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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 Commissior (NRC). The
technical monitor for the NRC ic Michael E. Mayfield.

This report is Jesignated HSST Program Technical Report 88. It
is published in tws 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:
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5. T. R. Mager and F. 0. Thomas, Evaluation by Linear Elastic
Fracture Mechanics of Radiation Damage to Pressure Vessel Steels,
WCAP-7328 (Rev.), Westinghouse Electric Corp., PWR Systems Div.,
Pittsburgh, October 1969.

6. W. 0. Shabbits, W. H. Pryle, and E. T. Wessel, Heavy-Sect fon
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 invest igat ions of the Fracture
Toughness of Thick-Section Steel, NRL-7056, Naval Research Laboratory,
Washington, D.C., May 14, 1970,

8. P. B. Crosley and E. J. Ripling, Crack Arrest Fracture Toughness
of AS533 Grade B Class | Pressure Vessel Steel, HSSTP-TR-8, Materials
Research Labors ‘ory, Inc., Glenwood, I11., March 1970.

9. T. R. Mager, Post-Irradiat ion Test ing of 2T Compact Tension
Spec imens, WCAP-7561, Westinghouse Electric Corp., PWR Systems Div,,
Pittsburgh, August 1970,
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21, L. A. James and J. A. Williams, Neavy Section Steel Technology
Program Technical Report No. 21, The Effect '~ 'owperature 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, S8. C. Grigory, Tests of 6-Inch Thick Flawed Tensile Specimens,
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CHARACTERIZATION OF IRRADIATED CURRENT-PRACTICE WELDS AND AS533
GRADE B CLASS 1 PLATE FOR NUCLEAR SSURE S E

J. J. McGowan,! R. K. Nanstad, and K. R. Thoms}
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 10'’ 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 wore tested by two
separate laboratories, and multiple tosts were conducted at
selected temperatures. Statistical analyses percitted the
determination of material and test variability and an interlabo-
ratory comparison. Behavior in both the transition and ductile-
shelf regions was studied. The results demonstrated the rela-
tively low radiation sensitivity of low copper/nickel welds and
the qualitative agreement between Charpy iwpact and fracture
toughness observations of toughness degradation

*Research sponsored by tha 04fice 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-ACO5-840R21400 with Martin Marietta Energy Systems, Inc.

tFormerly withk "ak Ridge National Laboratory, now with Virginia

Military Institute, Lexington, VA 24450,

*fngineering Technology Division.



Appendix C

LOAD-DISPLACEMENT AND J=R CURVES, SUPPLIED BY MATERIALS
ENGINEERING ASSOCIATES, FOR UNIRRADIATED MATHERIAL
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192.3

‘."‘ i.’v"h"?
T3

b ® JOEMES. I b)wm 3
-

B

“« VALLD

1

-

=

$lops L]

- VARLLD
S0E. % bl
‘.’ L

ClogrslneroFlouw stress 200
(Delta a wmac = B, oo
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SPECINEN @2G-341 (W)

: Cleavage
./d,ﬂfﬁ'-v”7‘v—r~v‘ Tnstabilony

/

FAILURE Vvls .zl
R curve < 0. 1%wn exclusian line
(Insufticiant fFor analysis)

L i L i

. 00

JEST SPECINE

.50 1.00 1.59 <. 0o

Specimen Loadline Deflection fmm)

MOURTA

Paterial Tups
Tasr Tamperat i«

Farcenmt 31d¢
ipecimen Thn

Imitia)l &M

Inir grack )
Flow stress
Yield srrans
Youngs wodgu)

= AS23«F PLATE 02
2 23 ¢
Goone L
chwwsa B = 29,4 sm
= 823
ingth  a = 31,64 o
= 549,59 NPy
= 47,9 NPy
Wl £ = J0%9%00 Py cBatimarted Value)d

J-INTEGRAL ANA . Vi1E

artlure Tvpe
Mg

Aot &t inatabilitg 8 Jien
L4 3°'§.S Y " -"2

.‘.:.t_t)n:)".s = J0T.9 MPa “m ye, 3
big (Perva Corrsctet = .1 WPy “owm ve,d
FETM E293-8) AALYSLS

Padivy 4 bae Equntion B = (BBn)~,%

Farimum Load ¥ & 39,81 AN

'Y Secant OFfFan Fq = 22.27 AN

g = $8.3 WP, \'-

Yalrdavry
TATA CORFECT

l"*‘%i"’i. 6. 3
1042 USED FOR J-INTECRAL DATE

Perbie~Corte
k)flf“\l 1an f
Coarrechtion

N lerredl 1an
OF IPECIBEn PO Ation
@ ) for crak s taniion

e e e e e e

B
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SPECIMEN Q2G~343
440 - / 1
* /
4
- Cleavage
Ll o
- 339 P ot nitabtliry 4
| /
L} .
3 |
v 220 ! / 1
: |
2 /
& FATLURE ‘TYPE B
119 B ocurve da:ﬁ not reach E
the 1.9 mm dxglustion |ine
%.0 1.9 1.9 2.0 €.
Crack Extension (mm)
TEST SPECIMEM DATA
Materi1al Tupe = AYS33-F 02 REF
Test Tewperature s 22 C
Parcent S1de¢ Grosve = 20 %
Spacimen Thickness = 25.4 mm
Inir crack length = 32,06 mm Init a' W = 631
Flow stress = S49,.% MPa
Youngs modulus = 209%00 MPa CEstimated Value)
FOUER LAW DATA 1 = C (Delr y
Jie s glf.i eJ/.~§
Ky s 224.1 E-ponent N s ,4113

Coefdrerame ¢

36%.4 ka2

AiT _SOURRE LINEAF LINE thgtn: ] =M (Dalta a> ¢ B
Tie = 200,% bl 2

by
Intercepr B
Valigite (ig)
Val @ity (R=gurve)d
Y naotmum allowed

Delrva & maey, allowed =

Porason's Rartiro ()

03,4 $lope M
199,10 kJomn2

INVALID--b

VALID.

$1% k)ownd (Jma - sBnetefFlow stress 200

1,87 mn (Delta a mavx = @, 1sba)
0

wn

* 228T6€6.0 K)im
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SPECINCN @2G-347 (W)

W0Fr leavage ) |

Trap iy

Camr imen | and (LN
b
-
i

thiveg Tire A
R curve « B ex¢lution Vine

e
r / (Insufficient For analysis)

- A

‘/ A e & A
00 1) 30 45 80 7%
Cpecimen Losdline Deflaction (mm)

FAEETEY ey

® REI2-) FLATE 02
Tesr Tanparatu-e .- 4
Fercumt S10¢ G oove LI
Spdcinan Thick o B % 35,4 wn
Inivial M .,
Imit crack dangth 3 = 31,91 we
Flow sbrans » $08.% vy
e ld strany LR ALY
Youngs wodulus 520800 mh, Brvimated Value)

—]M!g_? qlxsn
‘ol w ot Ties Imetabrtiny * Jagd

e * IP.§ v 2awn

(FTE Y ST HL | LR L B ve, 3

¥ig he o Carepgradr %4 e Ve ve, 3

ELTM £23%-81 Mmvifs

Padvrted 1 ig Caustiong B & t0In, 8

Pasimun Load L] * 3.7 AN

% Setamt DEfuan Fq = 83.% wn

bae -ﬂ.‘ LU

Salrdivy . I ZES I .'. !

ala ga ; %! E l~ (o

!ut L ten e 11' hucum el PRIP IS AEAIE -2 i
TPaEsinen rotatien Load intarcapt shart e shopy o~0 T igtat il 0T 18

Fovned slaanie Noad ravger 2000 TO €00 Qerrdctinn Lo J Vo oragt ¢ tenr1an
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SPECIMEN @2G-382 (V1)

Wwr Cleavage :
s : TRz b1 111y
2 e
= 7 o
- );/,#
= 30} * -

4

¢ /
£
i 20} v 4
. S |
! s
¢ // FRILURE TYFE A

er / Roecurve < B, 1%wm exclusion line o

/ (Insufficien for analysis)
l"‘
- - i - i
8.00 .20 .40 B2 ED 1.00

Epecimen Lowndline Deflection (am)

TELEY SPECIMEMN !HY*
F.ch'.s ‘vpo

e AS33-F PLATE 02
Tast Temperatu-e = ~40 C
Fearcemt $1d¢ GC-oove = 0N
fpecimen Thick wess B & 25,4 mm
Inttial &M . 822
Init erack length & = 31,61 mm
Floe stress = ELE. D MPa
Yield stress = $2%.4 NPy
Youngs modulus * 140500 MFa (Estimated Valued

[ 3
~INTEGRAL AMI  YS1%
‘u’ wre Tope R <) & instability s Jig)d
e s 89.7 %)l 2

N TE Y $ AT 1 = 91.€ WPa ve, 3
Erg (Bera Corrpgread = P06 MPa v 'm ve,)
FETHM E399-81 AMALYELS

Fodifred bic Equatrons B = (BB~ %

Farimun Load 13 s 3.8 kN

N Secamt Qffsn Pg » 2514 AN

kg ® .4 WPy Now
Yatirdiry & INVALID=-=1, 2, 3

EQYﬂ CQOCESYIOii Ui(g F Ok )-lNTiQtﬂL DRTH
Perble~Lorten orr@ctron

Correcrion for gpedinen rotation
Correction to ) for crachk extension

P e—
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$0 T

an b

0t

Specimen Load (kN)

Al b L)

SPECINEN O2G-38S

Claavage

nstapi i1y

Specimen Loadline Deflection (mm)

1 $F MEH DRTA

AEria vpr * RE33-F 02 KREF
Test Temparature = ~4¢ (
Percert £1d¢ Grogue 0%
Specimen Thickness B = 25.4 am
Initia) a’W s 622
Init crack length & # 31,58 sn
Flow stress s TAE,. S MFa
Yield stress = S2%.4 NPy
Youngs wmodulus E = 2usS00 MRy (Estimated Value)
Foisson’s Rartio (v = @

‘-gnvggges gg§§Y§I§
arlure Tupe vJ ar instabiling = g

Jie s 39.% v)rmr

K ewdElig 7 =u 3332, 8 = $0.8 WPy v ve, 3
Kie (Bera Corvecred) = T0.2 WPa “m ve, 3
RETH E39%-81 ANALYVELS

“odof%id Kic Equationg B = (BFr2~, S

Maximum Load F = 32.% kM

8% Secant OFfser Fq = 22.% &N

ke s $9.6 MWFa “'m
Valigiwy = INVALID~-1, 2, 3

K at Masximum Load = 84,6 WPa “'wm

a." g%l“(‘?!%g VSED FOR }-INT!QM\L En
rile~Corten correction

Corvrection for specimen rotation

Correction 22 J for crack exteniion

e

R R R R ORI RRRRR

- 1

20 "’/f |
, .
A’) FAILURE TYFE R
ey R curve < B.1%mwm exclusian line A
//,» (Incufficient for analysis)
’/

*( A 2 A e

g.&o .20 40 0 LBO 1.00

oy '
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SPECINEN Q2G-364

Modifred J (W) /m~2)

FAILURE 14:t £
(R gurve » ?T‘rnnt -
MERA A AETH ANALYBIS AFPLICAELE

/

b Al J

1.0 1.8 .0 €.%

Crack Extansion Cwm)

® AS33-F 00 REF
Tesr Tempersture « %0 C
Fercent §1d¢ Groove = 20 N
Spacimen Thickneas * 25,4
Init erack length & 32,17 wm Init AN = €33
Final crack length = 34.7% am Final a'N = €84
Flow stress v 531.2 WP
Youngs sodulus = 204400 MFy (Estimated Value)

POMER LAM DATA gng(pin'yan
V“ .& . -t

ke = 203.€ WPy m
J () Te 8 = €111 k)iwn
Erponent N . 57¢9
Coerfrgramt ¢ s 37%5.8 klown2
T (average) = 151
¥g55t SOUABE L INERR (RETH) = M (Delia a) o
Ve . 194, ‘mte
U T = 19%.2 WPy v
Slope N = 213000,% k) w3
Intercepr F s 199.2 k)n2
Y CRETH) = 1%4
Valigity <) s VRLID
Validity (B=gyrug)d = VYRLID
J waciwus allowed = 494.4 b )own2 (JuarshreteFlow gtress 20
Delta & war, allowed = §,.8€ an (Delta & max = @, 1epe)
Final Delra a = 2,59 un

Forsson’s Ratio (w) = @
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Mads€ind 1 (kT/im~2)

N v
SPECIMEN 02G-400 ()

FAILLRE Y(L( C

150

(R curve

YEIS APPLICAELE

1.9 o) E

MEA & ASTH

Ad.

i
1.9

1.8 2.0 e. 5
Crack Extension Cmem)
16T §# MEM DATH
;u'qr\c! ‘wpo “ MEII-B PLRTE 02
Tesr Temperatu-e « %0 C
Farcent 8i13¢ Groove = 20 %
Specimen Thack vess « 29,4 s
Inat crack length & 31,27 = Irit a7M = €619
Final crack lesgth * 39.€64 mw Final a*H = .78
Flow stress s 5310 MR,
Youngs sodulus & J04400 WP (Eatimated Value)

FOMEE (WM BRTA ) » € (Delta &) * W

e = 2 Ll mn

ke = 203.9 SEEY FEA LY 3% 3 s £12.8 W12
£ ponant N e L5998

Coeffrcremt €  J8S.8 M)imQ

T Caverage . (60

\SAST SOUAPE L1nee LJuE cASTIR ) o 8 (alra a0 )

¥e

Inte cept B

1 (RiTH)
Yaligivy )y

. 198.2

= 151.2 blrmn2
= 164

= VALID

$lope 8 236743, 4 V2w )

validivy (Regqu ve)
J marinum alleosed

« INVALID==3 (, 4€ vi . 2%

= 518.4 k)en2

Telta & wav, alloved = 1.9% s

(Jeas=brneroFlow stress 20
CDelva & mac = B, Lebad
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§00 / :
3 /
) Ecuvogo
“ 4%0 e e— stara ity o
- /
-
¢ 300 / ’
-
3 {
{ FAILLEE TYPE B

150 R curve doef not reach B

the 1.9 s excluston |ine
% 1.0 1.9 2.0 .5
Crachk Extension (ram)
T1E:Y M _DATH
F.uu.n e * AEI3-P WEET WELD
Test Temperatu-e = =30 ¢
Fercant $1d¢ Croove = 0 %
Specimen Thick vess = 2%.4 mn
Irit crack lengrh = 30,33 mm Inty a’H = ,95%4
Flow stress = §52.% mMP,
\oon;a nodulus . 200500 n'a (Estinarted Value)
g!g LAW DATH ) = C (Ded
5 = 324, g 3 -*3
s)c = J60.9% Exponert N = T
Coefifrcrem * §3€.,2 klwn2
s‘piv !!2!!! *tﬁ! L!!& CRETM) } = M (lelt & g l
® ¢34, ‘ .’fﬂ

b e . 221.4 Slope N & 4942670 Vw3

Intercept 13
Validity (v
Yalidiny (Fegu ve)

J maxinun allossd
Talta & mav, allowss

= 14%.7 k)ownd

 INVRLID-~a, B

= INVARLID-:2

s §€7.9% ¥)rar2 (JeprelkneteFlow stress 20
= 2..5 ~ "““ & Bd = .0"‘*0)
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SPLCI G8K-RAE ()

/ ‘

E00 /
leavage
450 hetabidity 4

‘

/

/ d

FRILLFE (l"( £
B curve 9cegd not resch E
the 1.9 s dxclusion |ine

/

il A

1.0 1.8 2.0 2.5

Crask Extansion Cmm)

150

Fate ral Tupe * AE¥1-F WEST WELD

Test Teamperatu-e = =40 C

Fercert S$id¢ Croove = B 4

Specimen Thigh vess  2%.4 mm

Intt crach lenth ® 30,.%2 om Ity = 8§
Flow atress s §€3.9 AF,

Youngs sodulus s 208%0, nPy CEstimated Valtue)

FOMES LANW DATA J « € cDelry &) ~ M
e . 5&5.5 Aon e
ke = J234,.4 Eponert 1] s ,8€1%
Coefvicran * 60..2 klrw~Q
LERST SOUREE stugnl L1 ¥ 7n, AR TALT W R |
Jic 3. rnrg

ke s (40 §rrpe M * £107€3,2
Irtercept B s $0.% ¥2omn3

Salidity  €ligd a INVALID-~b

salidity (Begu*ue? = VARLID

J snacinun allosed o 2.7 )i (e vnfnereFlou stresg 200
Talva & mav, alloved = 2,07 s (Delva & mane & O, 1ok

R R R R R TR RN - RSN, TN SRRERERReS






|
|
|

750 T

E00

4350

Madified 1 (kT/m~2)

150

/

/

FAILLKRE Y(;t
(R curve 1.9 »m) -
MEA & RETHM FIWL SIS APPLICAELE

/

v . b N

1620 g»gg.ggn_qgtu
Faterral Tupe

Test Temparatu«
Farcent S1d¢ G- oove
Cpecrmen Thich weas
Iniy erach length
Firal crack leagth
Flow stress

Youngs wodulus

1.0 1.% 2.0 2.5

Crack Exteansioan Crmm)

AS33-F WEET WELD
00 C

0y

?5.‘ Ly

ID.81 mm it a'H = €06
J4,. 80 wn Final asl = ,6i¢
S33.4 NP,
195800 MPa

(Estimarted Value)

gggp LAK DATA ) = C (Delta a) ~ N
LR

» 242.3 b)iwrid

¥ e = 247.8 J (8] 1s8.8) s §7%8.% v w3
£ -ponent N * 43¢

Coedfrcremt C « 369.8 L)imo2

T average) « 10¢

LERST SOURKE L INERP CRETM) 3 & M C(Tglta a) ¢ ¥

Jig L .1 kKl

LB LS = 219 Slops ] s 1€1959,1 L2 "3
Intercept § « 200.3 vl/w2

T (RETHO « 111

Valrdity (e = VALID

Saligity (Regu ve) « VALLD

d wmariwus &'1osed e $32.€ klow? (Jesr=frneroFlow srress LS00

felta & max, allovsd = 2 s (Delrta & max = @, 1000
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SPECINEN 68W-JC (V)

] L | E |

Cleavage

!F&&!btltty

rn;LuR§ TYFE R
R gurve < P. exclusian line -+

(Insufficient for analysis)

AT

‘20 45 B0 78

Gpecimen Lowd)ine Deflection (mm)

M crul ‘ypc

Test Tenparatu‘e
Fercent $18¢ G oove
Specimen Thigk vz B
Inttial & W

Iniy ¢rack lenpth &
Flow svress

Nield stress

Yourgs wodules

t. pﬂ!pq AR Y ;1;
srlure Type at tm
Jie

u«-flhn*.s

big (Beva Corvy ta@d .

1fied bi¢ Equstion; &
Fasiwun Load ¥ .
N Secany OFfsn Fgq =
LR -
Valranry .
"R

g=Lorten Iorrectiion

ATI3-F MESTY WELD
-% C

e %

2%.4 un
597

30.34 »»
T3.8 MWFa
TOE.% NP,
12600 WPy (Bstimated Valuse)d
tability = Jig)
* 40.2 k)liwn 3

* 52.% NPy e
79.6 NPy o

. (Y08

39.0) N

38,17 &N

“o‘ ". N~

INVALID=-~1, 2
<INTEGRAL DATH

Correction for specimen rotation

Correction t~ ] for grac

R R R R R R R R R ORISR R RIS S~

s o B e B i S

k extension
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SPECIMEN 88W-JD ()

S / -
§ -
- 450
-
bR 1. -
Iae /

; 4
b FAILLEE TYPE €
190 R ocurve 1.5 we) ;
MEA & ASTM FrelYSIS APPLICABLE
% 1.0 1.8 2.0 2.8

1647 ;rg;‘ngn DATH
Farerral Type

Teat Tenmperatu e
Farcent $13¢ Qroove
Specimen Thick vess
Imit crack lenpth
Final grack lesgrth
Flow stress

Youngs modulus

Crack E«ternsion (mm)

AS32~F MEST WELD
e €

0 5

9.4 mn

NP2 ws

”o.' L

S€1.4 WP,

150500 HWPa

Iniy At = 604
Fira)l a W = 744

(Estimared Value)

'9!!' (L DATH = L (balnr ~ M
N ~4 . !il.g S I |

TS s |175.4 J (8) 18,8, o §%) vy
£ ponem H = ,85%14
Coetfrgranmt « 331,93 M)own
T Caverage) LR 154
sglﬂ SOUARE LInERE ) 1 (AETHY 3 s M (Bedra A !
i - 1.3 hd-m"g
k) . 1%8.4 Slope L) -
Inverrepy § « 106 k) w2
Y (RETM) . 132
yaligity Cligd  VALLD
Yaligdity <(Pegurve)d = YALLD
J maxinum allosed s S€3.4 ¥)own2 (IvpashogrofFlow stress 20
felrta & mav, allovwed = 2,01 »n (Delva & max = 0,150

GLE MIow d
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SPECIMEN EBWH-JE (U2

12 b "‘~.~_~_~!E}..v.9. -
i ngrabi ity
: |

24 -
: |
i 16 F ' L
$ ¢ '
J‘ FRILURE TYFE R

8r R surve ¢ D.1%an exclusion 1ine A
(Insufficient for analysis
8.00 i .30 A5 JEQ 78

Cpecimen Londline Deflectian (m )

JEST SPECIMEN ORTA
Faterva) Type

Tast Temparatu‘e
Fercart Side Groove
Specimen Thich wess B
Initra)l &M

levt grach lenith &
Flow stress

Yield svrezs

Yoaungt wmoedulus £
J=IHTEGEAL s VSIS
Fatlure Typs A o) at
Jig

kjescEdigd~, 9

Fig (Beta Corvictad)
PATH E333-8) AiALY 13

Fodsfred Kag Eguarion]
Fastinun Load ¥
2% tecant Offst Pq

Fie
SMaltdvey

FEEY WELD

128 ¢

[

%4 um

602

IV.E3 wm

TEI. 4 NPy

287.9 NPy

14300 MF s (Eavimated Yalue®

initabirl ity w Jigd

9.4 W) w2
To.4 Mr g v/x
TR:9 WA vrm

 (EFn2~, %
33.1% n
33,14
0 MFa “/m
NVRL B2

TATA COPFECTIONS UIED FOB S« IHTEGERL bATE

Perbia-Curten nPtET LORDE O IG
Loag

fpecimen rotat ion

OFFEET TEPLECTION » €, 451645991046 0% 0.

intercept elattie slope 2=, 00000003 10

Fivred elattie lond range® 2000 T0 €00 Correction Yo J for crach errention

i AT il e R Bl
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Srecimen | aad (KN)Y
o
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R curve < D,

L L L

SPECINEN ESH-104 (W)

Cleavage 5

"g/133ltblloty )

FRILURE TYFE R

exclusion line <
(Inzutficient for analysis)

A

8.0 NP

;m 1?[5 IMEH EQ'O
R Ve

Tast Tonparatue
Farcent S1de Groove
Cpecinen Thacl we:s &
Intvial  asM

Iniv s7ach lanith @
Flow stress

Yield gtrasn

Youngs wodulus E
;:lﬂvﬁc;ag LRSS &

" AT ER N

24 1 48

€oeciven Losaline Deflection (mwn)

AT33-3 WisT NELL
€9 C

0%

29.4 »e

. "l’

30,34 wn
TEE NPy
72%.7 WP
SLOC0e NE

arlure Typs A ¢J &Y indtaBility = Jigd

Jie .
FjeniENig*. % :
kig (Bera Corvitredd .
FAIn E333-21 AIALYILS

Podifred K Eguatrong §
faimun Load .
% Tucany Oifgat FPq =
kKig -
Yalidivy "

30,6 Jrw2
0.3 NPy om (O
72.7 WP \/a Ve,

= (B~ 8
24,83 M
34,93 M
Bl. 4 MNPy “/w
INVAL1D-~t, 2

ATH COPRETTIO NS WIED FUB J-INTECERL DATE

Grhle tortan WHFik
Specingn rotation

Lonle @ Ik LE

TrLErTIOM

Be@ 0O TARAE- 0%
Load intarcept alastic slopa o=, 0QUaQOI0s 0%

80

CEiv matad Valug)

It

TN,

Fitied elastie Nognd ranges 2000 T4 €00 Correction 10 J for crazh grvtent 1on
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SPECINM. . 69K-110 ()
600 / 1
&
<
.
ok
o 450
-
L 300
- e
} / /
z / FRILLRE TYPE ©

150

(R curvs 1.5 wm) .
MEA 3 ASTM F V8IS APPLICABLE

=

/

ol '

JEST SPECIMEN OATA
Faterial Type

Test Temperatu-e
Fercent $i1de G-oove
Specimen Thickress
Init crack lenith
Final crack leagrth
Flow stress

Yourgs modulus

FOWER LAW DATA J = C

1.8

1.5 2.0 2.9

Crack Extansion (mm)

AS323-F HEST WELD

121 C

e %

29.4 mm
30,64 nm
40,62 om
630,33 MPa
280300 MPa

(Delta a> ~ N

147.4 k)/m 2
171.8

5364

297.9 kJ/7w~2
82

Init a“H = €03
Final arHW = ,7%9%

(Estimated Value)

J (#)-1:8.8) s 4€6.9 k).

= M (lelts a) ¢ B

147.3 kJ/u"2
171.8

128.4 k)/7m 2
82

VALID

VALID

€34.2 kJ/w~2

Jic .
ke =
E «ponent N =
Coefficient C =
1 taverage) =
EE&EY SOURKE LIMERF LIHE C(ARSTMY J
Jie =
Kje *
Intercept B E
T (RETMD =
Validity (Jyved =
Validity (Recu*ve) B
J ma<imum allosed =
[elta a max, alloved =

.02 mm

Slope " = J€187€., 7

(Jusr=Pnet*Flow stregs 200
(Delte a max = 0, 1+bo)

‘™ - 3

-

Y m 3
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S0 T T T X Y
EPECINEN 69KH-111 (W)
40 r Cleavage 4
- —Trstapt i1ty
5 -
~ 7" '
3 et .
4 I
i 2o} | ‘
| ¢ :
| H
: PH!EUFC TYPE R
i 1o f & R curve ¢ 0. 1% exclusian )ine A
| /’ (Insufficiern: for analysis)
.
8.00 w18 (30 45 B0 2%

Spesimen Lonaline Deflaction Cmmt

TELT SPECINEN PuTA

e L e e

FParerral Tops * RS23-F MESTY mELL

Tast Tanperatu o " +5 ¢

Farcent S14¢ Groove -0 %

fpecrimen Thaichsees B s 2%.4 wn

Inttria) e e 04

Init crach length a & 30,6€ am

Flov streis & JO7.4 ey

Yielg stress ® €€4.¢ WP,

Youngl wedulul E 207900 MFa Fatimatad Valud)

~JUTEGRRL fAiim 514

atture Tope RO J &t anstability & Jag)

Jie & 35,4 Wlemn2
| FjestElve )~ % 50,9 NFa Sm Vel
1 Fiec (Berva Corrrered s 6.8 MFa va Ve, 3
L FSTI E2a%<0) fpALYELE
z Todifred Fid Eguatron B & CEEn)~,. 8
| Facimus Load 3 s 32,01 n
‘| €% Gecant O(faet  Fq o« 33.0% AN
| Yie « §0. 4 MPy om

Saliduy

'”‘".LI""| & 1

[ATR COPEECTIO (T WIED FO8 J-INTECRAL PATS
Perhig-Cortens MELET LORDS © 1b GFFSET TEPLECTION s+3, 46723175000 04 1»,
Tpecimen rert gt yon Load tntarcdpt «Vpit i flope » £, 100035200k 1t

R ———

Fitted elartic Voad » anges J000 Y0 €00 Corraerion vg ) €or Cragl € tanton
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500

400

300

eoo

Madifind T (kT /m~AR)

100

1 L

1
SPECIMEN 69K-127 (V)

FARILLRE TYPE C
(R curve > 1,5 mm) .
MEA & ASTM FNFLYSIS AFPLICABLE

/

JEST SPECIMEN URTH
Fateriral Type

Test Temperatu-e
Fercent Si1de G-oove
Cpecimen Thickvess
It crack lenath
Firnal crack length
Flow stress

Youngs modulus

FOUER LAW DATH

J

£

i - g L
1.0 1.9 c.0 2.5
Crack Extansion Cmm)

AS33-F HEST HWELD

222 C

20 %

25.4 um
30.%7 mm
41,07 mm
€%50.7 MFa
190500 MP
(Delta a

Init asH = €01
Final asW = 808

a (Estimated VYalus)
~ N

-)'C

Kje
Eponent
Coefficrent
1 Caverage)

LEAST SOUARE LINEAR LINE C(ASTMY

N
C

= 101,99 kl-m 2

139.2

J (0)/1:8.8)

s 299.7 k)/wmn2

L5029

212.4 k)7m*2

1

J = M (lelta a)> + B

Jic

kjc

Intercept B

1 (RETMD
validity «Jic)

Validity (Recu ve)
) maximum allosed
[elta a max, alloved

102 kJ7w g
139.9

93.4 kl/mn2
49

Slope M = 109743.2 Vw3

VALID
VARLID
€57.6 kJr/
2.02 mm

(Ins>=Enet+*Flouw stress 20D
(Delta a max = 0, 1+b¢)

mn2
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ECD

460

360

240

Madified 1 (kT/m~2)

. |

SPECIMEN 69K-129 (U

FARILLFE

)

TYPE &

(R curve » 1.9 mm)

MEA & ASTM FNALYSIS APFLICRELE

;
& A — A
% % 1.0 1.8 .0 <. 9
Crack Extersion Cmm)
JEST SPECIMEN OATA
Farterial Type = AS3I3-F HSST WELD
Test Temperatu-e = S0 C
Fercent Side G-oove = 20 %
Spezimen Thickress = 2%.4 mm
Irvt crack lenzth = 30.72 mm Init a’H = ,£04
Final crack lesgth = 41,53 mm Final aW = 817
Flow stress = £64.1 MFa
Youngs modulus = 204400 NP (Estimated Value)
FOMEF LAW DATH _J = C (Delta a) ~ N
Jig e |76.4 kJ/w"2
ke « 199.8 J (81 1:8,8) » 434,828 kI
E<ponent N = L4459
Coeffrcient C s 309.9 kJ/m 2
1 Caverage) = €€
LERST SOURFE LIMEAR LINE (ASTH) ) = M (Telra a) + §
Jic = 169,66 kK)l/wrg
kE)e = 1€4 Slope M 1509%2.2 kJ)om
Intercept F e 14€.8 kw2
1T (RETH) = 70
Validity  CJig) = YALID
VYalrdity (R=cu*ve) = IHNVALID=-=3 (,3% v Q)
J maximum allosed = €66.4 k)/m~2 (Juso=EnetoFlow stress 200
lelta a max, allowed = 2,81 mm (Delta a max = 0,1%b0)

P
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SPECINEN E9H-130 (V)
24 b Cleavage 1
o nstabiiiny
=
-
-
= 18 4
"
4
£
§ ot :
3' : m;ag% (YPE_A
6 F R curve ¢ 0.1 excluszian line A
/ (Insufficient for analysis)
rd
‘ A  — 'y A
8.&0 . 02 e 24 32 L40
Cpecinen Losdline Deflection (mm)
JELT SEFCINEN _DATA
Faterval Type . AYS32-F WEST WELT
Tasr Tanperstu-e « «¢0 C
Fercany Side Grooue « 0%
Specinen Thich ness B 5 2%.4 ww
Inttial  a“W & 9599
it crach Yangth & = 30,49 um
Flo. 1trens s Tg6.C MNPy
Yield stress " 739.% Wk,
Yaungs sedulug € s 210700 NEy CErtimated Valused

“~IHYEGERL Rum _YEI€
atlure Typse M O &b tnavabilaey = Jig)

e ® 13,8 k)rwnd
KjesfElici~ & » 51.% WPy /n ve,3
big thervy Corrictea? e 30.¢ MNPy “7m Ve, 3

g5 rafs-a1 A (LA S

Pedivred Kog Bauatrong B » (Find~ %
Fasimus Load 14 e 22,78 wH

£ Sqcant Oifsat  Pg s 22,70 AN

Kig "« S4.1 Wy v/m
Salidiey = VALLY Kic value

_ﬂ_‘,* CORBECTIOIE UIED FiOF -mgn iR TF
Crhie=Corven JFFL YLL-O*P'J' 3"15 l?i‘sr_!'!‘(u TPLECTION we), J3744%1T044E 04 11,

Epecinen rotation Lead tmtarcept elagtic slops o=, 0000000978 10
Fitted elastic load ranges 2000 T80 €00 Correctton 1o J for crachk ertantien

R e ST E——————

B —
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SPECIMEN C9K-133 (U) ///’

1 e .

