavage
=}

483 - - / = ge ]
_ '/”// Instabi1ltty
= s
= /4
- 36 7 -
m
o /f
- f/
c &
o
E 24} ,/ .
0 yd l
4 £
ul £
ya FRILURE TYFE R
Z .
12 r & R curve < B.1S8mm excluzian line o
A (Insufficient For analysis)
/ﬁ .
l/.
E1 £ 1 Il 1 1
o1, B .25 ' .50 .75 1.BG 1.
Specimen Loadline Deflection (mm)
TEST SFECIMEMW DIHTH
Material Tups = HESST S~A MHeld
Tezt Tempsraturs = ~-53 C
Fercent Side Groows a x
Specimen Thickneszz E = 25,4 mm
Initial arN = 597
Init crack lenath a = 38,38 mn
Flow strezz = 7R9 MFa
¥Yield =tres= 91 MFa
Youngs modulus E = 2166680 MFa (E=ztimated “'luh‘
J-IHTEGFEAL HMALYSIE
Failure Typs A CJ at instability = Jic)d
Jic = 116,58 kKJsm~g
Kjc=<EJic)~. = 152.4 MFa ~/m y=.2
Kic (Beta Forrected) = 184.4 MFPa “/m V=,

ASTHM EZ92-21 AHALYSIS
Maditied Kic Equaticony; B = (BEn)~.9

Mazximum Load F = §1.69 kH
Sk Secant Offset Fq = 322.2 kH
Fic = 75.9 MPa N/m

Yaliditw IHVALID--2, 3
DATH CORRECTIONS USED FOR J-IMTEGRAL DHRTH
Merkle-Corten correction

Correction for specimen rotation
Correction ta J for crack extension

na

wn
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SRt T T T T
SPECIMEN EBMN-CC

44 Cleawvage .
- Instabtl1ty
- 380 r ]
m
[}
|
=
q
£ zof -
Q
v
=3 s
Ul o -

i FRILURE TYFE A
18 r / R curve < B.13mm exclusian line -
Ve (Insufficient for analysiz)
/
El / 1 1 L -
8. 6a .28 .40 .ED .ED 1.86
Speciman Loadline Deflection (mm)

TEST SPECIMEM DATH
Material Type = HEST S/A Held
Tezt Temperaturs = =75 C
Percent Side Groouve =08 %
Specimen Thickness = 25.4 mm
Initial asW = .597¢
Init crack length a = 26.33 mm
Flow stress = 741 MFPa
¥Yield strezs = 726 MPa
Youngs modulus E = 211488 MFPa (Eztimated Value)
J-IHTEGFRAL AMALYSIS
Failure Tupe A {J at instability = Jic)
Jic = 44,8 kJrm~2
Kjc=C(EJic>~.5 = 97.3 MPa “rm y=,32
Kic (Beta Corrected> = 83.1 MPa ~\rm v=.3
ASTH E333-21 AHRLYSIS
Modified Kic Equation; B = (EEn)>~.5
Maximum Loa F = 39.15 kH
9% Secant Q0ffset Fq = 22.28 kH
Eic = 76.1 MPa ~/m
Yalidity = IHVALID--2, 3
DATA CORRECTIQHS USED FOR J-IMTEGRAL DATA
Merkle-Corten OFFZET LOAD= @ b OFFSET DEFLECTION = 2.S529E0%S0452E-84 in.
Specimen ratation Load intercept elastic slope = S.735224117ES5E-87 b
Fitted elaztic load range=4068 TO 588 Correction te J for crack extension
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20 T T T T
16 Cleavage .
- Instabiltity
=z
X
- 2 4
0
o
-
&
.E B'- -
0
m
)
FRILURE TYFE H
9 R curve < B.15mm exclusian ling A
(Insufficient for analysis)
G/ . 1 1 [
a.ag .10 .28 Lo 3G .40 .58
Epeciman Loadlins Deflacticon C(mm)

TEST SPECIMEN DARTAH
Material Typs

Tezt Tempsraturs
Fercent Side Groowve
Specimen Thickness B

Initial asW

Init crack length a
Flow stress

Yield stress

Youngs modulus E

J-INTEGFAL ARHALYSIS
Failure Tupe A (J at
Jic

Kijc=C(EJic)>».5

Kic (Peta Corrected>
ASTM E399-81 AHALYSIS

in

Moditied Kic Equation;
Maxinum Load F
S% Secant Offset Pq

Kic
Validity
DATA CORRECTIOHS USED

n o unn

™

HEST S/R Held

-128 C

g

2.4 mm

. 994

28.18 mm

€24.5 MFa

817 MFa

214906 MFa (Eztimated Valus?
tability = Jico)

9.5 kJsrm~2
45.3 MPa ~/n
44.9 MFa N/m

W w

(BEr)~.5
19.1 kH

19.1 kH

44,5 HMPa “N/m

VALID Kic wvalus

FOR J-IHTEGRHL DHTH

Merkie-Caorten
Specimen rotatiaon

OFFSET LOAD=
Load
Fitted elastic load range=3408 TO 566

g 1b

intercept

OFFSET DEFLECTIOHN
elastic slope
Correction

to
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SPECIMEN BBW-EA %\\\\

2o | ~~_Cleavage -
—~ Instakiil1ty
pra
.
= 4
a
-
5
-E 7
0
b4
jv 2
)

FRILURE TYFE R
R curve < B.13mm exclusian line
(Insufficient for analysisz)

.00 .18 .20 .30 .40

%
5]

Specimen Loadline Deflection (mm)

TEST SPECIMEN DATH
Material Type

HEST S-/A Weld

Test Temperature = -128 C

Percent Side Groove =8 % -

Specimen Thickness B = 25.4 mm

Initial asl = .665

Init crack length a = 36.73 mm

Flow stress = 824.5 MPa

Yield stress = &817 MPa

Youngs modulus E = 212326806 HMPa (Estimated Value)

J-INTEGRAL RHRLYSIS
Failture Type A (J at in
Jie ' '

tability = Jic)
12.9 kJ7in~2

nununmn

Kjc=C(EJic)~.5 52.3 MFa “/m v=,3
Kic (Beta Corrected) S1.4 MPa ~/m v=.3
ASTM E299-21 AHALYSIS

Modified Kic Equation; B = (BEn)>~.5

Maximum Load P = 22 kN

9% Secant Offset Pg = 22.83 kN

Kic = 53.6 MHPa “/m
Yalidity = VALID Kic value

DATA CORRECTIOHNS USED FOR J-INTEGRAL DATA
Merkle-Corten correction

Correction for specimen rotation
Correction to J for crack extension

.50
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1BEa T T T 1
SPECIMEMN 6BN-EC
_ ./-”" ‘_.f"':
BG@e / et
— ) ’:_":..-F".«
x / =
E F
E / > ;
= BO6 . / -
h L /
i -::’-;éf;:ff /
I e /
- 4@0 i / 1
4
o
Du} ]
= FRILURE TYPE C
ralt! (R curve > /1.5 mmd .
MEA & ASTM AMALYSIS AFFLICRELE
-".
. /
G' 1 L 1
. 1.0 1.5 P Py
Crack Extanmzien Cmm)
TEZT SFECIMEM DATAH
Material Tupe = HSST SR Held
Tezt Temperature = 121 C
Fercent Side Groowe = 26 %
Specimen Thickness = 25.4 um
Init crack Yernath = 38.7S mm Init asH = &85
Firial crack lermath = 25.1 mm Final asW = .&%
Flow stress = 575.5 MPa :
Yourgs modulus = Zepzed MPa (Estimated Yalusd
FOWER LAW DATR J = (Delta ar ~ N
Jic = 233.2 kl/m~2
Kjc = 216.1 MFa ~*m
J (BJ/T=5.28) = 998.1 kKJ/mr2
Exponent H = 6541
Cosfficient C = 45% kJ/m~
T Caverags) = 172
LEAST SOUARE LIMEAR LIME ¢ASTMY T = M (Delta &) + F
Jic = 218.2 kJ/ /w2
Kic = 205.5 MFa Nsm
Slape " = 29605&.7 kI w3
Intercept E = 157V.6 kI /m~2
T CASTHS = 17§
Yalidity (Jico = YALID
Yalidity (R-curwve) = VALID
J maximnun allowed = 57V&.5 kI m~2 (Jmax=Enet*Flow strezss20

Delta a max., allowed

2.81 mm (Delta a max = @.1%bod

on
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)

ot
<

J kT m~

Modified

SPECIMEN GBNOE

FRILURE T?éﬁ Cc
(R curwve >4&.5 mm} . -
MEA & ARSTHM ANALYSIS AFFLICARELE

/

1 17 1
1.8 1.5 2.a 2.5
Crack Extamsion C(mm)
TEST SFPECIMEM DATH
Material Type = AS33-B HS
Test Temperature = 25 C
Percent Side Groove = 28 %
Specimen Thickness = 25.4 mm
Init crack length = 31.81 mm Init astl = .61
Final crack length = 34.91 mm Final a-ll = €87
Flow stress = 658.2 MPa
Youngs modulus = 265880 HMFPa (Estimated Value?
POWER LAW DATA J = C (Delta ad> ~ H
Jic = 228.1 kJ/nr2
Kjc = 216.7 MPa “’mn
J (®I/T=E,8) = 932.4 kJ/n~2
Exponent N = 6764
- Coefficient C = 484.9 kJ/m 2
T (average) = 153
LEAST SQUARE LINEAR LINE C(ASTMY J = M (Delta a) + B
Jic = 210.7 kJ/snr2
{Jc = 208.3 MPa \’nm
Slope M = 39%715.3 kJ/m~3
Intercept B = 160.5 kJ/m~2
T (ASTHD = 151
Yalidity (Jic) = VALID
Yalidity (R-curve): = VALID
J maximum allcwsd - = 642.8 kJ/m~2 {Imax=Bnet#Flow stress/28)
Delta a max. allowed = §.98 mm (Delta a max = 8.1%bo>
Final Delta a = 4,83 mm
FPoisson’s Ratio (v)> =0
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SPECIMEN GBW-ED

16 | o Mo Cleawvage .

//{f' Instakility

(kM)
N,

|
0
T
™,

aQ ‘ : 7
—l .

V4
Pz
g 8f 7 :

(] -

v 7

o a FRILURE TYFE R

94r Vel F curve < B, 13mm E”“lusinn line A
& (Inzufficient for analyzisz)

1 1

A 11 . be .12 .1 .24 .

=

0

L]
LA
[

-
|t

-
—
|

Specimesn Loadline Deflasctian C(mm)

m
;

SFECIMEN DRTH
rial Type

T SR Held

!
U e o
-

LR B |
[\
Bl 0]
W

st Temperaturs = 8 C

gercent Sids Groo = i %

Specimen Thicknesz=z E = 2%.4 mm

Initial = .BAEZ

Imit cr lenath = = Z0.E5 mm

Flow str = £824.5 MFa

Yield =t = 817 MPa

Youngs IS E = 214388 MFa CEztimated %Yalus?

J-THTEGE HL HHHL )
Failure Tyupe A (T at in
Jic

1mw

a

.5 kI m
Ejc=C(EJic>»~.5 = 27,4 MPa - m p=, 3
Kic (Beta Corrected) = 37.2 MFa ~“m =, 3

ASTH EZ9%-31 AHALYSIS
Modified Kic Equation; B = (EEn)~.35

Maximum Load F = 1%.9 kH
9% Secant Offset Fgq = 1%.91 kH

Kic 8.5 HFa ~~m

Yaliditwy VALID Kic valus

DATA CORRECTIONS LWSED FOR J-IMTEGRAL DATH

Merkle-Cortern OFFSET LOAD= 8 b OFFSET DEFLECTION = S.S32544947V51E-A5 in.
Specimen rotation | Load intercept elastic slops =-,Q0000027% 1b

Fitted =lastic load range=3408 TO S8 Correction to J for crack sxtenzion
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SPECIMEN BB8W-EE

49 F Cleavage .
—_ # Instabi ity
- 30t B
o 7
| /
S 7
E 20 F i
Q
L3
o
n P

FRILURE TYPE R
|18 E curve < B.15mm exclusion line A
(Insufficient for analysis)
E‘ / | 1 1 1
B, e .28 .40 .E® .B@ 1. B&
Specimen Loadline Deflection (mm)

TESZT SFECIMEH DATAH
Material Tupe

Tezt Temperature
Fercent %ide Groowe
Specimen Thickness E
Initial asWH

Init crack length a
Flow stress

¥Yield stress

Youngs modulus E
J-IHTEGREAL AHALYSIS
Failure Types A {(J at
Jic

Kje=C(EJic>»~.5

Kic (Beta Cortected?

instability =

S/A Held
c

T
—in
N
@ —

£y @

mn

Py e
N W
-~

mm

= T ) e Ty 0N
==
s

FYy =4 =) €
[UNR, B B

)

()

@ TT
['J

MFa (Eztimated Yalus)
Jic)
1.8 kJ/w~2
1a3.1 MPa ~“m
22.9 MPa ~/m

ASTM EZ99-21 AHALYSIS

Modified Kic Equation; B = (EEn)>~.5S

Maximum Load F = 3&8.¢6 kN

S% Secant Offset Pq = 32.48 kN

Kic = &F.8 MFa ~/m

Yalidity = IHNVRLID--1, 2, 3

DATA CORRECTIONS USED FOR J-IMTEGRAL DARTH
Merkle-Corten OFFSET LOAD= @ b OFFZET DEFLECTIOH = 2.
Specimen rotation Load intercept elastic slope = £,
Fitted =taztic load ranges=34688 TO S688 Correction to J
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SPECIMEN 66W-JB

64 | Cleavage b
- /ﬁstabnny
- 48} ' - A 1
- //////
¢ |
S i
5 S |
E 32t ,’ -
® e ' '
2 rd
)

g FAILURE TYFE-R
16 [ R curve < D.1S%mm exclusziarn line A
(Insufficient for analysis)
/f
v
g & - 1 1 L 1
@, o .20 .E0Q <] 1.20 1.50

Specimsn Loadline Deflsction Gam)

TJEST SFECIMEN DRTA

Material Typs = AS33-F HSST WELD

Teszty Temperaturs = =-%50 C

Percent Side Groove =0 %

Specimers Thickness = 25.4 mm

Initial asH = .&03

Init crack length a = 30.€2 mm

Flow strezs ) = 7068.6 MFa

Yield strecss = 604 MPa

Young: madulus E = 210100 MFa (Eztimated Yalue)
Foizzon’e Ratic (v) =0

J-IHTEGRAL ARHALVSIS
Failure Type A (J at in
Jic

tability = Jic)
€9.3 kJ/m~2

nononow

Kje=(EJics(1-u 23>+, 8 123.9 MPa \/m v=.3
Kic (Bsta Corrected) 91.35 MPa “rn v=,3
ASTI E333-21 AHALYSIS

Modified Kie Equation; B = (BREn)~.S

Maximun Load P = 4%.4 kH

5% Secant 0Offsst FPq = 31.74 kH

Kiec = 76.5 WMPa \/m

Validity = INYALID--1, 2, 3

K at Maximum Load = 119.1 MFa \/m

DATA CORFECTIONS USED FOR J-THTEGRAL DATH

Merkle-Corten OFFSET LOAD= O b UOFFSET DEFLECTIOH LITE-O4 in,
Specimen rotation Load intercept elastic slope L Qooon 1t

Fitted elastic load range= 2500 TO 202@ Correction to J for crack extenszion
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SPECIMEN €B8KH-LA

48 - \leavage .
~ Instability
=z
>
- -36 | 1
o
W]
4
c
o
E 24} ]
: J
»
o
@ FRILURE TYFE A

12 R curve < B.15mm exclusion line A

(Insufficient for analysis)
E‘ / 1 - ] 1
8.6 .25 .50 .75 1.08 1.25
Epecimen Loadline Deflection (mm)

TEST SPECIMEN DARTA
Material Type = HSST S/R Weld
Test Temperature =-58 C
Percent Side Groove =8 %
Specimen Thickness B = 25.4 mm
Initial asl = ,611
Init crack length a = 31.64 mm
Flow stress = 789 MPa
Yield stress = €91 MPa
Yourngs modulus E = 2100600 MPa (Estimated VYalue)
J-INTEGRRAL AHALYSIS ' :
Failure Type A (J at instability = Jic)
Jic = 185.8 kJ/n~2
Kjec=C(EJic)~.S = 149.1 MFa “’mn v=,3
Kic (Beta Corrected) = 183.3 MPa ~/m v=,3
ASTHM E399-81 RNALYSIS
Mcdified Kic Equation; B = (BEn)~.S
Maximum Load P = 51.8 kN
5% Secant Offset Fq = 32.61 kN
Kic = 81.3 MPa \/n
Validity = IHVRLID--1, 2, 3
DATA CORRECTIOHS USED FOR J-INTEGRAL DATA
Merkle-Corten OFFSET LORDI= @ 1b OFFSET DEFLECTICN = 2,.60592542054E-04 in.
Specimen rotation Load intercept elastic slope = 2.€6785714285FE-67 b

Fitted elastic load range

=3400 TO S08 Correction to J for crack extension
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| T i |
SPECIMEMN G68W-LB
,-'f.’ - .ff‘--
Eoe - ;r)'" -
-~ f . / ,ﬁﬁpﬁf
oy o
< [/ el
= 450 F / f! e / -
e E j L !
.f.;:f; = l‘f‘r
- / # :
hpad ] )1' .,::::"'- i
2 zmp b / S / -
o ! fa##
= ’,’ S /
= for ] Lo
= 4 A FAILURE TYPE C
138 | {{A ' (R curwve f 1.5 mm) -
A /’ MEA & ASTM ANARLYSIS APFLICAELE
& /
S
L. /
I.!*::
& % f ! 1 1 1
[S S 1.0 1.5 = 2.5

EST SFECIMEH DRTH

T

Material Typs

Tezt Temperatuyres
Fercent Side Groouve
Specimen Thickness
Init crack lenath

Fimal crack
Flow strezs
Youngs modulus

length

1

ck Extsnzion Cmm)

HEST-5-8" MWELD

2a4  C

20 X

25.4 mm

SB,VE mm Imiv a~l = RS
SELRZ mm Final a<sW = .7B%9
°vi.e MPa

195588 MPa (Eztimated %Yalusd

J (@JsT=E.20

OO R R i ) ]
-

FOMER LAM DATA T = (Oelta ary ~ M
Jic = 211.3 kI u~e
Kic _ = 283.2 MFa N
= 73&8.9 2
SERa

H
c

Exponent

Coefficient
T (averagse)d
LERET

SOUARE LIMEARR LIM

7
2

]

[N

ASTHY J M (Dslts a2 + F

Jic
Kjc
Slape M
Intercept E

T ASTHD>

Validity (Jic)
Yalidity (R-curued

J maximun allowsd
Delta a max., allowsd

wonn

nonn

L kT 2
MFa N/m

7 kI3
LJ/mAs

".."I '-.El n -&'- N =)

-
~."
.4

\]
-l

r-hv-r\_‘no-v-m.-a(..‘l

(O QU ) S (R Y ]

VALID
VALID

S72.9 kI w2 (Jmax=Enet*Flow stresss
2 mmn (Delta a max = B, 1xbad
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40 ] 1] 1 1§
SPECIMEN 6BMH-LD

32 r Cleawvage .
_ Instabil1ty
= 249 F N
o
o
-
o
E | :
(]
[10]
< e
ot Vi FRILURE TYFE A

ar hp’ ‘ R curwve < B, 13mm exclusion line A

f"‘ (Insufficient for analysis)
ra
'/
e
E1 G 1 1 1 1

0. 8a .15 .38 .45 .EQ .75

Epecimen Loadline Deflaction (mm)

TEST SPECIMEHW DATH

Material Type = HSST S/A Meld

Tezt Temperaturs = -75% C

Percent Side Groous =0 %

Specimen Thickness B = 25.94 mm

Initial a-W = .39¢

Init crack length a = 3@.26 mm

Flow strezs = 741 MFPa

Yield strezsz = 726 MFa

Youngs modulus E = 211588 MPa CEztimated Value?

J-INTEGREAL RAHARLYSIS
Failure Twps A (J at instability = Jico

Jic = 31.3 kI n~2
Kjc=(EJicH>~. 5 = &1.4 MPa “/m y=,3
Kic (Beta Corrected) = 73.4 MPa “/m v=.3 .

RETM EZ33%-21 AHARLYESIS

Modified Kic Equation; B = (EEn»~.5
Maximun Load F = 32.85 kN
S% Secant Offzet Fq = 33.85 kH
Kic = 79.4 MPa ~7m

Yalidity = INYALID--2
DATR CORRECTIONS WIED FOR J-IHTEGREHL DATH

Merkle-Corten OFFSET LOAD= B8 b OFFSET DEFLECTION = Z.452181¢ ZE
Specimen rotaticon Load intercept s£laztic slope = & FE-a5
Fitted elastic load range=400@ TO S886 Correction to J for crack exten
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1pEe

Boa

B |

Modified J (kJ/m~2)

SPECIMEM 68W-MA

/';.:#‘/
400 A / -
A
FAILURE TYPE C
cB8 (R curwve >f1.5 tam ) 4 .
MEA & ARSTM AMALYSIS AFFLICAELE
G* 1 Lt 1
g. o 1.8 1.5 c.u 2.5

Crack Extanmzion (mm)
TEST SPECIMEN DATA
Material Typs = HEET S-A Weld
Tezt Temnpsraturs = 264 C
Fercent Side Groove = 20 %
Specimen Thickness = 25.4 nm
Init crack length = SB.EZ mm Init as¥ = .&@82
Final crack length = 36,18 mm Final asH = .712
Flow stress = 371.8 MPa
Youngs modulus = 19556886 MFa CEztimated Yalusd
POWER LAN DRTR ¢ (Delta ad ~ H
Jic = 193.2 EJ/an2
Kjc = 197.7 MPa “vm
J (@IsT=8.8) =0 kJra~2
Exponent N = 6815
Coefficient C = 391.4 kI /mn2
T Caveragel = 13¢
LEARST SQUARE LIMEAR LIWE (ARSTMY J = M (Delta &> + E
Jic = 175.1 kJ /w2
Kjc = 185 MPa “/n
Slope M = 244415.2 kI m~3
Intercept B = 137.7 kJ/nre
T CASTHD = 14¢
Yalidity (Jig) = VALID
Validity (R-curve? = VALID
J maximnum allowsd = S76.5 kJ/mnd (Jnax=Enet*Flow strezsz- 200
Delta a max. allowed = 2,82 mm (Delta a max = 6.1%bad
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1 BaE . : ; : _ -
SPECIMEN 68MWHE

B@g

B@B

(kT /m~2)

J

40

Modified

FRILURE T{LE C
(R curve >/ 1.5 mm) B
MEA & ASTM ANALYSIS RPFLICAEBLE

/

1 Lt 1

1.0 1.5 2.0 2.5

Crack Extanzion (mm)

TEST SPECIMEN DATH

Material Type = AS33-B HS

Tezt Temperature =25 C

Percent Side Groove = 28 %

Specimen Thickness = 25.4 mm

Init crack length = 30.85 mmn Init asd = ,667

Final crack length = 34.89 mm Final asl = .€&86

Flow stress = €50.2 MPa

Youngs modulus = 205200 MPa (Estimated Yalue)

POWER LAW DATR J = € (Delta a) ~ N

Jic = 217 kJsn~2

Kjc = 211.3 MPa “/m

J @J/T=5.8D = 981.6 kJ/mn~2

Exponent N = ,6942

Coefficient ©C = 479.2 kJ/m~2

T Caverage)d = 156 v

LEAST SGUARE LINEAR LINE C(ASTHMY J = M (Delta ad + kB

Jic = 178.1 kJ/m~2

Kjc = 191.4 MPa \/nm

Slope M = 33666832.2 kJ/n~3

Intercept B = 131.9 kJ/mn~2

T C(ASTHD = 164

Validity <(Jic) = VALID

Validity (R-curve) = VALID v

J maximum allowed = 648.1 kJ/m~2 (Jmax=Bnet*Flow stress/2@)
~Delta a max. allowed = 2 mm (Delta a max = @.1%bo)

Final Delta a = 3.99 mm

Poisson’s Ratio (v> = 0
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4006 T

320

c40

180

Modified J (kJ/m~2)

T 1

SPECIMEN 69W-185

FHILUH! JYPE C
(R curve{> 1.5 mm)

TEST SPECIMEH TDRTH
Material Type

Test Temperature
Percent Side Groove
Specimen Thickness
Init crack length
Final crack lenath
Flow stress

nnnnuwmwnn

MEAR & ASTM ANALYSIS APFLICARBLE
1 10 1
1.6 1.5 2.0 =

Crack Extansion (mm)

ASZ3E Weld
288 C

28 x

Z29.4 mm
0.7 mm
42.56 mm

7684.5 MFPa

=

S ]

Init asW
Final a-H

nn
1}

. &
]

(4

Youngs modulus 196260 MPa (Estimated “alued
POWER LAW DIRTA J = C (Delta a2 ~ H

Jic = 188.3 kJ/m~2

Kjc = 142,77 MFa Nm

J (BIAT=2.87 = 212, kJ/m~2

Exponent N = .3873

Coefficient C = 191.5 kJ/m~2

T (average) = 31

LEAST SOUARRE LIMEAR LIME CASTHM» J = M (Delta a> + F

Jic = 112.1 kKJ/m~2

Kjc = 46,2 MFPa \rm

Slope M = 80167 kJ/m~3

Intercept B = 1085.7 kJ/m~2

T (ASTH = 31

Validity <(Jic) = VALID

Validity (R-curve? = VALID

J maxinum allowed = 784,55 kJ/m~2 (Jmax=Frnet#Flow =streszs
Delta a max. allowed = 2 mm (Delta a max = @,1+bo)d

X
XN

wmn

R
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80 T : ' : —

SPECIMEN 6SW 1088

64 | Cleavage
~ ’ Instability
z
7
- 48 1
o
o
J
¢

<
[ ]
E 32¢ 8
)
L]
(=X
v FRILURE TYFE A

{6 R curve < D.15mm excluzian line A

(Insufficient for analysis)

1 1 1

.80 .20 .40 .EO B0 1.88

®
AN

Specimen Loadline Deflection (ram)

TEST _SPECIMEMN DATA

Material Type = ARS33-F HSST WELD

Test Temperature = 18 C

Percent Side Groove = 20 %

Specimen Thickness B = 25.4 nmm

Initial asM = .61

Init crack length a = 30.92 mn

Flow stress = 759.8 MPa

Yield stress = 723.9 MPa

Youngs modulus E = 206600 MPa (Estimated Valued
Poisson’s Ratio (v) =0

J-IMTEGRAL RAHALYESIS

Failure Type A (J at instability = Jic)

Jic = €0.2 kJ/m~2
Kje=(EJic/(1-vA2)2~.5 = 111.6 HFa \/m v=,3
Kic (Beta Corrected) = g&.1 MPa “/n v=.3
ASTM EZ%9-21 ANALYEIS

Heditied Kic Equation; B = (EEn)~.S

Maxinum Load P = 38.9 kH

S% Secant Uffset Pq = 2€.77 kN

Kic = 74.2 HPFa “/n

validity = INVALID--2, 3

K &t Maximum Load 167.8 MPa “/n

DATA COGRFECTIONS USED FOR J-THTEGRAL "DATA

Merkle-Corten UFFSET LOAD= © It OFFSET DEFLECTION = 1.0937S97E7T17E-04 in.
Specimen rotation Load intercept elasztic slope = 0000032 b

Fitted elasztic lcad range= 25060 TO 2000 Correction to J for crack extenszion
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SPECIMEN ESH-160

2a r

pa
é/

x\\\\luleavage

J-IHTEGREAL ANALYSIS

Failure Type A (J at inztability = Jico
Jic = 22.4 EI w2
Ejc=CEJic>~.S = &8.1 MFa “/m
{ic (EBeta Corrected) = &4,1 MPa ~/m°
ASTM EZ33-21 AMALYSIS