Cleavage
300 F / ,/ Instabr i1y

(kT/m2)
——
\
!

con

/ .
/

FRILLFE TYPE B
R curve coZt ret reach .
the 1.5 ma xclustion lire

/

i Lt i

1.0 1.9 2.0 e.5

Mndifr1ed 1

100

Crack Extension Cmm)

TESY SPECIMEN DRTA

Faterral Type ® AE33-F HEET WELD

Test Temperatu-e = 23 €

Fercent Side Goove = 0 X%

Specimen Thick vess s 29,4 mm

Init crack lenzth = 29.93 mm Init asH = ,589
Flow stress = £84,2 MPa

Youngs wodulus = 20%%00 MPa CEstimated Value)

FOMEF LAW DATA 1 = C (Delta ad> ~ N

713.4 k)72 (InassEner»Flow stress 20
2.09 um (Delta a max = @, 14k

J ma<imum allosed
[elta a wmav, allowed

Jig = §138.3 k)J/m 2
Kje = 168,38 Cxponent N = ,50%4
Coefficien. C = 27€.8 kJrm~2
LEAST SOURFE LINERF LIME (AETM) J = M Clelrs a) » B
die s 95.7 kJ/mr e
kje = 140, 4 Slope M ® 202079, € K)om 3
Intercept B = 851.% kJ/mwr2
Validaty (Jig) = VALID
Yalidivy (Recu-ve) = [NVALID=~]
=
=
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50 1 | ] T 1
SPECIMEN E69KW-134
40 Cleavage "
2 nstabi ity
P
—
3 30 F -
Q rd
-l
<
£ zof -
0
v
&
¢ FRILURE TYFE R
or 4 R curve < 0.15mm exclusion line 1
/ (Insufficient for analysis)
/0
8!60 !’2 02‘ Ias 0‘8 lse

Cpecimen Lozdline Deflection (mm)

TEST SPECIMEN DATA

Material Tyups = RS33-F 02 REF

Test Tenparature = -100 C

Fercent Si1de Groove = 0 %

Specimen Thicknezs B = 25,4 mm

Initial a“M s 593

Init crack length a = 30,12 mm

Flow stress = §128.4 MFa

Yield stress = 778.8 MPa

Youngs modulus E = 212%00 MPa (Ezvimated Yalued
FPoisson's Ratio (W) = 0

J=INTEGRAL AMALYSIS
Fatlure Tupe A (J at instability = Jic)

Jie = 16,1 kJ/m~2
KjceCEJie 7 =un2))2~, 5 = $58.,6 MFa “/m (VL
Kic (Berta Corre:ted) = 5€.9 MPa “/m ve, 3
RETH F299-81 ANALYSILS

Modit . Kic Equation; B = (BEn>~, 9

Maximum oad P = 2%.89 kN

&% Secant Offset PqQ = 25.89 kN

Kie = €0,1 MPa “/m
Validity = VALID Kic value

K at Maximum Load = €0,1 MPa “7m
DATA CORFECTIONS USED FOR J-INTEGRAL DATA
Merbkle=Corten corre&ction

Correction for specimen rotation
Correction to J for crack extension
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|
! !8 T T T T |
| s
i SPECINEN BSW=-135 (U) j
: zo Cleavage -
" - mstabiliiny
L 2
. -
- [
[ 3 15 F .
R ‘ -
1 ! " - -
. ¢ |
| ¢ FRILUFE TYPE A |
L3 R curve ¢ D, 1%mn exclusion line 4 |
d / (Insufficient for aralysis) |
i v
! / - e 'y .
' 8.00 NI SR .24 T A0
: Epecimen Loadline Deflection (mm)
JEST SPECINEN BATH
| 7ua'uu+-fu—ym bl  AS33<0 MEET WELL
i Test Tenperatuse s =100 C
: Farcent Side G oo * 0%
! Epacingn Thich sess B 294 e
y Intvial  aM . 892
i Inat crach lenpth @ 20,07 me
: Flow strers s wlt,| WP,
Yiela gtrens e 778.,€ NPy
: Yoaunal wodulug € v 212700 nEy (Frtrmated Yalug)d
4 ~IHTEGEAL RNA VSIS
' srdure Type R O0Jd at ainssatality = Jygh
| Jie . 9.8 Viowd
; N A SATS EE « 49,1 Wha vm ve, )
Kig ‘Beta Corricted? 44,6 WPy “rm ve, 3

FETI €139-51 AUALYALS

- todifi1ed ke Equartien; F & (BEni~. %

: Fasiwus Load P * 20,14 kN
% Secart QFfsant Pg = 20,14 u
kig * 46,6 Ny “/u
Salidgivy e VALID big valuse

FATH COPRECTINIT WSED FOR JelnTEGHAL DuTe
baed la~Corten JFFLET LORDs © 16 OFFIEY TEFLECTION w«) 9316730781004 1n,
fpacirgn rotation Load interaept elant e slopy s« Jp%etsssne .07 10

Fitrad elaivie 1oad ranges Q000 10 800 Cuircetion ¢ J (or crach @xtension
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R R R R R RO RO OO R R SR SRRESR RO .

100 Y T : 4 L 4
SPECINEN €9N-1852

&0 | Clesvage 1
nitabr ity

&0 b 1

a / | |

Specimen Load (kN)

/’
FR " TY A
0F R curve ¢ 0.1 eeciuzian line 4
(Jesufficient for analysig)
8.&0 .20 B0 B0 1.20 1.50

Cpecimen Loadline Deflestion C(mu)

<1 [ " TA

aterial Type * AS23-F 02 REF
Test Tenperature s -8 ¢
Parcent $1de Groove = 0%
Specimen Thickness B s 2%.4 »e
Inttial  a-M . €0}
Init crach length 3 ® 30.%5 wme
Flow #tress e 707.4 WPy
Yield stress ® €£4,.8 MFPy
Youngs scdulug E = 207500 nes CEstimated Valug)
Porsson’s Eatia (uw) s 0

J-IHIEOPAL ANALYELS
arvture Tops 2 o) g instatylieg = Jig

Jie * €%, K)rw 3
KJeo B g C1-n2200%, 8 » 19,8 MFa /& we 3
Kre (Fets Corvracted) = 0.6 NWPa 'w we, 3

PETH EI95-81 ANALYELS

Hedifred rig EQquation] B = (FPFni=. 8
Macinun Load P = 47 u

8% fecart OFFset Pq 2 29,9

Kig = T Ny vom
Validity o INVRLTD--2, 3

K oat Haismus Laasd & 1127 NP, rwm

RTA CORFECTIONT UIER FOR J-INTEGEAL DBRTA

*;rtl:-(or'cu O;F?TTALOA . 6 OFFY EFLECTION =2, C0€ETI200 1604 vy,
Epac imen rotation Losd 1rtercapt elastag glope =9, 78971400087 16-07 1p
Fivved edastic load ranges J000 TO 2000 forrection Vo J for €rach extension
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75 G | s T T
SPECINEN ESW-188 (D

&0 F Cleavage .

o~ Thstapt iy
2 2

49 . I -

Coaerimen | nad (LMY
-~
=

/ FR!%#](M £
IS F R curve ¢ 0. 1% excliuszian line -

(Insuffrciens for analysis)

8.00 &5 80 9 1,00 1.2%

Epeziman Loadline Dot lection (mm)

;!!' 1&%5!5‘n GATA
aterial Type

Test Tempiratute

Ferceny $1de Groova

Specimen Thick wess &

Initial  aM

Inte ¢rech dengath &

Flow stress

Yiel@ srrens

Youngs wadulua €

‘- INTEGFAL #rim vel%
Mlure Type A oJ ab Instabidlivyg = Jigd

ASI3-B NEET MNELT
=5 ¢

30.% un

TOT. 4 NE,

€64, € nEy

207500 nFa (Fivinntad Value)

LR B B O
L

e s 84,4 L)rwr2
Kjcn(Bliedn, 8 o 32,4 Wy vm ve, 3
luc (Barva Corricves . H5.5 WPy viwm Ve, 3

filn g2es01 S ctis,

od il ied 1oc Eguation; s (BEn)~. 8

b

Paxisum Load L « 50,33 wh
TN Secant OFFsse Pq = 24,68
ki * 2.8 MPa e
\ol’d‘xy o luvntgi--!. 2y 9

AR CORRECTIO nﬁ SIUTEGERL LRtTs

cnlc-(orun ) =0 o"ﬁ"’?‘ﬁ‘hucnen el ELETRARAA4TE 04 1n,
fpecingn rotssoen Loul Intercept elaitic slope o COO00O4R40TE 10

Pitred elatti¢ lond ranges J000 TO €08 Cerrection Ve ) for crach ertgmiton
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-
SPECIMEN B69W-162 (L))

600 / / y

P / )
/ / |
f4% FRILLFE 41'; ¢

(R curve 1.9 wm) -
MER & ASTM FIFLYSBIS APFLICRELE

/

i
A A At .

.S 1.0 1.8 2.0 e.5

Madifimd 1 (kT/m~2)

Crack Exteanrnsion C(mm)

TEST SPECIMEN DATA

Paterial Type = AS33-F HSST WELD

Test Temperatu-e¢ = 121 C

Fercent Side G oove = 20 %

Epecimen Thick1ess = 2%5.4 am

Intt crachk length = 30,42 um Init a0 = 598
Final crack lesgth = 40,14 mm Final asH = .79
Flow stress = 6€30.3 MFa

Youngs modulus = 200300 MFPa (Ezvimated Value)

FOMER LAW DATA J = C (Delta ad> - N

Jic = 1%52.9 k)rm2
K « 179 J o)/ Teg.®) ® 493.2 k) nng
Evponent N =« L5409
Coefficrent C e 308,1 kJ/m~2
1 (average’ = 89
LEAST SOURRE LINEAR LINE (ASTM) J = M (lelta a) ¢ B
1¢ e 144,20 k) m"2
ke = 1€9.9 Slope M s 175781.0 VDow B
Intercept B e 124,11 kl/m~2
1 (ARETHD = 89
Yalidivy CJieo = VALID
Yalidity (Regu*ue) = VALID
) maximum ' . osed s £39.9 K)l/mn2 (Ina>=Pnet*Flow stress 20
Ielta & max, alloved = 2,04 mm (Delta & wax = @, 1%ba)
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I
|
100 ¢ T T T T |
SPECINEN COM~-1€4 i
!
(1 Cleavage - i
~ nitabi iy
=
=
bl
E ‘0 s -
b |
s
§ ot ;
w
v
& AIL TYFE A
0 F R curve ¢ Sten exclulion line 4 |
(Insufficient for snmalyzig) Q
!
". A i Fe -
8.0\) 30 &0 80 1.30 1.80

Specinan Lowdline Dot lection C(mm)

!‘!Y }'*tlﬂ‘d !ﬂ?ﬂ
Hatertal Tope

Test Tanpeargrure
Fercent Tide Groove
Spacinmen Thighness ¥
Intvrad vl

Intt ¢rack Yength &
Flow straas

Yield stress

Yourgs wodulus 14
Foisson’ s Ratia (wh

L B B

RE22=8 02 FEF
2 ¢

%

(9.4 we

JEe3

SWIT ww

€3¢ nFy
£41.% WPy
SOLI00 ney

I

(Eatinatad Yalue)

e !NY!*‘:“! Lo !:
srlure Tope v At ittty ® Jied

Jie

EjewiElic ti=n 230~ 8

Kt (Bevs Corrects®d
$e+84 AMALYE]S

LALLM S5AEE L yel1s
Moaified Kre Caust 1an]

My twus Load L
$L Secwnt OFfran Fq
kg

Validity

K oat Ma tuum Losd

PATR CORSECTIONT Uit

Herd la-Larten v"t‘f o

Epecaimdn rat ptign

N I B
128.4 WPy /a
8.8 e e

we, 3}
ve,3

* (P2~ 8
$1.4% &N
4.3 wn
TE. 4 WPy o

InvaLids=~1, 3, 2
117, 4 ﬂ'o o

PRFLECTION -3, 10917

Load intergapt -|ost|¢ glope = 8, !0“0‘!tdt'i-ﬁc 3

Fittad elaatic toad ranges 2000 10 000 Corraction Vo J For Srack axteniion

FRREWE-04 11y,
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500 T

400

300

200

Madified T (kT/m~2)

100

1
SPECIMEN 69K-166 (U)

1 L

/ q
/

FARILLFE TYPE C

JEST SFECIMEN DATA
Faterial Tyupe

Test Temperastu‘se
Fercent Side G oove
Cpecimen Thick ess
Intt crack lenjth
Final ¢rack leagth
Flow stress
Youngs wmodulus
FOMEF LAW DATH

L B B B B

] = C (Delta a

(R curve /> 1.5 wm) e
MEAR & AZTH LYSIS RFFLICARLE
!
/
A 1T '
1.0 1.8 2.0 2.5

Crack Extenzion (mm)

AS33-F HEST
c04 C

20 %

25.‘ L
20,82 mm
48.&‘ wa

€23 MFPa
1995500 MPa

) A N

Ji¢

K)c

'-p@ﬂ.ﬁ. H
Coeffrcreny C
1 Caverage)

16,1 klrm=2
18?7 J

+AT744

241.? kJrm~2
€1

LEAST SOURKE LINEAF LINE ¢RSTM) )

WELD

cER7
804

Iniv a’rH =
Final! aH =

(Estimated Valued

(@) /T:¢.8) = 343 L)/wmd

* M (Telts a> ¢+ B

Ji¢ = 124 kJrw-2

kK)e = 19%,7 Slope "
Intercept B = 112 kJ7/w~2

1T CASTM) = 61

Validity C(Jic) = VALID

Validity (Recu*ue) = VALID

J maximum alloaed « £20.2 kl/m~2

[elta a max, alloved = 1,99 um

-
~

P

= 1204

(Jvar=BrertsfFlow stress 20
(Delta a max = 0,180

.

bt w3
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R R S R N ISy o e ——— R & . T —
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100 -y
80

69 F

"

Specimen Load (kM)

EEECINEN ESW~174

FRILUFE Tv I} :
0t R curve < i.lgmn excluzion line o

T g ¥

Cleavage 1
nitabiiiy

(Insuffrciant for analysis)

8-03 A0 B0 1.20 1.60
Epecimen Lowdline Defleztion (mm)

YEIT SPECIMEN DATA
Atdri s P L

Test Temperatury

Parcent Srde Groowe
Specimen Thickrass B
Initial  arl

Inty ¢crack length &

Flov strans

Yield atrans

Youngs wodulus | 1
Porisen’y Batie (v)

< JUTEGE &L AN
&’t-l—uéﬁ,p. ‘LT}[_1 inst
S T =
EjsatBdig 7€l=ev 2132, % »
Ki¢ (Bara Corrsened) N
givn E235-31 ANALYELS

ed f1ad hic Eaqationg

]
Haciwun Load F .
% Secant Offgen Pq =
KFie L]
Validgivy .
K oAt Masimum Load

RE22-3 02 KEF
e ¢

%

25.4

398

30.01 wm

$36 Wa

€41.9 Ny
195200 NPy

1]

tEatimated Yalue)

abilivy & i)
103.2 Jru~2

142,44 AP 5 “/n ve,3
97.6 WPy /e we, 3
. """’.u’

23,9 wu

.76 ww

T4.2 "Py vrm
IWNeLID==1, 2, 3
1299 MWFa e

ATA SEECTIONE 'o’ I HTELE R "t
a:rl‘l-igrﬁcn 37'!*‘ Lonbs O 16 FLECTION e~d . S14959%047¢E-04 i,

Specimen retation

Load intarcapt etaarie shope »=7, 5387140087 1806 0

Fitted elanstic Voud ranges 3000 YO 2000 Correction te J for cracl extension
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5

7

400

.
—

T
.

ceo

Madified T (kT/m~2)

100

Ll L
SPECIMEN BSK-180 (W)

(R eurxoi' 1.9 o)
MEA & RAETM F Y815 AFPLICARELE

/ :

/
’//}{///’T
/ i
/

FARILLKE TYPL C

.

/

4L 4

JEST SPECIMEN DATA
Fateria) Type

Test Temparatu“e
Farcent Side G oour
Specimen Thickess
Init crack lenjth
Final crack leagth
Flow stress

Youngs medulus

1.0

1.8 ¢.0 e.5

Crack Externsion C(mm)

AS33-BF HWSST
<83 C

v %

2%9. 4 nm
30,.7€ mm
41-5‘ "o
£50.7 MPa

= 150004 NPa

FOWER LAW LATA I » € (Delea &) ~ N

Jie s (06.4 kJ/m"2
¥je " 142.4
Exponen H = 487

Coefficramt C
1 Caverage)

s 21%5.7 k)7w 2
« 50

WELD

Init a0 = ,€0%
Fin.l ./“ - l.l.

(Estimated Value)

J a1 1eR.®) & 29€.%3 Ll/mr2

ERET SOUARRE LINEAF LIME (RETHM)

J e M (lelra a) + B

V¢

ke

Intercepr B

T (AETH)

Yulidivy e
Validity (Regu-ve)

J macimum allosed
lelta a mav, allowed

’?oiiiJ’.Az

13€.2

87.9 klrm2
L1

VALID

INVALI D=~
6%51.4 kJ/m~2
2 nm

Slope

= 24238 k)owmn 3

(JuasofbreteFlow stress 20
(Delts & max = Q. 10be)



“~IHNTEGRAL ANA_ VSIS
atlure Tope A CJ at
e
(TR PAT TS ELVAF 0 L
Eic (Beta Corrscred)
FETN EZ99-21 AIALYVELS
Fodrfi1ed K\?_fauat\on:
Pacimum Load P
% Secant Offsat Fq
kig
Yalidity =
IATA CORRECTIONG USED FO

1ne
=
-
=
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’ SO T T T —
l SPECIMEN PBW-182 (U)
40 + Cleavage 3
2 " nstabtlinty
B "
T 30 pr -
L3
C
<
.i F < o 1
.
| $
' FRILUFE TYFE A
(Nl R curve < @.)%mwa exclusiaon line =
/// (Insufficien. for analys..’
/
_/
e v L i
3.00 10 .20 . 32 L 40 S50
Cpecimen Loadline Deflactian (mm)
JEST SFECINMEN UATA
Faterral Typs s AS33-F HEST MELD
Test Temparatu‘e s ={1% €
Fercent Side¢ G oouve L
Specimen Thickress B g 2%.4 mm
Imitial aW = %44
Intt crack lenjth a = Z7.€1 mm
Flow stress = €85, MFPa
Y1e)ld stress = £2%.1 NFa
Youngs modulus E = 213700 MFa CEatimatad YValued

tability = Jyc)d
2‘.‘ hJ/h"é

71 NPy “/wm
€9.9 WPa “vw

s (BB~ %
38.74 M
33.99 kN
€€ MFa “’m
INVALID=~1, 2
B J-INTEGRAL UATH

Perkle=Lorten torrection
Correction for specimen
Corvection o J for crac

rovation
k extension

i e B i T
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750 - ' v .
SPECIMEN 70M-185 ()

g0o - / d
a /
: /
-
' ‘sa - -
-
- / ’/}
=
- /
s o0t / / .
: l
- 4é% FAILLFE TYPE C

15@ ,1??’ (R curve jf:.s o ) -

/’ MEA & ASTM FNEUYBIS APFLICABLE
s e 1.9 1.8 .0 2.5

1EST SPECIMEN ORTA

Crack Extansion Crmm)

Faterial Type = AS32-F HSST WELD

Test Temperatu-¢ = 121 €

Fercent Si1de Groove = 20 3

Specimen Thick vess = 2%.4 mm

Irve erack lenjth = 27.8 mm Init au
Final crack lesgth = 32,329 mm Final
Flow stress = 494,717 MPa

Youngs modulusg = 200300 MFPa

FOMER LAW DATA 1 = C (Delta &’ ~ N

Jie = (48,4 k)/m 2

€ ponent H s %5823

Coefficrenmt € = 297.6 kl/mn2

1 Caverage) ® 140

1 c
ke
Intevcept B
1 (ARETHM)
validity (Jigo

Yalidivy (Recu ve)
J maximum allosed
Telra a max,

alloved

gihi' SOURKE LINERFE LINE (RSTH)D

A M (Talraar o B
135.4 k) mg

164,7 Slope "
110.8 Kkl w2
148

VALLID

VALID

501.0 lrJ/.“?
2.3 mm

4N =

= 547
-

(Estimated Yalue)

L “‘03 "'N'Z

& L797€L.7 VI3

(Jnar=bne *Flow gtress 20
(Delt e a max = 0,14b0)
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60
’. L L g el 4 - L v
SFECINEN 70H-10% (W)

24 r Cleavanae -
g nitability
3 18 -
! 12 S 1
H
i |

6 R curve « 0. W esclusion line 4

/ (In;uffrcient for analysis)
‘lm .“ l'a :’3 l"

Epecinen Lowdline Deflection (mm)

;lﬂ.ﬂqﬁ“_ﬁ.ﬂ
aerral Type

Tasr Tenperatu-se
Farcent §1d¢ G-oave
Specinen Thackssss §
Intvia) M

Intt crach lengih &
Flow straas

Yield srrens

Youngs wodulus

s as

AS:2-1 WisY uELl
=118 ¢

0%

“‘s L

TS

S2.TY ws

€é%,.¢ MRy

€2%.2 my

8!3?00 W it imated Valaeo

‘ INTEGE ? pqg iu
Mlure Type at insvability & Jicos

e
Feni€ligr~. 8
kg (Icl. tgrrrc!cl’

; ™ ~§
od\fncd Eie lluscoon,

Farisun Load

% Sacwnt OFfrit 'q
Kig

Yalidivy

8,5 0w
4 NEy im LI
41,5 by vom ve, 3§

. (.'ﬂ)‘t’
25,9 ¥

Q2.8 m

4,1 MNPy s
VALLID Kie value

« 30

LR . Y100 p rok L mYi
’n‘-"‘\"ﬁ"‘n S Corsen W&"‘ %%lnunw od P AEWOI0LIE- 0T i,

Tpatiman rot gt ion

Lead tntarveapt elaetre glope » 2 047800l E- 04 b

Fitved elasvie Yoad ravges 2000 TO 400 Correction Yo J for gragh eitaniion




'0 LJ v L L
SPECIMEN POM~121 (W) 5
43 + Cleavage A
N netabrtiny
g o
.-
T Mp ‘//;”’ ‘ <
: l
i 24} l <
j' g FR TiFE A .
2} x“’ R curve ¢ 0. goclustan tine -
)”1‘ (Insuféicient for anal sis)
’l
8;“0 0‘2 Q" '3\. a“ .'c

Epecinen Loadline Deflection (mul

1£57 ’Ht,g’n tAts
fi'cru\ vee

® RELI-F MIAY MELD
Tesr Temparatue &« ~£% ¢
Eaveany Srde G woig " 05
fpedvmen Thicl i B a2%.4 wn
Initial &M & %4
frovt gragh lenprh a s P74 e
Flow strent s 36,5 Wy
Sield strein e $49.7 Wy
Youngs sadulug L] » 210%00 KRy Ervvented Values
ot LEAS G2V LT
‘l"w‘ﬁnl W oid & instabiiany ® Jigo |
g v 32,8 1)wd |
TR P A s §3.2 Wy “vim e, :
Kig fheta Corpugredd « $3,6 WPy \ru e, 3

FAti g ak-91 ApLiits
02'75..'...; hig Eguatian] § » €302, %

P arimun Lead L e 41.%3 an

T Facant OFfs Fg & 37,%4 WM

ke  €5.7 Ma Sow

SMatedvtw '0 l';‘\‘“\.:."lp 3"7

R4 COSPECTLO 4 v1§g LIRS LA 1 ¢

!Ntl"'.v"'th W o ‘e 0"5*’ TUPLEOTION sea, E3TE4202¢ 1K 0% 1.
fudc iman rotayien Lasd trdercept ¢lainig alepe » GOQ000I€179 b

Foittgd elastsg taad vange® S000 TO €00 Corratv on Vo 3 for ¢raeh ®rtens ren
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78 T ) T = o T
SPECINEM P0wW=122 (U2

60 r Clesvage 1
- it GIAk (AREATS
-
$ I
3 4 l 5
; 0F | 1

FAL TYFE A
19 R ocurve < D 15mm excluiion line 1
/ (Insufficient for analysis)
| A T 40 6d 60 1.00

Specimen Load)ine Dedlpctien fumi

JAaL sexcingn ate
Merial Tope

® A0 MELT KELL
Terr Taspar atu'a o «§% ¢
Farcant $1d¢ Groove .0 %
Specingr. Maghaezr B o% 354 ue
Inttial &4 e ,54B
Invt cract Vandth & o 2T, 84 uw
Flow svrain . 4i6.F Ny
Yield svrein o %56%.7 nFy
oungr medulug £ « JI0%0N MRy (Rivemated Value?

JAIMTEGERL abd vELS
Fivlure Tipe ® +J ot indrabilivg & Jich

Jre s P b)en2
STERE S AT L s Jid.1 WPy Ve ve, 3
b1 (Bavy Corvidead o £%.2 WPy vom v, 2

$TH §599- L3 R B
w3101 ed V1€ Eaikt 160 « (Phnr~. %
¥

b
Facimun Load » 4,02 WM
% Secant OF7 g0 Pq = 31,23 M
iz s 1.6 WPy viw
Salidiny & JHINLAD-+1, 2, 3

n srct Wt o8 )<Y T
!?:n‘i‘%ﬁr."“}‘ u"ip'ﬁﬂ': 3 ﬁ%hucmm 03, AETER 5P 030008 10

Spaginen ratavie- Load Intarcapt slasrie plope & S, 900Q0g0 20007 1
Fitted elastve 1 @ ranges 1000 T0 600 Correction Vo ) for ar aeh @ tans ion
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750 T

E00

450

Madified 1 (kT/mna2)

1%

T k

Al
SPECIMEN 7QW-134 (11

/

/

FAILLRE T(L( [
(R cur»:‘2Z|.? ) -
MEA & RETHM F Y818 AFPFLICAELE

/

i - A

1EST SPECIMEN DATA

1.0 1.8

Crack Extansion C(men)

Faterial Tyupe = AS33-B HEST MWELD
Tast Temperatu e = %8 C
Fercent $ide Groove = 20 %
Specimen Thick ness = 25.4 mm
Init crack length = 27.88 "m Init asW = , %948
Final crack leagth e 29.4 mn Final asW = ,727%
Flow stress = %526.2 MPa
Youngs modulus = 204400 NP (Estimated Value)
FOMER LAW DATA 1 = € (Delta &) ~ N
Jie * 196,86 bl w2
Kje * 200.4 J () 1R, 8) o §%2 kIrwm~ ¥
E«ponent M = LE01%
Coefficrant C « 376.%5 KJ/wn2
1 C(average) = 160
3‘55‘ SOURFE LINEAR LINE (RETM) 1 = M (lelta a) ¢ §
‘e . 180 M)/w"2
ke » 191,86 Slope M o 2207€3.1 V)im' 3
Intercept B = 142.2 kl7n 2
1 (RSETH) « 163
Yalidity CJig)d = VALID
validity (Regu ve) s INVALID=+=23 (.4 v 14
J macimum a.losed s 534.2 K)/mn2 (InareBreteFlow strees 200
[el*a & max., alloued = 2,29 mm (Delta a max = O, 1sb0)



78 T

€0

“ar

Spocimen | and (LN
a

i i

#*

SPECINEN POH-141 (W)

i v v

jluugo -
stabrliny
|
I
|

Yt:! %
R curve < hl&- excluiian line 4

(lriufficient for analysrs)

i

d -
8.5 0

A0 60 Ny 1.00

Cpocimen vosdline Defleation (mni

P e

Tart Yewpar stu‘e

Fercent Side G ovve

S aciner Thochwis B

Iritral  am

Intt grack lenpth a

Floew avrans

Yield siress

Youngs sodutus £

‘~ MIESRAL Aul i1
Wlure Tope R «; a in

Jie

LT RS S AT S L |

Pie <hate Corrpctad:

€31m E230-8) AMLYE]
Fodilied bis i:;um-i-x-
Farimuw Load L
% Seqant Offeen ¥q
hie

Saligiee

D T TR T T OMTET TU ke vion sob 4beasost it nd iin

Load trtercept alaptvid sldpe & . O00R0L 1b
Faivtad abaavic Tond vanges J000 10 €00 Corvaction 1o 7 Tor Srad)d Estani ien

fpeqinen Fotgtign

AR23<F MLET wELD
3% ¢

¢ X

3’.4 e

. 1Ty

S8.77 ae
94,8 NF,
538 Wey
SURL00 nEy haciuatod Valug)

abilsty = Jig)

1"
o 89,8 Vi
.

136,9 WPy om ve, %
§6.7 nha i va, 3

e (Bhr)~. 9

$8011 N

20.4% ¥n

%% WPy rm
IHYRL I D=1, 2, 2
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759 Ll v Ll r

SPECIMEN 70 W-146 (V)
EQOD / / -
450 / / f

Madi1fi1ed T (K T/ 0~2)

3 ktu.!‘( Y/Pt Cc
(R curve »/1.9% mm) -
HEA & ASTHM FIFLYEIS APPLICABLE

/

A AL L
1.0 1.8 .0 2.5
Crack Extension (mm)
JEST SPECIMEN OATA
Faterral Typs e HE33-F HEET MWELD
Test Tenmperatue = 204 C
Fercent Side Groove = 20 X%
Spacimen Thick vess s 25.4 mm
Init crack lenjth & 27.8€ mw Inits asN = %48
Firnal crack leagth = 37.21 mm Final a/H = ,744
Flow stress = 485.9 MPa

Youngs modulusg
FOWEF LAW DATH

190500 “Pa

J e C (Delra a) ~ N

1¢

kje

E-porant H
Coefficiunt C
1 Caverage)

EAST SOURR, LINERE LINE C(ASTM)

119.6 ki/m 2
1990.3

+33%¢

«32.9% k)7m 2
10%

1<

ke

Intercept B

1T CARETMD
Yalidivy (Jig)

Yalidity (Regu-ve)
J macrwum alloued
Lelta & max, allowsd

109,3 kJ)/m"2

146.2 $

4.8 klrm2

108

VARLID

VALID

494 v )mn2
29 em

lope

(Estimated Yalue)

J (0-1+8,0)

® 480.1 K)/w

) = M (t:Jt! Ay ¢ !
s 130%997.€ bJim 3

cImarrirereFlow stress /20

(Delta & max = Q0,10

.




66

750 T

T
N

450 ‘/

Madifimd T (L T/”2)

FRILLRE T(:t =
(R curve >/ 1.9 mm) L
MEAR & RETM FIFLYSIS APPLICAELE

/

Li. A

1.0 1.8 2.0 .8

Crack Extansicon Cmm)

1CST _SPECIMEN DATA

Patertal Type e AS33-F HSST MELD

Tast Temperatu-e = g8 C

Fercent $1de Croove = 20 %

Specimen Thich ness = 2%.4 mm

Init crack length = 28,00 wm Iniv asW = ,9%2
Final crack lesgth = 38,07 mm Final a'd = ,74%
Flow stress = 511 MPa

Youngs modulus = 190800 MFa (Estimated Value)

FOWER LAM DATA ) = € (Delr ) 4 MW

1¢ = 94,6 kJrw~2
K)e = 134.4 J (8l 18,8 = 280.7 klow
E-ponent N = 85299
Coefficrent C = 199.4 L)rwn2
1 (average) = g0
L"ASEY SOURFE LINERE LINE C(RETMY 1 = M (Telr ) e
Ji¢ . 95.5 LJom-2
kKje = 13% $lepe M * JORI12€.9 k)
Intercept ¥ = BS.4 klim"2
T (RETHM) - 79
Yaliditey (i = VALID
Validity (Recyu-ue) = VALID
J maximum allosed = 918.9 vJlrw~2 (InsssPrerteFlow stress 20
[elta & mar., allowed = 2,28 mm (Delta a max = @, 1sbo

-
-

3
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75 T

L i
SFECIMEN ?1W-102 (W)

60 Cleavage "
W nstabt ity
s
-
] 43 - —
«
c
€
! 30 o -
¢
Y
& |

FRILURE TYFE R
15 F , R curve < B. 15w exclusion line -+
‘// (Insufficient for analysis)
"
.
8(’ It . e i
.00 18 .30 A5 .EO 78

Specimen Load!ine Deflection (mm)

JESTY SPECIMEN OATH

Paterial .ype

Test Temperatu-e

Fercent $ide G oow

Specimen Thick vess B
Inivial arM

Intt crack lenjth a

Flow stress

Yield stress

Youngs wodulus €
“1ATEGRAL ANR _YE1S

AS33-F HEST MWELD
~%50 C

0 X%

295.4 um

. S4€

27.73 mm

€07.4 MPa

40,7 MPa

210100 MPa (Eztimared Value)d

arlure Type A (J at instability = Jig)

Jie

Kjc=CEJi1¢c2~, S

Kic (Beta Corvicred)
FSTH E399-81 RAYALYELS
Podified Kic b auatior,
Faximum Load P
% Secant Offsmn Pq
kKic

validity

?
=
N
-

43,4 k)2

95.9%5 MPa \v/m ve, 3
72.9% NPa \/m we, 3
e (FEn)~. 8
46,96 kN
32.37 kN

€3.3 MFa \/m
lNVﬂLlD"l. 2' 3

[ATA CORRECTIOYS USED FOR J-INTEGRAL DARTF

rerkle~Corten :orrection
Correction for specimen rotation
Correction 2o J for crack extension



e o

500 T

400

Madifimd T (kT/mn2)

T o

L
SPECIMEN ?1W~1084 (U)

—— Rl

/

FRILLEE TYPE C
(R curve p 1.5 mm) -
MEA & ASTM FIFLYSIS RPFLICRELE

/

' i A

JESTY ngC‘ng« UATA
Faterral Type

1.0 1.9 e.0 2.5

Crack Extansion Cmm)

= AS33-F HEET MWELD
Test Temperatu-e = 288 C
Fercent Side G oove = 20 %
Epecimen Thick wess = 25.4 mm
Irmit crack lenjth = 28.71 mm Init a’H = %5685
Final crack leagih = 38.82 mm Final a’W = ,7¢4
Flow stress = S08.1 MPa
Youngs modulus = 190800 MFPa (Estimated Value)

FOUER LAW DRIA J = € (Delta &> ~ N

‘e
K )e
Ecponent H
Coefficient C

7?.? k”.“z
121.6

50852

163.2 kx)/m=2

1 Caverage)

= €9

J (0J/1e8,.8) s 29€.9 kJmn2

ERST SOURRE LINEAFR LIME (RSTHM)

J = M (lelrta a) +» F

¢
kle
Intercept B
T CRETHMD
Validity  (Jico

Valrdity (Regcu~ve)
Jd maxinunw allosed
Ielrta a max, allowved

‘ic’ iJ‘.AE
11%. 9

‘302 ka'h’;’
72

VALID

VALID

$19%9.8 k) u~2
&.21 mm

Slope M = P7110.3 k, w3

(Jear=frneteFlow stress 20€°
(Delra a max = 8,1¢b0)
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500 = ; T T
SPECINEN 71K-1@9 (W)

400

Madified 1 (kT/m~AP)

FARILLFE TYPE C

(R curve P 1,95 mm) -
MEA & ASTH FNFLYSIS APPLICAELE

/

v . Ji A

1.0 1.8 e.0 2.5

100

Crack Extansion (mm)

TEST SFECIMEN DATA

sterral Type = AS32-F MEST MWELD
Test Temperatu-¢ = S0 C
Fercent Si1de G-oove = 20 %
Specimen Thickress = 25,4 mw
Init crack lenith = 28,58 mn Init asH = 562
Final crack lesgth = 40,54 wm Final a’W = ,798
Flow stress = $21.9 MFa
Youngs modulus = 204400 MPa CEstin ' ed Value)

FOMER LAW DRTRA J = € (Delt Y & 5

Ve ® 126.7 kJ/m~2
b)c = 1€60.9 J (8)1:8.8) s 529,23 kJ/wn2
Exporent N = ,519%
Coefficrent € s 248.2 kJ/m~2
1 (average) = 89

LERSY SOURARE LIMNEAR LINE CARSTM) J = M (I¢lta a> ¢ B

e * 122.9 kJrm e

K)e = 158.2 Slope M = 130T02.% ) w3
Intercept B = 187.1 xlJ/mr2

1 (RSTM) = 98

salidivy  C(ae? = VALID

valirdity (Re=cu~ve) & INVALID=-+3 (,33 v .23

J maxiwum allosed = 529.4 k)/im~2 (Jnear=bneteFlow stress 20

[elta a max., allowed = 2,22 mm (Delta a max = 0,1+b0)



r‘l_ TR = TR RET T RN A=, SIS | RS s — N— N— — T— —— e —
'
:
:
i
'

'. Ll A Ad A

SPECINEN 21M=113 (W)

b Cleavage

/ (Intufficient for analysis)

Astabi ity

'lgw!gm
R curve uciut ian Vine

A

’.00 A o0 « 30 40
Specimen Londline Deflection (mm)

i pare
Paterial Type = NEST RELD
Test Tenperatue . =9% ¢
Farcent $1ds G oove -0 %
Specinen Thich wass § 20,4 an
Insvial  arm . S48
Init erack length a * 27,80 e
Floew stress s €61.9 npy
Yielad strans s 590,01 nhy
Youngs wodulut * JIIE00 NPy et ymatad Value)

|m|2% mm,v'i]s
‘u ure lype a mn»unv * Jig)

die 17,7 Vires2
(FTREE SAT RIS €14 NPy ve.d
Fie (harva twnuoc* . 846.9 WPa o e, 3

; ™ 49
001144 Kig l!uos'om:

s (3o~ .9

v
Parinus Load  Jl.48 kM
% Secant Dffgnr Pq ® 31,46 &M
b = §2.) WPy Now
Salidiry s INYRLID--2

!m‘ﬁ'{ﬂiﬂﬂ% L o LLAN 2] ¢
Srh T Corten SET Lonbe © b 3 TOLECTION o=P, 923200828 19C 04 10,

Epet inen Potatien Losd imtercept elastic slope »=1 SPEPETETETAE 0T 10
Fioned elastic 1oad ranger 2000 10 €09 Ccrvection v0 0 for crachk #iten tonm
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$o n

ur

30

Cpersmen | aad (kN)
~
a

SPECIMEN ?1W~132 (U)

FR f':‘ g
" curn—i% exciusion line -

w v v

Cleavage 1
fnstalI )ity

(Insufficient for analysis)

=

.IO

20 33 40 S0

Soecimen Losdline Deflection (mm)

JASLserciny pare
aterial Tope

Tesr Temparatu‘e
Farcary S1de G oove
Spezinen Thichvans B
Inivral  a’w

Init crach langth &
Flow stress

Yiela stress

Yourgs sodulus

U A A B

ASI2=-0 WESY WELD
- ¢

o x

9.4 .

391

27,98

€61.9 nr,

33,1 WFa

212600 WPy (Fivimated Valug)

]NY!@I&L LAl il
‘;n wre Typs ab instabiliny & Jig)

Jie
BjestEdigrn. 8

16.8 s lvw-l
9.8 WPy i ve,3

kic <heva Corvrcrean o« 55,4 WPy e ve, 3
... WLl

;oau ttiri%%-iiuc\'ﬁﬂ. b= (Bhr~ 8
Paxinun Load . 20,73 WM

N Secant OFfamt 'q . 30.7) M
g « 61,1 W e
Malidiny o INYRLID--2
! ATR oa‘gc'! it us Fi ‘

erkie-torven LURLe FLECTION =2, STES20ETEJOT- 04 ',

fper than r.\.\ton

Load on\ovco’s etastic slope *=1 151808101556 07 o

Fioted elasvic load ranges 2000 0 €00 Correction te J for crachk ervemiion
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250 . . T T
SPECIMEN ?1K-136 (W)

600
. / /
%
3
S o .
-
- /
T
‘ -
s 300 /'
: [
i FRILLRE TYPE C
150 (R cur-e 2/1.% wm) B

MEA & ASTM FNFLYSIS AFPLICAELE
R A

1.€ 1.8 2.0 2.9

Crack Extension C(mm)

JESY SPECIMEN DATA

Parterral Type = AS33-F HEST WELD

Tesy Tewperatu-e = 121 C

Fercent Side G oove = 20 %

Epecimen Thick vess s 2%.4 mm

Init crack lenmdth = 28,16 am Init asrH = ,5%4
Final crack lesgih = 40,1 wm Final aslH = ,78%
Flow stress * 489.2 MFa

Youngs modulus = 200200 MPa (Estimated Value)

FOMER LAW DATA 1 = C (Delta a) ~ N

Jie = 44,4 k)rm~2

K jc = 170, J (81 18,.8) s ?850.8 L)/ 2
Exponent N = €103

Coefficienmt C = 301 kJ/m~2

1 Caverage) = 1951

LEAST SOURINE L INEAR LINE (RETH) J = M (Telra a) ¢+ B

e 135.2 kJ/n~g

Kje « 1€4.6 Slope M = 1850%¢€.
Intercept K & 109.6 kJrm 2

1 CRSTM) = |58

Validity (i = VALID

Validity (Recu-ve) = VALID

J maximun allosed = 49€.€ k)/m~2 CJeassEnetoFlow stress 20
Ielta a wmax, allowed = 2,2€ we (Delta a max = 90,1400

’«

blrm

-,
B
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1000 : T T :
SPECIMEN ?1WH-145 (U)
BOO / / -
Q
¢ /
“ 500 e / o
T
L 40} / 1
2
; {
s FRILLEE TYPE C
200 F ; (R curve x{ﬁ.S ) .
& MEA & ASTM FNFLYSIS APPLICABLE
) -
' /
%.’o . 1.0 1.8 2.0 2.5

JESTY SPECIMEN UATH
Farerral Type
Test Temperatu-e

Fearcent Si1de

G-oove

Specimen Thickress
Intt crack lenjth

Fina) crack
Flow stress

1 S 'l';‘ h

Youngs modulus

FOWER LAW DATH

Crack Extension (mm)

AS33-F MSET WELD

-16 C

0%

2%5.4 mn

B, 22 wm Init asH = 598
29.6%5 mm Final ardl = %583
S€7.2 MPa

20700 MPa (Estimated Vil

J = C (Delra a)> »~ N

Jig

kje
Exponent
Coeffic.ent
1 Caverage?

H
¢

168.9 kJrw 2

187.3 J (@J-1:8,.8) = 0 klrmeg
7€

379.9 kJrwn2

162

LEAST SOURRE LINEAR LINE CASTM) ) = M (Telta a) ¢ B

Jie ® 101.7 kd-m g

ke 145.3 Slope M = 310%2%.1
Intercept E 73.8 kJim~2

1T (RETM) <01

Yalidiwy ()

¢

Vvatidity C(R=cyu~ve)

J maximum al
lelta a max,

1oeed
allowed

lNVﬁLID"!-. ¢ ¢(.3¢ vs «21)

INVALID=+=2 (,38 vs .21)

639.9 kJ/n-2 CIunerebner+Flow stress 200
2.2€6 mm (Delta a max = 8, 1eb0)

bY)w B
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759 T Al L) B
SPECIMEN ?1K-152 ()

EQ0 / / ¢
3 /
o /
<
[
~
=
-
-
-
<
3 /
“
; /.
i FAILLFE TYFE C

(R curve 3/1.%5 sm) -
MEA & AETM FNFLYBIS APPLICAELE
1.0 1.8 2.0 -
Crack Extansion C(mm)

JEST SFECIMEN DRATH
Faterial p s AS33-F MHESTY WELD
Test Temperatu-e = 121 C
Fercent €ide G oove = 20 %
Specimen Thickess = 2%.4 mm
Init crack lenth = 28,13 mm Init asH = ,S%3
Final crack lesgth = 38.21 wm Final a’u = ,7%2
Flow stress = 48%.2 MPa
Youngs madulus = 200300 MFPa (Estimated Value)
FOWER LAW DRTAH J = C (Delta a) ~ N

T3 = 131.6 kl7m~g
0 = 162.4 J (B 1s0. 8 « 70%.% k) nrg
€ <ponemt M = €111
Coefficrent C = 282.2 kl7m~Q

1 Caver age)

143

LEAST SOUARE | INEAR LINE CASTH) J o M (Islie &) o}

Jie

Kjec

Intercept B

1 (RSTM)
validity (Jivegd

Valrdity (Regu*rve)
J maxiwun allosed
Ielrta a mas, allowed

114,64 L)im~2
191.4

92.9 kJrw~2
153

VALID

YyRLLD

49€.€ kJ w2
2.27 mm

Slope M = 13219 v)omm3

(Jnar=FneteFlow stress- 20
(Delta a max = 0,1%bo)
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SPECIMEN D= 2GAZR3

MATER | Al TYPEFe AS3T.8.1

TEST TEMPERATURE = 98 DEG
THICKENESS= 26 . 4 mm

SIOE GROOVES= 0 N

INITIAL RACK LENGTH= 31 .6 mm
MEASURED DUCTILE DELTA-A= .05 mm
f1ELD STRENGTH= 6§93 MPa

FLOW STRENGTH= &£78 MPa

ESTIMATED YOUNG MODULUS= 213 GPFa

SPECIMEN CLEAVED AT Kle= 7.0 MPg SQR(m)

VALUES AT “S~imu LORD
J INYEL.F"NL‘ 11 2 kJd”M 2
Klce §3.32

K«beta~c= S0.4 MPas SQOR(m)

MPa SQRI[m) Kles &% 3
ce B0.4 MPa SQRI(m)

K-beta

(VAL 1D ASTM E399)

ALUES AT CLEAVAGE LNAD

J- INTEGRAL= 13.3% kJ/m™2

MPFa SQORIm)

YPi2AT7



LORD (kN

5@

40
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e

ORNL-DWG 87-7893
BeGRZB 3 -95 DEGREES C
3
S
:
-
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:
s
o xa- B g g R e e
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DISPLACEMENT (mm)
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SPECIMEN [D»=
MATERIAL TYPE= &
TEST TEMPERATURE
THICKNESS= 286 . 4
SIDE GROOUE G =
INITIAL CRaA
MEASURED DL
IELD STRENGT

b Ol TRENGT

ESTIMATEL r OUNLG

INTEGRAL =

c* 69.1 MPa SURIm

K-beta-c= 59.% MFa»

YP1246




LORD (kN)

@2GR2 36

ORNL-DWG 87- 7896

-4@ DEGREES C

LLLJ_#AA LA A ALLJ A 1LAJ

. 2 3
DISPLACEMENT

Cmm)
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SPECIMEN 1D= 02GR299
TFST TEMPERATURE= S0 DEG C
THICKNESS= 25.4 mm
SIDE GROOUES= 20 %

INITIAL CRACK LENGTH= 51.6 mm a’W)i= .62
MEASURED DUCTILE DELTA-Ae 1.09 e
YIELD STRENGTHe 4%6 MPa

FLOW STRENG TH= 81 MPa
ESTIMATED YOUNG MODUL US= 204 GPas

y

ORD= 26%.% kJ/m7%

SPECIMEN DID NOT LEAVE , J-MAaXx L
212.9 MPa SQR(m)

KJ-MAxX LOADe

ASTM LINEAR PROCEDURE

POWER LAWK PROCEDURE

Jie= 213.9 kJd/m7g Jlee 207.6 kJ/m"2
v 1w 209.1 MPa JR(m) K 1ig» 206 MPas SUN|{
POWER= E%s SLOPE = 194064 k)’m
(WFFICIENT= $74.9 k) y INTERCEPT= 169.7 b
(RUE RALGE - 141 T (ASTM )= 141
w10, EBLS
| R vl ATION
@) Tel . B)i= 68 k)/n
POWE R« 978 EFFICIENT= 373 ¢
154 v E D= . ' - " DE TA-a MAax Al WE D=




LORAD (kN

(kJ / m~2)

J-INTEGRAL

1 Dae

& 00

400

e

A2CR299

ORNL-OWG 87-7897
5@ DEGREES C

A F e L_A . - L‘L_ v . A J A A i A A il
| 2 3 4 5
DISPLACEMENT (mm)
ORNL-DWG 87-7898
A2GR299 S@ DEGREES C
[~ TOUITTED-TRRST T-TRTECRAC
A (8.8eTavg) & JIC(E-813)
1 urrsu LINES @ JIC(PWR LAW)
[~ = BLUNTING LINE @ RCTUAL DELTA- 4
i .
o
a ey
& o
o
/ )
D
?
ST L. NSRS R, 1 P ST T W N P
] ! 2 3 a .
CRACK EXTENSION (mm)
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SPECIMEN 1D0= 02GAZX09

TEST TEMPERATURE e DEG C

THICKNESS= 25 .

SIDE GROQUESH

!Nl Y lgL CRF\CL ’ 1 3 1 mm a W

MEASURED DUCT Vo .56 mm

Y IELD STRENG MPa

FLOW STRENGTH ‘Pe

ESTIMATED 7Dum JOULUS= 206 GFa

SPECIMEN CLEARVED AT K = 238.,9 MPa SQR(m)

VALUES AT MaXIMuM LO&AD UALUES AT

J« INTEGRAL ~ 277 kd m"2 J- INTEGRAL

KJcx 238.% MPs SQRI(m) Klc= 238,

K-beta-c- 101.4 MFa SOQRI[m) Kebhmta-c=

POWER LAW PROCEDURE

Jic= 216.6 kJl/m™2 Jic= 0k

¥ llg= 211.2 MPa QR [(m]) KeJlc= 0

POWER= 2066 SLOFE = 0

COEFFICIENT= 481.9 v M INTERCEPT=

T (AVERABE )= 236 T (ASTM) =
INUALIC,

95

ASTH LINEAR PROCEDURE

| = 617
(NOT VAL ID Kle)
CLEAVAGE LDAD

K

)

.~

101.4

¥ kJ
MPa SQR(m)
MPa SQR(m)

)

m*?
MPa SQRI[m)
L ] m™3

0 kJd~“m

)

YP1242

m

“
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JI1-R CURVE CALCULATIONS

- e e e e

POLIER- ,%503 COEFFICIENT= 401.4 kJ/m"2
J-MAX ALLOWED= 635 kJ/m”2 DELTA-A MAX ALLOWED= 1.9% mm
RCURVE INUVALID, 2

LOAD-DISPLACEMENT CURVE UNAVAILABLE

ORNL-DWG 87-7902

A2GR3A3 23 DEGREES C
~ 960 FMODIFTED-ERNST J-INTEGRAL I
oy oRel s J (8.,8%#Tavg) ® JIC(E-813)
¢ 1 OFFSET LINES 8 JIC(PWR LAW)
€ 4pp || — — BLUNTING LINE @ HCTURL LELTA=F
it b /
Z a0 | :
! / o oe
.J 3 f o
m -
0y 2o | / g'
U [ / o
(" ‘N f
L oieef 4°
— F g
|
'-, e \ Er e 1 e | i A A | A A i | B e P LR A
) 2 .4 B .8 1

CRACK EXTENSION (mm)
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SPECIMEN D= 02GAR312

MATERIAL TYPE= A532-B-1

TEST TEMPERATURE= -95 DEG C

THICKHNESS= 25.4 mm

SIDE GRCOQUES= 0 %

INITIAL CRACK LENGTH= 31.2 mm a’/Wii= ,612
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 593 MPa

FLOW STRENGTH= 478 MPa

ESTIMATED YOUNG'S MODULUS= 213 GPa

SPECIMEN CLEAUED AT Klc= 41.8 MPa SQRim) (UALID ASTM E399)
UVALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LORD
J-INTEGRAL= 6.4 kJ/m™2 J-INTEGRAL*= 6.4 kJ/m"2
KJc= 36.8 MPa SQR(m) Kle= 34.8 MPa SQR(m)
K-beta-c= 36.3 MPa SQR(m) K-beta-c= 36.3 MPa SQRI(m)

YP1211




LORD (kN)

20

98

@2GR312

ORNL-
-85 DEGREES . C

DWG 87-7903

' B A l_L A s LA -n A l

A i

A 1 " " | o———

o1 3 ¥
DISPLACEMENT
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SPECIMEN ID= 02GAR321
TEST TEMPERATURE= 204
THICKNESS= 2.4 mm
SIDE GROOVES= 20 &%
INITIAL CRACK LENGTH= 21:9
MEASURED DUCTILE DELTA-A= - I
fIELD STRPENGTH= 418 HMPa
FLOW STRENGTH= 498 rPa
ESTIMATED YOUNG'S MODULUS=

CEG C

mmm

Uy mm

196 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOADs

KJ-

POWER LAW PROCEDURE ASTM L INEAR PROCEDURE
J!r- 199.3 k)7’ m” 2 Jice= 141 & LJ m*2
K-Jlc= 197.4 MPa SQRI(m) K-Jdlc= 193.% MPa SQR(m)
POWER= % Lk B SLOPE= 127287 kJ/m"3
COEFFICIENT= 703.1 kJ/m™2 INTERCEPT= 167 kJ/m™2
T (AUERAGE )= Y4 T (ASTHM) = 100

URLID, EB13
JI-R CURVE CALCULATIONS
)] (W) T=8,8)= 425 .3 kJ7m
POWER= . 3664 COEFFICIENT 302.3 kd/m™2
J-MAX ALLOWED= 474.8 kJ/m™2 DELTA-A MAX ALLOWED= 1.91%
RCURVE I[NUALID,

MAX LOAD=

a‘Wir= 626
248.2 kJ/m”2
220.3 MPa SQR(m)

YP1240

mm



(kN)

LORD

(kI / m~2)

J-INTEGRAL

50

30

20

10

1900

800

b @

400

20

a
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ORNL-DWG 87-7904

B2GR321 204 DEGREES C
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!

1

PR O VN PRI TSNT O GG, W VU VAN (HUN SUCNT SN ST AR S v o
) | 2 3 4 €

DISPLACEMENT (mm)
ORNL-DWG 87-7905

A2GR32 ] 204 DEGREES C

C A J (e.a-{;v ) ; JIC(E-813)

Ll

JIC(PHR LAW)
¢ RACTUAL DELTRA-R

OFFSET LINES
BLUNTING LINE

e ——

/
/

. 0
o / D

L L

/ o

1
N
P ﬁ

0
ek 4 A 1 i i A 1 A " A 1 g A A 1 .

0 ! 2 3 4 5
CRACK EXTENSION

. S Jn o SN R R

(mm)



[|MEN D=
TEMPERATI
KNESS=

N=in)

INEAR PROCEDURE

114.°




LORD (kN)

(k] "m~2)

J-INTEGRAL
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ORNL-DWG 87-7906
B2GR325 121 DEGREES C
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a b e .
a 1 2 3 4 -
DISPLACEMENT (mm)
ORNL-DWG 87-7907
B2GR325 121 DEGREES C
1908 r FODTITED: TRNST T=TNTEGRAL
A (8, BQTavE e JIC(E-813)
L OFFSET LIN S @ JICIPHR LAW)
b / ‘G
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L/ o
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p I e
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r
e i re A 1 i A A ok A i1 — T . 1 ko L
% 1 2 3 4 S

CRACK EXTENSION (mm)
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SPECIMEN D= 02GA326
TEST TEMPERATURE= 204
THICKNESS= 25.4 mm
SIDE GROOVES= 20 &%
INITIAL CRACK LENGTH= 31.7 mm
MEASURED DUCTILE DELTA-A= & 273
YIELD STRENGTH= 418 MPa

FLOW STRENGTH= 498 MPa
ESTIMATED YDUNG'S MODULUS= 196

DEG C

SPECIMEN DID NOT CLEAVE, J-MAX

KJ-MAX LOAD=

POWER LAW PROCEDURE

Jle= 148.4 kJI/m"2

K=Jlce= 170.3 MPa SQRI[m)
POWER= L4626

COEFFICIENT= 259.4 kJ/m"2

T (AVERAGE )= 96

JI-R CURVE CA'.CULATIONS

439.1 kJI/m"2

MAX ALLOWED= 478.1 kJ/m™2

LOAD= 250

GPa

a‘Wir1= 623
KJd/m*2
221.1 HMPa SQR(m)

ASTM LINEAR PROCEDURE
Jlc= 142.% kJ/m™2

166.9 MPa SQR[(m)
SLOPE= 126090 kJ/m"3
INTERCEPT= 124.4 kJd/m™2
T (ASTM) = 99

UALID, EBL13

COEFFICIENT= 269 kJ/m"2

DELTA-A MAX ALLOWED= 1.92 mm
VALID R-CURVE

YP1238




(kM)

LORD

( k .T /le‘\a )

J-1INTEGRRAL
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DISPLACEMENT (mm)
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[ MODIFIED-ERNST J-INTEGRAL
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SPECIMEN [ID= 02GA327

TEST TEMPERATURE= 288 DEG C

THICKNESS= 25.4 mm

SIDE GROQUES= 20 %

INITIAL CRACK LENGTH= 32.2 mm a‘W)i= 632
MEASURED DUCTILE DELTA-A= 6.01 mm

rIELD STRENGTH= 444 MPa

FLOW STRENGTH= 534 MPa

ESTIMATED YOUNG'S MODULUS= 191 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 168.9 kJ/m™2
KJ-MAX LOAD= 179.% MPa SQR(m]

FOWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jlc= 130.9 kJ/m™2 Jice= 132.2 kJd’/m"2
K-dlec= 158 HMPa SQR([(m) K-Jic= 18.8 MPa SQR(m)
POWER= , 458 SLOPE= 109068 kJ/m™3
COEFFICIENT= 236.4 kd m™2 INTERCEPT= 118,72 kJ/m™2
T (AVERAGE)= 75 T (ASTH)s 73

VALID, EBL13

J1-R CUURVE CALCULATIONS

) () T=H 8 )= 1T7.8 k)’ m*2

FOWER= .4083 COEFFICIENT= 236.1 kJd7/m
1-MAX ALLOWED= $00.8 kJ/m™2 DELTA-A MAX ALLOWED= 1.88

RCURVE INUVALID, 2




LORD (kN)

m~Z )

(kJ.

J-INTEGRAL
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B2GR327 288 DEGREES C
1088 T FODTFTED-ERNST J-INTEGRAL
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ORNL-DWG 87-7912

@2GAR-350 -8@ NEGREES C
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SPECIMEN [D= 02GA3S7
TEST TEMPERATURE= 288 DEG
THICKNESS= 29.4 mn
20 %

SIDE GROQUES=
INITIAL CRACK LENGTH= 1.9 mm a/W)i= 627
MEASURED DUCTILE DELTA-A= 3.73 mer
r1ELD STRENGTH= 444 MPa
FLOW TRENGTH= 534 MPa
‘ ~'_" Zr“"‘ ‘r‘ Y DU - M [‘I ‘\ L:r: S 1‘41 w,‘»’e
SPECIMEN DI NOT EAUE : J - MRAX LOAD= 200.1 kJ/m™2
KJ-MAX LOAD= 195.4 MPa SQRIm)
POWER LAW PROCEOURE ASTM LINEAR PROCEDURE
[c= Llal . 4 kd/ m™2 Jics= 1453.7 k) m™2
llc= 163.7 1 a JR(m] K-=Jlc= 16%9.6 MPa SOR(m)
POWFR= CBOAF SLOPE = l.l"“l.\ L‘J'(“ 1
OEFFICIENT= 266 .8 kd/ m"*2 INTERCEPT= 129.7 kJd7/m*2
1 mUFRAGE = ’ 1 (ASTM ) = HY
ALID, EBL13
: = r b e LA IN
L - 4 b Y
£ ER e 4 # EFF EN * ’ ’
¢ CE TA-A MA “ ED= 1.9




LOAD (kN)

(kJ/m~2)

J-INTEGRAL

110

ORNL-DWG 87-7913

B2GAR357 288 DEGREES C

e AL LB dein b 1 R R O S ik T A
% 1 2 3 4 S
DISPLACEMENT (mnm)
ORNL-DWG 87-7914
A2GR357 288 DEGREES C
1900 = - T
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J
A A 'y ‘ A L nadie L v S - ) - 1 A Senand l of e A

| 2 3 “ S
CRACK EXTENSION (mm)
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SPECIMEN ID= 02GA341
MATERIAL TYPE= AS33B

TEST TEMPERATURE= -40 DEG C
THICKNESS= 25.4 mm

SIDE GROOQUES= 0 *;

INITIAL CRACK LeNGTH= 21.% mm a‘/Wii= .62

MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 529 MPa

FLOW STRENGTH= 409 MPa

ESTIMATED YOUNG'S MODULUS= 209 GPa

SPECIMEN CLEARVED AT K = 9.7 MPa SORLm) (NOT VAL 1D Kle)
UVALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOARD

J- INTEGRAL= 23.6 kJ/m™2 J- INTEGRAL= 23.6 kJ/m"2
KJc= 20,2 MPa SQR(m) kKJde= 70.3 MPa SQRI(m)
Kebeta-c= 60.2 MPa SQR(m) K-beta-c= 60,2 MPa SQAR([(m])

YP1235
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ORNL- WG 87-7915
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SPECIMEN D= 02GA-367

MATERIAL TYPE= AS33-B-1

TEST TEMPERATURE= 0 DEG C

THICKNESS= 26.4 mm

SIDE GRODVES= 0 %

INITIAL CRACK LENGTH= 31.7 mu a‘W)i= ,622
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 492 MPa

FLOW STRENCTH= 549 MPa

ESTIMATED YOUNG'S MODULUS= 207 GPa

SPECIMEN CLEAVED AT K = 98.6 MPa SQR{(m) (NDOT VAL ID Kle)
UALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J=INTEGRAL= B80.7 kJ/m"2 J= INTEGRAL= 75,1 kJ/m"2
KJe= 129.3 MPa SQRI(m) kKJdce 124.7 MPa SQR(m)
K-beta-c= B80.,” MPa SQRI(m) K-beta-c= 79.4 MPa SQR(m)

YP1234




LORD (kN)
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SPEC IMEN [ A-374
TEST TEMPERATURE= 4
'.41: V’JE Ce ‘; . & ”
|DE GROOUES= y
INITIAL CFRaCH ENGTH=
MEASURED DUCTILE DELTA
1ELD TRENGTH= ",
FLOW STRENGTH= 3 M
ESTIMATED YOUN x
PECIMEN DID NOT FAUE
POWER LAW PROCEDURE
Jlce 164.3 kJ/m~2
¥ Jlce= 183.5 MFPa SQRI(r
POWER= .839¢
DEFFICIENT= 448, k
T { A ‘F RAaGE - .'t. [»)
|-RFR CURUE 4 . N
N/ T=
3 F = =0 o
MA - f - 1x.
b RUE NUA X

144, %

1
A
- A
M- TNt q
ASTHM L INEA
11 " 10%
s Jic=
LOPE= )
INTERCEPT=
T ASTM =
INVALID, ¢
: f 1EN
Y M

.

Y&l

m
MPa
kJ
o)
4 &

£

sOR [ m
1
m &
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) OFFSET LINES @ JIC(PWR LAW)
e == BLUNTING LINE @ ACTUAL DELTAR-
1608 | y
: /
1200 /
= c] ’
. Q
G
+ 0
goe | / L
- / f
a0 b /. fb ‘
o P e A'V A 1 e d A L A " L i — A
@ 1 2 3 4 S
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SPECIMEN 1D= 02GA405

MATERIAL TYPE= RAS33B

TEST TEMPERATURE= -6 DEG C

THICKNESS= 2% .4 mm

SIDE GROOVES= 0 %

'NITIAL CRACK LENGTH= 31.2 mm a/Wii= ,612
MEASURED DUCTILE DELTA-A= .07 mm

1ELD STRENGTH= 496 MPa

FLOW STRENGTH= &74 MPa

ESTIMATED YOUNG'S MODULUS= 207 GPa

SPECIMEN CLEAVED AT K = 101.1 MPa SQARIm) (NOT VAL ID Kleg)
UALUES AT MAaXIMUM LOAD VALUES AT CLEAVAGE LOAD
)« INTEGRAL* 74.3 kJ/m™2 J-INTEGRAL= 74.3 kJ/m"2
Kle= 124.2 MPs SQR(m) Kle= 124.2 MPa SQR(m)
K-beta-c= 79.6 MPa SQR'm] K-beta-c= 79.6 MPa SQR(m)
YP1232
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LOAD (kN)
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o
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DISPLACEMENT (mm)



SPECIMEN [De 2GA4NS
V‘(yv v&u_‘!‘_“v J"P‘
THICKNESS- 2% . 4
SI10DE (‘,GIX;'.WIQ»'-

INIT AL Ralk
MEASURED DUCT I
rIELD STRENGTH=
FLOW STRENGTH=
ESTIMATEI rl N

SPEC IMEN

UALILIES AT

J« INTEGRAL = ‘
Klce 206 .4 MP s
K-beta - 9.9

POWER L AW

POWER= 8108
COEFFICIENTw
T (AUVERALGE -

| NE AR

LEAVAGE LOAL

206.9 -

MPas SQR(m)

89 .4 MFPa

PROCEDURE

SOR(m)

YP1231
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LORD (kN)

(kT / m~2)

J-INTEGRAL
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SPECIMEN !D= 02GAR410

TEST TEMPERATURE= 50 DEG C

THICKNESS= 25.4 mm

SIDE GROOVES= 20 %

INITIAL CRACK LENGTH= 31.9 mm a/Wii= ,627

MEASURED OUCTILE DELTA-A= .95 mm

YIELD STRENGTH= 456 IMPa

FLOW STRENGTH= 631 MPa

ESTIMATED YOUNG'S MODULUS+= 204 GPa

SPECIMEN DID NOT CLEALE, J-MAX LOADe= 339.8 kJ/m"2
KJ-MAX LOAD= 263.% ™MPa SOR(m)

Jlge 127.% kJ/m™2

K-Jdlgcw= 190.% HMPa SQRIm)
POWER= 6771

COEFFICIENT= 386.4 kJ/m”
T (AVERAGE )= 183

JI<R CURVE CALCULATIONS

)] (R)/T=8 .8)= 1194 kJd’m”
POWER= 7341

J-MAX ALLOWED= 50% .4 )

RCURVE INUALID, 1 3

"

A&STM L INEAR PROCEDURE

Jice= 118.8 kJ/m™2

K-Jlc= 155, 8 MPa SQR(m)
SLOPE= 271806 kJ/m™3
INTERCEPT= 88.4 kJ/m™2

T (ASTH) = 197

INVALID, &

COEFFICIENT= 3182.7 kJ/m™2

ALLOWED= 1.9

Ta-A MAX

DE!




LORD (kN)

(kJ/ m~2)

J-INTEGRAL
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49

3e

co
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1000

809

122

ORNL-DWG 87-7922

P2GR410 S@ DEGREES C

(

-

o ]

!