Modified Kic Equation; B = (EEn>~.5

Ma Huum Load P = 38 kN

5% Secant Offset Pq = £9.24 kN

Kic = ¢&9,2 MFa ~/m
Yalidity = VALID Kic value

DRTHR CORRECTIONS USED FORE J-IHTEGREAL DHTH
Merkle-Corten correction

Correction for zpscimen rotation
Correction to J for crack

cxXtension

-~ /44 Instabil1ty
Z .
X p
- 21 ,4{
[l 7
; y
J ek
/5
3 Y
£ ouaf Vs |
0 /
Ly I//
o o
2 FRAILURE TYPE A
7 b K// F curve < B.1Smm exclusiaon line
//’ (Inzufficient for analyziz)
.’/
4
E] ’/ 1 L 1 I
=, 00 .12 .24 . DK .48
Specimaen Loadline Deflesction (mm)

TEST SPECIMEN DATH
Material Typs = HSET S7A Held (1>
Tezt Temperature =a C
Fercent Side Groowe = a
Specimen Thicknezs B = 5.4 mh
Initial a~H = 5
Init crack lenath a = e L
Flow stressz = V&2 MFa
Yield stress = 728 MFPa
Youngs moduluys E = 27208 MPa (Eztimated Yalusd

i

'an
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44 |

SPECIMEN B9K-112

/}/’ \\\M__]Pi“'wqw

Inztability

Z //'/
- 33 Fr P
1al p
& fﬁ/
_‘ r::"'.
= &
u s
& 22 F e
o r
° e
H & FRILRE TYPE A
x4 .
11 F yd R curve < B.1Smm excluzian line
f/f (Inzufficient for analysis?
7
Ip 1 1 1 1
[, 80 L2 .48 .Ed LBo
Epecimsn Loadline Deflaction Cmam)

TEST SPECIMEW DATH
Material Twpe
Temperature
Fercent Side
Specimen Thicknes == B
Initial a~sH

Init crack lerngth a
Flow strezsz

Yield stress

Yourngs modulus E
J-IHTEGRAL AHALYEIZ
Failure Type AR (]
Jic

szt

';f Cho e

"

Loin

— nc
'O K

Kjo=(EJic)>~, 5

Kic (Beta Corrected?
RZTH EZ99-81 AHALYSIS

Modified Kic Equation;

Maximum Load F

S% Secant Dffzet Fq

¢
Validity
DATH CORRECTIOHNES USE

mmnnmnn

B

S5T S<A Meld (I
C

[ IO e o
le] 0w

D@ Lo
2 00 "

.4 mnm

-
w0

.41 mm

& MFa

MFa
MFPa

PY =) =) e
o (N ]

Yalued

L.
-
=
)

CE=timat e

ability = Jic)
£2.1 kI/nan2

113.7 MFPa ~ra u=. 3
S93.S MPa ~-m vw=,3
= (BEn)~. 5

4% kH

34.41 kN

&s. MPa N’m

INYALID--1, 2, 3

I FOE J-IHTEGRAL DATH

Merkle-Corten correction

Correctican for specimen rotation

Correction to J for

crack

extenszion ..

. B
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(kJ/ma2)

Modified

TEST SPECIMEN DATH

Material Type

Test Temperaturs

Percent Side Groove
Specimen Thickness

Init crack length

Firnal crack length

Flow stress

. Youngs modulus
FOWER LAW DARTAH

1 1 T T
SPECIMEM 69N-118
320 ! 4
— St ol
240 ,/f vl -
v -‘d:.F:-'v--”'-'l/}—:’J+ -
o~
- ‘iﬁfi !
/ aﬂﬁpy,/f r
168 ¥ ] .
|~
| l
7] \ FRILURE TYPE C
(8] ff:x (R Curvi(> 1.5 mm) .
*: { MER % ASTM AMALYSIS AFPLICARELE
I |
E‘ i ; i [l if 1 )
6. .5 1.8 1.5 2.0 2.5

Crack Extanzion C(mm)

.
N

PY IO Y P D
mamo M
o~

mm
e 23 M Init asH
41.81 mm Fimal asH .
v84.95 MFa
196280 MPa CEztimated Yalue)d

r
LN |

W

C (Delta ar» ~ H

Jic

Kjc

J (@I-/T=5.8)
Exponent
Coefficient
T Caverage)

116.5 kJ/m~2
145.2 MPa N/m
199.9 kI /w2
. 3597

187.3 kJ/7n~2
29

LEAST SOUARE LIMEAR LIHE C(ASTHY J = M (Delta a) + B

Jic

Kic

Slope’ 8]
Intercept B
T C(ASTHD

validity <(Jic)

Validity (R-curve)

J maxinum allowed
allouwed

Delta a max.

nw e uwann

166.6 kJI/n~2

142.6 MPa \/m

86534.9 kJ/mr3

168.1 kJ/m~2

33 )

VALID

INVALID--3 (1.66 vz .33)

715.2 kJ/m~2 (JImax=Eret*Flow stress 20>
2.26 mm (Delta a max = 0.1%bo)
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60 r T T T T

SPECIMEMN ESMK-1206

49 . //’/L/x~n~“;~‘lzleavage N

Instabiii1ty

2 ;
Z
- 36 4 -
o
a]
-
<
o
g 2ar :
0
LA
o
)
FRILURE TYPE R
e R curve < B.13mm exclusian line A
(Insufficient for analysis)
,/
1 1 1 1
Q. 0o .25 .50 .75 1.bo 1.25

Epeciman Loadline Deflection (mm)

TEST SPECIMEH DRTA
Material Type

HSST S/A Held

Test Temperature = 58 C

Percent Side Groove =0 X

Specimen Thickness B = 25.4 mm

Initial asH = .6

Init crack length a = 38.48 mm

Flow stress = 739.4 MFa

Yield stress = 7@3.3 MPa

Youngs modulus E = 284288 MPa (Estimated Value)d

J-IHTEGRAL AHWALYSIS
Failure Type A (J at in
Jic

tability = JicO
6.5 kJ/m~2

n o nw

Kje=(EJic>~.S 123 MPa “/m v=,3
Kic (Beta Corrected> 9.3 MPa \/m v=,3
ASTH E399-81 RHALYSIS

Modified Kic Equation; B = (BEn>~.5

Maximum Load P = 48.5 kN

5% Secant Offset Pq = 34.67 kN

Kic = 82.7 MPa “/m
Validity = IMYALID--1, 2, 3

DATA COREECTIONS USED FOR J-TIHTEGRAL DATAH

Merkle-Corten OFFSET LOAD= @ 1b OFFSET DEFLECTICOH = 2.381682¢
Specimen rotation Load intercept elastic slope =-2.8571428%
Fitted elastic load range=3408 TO 588 Correction to J for crac

QEBLIEE-BGS in.
SYI14E-B7 1b
k extension
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108

Sea T T T
SPECIMEM 69W-122

400 f l -
3 /
¢ / /x/
S %ﬂf’e
- 300 / 4{ﬁf#f’f .
S’ /-'\-
- - /

/ ~

L zoof P 4 / |
* | »
) "
= * FRILURE TYPE C

(R curveL> 1.5 wm) S
MEA & ASTM AMRALYSIS AFFLICAELE

J

1 12

TEST SFECIMEH DATH

Material Type
Tezt Tenperature

wn

Fercent Side Groove

Specimen Thickness
Init crack length
Fimal crack length

Flow stress
Youngs modulus

FOWER LAW DATA J

nowononoenun

1.0 1.5 c.a 2.5
Crack Exterzion Cmm)
HSST S/A Weld
264 C
28 %
25.4 om
S0.23 mm Init asW = ,595
41.91 mm Firal a-HW = 825
€97.8 MFa
195508 MFPa (Eztimated Yalued

C (Delta a» ~ H

Jic

Kjc

J (@JsT=8.8)
Exponent H
Coefficient C
T Caverage)

non onouwon

121.5 kJrm~2
154.1 MPa ~“m
282 kJsm~2

.

L]
<

Qr =J
3 0 o

kI mn2

$a PO e
[ AV S )

LEAST SOURRE LIMEAR LIME (ASTMY J =N (Delta a) + F

Jic

Kjnc

Slope M
Intercept B

T (ASTH>
Yalidity (Jic?

Validity (R-curwve)
J maximum allowed
Delta a max. allowed

123.7 kJ7m~2
155.5 MPa ~“m
121362.9 kJ -3
112.9 kI w2

49

VYALID

VARLID

782.5 kJ/m~2 (Jmax=Pnet*Flow strezz/ 20
2.86 mm (Delta a max = 6.1*bod
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48@ 1 T ] T
SPECIMEN 69N-137
326 { % -
¢ / / / x
2 240 j " .
Lo} ]*
- { *
2 1ed f , [ -
+ j ¥
- % l
[m]
= } * FAILURE TYPE C
g0 « (R curvel > 1.5 mm) -
A / MER % ASTH HJHLYSIS APFLICAELE
@ ¢ L 1 1 1( 1
6.6 .5 1.0 1.5 2.8 2.
Crack Extanzion (mm)
TEST SPECIMEN DATA

Material Type = AS33-B HSST WELD

Test Temperature = 56 C

Percent Side Groove = 0 %

Specimen Thickness = 25.4 mm

Init crack length = 30.24 mm Init asi
Final crack length = 34.14 mm Final asH
Flow stress = 739.5 MPa

Youngs modulus = 204409 MFPa

POWER LAWK DATA J = C (Delta a)> ~ N

Jic = 69.2 kJ/m~2

Kjc = 119 MPa “/m

J (@eJsT=8,.8> = 496.1 kJ/m~2

Exponent N = ,4272

Coefficient C = 137.9 kJ/m~2

T Caverage) = 25

LEARZT SQUARE LIMEARR LINE (ASTHM) J = M (Delta a) + P
Jic = .2 kJ/m~2

Kjc = 6.8 MPa \/m

Slope M = 124470.1 kJ/m~3

Intercept B = .2 kJ/n~2

T (ASTMD = 47

Validity (Jic) = INVALID--b, ¢ (1.11 vs ,58&)
Yalidity (R-curve? = INVALID--1,2, 3 (1.11 vs .3
J maximum allowed = 759.7 kJ/m~2

Delta a max. allowed = 2.066 mnm (Delta a max =
Final Delta a = 5.02 mm

Poisson’s Ratio (v) =0

<595
672

(Estimated VYalue?

0.1#%bo)

wn

(Jnax=Bnet*Flow stress/ 20>
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500

400 l

2o

Modified J (kJ/ma2)

108

i I T

SPECIMEN 63W-146

FAILURE TYPE C
(R curve!> 1.5 nm) .

TEST SPECIMEH DATH

Material Type
Tezt Tempesrature

Fercent Side Groove

Specimen Thickness
length
length

Init crack

Final crack
Flow stress
Yourigs modulus
POWEFR LAM DATH

MEAR & ASTH AMRALYSIS AFPLICAELE
1 10 1
1.0 1.5 c. 8 2.5

Crack Extanzion C(rm)

Jic

Kjc

J (@JsT=E.8)
Exponent N
Cozfficient C
T Caveraqs)

LERST SERUAREE LIHEAR LINE

HSST S/A MWeld (12

121 C

28 X%

25.49 nm

Z8.37 mm Init al =
29.51 mm Fimal a-H =
7i1.6 MPa

260208 MFa CEstimated VYalush
Delta ar» ~ M

172.4 kI w2

186.4 MFa ~-m

246.4 kI w2

L4851

29z2.8 klsn"2

49

CASTM> J = M <Delta a» + F

Jic

Kic

Slope M
Intercept B
T C(ASTHY

Yalidity, (Jic)

Yalidity (R-curwve)
J maximum allowsd :
allowed

Delta a max,

169.3 kI m~2
124.1 MFa Nom
129546.2 kJ/m~3
152.9 kI n~2

St

VALID

VALID

722.5 kJ/m~2
2.84 mm

(Imax=Fret*Flow ztresz- 2@
(Delta a max = @.1%bod
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500 T T T T
SPECIMEM 69MK146
400 I f f -
5 / -
< a2
A=
> 300 - ]
N~ _j‘:,*"‘
m ,fﬁﬁﬂﬁﬁﬁ} /
s
2 zom / -
.
2 /
=
= FRILURE TYPE C
109 (R curve!> 1.5 wmm) 4
MER & ASTM AMRLYSIS AFPFLICAELE

@:f 1 18 1
%] 1.8 1.5 2.u =
Crack Exteanzion C(mm)

TEST SFECIMEN DATRH

Material Type = HSST S/A HELD

Test Tempsrature = 284 C

Percent %Side Groove = 26 %

Specimen Thickness = 25.4 mm

Init crack length = 31.85 mnm Init asll = 611

Final crack length = 41,86 nm Final! a-WN = .&824

Flow stress = €97.8 HPa

Youngs modulus = 195569 MFa (Estimated Yalusd

FOMER LRW DIATA J = C (Plelta a) ~ H

Jic = 142.6 kJ/ /w2

Kjc = 167 MPa ~/m

J (@J-T=E.8D = 298.5 kJ/nn2

Exponent N = .4073

Cosfficient C = 249 kJs n~2

T {average) = 43

LEAZST SRUARE LINERR LINE (ASTM)Y J = M (Delta a) + E

Jic ’ = 152.7 kl/m~2

Kjc = 1?72.8 MPa \/m

Slops M = 1816285.8 kI /m~3

Intercept E = 141.6 kEJ/n~2

T CHSTHS = 41

Yalidity (Jic? = YALID .