P

K

P

PR WIE I TN L QU G S L R TR [ AT T Y
o ) 2 3 4 5

DISPLACEMENT (mm)
ORNL-DwG 87-7923

A2GR4 10 S@ DEGREES C
r TS =1 =
A 7 (8.8%Tavg) & JIC(E-813)
3 OFFSET LINES @ JIC(PWR LAW)
[ -- — BLUNTING LINE @ ACTUAL DELTA-A
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SPECIMEN D= 02GR4LE
MATERIAL TYPE= n833.B-1
TEST TEMPERATURE =
THICKNESS= 25.4 mm
SIDE GROQUES= 0 %
INITIAL CRACK LENGTH=
MEASURED DUCTILE DELTA-A=
YIELD STRENGTH= MP s
FLOW STRENGTH= MP &
ESTIMATED YOUNG MOOUL US=

DEG C

100

1 -,

L 0% mm
00

LE8

el } Ps

(\ £ 54"?_'1 T K l ~wn &4 MFa

SPEC IMEN

UALUES AT MaxIimMuMm LOAL
' kJ”m

- . I <

MPa SQR(m) >
MFPa GF(m) }

41

SOF(m

a‘Wii= .61«
UALID A3TM £399
- T l: L F)‘Q IQV’E | ';‘“('
GRRL= B, A 1 m™2

1.9 MPa SOR(m)

“l

MFPa

SOR(m ]




LOAD (kN)
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SPECIMEN 10= 02GAR&417

MATERIAL TYPE= AS31H

TEST TEMPERATURE= 0 DEG

THICKNESS= 285 4 mm

SIDE GRODUES» 0 %

NITIAL CRACK LENGTH= 30.8 mm a’Wii= ,606
MEASURED DUCTILE DELTA-A= .1 mm

YI1ELD STRENG (M= 492 MPa

FLOW STRENGTH= E£&9 MPa

ESTIMATED YOUNG'S MODULUS= 207 GFa

SPECIMEN CLEAVED AT K = 99 .7 MPa SQORI(m) (NOT VALID Klg)

UALUES AT MaxXImMuM LOAL RLUES AT CLEAVAGE LORD

1- INTEGRAL= 73.% kJ/m™2 J- INTEGRAL= 76 .9 kJ a"2

Kldce 123.4 MPs SOR(m) Klce= 125.4 MPa SQR(m)

K-bota-cs 79 MPa SQR{m) K-beta-c= 79.6 MPa SQR(m]
YP1228
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ORNL-DWG 87-7925
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SPECIMEN D= 6BUWAA
TEST TEMPERATIURE = 288 DEG C
THICKNESS= 25.4 mm
SIDE GROOUVES= 20 %
INITIAL CRACK LENGTH= 30.3 mm a/W)= 598
MEASURED DUCTILE DELTA-A= .21 mm
Y1ELD STRENGTH= S00 MPa
FLOW STRENGTH= 662 MPa
ESTIMATED YOUNG MODULUS= 191 GFPa
SPECIMEN DID NOT CLEAVE, J-MAX LORL= 348 .6 k)’ m™2

KJ-MAX LOAD= 2$7.9 MPa SQORI[m)
POWER LAW PROCEOURE ASTM LINEAR PROCEDURE
lJlc= 229 .1 kd7m™2 Jlg= 206.8 kJ/m™2
KeJlge= 209.1 MPa SQR(m) Ke«Jdlc= 198.6 MPa SQRI[(m)
POWER= . 5528 SLOPE= 227436 kJ/m™3
COEFFICIENT= 406.8 kJ/m™2 INTERCEPT= 164.9 kJ/m™2
T (AVERAGE )= 130 T (ASTM )= 138

AL lD, EBL3

J1-R CURVE CALCULATIONS
] (R)/T=8 .8)= '69.8 kJ/m*2
POWER= . 572% COEFFICIENT- 406.7 kJd7/m
J-MAX ALLOWED= §720.6 kJ/m™2 DELTA-A M X ALLOWED= 2.0
AL 1D R-CURVE

YP1226
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LORD (kN)

(kI/ m~2)

J-INTEGRAL
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SPEC IMEN
MATER I AL
TE

10= &8WODD
TYPE= AS33BL)
ST TEMPERATLIRE = 10

THICKNESS= 25.4 mm

SIDE
INITIAL

MEASURED
(1ELD

Fl

ESTIMATED

SPEC IMEN

J
w

GRODQUES= 0 &
CRACK LENGTH=
QUCTILE DELTA-fA=
STRENGTH= 61% (1Fas
OW STRENGTH= £52 MPs
YOUNG ' S

CLEAUVED AT K =

VALUES AT MAXIMUM LOAD
- INTEGRAL= 213.5 kJ/m"%
Je= 211.2 MPa SQR(m)

beta-c= 113.1 MPa SQRI[n

¥

MODULUS=

131

209 GPa

120.8 MPa

a’l ;- 616
SOR[m] (NOT VALID Kle)

AT CLEAVARGE LOAD

URLUES

J= INTEGRAL= 215.7 kJ/m"¢
212.3 MPa SQR(m)
K-beta-c= 113.% MPas

Klec=
SQR[m)

YP1224




ORNL-DWC 87-7929

ORML-DWG 87-7930




6BUWEB
~E3I3BW
-115

SPECIMEN D=
MATERIAL TYPE=
TEST TEMPERATURE =
THICKNESS= 2%.
SI1DE

DEG
“a mm
0%
LENGTH=
DELTA-A=
7 MPa
MP s

MODULIL

GROQUES=
INITIAL CRACK
MEASURED DUCTILE
IELD STRENGTH=
FLOW STRENGTH= 300

ESTIMATED YOUNG

‘l|1 T

“e

SPEC |MEN ERAVED AT Klce=

VALUES AT MaxXIMuM LOAD

J- INTEGRAL = 7.6 kd7/m

KJde= 40.4 MPa

K-beta-

40.2

mm

. |:| L

215

“

mm

GFa

MPa

»

aWii= 692
SQAR(m) (VAL ID ASTM E399)
VALUES AT CLEAUVAGE LOAD
J- INTEGRAL= 7.6 k) m™2
Klec= 40.4 MPa SQRIm)
beta-c= 40 MPa SQR([(m)

YP1223




LORAD (kN)
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Y

PECIMEN ID= 48BWHB
TEST TEMPERATURE= 121
THICKNESS= 2% .4 r
5|DE GRODVES= y, S
INITIAL “PACK LENGTH= 0.
MEASURED DUCTILE DELTA-A=
r1ELD STRENG TH= 4910 [l
FLOW STRENGTH= 645 MPa
ESTIMATEL NN MODULL
SPECIMEN DID NOT CLEAUVE
POWER LAW PROCEDURE
lce 243 1 . fr
b 1= rd . MPa Ueim
POWER= el
QEFFICIENT= Y. kJ
T (AVERAGE = 191
J|-R URUE =1 ULATION
) (R)/T=8.8)= 1070.5% &
POWER = &%4°%
Ma (218 e U= 541l b »
AL lD R NIk

a’W)= 607
mem
Pa
-l 1& & 3 k m™Y
QAL 266 .k MPas SOR(m)
ASTM LINEAR PROCEDURE
s 203, 3 k) /m™2
k le= 201.8 HMPa SQR(m)
sLOPE = 299044 kJ/m
INTERCEPT = 147. % kJd7”m
T (ASTHM )= U4
AL ID, EBLS
COEFFICIENT= 4% 7 kJ/m
ELTA-A MAaX ALLOWED= 2

YPr1222




LOAD (kN)

(kI /m~2)

J-INTGRAL
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68WHB 121 DEGREES C
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SPECIMEN H8UKA
TEST TEMPERATURE = 23
THICKNESS= 25.4

510DE GROOVES= <0

1 Niw
L

mir

s

INITIAL RAlL K LENGTH=
MEASURED DUCTILE DELT
(1ELD STRENGTH= 567
FLOI TRENG TH= 60
f IMATEL OUNG MO(
SPECIMEN DID NOT FA
; ER L &l PROCEDURNE

v; - r | 8 - p
" ice 14,9 Ha W
3 ENw 19

OEFF | IENT = ‘ P
T " i""l ok -

=D Nk - ATl

. | =5 4 = 1 % X

f FNw= a1

Max = E U= - 1
- RUF I NUAL | 1

137

DEG |
0. € nm a’L)= 604
- - P '] mer
MP a
MPa
ULUS= P >Ma
€. J-MAX LOADs 423.2 kJ/m~i
KJ-MAX LOAD= 295.2 MPa SQR(m)
ASTM L INEAR PROI FEOURE
11 - 14 Y kJd/m™<
I K-Jlce= 184 MFa J
L OPE » 1QT176 €6 kJd/n
N INTERCEPT= 109.4
T ACSTM ) = 219
ALliD, EB13
N
b 1
EFF ] 1IFNT = ay A
k 3.7 EL TA-& MAX ALLOWED=

YP1221




LORD (kN)

(kT / m~2)

J-INTEGRAL
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SPECIMEN D= &8BWKD

TEST TEMPERATURE= -80 JEG C
THICKNESS= 25.4 mm

SIDE GROQUES= 0 &

INITIAL CRACK LENGTH= I0.6 mrs a’W)= 604
MEASURED ODUCTILE DELTA-A= .07 mm

YIELD STRENGTH= &84 MPa

FLOW STRENGTH= 716 MPa

ESTIMATED YOUNG'S MODULIS= 212 GPa

SPEC IMEN CLEAVED AT K = 11X.8 MPas SQR(m) (NOT VALID Kleg)
VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J- INTEGRAL= 71.3 kJ)/m™2 J-INTEGRAL= 71.3 kJd/m™2
Kles= 22.9 MPas SQRI[m) Kle= 122.9 MPa SQR(m]
K-beta-c= 93 MPas SOQR(m) K-beta-c= 93 MPa SQR(m)

YP1220
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SPECIMEN [D= 6%9W-103

MATERIAL TYPE= AS3I3IBL

TEST TEMPERATURE= 100 DEG C

THICKNESS= 2%.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 30,2 mm a’Wii= 598
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENGTH= 779 MPa

FLOW STRENGTH= 818 MPa

ESTIMATED YOUNG'S MODULUS= 213 GPa

SPECIMEN CLEAVED AT Klce= 42.6 MPa SOR(m) (VAL ID ASTM E399)

RLUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD

1- INTEGRAL= 9.9 k)/m™2 J- INTEGRAL= 9.9 k)/m™2
Klc= 4% .9 MPy SQR(m) Kldee 45.9 MPs SQR(m)
Kebota-c= 45.% MPa SOR[m) K-beta-c= 45.3 MPa SQRI[m)

YP1219
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SPECIMEN D= 69%W109

MATERIAL TYPE= AS3I3IBW

TEST TEMPERATURE= -100 DEG C
THICKNESS= 2% .4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 30.% mm a’W)i= .89
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENGTH= 779 MPa

FLOW STRENGTH= B1PR MPa

ESTIMATED YOUNG'S MODULUS= 213 GPa

SPECIMEN CLEAVED AT Kle= 40,7 MPs SQRIm) (VAL ID ASTHM E3IP®)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD

J« INTEGRAL* 7.8 kJ)/m™2 J- INTEGRAL= 7.8 kJ/m™2

KJec= 40.8 MPa SQRI(m) KJdec= 40.8 MPa SQR(m)

K-beta-c+= 40.% MPa SQR(m) K-beta-c= 40.% MPa SOQORI(m])
YP1218
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LORAD (kN>
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SPECIMEN ID= 6%W-124

MATERIAL TYPE= AS33IBU

TEST TEMPERATURE = 20 DEG C

THICKNESS= 2% .4 mn

SIDE GROOVES= 0 N

INITIAL CRACK LENGTH= 30.7 mm a’W)i= ,608
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENGTH= &80 MPa

FLOW STRENGTH= 722 MPy

ESTIMATED YOUNG'S MODULUS= 208 GPa

SPECIMEN CLEAUVED AT K = 104.% MPa SQRIm) (NOT VALID Kle)

IMLUES AT CLEAVAGE LOAD

JALUES AT MaxX|muM LOAC

1- INTEGRAL= S8.% k)/m™2 )« .NTEGRAL= 58.3 kJ)/m"2
Kle= 110.2 MPa SQR[m) Kle= 110.2 MPa SQR(m)
SOR(m) K-beta-c= 87.4 MPa SQR(m)

™

K«beta-c= 87 .4 MPa

YP1277
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LORAD (kN:
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SPECIMEN D= 6%9W128

MRTERIAL TYPE= AS33BUW

TEST TEMPERATURE= -5 DEG C

THICKNESS= 25.4 mm

SIDE GROOUVES= 0 %

INITIn. CRACK LENGTH= 30.4 mm a‘W)i= ,599
MEASUKED DUCTILE DELTA-A= .06 mm

YIELD STRENGTH= 665 MPa

FLuw STRENGTH= 708 MPa

ESTIMATED YOUNG'S MODULUS= 207 GPa

SPECIMEN CLEAVED AT K = 95,1 MPa SQR(m] (NOT VALID Kle)
UVALUES AT MAXIMUM LOARD UALUES AT CLEAVAGE .OAD
J-INTEGRAL= 44.4 kJ/m™2 J- INTEGRAL®= 44.4 kJ/m"2
Klc= 9%.9 MPa SQR(m) Kle= 95,9 MPa SQR(m)
K-beta-c= 79.7 MPa SQR(m) K-beta-c= 79.7 MPa SQR(m])

YP1279
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SPECIMEN [D= 69%W-132

TEST TEMPERATURE= 24 DEG C

THICKNESS= 25.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 30 mm a‘Wi= .592
MEASURED DUCTILE DELTA-A= 7.92 mm

YIELD STRENGTH= 440 MPa

FLOW STRENGTH= 684 MPas

ESTIMATED YOUNG'S MODULUS= 206 GPa

SPECIMEN CLEAVED AT K = 138.2 MPa SQRI(m) (NOT VALID Kle)
VALUES AT MaxIMUM LOAD UALUES AT CLEAVAGE LOAD

J- INTEGRAL = 183.2 kJ/m"2 J- INTEGRAL= 253.6 kJ/m"2
Klce 194.7 MPa SOR(m) Kle= £28.% HMPs SQR(m)
K-beta-c= 111.8 HMPa SQR(m) K-betes-c= 119.7 MPa SQR(m)
POMER LAW PROCEDURE ASTHM L INEAR PROCEDURE

Jile= B89.2 kJ/m"2 Jlce 49.3 kJ/m"2

Kedlc= 136 .6 MPa SOR(m) K-Jlc= 100.8 MPa SQR(m)
POWER= 217 SLOPEe 235704 kJ/m™3
COEFFICIENTs 268.3 kJ)/m™2 INTERCEPT= 40.8 kJ/m™¢

T (AVERAGE , = R T (£STM) = 104

INVALID, 2 6

JI«R CURUE LA AT | ONS

) B)/TesB B)= L e .

POWER= a1’ COEFFICIENTs= 264.1 kd/’m™2
J-MAX ALLOWED= '06 .° kJ m™g DELTA-A MAX ALLOWED= 2,06
RCURUVE [NUAL I 1

YP1280
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SPECIMEN [D= 69W136

MATERIAL TYPE= AS338L

TEST TEMPERATURE= -60 DEG C

THICKNESS= 25.4 mm

SIDE GRODUVES= 0 %

INITIAL CRACK LENGTH= 30.3 mm a/Wii= ,696
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 726 MPa

FLOW STRENGTH= 746 MPa

ESTIMATED YOUNG'S MODULUS= 211 GPa

SPECTMEN CLEAVED AT Klc= 60.8 MPa SQR(xn) (UALID ASTM E399)
VALUES AT MAXIMUM LOAD VALUES AT ZLERUAGE LOAD

J- INTEGRAL= 16.2 kJ/m"2 J- INTEGRAL= 16.2 kJ/m™2
KJc= 58.4 MPa SQRI(m) Kle= 658.4 MPa SQR(m)

K-beata-c= 56,2 MPa SQR[(m) K-beta-c= 56.2 MPa SOR(m)
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SPECIMEN ID= 69W138

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -60 DEG C

THICKNESS= 25.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 31 mm a‘W)i= ,612
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 2726 MPa

FLOW STRENGTH= 266 IMPa

ESTIMATED YDUNG'S MODULUS= 211 GPa

SPECIMEN CLEAVED AT Klc= 68.4 MPa SQR(m) (VAL ID ASTHM E399)
UVALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J=INTEGRAL= 21.1 kJ/m"2 J=INTEGRAL= 21.1 kJ/m"™2
Klc= 66.6 MPa SQRI[m) Klc+ 66.6 MPa SQRI(m)
K-beta-c= 62.9 MPa SQF'm) K-beta-c= 62.9 MPa SQR(m)

YP1272
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SPECIMEN ID= 6%9W140

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -60 DEG C

THICKNESS= 25.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 29.7 mm a‘W)i= ,587
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 726 MPa

FLOW STRENGTH= 766 MPa

ESTIMATED YOUNG'S MODULUS= 211 GPa

SPECIMEN CLEAVED AT Klc= 55.8 MPa SQR(m] (VALID ASTH E399)

VALUES AT MAXIMUM LOARD UVALUES AT CLEAVAGE LOAD

J-INTEGRAL= 12.3 kJ/m"2 J-INTEGRAL= 12.3 kJ/m™2

Kle= 60.8 MPa SQR(m) Klc= 50.8 MPa SGQR(m)

K-beta-c= 49.6 MPa SQR(m) K-beta-c= 49.6 MPa SQR([m)
YP1273
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SPECIMEN ID= 6%9UW1l41

TEST TEMPERATURE= 121 DEG C

THICKNESS 2.4 mm

SIDE GROOVES= 20 %

INITIAL CRACK LENGTH= 30.2 mm a’W)i= 595
MEASURED OUCTILE DELTA-A= 3.2 mm

{ ELD STRENGTH= SB80 MPa

FLOW STREAGTH= &30 MPa

ESTIMATED YOUNG'S MODULUS= 200 GPas

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 219.6 kJ/m"2
KJ-MAX LDAD= 209.7 MPa SQRI(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jic= 178.8 kJ/m"2 Jice 164 kJI/m"2

K«Jlc= 189.3 MPa SQR[(m) K-Jlc= 181.3 HMPa SQR(m]
POWER= L4954 SLOPE= 174908 kJ/m™3
COEFFICIENT= 329.2 kJ/m™2 INTERCEPT= 141.2 kJ/m"2
T (AVERAGE )= 83 T (ASTHM) = 88

VALID, EBL13

Ji-R CURUVE CALCULATIONS

) (@)/T=8.8)s 466.5 kJ/m"2

POWER= . 472 COEFFICIENT= 328.7 kJ/m"2
J-MAX ALLQWED= 640 .6 k)/m™2 DELTA-A MAX ALLOWED= 2.06 mm
RCURVE INUVALID, 3

YP1274
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TEST

IMEN 10= 91145
TEMPERKTURE =

£

THICKNESS= y & PO iy

SIDE

INITIAL CRACK LENG
MEASURED DUCTILE
D STRENGTH= 56

r 1EL
FLO

ESTIMATED YOUNG'S MODUL LS

~FPEC

{
\

-

GRODUVESSs 20

)3

STRENGTH= 623

%

V=

¢

L 4

.

[ L B
MFa
r‘.‘JQ

IMEN DID NOT CLEAUE

POWER LAW PROCEDURE

lc= 1372.7 K/ m g
b = 164, 1 MFa
POWER= 475
COEFFICIENT= 260.9

' (AUFRAGE 1= 6

~ | 3 =1 (=)
8) 1 i | LAQ
} FR= i,
M& i | i - ¢ ~
(=3 RUE NUAL 1D,

AR (m)

“ DE

163

M LINEAR
= 104.°F
Jlew 143
MNMPEF = 1‘I7‘

INTERCEPT=

.J m "
MPa SQR(m)

PROCEDURE

0.8 kJd“m
1.9 kJ
6
0,
MLl WED=
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SPECIMEN D= 69W151

MATERIAL TYPE= AS3I*RL)

TEST TEMPERAY. E- 20

THICKNESS« 72 ’

SIDE GROS

INITIAL CRw FHs “ ] -
MEASURED DU 1. JEL

YlELD STREN M= 42 MPs

FLOW STRENGTH= £36 MFP

ESTIMATED YOUN el J
6P TIMenN CLEAVED aT v « 1% . (NOY VALID Kl=)

MALUES AT MAXIMUM LOAD Y UCS AT ClikxUAT. LOAD

J- INTEGRAL= 118.2 kJ/m*2 J= INTEGRmL= 118.4 kJ/m"2
kKldc= 156,1 MPas SQR(m) Kldc= 1%56.2 MPa SQR(m)
K-Yeta-c»~ 101.6 MPa SQR,. K-beta-c= 101.6 MPa SQR([m)
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SPECIMEN [D= 6%W154

TEST TEMPERATURE= 2
THICKNESS= 2%.4 mm
SIDE GROQUES= 20 %

INITIAL CRACK LENGTH= 30.3

MEASURED DUCTILE DELTA-A=
YIELD STRENGTH= &8% MPa
FLOW STRENGTH= 651 MPa
ESTIMATED YOUNG'S MODULUS=

SPECIMEN DID NOT CLEARUVE, J-MAX
KJ=MAax

POWER LAW PROCEDURE

Jice= 123.2 kJI/m"2
Kedle= 1%3.3 MPa SQRI[m)
POWER= L4538

COEFFICIENT= 233. 4 kJ/m™2

T (AVERAGE )= 51

JI-R NURVE CALCULATIONS

) (R)/T=3.8)= 302.6 kJd/m
‘)"_]L.jf Re . 4% nNs
J-MAX ALLOWED= 661 kJ7m™

RCURVE INVALID, 2

88 DEG

LOARD= 216.6 kJ/m"2
LOARD= 2 S

a‘W)i= .598

GFa

ASTM L INEAR PROCEDURE
llc= 112.% kJ/m"2
K-Jlc= 146.% MPa SOR(m)
SLOPE= 123281 kJ/m"™3
INTERCEPT= 101.8 kJ/m"2
T (ASTH) = 66

VAL ID, EB12

COEFFICIENT= 233 kJ/m"2
DELTA-A MAX ALLOWED= 2.04 mm
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SPECIMEN D= 69W161

TEST TEMPERATURE= 288 DEG C

THICKNESS= 25.4 mm

SIDE GRODVES= 20 %

INITIAL CRACK LENGTH= 30.3 mm a/W) = .598
MEASURED DUCTILE DELTA-A= 3.93 mm

rIELD STRENGTH= 58% HMPa

FLOW STRENGTHe 651 MPa

ESTIMATED YOUNG'S MODULUS= 191 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOADe= 226.1 kJ/m~2
KJ-MAX LOAD=~ 207.7 HMPa SOR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jlce 147 kJ/m™2 Jic= 140.2 kJ/m™2
K-Jlc= 167.9 MPa SQR(m) K-Jlce= 163.6 MPa SOR(m)
POWER= , 4186 SLOPE= 123937 kJ/m”3
COEFFICIENTY= 262, 1 kJ/m™2 INTERCEPT= 126.8 kJ/m™2
T (AVERAGE )= 51 T (ASTM )= 56

VAL ID, EB13

JI-R CURVE CaAl AT IONS

) ﬁ] Tel 8w 01 ~ k) Y

POWER= 3867 COEFFICIENTs 288.72 kJ/m
J«-MAX Al JEDw 661 .¢ kJ m™, DELTA-A MAaxX ALLOWED=

YP1269




40

LORD (kN)

2e

e

800

(k). / mna2)

&3

400

S

J-INTEGRAL

170

J (8.8%Tavg) ® JIC(E-813)
OFFSET LINES ® JIC(PWR LAW)
’ —"— BLUNTING LINE k2 HCTURL DELTR-F’

OKNL-DWG 87-7957
ESWIE1 288 DEGREES C
:
b
)
-

PTG T G WY DI W e e S ST oy e S I T ——
%) | e 3 4 S
DISPLACEMENT Ciam)

ORNL-DWG 87-7958
E9WI6 ] 288 DEGREES C
THOUIFYED-ERNST J-INTFGRALC

/
/
.
o
0
&)
o
QD
Dibonidnmiimeiiasmtindbsmiinsimdiallead bR __a o
I 2 3 L] S
CRACK EXTENSION (mm)



SPECIMEN [D= 6%9W170
MATERIAL TYPE= AS3I3IBW

TEST TEMPERATURE= -6 DEG C
THICKNESS= 2% .4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 30,7
MEASURED DUCTILE DELTA-A=
YIELD STRENGTH= £65 MPa
FLOW STRENGTH= 208 MPa
ESTIMATED YOUNG'S MODULUS=

SPECIMEN CLEAVED AT K = 986

UALUES AT MAaxXImMuM LOAD

J- INTEGRAL= 44 k) /m™2
Klde= 9%.6 MP2g SQR(m)
K-beta-c= ’9.% MPas SOR(m)

171

mm a/W)ii= ,6085

. 06 mm

207 GPa

.8 MPa SQR[m) (NOT UVALID Kle)

UALUES AT CLEAVAGE

J= INTEGRAL =

44 kJ/m”

LOAD

-
.

Klc= 95 .8 MPa SQRI(m)
K-beta-c=

79.% MPa

YP1267
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SPECIMEN ID= 69W17%
MATERIAL TYPE= AS33BW

TEST TEMPERATURE= 24 DECG C
THICKNESS= 25.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 30.4 mm a’/W)i= ,699
MEASURED DUCTILE DELTA-A= .1 mm

rIELD STRENGTH= 639 MPa
FLOW STRENGTH= 8% MPa
ES"IMATED YOUNG'S MODULUS=

SPECIMEN CLEAVED AT K = 133.7 MPa SQR([(m] (NOT VAL ID Klc)
UALUES AT MAXIMUM LOAD VaLUES AT CLEAVAGE LOAD

)« INTEGRAL= 134 k)J/m™2 J- INTEGRAL= 136.2 kJ)/m™2
Klde= 166.1 MPa SQRIm) Kldec= 167.% MPa SQR(m)
K<beta « 104.2 MPa SQR(m]) K-peta-c= 104.6 MPa SQR(m)

YP1266
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SPECIMEN 1D= 70W103

MATERIAL TYPE= AS33BUW

TEST TEMPERATURE= -13% DEG C

THICKNESS= 25 .4 mm

SIDE GROOUVES= 0 %

INITIAL CRACK LENGTH= 27.9 mm a‘’W)i= .55
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= £52 MPa

FLOW STRENGTH= 718 MPa

ESTIMATED YOUNG'S MODULUS= 215 GPa

SPECIMEN CLEAVED AT Klc= 35.9 MPa SOR[m) (VAL ID ASTHM E399)
UALUES AT MaxImMum LOaD URLUES AT CLEAVAGE LOAD

J«- INTEGRAL= & 6 k)/m™2 J~ INTEGRAL= 5.5 kJ/m"2
Klec= 34.2 MPas SQR[m) Kles 4.2 MPa SQRI(m)

K-beta-c= 34 MPa SQR(m) K-beta-c= 34 MPa SQR(m])

YP1257
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SPECIMEN D= 70W1l14

TEST TEMPERATIURE= 121 DEG C
THICKNESS= 2% .4 mm
>I1DE GROQUES= 20 b
INITIAL CRACK LENGTH= 2:9 mm a W)= . 562
MEASURED DUCTILE DELTA-A= 3.27 mm
FIELD STRENGTH= 43¢ MPa
FLOW STRENGTHs 494 MPa
ESTIMATED YOUMNG MODULN S - 200 FPa
N IMEN DID NOT LEAUE . J-Max LOAabe= 120. 4 kJ/m™2
KJ-MAX LOAD= 196 .3 MPs SQR(m)
POWER Lwl PROCEDURE ASTM LINEAR PROLCEDURE
Jlce= 164 kl)/m™. Jig= 147 .6 kJ m"g
} llg= 181.3 MPa SOR(m] Kedlg= 171.9 MPa SUR[m)
POWER= 8315 LOFE= 171413 kJ/m"™3
OQEFFICIENT= 302.°¢ kJd m~2 INTERCEPT» 122 kd/ m™2
AUFERAGE ) = ) T (ASTM) = 140
VaL 1D, EO13
¥ ! . '
f EFS IENT» 10"
> A F ELTA-& MA .
* ’ I N A
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SPEC IMEN [D=
MATER | Al TYPE= &F
TEST TEMPERATURE = 4
THICKNESS= 25 .4
IDE GROQUES= 0 %
INITIAL CRaAI
MEASURED DUCTILE DELTA-A= 0% mn

more

YIELD STRENGTH= 540 MPa
FLLYJ S TRENG TH= & MPa

ESTIMATE( Y LUIUINGS MO( - 1Y M.

SPEC I MEN LERUE Al K = 1 MPa JF ) N
H.’\Q Al Aax | UM 2 " T

]« INTEGRAL= §9 .3 INTEGNRA
KJc= 111.4 MPa SQR(r Kde= 111.4
) hetsa - y M a J v » heta = J

&9 1
ME -
MP a
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SPECIMEN [D= 70W1Z

MATERIAL TYPE= ASTIBL

TEST TEMPERATURE = 138 DEG |
THICKNESS= 2% .4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTHe 27.9 mn a/’W)i= ,.549

MEASURED DUCTILE D¢ T~ - 0% mn

(IELD STRENGTH= £52 MPa

FLOW STRENG TH= 18 MPa

ESTIMATED YOUNG'S MOD JLUS= 21°F Pa

SPECIMEN CLEAVED AT Klc= 47.3 MPs SQRIm) (VAL ID ASTM E399)
SQLUES AT MaxXIimMmuM LOAL Ieal | AT CLEAUVAGE LODAL

)= 1N, .GRAL= 10 kJ/m INTEGRAL= 10 kJ-/m

Kldce 46 .4 MPa :J"l m) ¥ iew 48 . 4 P1§:‘, ‘“,-‘;JF' | f'h]

3 Deta~C» 4 T MPa JN(n v beta-c= 4% . 3 M_F.a 'J‘"['T]
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WPECIMEN 1D= '
TEST "TEMPERATIURL » y 4 OE G
THICKNESS= 28 "
 1DE GROQUE S+ ‘ Y
INITIAL CRACK ENGT e 28 me a W)= 663
MEASURE"Y DUCTILE D% T A~ A= .. ] o
FIELD STRENGTH= 24 MPa
FLOW STRENGTH= a8’ MPa
g '!f“t'ff { INGS M | - 1 Ye a
15 IMEN DI NODTY LEAUE | Mg > = 21é b k)’ m™g

Kl-MAax 4l - 20" P MFEa JR(m)
POWER LAW PROCE IME ASTHM LINEAR PROCEDURE
llge 13 ¢ kJ - 128 kY/m™3
g 1] . 164 M a J | ! - 1 ¢ M a
POWER= 1989 PE = 133223 kJ
COEFFICIENT= 254 . ¢ b NTERCEFT= $E I
! mUE RALE a 1 3 § [ TMiw= 11
e "

{ [ NRUE [ b ’

~\ Pa - L
; WEN= 1S AS EFEF 1 [ENT= ¢ 3

Mé ALl Flw- 494 b : TAR-A MAX A Wt
b WU INUSL |

YP125)3
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WPECIMEN 1De 70W149
MATER | Al TYPE= AS33HL
TEST TEMPERATURE » P DEG

THICKNE . 25 4 mnm
IDE GROOVES= 0 %
INITIAI Ralk ENGTH= 27 7 mnm 8/ W)= € aé¢
MEASURED DUCTILE D¢ L & A
FlELD STRENGTH= S48 MPa
FLOW TRENGTH= 427 MPy
ESTIMATED Y INL MO Ll . 211 F a
¥ IMEN | FAaUuEl AT k - 1 1 1 MPa IR (m) NOT alLll Kl
Al LU Al MaximumM LDA Al UE AT CLEAUVALGE L DODsAl
NTH Rl = LY. . (&l :’¢‘t J!‘ro\- Eé - [
e « 1 1 a R+ Kle= 108 MP a IR
hets - 9.8 MPs QR [ K«bets > 9.8 MPs J
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PECIMEN (D= 71U]
TEST TEMPERATURE »
"MICKNEGSS= 25,4
S'DE GROQUES= ‘
IN'T AL RaCk E NI
MEASURED DUCTILE
IELY STRENG T TH=

3 W) TRENC THe= 4
ESTIM TED YOUN
PECIMEN UID NOT

POWER LAWK PROCED
11 - 125 y Kkl /m
Kdlee 1S8.8 M
§ WJE R= LB ¥

EFF | IENT» ‘s
I (AVERAGE )= 115
) [ JRUE LM

H 1 Te 2 1e A

POWER= 25 1¢

M X t - ‘
b RS | NUS

[ | 2
: MF s
." P
!
F e b
JR(n
>
' "‘
)
-
-
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-
lgw= i
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|
Pt -
NTERCEP
ASTHM
Al 1o
EFF
Q TAa-M

kJ/m™g
161.9 MPa SQR(m
125341 kJd/m*3
T= 114,11 kJ7m
- 108
u"‘
ENT= <46 .9 kJ
MAaX ALLOWED= 7,
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SPE | YEN D= 1W-10%
MATER AL TYPE= AS5338BUW
IS T TEMPERATURE » vyl DEG |

THICKNESS= 2% . 4 mm

yOE GROOUES= 0 %

INITIAL RACK LENGTHe 227.7 n 1Wii= 547
MEASURED DUCTILE DELTA-A= 0% mm

fIELD STRENGTH= 456 MFa

FLOW STRENGTH= 490 MPy

ESTIMATEL Y DUNG M LLUS= 212 GPo

SPECIMEN CLEAVED AT Klec= 47.8 MPs SQRIm) (VAL ID ASTH E39%)
VALUES AT MAXIMUM LOAl ALUES AT CLEAVAGE LOAD
J« INTEGRAL= 12.6 k)/m™2 J« INTEGRAL= 12.6 kJ/m™2
Klew 81,7 MPa SQRIm) KJec= 51.7 MPa SQR(m)
K-beta-c= S50 MPa SQR(m) K-beta-c= %0 MPa SQR(m!
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SPECIMEN D= 21Wl24

TEST TEMPERATURE= S50 DEG C
THICKNESS= 25.4 mm

SIDE GROOVES= 20 %

INITIAL CRRTZK LENGTH~ 27.8

MEASURED DUCTILE DOE’ TA-A= 32.,0]

YIELD STRENGTH= 457 MPa
FLOW STRENGTH= 521 MPa
ESTIMATED YOUNG'S MODULUG= 2

a’/l)1= . 549

GPa

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

POWER LAW PNOCEDURE

Jice 111.6 kJI/m"2

K-<Jlc= 151 MFPa SOR(m)
POWER= .6774

COEFFICIENT= 280.2 kao/m™2
T (AUERAGE )= 143

JI1-R CURVE CALCULATIONS

J (R)/T=8,8)= 763.7 kJI/m"2
POWER= 67

J-MAX ALLOWED= 529.8 kJ/m"2
RCURVE INUALID, 1 *®

ASTM L INEAR PROCEDURE
Jle= 99.2 kJ/m”™,

K-Jlc= 142.3 MPa SQORIm]
SLOPE= 191563 kJ/m"3
INTERCEPT= 80.9 kJ/n"2
T (ASTHM) = 144

VALID, EB13

COEFFICIENT= 280.3 kJ/m"2
DELTA-A MAX ALLOWED= 2.29 mm
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SPECIMEN 1D= 271W12%

TEST TEMPERATURE= 204 DEG C

THICKNESS: 2.4 mm

SIDE GROOVES= 20 %

INITIAL CRACY LENGTH= 28.1 mm a/W)i= .553
MEASURED DUCTILE DELTA-A= 3,19 mm

YIELD STRENGTH= 415 ®MPa

FLOW STRENGTH= 4B2 MPa

ESTIMATED YOUNG'S MODULUS= 196 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 158.4 kJ/m™2
KJ=MRX ILLOAD= 176 HMPa SQRI[m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jle= 138.5 kI/m"2 Jlce= 122.1 kJd/m"2
K-Jlce= 163.4 MPa SQR(m) KeJdlc= 154.% MPa SQR(m)
POWER= 292 SLOPE= 106659 kJ/m™3
COEFFICIENT= 221.2 kJd/”m™2 INTERCEPT= 108.6 kd/ m™2
T (AVERAGE )= 76 T (ASTHM) = 20

VALID, EBL13

JI-R CURVE CALCULATIONS

) (J)/T=8.8)= 344.6 kJ/m"™2

POWER= L4007 COEFFICIENT= 222.9 k
J-MAX ALLOWED= 489 .4 kJ/n"2 DELTA~-A MAX ALLOWED=
RCURVE INVALID, 2

J m”
P %9
L8/
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SPECIMEN 1D= 71W127

TEST TEMPERATURE= 288 DEG C

THICKNESS= 25.4 mm
SIDE GROOVES= 20 %

INITIAL CRACK LENGTH= 28 mm
MEASURED DUCTILE DELTAR-A= 3.87

r1ELD STRENGTH= 438 MPa
FLOW STRENGTH= 6508 MPa

ESTIMATED YOUNG'S MODULUS= 191

a‘W)i1= 553

GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 155.1 kJ/m"2
KJ-MAX LOAD= 172 MPa SQRI(m)

POWER LAW PROCEDURE

Jle= 90.4 kJ/m"2

K«Jle= 131.3 MPa SQR(m)
POWER= 4268

COEFFICIENT= 166.6 kJ)’m™2
T (RJVERAGE)= &7

JI-R CURVE CALCULATIONS

J (@)/Te8.8)= 247.5 kJ/m™2
POWER= .4014

J-MAX ALLOWED= 516.2 kJ/m*2
RCURVE INVAL'D, 2

ASTM LINEAR PROCEDURE
Jice 86.9 kJ/m"2

K-Jlc= 128.8 MPa SQR(m)
SLOPE= 82036 kJ/m"™3
INTERCEPT= 79.9 kJ/m™2
T (ASTM) = 61

VAL ID, EB13

COEFFICIENT= 168.% kJ/m"2
DELTA-A MAX ALLOWED= 2.26 mm
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Appendix E

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



P'A&v

OF) 9 093 O3 ey Ov9 06 09 0%3 03 O3 0w Ov2 03 02 v 01 ©v! o)

W W] DV DV DN DT DN Owg 0w D) Owl Ol Owl Dwl vl 0wl 0w

T DT DM e o

TR
<55

« 266

MEA IRRADIATED 1TCS DATA SHEETS
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MEA YALIDITY INDEX

Kie__(ASTM E399) L
3 Kie > oys * Ja0 /2.5

2 Kie > oys * J(B%Bn)0.5/2.5

3. Prax/Pq > 1.1

Jie_
a. < 4 data points between 0.15 and 1.5 mm exclusion
lines.
b. Data clusterirg problem.

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

d. By < 25 Jq /oy
e. be < 25 Jq/oy

Tentative Ji1 - R Curve Procedure

L < 3 data points between (delta-a)=0 and secant line
(J=4/3%0y*(delta-a))

- < 10 data points between secant line and (dealta-a)max
[0.1%be]
3. (delta-a) prediction error too large,

| (delta-a)pred - (delta-a)meas | >
MINIMUM [0.15%(delta-a)meas ,0.15%(delta~a)uax)



221

50 T T T
SPECINEN O2G-2680

40 + Cleavage ,
" AInstabilrty
- .
= 30} ,)?// R
n
5 .// l
. P
[ /?’
E 70} P | :
] ,/f/
¥ o
“ e
o 7 FAILURE TYFE N

10 o R curve < D 1%mm exclusiaon line A

7 (Insufficient for analysis)
-
: g:" J pa— 3 = - 1 PRI EIRES el
go‘:“) .15 030 .‘5 .Ee .?5

Cpeaciran Loadline Deflection (mm)

TEST SFECINEN DATH

Material Tupe = RSI2E FPlate 02

Test Temperature ¢ 2% £

Fercent Si1de Groous = 05

Specimen Thicknessz B = 2%9.4 mm

Imitial a M = ,621

Init crack length a = 21.592 mm

Flow stress = €£86,3 NFa

Yield stress = £16.7 MFa

Youngs madulus £ = 205800 MPa (Estimarted Yalue:

J-INTEGRFAL AHALS1%

Fatlure Tupe A «J &t instability = Jig)

he = 0.6 kl/m2
Kyc=cElicHr .9 = 79,3 WPs “/m ve, 3
KFi¢ «Bertsy Corrected) = 68,7 MFa “/m vwe, 3
ASTH ES593-81 ANALYSLS

Modrfr1ed Vic Equationt B = (BEn)~.%

Ma<imum Load F = 30,12 kN

5% Secant Offzer Fq = 28,66 kN

Kie = 74,3 MFa “'m
Valrdito = INVALID-~1, 2

VATH CORRECTIONS USED FOR_J-INTEGRAL DATA
Merd le~Lorten correction

Corrgction for specimen rotation
Correctron Lo J for ¢rachk extension




222

400 T

320

€40

160

Modi1fied J (kJ/m~2)

en

Bl T
SPECIMEN Q2G-g67

mn.m! TYPE C

(P curvei>» 1.9 wm) -
MEA & RSTM AMNALYSIS APFLICAELE

/

L Ll e

TEST SPECIMEN DATA
Materiral Tupe

Test Temperature
Fercent Si.g Groove
Specimen Thickness
Init crack ‘ength
Firial crack length
Flow stres:z

Yourg: modulus

FOWEF LAW DATA 1 = (

l.o lls 2-0

ro
N

Crack Extansion C(mm)

AS3ZE 02 Plate

82 C

20 'l

25.4 wmm

30.9€ mm Intt a0 = E£B%
42,85 Kam Final a 'k = ,85%
&123.1 MPa

190200 MPa CEzstimated Yalue)

‘Delrta a> ~ M

Ji¢

Kie

J (3)-Te8.8)

E ponent N
Coefficiernt C
T taverage)

93.2 kJrw~2
133.3 HFa 7w
<88.% kl/mn2
+A7B7

18,9 klrm~2
49

LERST SOURRE LINERF LIMNE ¢ASTMY I = M (Delta ad + k

Validity (Recurve)
J ma<imum allowed

INVALID=~1, 3 (.%€ vs .2%)

Je ® 86.% kJ-m g
K)e = 128.7 MPa “/wm
Slops M = 10%¢33.9 k)l /w3
Intercept § s 79,3 kJsm~2
T (RETH ¥ = 54
Validity (Mg = VALID

-

T

Delra a wax, allowsed

$07.7 kl/wn2 Clwax=Enet*Flow stress 200
1.98 wm (Pelta a wmax = ¥, 1*ba)
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.‘ E o | i A

SPECIMEN O2G-331

64 Cleavage 1
nitabilnny

s
-
48 o P
; / |
&
it I :
H
|8 FRILUFE TYPE R
16 b R curve « D, 1%wn exclusian line o

(Insufficient for analysis)

"4 -

8.00 .40 B0 1.20 1.80

Soecimen Load)ine Deflection fwm)

%;sr FELIMEN DATA
.

terial Tupe ® RE22-F HIETY OO Rad
Te:t Temperature « g0 C
Percent $i1de Groove L
Speciwen Thickress § . 29,4 ws
Initia)l  arM .« .62
Init crack langth & = 21,47 an
Flow stress = £%€.4 NP2
Yield strass . 590.2 WPy
Youngs medulus E ® 202600 MFa (Eatimarad Value?
Paisson’'s Batia () L

J-INTEGRAL AMALYSLS
Farlure Type A «J at instability = Ji¢)

Jic & (47,8 k)2
KJescEMe - €1=u 2034, % = 173,101 NPa v/a ve, 3
Kic (Beta Corrected) = 10,8 WPy e UL

RETH €293-21 ANRLY(S13

Modified bic Equatron: B ¢« <BRrd~. %

Ma inum Load 3 e 47.% N

8 Secant OFfaet Pq » 27,84 N

Kig = Tl.E NPy ow
Yalrdity = JNVALID=~t, 2, 3

’
K &t My isum Losd e 125 WP, ow
!!Yﬁ gn[jljvlwus ULER FOF T IHTEGENL DATA

Merd Te=Corven OFFCET LORD®s § 16 OFFSET DEFLECTION ® 7, 6654751575 6-0% in,
Specinen rot stion Losd wntercepl alasrie glepe & ,0O0COAZ4S 10
Fittad elnnnnc load ranges 2500 T0 2000 Corredtion Vo J t4r Srach extenjion




1

Al
SPECIMEN Q2G-33¢

-

s akllh
7
!

FﬂILUPZ TYPE C
(P curvel » 1.5 mm)
MEA & ASTH ANALYSIS AFFLICAELE

/

109 l.s

Modifired J (k] /m~2)

Crack Extearmnzion Cmm)

TEST SFPECIMEN DATHA
Materral Tupe

Tezt Temperature
Fercent Side Groove
Specimen Thickness
Init crack length
Final crack length
Flow stress £13.1 MFa

Yourngs wodu) as 190200 MFa (Estimated Yalue)
FOVEF LAN DATA J = C <(Delrs a' ~ N

Jie g8 k) m g

")C 1e8.1 MPa “7m

J (@) Te@,2) 289.2 kl/w2

Exponent M A0S

Coefficrenmt C 179.8 kJ/m"2

T Caverage) “i

LEAST SOUARFE LINERR LlNE CHZTMY 1 = M (Dalrg ad> + B

3L 3.3 kl/w2

Kjic 126,101 MPa ~vm

Slope ] FE€992.4 k)/wn3

Intercept B 76.7 kJ-m 2

T (ARETH) 4%

Validity (e VALLD

Validity (P=¢urve VYRLLID

Y macimusm alloued $9€. 4 klrmn2 (Jwa<=BneteFlow gtrezs 20
Delra a wmav, allowed 1,95 mm (Delrta a mar = Q,1sba

ASZ3E 02 Plare
28e  (

an %

25.4 um

31.33 wm Intt a'W = R
‘:

ie
42,94 wwm Final a 'l = 4%
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SPECIMEN 0O2G=335

L4 r Claavage 1
x nitabtlity
E
: ‘. = “
$ Vs
g 2} I ;
v
é FRILUFE TYPE A

6 < R curve < 0. 1%wm exclusian line A

(Insufficiant for analysis)
8.00 .30 .60 .80 (.20 1.50

Spec iman

JEST SPLCIMEN DATA
Natarial Type
Tas' Temparature
FParcent Side Groove
Speciman Thichkness B
Initial  aM
Intt crack langth
Flow streas
Vield strass
Youngs soduluy €
Porasen 1 Bartia )
JINTEGPAL ANALYELS
Fatlue Tope A o) &t inst
Jie .
KjcscBlic 7 (l=ung2id», 8§ =
Kic (RPera Corrected) .
A3TH E335-31 ANALYSLS
Madified Kie Equatiang B
Masimus Load L 4 .
-
-
-

S fecant OFfsen Pq
Kig

Yalidirey

Eoat Ma twus o osd .

Loadline Deflection (umi

ASI3-F WHEST 02 Pef
20 C

X%

2%9.4 »m
.“'

31,33 »n
8%6.4 NPy
$39,2 MNPy
SDIE00 MP
o

CEatimatad Yalue)

ability = Jig)
61,3 vlrw-2

111.% NPy “vm ve,3
32,9 WPy e v, 3
= (BPn)~, %

49,1 N

a7.76 kN

T0.8 MPy e
INVALID=~1, 2, 3
102.3 MNPy v'm

DATA CORFECTL 1S UIED FOR 1~ INTEGFAL DATA
n.r.|.-¢VFT7?TGFTTT%!fan° 06 OFF E FLECTION » 3,5067%304137€-0% in,

Specimen rotation
Fitted «lmitic Towd ranges 2%0

o Zoad

Losd Intercept alastic slope = 1, 1233332032 €-07 s

Correction Yo ! for crack extani) on
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Sa - ol 5 T e | =
SFECINEN

49 F Cleavage 1
iz nitabtlity
= i0F A
p
e
a F
g F
R ' :
( 7
; /
i
N FRILURE TYPE A

{3y /A R curva < @, 1%mm exclusian line 4

) (Inzuffrciant for analysiz)
7
7/
e o e Aol v ' J i —=
9, 00 .25 .50 'S 1.00 1.85%

Specinen Loadline Deflectiaon

TEST SFECINEN DATA
Materiral Tupe

Teztr Tauperaturs
Farcent 31de Griavs
ipdgciman Thicknmess B
IGIRET Y a M

Invr crach langth a
Flow stress

Y1413 stress

Toungs wadulus €
J=INTELRHL AHALYSLS

#od N B W NN NN

Farvlure Tope A o1 &t ing
e =
’]i"!!‘f' ls .
Kie (feta Correctad) =

HETH £333-81 AMALYSTS

Modiviad bic Equation; B
Ma tmum Load P ™
8% Secant DOffser Fo =
Kicg s
Validitry B

Cram )

RS238 Plare 02
80 ¢

0 %

2%5.4 wm

B8

3‘024 h

558.4 MPa

SH0.3 MFa

SOZE0D MPa (EzY imated Yalusg)

tabtlivy = Jigo
102.4 kJrm 2
144.3 MNPy N
93.8 MPa “m

. "tﬂ?‘.ﬂ

44,958 kN

£B.%96 kN

72.3 MPa “’m
[NYALLID=-~1, 2, 3

DATA CORRECTION: WSED FOR JT-INTEGRHL DATH

Merble<Corten correction
Carrection for
Correction to J for

IpECimEn rotation
crack # tansion

) TR
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SO0 f y T . e
SPECIMEN 02G-345

~ / ‘_.-4"..‘
L por
;’ 500 L M‘ )

-
~ [ o
- , f
- / / ;JF,)/df#‘
- 2oo / , / 1
: /ﬂ’l‘".’/./’
- = of FAILURE TIPE C

100 F fy (R curve [* 1.9 wa) -

' / MEA & RSTM ANAL (SIS AFFLICAELE
, /
{
-L_’ A A 1L s
%LEJ + 9 1.0 7% c.D 2.5
Crack Extansion Cmm)

TEST SPECIMEN DATH
Materral Tyupe = RSZ3E PLATE 02
Tezt Tempsrature = 204
Fercent S1de Groove = 28 %
Specimen Thickness = 2%.4 mm
Irniv crack length & 31,56 mm Init a“W = €22
Firal crack length = 41,%4 mm Final a-H = 217
Flow stress = £17.4 MPa
Youngs modulus = 199500 MFa (Estimated Yalued
FPONEFR LAW DATA ) = € (Delta a> H
he s 127.8 kl/m"2
Kje = 198 MFa “/m
J (0 Teg, B s 3%53.6 k)l/er2
E-ponenmt N s 4798
Coefficient C e 245.7 k)m2
T (average) = &3
LERSY SOUARE LINERF LINE <ASTHY 1 = M (Delta a) ¢« B
hie = 154,68 kJoml
¥ic = 173,88 MPa ' 'm
Slope M » 101792.7 k) 'w"3
Intercepr F = 141.8 kliw 2
T (RETH = 52
Validity <(Tigo = VALID
Valigdity (R=curve) & INVALID==1, 23 (,%4 vp 28>
) maximowm &lloued s $90.4 kK)rw2 (Jwa - =BrneteFlow stress 200
Delta & wa ', alloved = 1,.9) mm (Delra a ma- = B, 1sbc)
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8o T T & i r
SPECIMEN O2G-348

64 Cleavage 4
nstabrity

48 + 1

2 r | -

Specimen Load (+N)

FRILUFE TYFE R
16+ R curve ¢ B, 1%mwm exclusion line 4
(Insufficient for analysis)

e

8.00 .20 .40 €O «EO 1.00

Specinmen Londline Deflection (mm)

a!:f iV*C'N‘N DRTA
ateria vpe

o AS33-F NIET 02 Rer
Test Temperature « 50 C
Percent Side Groove -0 X%
Specimen Thickness B = 2%.4 nn
Initial aMW s €18
Inty ¢crack length a 31,41 wm
Flow stress = £70.2 NPy
Yield svresny . €04 NP,
Youngs wedulus E = 204400 MFa (Estimated Value)
Peisson’s Ratio (W) L}

i_!uvggvnk unﬁsvilg
atlure Type R (J at instability = Jig)
-

Jie 5. % vilrwo2
KjcmCEJiesCleur2))A, 8 ® 107 HPa ‘rw ve. 3
Kie (Rera Correcred) ® €1.9 WPy “w ve, 3

ASTH E33%-81 AHALYSLS

Modified Ki¢ Equation; B = (BEnd~, 8

Maximus Load P = 39.9

8% Secant OfFfsar Pq = 26,9% N

Kie 4.3 NPy /e

Yalidiwy s IHVALID-~1, 2, 3
-

K at Maxisue Load 101, 4 WPy “vw

ATH FEECTION: U FOR J-INTEGH TR
artle=Corten OFFs LORDs s; DEFLECTION » L AE€AS 14T PLE~04 in,
Epec imen roLation Load Intercepty alastic slepe »=, 00000490 10

Fitted elastic 10ad ranges 2500 T0 2000 Correction 10 J for ¢rsch axtention
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Go L Ll g T

SPECINEN 0O25-34%

43 b leavage 1

A, G
///Wﬂl TRstsbrtrny

38 ? | 4
P
|

4y d

Specimen Loaa (LMD
N,

FRILUFE TV\FE A
12 R curve ¢ 0. 1%mm ¢ cluiian line 9
(Insufficient for analysis}

o

8.00 30 &0 90 €0 1.50

Epecimen Losdline Deflection (mi

TELY ?**CIHQH DATA
atEra Ve

« AS22F Plate Q2 7D
Test Tenpirsture = 80 C
Farcent fige Groove -0
Cpecimen Thackneas B . 254 we
Inivial s M « 628
Imit ¢rack lengith 3 = 31,81 an
Flovw streas » £5€.9 WP,
¥Yield strase s 533,32 WF
Coungt wcdulug E = 202400 WFy (st imptag Value?

J=INTEGERL ANALYSTS
Fatlure Tope M (J at snstsbilivy » Jyso

Jic s 1304 V)2
KjcofElicHa .8 s |€3.) WPy v w v, 2
Kig «Bary Corracted = 00,3 MFy e we, 3

ALTH Ei9%<21 AMALYILE

Hogrfred Kig Equatront B & (BB, 8
Ma imun Load P » 47,% W
% Secant OFfgan Fq = 26,6 W
Kig = T0.& My w
Validite o JUVALID=-1, 2, 3
Tiomis u FOR 1-IMTEGEN iR
erbig-Cortan SE1 LORbe 0 TE! DEFLECTION & 1, 2644700870 €-04 11,
Spetimen rot ation Load Intarcapt elantie slope o= 4EQBl 1% E-07 1p

Fitted eVastic load ranges 2000 10 %00 Corraction Vo J for cracl « Yqnjron
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SPECIMEN Q2G-354

400 - { / "
g
- .
— 300 F
h
-
o
- 00} .
3 /
3 /
4 FAILURE' TTPE ©

100 (R curve (> 1.5 wmm) -

MEA & RSTM Ar Y815 ARFFLICRELE

e v i .

TESY SPECIMEN DATA
Material Typs

Test Temperature
Percent Side Groove
Specimen Thickress
Init crack length
Fina) crack length
Flow stress
Youngs modulus
POMEF LAW DRTA

o

1.0 ‘.5 2.0

Crack Extension C(mm)

AS33-F HSST 02 Ref
204 C

20 %

2%9.4 mm

1.3 mm

41.92 mm

€17.4 MFa

195500 MPa

Init aH = _E17
Final a W = 828

(Extimarted Value)

J = C ¢Delta a> ~ N

Jig

Kje

J 8/ T=8,8)
Exponent M
Coefficieny
T Caverage)

LEARST SOUARE LINEARR LIHE (ASTHM)

137.28 kJ’m 2

162.8 MFPa “/m

318.7 kJrm~2

L4397

2‘6.5 t'J".'A;’

58

J = M (Delta A + B

e s 134.3 kJrwrg
Kje 162 WPa “/m
Slope M 118%€1.1 kJ/m~3
Intercept B 121.4 L )rm~2

T (RETM) 61

Validity (Jig) VALID

Valrdity (Becurce)

J maximum allouwed
Delta a mav, allcuwed
Firal Delta a
Polsson’s Rartio (w)

INVALID==3 (.87 vs 2%
$99%.2 klrmr2
1,94 mm

9.79 mm

o

(Delta a mac = @, 1000

wn

Cluna - =BnetsFlow stregs 20
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500 T >y T T
SPECIMEN Q2G-356

400 , I .
2 /
g
=
o 300
S
H
k-]
2 200} f
“
3 /
2 FRILURE TYPE C

100 (R curve (> 1.5 wm) R

MEA & ASTM ANALYSIS APFLICAELE
i — = AL 4
1;.0 9 1.0 1.9 .0 2.5
Crack Extension Cmm)
TEST SPECIMEN DATAH
Materia)l Tupe = AS23E PLATE 02
Test Temperasture = 121 C
Percent $ide Groove = 20 %
Specimen Thickness = 2%9.4 mm
Init crack length = 31.6 am Init asH = €22
Final crack length = 40,61 mm Final a W = ,75%%
Flow stress = £€39.2 MPa
=

Youngs wodulus !

FOHER LAW DATA

200200 MPa (Estimated Value)

J = C (Delta a) ~ N

Jie ® 162,10 k)l-m 2
Kje = 180.7 MPa “/m
J (.’/7'3.9) = 35!.3 k”‘.“:
Exponent H = ,3314
Coefficient C s 248,66 kl/m 2
T Caverage) = 43

LEAST SOURFE LINEAR LINE (ASTM)

io. i (Pelta gd o}

e

K)c

Slope M
Intercepr B

T (ASTM)

Validity (1y¢d
Validity (R=curve)
J wmaxiwum allowved
Delta a ma<, alloved

169.2 kJl7w~2

1€1.9 MWPa “'m

872303,3 k)73

192.9 kJ)7m~2

43

VALLD

INVALID==3 (,%€ vy 28)

613.2 kJrmn2 (ImarePrertsFlow stress 20
1.92 om (Delta a max = 0, 1%
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SPECIMEN 02G-3%8
48+ Cleavage
nitabr ity
er :

24} ,4” l
FRA T &
12 r R curve < 3.;§:: excluzign line

(Insufficient for analysis)

Specimen Load (kN)

-

e 2 A

‘..0 A8 32 A B4 JEQ

Epecimen Load!ine Deflection Cum)

TEST SF N T

atarial Type * AS33-F MESTY 02 Ref
Test Tanperature = % ¢
Percent $ide Groove LI A 4
Specimen Thickness B = 29. 4 un
Initia' a’¥ » €19
Init crack length & = 31,46 un
Flow stress * E7T0.2 WPy
Yield sarass " €04 WP,
Youncs sedulus £ * 204400 NP (Estimated Value)
Foisson's Ratiao C(v) - @

‘~]u15ﬁ0ﬁ& '““Svsl!
s lure Type C at instabilivy = Jig)
L

Jig €.6 kliwd
KjewlEIie s/t =wn2))>. % » 23,8 WPy Ve ve, 3
Kic (Beta Corrected) - 6% MNPy /m we,3

AETN E208-81 ANALYIIS

var1fied Nie Equation B = (PBn)~. S
Mucimum Load L4 . 295,90 kN
8% Secant OFfger Pq =+ 20,22 wn
Kyve * 7.7 MNPy e
Yalidivy e INVALID=~1, 2
Foar Marinum Load e 74,2 WPy e
LA g ATH

erkle-Lerten FLECTION » §, 081055740 €-0% in,
Specimen rovation Losd Intercept slastic slops & . 7180118171 E-00 1
Fioved elasvic loand ranges 29500 TO 2000 Correction o J Tor Cracl axtyrgion
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SPECIMEN 02G-368
24 + Cleavage .
o~ nstabt ity
=
=
- Z I P 4
"
)
-l
= /',\ 1
g 4 Fr //.",/ -
o o
v >
’ & FRILUZL TYPE A
I ” T g, & < € 13mm exclusiaon line 4
//’/J tIrsufficient for analysis)
‘ / : 1 b L -
g.on .08 16 .24 32

Specimen Leadline Deflection (ma)

TEST SPECIMEN DATA

Material Type = AS73-B HSST 02 Ref

Test Temparature = =78 ¢

Percent Side Groove = 03

Specimen Thickness B = L% 4 ra

initial  asM ® ,622

Init crack length a a 21.0 mm

Flow stress a 719.7 MPa

Yield stress = (43.3 MNP

Youngs modulus E ~ 208600 MPa (Estimated Yalue)
Poisson’s Rario (W) = 0

J-INTEGRAL ANALYSIS
Failure Type A (J at nstatility = Jie)
Jie = ¥ ' kl/mr2
Kjes(EJies7Cl=un20)0~, 85 = 4. .3 NPa \/n
Kic (Beta Corrected) = 49.6 MPa “/n
ASTM E399-81 ANALYSIS
Modified Kic Equation;

= (BBr)~. 5

]
Max<imum Load P = 16,9 kM
5% Secant Offset Pq = 16.%3 kN
Kic = 43.1 MPa “/m
Validity = VALID Kic value

K at Maximum Load s 43 MPa “/m
DATA CORFECTIONS L3CD FOR J-INTEGRAL DATA

Merkle~Corten correction
Correction for specimen rotation
Carrection to J for ¢»ack extension

.40
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E 20 r - T T
' SPECINEN 02G-368
1 24t Cleavage .

. nsvabi i1ty

=

=

-

3 18 F -
E i 12F p
‘ ‘i FR TYPE A

b R curve < 0. | exclution line +
(Insufficient for analysis)

| g _ 2 a . "
) . 00 08 A6 el 32 40

Specimen Lowd)ine Deflection (uwm)

—————

T SPEC At
aterial Type
Test Tenparaturs
w Parcent Side Groove
Spacimen Thickness B
Initial  a/MW
Init erack length 3
! Flow stress
Yield stregs
Youngs modulus £
Poitsson’s Ratie ()
JuTEGea, Aumvals
ailure Type ] av
E Jie
“ EjewiBlie C{1-wvA22)0~. 9%
Kig (Beta Corracted)
ASTH E39%-81 AURLYELS

Modifred Kic Equation;
. Macimus Load ¢
; % Secant Offser  Pg
: Kie
] Validity

¥ oat Macinus Load
q 1A COBEECY

' arvlesLorten
l Specimen retation
Fitved #lastic

insy
-

ASI2-B NMEET 02 Raf
«2% C

e X

2%.4 »»
628

31.72 »»
715.7 wPa
€43.3 WPy
Q0EE00 MNP,
o

(Eatimated Value)

ability = Jie)d
7.4 k)/e~2
39.3 WPa /m
8.8 Wy vin

s (BEn)~, %

15.7 &N

15,87 &N

41,3 WPy \v/a
VoLl Kig value
di. 0 WP, e

TACTLN 2T WHTL TN pous
LMl ) ¥ FLECTION » 2. 4334 0141 <T«04 i,

Load intercept elastig slupe = 2,300400%
load ranges 2%00 T0 2000 Correction to J fo

4.(.@‘: e
EF et gxtangion

i e T e o
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400 T

320

c40

160

Modified J (kJ/m~2)

Al L

L
SPECIMEN 026-373

rntu.nt/ TYPE C
(R curv.!> 1.9 mm) b
MEA & RETM Y515 AFFLICAELE

/

s AL A

JEST SPECIMEN DATA
Haterial Tupe

Test Temperaturg
Percent Side Groove
Specimen Thickness
Intt crack length
Final crack length
Flow stress
Youngs modulus

1.0 1.8 2.0 e.%

Crack Extension Cmm)

ARS23F 02 Plate

288 C

20 ¥

2%.4 mw

31.74 mm Init asH = €624
43,32 um Fina) aW = ,8%2
€13.1 MPa

190200 MPa (Estimated Vaiue)

POWER LAW DATA J = C (De'ta a)> ~ N

Jie

= 03,8 kJom e
Kje = 140,7 MPa “/m
J (0)/T=8.8) = 2791 kl/m 2
Exponent N £ 4287
Coefficieny C « 192.4 kJ/m"2
T Caverauge) 4%

NE (ASTM) J = M (Delta &) ¢ B

5;nsv SOURRE L;utnp_kx

Kje -
Slope M ©
Intercept B -
T CASTM) B
Validiwy (Ji¢) *
Validity (Recurve) =
J macimum allowed =
Delta a max, allowed »

100,9 k) /w2

138.7 MPa \/m

93%6%5.2 KJ)/m*3

93.2 kJ7e*2

48

YALLID

INVARLID=-=1

584 kJ)/mn2 (JuaxebknereFlow stress 20
1.9 wm (Ne «a & max = O, l+ba)
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1
SPECIMIN Q2G-375

400 F
300 F

iy L

FRILUFIITYP( C
P curvo[' 1.5 wm) R

MEA & ASTM ANALYSIS AFFLICAELE

/

AL '

%.9 'S 1:0 1.8

Mod:fied J (k] /m"2)

100

o
=
o
w

Crack Extansion Cmm)

TEST SPECIMEN DHTA

Mareriu! Tupe = AS23F PLRTE 02

Test Tewmperature s 121 C

Percent Side Groove = 20 %

Specimen Thickness = 2%.4 um

Init crack length = 31,.8% mm Init asH = ,[62€
Final ¢rachk length = 32,9 mwm Final a“H = 759
Flew stress = £€33.2 MFa

Youngs sodulus = 200300 n (Estimated Value)

FOUER LAW DATA 1 = C (Delta a)> ~ N
e 182 kJrmng

=
Ky = 191 MPa “/m
J @)/ 1=g,.8) = 4751 KJun2
Exponant ] = 4784
Coefficrenmt C = 326,95 blrmn2
T (average) s ?7

LEAST SOURFE LIMNEAR LINE (HETM) T = M (Delra a) ¢+ F
e ® 171, kJ-m-2

Kie = 18%5.1 MFa “/m

$lope M = JEB23€.9 k)2

'mtercect B = 148,99 kJrm~2

T CRE ‘M) = §3

Validity (Jig)d = VALID

Validity (R=¢curve) = VYRLID

J wmacinum allowed = 60%.2 kw2 vJImax=RnetsFlow stress 20
Delta & mac, allowed = 1.9 am (Delta a max = @, 1+bo)
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SPECINEN O2G-402

Eq Cleavage 9
nstabr vy
-~
3 |
=
N~
b R

b LE ) -
3
g I
§ e} . : 3
v
v
o

FRILUFE TYPE A
16 b+ R curve ¢ B, 1% exclusion line A
(Intufficient for analvsis)

e

i
/ a ok A
8.00 .30 B0 .80 1.20 1.50

Cpecimen Load)line Deflection Gmm)

£Y SPEC N 1A

sterial iyne & RS33-F WEST 02 Ref
Teit Temperature = 5 C
Percent $1de¢ Groove -0 X%
Specinen Thickness B = 25.4 an
Initial  a’M .« . 61%
Inty crack length & & 31.24 an
Flow stress . £70.2 WP,
Yield stress = €04 NP
Youngs sodulus £ = 204400 WP, (Eavimared Valun)
Porsson’s Ratio (v -9
e LA [al Y
atlure Type «J at instabi ity = Jig)
Jie = 71,9 kilowl
Kjer (EXie 7Cl=u 223~ 8 » 121.2 WPy \va ve.3
Kie €7 va Correcrad * 87,1 WPa Nom ve, 2
ASTH 68 Ve
tfred kit Equation; B = (BBn)~. 8
Masimun Load 14 = 43,7 &N
85 Secany OFfser a * 31.3% M
Kig = 75,1 MPa e
Validiry o IHVALID=~1, 2, 3
K at Maximus Load .- 1107 MNPy \/m
TR M ¥ D= IMY TR
rhle=Lerten . FLECTION = §.S01S4E9501E-0a o,

Specinen rovatien Lead intercept slastic slope = ,0O0004STS 1t
Fitled elastic load ranges 2900 19 2000 Correction o J for cracl extension




PRy ¥ L '

238

30 T

24 b
2
z
S
- I8F
"
5
=
g 2t
(o]
L
b

L T L

\\-\\\fE‘OOVCQO
nstabitliny

SPECIMEN O2G-403

FRILURE TYFE R

R curve < P.1%mm exclusion line

(Insufficient for analysis)

oo 2

.24 .36 48

Cpecimen Loadline Deflection (mm)

TEST SPECIMEN DATA
Marerial Type

Test Tempar ature
Percent $1de Groove
Specimen Thickness B
In.tial a“NW

Init crack length a
Flow stress

Yield stress

Youngs wmodulus E
J-INTEGRAL ANALYEL

AT33E Plare 02 (I

e C

e X

25,4 mm

608

30,89 nm

702.9 WP, (Estimated Valued
€30 MPa (Ezstimated Value)

2OT200 MFPa (Ezstimated Yalus)

Farlure Tupe A (J at instabidlity = Jig)

Jie
Kje=CEJie)~, 8
Kie (Peta Correcrted)

RETH E365-81 ANALYS1S

Modif1ed Ki¢ Equation]

Macrwum Load P
8% Secant Offser 2
Ki¢

validity

19.4 kl/m2
€3.4 WPa “m ve, 3
8.7 MPa “m ve, 3

s (BBri)~. 5%
25.04 kN

<5.04 kN

‘l-‘ "P. NSw
VALID kic valve

EATA CORFECTIONS USED FOR J-1NTEGRAL DATA

Merk le=Corten correction
Correction for gpecimen rotation
Correction to J for crack extension

JED
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SPECIMEN 02G-411
%6

28 ¢

Specimen Load (kN)
-~
a

.