Yaltidity (R-curved = IHYALID--3 ¢,.42 vz .29

J maximun allowed = §688.86 kJ /a2 (JImax=FErnet*Flou =trezs-208

Delta a max. allowsd = 1,98 mw (Delta a max = @.1%kbo)

w
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SaG T ) T T
SPECIMEN 63N-157
._‘d—P‘
4006 |- j : l -__f‘ﬂ-'d .
l‘<lJ ’ Pt S
F
= / A
~N - }
> 300 | ; _FF -
~ )l _»:"’:;"
;_,/
- zeo r -~ / -
“ 4€7ﬁ!
s | 4 :
= < |
= /‘} FRILURE TYPE C
108 - ‘{*\ (R curvel> 1.5 mm) -
;; f MER & ASTM HMELYSIS AFFLICAELE
[ /
) 4}!; / i 1 12 1
8.8 . 5 1.6 1.5 c. 6 2.
Crack Extarzicn C(ram)
TEST SFECIMEN DATA .
Material Type = HEST S/A MWeld (I
Tezt Tempsraturs =121 ¢C
Percent Side Groowe = 28 %
Specimen Thickneszs = 25.4 mm
Init crack length = 3B.16 mm Init asll =
Final crack length = 48,5 tm Final a~sl
Flow stress = 711.¢ MFa
Yourngs modulus ©o= 20030806 MFa (Estimated Malue)d
FOMER LAWK DATA J = € (Delta ar» ~ M
Jic = 156.3 kI n~&
Kjc = 173%.5 MFa ~“/m
J (@l T=8,27 = 349,86 kl/w~2
Exponent H = 4634
Cosfficient C = 281.6 kI /m~2
T Caverags) = 54
LEAST SGUARE LIMEAR LIME (ASTHM> J = M (Delta a>» + E
Jic = 142.3 kJ/n~2
Kjc = 172.9 MFPa \’m
Slope M = 1390087.6 kI m~3
Intercept B = 134.7 kJ/m g
T CASTH = §5
Validity (Jic) = VRLID
Yalidity (R-curve)d IMVALID--1
J maximun allowed 722.%9 kJra~2 (Jmax=Enet*Flow stress- 20

Delta a max. allowed

286 mm (Delta a max =

8. 1xbad

n
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35 : . r ;

SPECIMEM €9K-159

ca r Cleavage
~ Instabiltty
prad
Z
- 21F
o
a]
-
o
QO
E 4y
0
/L)
U

FRILURE TYFE R
Tr R curve < B.13mm exclusian line
(Insufficient for analysis)
A . . . 1

U]
o
Lix}

12 .24 . 26 .48

Cpecimen Loadline Deflection (mm)

TEST SFPECIMEN DATA

Material Type = HESST S/A Weld
Test Temperature = -35 C
Percent Side Groowe =8 %

Specimen Thickness B = 25.4 nm
Initial a-sil = .589

Init crack length a = 29.9 mm

Flow stress = £€63.8 MFPa
Yield stress = ?773.5 MPa

Youngs modulus E 2891868 MFa (Eztimated VYalue)d
J-IHTEGRAL AHALYSIS
Failure Type A (J at irn
Jic :
Kjc=CEJic>~.5

Kic (Beta Corrected?
ASTM EZ299-21 AMALYSIS
Modified Kic Equation;

tability = Jic)

21.3 kJ7mn~2

€6.7 MFa ~N/m v=,3
63.6 MFPa “Nrm v=,3

0w nin

= (BEn>~.95

B
Maximum Load P = 28.68 kN
5% Secant Offser Pq = 28.6¢& kN
Kic = €5.4 HMFa N\N“m
Validity = VALID Kic value

DATA CORRECTIOHS USED FOR J-IHTEGRAL DATA

Merkle-Corten OFFSET LOAD= @ 1b OFFSET DEFLECTION = 1.8&872%
Specimen rotation Load intercept elastic slope = 1.81818
Fitted elastic load range=3460 T0 S668 Correction to J for ¢

.E@
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ea T 1 L) 17
SPECIMEN 6SH-166

64 Cleavage -
Instability.

~
z
X
-’
- 48 E
o
[a]
4
c
@
E 32 =
i}
v
2
wn

FRILUFE TYFE A
16 - R curve < P.1Smm excluzian line A
(Insufficient for analysis)

L 1

g.GB .30 .EO .80 1.20 1.50

Specimen Loadline Deflection (ram)

TEST _SPECIMEN DRTA

Material Type = AS33-B HSST MWELD

Test Temperature =16 C

Percent Side Groove =0 %

Specimen Thickness B = 25.4 on

Initial asH = ,594

Init crack length a = 30.19 nn

Flow stress = ?739.5 MFa

Yield stress = ?723.9 MPa

Youngs modulus E = 2066600 MPa (Estimated Value)d
Poisson’s Ratio (v) =@

J-INTEGRAL ANALYSIS
Failure Type A (J at instability = Jicd

Jic = 62.3 kJ/n~2
Kjc=CEJics7¢1-v~23>~.,5 = 112.5 HFa \/m v=,3
Kic (Beta Corrected) = 91.3 MPa “\/m v=,3
ASTH E£399-81 AMALYSIS

Modified Kic Equation; B = (BEnd~.S

Maxinun Load P = 45.6 kN

5% Secant Offset PqQ = 25.35 kH

Kic = $9.1 MPa \/n

Validity = JHVALID--3

K at Maximum Load 106.3 WPa \/n

DATA CORRECTIONS USED FOR J-INTEGRRL DARTA
Merkle-Corten OFFSET LOAD= @ 1b OFFSET DEFLECTION
Specimen rotation Load intercept elastic slope

[N

Fitted elastic load range= 2500 TO 2000 Correction to J for crack extsnsion
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500

Modified J (kJ/m~2)

T T T T -
SPECIMEN ?@0W-184 . "
//f//’*
480 r l ~ /
s
/ 2 ="
o
-
306 - /
[ 7
> /
| LA
Juls S Jf/f’ff*’ /
7
s -
: FAILURE TYPE C
108 "d¢ (R curvef> 1.5 mm)
}2{ ’.f MEF & ASTM ANALYSIS AFFLICAELE
@k ./ i 1 12 1
B.g .5 1.0 1.5% 2.0 2
Crack Extension (mm)
TEST SPECIMEN DATH
Material Type = HSEST S/A Weld <(ID
Test Temperature =121 C
Fercent Side Groowve = 208 %
Specimen Thickness = 25.4 nm
Init crack length - = 27.51 wnm Init aslW = .541
Final crack length = 37.57 nm Final asW = ,?733
Flow stress = 549.82 iMFa

Youngs modulus

POWER LAW DRTAR J =

2003608 MPa

C (Delta a)> ~ H

Jic

Kjc

J (@J/T=£.8>
Exponent H
Coefficient C
T Caverage?

LEAST SOURRE LIMERE LXNE CRETM)

193 kI m~2
19€.6 MPa ~/m
537.9 kJ7/n~2
L4639

323.7 kJ/nr2

98

J =t

(Eztimated VYalue>

Jic

Kjc

Slope 5
Intercept B

T CASTMD
Validity <(Jic)

Validity (R-curve)d
J maximum allowed
Delta a max. allowed

187.9 kJ/mn2
194 MPa \/m

151318.7 kJ/n~3
162 kJ/m~2

106

VALID

INVALID--3 (.37 wvs .
558.2 kJ/mn2

2.33 mw (Delt

347

a a max = 8.1+bod

an

(Imax=Enet#Flow strezs-20)
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Specimen Loadline Deflection

TEST SPECIMEN DATH

Matsrial Typs
Test Temperature
Fercent Side Groo
Specimen Thickne
Initial ashl
Init crack lemgth
Flow =ztress
Yield stress
Yourgs modulus
J-IHTEGRAL AHAL'

IZ

' &
J

I

Failure Type
Jic
Kjc={(EJic>~.5
Kic
ARSTM E3Z9C

N

fr |

(Beta Corrected)
-&1 HAHALYSIS

Modified Kic Equationg

Maximum Load
5% Secant 0Offzet
Kic

validity

nwwn non

(LI L T I T - -

HZST S7R N
-125 C

@ %

Z5.4 mmn

. 544

27.61 mm
742.8 MFa
€22.5 MFPa
215088 MFPa

25 T T T T
SPECIMEN ?8k-111

20 A ___Cleavage
- 2 Instab1l1ty
2: ’
< 72
- |3 r
@
o
-
°
0
(0]
a V%
o Vs FRILIURE TYPE A

S /// R curve < B.15mm exclusian line
///' (Insufficient for analysisz)
//
£
G‘ / 1 1 ] 1
A, A . BB .12 .12 .24

Cram )

(Eztimated ¥Yalusd

{Eztimate:
(E=ztimated

tability = Jic
v kY mn~2
JI8.7 MPa %/m V)
28.23 MFa ~7m v

CEEn)>~. 5
.12 kN
268,11 kN
59 MFPa \~
VALID Kic

Nfdh}“

il
walue

DATAH CORFECTIONS USED FOR J-IHTEGRAL DATH
Merkle-Corten correction

Correctian for specimen rotation

Correction

to J for crac

k extenzion

(DU )

Yalusd
Valus)

0

—
i

!




277

Material
Tezt Temperature
Fercent Side Groove
Specimen Thickness B
Initial a-NW

Init crack length a
Flow stress

Yield stress

Youngs modulus E
J-IMTEGRAL AMRLYSIS
Failure Type A {(J ar
Jic

Kjc=<{EJic?»~.5

Kic (Bsta Corrected)

Type

ASTHM E23%-21 AMALYSIS
Moditied Kic Equatian;
Mazimum Load P
S% Secant Offsct Fq
Kic

Validity

DATR CORRECTIONS USED

Wowon owonowononw

instability =

nuun

1. 00

TS i i i 1
SPECIMEMN FBH-112

6O y; e Clea?age . .

— I Inztab1 )11ty
://

- 43 r . ]
: e
- >
< /
E o s .
0
m
=
! FRILURE TYFE R

13 F curve < B.1S5mm exclusian line A

(Insufficient for analysis)
,
g / 1 L 5 J
.84 .28 .40 . b .Bo
Specimeﬁ Léadlina Deflection (mm)

TEST SFECIMEM DATAH

27.8€ mm
€238 MFa
578 MPa
2626080 MPa (Estimated Value)
Jic)
£2.6 kJ/n~2
121.2 HMPa \rm
7.9 MPa \/m

= (BEn)~.5
$8.75 kH
24.97 kN
€9 HWPa N/m

INVHLID"I, 2, 3

FOR J-INTEGRARL DARTA

Merkle-Corten correction
Correction for specimen rotation

Correction to J

for- crack extension
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7?5

LI T T )
SFPECIMEN YBWH-113

€6 I Cleavage -
- _—"Instabtlity
Z
Z
- 43 -
e}
(w}
-
<
o
.E 38+ .
[4) ]
) s
= //

» yf FRILURE TYFE R
13 | /-"' R curve < B,13mm excluszian ling -
/// (Insufficient for analysis)
/f’/
4 - 1 1 1 _
@. a0 .2 .40 .EQ 1215 1.8
Specimen Loadline Deflection (mm)

TEST SFECIMEM DATA
Material Typs = HS3T S7A Held
Test Temperature = -g5%5 ¢C
Fercent Side Groouve = 6 X
Specimen Thickness E = 25.4 mm
Initial asW = ,544
Init crack length a = 27.65 mm
Flow stress = €38 MFa
Yield stres = 570 MFa
Younrngs modulus E = Z2az&sud MPa (Eztimated Yalus>
J-ITHTEGEAL AHALYSIS
Failures Tupe A 4J at instability = Jic)

Jic €5.5 kJsm~2

nuww

Kjc=tEJic»~.5 117 MPa N/m u=,3
Kic (Beva Corrected: = £3.1 HPa N/m u=.3
ASTH E299-21 AHALYSIS

Modified Kic Equation; E = (BEn)~.5

Mazimum Load F = 54.59 kH

S% Secant Offset Fq = 36.45% kH

Kic =71 MPa ~/m

Yalidity INYALID--1, 2, 3

IATA CORRECTIGNHS UZED FGF J-INTEGRARL DATH

Merkle-Corten correctiohn
Correction for specimen rotation
Correction to J for crack extension
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3515) T T T T
SPECIMEN 70W-115
480
a
<
13
o
= 360 |
Law )
- .
2 24p
G
o
= FRAILURE TYPE C
128 | (R curvegﬁ 1.5 mm) -
' / MEA % ASTM ANALYSIS APPLICABLE
£
] /
*g 2 / 1 [ 1) 1
0.6 .5 1.0 1.5 c.0 - 2.%

TEST SPECIMEN DATH

Material Type
Test Temperature

Fercent Side Groove
Cpecimen Thickness

Init crack length

Final crack length

Flow stress
Youngs modulus
FOWER LAW DATH

Crack Extanzion (mm)

RS33-F HSST WELD

30 C

28 x%

25.4 mm

28.22 mm Init asu
39.79 mm Final a-W
599.8 MFPa

205580 MFPa (Estimated Valuse)

» 9359
.783

C ¢(Delta a) ~ H

Jic

Kjc

J (pI/T=E8.8)
Exponent N
Coefficient C
T Caverage)

LEAST SAQUARE LINEAR L

IN

166.€6 kJ/m~2

185 MPa \/m

442.5 kJ/mn~2

.4144

277.7 kJ/mr2

68

E (ARSTM) J =M (Delta a) + E

Jic

Kic

Slope M
Intercept B
T C(ASTHD

Validity (Jic)

Yalidity (R-curve)d

J maximum allowed
lelta a max. allowed

Final DBelta a

Poisson’s Ratio (v

163 kJ/m~2

182 MPa N/m

123868.6 kI /m~3

146.2 kJ/n~2

71

VALID

IHVYALID--2

609 kJ/m~2 (Imax=Enet*Flow stress 282
2.26 mmn (lelta a max = B.1*bo>
11.34 mm

0
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?S T T T T

SFECINEN 7BH-119

ta - Cleavage .

" Instabi iy

o | |

FRILURE TYFE R

Specimen‘Load (kW)

1S d R curve < B.15%mm sxcluzion line A
(Insufficient for analyziz)
/'
‘3 - —l 1 1 L
.0 .20 .40 .60 .EBO 1.0a

Specimen Loadline Deflection Crmm)

TEST SFECIMEMN DATH

Material Tyupe = HIZT S/A HELD

Teztr Temperature = -1% C

Fercent Side Groove =0 % ’
Specimen Thickrness B = 2%5.4 nm

Inivial  arH = ,54%

Iniv crack length a = 27.9 nn

Flow ztress = €21 MFa

Yield ztress = S&1 WFa i

Youna:z mwodulusz € = 20009 HFa (Eztimarted Yalus)
J-ITHTEGFERL AHALYSIS

Failure Tupe A (J av dinstability = Jic)d

Jic = €9.9 kI nne

Kje=CElicy~ 5 = 117.1 MFa ~/m

Kie = §2.5 MFa “/u

ASTM E 23S

Modified Kic Equatic
Maimun Laad F 4.42 kN

Secant Offzet Fa S.28 kM

Kic = g%.9 MNFa “/m

Validity INYALID-~-1, &, &

DATR COFRECTIONS WIED FOFR J-IHTEGFAL DATH
Merkle-Corten OFFIET LOAD=s O 1b  OFFSET DEFLECTION
Specimen rovation Lead intercspt slastic
Fitted elaztic load range= 4000 TO 300 Corrsction

B = (EEn)>~.S

- o
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40 T T T T
SFECIMEN ?OK-125

32 Cleavage .
-~ Instabtl1ty
e
S
- 24 .
o
a}
|
<
Q
E 16 .
0
Qo
Q .
«w FAILURE TYPE R

ar R curve < B,13mm exclusian line A
(Insufficient for analysis)
@ 1 i 1 1
0.60 .16 .20 .30 .40 .50

Specimen Loadline Deflection (mm)

TEST SPECIMEN DATA
Material Type

HSST S/A leld

Test Temperature = -95 C

Percent Side Groove =8 %

Specimen Thickness B = 25.4 mm

Initial a-M = .54

Init crack length a = 27.41 mm

Flow stress = 708 MPa

Yield stress = 644 MPa

Youngs modulus E = 212600 MPa (Estimated VYalue)

J-INTEGRAL AHALYSIS
Failure Type A (J at instability = Jic)

Jic = 16.7 kJ/m~2
Kjc=(EJic>~.5 = 59.6 MPa “/m v=,3
Kic . (Peta Corrected) = 56.2 MPa “/n v=,3
ASTH E399-81 AHALYSIS

Modified Kic Equation: B = (BBn)>~.S

Maximum Load P = 36.8 kN

5% Secant 0Offzet Pq = 308.82 kN

Kic = 39 MPa “/m

Validity = INVALID--1, 2

DATA CORRECTINHS USED FOR J-INTEGRAL DATA

Merkle-Corten OFFSET LOAD= @ 1b OFFSET DEFLECTION 1.19871a79525E-04 in.
Specimen rotation Load intercept elastic slope ==-7.560975EQTEE-BS b
Fitted elastic load range=34806 T0 588 Correction to J for crack extension
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SPECIMEN POK-126

BB Cleavage 1
s AT Instakt ity

45 | 2 ' -

am b e §

Epecimen Load (kN)
N

e FRILURE TYFE R .
19 F ﬁﬂ E curve < B, 15mm exclusian l1ine S
i

& (Inzufficient for analysiz.

1 1 I

.48 . B LBA 1.6B48

iy

a
=
3|
ra
=
[

Specimsn Loadline Deflection (mm)

TEZT SFPECIMNEH DATH
Material Tuwpe = H
Tezt Temperaturs -
Fercent Sides Groous
Specimen Thicknezzs B
Initial a~<H . 542
Init crack lenagth a 27.51 mm
Flow =tress = €38 MFa
Yield stre =

o
e

n
Py 0

PRy B

G-
29.4 m

T — i
|
(£}
~d
Doy
=
[p

m
0
.Y
[
[x]
*
Dol
Ded
=
s
nl

Yourngs fxdulus CEztimated Yalusd
J-IHTEGEHRL AMALYSIS

Failure Tupe A <J av inztability = Jico

Jic = 71 kI m~2

Kjc=dEJicr~.9 = 121.7 MFPa ~7m u=,
Kic (Beta Corrected? 4.8 MWFa ~~m yu=,3
HSTHM EZ22%-21 AHALYEIIE -
Modified Kic Equation; =
Masimum Load F S
D% Secant Offser Fq = &
[
1

[\~

4

Kic = €6 MFa NAm
Yalidity = IHYALID--1, 2, =
DATA CORRECTIONS USEDR FOR J-IHTEGRAL DATH
Merkle-Corten correction

Correction faor specimen rotation
Carrection to J for crack extension
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Epecimen Loadline Deflsction (mm)

TEST SFECIMEH DATA
Material Type

Test Temperature
Percent Side Groove
Specimen Thickness B
Initial  asil

Init crack length a
Flow stress

Yield stress

Youngs madulus. £
J-IHNTEGEAL ARHALYSIS
Failure Type A (J at
Jic :
Kjc=C(EJic)>~.5

Kic (Beta Corrected)
ARSTM EZ99-81 AHALYSIS
Modified Kic Equation;

inst

inhnnaw

Maximum Load P
9% Secant Q0ffset Pq
Kic

nnwnwn e

Yalidity _
DATA CORRECTIONS USEDL FOR

S/A Held (1)

/
c

27.94 mm
742.8 MFa
€22.5 MFa

(Estimated Yalue?
(Eztimated Yalue)

2144048 MFPa (Estimated Yalue)
ability = Jig)

€.3 kJ/m~2

36.8 MFa ~“um v=,3

6.4 MPa /m v=,3

= (EEn)>~.5

13.82 kN
13.82 kN
3.3 MHPa ~/m

VALID Kic value
J-IHTEGERL DATH

Merkle-Corten correction
Correction for specimen r
‘Correction to J for crack

o R TS R

otation
extensian

1 ] L
CEECTMEN = | 2 /Q.
SPECIMEN 7@k-128 /{f, AN

16 | 2 Cleavage 1
—_ /{/, Instabi 11ty
= e
= f}’
- l2F . -
] s
- A
< 4
B U 5
E 8 fﬁg .
0 ;7, !
.
/
v Vi FRILURE TYFE A

¥
9 R curve < B.13mm exclusian line A
(Inzufficient for analysis)
;
@ 1 1 - ] A1
8. 00 . Be 12 .18 .24 .

LR

=
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Modified J (kJ/m~a2)

Flow stress

S42.€ MFa

360 T T T T
SPECIMEN ?0K-130
/ -
24e L o kT T
he
*Aﬁﬂi”
/“:":;.
180 | % }/,/
/r' - * {
sy
/:’; '*
f,.’/_'_‘.‘i'#(
120 ¥ ] .
7;;;?‘
; FAILURE TYPE C
(R curvel > 1.5 wm) .
MEAR & ASTM HIJHL‘(SIS AFFLICAELE
[ 1 [ |
.5 1.6 1.5 2.9 2.
Crack Extarmzion C(mm)
TEST SPECIMEH DATA
Material Type = AS3ZCZE MHeld
Test Temperature = 288 C
Percent Side Groowe = 208 X%
Specimen Thickness = 25.4 um
Init crack length = 28.7 mm Init asld = .56
Final crack length = 39.79 nm Final asW = .7E83

Youngs modulus

190200 MPa
t.

(Estimated Yaluel

POWER LAWK DATA J = C (Delta a» ~ H
Jic = 1B&.7 kJrmng
Kjc = 142.7 MFa “/m
J (@J-/T=8.82> = 287.8 kJ/w~2
Exponent = ,3£96
Coefficient = 1?7.9 kJI/mn~2
T Caverage) = 46

LEAST SOUARE LIHEAR LIME ¢(ASTHM) J = M (Delta ad) + F

Jic = 182.6 klJ n"~2

Kjc = 139.9 MFa v/

Slope = 74780.9 kJ/n~3

Intercept = 95.¢6 kJ/mw~2

T CASTMD = 48

Validity (Jic) = VALID

Yalidity (R-curve) = ITHVALID--3 (.37 vs .33

J maximum allowed = 5568.9 kJ/mn~2 (Jmax=Enet*Flow stre
Delta a max. allowed = 2.21 mn (Delta a max = O.1%*b

=
o

=.
?

-
‘e

)]
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SPECIMEN ?BN-131
460 l ! N
! '.'f/ ! _.Z-"’ #.___,-—-"'F
E / / f/ e
'_,' G S TE N o / j *5:’:-;; -
- !} § /
~ ! ! o
- / ¥ /
i 1 _,J"".P-'-’-..- R
- " '. /’:”f ”
2 zeo | / = / -
o+ e H
- |
E [ *
b Wl FRILURE ‘TVPE C
188 /I,}: (R -::urvej'l; 1.5 mm) ~
J"-* ! MER & RSTM ANALYSIS AFPLICAELE
* )
{ /
h |
E‘ + A 1 L. . lf' |
B.o .5 1.6 1.5 c.0 2.5
Crack Extension (mm)
TEST SFECIMEN DARTA
Mxterial Type = HSSET S/A Weld (1)
Tezt Temperature = 2084 C
Percent Side Groove = 28 %
Specimen Thickneszs = 25.4 mm
Init crack length = 28.28 mm Init avW = 556
Final crack length = 39.8 mw Final asl = ,783
Flow stress = 535.3 MPa '
Youngs modulus = 195560 MPa (Estimated Yalue?
POWER LAW DARTA J = C (Dhelta ad> ~ N
Jic = 135.4 kJ/m~2
Kjc = 162.7 MPa ~/m
J @J/T=g.2) = 412 kJsm~2
Exponent N = ,457
Coefficient C = 242.7 kJ/m~2
T Caverage) = 78
LERST SOUARE LINEAR LINE C(ASTHM> J =M (Delta a> + B
Jic = 123.9 kJ/n~2
Kje = 155.6 MPa “/m
Slope M = 124574.7 kJ /w3
Intercept B = 109.5 kJ/m~2
- T {ASTH) = 85
Validity (Jic> = VALID
Yalidity (R-curue)d = INVALID--1, 3 ¢.58 vs .33
J maximum allowed = 543.95 kJ/m~2 (IJmax=Bnet*Flow stresz-20)
Delta a max. allowed = 2.25 mm (Delta a max = B,1*bo?
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Boo

J

2
[t

Modified J (kJ/m~

;
/|

EOD -

soo b f

!
=]

SPECIMEN 7El-

-
-

(]
rn

FRILUFRE TYPE C
! (R curve = 1.
MER &

S mm3

rd 1 1 1

ASTH ANALYSIS AFFLICHELE

=
oy
—
=

TEST SFECIMEH DRATH
Material Type

Tezt Temperature
Fercent Side Groous
Specimen Thickness
Init crack length
Final crack length
Flaw =trez:z

Yourgs: madulus
FOWMER LAW DATA J =

Crack Extsnsion C(mm)

—t

b o
[

—
.

Init a<l

“
<3
2 Final a-H

ARLESE IR O - =
R ARSI I AT

J (eI T=E8.80
Jn

Expornent H
Coefficient C
T {auveraqs)

MFa ~-m

SRR N T
-
S
(R (8

kI me2

Ol T CSY WX X
- -J -

7
v

o
b=
e
pu)
=)
-
b
<

—
o

=1
LEAST SQUARE LIHEAR LIHE CHSTHD J =M (Ielta a> + F
Jic = 151.4 kKJlsm~2
Kje = 174.1 MPa “~“m
Slope M = ZB43632.9 lJ (i
Imtercept E = 122.2 kJ w2
T (ASTHMS = 135

Yalidity (Jich
Yalidity (R-curwve?

J maximum allouwsd
Delta a max. allowed

]

<545
S

CEztimated Yalusd

YALID

VALID

S52.2 kJ w2 (JImax=Erct*Flow ztr
2.31 nm (Delta a max =
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Ba + L T L]
SPECIMEN ?BW-133

64 - Cleavage b

~ Instability

<

<

- 48 r ~
o

o

-

<

Y

£ 32y ]
0

Q

(=3

)

FRILURE TYFE R
16 R curve < B, 1Smm exclusian lins A
(Insufficient for analysis)

e
@ / 1 1 1 ol
Q.68 .20 .40 .60 EO 1.Dba

Specimen Loadline Deflection (mm)

TEST SPECIMEN DATA
Material Typs

AS3Z3-B HSST HELD

Test Temperature = -%8 C

Percent Side Groove =@ %

Specinen Thickness B = 25.4 w

Initial .asWl = .55

Init crack length a = 27.91 nm

Flouw stress = 655.3 MPa

Yield stress = 572.3 MPa

Youngs modulus E = 210100 MFa (Estimated Value)d

Poisson‘s Ratio (v) )
J-INTEGRAL ANALYSIS

Failure Type AR (J at instability = Jic)

Jic = 47.6 kJ/n~2
Kje=CEJics7¢1=-v~2))~.5 = 1a6.1 MPa \/m - v=.3
Kic (RFeta Corrected) = 76.7 MFPa N/n . v=.3

ASTH E399-281 AHALYSIS
Modified Kic Equation; B = (BEn)~.5
Maximun Load P = 49,5 kN
S% Secant Offset Pq = 27.€6 kN

Kic S4.8 MFPa \/m

validiwy INVALID--3

K at Maximum Load = 98.1 MFa \/m

DATA CORRECTIOHNS USED FOR J-IMTEGRAL DATA

Merkle-Corten OFFSET LORD= 0 1b OFFSET DEFLECTION = 1.04€1€17
Specimen rotation Load intercept elastic slope =-.00000408
Fitted elastic load range= 2508 TO 20@0 Correction to J for ¢

YI1E-04 in.
S b
a

ck eMtension

I
v

r
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40 T T T T
SPECIMEN ?8H-137

32 + \_Cleavage
- Instabtl1ty
Z /3 . .
Z
- 24t
o
0
ot
<
Q
E 16 F
0
=
n

FRILURE TYPE A
g R curve < B.13mm exclusian line
(Insufficient for analysis)
1 1 1 1
2.00 .10 .20 .2a .49

Epecimen Loadline Deflection (mm)

TEZT SPECIMEN DATAH
Material Type

HSST S/A Weld

Test Temperature = -?5 C

Percent Side Groove =9 %

Specimen Thickness B = 25.4 mmn

Initial asH = ,548

Init crack length a = 27.86 mm

Flow stress = 683.5 MPa

Yield stress = 621 MPa

Youngs modulus E = 211500 MPa (Estimated Value)

J-INTEGRAL ANALYSIS
Failure Type A (J at instability = Jic)

Jic = 22.5 kJ/mn~2
Kjc=C(EJic)~.5 = 69.1 MPa \/n v=,3
Kic (Beta Corrected) = €2.5 MPa \/n v=,3
ASTM E399-81 ANALYSIS

Modified Kic Equation; B = (BBn>~.5

Maximum Load P = 35 kN

S% Secant 0Offset Pq = 35 kN

Kic . = 69.1 MPa “/m
Validity = INVALID--1, 2

DATA CORRECTIONS USED FOR J-INTEGRRL DATA
Merkle~-Corten correction

Correction for specimen rotation
Correction to J for crack extension
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60 T T T T
SPECIMEN ?8W-138

48 | “\_Cleavage 1
~ Instabtl1ty
=
Z
- 36 F . .
o
o
-
<
[ V]
€ 24 4
0
[+
o
w FAILURE TYPE A

12 F R curve < P.15mm exclusian line A

(Insufficient for analysis)
v
8.00 .15 .30 .45 .B0 .75

Specimen Loadline Deflection (mm)

TEST SPECIMEN DARTA

HSST S/A Weld

Material Type =

Test Temperature = =50 C

Percent Side Groove = 0 %

Specimen Thickness B = 25.4 mm

Initial a’H = ,551

Init crack length a = 27.99 om

Flow stress = 655.95 MPa

Yield stress = 594 MPa

Youngs modulus . E = 210000 MPa (Estimated Value)

J-INTEGRAL RANALYSIS
Failure Type AR (J at
Jic

instability =

Jie)
49.8 kJ/m~2

Kje=(EJic)~.5 = 102.3 MPa “\/m Tv=,3
Kic (Beta Corrected) = 79 MPa \/n v=,3
ASTM E399-81 ANALYSIS

Modified Kic Equation; B = (BBn)~.5

Maximum Load P = 49,2 kN

5% Secant Offset Pq = 36.45 kN

Kic = 72.6 MPa \/m

Validity = JINVALID--1, 2, 3

DATA CORRECTIONS USED FOR J-INTEGRAL DATA

® 'b OFFSET DEFLECTION =

1.1126857086%E-04

in.