Cleavage
fnstabi ity

A

rlliult TYPE A
144 R curve ¢ 0.1 exclusion line

(Insufficient for analysis)

A A — A
'.00 Y 32 48 B4 B0
Specimen Loadline Deflection (mm)
¥ 2 TA

terial Type ® REI3-F MESY 02 Ref
Test Tewperaturs « % ¢
Percent $1de Groove -0 %
Specinen Thickness § 25,4 an

Inttial  aM . 612

Init crack length & * 31,06 ss
Flow stress . 670,20 HFy
Yield stress = E04 NPy
Youngs wodulus £ = 204400 nhy CEstimated Value)
Polssony Bartio (v .9
‘-ln*!g';& un%;vslg

svlure Type J av instability = Jig)
Jie s 34.23 vlrwng
KjewtENe  Ci=ur 2~ 8 = 8.7 WFa \v» ve 3
Kic (Beta Correcrad) & 70,6 Wa e ve, 3
RETH FE<8] ANAL -

odif1ed Kic Equatron; § & (FRe)~. 8
Maximun Load L3 « 32.8 W
5% Secant Offser Pq * 29.28 N
Kie « T3l Wy vom
Valigiry o JTHVRLID- =), 2, 3
K at Masxiwus Load A4 Wiy e

TA COFFECT] k] ¥ J-IMTEGE TR
Merd lg-Cortan 3 L =9 Iv $ FLECTION # |, 32070437 04E-04 10,
Specinen rotation Lead intercept alastic slope o=, 00000018 10
Fivted elasvic load ranges 2500 T 2000 Correction Vo0 J For Cradi o tendion
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500 T

400

4
—

200 -

Modified J (kT /m~2)

128

SPECIMEN Q2G-412

FARILURE TYPE C

A

/

(P cur
MEA & RAET™M

;;‘:
/

l.s e -
V818 RFPLICRELE

Material Type
Test

Iniv crach
Final ¢rack
Flow s\re.s

. " 14 A4
%LED +$ 1.0 1.5 .0 e.5
Crack Extansion (mm)
TEST SPECIMEN DATH
= ASTIR Plare 02
Tenperature = 204 C
Fercent Side Groove = 20 %
Specimen Thickress = 2%.4 wwm
length = 31,089 mm Iniv oW = 812
length = 40,92 wn Cinal & W = ,B0S
= 17,4 MFa
T

Youngs modulus
POMWER LAW DATA

195500 MPa

J = C (Delta a> ~ N

Jie

ke

J (@J/T=E,8)
Exponent N
Coeffrcient C(
T Caverage)

LERST COURFE LINEAR LIME (RSETM)

147.9% kY urg
1€%.8 NP3 “vm
323.4 klrm~2
3836

743,11 kKJrwn2
-@

¢

Estimsted Value)

] = M (Delra a) ¢ B

Ji¢

Kjc

Slope M
Intercept B

T (RETM)

Validity <(Jigo
Validity (R=¢irue)

) maxinun aliowed
Pelra a max., allowed

143 kw2
167.2 WFa “'m
109€48.9 k). w2
130.3 kJ/7w~2
S€

VALID

VALID

608 kJ/m~2

P 97 mm

(Juax=BretsFlov stress 20
(Delta & max = O, lsbo)
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SPECIMNEN 02G-41)

40 p Cleavage 1
- l nitabr ity
E
3 0r ' 4

\ : |

oot I 1
v
'} Fﬂliuf§ T'PE A

ek R curve © B.1 ecclusian line 4

(Iniufficient for analysis)
-~
s.oo .20 LA40 .60 .BQ 1.00

Specimen Loadline Deflection (v

TEZY SFECIMEN DATA
Matarial Type

Test Temparstura
Percent ii1de Groove
Spacimen Thickness §
tnivial  aM

Init crack length @
Flow streas

A" 35 Plgre 02 <1

Yield strenn 30,3 nPy
Yourgs sodulus € 202600 MR (Esvimared Values
‘-!mgclﬂ. Nﬁvgp_
artlure Tope A o) &t instabi iy o Jigd
e e Sl w2
(STEI SETR LA | w104, WPy Nom ve,3
Kie (Bervs Corvected) « T3 WPy e we, 3
AETH AS-F1 AHALYS
Modrfred Kic Equation; B = (BBnd~, %
Ma imum Load L " 40,08 «xn
% Secant OFfaer Pq = 23,74 N
Kig * 9.9 MNPy e
Validivy o INVALLID==1, 2, 2

I“Vﬂ sgl‘s"%’ !i‘! 'g 1= INTES TA
Mer b le~Corten LT LOAus © 1b a’d; PEFLECTION o=d, 13073906 10%E 0% 1 n,

Specimen rotation Load intercept slastic slope ==, 000000% %% g |
Fitred elnitic load ranges 2000 TO SO0 Correction 1o J Tor 4r st extengion




©w
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sSoo T S 58 T T
SPECIMEN 22G-419

400 / 4
- ,.,/]""'
= 300 / '
: // /
v - o o
E con /
-
b meuﬁt/nPt c

100

(R curve /> 1.5 wa) R
MEA & RETM ANALYSIS AFFLICRELE

/

A v e

TEST SPECIMEN DRTA
Material Type

Test Temperature
Percent $i1de Groove
Specimen Thickness
Init crack length
Final crack length
Flow stress

Youngs wodulus

1.0 1.5 2.0 e.5

Crack Extension Cmm)

AS23E Plate (MSST 020

12 €

20 %

25.4 mm

21.€2 wm Init asW = €22
40, 5€ mm Fina) a-N = 798
6€39.2 MPa

200700 MPa (Estimated Value)d

FOWEF LAWK DATR 1 = C
Jie

Kic

J (8)sT=g,.8)

Exponent N
Cocfficient C

T faverage)

LERST SOURRE LINERF L

(E%\\‘ ar ~ N

198. 4 kJ/mr2

178.1 MPa “'m
345.9 klren2

« %27

2€2.95 kJrmr2

$3

INE CASTM) 1 = M (Delta a) + B
=

Jic

K)e

Slope M
Intercept B
T (ASTHD

Validity (Jig)
Validity (Regurve)

J maximum allowed
Delta a wax, allowed

150.6 kJrm~2

173.¢ MFa \/n

119773.4 k)/m"3

13€.9% kJ7m~2

g9

VALID

VALID

€12.6 k)7m~2 (JmaxeBnet+Flow stregs 200
1.92 mm (Delra a max = O, 1+be)
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100V v ' p -
SPECINEN BAK-RB
-
g00 /,.f ]
5 ]
=
~
:: EQO // -
- /
-
¢ q00f :
-
2 4
&
s FAILURE TYPE C
200 r (R curve /1.5 wm) -

V% MEAR & RSE™M ANALYSIS AFFLICAELE

£/ /
.0

N

r'y A A A

«§ 1.0 1.8 .0 e S

&

Crack Extension C(mm)

TEST SPECIMEN DATA

Mareriral 1, pe = HEST S/A Weld

Test Temperature = 121 C

Pervent $1de Groove = 20 %

Specimen Thickness = 25.4 mm

Init crack length = 30,69 mm Init a/W = 602
Final crack length = 24,75 um Final a'W = €84
Flow stress = 575,95 MPa

Youngs moduluz = 200300 MPa (Estimated Value)

POMER LAK DATA 1 = C (Delt ) A N

e s 246.7 kJ/m 2
Kjc = 222.3 MPa “/m
J ()/T=g . 8) = 983.7 kJ/wun2
Exponent N = ,6326
Coeffrcient C = 465.2 kJ/wn2
T Caverage? = 168
EAST SOURFE IMERFE L INE iﬂSYH) J = M (;gn; ‘> + B
50( = 217 k)/w*2
Kjic = 208.5 MPa e
Slape M = 28€32%.8 kJ/m~3
Intéercept B = 163 kJ/m2
T CRETHD = |73
Validive (hiegd = VALID
Validity (Regurve) « INVALID-~1
J wmacimum allowved = $79.4 k)7mn2 CImax=Bner*Flow stress 200
Delta a max, alloved = 2,01 mum (Delta a max = 0, 1%ba)
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60 T T T T

\\\\\\\\Isjolvtgo y
nstabi ity

36 # 1
/

&
SPECIMEN E6W-RB

40r

Specimen Load (kN)

FRILURE TYFE R

12 F R curve < 0. 19mm exclusiun line A
// (Insufficient for analysis)
8.00 .20 EQ .80 1.20 1.50

Cpecimen Load!ine Deflection (mm)

TEST SPECIMEN DATA

Materral Type = HEST SR Weld

Test Tewmperature s -78% ¢

FPercent Si1de Groove = N X

Specimen Thicknesis B s 2%.4 mm

Inttra)l a M = 596

Init crack length a = 30,36 mm

Flow stress = 74| MFa

Yield stress = 726 MPa

Youngs: modulus E « 211400 MNPy (Ezstimared VYalue:®

J=INTEGFAL ANALYEI1S
Fallure vpe A () ar instabilivy & Jigo

Jic = 04,3 k1w~
Kje=C(EXve)~ .9 = 148.% MPa “/m ve, 3
Kic (Beta Correcrad: = J0S,.7T MPa ““m vs,3
ASTHM E399-21 ANALYSIS

Moditred Kic Equsrtrony B = (BEn)~. S

Marwum Load F = $1.88 kN

% fecant Offser FPq = 3%5.92 kN

Kig = 84,2 MNFa “/m

Vl\ldny L !NV“LID'°" 2| 3

DATA CORFECTIONS USED FOR J-INTEGRAL DATH
Merkle-Corten correction

Correction for specimen rotation
Correction to J for cractk vrtension







248

SPECIMEN EB8W-BD

>
\ Cleavage
nstabtltty

fﬁ' FRILURE TYPE R
. R curve < D.1%wm exclusion line

(Insufficient for analysis)

EQ
48
z
B
3
b
[+
§ a4t}
Q
LY
2
12 r
.,/
8.5
. 00

TEST SPECIME

« 238 .50

7o 1.00

Cpecimen Loadline Deflection (mm)

H DATH

Material T;a

Test Temperature

Fercent Side
Specimen Thi
Inmitia)l a W
Inir crack |
Flow stress

Yield stress
Youngs wodul

HEST §/R Me)
-%8 C

0 %

25.4 mm

=) 14

30.32 mm

TO® MPa

£%1 MPa
210000 MFPa

L

Groove
ckness F

Ength a

us E

J=INTEGEAL RMALYS1S

Farvlure Type
Jie
Kje=cElied o,

d

CEstim.ted Value)

A () av instability s Jig)d

= 110,86 kJrm 2
S = 1S2.4 MFa v/

Kic (Berva Correcred) = 104,.4 MPa N~/
RETH E299-8] ANRLYSIS

Modirfred b fquaﬁton: E = (BEn)~,. 8

Maxiwun Load
SN Secant O
Kig

Validity

F = S1.64 kN
faer Fq = 32.2 kN
= 75.9 WPa \~
s INVALID=--2,

3

ve, 3
ve, 3

DATR COFFECTIONS USED FOR J-INTECR4L DATA

Merkle-Corte
Correction
Correctien

n correction
Oor specimEn rotation
@ J fer crack extension

1.29
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S0 T T T T

SFECIMEN EBW-CC

40 b Clezvape 1

7 Instability

30 -

20 r

Specimen Load (kN)

FRILURE TYFE A
ok R curve < B, 15mm exclusion line A
(Insufficient for analysis)

8.@0 .20 .40 .EOD .BO 1,08

Specimen Loadline Deflection (mm)

TEST SFECIMEN DATA

Materral Tops = MSSET S/A Weld

Test Temperature = =78 C

Percert Side Groove =0 %

Specimenre Thickrness B = 2%.4 am

Inmitial  aW = L9597

Init crack length a = 30,33 wm

Flow stress = 741 MFa

Yield stress = 726 MPa

Yo ings modulus 3 = 211400 MFa (Estimated VYalue)

J-INTEGFAL ANALYS 1S
Fallure Tupe A <1 at instability = Jig)

Jic = 44.8 k)/w~2
Kje=C(EJ1¢c)~. S = 97.3 MPa \m ve, 3
Ki¢ (Beta Corrected) = §2.1 MPa “/m v=,3

ASTHM E39%9-21 ANALYVELS

Modified bic Equation; B = (EBn)~.S
Ma<imum {oad F = 39.1% kN
% Secant Offser Fq = 32.28 kN
Kig = 7&.1 MPa “vm
Validitry = INVALID--2, 3

DATA COFRECTIONS USEDN FOR J-INTEGRAL DATA

Merkle-Corten OFFSET LORD= @ 1b OFFSET DEFLECTION = 2, S29%€0%S0452E-04 in,
Specimen rotarion Load intercept elastic slope = S, TISC%1ITESE-0T b
Fitted elastic load rang:=4000 TO SO0 Correciion 1o J for crack extension
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2o T

T &k 3 L
16 Cleavage 1
nstabtlity

-~
b 4
-
St
v 2F )
3
<
£ st :
4]
v
‘z FRILURE TYPE R

4 F R curve < B.19mwm exclusion line A

(Insufficient for analysis)
-y 1 - — L
8.90 .10 .20 " .40 .50
Epecimen Load!ine Deflection (mm)

JEST SPECIMEN DATA
Materiral Type = HSST /A Weld
Test Temperature = =-130 C
Percent $ide Groove = Q0 X%
Specimen Thickness B = 25.4 mm
Inttial  asM = ,5%4
Init crack length a = 30,18 mm
Flow stress = §24.95 MPa
Yield strass = 817 MPa
Yourgs modulus E = 214900 MPa (Estimated Yalue)d
J-INTEGRAL ANRALYS1S
Farlure Tupe A ()] av instability = Jig)
e = 9.5 kw2
Kje=(Elic)~, S = 45.3 WPa “/n ve, 3
Kic (Peta Corrected) = 44,9 MPa “/m vied
ASTH E399-81 RANALYSIS
Modified Kic Equation B = (BEn)~.S
Macimum Load P = 19,1 kN
$% Secant Offser Pq = 19,1 kN
Kic = 44,9 MPa “'m
Validity = VALID Kic value
DATA CORRECTIONS USED FOR J-INTEGRAL DATA
Merkle~Corten QFFSET LORD= @ 10 QFFSET DEFLECTION = S, 002325532€84E-0% 10,
Specimen rotation Load intercept elastic slope = 3, 157E9472684E-0T7 b

Fitted elastic

load range=3400 TO S0@ Correction to I for cra.u.

ExteEng 1 on
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25 T T T T
SPECIMEN BBW-EAR
2o r Cleavage .
i nstapility
=
&
- I13p "
g
-
L 4
£ ot -
0
Q
-
o FRILURE TYPE A
Sk R curve < D.1%wm exclusion line o
(Insufficient for analysis)
8.00 .10 .20 .30 .40

JEST SPECIME

Cpecimen Loadline Deflection (mm)

H DARTA

Material Typ
Test Tempera
Percent $i1de

Initial  asMW
Init crack 1
Flow stress

Yield stress
Youngs modul

.
ture

Groove
Specimen Thickness B

ength

us

HEZT S/A Held
-138 C

e X%

25.4 am

.€0%

30.73 mum
824.5 MPa

817 MPa
212200 MPa

J-INTEGRAL RANALYSIS
atlure Type A (J at instability = Jig)

Jic
Kjc=CEJic)~,

Kic¢ (Beta Corrected)
ASTH E399-81 ANALYSIS

Modified Kic Equation;

Maximum Load
8% Secant OF
kic

Validiry

fser

12.9 kJrm~2
$2.3 MPa “/m
1.4 NMPa “/m

& (BBn)~. S

22 kN

22.83 kN

§$3.6 MPa \7m
VALID Kic value

(Estimated Yalue)

ve, 3
us, 3

DATA CORRECTIONS USED FOR J-INTEGRAL DATA

Merkle~Lorten correcrtion
Correction for specimen rotation
Correction to J for crack extension

.se
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‘aoo | L Ll a1
SPECIMEN BAK-EC

EQO /r///jQ’ y
?
]
] .
- 600
H
-
¢ 400 <
-
-
é FAILURE TYPE C

ero

TEST SPEC%Q;H DATH
Material Tupe

Test Température
Fercent fi1ae¢ Groove
Specimen Thickness
Init ¢crack length
Firial crack length
Flow stress

Youngs wodulus

(R curve »/1.% wm) "
MEA & AITH ANALYSIS AFFLICRELE
= = A4 J
1.0 1.8 2.0 e.%
Crack Extansion Cmm)

HEET SR HWeld
121 €

<6 X%

S8, 4 mm

0. TS M

35.1 mm

5795.%5 M a
200300 ha

FPOWER LAMW DATA ) = C (Delta &> ~ N

Jie

K

J ‘@)sTeg,8)
Exponent H
Coefficrant C
T (average)

283.2 ki7m 2
216, 1 MPa “v'm
990.1 kKl m 2
L6941

458 k)2
172

LEAST SOUAFE LINEAR LINE (RSTM) 1 = M

Iniv a'H = LE80%
Final! a’K = €%

(Estimarted Value?

(Delta a) ¢+ B

e

Kjc

Slope M
Intercept ¥
T (RSTH)

Validgwty  QQig)
Validity (R-curve)

J maximum allowed
Delta & max., alloved

210.8 v)/m2
20%.% MPa “'m
2900%€.7 KJ w3
15?0‘ ‘J’.‘a
178

YRLID

VALID

5?‘05 ‘.‘"."2
2-.‘ LY

(Jnax=Pnet«Flow stress 200
(Déelra a max = O, 1+bo)
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1200 T

L & i |

L
SPECIMEN 68KDE

860 f / / -

720

480

Modified J (KJ/m~2)

FARILURE TY‘ﬁ &
(R curve b4ﬁ.5 W ) E
MEAR & ASTM ANALYSIZ AFFLICRELE

/

' bl -

1.0 1.8 e.0 e.%

c40

Crack Extension Cmm)

TEST SPECIMEN DATA

Materiral Type = AS33-F WS

Test Tewmperature . 285 C

Percent Side Groove = 20 %

Specimen Thickness = 25,4 mm

Init crack length = 31,01 mm Init asW = €1
Fina) crack length = 34,91 mw Fina) a‘W = €687
Flow stress = £50.2 MFa

Youngs modulus = 235800 MPa (Estimated Value)

POMER LAW DATP J = € (Delta a) ~ N

j‘( . 2:.‘3 tj/.‘z
Kje = 216.7 MPa “'m
J (@) /T=8.8) = 932.4 kJ/mn2
Exponent N = 6764
Coefficient C = 484.9 kl/w~2
T Caverage) = 153

LEASY SOURARE LINEAR LINE (ASTM) J = M (Deltra ad> « F

1¢ . 210.7 kJ7m 2
Kjc = 208.3 MPa “/m
Slope M = 30971%5.3 k) w3
Intercept B = 1€0.%5 klsnn2
T (ASTHM) = 151
Validity <¢Jig)d = VALID
Validity (R=curve) = VALID
J maxiwum allowed = €42.8 kJ/n*2 (Jeax=BneteFlow stress 20
Pelta a wax., alloved = 1,92 mm (Delta a max = 0,1%bo)
Final Delrta a = 4,03 um
Poisson’s Ratio (v) = @




e e R e A

!
! 254
|
; 20 T T -— T
E SPECIMEN 6BH-ED
|
; 16 Cleavage 9
| ! .:’-‘Tﬁh1lb|!11y
| 2
'é 2 r ]
o
<
P ool w
v /
“% . FRILURE TYFE R
4r Ve R curve < D. 1%mm oxclusioq line -
//f (Insufficient for analysis)
l/ - ™ A -
8.0& . 08 1e s 19 el 20

Specimen Loadline Deflection Cmm)

TEST SPECIMEN DATA
Material Tups
Test Temperature
Fercaont fSide Grogue
. Specimen Thickress B
' Initial  a’lW
! Init crack length a
Flow stress
f Yield stress
' Youngs modulus E
; J=-THTEGERL APALYVELS
. Fatlure Typs R (J at
' Jie¢
KjesCEJier~, 8
Kie (Bava Corrected)
ASTH F399-81 ANRLYETS

Modifred Ki¢ Equaton}
Mariwum Logd P
S% Secant Offset Fq
Kig

Yalidiwy

a

HEET SR WHeld
-13¢ C

e X%

25, 4 wwm

+603

0. €5 mm
824.%5 WFPa

217 NP,

2143700 MPa (Estimated Yalyg)

instabilivy & Dye)

‘05 t:".‘:
3?“ ”‘ N
3?02 "". Rrd |

\r"o’
us, 3

= (EBn)>~.8

15.9% kN

19.91 kN

Te.% MPa “m
VALID Eic vatus

DATA CORFECTIONS USED FOR J-INT

SpeEcimen rotation

R ey —

FAL DATH
Merkle-Lorten OFFSET LOWD® © Ib OFFGET DEFLECTION = 5, S93%44%4761E-0% 1n,
Load intercept €rasti¢ slope =~, 0000002375 1b
Fitrted elastic load range=3400 10 SO0 Correction 1o J for crack extention

L e e e AR A
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50 Ll — L L
SPECIMEN BBWN-EE

0 Cleavage 9
. Instability
=
=
* 30F ;
3
c
?_ 20 .
0
v
‘2 FRILURE TYPE R

o r R curve < B.1%wm exclusiaon line 1

(Insufficient for analysis)
/ — - . 4
8.00 .20 .40 .EQ BO 1.00

Specimen Loadline Deflection (mm)

TEST SPECIMEN DATA

Materiral Toupe = HEZ2T SR Weld
Test Temparature = -100 C
Fercenmt Side Groove = 0%
Specimen Thickness B = 2%.4 mm
Initi1al  aW = €623
Init crack length & = 31,67 mm
Flow stress = 777 MPa
Yield stress = 7e% MPa
Youngs wmodulus E = 212900 MPa (Estimated Value)d
J-IMTEGRAL ANALYS1S
avlure Tupe A () ar tnl!;bl\‘!y = Jig)
Iie $1.8 klimn2
.~JC.(‘J‘C)"QS = 10%,1 MPa “/m ve,3
Kic (Beta Correcred) = 82.9 WPa “m ve, 3
ASTH EI93-81 ANALYSIS
Modrf1ed Kic Equation; B = (BBn)~, %
Farmunm Load F = 38, kN
8% Secant OFfser Pq = 23.48 KN
Kig = 87,8 MNPa “'m
Valrdiry = INVYALID-~1, 2, 3
DATA CORFECTIONS USED FOR I-INTEGEARL DATHA
Merbla-Cortem OFFGET LOAD® © b OFFSET DEFLECTION = 2.44%52209TE€8€E-04 11,
SpecIimen rotation Load intercept elasrtic slope = 2,387Q%ETT412E~-07 b

Fitrted elasrtic load rarnce=23400 TO S0Q Correction to J for crachk extension
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.. v | s v R
SPECINEN SBH-IB

64+ leavage 1
s stabi ity

“r /
i vl *
il I ,
s .

16 F R curve « 0. exclusion line 9

(Insufficient for anslysis)
'-00 .30 EO 80 1.20 1,80
Epecimen Loadline Deflestion (mn)
1 W pRT

WMo s yee

Test Tenparature
Percent §ide Croove
Specimin Yhickness B
Inivial M

Init ¢rack lemgth a
Flow stren

Yield stress

Youngs modulus |
Potgson’s Ratie (v)

AS23-F MELT WELD
-5 ¢

%

5.4 »n

603

”I‘. Ll

TTe.6 WPy

€04 NFa

210100 WP, CEivimated Value?
¢

‘ I?T‘p? At ;]!
silure Tupe R LT &0 Insvabid iy = JSigd

Jie
(PRI SATRL Y B 25 T
Kie (Bats Corretrtegs

m i ¥
1Wied Big Lauarion;
Na-iwue Load 4

8% Secant Difsen Py

Fae

Validnvy

E st Mecimus Load
L

et inen roLat ion

*« 8%5.3 slrerl
132.% Wy . ve, 3
1.8 Wy e ve, ¥

& (Phere. 8
4.4
.74 N
5.8 WPy v
IHNYRLIDR=-~1, 2, 3
119,10 WPy vrm

Th
H‘Btucnu o 1 IBEITNOELTE0e im,

13
Léad retercept wlastic slope & Q00UQIT b

Fivrgd slastic load ranges 2500 T0 2008 Correction Vo J For crach sutgniion
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60 T T T T

SPECIMEN EBKW-LA

48 F \S'.CVOQ. “
nstabi ity
36 -
24 b g
|

Specimen Load (“N)

FRILURE TYPE R
12 F R curve < P, 15mm exclusian line A
(Insufficient for analysis)

{ - A A .

8.05 .25 .50 75 1.00 1.28

Epecimen Load)line Deflection (mm)

TESTY SP MEN DATH

Material Type = MCST S/R Neld

Test Temperature = -5 C

Percent $ide Groove = 0%

Specimen Thickness B = 25.4 »n

Initial asM = ,611

Init crack length a = 31,04 mn

Flow stress = 70% MFa

Yield stress = €91 MNP,

Youngs wmodulus = 210000 MPa (Estimated Value)

i-!" EGRAL Q!%& !!!
arlure Type J ar !ns\cbili!y s Jig)

Jie 105.8 kl)/m~2
Kje=CEJig)~, 8 149,11 MFa 7w ve, 3
Kic (BPeta Correcred) = 103.3 NPy “u ve,3

RETH 9~ ANALY

Modifi1ed Kic Equation; B = (BBn)~. %

Ma<imum Load F « S§1.8 kN

8% Secant Qffser Fq = 32.81 kN

Kig = 81.3 MPs “/m

Validiwy s JH\ALID=-=1, 2, 3

DATA CORRECTIONS USED FOR T

Merble=Corten OFFSET LORD=s @ 10 COFFS FLECTION = 2.60€6%95420%54E~-24 110,

Specimen rotation Load intercept elastic slope = 2. A78STI4288TE-O7 10
Fitted elastic load range 3400 TO SO0 Correction to J for crack extension
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780 T

L Al

SPECIMEN 68K-LD

E20
E
= 450 }
H
-
Y200t
-
: /.
T FAILURE TYPE C
150 ¢ (R curve 1,9 wm) 4
Lt / MEA & ASTM ARLYSIS AFFLICRELE
%.a .8 1.0 1.8 2.0 2.%

Crack Extension C(mm)

TEST SPECIMEN DHTA

atartal Type s MEET-S R WELD
Tesr Tewmperar e = 204 L
Percent Side Groove = 20 %
Specimen Thickness « 29,4 wm
Init crachk length = 30.7€ mm Init &N = ,€0%
Final crack length ®= 3E.02 mm Final aW = ,70%
Flow stress = 571.8 NPy
Youngs modulus = 195500 MPa (Estimated Value)

FOUER Lk DATA ) = C (Dglr 3 s N

Jie e 211.3 kJre
Kj)e n 202,32 MPa “om
J ) oT=R. 8 . 738,99 k)w2
E ponent i = 505
Coefvicie.r C s 397.2 kJowmr2
T Caverage) = |33

g,gnsv SOURRE LINEAE LINE CASTM) 1 = M (Delta a> + F
‘e = 1%4,.4 k)ow2 '

Kje = 19% MFPa e

$lape ] ® 22943€.7 W nn3

Intercept B = 19%5.4 k)w~2

T (RETMD = 37

Validity «(Jig) = VALID

Valtgity (Regurve) s VALID

Y wacinus allowed s $72.% klirmr2 CInaceBretoFlco stress 200
Delra a max., allowed = 2 mm (Telrta a wax = @, 10be)

B p—
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40 -y T T T
SPECIMNEN EBN-LD
M
12 \\‘~\\’§louv&go :
- nstabi ity
=
-
= 247 4
8
€
£ st ;
-~ |
. .
&
¥, FRILURE TYPE A
8t A R curve < D, 15mm exclusicn line -
/// (Insufficient for analysis)
.r’“
8. 00 s .30 45 .60 D

Specimen Load!line Deflection (mm)

TEST SPECIMEN DATA

Material Tupe * HEST §/P dela

Test Tomperature = 7% ¢

Percent Si1de Groove = 0%

Specimen Thickness B = 2%.4 mw

Inivial a'MW « 5%

Intt crach length a = 30,26 wm

Flow stress = T4] MFa

Yie'd stress = 726 MFa

Youngs modulus L3 = 211500 MFPa (Estimated Value)

J=INTEGFRL RAHALYVSELS
arlure Tupe A ) at instabidity = Jig)

Jie = 31,3 klowmn2
(ST # AT « B1.4 WPa “'m ve, 3
Kic (Bera Correctedd ® 73,4 Bra vom ve, 3

ASTH E399-81 ANALYSLS

Mogdifi1ed Fic Equation B = <BBn)>~. 8

Mar iwum Load F * 33.8% kN

% Secat Offser Pq = 23,85 kN

Kie = 79.4 MPa “/m

Valrdiry = INVALID=--2

DRATA COFFECTIONS USED FOR J-IN‘QG'QL DATA

lerkle~Corten OFFSET LOAD= @ b FSEY DEFLECTION = 3, 45210187928E-04 ',
Specimen rotaton Load intercept elaztic slope = 2, 64T0%9Q2352E-07 v

Fitrad elastic load range=4000 TO S@0 Correction 1o J for crack extension
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1000 T — T T 1
SPECIMEN 68K-MA
B0 / b
o /
=
:. :;‘::;adfﬂj
- 600
- /
-
“
- ‘e' -
s /
: 4
1£ FRILURE TYPE C
200 (R curve 2 /1.% wn) E

MEA & ASTH ANALYSIS AFPLICABLE

/

- - rwi A

TEST SFEC N TA
Materia vEpe

Tesr Tewmparature
Fercenmt $1de Groove
Specimen Thickness
Iniv crack length
Final crack length
Flow stress

Youngs wodulus

1.0 1.5 €.0 e.%

Crack Extension Cmm)

MEEY S/RA NWeld

204 C

a0 X

25.‘ oy

3‘0‘2 L1 'ﬂ“ a M = 0‘02
3€.18 mm Final aW = 712
S71.8 MPa

195500 MPa (Esvtimated Value)

PONER LAN DARTA J = C (Delrty &) ~ N
TLL—L\C ru.f‘u‘.vmz

-
K¢ =
J (0)/Tsg.8) ®
Exponent ] N
Coefficiamt .

T (average)

197.7 MPa “'w
0 klrmr2
JEDLB

391.4 K)rwn2
13¢

-
&!ﬁ&? SOUARE LINEAR LINE C(ASTM) J = M ‘Delts a) ¢+ §
e .