Merkle-Corten OFFSET LORD= ‘
Specimen rotation Load intercept elastic slope =-3,38095238095E-07 b
Fitted elastic load range=3408 TO 508 Correction to J for crack extension
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400 T

320

160

Modified J (kJ/m~2)

88

SPECIMEN 78H-14¢2

/ 1

FHILURE/TYPE c
(R curveL> 1.5 mm) -
MER % ASTM ANALYSIS AFFLICABLE

/

« |
- 1 1 10 - 1
8.0 " .5 1.0 1.5 2.6 2
Crack Extanszion (mm)
TEST SPECIMEN DATR
Material Type = AS33B Weld
Test Temperature = 288 C
Percent Side Groove = 28 %
Specimen Thickness = 25.4 mn
Init crack length = 27.94 nm Init asll = .55
Final crack length = 39.84 mm Final asW = ,.784
Flow stress = 542.6 MPa

Youngs modulus
POMER LAW DATAR J =

1296506 MPa (Estimated VYalus?

C (Delta a)> ~ N

Jic

Kjc

J (@J/T=8.8)>
Exponent N
Coefficient C
T Caverage)

LEAST SQUARE LIHEAR LIME C(ASTHMY J =

91.5 kJ/m~2

132.1 MFa N/n

249 kJ/mr2

.4102

165.2 kJ7/n~2

48

M (Tielta a> + B

Jic

Kjc

Slope M
Intercept B

T (ASTMD
Validity (Jic)

VYalidity (R-curve)
J maximum allowed
Delta a max. allowed

106.7 kJ7n~2
142.7 MPa ~/n
60966.1 kJ/m~3
100.7 kJ/m~2

40

VALID

IHNVARLID--1, 3 (.72 vs .34)

550.9 kJ/m~2 (IJmax=Ernet*Flouw strezs 20;
2.29 nm (Delta a max = B.1%bo)

wa

]
I
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500 — . . .
SPECIMEN ?@MW-145

400 | / / -
%i / ]
E / /‘
~ T
Sy T
~— j:.-;;.‘ /
2 / e
i L R
L zoo } / / -
‘.-'- / g )
o0 f,-/-"“
(=) 2 A
= ;}M FRILURE TYPE C

108 ~ | % ' (R curve)ﬁ 1.5 mm) .

7z / MEA % ASTM ANALYSIS APPLICAELE

Material

Percent

Final crack
Flow stress

1 12 1
8.0 e 5 1.0 1.5 2.a 2.
Crack Extanzion C(mm)
TEST SPECIMEH DRTAH
Type = HSST S/A Weld (I
Test Temperature = 24 C
€ide Groove = 208 %

Specimen Thickness = 25.4 mm
Init crack length = 28.87 mn Init ard = .552

length = 39.€2 mm Final asi = .?779

= §$35.3 MPa

Youngs modulus
FPOWER LAWK DATH

J

C (Delta a) ~

195508 MPa (Estimated VYalue’

N

Jic

Kjc

J (@J/T=£.8)

Exponent N
Coefficient C

T Caverage)

LERST SQUARE LIMNERE L

126 kJ7mn~2

157 MPa \/m

410.9 kJ/m~2

.4797

236.1 kJ/m~2

86

(Delta a) + B

M

Jic

Kjc

Slope M
Intercept B

T (ASTHD
Validity (Jic)

VYalidity (R-curve)
J maximum allowed
Delta a max. allowed

INE C(ASTMY> J

124.1 kJs/mn~2
155.7 MPa “/m
118205.8 kJ/m~3
118.4 kJ/mn~2

wn

81

VYALID

VALID

543.5 kJ/m~2 (Jmax=Enet*Flow stress-26>
2,27 mm (Delta a max = B.1%bo)
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256 ' |

cbo

156

100

Modified J (kJ/m~2)

L 1 1

SPECIMEN 71K-116

!

]
I

FHILURL TYPE C
(R curve »

1.5 mm)

TEST SPECIMEN DATR
Material Type

Test Temperature
Percent Side Groove
Specimen Thickness
Init crack length
Final crack length
Flow stress

Youngs modulus
POWER LAW DATR J =

Crack Extenzion (mm)

AS33E HSST Held
288 C

20 %

25.4 mm

28.17 mm

40.27 uwmn

532.6 MPa
1968068 MFa

. 554

. 792

Init arsld
Final asl

(Estimated Yalus)

C (Delta a» ~ H

Jic

Kjc

J (RJ/T=£.8)
Exponent N
Coefficient C
T (average)

LEAST SQUARE LINERR LINE (RASTMD

63.7 kJ/m~2
116.3 MPa “N/m
169 kJ/m~2

. 3686

111.4 kJ7n~2
31

J =M (Delta a) + B

Jic

Kjc

Slope M
Intercept B

T CASTMD
Validity (Jic)

Validity (R-curwve)d

J maximum allowed
Delta a max. allowed
Final Delta a
Poisson’s Ratio (v)

56.4 kJ/7n~2
163.7 MPa \/n
S36687.5 kJ/n~3
53.6 kJ/m~2
3¢

VALID

VALID

$40.8 kJ/m~2
2.26 mm

11.81 mm

]

(Delta a max = @.1%bo>

MEA & RSTM ANALYSIS APFLICABLE
1 1 1L 1
.5 1.0 1.5 2.0 e

[A)]

(Jmax=Bnet*Flow stress /20>
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7a =T T T T
SPECIMEN ?1k-112

36 Cleavage .
_ Instabili1ty
=
=
- 42 r .
™
o
|
5
E 28 [ .
Q |
n
by
o FRILURE TYFE A

14 r L R curve < B.1Smm exclusion line A

/ (Insufficient for analysiz)
K
@/ 1 1 1 [
B, ag .8 .40 .EB@ BB

Cpecimasn Loadline Deflection (mm)

TEST SFECIMEW DARTH

Material Type

Tezt Temperature
FPercent Side Groowe
Specimen Thickness B

Initial

Init crack length a

asl

Flow strezs
Yield stress
Youngs modulus
J-INTEGEAL ANARLYSIS

E

Failure Type A (J at ins

Jic

Kjc=C(EJic)~.5

Kic (Beta Corrected)

ASTM EZ99-81 ANALYSIS

Modified Kic Equation;

Maximum Load

5% Secant Offset Pq

Kic
Validity

p

o nnw

H5ST S/A Held (1)

g C :

a %

25.4 mm

. 548

27.82 mn

€15.9 HMFa

558 MFa

287208 MFa (Estimated Valuc)

tability = Jic)
91.8 kJ/m~2

138 MPa N/m v=,3
&9 MPa “n v=,2
= (BEn>»~.5

59.58 kN

31.86 kN

€1.2 MPa “/m
INVALID--1, 2, 3

DATA CORRECTIONS USED FOR J-INTEGRAL DRTH

Merkle-Corten correction
Correction for specimen rotation
Correction to J for crack extension

1.B@
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68 : T y T T
. , X
SPECIMEN ?1H-115/ \\\\\
48 ’ ) Cleavage
Inetabiltiy
36
24

Specimen Load (KkN)

) FRILURE TYFPE R
12 R curve < B.13mm excluzion line
(Insufficient for analysis)

‘I

4
@ 4 i | i 1
8. 00 .25 .50 .75 1.B@

Epeacimen Loadline Deflaction (mm)

TEST SFECIMEN DATA
Material Type

HEST S/R Meld (1>

Test Temperature @ C
Percent Side Groouve a %
Specimen Thicknezs E 2%.9 nm
Initial a-W . 348
Init crack length a 27.7 mm

€15.5 MFa
S58 MPa
28720 MPa CEztimated “alue

Flow stre=zs

Yield strezs

Youngs modulus E
J-IHMTEGERL AHALYSIS
Failure Tupe R <J at in
Jic

Kjc=(EJic)~.5

Kic (Eesta Corrected)
ASTH E299-321 AHALYSIS
Modified Kic Equation;

tdbility = Jic?
82 kJlrm~2
1~¢ 1 MPa N/ v=,3
2.1 MPa ~7/m v=,3

o nw

= (EBn)>~.5

)

Maximum Load P = §7.32 kM
S% Secant Offset Fq = 35.11 kN
Kic = E8,6 MPa “\/n

Validity = IHVALID--1, 2, 2
DATH CORRECTIONS USED FOR J- INTELFHL IATH
Merkle-Corten correction

Correction for specimen rotation
Correcticon to J for crack extension

na
on
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50 T

200

150

108

Modified J (kJ/mA2)

w
a

Ll 1

SPECIMEN 71W-117

/

FHILURZ TYPE C
(R curvi > 1.5 mm) "
MEA & ASTM ANALYSIS . APFLICAELE

f

10 1

@ . [ L .
2] 1.0 1.5 2.0 2.5
Crack Extension (mm)

TEST SPECIMEN DATA

Material Type = AS33B 02 Plate

Test Temperature = 288 C

Percent Side Groove = 28 X%

Specimen Thickness = 25.4 mm

Init crack length = 28 mm Init ast = .551

Final crack length = 28.85 mm Final asW = .5¢¢g

Flow stress = 532.6 MPa

Youngs modulus = 198886 MPa (Estimated Yalued

POWNER LAW DATA. J = C.(Delta ad> ~ N

Jic = 86.2 kJ/m~2

Kjc = 123.7 MPa “/m

J C@Js/T=8.8> = 08 kJ/m~2

Exponent N = ,2377

Coefficient C = 114 kJ/m~2

T (average) = 21

LEAST SOUARRE LIMEARR LINE (ASTHM> J = M (Delta ad + E

Jic = 51.8 kJsm~2

Kjc = 99.4 MPa “/m

Slope M = 113429.9 kJ/m~3

Intercept B = 46.3 kJ/n~2

T (ASTH> = 76 )

Validity (Jic) = INVALID--b, ¢ (.33 vs .12)

Validity (R-curve)d = INVALID--2, 3 (.33 vs .12)

J maximum allowed = 546.8 kJ/m~2 (Jmax=BEnet*Flow stresz=~ 282

Delta a max. allowed = 2.28 mnm (Delta a max = @.1*¥bod

Final Delta a = .91 mm

Poisson’s Ratio (v) =0
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580 T

T —T T
SPECIMEM ?1W-12@
404
o
<
E
~
> 300
o)
R~
-~ 200 _
¥ S
o g /
O .
= FAILURE TYPE C
180 (R curve £ 1.5 mm) .

MEA % ASTM ANALYSIS APFLICAELE

/

g.: 1 L! 1
a 1.0 1.5 2.0 2.5
Crack Extaenzion C(mm)
TEST SPECIMEN DATA
Material Type = HSET S/A Weld (1D
Test Tempsrature = 204 C
Percent Side Groove = 20 X%
Specimenrn Thickness = 25.4 mm
Init crack length = 28.52 mm Init asW = .[SE2
Final crack length = 41.2¢6 mm Final a-HN = .812
‘"Flow stress = 527 MPa

Youngs modulus

195560 MPa (Estimated Value)

C (Delta a> ~ H

FOWER LAW DARTA J =
Jic

Kjc

J (@J/T=£.8)
Expornent N
Coefficient C

T Caveraqe)

B EE

IH

95.3 kJ/m~2
13€.5 MFa ~/m
374.3 kJ/u~2

. 5426

205.4 kJ/m~2

82 .