K)e

$lope M
Intercepr B
T (ASTM)

Yaligiry (g
Validity (Regurve)
J maxiwuw allowed

-
-
-
=
-
L
-
Dglta a max, alloved =

' o‘ t"’.‘:’
18% MPa “/m
244419,3 L)ow 3
132.7 kJ/m~2

14¢

YALID

VALID

ST6.% k)rer2 (Junax=BnerteFlow stress 20
2.02 mm (Pelrta a max = 9, 1+bo
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1000 v . . .
SPECIMEN B8MWME

8OO b / )
¢ /
s
= s00 b / / / 1
- /
v 400 / / |
:
-
b FATLURE v/u ¢

Sl (R curve >/1.% »m) J

MEA & ASTM ANALYEIS APPLICABLE

/

AL - -

.85 1.0 1.8 e.0 2.%

Crack Extension (mm)

TEST QP%CINEN DATA
Materral Type

= AS33-F NS
Test Temperature = 285 C
Percent Side Groove = 20 %
Specimen Thickness e 25.4 mn
Init crack length = 30.8% mn Init a“W = 607
Final crack length = 34,89 mn Final a-M » 686
Flow strecs = £50.2 MPa
Youngs wmodulus = 209800 MFa (Estimated Value)

POMER LAW DATA ) ® L'(H"f & N
1< -

-
Kje = 211.3 WPa \'m
J (0} Teg ., B) = 581.6 kJ/e~2
Exponent N = L6942
Coefficienmt C  479.2 k)2
T Caverage) * 196

s;nsv SOUARE LIMEAR ) 1ME C(RSTM) ) = M (Delta a’ ¢ B
Ve » 170 1 k) m~2

K)¢ « 191, MFa \/wm

Slope M * 33680%.2 kJren3

Intercepr B = 131.9 kl/mn2

T (AETM) = 164

Validity <(Jigh = YALID

Validity (Recurve) = VALID

J maximus AVlowed = §48.! k)/mn] (JoaxsPnetsFlow stress 2@
Delta a max allowed = 2 mn (Delrva a max = @, 1+80)

Fina! Delra a ¢ 3,99 mn

Poisson’s Ratio (v) = @
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‘“r L | =i | : : 4
SPECIMEN B9W-10%
o p I l '
3 [
E;
= e40 b
e
- /
H
® 160 l 1
>
: sl
£ FAL TYPE C
80 (R cur » 1.5 o) B
MEA & A8THM Y813 APFLICAELE
. |
%.0 . 1.0 1.8 2.2 .9
Crack Extension (mm)
TEST SPEC N DAT
ateria vpe * ASIER Weld
Test Temperature s 268 C
Porcent Si1de Groove = 20 %
Specimen Thickness = 28,4 wm
Init crack length = 30,79 mm Init a'W = ,60¢
Final crack length ® 42,5 mm Final a“W = (8237
Flow stress = T04.9 NPa
Youngs modulus = %0800 NP (Estimated Value)

FOMEF LAW DRTA ) = © (Delra & -~ N
e 106.3 'l 2

-
Kie « 142,.7 MFPa “/m
J () Tl ®) = 212.1 kl/wm~2
Exponent N = (3873
Coeffic ent € = 191.9 k)imn2
T Caverage) = 3

&1!37 SOURFE LINERE LINE (ASTHY J = M (Delra 3 + B
¢

e 112.1 k)7 a2
K)e = J4€.0 MNP “m
Slope ] = 80107 k)rand
Intércepr B s 109.7 kln~2
T (RSTM) = 31
Validity «<Jig) = VALID
Validity (R-gurve) = VRLID
J macimun a)loved s 704.9% k)liwr2 (Juax=PretsFlow stress 200
Delta a max, allowed = 2 mm (Delra & max = @, 150
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“ A v - v
SPECINEN 694 108 |
a4t Teavage 1 |
stabityny | ,
“wt <

Specimen Load (LN)

»n 1
R TIiPE A ;
16 b . cwn% Ricluziue line |
(Insufficient for analysis,
»
8‘{ A A . -
N 80 A0 N1 B0 1.00

Epecimen Loadline Neflecvion (mm)

Juar segcinu pare
reria yee

® REI3-F WEST MELY
Test Tenpirature LI L 4
Percert S1d¢ Groove .2
Specimen Thickress B & 29.4 sa |
Intvial M - .61 |
Init qrack lengan & = 30.% wa
Flow stress . PE.0 wr,
¥io'd svrens s 720,9 W,
Yeungs wedulus f . .30“.. ta CEs inated Value)
-

Poissen’s Rarie (v
“ .

s
artlurs Type i) abl insrabiliny ® Jigh

die . §0.2 M2
Kpso(Blicstimu 23328 & (11,6 WPy e ve, d
Kie (Pevg Lorrected) e 84,1 Wy e ve, 3

™ goes- vEls

1ired bog Eaguationg B = (hhnre. 8
Masimun Load L e 35.9 n
SN fecany W¥faen Pg = 24,77 M
Kic e 74,2 Wy e
Yalidirvy o IWvmLIDe=2, 3

-

K ot Macinus Losd 1.8 Wy vow
. -

o LA TH

4 H FLECYION ® L. 0%3Tua? 0700 1~04 n,
Specimen rat gl ion Losd intercept olg vig alope & (B0 210 Wy
Titied elastic load ranges 2900 T0 2000 Correctirion Ve J fon erach extenaian
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as T T T 4 xc
SPECIMEN B9W-108

ca r Cleavage 4
- nstabilitry
P
-
S
- 1 F .
3 ;
add
c
v
E 14 F 3 -
S o '
o

FRILURE TYPE R
ral R curve < B.15mm exclusian line 4
(Insufficient for analysis)
I' L o 1 L
8.00 -13 c“ 038 .‘g

Speciman

TEST SFECIMEN DATA

Marerral Typs

Test Teuperature

Fegrcent Side Groove
cecimen Thicknezs B
Atial  a“M

Init erack lenath a

Flow stress

Yi1eld stress

Youngs modulus E

J-INTEGFAL ANALYSIS

Farlure Type A (J at fast

Jve =

KjcoCEJi¢)~. S =

Kic (Beta Correcrted) 3

RETHM E29%-81 ANARLYSI1S

R E YRR AN

Modif1ed Kic Equation; B
Ma v num Load P =
S5 “ccant Oifser Pq =
Kic =

Validiwy =

Logdiine Deflection Cumm)

25T S/A lield (1)

254 wm

-4 1]

20,3228 mm
TES MPa
730 MPa
2ATZ00 MPa

S =< o
“»

(Estimated Valueg)

ability = Ji¢

24 kl/n2

£€8.1 MPa "/ =, 3
€4,.1 MPa “7/m ys, 2

= (ﬁh‘i}“-ﬁ

30 4N

£9.24 kN

€9.2 MPa N/
VALID Kic va, ue

DATA COFFECTIONS USED FOR J-INTEGFAL DATH

Merkle=Corten correcrion

Correction for specimen rotatioar
Correction to J for crack e<tension

JEO
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44 |

3 r

Specimen Load (kN)

11 /

22 //

SPECIMEN S9KW-112

\\‘\\\:Eleavage

Inst Dilrty

FRILURE TYPE R
R curve < B.1%mm exclusiarn line
(Insufficient for anslysis)

i ¥y

8.00 20

40 LED .BQ

Epecimen Loadline Deflection Cnm)

TEST SPECIMEN DATH
Materral Tupe

Téezt Temperature
Fercent %Si1de Groove
Specimen Thickness B
Imitial aN

It crark length a
Flow 2trezs

Yie)d stress

Youngs modulus E
J=-INTEGFAL RHALYS1E
Farlure Tupe A (J ar ins

JH¢ =
Kjes<{EJi1¢)~,$ =
Kic (Beta Correcrted’ <

ASTH EDSG-81 ANALYELS

Modified Kic Equation; B

Ma tmum Load F -
=
=

&% Secant Offser Fq
Kie

Validity =
DATA CORRCC®  ONE USED FO

HES
40
o

T €7F Weld (1)

C

eSS4 wmm

-618

21.41 wm

T44,. € MFa

702.2 MFa

204%00 MFPa (Eztimated Yalue)

tabilite = lig,

€3.1 kl7n2

113.7 MPa “/m ve, 3
98,5 MFa “/m ue, 3

= ('BN)AQS

4€ kN

34,4 N

88,3 MHPa “/m
INVALID=-=1, 2, 3
F_J-INTEGRAL DATA

Merkle-Corten correction
Corvrection for specimen
Correction to J for crac

retation
k extansion

1.00
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400 T T T T
SPECIMEN 69K-1186
320 ! ! 4
& /
<
¢ /
:5 40 ™ 1
Law]
]
Y en b d
*
E /
- FAILURE TYPE C
80 j/** (R cur;aLr 1.5 om) ,
. f MER & ASTM RNALYSIS RFFLICRELE
™ ;
j ' ¥ S 14 i
‘%.9 5 1.8 1.5 2.0 2.5

TEST SPECIMEN DRTH

Crack Extansion C(mm)

Material Tyupe = ASZ23F Weld
Test Temperaturse = 288 C
Percent Side Groove = 280 %
Specimen Thickness = 25.4 mm
Init crack length = 28,23 mm Init asH = 555
Final crack length = 41,81 mm Final asW = ,823
Flow stress = 704,5 MFa
Youngs modulus = 190500 MPa (Estimated Yalue)
POHER LAW DATA J = C (Delta &> ~ N
Ji¢ = 110.95 kJrmn2
Kje = 145,.2 MPa ~/m
J (@J/T=8.8) = 199.9 kl/m~2
Exponent N s , 3597
sfficient C = 187.3 klJrm~2
average) = 29
I CQUARE LINEAR LINE (ASTM) J = M (Deita ad) ¢« B
= j106.6 Ll/m~2
= 142.6 MPa \/m
$lope M = 86%534.9 kJ/m"3
Intercept B = 100.1 kl/mn~2
T (ASTMD s 33
Validity <(Jied = VALID
Validity (R-curve) = [NVALID-~-3 (1,.f€ vs ,33)
J maximum allowed = 71%.2 kJ/m~2 (Jmax=Priet*Flow stress 200
Delta a max, allowed = 2,26 mnm (Delta a max = 0, 1%bo)
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60 : y - ,
SPECIMEN 69M-120

48 // m———__Cleavage .
Instabtil1ty

~~
F
o
~
- 36 . 1
m
L}
-
<
‘g_ 24 F B
Q
LY
<
Ul

FRILURE TYFE N
12 F R curve < B, 19mm exciusion line
(Insufficient for analysis)

8.00 .25 .58 .75 1.B60 1.2%

Cpecimen Loadline Deflection (mm)

i

TEST SPECIMEN DATA

Material Type = KSST S/A Held

Test Temperature = S0 C

Percent $ide Groove = 0 ¥

Specimen Thickness B = 29,9 mm

Inttial asM = .6

(Nit crack length a = 20,48 mm

Flow stress = 73%.4 MPa

Yield stress = 703 3 MPa

Youngs modulus E = 204200 MPa CEstimated Yalue)

J=INTEGRAL ANRLYSIS
Fallure Type A (J at instability = Jic¢)

’ Jie = 86,95 klrm~2
; Kje=CEJ1e)~, S = 133 MPa “/m ve, 3
’ Kic (Bera Corrected) = 98,3 MFPa \/m ve, 3
ASTH E399-81 ANALYSIS
Modified Kic Equation; B = (BEn)~.S
_ Maximum Load P = 48,% kN
€% Secani Offset Pq = 34,67 kN
Kic = 82.7 MPa \/m
Validity = JNVALID==1, 2, 3

DATA CORRECTIONS UED FOR J-INTEGRAL DRTA

Merb le=Corten OFFSET LOAD= © I1b OFFSE] DEFLECTION = 2,3816829801€€E-09 in,
Specimen oration Load intercept 2lastic slope =-2,85714285T714E-07 11
Fitted elastic load range= 400 TO S00 Correction to J for crack extension




SPECIME!

89K~
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400 T T T g )
SPECIMEN B69KW~-137
320 ¥
~
J l ¥
<
5 I ¥
:: c40 » .
- 1*
'3 ¥
~ 160 ] “
- *
3 ’ /
* FARILURE TYPE C
en - (R curve > 1.5 mm) 4
MER & ASTM ANALYSIS RAFPFLICARELE
[
j !
“* K1 e AL A
‘%.G . 1.0 1.5 c.0 2.9
Crack Extansion C(mm)
TEST SPECIMEN DATH
Material Type = AS33-B HSST WELD
Test Temperature = 50 C
Percent Side Groove = 0 %
Epecimen Thickness = 25,4 mm
Init crack length * 30.24 mw Init a7l = 595
Final crack length = 34,14 mm Final ad = ,6.2
Flow stress = 739.% MPa
Youngs modulus = 204400 MPa (Estimated Value)

POWER LAW DATA

J = C (Delta a)> ~ N

Jie = £€9.2 klJsmng
Kjie = {19 MPa “/nm
J (8)/T=8,8) = 49€.1 kJ/m~2
Exponent N = ,4272
Coefficient C = 137.9 kJ/7/m~2
T (average) = 29

LEAST SOURRE LINEAR LINE C(ASTM)

J = M (Delta a)> ¢+ B

JIR

Kje

Slope M
Intercept B

T (ARETM)
Validity <(Jig)

Validity (R=curve)

J maxiwum allowed
lelta a max, alloved
Final Delta a
Poisson’s Ratio ()

2 kJ7mre

£.8 MPa \/m
124470.1 k) m~3
2 kl7mn2

47

lNVﬂL!D"b. ¢ (1.11 vs .5.)
lNVﬁLl"'l.?. 3 ¢1.1% vs D)

759.7 kJ7n~2
2.06 mm

5. .2 mn

]

(Jmax=Bnev*Flow stress 200
(Delta a max = 0,1%bo)
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500 T

I | §

'
SPECIMEN 69K-146

400
~
<
S
3 300 "
~
-
Y eoot .
“
: /
b FRILURE TYPE C
100 (R curvel>» 1.5 wa) R
MER & ASTM ANKLYSIS AFPPLICAELE
%Lt) B 1.0 3: 9 .0 2.9

TEST SPECIMEN DATA
Material Tyupe

Test Temperature
Percent $i1de Groove
Epecimen Thickness
Inmit crack langth
Final crack length
Flow stress
Youngs modulus
POMEF LFAMW DATA

J = C (Delra

Crack Extansion Cwem)

HSET S/A
121 C

20 %

2%5.4 wm
30,37 um
39o€l W
T11.6 MFa
2003200 MPa
a » N

Held <1

Iniy aHl = [S557
Final a-H =

(Estimated Valug)d

Jic

Kje

J @) T=8,8)
Exponent N
Coefficient C
T (average)

LERST SOURFE LINERE LINE (R3TM)

Kkl /w2
MFa ~“m
kJ. ‘m~2

S

Jie

Kje

Slaope M
Intercept B

T CRETMD

Validity (Jig)
Validity (Recurve)

J maximus a)llowed
Del'a & max, alloved

] =M (Delrta &> ¢+ B
169.3 klJ/m 2

184,11 MPa “m

129546, 8 kl/m~3

183.% kl/m~2

S

VALID

VALID

?22.% kJ7m"2 (JwaxsEnet+Flow stress 200
2.04 wm (Delta a max = O, 1+be)
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500 T

| L R
SPECIMEN 69K148

400 | l , .
S / =
= 300 1
(o]
-
Y zoot :
-
b rd ,
- /’ FAIL TYPE C

100 + (R curve/>» 1.5 wm) B

/ MER & ASTH mLusxs AFPLICAE. £
%0 .5 1,0 1.5 2.0 2.%

Crack Extansion Cmm)

TEST SPECIMEN DRTA

Material Tupe & HEST S-R WELD

Test Temporature = 204 C

Percent Side Groove = 20 %

Specimen Thickress = 29.49 mm

Init crack length e 31,095 mn Init aH = 611

Fina) crack lenqgth = 41,86 mm Final! a- W = ,824

Flow stress = £€97.8 MPa

Youngs modulus = 195900 MFa (Estimared Yalue)

FOWER _LAKW DATA J = C (Delta a> ~ N

Jie = 142.6 kl/mn2

KJjc = 167 MPa “/m

J (0J/Teg,8) s 290.9% kJ/wn2

Exponent N = 4873

Coeffrcrent C = 249 k) /w2

T Caverage) = 43

LEARST SOUARE LIMNERAR LINE (R311) J = M (Delta a> + #

Jic s 1852.7 kJ/mn2

Kje = |72,8 MPa “/m

Slope M = 1Q1€8%5.8 k) /w3

Intercept F = J41.6 kJ/n~2

T CRSTM) s 4]

Validity <(Jied = VALID

Validity (Re=curve)d e INVALID=-=-2 (.43 vs .29

J wmaximum alloued s 688.6 kKJ/un2 (ImaesEnetsFlow stress 200
Deélta & wmav, allowea = 1,98 mm (Delta &a mar = 0, 1sba>
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Modified J (kJ/m~2)

S50 T T T T
SPECIMEN BIK-157
,f“"“
400 I o 4
300 .
zoo p
ratum:,nr: c |
100 (R curvel> 1.5 wa) R |

MEA & ASTH ANRLYSIS APFLICAELE

l

A o I ¥ -

S 1.0 1.5 .0 2.5

Crack Extansion C(mm)

TESY SFECIMEN DATA

Material Typs = HEST S/R HWeld <ID

Teit Temperature = 121 C

Percent $i1de Groove = 20 %

Specimen Thickness = 25.4 mm

Init ¢rack length = 30,1€ mm Init ark = 592
Final crack length = 40,5 nm Final asW = ,?7%7
Flow stress = 711.€6 MFa

Youngs modulus = 200300 MPa (Estimated Yalue)

POWER LAWK DATA J = C (Delta a» ~ N

e s 1%0.3 kJ7u"2

K)e = 173.5 MFPa “om

J 0)/Teg, 8> s 349,86 kl/wm2

Cuponent N = 46324

Coafficrent C = 281.€ k)/w~2

T Caverage) = 54

LERSY SOURAFE LINEAF LLINE C(ASTM) J = M (Delta a) « B

Jie = 14%,3 k)/m 2

Kje * {72.9 MPa “m

Slops M = 13%007.€ k)/m"3

Intercept B s 134,07 k)owr2

T (RSETH, s 5%

Validity (Jig) = VALID

Validity (Recurve) « [NVALID=+~1

J maximuw allowed e 222.% kl7m~2 (Jmax=Enet*Flow stress 20
Delta a max, allowed = 2,06 mm (Delrta a max = @, 1400
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35 I8 | T T

SPECIMEN B9KN-159

es b ‘*--~Tsicavage -
~ nstability
z
e
- 21p <
g
e
c
il .
0
a
a
u

FRILURE TYFE R
r R curve < D.195mm exclusian line A
(Insufficient for analysis)

8 - 1 i 1 1
. 0o e .24 .36 .48 JED

Cpecimen Loadline Deflection (mm.

TEST SPECIMEN DATA

Mater  a) Type = HEST S/A Weld

Test Temperature = =35 C

Percent Side Groove =0 %

Specimen Thickness B = 25.4 mm

Initial a W = ,%589

Init crack length a = 29.9 mm

Flow stress = £03.8 MPa

Yield stress = 773.5 MFa

Youngs modulus E = 209100 MFPa (Estimated Value)d

J-INTEGRAL ANALYSIS
Farlure Type A (J at instability = Jig)

Jie = 21.3 kJ7n~2
Kjc=CETig)~, 9 = 66.7 MPa “/m ve, 3
Kic (Beva Correcred’ & 63,6 MPa “/m ve, 3

( .TM E399-81 AMALYSIS

Modified Kic Equation; B = (BEn)>~,S
Faximum Load P = 28,66 kN

8% Secant Offser Pq = 28.6€ kN

Kic¢ = £€95.4 MPa “/m
Validity = VALID Kic value

DATA CORFECTIONS USED FOR J-INTEGRAL DATH

Merkle~Corten OFFSET LOAD= © 1b OFFSEY DEFLECTION = 1,.EE87227407575-0% 1n,
Specimen rotation Load intercept elastic slope = |, 8I818181818E-07 b

Fitted ¢lastic 10ad range=3400 Y0 S00 Correction to J for crack extension

| | S o
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82 - Y - )

SPECIMEN E9K-166

64 b Cleavage
- nstabiitty,
:
© 48 p -
L
3
i 2t -
%
v
@

FRILUFE TIPE R
16 F R curve < 0. 1%m exclusiagn line 4
(Insufficient for analysig)

’ .
.

o0 .30 LB 80 1.20 1.50

Epecimen Loadline Deflection (anm)

JEST §P MEN 1A

ateria ype » AS32-F NEST WELD
Test Temperature = |12 C
Percent Side Groove - 0%
Specimen Thickness B - 25.4 o
Initial asN . 5%
Iniv crack length a = 30.1% we
Flow stress s 739.9% nha
Yield stress = 723.9 WFa
Yourgs modlus E s 706600 NPy CExtimpted Value)
Potsson’s Ratio (w) =0

i-;ctgc&a& aungv;li
atlure Type A (J at instabilivy = Jig)
kR

Jie €2.3 kl/w2
KjeslEJic 7 Cl=v 2))~. 8 = 113,95 MPa “/n ve, 3
Kie (Beva Correctled) ® 91.3 NP3 \/m ve,3

ALTH E19%-21 ANALYSLS
Modified Kic Equation;
Macinue Load F

« (BB~ S
45,6 kN

Ki¢
Validivy
K at Maximum Load

$%.1 MPa \/m
IMVALID-=-3
06,3 NPy “/n

b
-
5% Secant OFfser Pq = 2%.2% N
.
-
-

EFLECTION @ S, 39892111 %E~0¢ in.
Specimen rotation Load intercept elastic slope = 2. 0272727072760 1B
Fitted alastic 1oad ranges 2500 TO 2000 Correction Vo J for oralh e tansion



275

500 T .y T ™

SPECIMEN 70K-104

400

300

(kT /m~2)

J

ceo

Modified

FRILURE TYPE C
(R curve > 1.5 wm) ~
MEA & ASTM Ab ¥8IS AFFLICAELE

[

AL 'y

1.0 1.5 g.0 2.5

100

Crack Extension C(mm)

TESY SPECIMEN DATH

Materral Type = HSET S/A Weld (1D

Test Temperature = 121 C

Fercent Side Groove = 2@ %

Specimen Thickness = 259.4 mm

Init crack length 2 27.51 mm Init asHW = . %541

Final crack length = 37,57 mm Final a“M = 739

Flow stress = 549,82 MPa

Youngs modulus = 200300 MPa (Estimated VYalusd

POWMER LPW DATA ) = C (Delta a> ~ N

Jie = 193 kJ/w2
Kje = |9€.6 MPa “/m
J (@)/T=8,8) = $27.9 kJ/mr2
Exponent N = 4639
Coefficient € ® 323,77 kl/mr2
T (average) = 98

LEMST SOUMRE LINEAR LINE CASTM) ) = M (Delts a) ¢ B
=

Ji¢ 187.9 kJ/7/m 2

Kjc = 194 MPa “/m

Slope M = 151318.7 kJ/m~3

Intercept B = 162 kl/mn2

T CRETM) = 100

Validiwty <o = VALID

Validity (Recurve) = INVALID=-=3 (,37 vs .34)

J maximum allowed s 3%8.2 kJ7mr2 (Jmav=Bnert*Flou sLress 20)
Delta a max. allowed = 2,33 mm (Delta a max = 0,1%b0)
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2% T T T :
SPECIMEN 70KW-111
cor ' Cleavage
~ \\fﬁsubulny
z
e,
= I3}
o
-
<
£ iof
0
v
‘2 FRILURE TYFE R
Sr R curve < D, 1%9mm exclusion line
(Insufficient for analysis)
8.90 . B85 12 .18 .24
Specimen Loadline Deflection C(imm)

TEST SPECIMEN DATA
Materi1al Tupe

Test Temperaturs
Percent $ide Groove
Speacimen T" ¢kness B
Initial & .

Init crack length a
Flow stress

Yield strass

Yourgs modulus E
J=INTEGFHAL ANALYS1S

HSET /A Weld (1)

=129 C

e %

5.4 mm

544

27. 61 mm

T48.8 MPa (Eztimated Value)
£232.95 MFa (Estimared Yalue)

215000 MPsy (Estimated Value)

Failure Tope A «J at inatability = Jig)

e

Kje=C(EXigH~, 8

Kic (Rera Correcrted)
ASTM E395-81 ANARLYSILS

Modrfred K1t Equationg

Maximum Load F
8% Secant Offser Fq
Ki¢

Yalidity

¢ kJse 2
28,7 MPa
38,3 MPa

ue, 3
ve, 3

W
M

= (BBn)~. 8
23.12 kN

28,11 kN

39 HMNFa “'m
YALID Kic value

DATA CORFECTIONS USED FOR J-INTEGFAL DATA

Merkle~Corten correction
Correction for specimen rotation
Correction to J for crack extension
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/

SFECTINEN 7PBHWH-112

Cleavage
Instabr ity

FRILURE TYPE R
R curve < B.15mm exclusion line
(Insufficient for analysis)

'/
an

.20

.40 B0 .BO

CSpecimen Load!ine Deflection (mm)

TEST SFECIMEN DATA

Material Typ

Test Tewpsrature

Fercent $i1de

Specimen Thicknes:z B

Initial a“MW

Init crack length a
Flow stress

Yield strezs

Youngs mwodulus E

Groove

J=INTEGRAL AHALYS1S

Farlure Type A (J at ins

Jie

Kjco(EJ1crn, 9% .
Kic (BPetu Corrected) =
ASTM E2%9-81 ANALYELS

Modified Kic Equation
Ma twmum Load
&% Secant Offser Fq

Kic

Validity
DATA CORRECTION: USED FOR _J-INTEGRAL DATA

E
F =
=
=

HSST S/R Weld

«325 €

0%

25,4 mm

S48

27 .8€ mm

€30 MFa

57TQ MPa

CREEA0 MFa C(Estimated YValue)

tability = Jig)d

82.6 kJ/m~2

121.3 HPa 7w ve, 3
‘?., ”’. Nm 00.3

= ‘BEn)~.%

$8.7% kN

24,97 kN

69 MPa “/m
INVALID-~1, 2, 3

Merkle=Carten correction
Correction for specimen rotation
Correction 1o ) for crack extension

1.00
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?5 I 1 ' 1
SPECIMEN POWH-113

60 Cleavage 1
. —"Tnstabi 1ty
Z
—
= 45 .
2
vl s
<
_g o 1
") 1
o e
G .

FRILURE TYFE R
3 p R curve < C.1%mm exclusian line -
/// (Insufficient for analysis)
1/-
‘/ " A i i
8.00 .20 .40 .EDQ .BO

Specimen Loadline Deflection (mm)

TEST SPECINEN DATA
Materrai Type
Test Temp.raturs
Fercert Si1de Groove
Epecimen Thicknezs B
Initial  aHW
init crack length a
Flow stress
Yield stress
Youngs modulus 4
J-INTEGRAL AMALYS1S
Fatl re Tupe R J art ins
Jic =
Kje=<EJic)r~, 9 =
Kic (Feta Correcrtedd -
ASTM E299-81 FHALYS1S
Modified Kre Equation; B
Maximum Load F .
L]
L

S4% Secant Offser Fq
Kic

validity =
DARTA CORRECTIONS USED FO

HEET S/7A Held

2% C

0%

29.4 mm

544

2765 mm

E£30 MFa

ST0 MFa

c0B€d MPa (Estimated Value>

tabilivy = Jic)

69.5 kJre~2

117 MPa “\/m ve, 3
£€3.1 MPa “/m VT |

s (BBr)~. 9

S4.59% kN

J6.4% kN

71 MPa “/m

!NV”L!D""I' 2. 3
R J-INTEGRAL DATH

Merkle~Corten correction
Correction for specimen
Corrvetion to J for crac

rotation
k extension

1,00
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600 T T T T
SPECIMEN 70K-115
480 / / 1
o /
2
-
. 360
-
°
ot /
“
3 /
o
= FRILURE TYPE C
120 (P curve t 1.5 o) E
MEAR & ASTH YSIS APFLICRELE
' /
%.B % 1.0 1.8 2.0 2.%

TEST SPECIMEN DATH
Mater 41 Type

Test Tewmperature
Pecent Side Groove
Specimen Thickness
Init crack length
Final crack length
Flow stress

Youngs modulus

Crack Extansion C(mm)

AS33-F HSET WELD
30 C

20 %

25.4 mn

26.22 wmm

39.79 mm

$99.8 MFPa

205500 MPs

Init asd = ,55%
Final! arH = ,783

(Estimated Value)

POWER LAW DRTA J = C (Delrta ad> ~ N

Jie = 166.6 kJ/m"2
Kje = 185 MPa “/m

J (M) /T=8,.8) = 442.%5 kl/m~2
Exponent N = ,4144
Coefficient C e 277.7 kJ7m*2

T Caverage) = €8

LERSY SOUARE LIMEAR LIHE (ASTM) J = M (Delty a) ¢+ B
Jie = {63 kl/m~2

Kje 1823 MPa “/m
Slope M {238€8.6 kJ /w3
Intercept B 14€.2 kJ7m~2

T CRSTH) 71

Validity <(Jig) VALID

Validity (Regurve)

J maximum allowed
Delta a max, allowed
Final Delra a
Poisson’s Ratio “v)

INVALID=-=-2

€09 kJ/m~2 (Imax=Enet*Flow str. e3s720

2.26 mw (Delta a max & 0,1bo)
1103‘ [
Q
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7’ Ll Al Ll A
SPECINEN 70W~119
&0 b Cleavage .

nitabr ity
2

" & . -

—_—
A

b

FAILURE TYPE A
I3 r R curve ¢ D, 19w siclusion tine 4

(Insufficient for asnalysiz)

Specimen Load (LMN)

8.00 .20 40 .60 LEO 1.0

Epecimen Lond)line Deflection (mmi

1E€4T &F MEM D[ATH

atarval Tupe s HEET €A WELD
Testr Teuparaturs *=1% ¢
Perceant Side Groove - 0%
Specinen Th :bnes: B * 2%.4 e
vy 4! ] s %543
Init crack tength a = 27,9 un
Flow stress s €21 NPy
Vield srtreas « S5l MF,
Youngs modulus v 208000 WP, (Esvtimated Yaluer

Jre * £5.9 Klowl
KiewiElicer~, % 11T, MPy ' m we, 3
Ki¢ “Bava Correctred) e 82.% W - we, 3
ALTH Eie%-2] ANALV31S

]~!NY!',I* AHALYVE
alure Tope A \J 'Y )ng!.b!lll/ « tig)
-

Modii 144 Lie Eauntiong B s (Bind>*, %

My rmun Load F " 4,42 M

S5 Secant Oifzen Pq & 3%.28 N

L " E%. 8% Wy e

valiv gy POINVALID=-1, 2,

ATH COFRECTION: UTED FOF '-!n"gltL patn

Meri Ya=Corten UFFLET LORDe e ¢ FLECTION & J. 39782307 9%0E-0% 1 n,
Spacinmen rovation Lord intqreept qluctnc tlope o S 4%01%0T242€-07 12

Fitred elastic lond ranges 4000 TO 400 Corrattion v0 1 for crmed € vendion
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49 Al L T B
SPECIMEN 70MW-125

er Cleavage 4
& nstability
z
S
v 24 1
o
0
-
<
T :
0
v
@

FRILURE TYFE A
8r R curve < B, 15mm exclusion line -
(Insufficient for analysis)
8.00 .10 .20 .30 .40 .50

Specimen Loadline Deflectisn (mm)

TEST SPECIMEN DATA

Material Type = HSST S/A Held

Test Tempeérature = -95 r

Percent Side Groove = 0 %

Specimen Thickness B = 29.4 mm

Initial asMW = %54

Init crack length a = 27.41 mm

Flow stress = 708 MPa

Yield stress = €44 MPa

Youngs modulus E = 212600 MPa (Estimated Yalue)

J=INTEGRAL ANALYSIS
Failure Tupe A (J at
Jic

KjesCEJic)~. S

Ki¢c (RPeta Corrected)
RETM E399-81 ANALYSIS

instability = Ji¢)

16.7 kJ7nn2
$9.€ MPa “/m
$€.2 MPa “/m

w

ys
ve,3

Medified Kic Equation: B = (BEn)~.S
Maximum Load P = 50.8 kN

S% Secant 0f "ser Pq = 20.82 kN

Ki¢ = 59 MPa “/m
Validity = INVALID-~}, 2

DRATA CORRECTIONS USED FOR J-INTEGRAL DATA

Merkle~Corten OFFSET LOAD= @ 1b OFFSET DEFLECTION = 1,19871079€8%E~04 'n,
Sprcimen rotation Load intercept elastic slope ==7 S€Q97%5€05%7eE~08 b
Fitted elastic load range=3400 TO S00 Correction to J for crack extension
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1
J SFPECIMEN POKW-126
60 | Cleavage .
- i Inztability
4
S
q
'E 45
ol
< |
HEETY y T
v |
L4
by |
V4 FRILURE TV\PE A
19 F R curve ~ 0. 1%wm exclus.on line A
(Insufficient for analysis) |
&. 00 .20 40 60 L BD 1. 00

Specimen Loadline Deflaction (mm)

TEST SFECIMEN DATH

Material Tupe = HEST S/8 We'd

Tesr Tempsraturs = =2% C

Percent Si1de Grocous = Q%

Specimen Thickness B = 29.4 mo

Inttiral  aM = 942

Init crack length a = 27.51 mm

Flow stress = £330 MFPa |
Yield strazs = S70 MPa

Youngs modulus E = J0EE00 MPa (Extimated Yalue

J-INTEGEAL AHALYSLS
Farlure Tope M ) &t anstability = Jie)

ie e 71 k)l/mok |
KjewtEJ1¢)>~, 9 = 121.7 MFa “/m us, 3 |

ASTH E299-21 ANALYSIS

Kic (Ferta Correcred) = B4.8 HFa “/m ve, 2

Modifred bic Equation; B = (EEn)>~.S

Maximum Load F = 96,92 kN |
S5 Secant Offset FqQ = 24,21 kN

Kig = €6 HPa “/m

v."a\“,‘ - lNVﬂLlD"l. 2. 3
DATA CORRECTIONS USETD FOR J-INTEGEAL DATA

Merkle-Cortaen carrection
Corvection for specimen rotation
Correction to J for crack extension
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20 1 | B T
SPECIMEN 70H-129 /

18 F ; Cleavage
~ nstabrlity
=
:’.

- |2F

o

0

e

L 4

£ af

n '
L

- il

I

FRILURE TYFE R
4 R curve < D, 1%mm exciusion line
(Insufficient for analysis)

.