E (ASTMY J = M (Delta a) + B

LERST SQAUARE LIHEAR L
Jic
Kjc
Slope M
Intercept B
T (ASTMD

. Validity (Jic)

Validity (R-curwve)
J maximum allowed
Delta a max. allowed

95.7 kJ/m~2
13€.8 MPa \/n
11495€ kJ/n~3

85.2 kJrmr2

81

VALID

INVALID--1, 3 ¢.51 vs .33)

935 kJ/m~2 (Imax=Enet%#Flow stress/20>
2.22 mm (Delta a max = ©.1*bo)
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SPECIMEN 71M-121

460 / / .
4 *
5 —% |
- » -
2 300
L]
-
2 zop b .
*
3 /
= FARILURE 'TYPE C

188 + (R curvajE 1.5 mm)} -

/ MEAR & ASTM ANALYSIS AFFLICHELE

1 12 1

TEST SFECIMEN DATH
Material Type

Test Temperature
Percent Side Groove
S€pecimen Thickness
Init crack length
Final crack length
Flow stress

Yourngs modulus
POUER LAW DATR J

1.0 1.5

Crack Extansion C(mm)

HSST S/A Held (1)
121 C

28 %

25.4 mm

27.81 mm

39.14 mm

545.5 MFa

266200 MFPa

.547
.77

Init a“sW
Final asMl

(Estimatea Value)

=L (Nelta a) ~ H

Jic

Kjc

J (@J/T=¢£.8>
Exponent N
Coefficient C
T Caverage)

LEAST SOURRE LINERR LIMWE (ASTM)

it nnnu

109.4 kJ/m~2
148 MPa \/m
383 kJ/mr2
.5253

225.3 kJ/m~2
83

J =M (Ilelta a) + k

Jic

Kjc

Slope iy
Intercept B

T CASTHD
Yalidity <(Jic)

Yalidity (R-curve)
J maximum allowed
Delta a max. allouwed

115 kJ/m~2
151.8 MPa ~/m
121637.2 kJ/n~3
182.2 kJ7mr2

g2

VALID

INVALID--1 _

$553.8 kJ/mr2 (Jmax=Pnet*Flow stress- /20>
2.3 mm (Delta a max = 0B.1#bo)
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' SPECIMEN ?1W-128
480 / / N
oy / —
< /
1S
S /x]’%
" 360 | .
St
- /
= .
2240} / .
[T
v 4
o
= FAILURE TYPE C
1208 (R curve 1.5 mm) .
MEAR & ASTM AMALYSIS AFFLICAELE
; /
@: 1 123 1
8.0 .5 1.8 1.5 2.0 2.5
Crack Extansion C(mm)
TEST SFECIMEN DATA
Material Type = AS533-B HSST WELD:
Test Temperature = 508 C
Percent Side Groove = 206 %
Specimen Thickness = 25.4 amn
Init crack lenagth = 28.21 mm Init aslH = 555
Final crack length = 38.74 mm Final asW = .7¢2
Flow stress = 569.5 MPa
Youngs modulus = 2044060 MPa (Estimated VYalue)
POWER LAW DATA J = C (Delta a> ~ H
Jic = 148.,7 kJ/mn~2
Kjc = 174.3 MPa “/m
J (@J/T=8.8) = 478.2 kJ/n~2
Exponent N = ,49€3
Coefficient C = 278.3 kJ/nn2
T Caverage? = 88
LEAST SQUARE LIHEAR LINE C(ASTMY J = M (Delta ad) + B
Jic = 145.7 kJ/n~2
Kje = 172.9 MPa ~/n
Slope M = 1410857.5 kJ/m~3
Intercept B = 127.6 kJ/n~2
T CASTMD = 89
Validity (Jic) = VALID
Validity (R-curve) = INVRLID--2
J maximum allowed = 578.2 kJ/m~2 (Jmax=Bnet*Flow stress/26)>
Delta a max. allowed = 2.26 mm (Delta a max = 8.1%bo>d
Final Delta a = 10.38 mm
Poisson’s Ratio (v> =0
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SPECIMEN ?1KW-131
' P
32 \\\\\ngeavage
- Instability
=
X
- 249 I
Lo}
0
-
o
4
E 16
0 |
L&)
)
FRILURE TYFE A
ar R curve < B.13mm exclusion lineg
(Inzufficient for analysis)
@ / [l 1 1 1
@, 00 .18 .20 .20 .48

Specimen Loadline Deflection Gnml

TJEST SPECIMEH DRTH

Material Type = HSSET S/A Held (I

Tezt Tempsrature = -58 C

Percent Side Groove =@ X

Specimen Thickness B = 25.4 mm

S Imitial  asi = ,583

Init crack length a = 28.0°% mm

Flow stress = 649.2 MFa CEzstimated VYalue?
Y¥ield stress = S87 MPa CEzstimated Yalued
Youngs modulus E = 2168106 MFa (Estimated Value?l

J-INTEGEFRL AHALYSIS
Failure Type A (J at instability = Jic)

Jic , = 21.4 kJ/n2
Kje=(EJic)~.5 = &€7.1 HPa “rn u=,3
Kic (BEeta Corrected’ = €660.2 MPa “/m v=,3
ASTM E399-81 AHALYSIS

Modified Kic Equation; B = (BEn)~.5

Maximum Load P = 34.14 kN

5% Secant QOffset Pq = 33.6€6 kN

Kic = 67.9 MPa “/m
Validity = INVHLID--l, 2

DATA CORRECTINNS USED FOR J-INTEGRAL DATA
Merkle-Corten correction

Correcticn for specimen rotation
Correction to J for crack extension

RN
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SPECIMEN ?71KH-138

L \\\\\\\\hsjeavage .
~ Instabiltity
=
Z
- 24 .
o
0
-
<
[ M]
E 16 [ -
0
Q
o
ot FAILURE TYFE A

8 r R curve < B, 13mm exclusion line A
(Insufficient for analysis)
/7
7
] 1 ] 1
.00 .12 .24 . 26 .48

Epecimen Loadline Deflection (mm)

TEST SPECIMEHN DATA
Material Type

HSST S/A Held

Test Tenperature = -76 C

Percent Side Groove =08 %

Specimen Thickness B = 25.4 mm

Initial a“sWl = .548

Init crack length a = 27.84 mm

Flow stress = 672.5 MPa

Yield stress = 609 MPa

Youngs modulus E = 211188 MPa (Estimated Yalue)
J-INTEGRAL ANALYSIS ’

Failure Type A (J at instability = Jic)

Jic = 22.2 kJ/m~2
Kjc=CEJico>~.5 = 68.6 MPa “/m v=,3
Kic (Beta Corrected) = 61.8 MPa \/m v=,3
ASTHM E399-21 ANALYSIS

Modified Kic Equation; B = (BEn>~.5

Maximum Load P = 34.9 kN

5% Secant Offset Pq = 34.91 kN

Kic = 68.8 MPa “/m
Validity = INVALID--1, 2

DATA CORRECTIONS USED FOR J-1INTEGRAL DATA

Merkle-Corten OFFSET LOAD= 8 1b
Specimen rotation

OFFSET DEFLECTION =-1.99267238415E-05
Load intercept elastic slope =-1.82926829268E-87 1b

.E8Q

in.

Fitted elastic load range=3480 TO 588 Correction to J for crack extenzion
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60 T T T T
SPECIMEN ?71KW-138

64 Cleavage b
- //ﬁ?ktabllnty
=z
X y
- 48 F J
]
0
-
<
(8]
E 32} .
o
Q
t=X
@ FAILURE TYFE A

l6 | R curve < B, 13mm exclusian line A

fInsufficient for analysis)
e 1 L 1 - 1
0. 00 .12 .24 .36 .48

Specimen

TEST SPECIMEM DATH

Material Type =
Test Temperature =
Percent Side Groove =
Specimen Thickness B =
Initial asl =
Init crack length a =
Flow stress =
Yield stress i =
Youngs mcodulus E =
Poisson’es Ratio (v) =
J=INTEGKAL ANALYSIS
Failure Type A (J at inst
Jic =
Kjc=(EJic/(1-v~2))>~.5 =
Kic (Beta Corrected’ =
ASTH E39%9-81 AHALYSIS
Modified Kic Equation; B
Maximun Load P =
S% Secant Offset Pq =
Kic =
Validity =

K at Maximum Load =

.EQ

Loadline Deflection  (mm)

RS32-B HSST NELD
-0 C

0 %

25.4 mm
.55

27.95 mm
€35 HPa
577.8 HPa
208960 MPa
0

(Estimated Value)

Jied
/me2
N/
Y%

m
n

™

y
J
[
F

I ZIX

o

Pli
.9
.6
.9

NN e
WLeo

= (BBn)~.5
37.8 kH
27.02 kN
53.7 MPa “/m
INVALID--3
75.1 MPa “/m

DATA CORRECTIONS USED FOR J-INTEGRAL DATA

Merkle-Corten OFFSET LORD=
Load intercept elastic slope =-.0060000325 It

Specimen rotation

Fitted elastic load range=

O Ib OFFSET DEFLECTION = 6.7018514532SE-05 in,

25006 TO0 2000 Correction to J for crack extension
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400

300

Modified J (kJ/m~2)

108

SPECIMEM 71WH-149

FRILURE TYPE C
(R curve » 1.5 mm) 4
MEA & ASTM ANALYSIS APFLICAHELE

/

1 12 i

1.6 1.5 2.0 2.5
Crack Extarizion C(mm)
TEST SPECIMEN DRTH ,
Material Type = HSST S/A Held (I
Tezt Tenperature = 284 C
Percent Side Groove = 28 X
Specimen Thickness = 25.4 mm
Init crack length = 27.99 mm Init as = .55
Firnal crack length = 41.12 mm Final a-W = ,8a9
Flow stress = 527 HMFPa
Youngs modulus = 195588 MFa (Eztimated Yalues)
POWER LAW DATR J = C (Delta a) ~ H
Jic = 92 kJ/smr2
Kjc = 134.1 MFa \/m
J (@I/T=E.8) = 385.6 kJ/mn~2
Exponent N = ,4844
Coefficient C = 183.7 kJ/n~2
T (average) = 66

LEAST SOUARE LIHERR LIHE (ASTHD

J M (Delta ad + B

it

Jic

Kjc .
Slope M
Intercept B

T CASTHO
Validity (Jico

Validity (R-curve)
J maximum allowsd
Delta a max. allowed

89 kJ/mr~2
131.9 MFa \/m
98998.8 kJ/a~3
6.6 kJ/mn~2

70
VALID
VALID
35 kJ7n~2 {(IJmax=BEnet*Flow strezz /2867
2.2 mn (Delta a max = B, 1xbod
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500 T T ) T T
SPECIMEN ?1W-150
4860 / ; -
o
<
E
o
= 380 r
()
-
2 2ot
“
°
= FARILURE TYPE C
188 (R curvez5 1.5 mm) <
MER & ASTM ANALYSIS APFLICAELE
@ * L J 1¢ 1
8.0 .5 1.0 1.5 2.0 2.5

TEST SPECIMEN DATA
Material Type

Test Temperature
Percent Side Groove
Specimen Thickness
Init crack length
Final crack length
Flow stress

Youngs mcdulus

Crack Extension (mm)

HSST S/A HWeld (1)

121 C

20 %

25.4 mm

27.74 mm Init asi
39.75 mm Final arHN
545.5 MPa

200368 MPa (Estimated Value)d

. 546
. 782

POWER LAW DATA J = C (Delta ad> ~ N

Jic

Kjc

J (@J/T=£.8)>
Exponent N
Coefficient C
T (averag=>

199.9 kJ/m~2

155.5 MPa \/mn Kic (Beta) = 92.7 MPa ~/m
365 kJ/m~2

.4972

217.6 kJ/m~2

76

LEAST SQUARE LIHEAR LINE ¢(ASTM> J = M (Delta a) + B

Jic

Kjc

Slope M
Intercept B
T C(ASTH)

Validity (Jic)
Yalidity (R-curve)

J maxinum allowed
Delta a max. allowed

107.4 kJ/n~2
153.7 MPa \n Kic ¢(Beta) = 92.3 MFa “/m
116347.5 kJ/n~2

95.9 kJ/mr2

78

VALID

INVALID--1

553.8 kJ/m~2 (Jmax=Bnet*Flouw stress/20)

2.31 mm (Delta a max = 0.1%bo>
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80 T T T T
SPECIMEN ?1KW-151

64 }+ Cleavage ]
nstability

32t v I 1

Specimen Load (kN)

d FRILURE TYFE R
6 f/ R curve < B.15wmm exclusian line A
(Insufficient for analysis)

'l 1 L

.08 .12 .24 .36 .48 .60

O

Specimen Loadline Deflection (mn)

JEST SFECIMEH DARTA
Material Type

S33-F HSST HELD

=
Test Tempsrature = =30 C
FPercent $ide Groove = 0 %
Specimen Thickness B = 25.4 mm
Initial a~sl = ,$52
Init crack length a = 28.07 nm
Flow strezs = €25 MPa
Yield stress = $577.8 MFa
Younags mcdulus E = 263900 HMPa (Eztimated Yalue)
Poisson‘s Ratio (V) =0

J-IHTEGEAL AHALYSIS
Failure Type A (J at instability = Ji¢)

Jic = 25,3 kJI/m~2
Kje=CEJicsC1-uA2))~.5 = 72.8 NPa \/n v=,3
Kic (Peta Corrected) = €3.4 MFa “/m v=,2

ASTHM E39%-21 AHALYSIS

Modified Kic Equation; B = (EBEn)>~:S
Maximum Load P = 26.8 kN

S% Secant Offset Pq = 30.77 kN

Kic = 61.6 MFa \/n
Validity = INVALID--t, 2, 3

K at Maximum Load = ?73.7 HMPa \/m

DRTA CORFECTIONS USED FOR J-INTEGRAL DRTA

Merkle-Corten OFFSET LOAD= 0 tb OFFSET DEFLECTION = 7.88S374954SVE-Q6 in.
Specimen rotation Load intercept elastic slope = ,000003612% 1b

Fitted elastic load range= 2500 TO 2800 Correction to J for crack extension
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Appendix F

'L@AD;DISPLA(;EMENI AND J-R CURYES. AND PHOTOGRAPHS,
SUPPLIED BY OAK RIDGE.NATIONAL LABORATORY,
FOR TRRADIATED MATERIAL
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ORNL VALIDITY INDEX
Jie__ (ASTM E813)
1. < 4 data points between 0.15 and 1.5 mm exclusion

lines.

Data clustering problem.
BN < 25 Jaq/oy

be < 25 Ja/oy

dJ/da > oflow

0O O s W N

Delta-a prediction error too large,
'(delta-a)pred~(delta-a)meas| > 0.15 (delta-a)meas

Tegtgtivg Ji_- R Curve Procedure

1. < 3 data points betweenA (delta-a)=0 and secant line
[J=4/3%cy*(delta-a)]

2. < 10 data points between secant line and (delta-a)max
[0. 1%bo ]

3. (delta—a) prediction error too large,

! (delta-a)prea - (delta-a)meas; >
MINIMUM [0.15*(delta—a)meas,0.15*(delta’a)max]



Specimen 1D

02G282
02G285
02G288
02G298
02G3186
02G328
02G329
02G338
02G340
02G344
02G353
02G362
02G363
02G365
02G401
02G404
02G406
02G407
02G414
02G421
02G422
68WAD
68WBB
68WCE
88WDA
68WDC
68WHC
68WKB
6 8WKC
6 8WKE
68WLC
68WMB
68WMD
69W102

‘69W113

69W114-
69W116
69W119
69W121
69W126
69W142
69W143
69W144
69W149
69W153
69W160
69W165
69W167

308

Specimen ID
69W172

69W173
7T0W106
T0W107
T0W108
TOW110
TOW117
70W118
70W123
T0W124
70W1286
70W136
70W139
70W140
70W148
71W101
71W108
TiW111
71W116
71W119
TiW122
71W123
71W126
71W133
7T1W134
71W140
T1W141
T1W142
71W143
71W144
71W146
TiW147







LORAD (kN)

100

80

51%)

40

4%

310

| ORNL-DWG 87-7995
B2G282 58 DEGREES C

lTj ¥ 1

3 l [ 4 'l l L 1 L I 1 A A l i 'y

.2 .4 .B .8 l 1
DISPLACEMENT (mm)







LORD (kN)J

J=INTEGRAL (kJ/m~2)

5@
4D
30
20

10

1000
800
600
400

200

312

ORNL-DWG 87-7996

B2GAR285 121 DEGREES C
5
TSV A U NS A SO SR S SO S DU S S |
%] 1 2 A 3‘ 4 S
DISPLACEMENT (mm)
7 ORNL-DWG 87-7997'
B2GAR285 121 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
i A J (8.83%#Tavg) ® JIC(E-813)
[ s OFFSET LINES 8@ JIC(PWR LAW)
| - -—'!—— BLUNTING ::l__INE ¢ ACTUAL DELTA-H
S
:_ /, i‘
- § !
[ ) i _ eo
X 5 i O
_/; Lo %
- a ;
-/ {n"
H 1 | 1 ; 1 | Lt 1 1 i | PUR S |
%} 1 2 3 4 S

CRACK EXTENSION (mm)







LORD (kN?J

Se

49

20

10

314

B2GR288

ORNL-DWG 87-7998
/79 DEGREES C

39

' S

|

.2 .4 .6
DISPLACEMENT

.8

(mm)







LOAD (kN)

J-INTEGRRAL (kJ/mn~2)

316

ORNL-DWG 87-7999

B2GAR298 121 DEGREES C

B [ L 1 I L. 1 ! I l A i | 1 I i |

2 3 4
DISPLACEMENT (mm)

ORNL-DWG 87-8001

121 DEGREES C

B2GRA298
1eea MODIFTED-ERNST J-INTEGRAL __
[ A J (8.8%Tavgl ® JIC(E-813)
— - OFFSET LINES m JIC(PWR LAW)
gep [ 77 — [BLUNTING LINE @ ACTURL DELTA-H
600 —if i
[ 2 3
o
408 ' nb o
208 {; *
B r f Il 1 i | 1 A 1 i 1 1 1 1 1 1 1
2 4 6 8 10

CRACK EXTENSION (mm)
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ORNL-DWG 87-8002

(kN)

LORD

1%

30
20

10

@2G316 8@ DEGREES C

40 |-

] l L 1 L l L 1 L I

M

.2 .4 .6
DISPLACEMENT (mm)

.8







LORD (kN)

J-INTEGRARL (kJ/m~a2)

58
49
30
20

10

1886
808
(% 1%)
400

200

320

ORNL-DWG 87-8003
B2G328 288 DEGREES C

1 ' ¥ L] T ' ) LJ 1 l L) T

- N 1 1 l 1 i l 1 1 l L 1 l 1 } 1
%] 1 2 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87-8004
B2G328 288 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
i A J (8.8¥Tavg) o JIC(E-813)
[ OFFSET LINES m JIC(PWR LAW)
|- — ;‘—-‘— BLUNTING }_INE . ACTUARL DELTAR-A
L/
i /f o ¢
.y o
L / .‘ o @}
L A0
= -
oL
1 1 I 1 f ' I 1 1 I L 1 l L
7} 1 z 3 4 S

CRACK EXTENSION (mm)






J=INTEGRRL (kJ/m~2)

LOAD (kN)

190

80

51%)

40

20

200

168

120

2 e}
()

S
Q

322

ORNL-DWG 87-8005

B2G329 8@ DEGREES C
!
I
PSR Y SR SN VAN S SN S SO SV TN S T SN S SR |
%} .4 .8 1.2 1.6 2
DISPLACEMENT (mm)
ORNL-DWG 87-8006
P2G329 80 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
| A J (8.8%Tavg) [ JIC(E~813)
- OFFSET LINES m  JIC(PWR LAW)
- — — B/LUNTING LINE . @® ACTUAL DELTA-A
- W
i / 4
N o
! /
" =]
-/
/"
N D_
-/
/ |
I VA AT S AT S N VA ST WA DU SN S VN SN Y T
1 .2 .3 .4 .5

CRACK EXTENSION (mm)







LORD (kN)

J-INTEGRAL (kJ/m~2)

508
49

30

18

500
400
300

200

324

ORNL-DWG 87-8007 -

P2GR338 288 DEGREES C
[

/ L Il l 1 1 L l 1 L Fl l 1 1L L I 1 1 1
o .4 .8 1.2 1.6 2
DISPLACEMENT (mm)

o ORNL-DWG 87-8008
PeGA338 288 DEGREES C
i MODIFTED-ERNGT J-INTEGRAL
- A T (8.8%Tavg) @ JIC(E-813)
oo OFFSET LINES M JIC(PWR LAW)
- 7— — BLUNTING LINE @® ACTUAL DELTH-A
S ;
C e
¥ =
:M =
BN =]
?{5
; N TS R T S R T N VOO Y W NN VR SO
o 1 2 3 4 5

CRACK EXTENSION (mm)







LOAD (kN)

J-INTEGRAL (kJ/m~2)

50
40
30
20

10

509
400
300
200

1006

326

ORNL-DWG 87-8009

B2GAR340 204 DEGREES C

[
r—
1 1 L l 2 1 1 l 1 1 1 I ([ 1 1 l 1 1 1
1 2 3 4 )
DISPLACEMENT (mm)
ORNL-DWG 87-8010
BA2GR340 204 DEGREES C
i MODIFIED-CLRNST J-INTEGRAL
_ A J (8.8%Tavg? L JICCE-813)
[ OFFSET LINES ) JIC(PHR LAWKW)
- f—— —_ BLUNTI?IG LINE @ ACTUARL DELTAR-A
) i o e
8 j i o
[ oA
" { ]
N = o
R
(] o
F;l ) 1 I I j ] l 3 H } I 1 1 I ' 1 i L
%] 1 2 3 4 S

CRACK EXTENSION (mm)







LORD (kN)

J-INTEGRRAL (kJ/m~2)

100

80

(51%)

40

29

208

168

120

8g

40

o

328

ORNL-DWG 87-8011

v2G344 80 DEGREES C
L
i
}_
[ A 1 1 l 1 J 1 l (| L 1 l <L ' 'l I ) 3 L A
%} .4 .8 1.2 ‘1.6 2
DISPLACEMENT (mm)
. ‘ ORNL-DWG 87-8012
B2G344 88 DEGREES C ‘

i MODIFIED-ERNST J-INTEGRAL

i A J (8.8#Tavg) ® JIC(E-813)
[ OFFSET LINES m JIC(PWR LAW)
- —_— B/LUNTING LINE . @® ACTURL DELTA-RA
) o

- / o : ]

I / o

5 ; ®

D H

¥

Fom W | 1 l i l": A l 1 L 'l l ' L A l 1 A L
2 1 .2 .3 .4 -5

CRACK EXTENSION (mm)
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~ ORNL-DWG 87-8013
026353 5@ DEGREES C

LORD (kN)

50

30
20

10

40

l [ A 1 l 1 i i l

{

.1 .2 .3
DISPLACEMENT (mm)

.4







LOARD (kN)

J-INTEGRAL (kJ/m~2)

50

40

- 30

2o

18

1980

8P

500

400

2089

332

ORNL-DWG 87-8014

B2G362 121 DEGREES C
[
¥
L )\ 1 l Il 'l L | L '} 'R l 1 o | 1 I L L 'l
%] 1 2 3 4 S
DISPLACEMENT C(mm)
: ORNL-DWG 87-8015
B2G36°2 121 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg) [ JIC(E-813)
[ <o OFFSET LINES @ JIC(PHWR LAW)
|- — !-—- BLUNTING ::LINE @ ACTUAL DELTA-A
)
- J! _ a L
C /i H o
e
-/ 8 |
1 l ' 3 1 | 1 1 L i 1 1 l 1 Fl
1 2 3 4 S

CRACK EXTENSION (mm)







(kN

LORD

J-INTEGRAL (kJ/m~a2)

Se

49

39

2e

10

500

400

300

280

334

ORNL-DWG 87-8016

B2GA363 284 DEGREES C
L
1 1 1 | I I 1 1 1 1 1 I L L2 1 A L
(%) 1 2 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87-8017
B2GA363 204 DEGREES C
- MODTFTED-ERNST J-INTEGRAL
i A J (8.8%Tavg) ® JIC(E-813)
[ o OFFSET LINES B JIC{(PWR LAWK
- T— —_ BLUNTI?IG LINE <« ACTURL DELTR-H
[ i .
oy ‘o
L o4
L] o
- H o ;
e
e
gﬁ
Jjg H
‘ }
a El ' 1 | A r’ A | A 1 'l | i 1 1 | ) 1 1
%)

CRACK EXTENSION (mm)






336

ORNL-DWG 87-8018
B2G365 58 DEGREES C

LORD (kN)

1%

20

40

30

19

I '} ' ] l L [} L l

1 .2 .3
DISPLACEMENT (mm)

.4







338

S ORNL-DWG 87-8019
- 82G491 -25 DEGREES C

LORD (kN)

50

49

30

20

10

LI LB

R | ' L] LB I L] L]
\

1 L l ] L '} l I 1 L l

.1 .2 .3
DISPLACEMENT (mm)

.4







340

ORNL-DWG 87-8020
02G404 58 DEGREES C

LORD (kN)

=17

40

30

20

19

L

T T L]

Il’r‘jl

l ) E— ' l 'l L 1 l

.2 .4 .6
DISPLACEMENT (mm)

.8







LORD (kN>

50

40

30

28

18

342

ORNL-DWG 87-8021

B2G446 —-25 DEGREES C
!
:
O TP BT |
2 . 1 .2 .3 .4
DISPLACEMENT (mm)







(kN)

LORD

5@

40

30

20

10

344

ORNL-DWG 87-8022
B2GR447 58 DEGREES C

l 1 L i l 1 ' L l I 1 L ‘ L L L

1 .2 .3 .4 .5
DISPLACEMENT (mm)






LORD (kN)

29

16

12

346

ORNL-DWG 87-8023
B2G414 —25 DEGREES C

-
L A ' l 1 I8 [l l |- 1 i l 1 1 L l

-1 .2 .3 .4'l l l.5
DISPLACEMENT (mm)







LORAD (kN)

J-INTEGRRL (kJ/m~2)

1 00
80
60
40

29

580
4008
300
200

1900

348

- ORNL-DWG 87-8024
B2G421 8@ DEGREES C

1 I LELJ ¥

llT’jl"llTll

1

W~

.41 .el LEI ILSI 2
DISPLHCEMENT (mm)

ORNL-DWG 87-8025
B2G421 80 DEGREES C

----------------------- OFFSET LINES m JIC(PWR LAW)

1 A 1 I ' I-"‘. 'y l L L L I L A L l L L 1

MODIFTED-ERNST J-INTEGRAL
A J (8.8%Tavg) ® JIC(E-813)

— — BLUNTING LINE < ACTUAL DELTA-A

yd

o e

.1 .2 .3 -4
CRACK EXTENSION (mm)






LORD (kN>

J-=INTEGRAL (kJ/m~2)

=17

49

30

2e

10

1900

800

600

400

200

350

ORNL-DWG 87-8026

B2G422 288 DEGREES C
|
—t L L l ' i L l 1 L 1 J_ 1 Al 1 L 'l 1 it
7] 1 2 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87-8027
B2G4a4z22 288 DEGREES C
i ~MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg?) ® JIC(E-813)
| - QFFSET LINES ] JIC(PHR LAW)
|- — I_"_ BLUNTING :LINE ¢ RCTURL DELTR-A
- / : 0 L g
L. i O
i a
-/ a ©
B fu o °
i :
i L L l L ‘g i l i . | L L 1 . Fi l § Fi i
1 2 3 4 5

CRACK EXTENSION (mm)







LORD (kN)

352

ORNL-DWG 87-8028
68WARD -58 DEGREES C

100
80 |-
60 -

40

B Il | 1 | A 1 1 | 1 1 i | 1 1 1 | 1 I 1
.4 .8 1.2 . 1.B 2

DISPLACEMENT (mm)

)






(kN

LORD

354

ORNL-DWG 87-8029

68WBB -?75 DEGREES C
100
8o [
so [
s |
20 |
@blllllllllllllllllll
(% .2 4 6 .8 1

DISPLACEMENT (mm)






(kT/m~2)

J-INTEGRAL

LORD (kN)

356

ORNL-DWG 87-8030

68WCE 288 DEGREES C
=1%)
4
38 -
20 r
10 |
A L [l 1 1 1 1 | 1 1 1 | L I [ l L A .
a 1 2 3 4 s)
DISPLACEMENT (mm)
‘ ORNL-DWG 87-8031
68WCE 288 DEGREES C
1eea r MODIFIED-ERNST J-INTEGRAL
i A J (8.8%Tavg) ® JIC(E-813)
e — OFFSET LINES m JIC(PWR LAW)
- — — BLUNTING LINE ® RCTUAL DELTAR-A
sed - — ;7 P .
6090 |-
= ‘
- / ;’. ) i
400 + '} a
- /; o
/] o
208 |/ i
H;l L 1 l A l 1 I 1 1 1 l 1 1 1 l i 1 1
2 1 2 3 4 S

CRACK EXTENSION (mm)







LORD (kN>

J-INTEGRRL (kJ/m~a2)

50

48

30

20

18

18049

800

151%]%)

400

200

358

ORNL-DWG 87-8032
68WDA 284 DEGREES C

i
L i i l ] 1 L l L i ' l 1 ¥ ' l 1 L 1
2 1 2 3 4 S
DISPLACEMENT (mm)
ORNL-DWG 87—8033
58WDA 224 DEGREES C
i MODIFIED-ERNST J-INTEGRAL
[ A J (8.8%Tavg) ® JIC(E-813)
R — OFFSET LINES m JIC(PWR LAW)
- — ;— BLUNTING |:_INE @® ACTUARL DELTAR-A
B § D
L/ o
N / o
- / :5: D
- i O
L :;-' 0
3 - 1 ] l 1 “‘: L l ) N | 1 l 1 1 1 l H N N
a 1 2 3 4 5

CRACK EXTENSION (mm)






LORD (kN

J-INTEGRRL (kJ./m~2)

189

80

m
W)

H
o

b-{%)

2008

1600

1200

24%]%

360

ORNL-DWG 87-8034
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