ﬁéf =. 1 L

8.00 . BE e .18 .24

CSpecimen Loadline Deflection Cwm)

TEST SPECIMEN DATA

Material Type = HEIET S/A Held (1)

Teat Temparature = ~12%5 (C

Percent Side Groove = 0%

Ipecimen Thickness F = 25.4 mm

Initia! asMW s ,8%

Init crack length a = 27,94 mm

Flow stréess = 749,88 MFPa (Eztimarted Value>
Yield stress » €82.9 MPa (Estimated Yalue)
Yourngs modulus € = 214400 MFPa (Estimated “Yalued
JoluTecra auaLvelS

‘atlure Tupe ¢J at insrabilivy = Jig)

Jie = £,3 kl/n2

KjemCEJ1g)~, S = 36,8 MPa “/w us, 3

“i1¢ (Pern Correcred) e« 26,4 MPa /m us, 3

AETH E39%9-a1 ANALYSIS

Modified Kic iqu.llon: B = (BBn)>~, %

Ma rmum Load P = 18,82 kN

S Secant Offser Pq = 18.82 k¥

Kie & 32,3 MPa ‘7w

Validity = VALID Ki¢ value

DATA COFFECTIONS USED FOF J-INTEGEHL DATA

Merb le=Corten correction
Correction for specimen rotation
Correctiaon 1o ) for crach extension

.20
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300 T

T L

Al
SPECIMEN P0OKW-130

40

120

Modifiel J (kJ/m~2)

rﬁILUR! TYPE 9.

Sﬂk" (R curi: 1.5 nm) -
~ MEFI & ASTM Y8135 APPLICRELE

/

/

A - PR A

.S 1.0 1.5 2.0 e.5

Crack Extansion C(mm)

TEST SPECIMEN DARTA

Material Type = AS2IF Held

Test Temperature s 288 C

Fercent Side Groove = 20 %

Specimen Thickness = 2%9.4 mw

Iniy crack length = 28,7 wm Init asW = %66
Final crack length = 39,79 mm Fina) aW = 783
Flow stress = S42.6 MFa

Youngs modulus = {90200 MPa (Esvimated Value)

POWER LAW DATA J = € c(Delta a> ~ N

Jie s (08,7 kJ/m~2
Kje = J42.7 MFa “/m
J (@)/7=8.8) . 287.% kl/mn2
Exponent H = ,3696
Coefficient € n 177.9 kJ7m~2
T Caverage) = 4€

%RS.T SOURRE LINERE LINE (RETM) ) = M (Delta &) ¢ B
Ve * 10..6 k) m-2

Kje &= |39.9 MFa “/m

Slope M = 74780.9 k7w 3

Intercept B = 95.6 kJrw~2

T CRSETM) = 48

Valirdity (Jied = VAL.D

Validity (Recurve) = INVALID==3 (.37 vs .33

J maximum alloved s 550.9 K)/mn2 (JmaxePnertsFlow stress 20
Delta a max, alloved = 2,21 mm (Delra a mar = 0, 1sbe)



285

500 T

T . | e
SPECIMEN ?0K~131

400 b / ,j
o [ e
é ,////’/’~*’/#ﬂ
- 300 f ]
- /
.
Y ao0 / :
-
-
) FRILJRE TYPE C

100 (kR curve 1.5 wai) e

] MFA & ASTH ANALYSIS AFPLICAELE

/

v A

TEST SPECIMEN DATA
Materiel Tupe

n
L
o
o

1.0 1.$

Crack Extension C(mm)

HESET S/A Held 1D

@
Test Temperature = 204 C
Percent Side Groove = 20 %
Specimen Thickness = 25.4 mm
Init crack length = 28,28 me Iniv a’W = ,5%6
Final crack length = 39.8 mm Final a’W = 783
Flow stress = 535.3 MPa
Yourgs modulus = 195500 MPa (Estimated Yalue)
POMER AW DATA 1 = C (Delta &> ~ N
Jie . 139, J/n 2
Kjc * 162.7 MFa “/m
J (8)/T=5,8) = 412 k)/wm 2
Exponent N . 457
Coefficienmt C s 242.7 kJ)/w"2
T Caverage) = 78

EAST SOUARE LINEAP LINE (RSTM> J = M (Deltas &> ¢ B

V¢

Kje

Slope M
intercept B
T CASTH)

Validity Cliegd
Valrdity (Recurve)
J wmaximum allowed

Delta & max, alloved

123.9 kJ/w 2

155.6 MFPa “'m

124574,.7 k)/n"3

109.%5 kJ/m2

3]

VALID

INVALID==1, 3 <.58 vs .33

$43.9 kJ/m2 (JmaxsBneteFlow stress 20
2.2%5 mm (Delta & max = 0,10k
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1000

3 o ' T T
SPECIMEN ?0M~-132

E0D
>
=
-
“ E00
”
=
L 400
-
-
4'8 FARILURE TYPE C

2p0 / (R curve > 1.5 mm) 3

MEA & ASTM [ JRLYSIS RFFLICAELE

TEST SPECIMEN DATH
Matéerial Tyupe

Test Temperature
Percent Side Croove
Specimen Thickness
Imit crack lergth
Fira) crack length
Flow stress

foungs wmodulus
FOWER LAW DATA J = €

e. "N 2.0 4.0

Crack Extension Cmwm)

HEET S/A Weld (1)

12t ¢

20 %

2%5.4 mm

27.72 mm Inir a/H = ,%4%
2€.28 mm Final a- U4 = ,714
$4%.2 MFa
cQDI0D MRy
Delva 3> =~ N

CEstimated Yalueg)

J 0l T8, 8)
e

Ke

Exponent M
Coefficient €
T Caverage)

LEAST SOUAFE LINEAR LINE C(ASTM)

33,4 kJ/m"2

178.% kl/m~2

1€9.1 MPa “'wm

J5478

3%6.2 klim~2

129

J = M (Delta a> ¢+ ¥

e

K)e

Slope M
Intercept B
T (RETH

Validity (Mg
Validity (R=¢urve)

) maxiwun allowed
Delts & max, allowed

191.4 k)owo2
174,11 MFPs “'m
c04363.%9 k) w3

138

VARLID

VRLID

$828.2 kJl-m22 (JuacebretsFlow stress
.31 wm (Del1a a wax = O, 1sba)
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287

80 T T T T
SPECIMEN PON-133
84+ Cleavage .

nstab iy

4 ¢

nr

21
|

Specimen Load (kN)

FRILUFE TYFE A
16 F R curve ¢ D.1Lrmve exclusion line A
(Insufficiert for anslysis)

3.00 .20 40 +80 B0 1,00

Epecimen Loadline Deaflection (mm)

1651 SPECInEN PATA
ateria vpe

* A%23-F WSST MWELD
Test Tewperature " -5 €
Percent §ide Groove s 0 X
Epecinen Thickness B = 29,4
Intvial &k . .93
It crack length & = 27.91 an
Flow stress s 633,23 MPa
Yield stress v $72.3 MPs
Youngs modulus F e 210100 NFa CEstimated Value?
Poisson’s Ratie (W) =0

JoINTECEARL ANALYS1S
Farlure Tupe A ¢J at instabilivy = Jig)d

Jig s« 47,8 Wi/m~2
KjewiBlicrsl o230~ 8 = (00,1 NPy Svn ve, 3
Kie (Bers Correcrad) = 76,7 NPy on ve,3

AETH E396-21 ANALYS LS
Hodified Kie Eauatian; B & (FFn)~. 8
Maxinuw Load L4 " 49.% &N
% S cant OFfFfser Pq * S7.66 &N

-

-

.

Kie S4.8 MNPy “rw
Valtdiwy INVALLIDE~~2
K sl Maxiwmum Load 98.1 WPa /e

PATA SQ“!"!E"; USED FOR J-INTECFA ATA
Merkle~Corten OFFS LOADs b 0 T DEFLECTION o 1, 04€1€173%41E~04 yp,

Specinen rotation Load intercept elastic slope *-, 0000040679 i
Fitved elastic load ranges 2900 10 2000 Correction to J for cracth 4« tension







SPECTMEN

(kN)

ad

Lo

Specimen

) W——

o 195

Cpec imen

TEST
Mater
Test
Perc
C"
II’\‘\
Iniy crack
Flow stress
Yield stress
roungs modulus
J«INTEGFRAL ANALYS
Type A (]

CPE
tal Type
Temper
ent

imen

1.1

IMEN DATA
ature
Side Groov
Thickne
A’M

length

L

ss B

E
18
k‘a"u" ;l
Jyi
KicoCEJic ). S
Kic (Beta Corrected)
ASTHM E399-81 ANALYSIS
M ‘\voiqﬂ K
Maximum Load
S Offser

fli‘l“ 1on;

5% rtt‘,.n\
Kic

Validiwvy
DATA CORFRECTY I

|

M

l e rLen

Merh

peECcimen rotatior

Fitted elasti )i

INnst

et S

rOW-138

/;/X\\\ Cleavage

Instab' 111y

FAILUR. "YPE A
curve < P.15mm exclusion

(Insufficient for analysi

R line

s )

— T— A

. 30

e —————

L 45 B0

Load)line Deflectior (mmn)

."1

99 am
€5%5.9 MPa

594 MPa
210000 MPa

- 9
&

CEstimated Value)
ability = Jig)
49.8 kJ/7n~2
102.3 MPa
7’9 MPa "
= (BBn)~.%
49.2 kN
36,45 kN
fe.b MPa
INVALID-
J«INTECG
It QF ¢
ntLer
400

1,
KAl
U T}
elastic slo

‘ .
(

ept

.
TC (Al rracLior
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250 ¥

A
—

15@ l

T

1ne

Modified J (kJ/m~2)

k| I

’
SPECIMEN ?1K-110

rﬂ!LUﬁl TYPE C

(R curi{ 1.5 mm) -
MEAR & RSTM I818 APF JCABLE

|

i AL -

JEST SPECIMEN DATA
Material Type

Test Temperature
Percent Side Groove
Specimen Thickness
Init crack length
Final crack length
Flow stress
Yourgs modulus
POWER LAW DATA

1.0 1.5

Crack Extension (mm)

RS33B MHSET Weld
288 C

20 %

25.4 mm

28.17 mm

40.27 wia

$32.€ NFPa
190800 MPa

= %04
792

Iniv asi!
Final asN =

(Esvimated Yalue)

EEETIIORS
63.7 kJrm~2

Jie =
Kje = 110.3 MPa 7
J (0J)/T=§.8) = 169 k)J7m~2
Exponent i = L3606
coefficient | = 111.4 kJrw~2
T Caverage) |
55&51 SOURRE INE CAR-fr* 1 &« M (Deltrta a) ¢ 3
‘e o = 5¢,” “3
Kje = 103, .
Slope " w3
Tatercept B S
T CRETM)
Validity (Jilo
Yalidity (R=cur, -
Y yrcimur» N owed < R /nr2 (Jnax=Enet+Flow stress 20>
b led ‘Jlovwed = 2., = (Jelta a max = 0,1%bo)
Final - - = 11.6,
Poiss: . «atio (v) = @
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L)

) ¥ L |

SPECIMEN P1W~112

F 3

r: \ Cleavage
nstabiltty

FRILURE TYPFE R
R curve < B, 1%mwn exclusian line
(Insufficient for analysis)

A

70
56 F
z
-
- 42
"
]
-
c
£ 2t
Q
v
@
i)
14 F
18 v
.20

TEST SPECIME

.20

.40 .ED . B0

Specimer Load!ine Deflection Cam)

H DARTH

Materiral Typ
Test Tempera
Fercent Side
Specimen Th
Inivia)l asMW
Init crack |
Flow stress

Yield stress
Yourigs modul

@
ture
Groove
chness B

ength a

us E

HEST S/A Held (1D

2 C

[

2%5.4 mm

548

2?' .3 LAY

€1%.9 MFa

S MFPa

207200 MPa (Estimated Value)

g-!NYggﬁﬂg ANALYS1S
artlure Type (J at instability = Jig)

Jic
KjemCEJico~,
Kic «Bera Co

ASTH ELG%-B1 ANALYSLS

S
rrectaod)

Modified kic Equation;
P
fser Fyq

Maximus Load
% Secanmt OF
Kic¢

Validiwvy

ATA CORFECTIONS US

91.8 k)J/m2

138 rPa “m ve, 3
g9 Kf2 “/m s, P
= (DBn)~. S
99.%98 kN
’C..‘ .N

€1.2 MPa “/m
INVALID=--1, &, 3

FOR J-INTEGRAL DATA
Merkle-Corten correction

Corection (or specimen rotation
Correction to J for crack extension

. RO
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60
48 +
z
S
'z 36
5
e
i oot
0
v
&
12 F
4

SPECIMEN ?1M-1 17'

™

X Ll e

.

Cleavage
netabi ity

FRILURE TYFE R
R curve < 0., 1%5mm exclusien line
(Insufficient for analysis)

A

25

.50 75 1.00

Specimen Lowdline Deflectic (mm)

JESY SPECIME! DATA

Material

Test Tewmperature
Fercent Side

Type

Groove

Specimen Thickness B

Initial

a'M

Init crack length
Flow stress
Yield stress
Youngs modulus

atlure
e
Kjer(EJic

%, 9

«~INTEGRAL AMNNLYS1S
vpe B () at

Kic (Beta Correcred)
ASTM E399-81 RNALYSLS

1nNi
=

Modrfr1ed Kig

Maxrwum L
S4 Secant
Kig

Validiry

quation; §

cad F =
Offset Fq =
-

-

HSET §/A HNeld (1D
8 C
0 %
e%.4 mm
548
2.7 mm
€15.5 MPa
58 MPa
207200 MPa (Estimated Yalue)
tabiliwy = Jig)

88 k) w2

135.1 MPy “/m ve, 3

\'9.3 "P. NS V.ua

» (BB)~,. S

$7.32 kN

38.11 kN

€8.6 MP3 “/m
!NV“L’D":. 2. 3

DATA COPFECTIONS USED FOR J-INTECRAL DRTH

Merkle=Corten correction
Correction for specimen rotation
Correction to J for crack extension

1.2
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250 T o T
SPECIMEN ?1W-117

£0o r 1
:§ y
~ 150
ey
-
® o0 ! )
p-
: ol
£ FAL TYPE C

50 ‘0’ ) -

(R owi
MEA Lk RETH ¥Y81IS APFLICAELE

AL A

.5

TE-1 SPECIMEN DATH
Material Type

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

Youngs modulus

POMER LAW DATA J = C (Delt

1.0 1.8

Crack Extersion (mm)

AS33B 02 Plare
288 C

b %

25.4 mm

28 mm

28.8%5 mm

$32.6 MPa
190800 MFa

> * N

L8501
a’l = ,S08

Init asH =
Final

(Estimated Value>

¢
KJje
J (B)/T=8.8)
Exponent N
Coefficiemt C
T (average)

EARST SOURRE LIHEAR LINE CRSTM)

88,2 kJ/m~2

123.7 HPa “/m

Q kl/m~2

2377

114 kJrm~2

21

J = M (Delta a) + ¥

L4

Kje

Slope M
Intercept B

T CARSTHD
Validity <(Jic)

Yalidity (Recurve)
J maximum allowed
Delta a max.

Final! Delra a
Poisson’s Ratio (v)

alloved

1.8 kJ7m~2
99.4 MFPa \/m
113429.9 kl/m~3
46,3 kJ7m~2
7€
INVALID=-b,
INVALID=--2,
$40.8 kJ7u"2
2.28 om

+51 am

€ €.33 vs 1D

3 (.33 vs 1D
(Jmax=Pnet+*Flow stress 20
(Delta a max = @,1%bo)
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S00 T T T T
SPECIMEN ?1K-120
[

400 / i
3; 4',,w*"",1r
:: 300 y
S
-
°
2 zoot .
“
3 /
f FRILURE YYPE C

100 (R curve 1.5 sm) R

MEA & ASTM ANALYSIS APFL ICRELE

e el '

TEST SPECIMEN DATA
Material Tupe

Test Tewmperature
Percent fide Croove
Gpecimen Thickness
Tnit crack length
Final crack length
Flow 3tress

Youngs modulus

1.8

ne

1.0

Crack Extension Cmm)

H3ST S/A Weld 1)
204 C

20 %

25.4 um

2€.%58 wm

41.2€ mw

27 MPa

195500 MPa

Init asR = (542
Final aW = 812

(Estimated Value)

POMER LAW LATA 1 » C (Delra

) » N
$.3 kJ/m2

e -« 9
Kje = 136,95 MFa “rm
J () T=g.8) ¢ 374,33 kJrwr2
Zaponent M = ,S42¢
Coefficienmt C v 20%.4 k)72
T Caverage) = 82
5951 SOUMRE LINEAK LINE (RSTM) J = M (Delta a) + B
1¢ B o7 kJrmA2
Kje = 136.8 MPa “/m
Slope M « 1149%€ kJ/n~3
Intercept B = RS.& kJsa~2
T CASTM) = 81
Yalidity <«Jig) = VALID
Validity (R=cu ve) = INVALID=~1, 3 (.51 vs .33
J owrrimun w) loved = $3% kJ.-m~2 (Jmax=Bnet*Flow stress 20
Delsa a wa'e allowed = 2,22 mm (Delta a max = @, 1%b0)
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500 T
400 F /
3oe

zee

Midified J (kJ/m~2)

L) '

+
SPECIMEN 7 1M-121

/

FRILURE TYPE C
(R cur:;lt 1.5 wm) R
MEA & RAETHM Y815 ARFPLICRELF

/

A AL P

' $

TEST SPECIMEN DATH

Materral Type

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

Young: wmodulus

1.0 1.8

Crack Extansion Cmr)

HESET S A MWeld (1D
121 C

20 %

29.4 mm

27.81 mm

”o l‘ " m

$545.5 MFa

200300 MFa

Init aN = ,[S47
Final aW = 77

(Estimated Value)

POWER AW IATA J = C (Dnlra gt & N

Jig = 109.4 ke~

Kje = 148 MPa \/m

J (@) 128,86 = 383 kJ/e”2

Exponent N s 5293

Coefficient C = 225 3 klm~2

T (average) -

k!ﬂ;! SOURRE L IMNERR L! ! (RETM) - M gpglt; a> » §

Jig s 11% hJ/n~§

Kic = 151.8 MPa “'m

Slope M s 121€637.2 kl/w~3

Intercept B = 102.2 klrm~2

T CRETMY . 82

Valigiwy Jig) = VALID

Validity (Recurve) = INVALID=--1

J maxinunm allowed a $53.8 kJ7/m~2 (Junax=Bkret*Fiow stress 20
Delta & max, allowed = 2.3 mn (Delra a max = @,1#+bo)
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Boa = Al ! ] 2
SPECIMEN 7 1K~-126

4’3 . / / e
2y ]
?
[
-
- 360 -
-
-
[ Y]
- c40 P
£ /
3 [
f FRILURE YPE C

120 (R curve f 1.5 o) -

MER & ASTM YB8IS APPLICRELE

A

.S

ttst ;rggquu DATA

&tor‘. ype

1.0 1.8

Crack Extersion C(mm)

AS33-F MEST WELD

£
Test Temperature = 56 C
Percent Side Groove = 20 X%
Specimen Thickness = 29.4 mm
Init crack length = 28.21 mm Init asW = (555
Final crack length = 38,74 mm Final a’N = 762
Flow stress = S€9.5 MPa
Youngs modulus = 204400 MPa (Estimated Value)
POWER LAW DATA J = C cDelr ) ~ N
Jie = 148.7 kl/m 2
Kjc = 174.3 MFa \/m
J B)/T=g,.8) = 478.2 KJ/mr2
Exponent N t L4963
Coefficient C s 278.3 “J/mr2
T (average) = §8

LERST SOURRE LINERR LIVE CASTM)

Jie

Kjc

Slope M
Intercept B

T CRETM)
Validity (Jig)

Validity (R-curve)

J maximum allowed
Delta a max., a)llowed
Final Delra a
Poisson’s Ratio (V)

J = M (Delra a) « B
145.7 kJ/m 2

172.%5 MPa “v/m

141057.9 k)J/m~3

127.6 kJ7w~2

89
VALID
INVARLID=--2
$78.2 kJ/m~2 (Jmax=Bnet*Flow stress- -20)
~ 2€ mm (Delra a max = @,1+bo)
38 am
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40 T T i ¥

SPECIMEN ?1R-131

X
2r \\\\\fSlcavago
nstabi ity

z
o
5 Mf // .
[ 4
§ 6 r : 1
")
L]
o
FRILURE TYFE R
ar R curve < P.1Smm exclusion line -
(Insufficient for analysis)
.
g{ A _a i -y
. @0 .10 .20 .30 .40 S0

Specimen Loadline Deflection (mm)

JEST SPECIMEN DATA

Material Tyupe = HEST GS/R MWeld (1D
Test Tewparatury s «%50 €
Percent £ide Groove LI
Specimen Thickness B = 2%.4 am
Initia)l a'u = 553
Init cracl length a = 28,09 mm
Flow stress * £49.2 MFa (Estimated Value)
Vield stress = S87 MPa (Estimated Valued
Youngs wmodulus E = 210100 MPa (Esvimated Value)
; $
vpe at instabilivy = Jig)
e = 21.4 kl/wn2
KjemCEJ1e)~. 9 = €7.1 MPa “/m ve, 3
Kic (RBeta Corrected) = 60,2 MPa “/m ve, 3
AETH G- ANALYS
difired Kic Equation; B = (BB~ 9%
Ma<imum Load P * 34,.4 kN
8% Secant Offser Pq = 23,66 kN
Kic = §7.9 MFa “/m
Yalidiwy ® INVALID--}, 2

DATA CORFECTIONS USED FOR J-INTEGRAL DATA
Merkle=Corten carrection

Correction for specimen rotation
Correction to J for crack extension
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40 T
SPECIMLN ?1H-138

32
z
S
v 24 p
8
c Y
! l' - l'
Q
v
&

. -
’I

o ! Ll L)

\\\\‘\\\Tgloavngc
nstabi ity

FRILUFE TYPE R

R curve < B, 1%wm exclusion line

(Insufficient for analysis)

8%

2

.24 .36 .48

Epecimen Loacd!ine Deflection (mm)

TEST SPECIMEN DATA
Material Type

Test Temperature
Percent $ide Groove
Specimen Thickness B
Initial  asN

Init crack length a
Flow stress

Yield stress

Youngs modulus E

HEST S/A Neld
-7 C

o x

5.4 mm

548

27. €4 mw
672.9% MPa

€09 MPa

211100 MPa (Estimated Value)

i‘!“'lﬁ'“& QNALY§!!
atlure Type CJ at instabilivy = Jig)

Jie -
KjesCEJi¢)~, 98 -
Kic (Beta Corrected) -

ASTH E399-81 ANALYSIS
dified Kic Equation;

2.2 kKJrm~2
€EB.€ MPa “/m ve
€1.8 MPa “/m ve, 3

w

B = (BEn2~.S
Maximumw Load P = 34,9 kN
$% Secant Offser Py = 34.91 kN
Kic = 68.8 MPa “\/m
Validiwvy = INVALID=-~-1, &
ATAH - INY
Merkle-Corven OFF LOAD=

Specimen rotation

-850

FLECTION ==],9926723841%5E-08 in,
Load intercept elastic slope =-1, 8292€8292€8E~0/7 b

Fitted elastic load range=3400 TO S00 Correztion to J for crack extension
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.. — T — T T

SFECINEN P1W-139

ol b Cleavage 4
nsrabt vy

32

L4
—_—
A

”

FRILURE TYFE A
16 R curve ¢ B, 15w exclusian line

fInsufficient for aralysis)

Specimen L_ad (kMN)

A

8c°° v'? n" c" t“ 0‘°

Epecimen Loadline Deflection (mm)

Y §P MEM DATA

atarial Type « ASI2-F WEST WELD

Test Temparature e «5% ¢

Percent £1ge Groove s 0 X

Specimen Thickness B " 204 an

Inivial & L

Inty crack lemngih @& Q7.9
Flow stress = £3% MNPy

Yield stress . S77.0 NP,

Yourgs wedulus £ . 200900 NP, (Estimated Value)
Poisson's Ravie (W) L

“INTECR & LY

ariure Type € ab instabi b iy = Jig)

Jig « 2%5.% kliw?
KjewdE Ve s(1=w 220, 8 = 73,6 WPy “v» ve, 3
Kie (Reta Correcieq’ . 3.9 WPy o ve,3

ASTH 9~ RUALYS LS

dir1ed Ki¢ Equation] . (N2~ 8

]
Macinus Load L4 * 37,8 N
SN Secany OFfaen Pq = 27.02 N
Kic . 53,7 MWPa e
Validivy o INVALID-~3
-

K at Maximus Load 75.1 WPa e

TR 1
Eri'o-;nua a’ﬂ' taii ) EE g'd‘ &'LICYIN * . 70100047 04%€-0% in.
t

Specinmen rotation Load intercept elasiic slepe ==, 00000037 |
Fioned elastic luad ranges 2500 T0O 2000 Correction to J for ¢ wb extension
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500 T

R i 8 Al
SPECIMEN 7 1KH-149
qog o / / -
©
N .
"R | Ry
"~
]
® 200} -
-
©
£ FRILURE /nrt c
100 (R ourve 1.5 wm) ﬁ
MEA & ASTH YEIS APFLICAELE

/

. AL ¥

TEST SPECIMEN DATA

1.0 1.8

Crack Exteansion Cmm)

Materral Type = MSST S/A Neld (1D

Test Te  erature = 204 C

Percent $i1de Groove = 20 %

Specien Thickness = 2%5.4 mm

Init crack length = 27,99 mm Init arl = 5%
Final crack length = 41,12 mw Final a’H = ,89%
Flow stress = S27 MFa

Youngs modulus = 195500 MPa (Estimated Value)
POWER LAW DATR )Y = C (Delt ) A N

Jie = 92 blemod

Kje = 134.1 MPa “vm

J (@)/T=§.8) = 30%5.€ k)7m"2

Exponent N L 3 )

Coefficient C  183.7 kJ/wr2

T Caver age)d = 66

LERST SOUREE LINERE L!Nl.’ CRETM)

Jd =M (Delra a) ¢+ ¥

Jie 89 xJ/m 2

Kje ® 131.9 YPa \m

Slope ] ® $8998.8 kJ/u"3

Intercept B s 0.6 kJ7n"2

T (ASTM) = 70

Validivy (i) = VALID

Yalidity (R=curve) = VALID

J maximum allowed = 539 k)72 (Juax=Brnet#Flov stress 20
Delrva a max, allywed = 2,28 mm (Delta a max = @, 1+%ba)
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See - . -
SPECIMEN 7 1K-150
Q“ - / R
& /
:E
= Jee r
-
-
(Y
- cO0 }
: /
3 /
I? FRILURE TYPE C
100 (R curve E 1.5 mm) E
MEAR & RETHM YEIS APPLICABLE

A AL A

TEST sr;c%ggn DATA

Material Type

1.0 1.5 .0 2.5

Crack Extension (mm)

HSSET §7A Weld (1)

R
Test Temperature = 121 C
Percent Side Groove = 20 %
Specimen Thickness e 2%.4 um
Init crack length = 27.74 mm Init aH = ,[54€
Final crack length = 39,75 mm Final aN = 782
Flow stress « 545.5 MPa
Youngs modulus = 200380 MPL (Estimated Value)
POMER LAW DATA J = C (Delta a) ~ N
Jie = 109.9 kJom~2
Kjc = 155,95 MPa “/m Kic (BPeta) = 92.7 MPa “vm
J (0J7T=0.8) = 368 kJrm~2
Exponent N - 4972
Coefficient C = 217.6 klJ7m~2
T Caverage) « 76

AST SOURRE LIMERF LINE C(RSTM)

J = M (Delrta &) + B

1¢

KJjc

Slope M
Intercept B

T (RETM)
Validity (Jig)

Validity (R-curve)
J maximuw allowed
Delta a max, alloved

107.4 kd/m 2
193,77 MPa \/x
116347,.% k) a~3
95.9 kJ/m~2

Kic (Beta) = 92.3 MFa “/m

78

VRLID

INVALID=-~1

$53.8 kJ/m~2 (IJnax=Prnet*Flow stress 20
a3l em (Delrta a max = @,1+b0)






Appeadix F

LOAD-DISPLACEMENT AND J-R CURVES AND PHOTOGRAPHS,
SUPPLIED BY OAK RIDGE NATIONAL LARORATORY,
FOR IRRADIATED MATERIAL
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ORNL YALIDJZTY INDEX

Jie _(ASTM ES13)

1.

o o & W N

; 4 data points between 0.15 and 1.5 mm exclusicon
inos.

Data clustering problem.
B < 26 Jq/oy
ve < 25 Jq/oy
dJ/da > otiow

Delta-a prediction error too large,
!(delta-a)pred -(delta~a)meas ! > 0.15 (delta-a)means

Tentative J1 - R Curve Procedure

1.

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

< 10 data points between secant line and (delta-a)max
[0.1%be )

(delta-a) prediction error too large,
i(delta~a)preda - (delta-a)meas | >
MINIMUM [0 15%(delta-a)meas 0. 15%(delta-a)max)




.‘; eclilmen .'L

QRNL IRRADIATED 1TCS DATA SHEETS
TABLE OF CONTENTS

Page Snecimen 1D
'« 405 BOW172

128 ¢ . 407 BOW173
1288 409 'OW108
2G298 411 'OW107
1316 413 'OW108
1328 415 'OW110

f
¥
¥
¥
¥
|
¥
F-417 JTOW117
G F-419 TOW118
3341 F-421 CW123
) F-423 'OW1.24
F-425 TOW1 2¢
F-427 'OW] 3¢
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SPECIMEN iD= 02628

MATER AL TYPE=s A63T
TEST TEMPERATURE= & DEG

THICKNESS= 25 .4 mm
'DE GRCOVES= 0 %
INITIAL CRACK LENGTH= 31.6 mnm a W)= ,619
MEASURED DUCTILE DELTA-A= )% mm
YIELD STRENGTH= 404 MPa
FLOW STRENGTH= £72 MPa
ESTIMATED YOUNG'S MODULUS= 204 GPa

SPECIMEN CLEAVED AT K = 116.% MPs SQR(m) (NOT VALID Kic)
VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J« INTEGRAL= 90.7 kJ/m"2 j« INTEGRAL= 90.3 kJ/m"2
Kle= 136.1 MPa SQR(m) KJc= 135.9 MPa SQRI(m)

K-bata-c= 92.2 MPa SQR[(m) K«beta-c= 92.2 MPa SQR(m)
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ORNL-DWG 87-7995

@2Gese 5@ DEGREES C

100

80
~
&
X 60
S
9
T 40 2
O
-

20

' A A a B i A A & _a & 2 _ i A i " | — e
B ’ .‘ 's ..

DISPLACEMENT (mm)
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SPECIMEN ID= 02GA28%

TEST TEMPERATURE= 121 DEG C
THICKNESS= 25.4 mm

SIDE GROQUES= 20 A

INITIAL CRACK LENGTH= 31.9 mm
MEASURED DUCTILE DELTA-A= 3 .54 mm

YIELD STRENGTH~ §73 MPa

FLOW STRENGTH= 639 MPa

ESTIMATED YOUNG'S MODULUS= 200 GPae
SPECIMEN DID NOT CLEAVE, J-MAX LOAD=

KJ-MAX LOAD=

POWER LAW PROCEDURE

a /W)= 626

kJ/m*2
MPa SQR(m)

204.1
202.2

Jice 156.7 kJ/m"2 Jic= 141.6 kJI/m”
k«Jdlece 177.2 MPa SQRI(m) K«Jlcge 168.4 MPa SQR([(m)
POWER= L4336 SLOPE= 139849 kJ/m™)
CTOEFFICIENT= 27% .4 kJ/m"2 INTERCEPT= 126.2 kJ/m™2
T (AVERAGE )= 61 T (ASTM)= 68

ValL 1D, EB13
J1«R CURVE CALCULATIONS
) (B)/TeB . B)e 376.F kJ/m
POWER= _ 4614 COEFFICIENT= 274 kJ/m™2
J-MAX ALLOWED= 609.4 kJ)/m™2 DELTA-A MAX ALLOWED= 3. 91
RCURVE INVALID, 1 3

mm
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ORNL-DWG 87-7996
A2GR28S 121 DEGREES
S0
40
z
X 30
a
T 2@
o
-
10
acd kR R
aO 1 2 3 Bl S
DISPLACEMENT {(mm)
ORNL-DWG 87-7997
A2GR28S 121 DEGREES C
.. leee -
N A (8. ODTQ'J ® JIC(E-B13)
< s OFFSET LINES 8 JIC(PWR LAW)
£ gpo Fn BLUNTING LINE @ RACTUAL DCLTR-ﬂ
\ i §
Z soe | f
~ /'.. ),—
i /( .’ll o . 0
X 400 / ‘a O
0 o/
W r { o o '
- o /
z 200 ED J
— J
‘ ' .
- er#L14"AJAAA1.AA1AAA
2 1 4 3 4 9

CRACK EXTENSION (mm)




SPECIMEN [D= (2GR288

MATER I AL TYPE~ A5 338

TEST TEMPERATLURE = 9 DEG |

THICKNESS= 2% .4 mm

SIDE GROOVES= 1 %

INITIA. CRACK LENGTH= 31.9 mm a’W)=- 674
MEASURED DUCTILE DEL_TA-Aw 12 mm

YIELD STRENGTH= 591 MPa

FLOW STRENGTH= 87 MPas

ESTIMATED YOUNG'S MODULUS= 203 GPa

SPECIMEN CLEAVED AT K = 111 .3 MPa SQRIm) (NOT VaL lD Kleg)
UALUES AT MaAaXIMUM LOAD ALUES AT CLEAVAGE LOAD
J« INTEGRAL= B84.9 k)/m™2 J= INTEGRAL= B4.”7 k)J/m™2
KJdee 131.2 MPa SQOR(m) KJe= 131.1 MPas SQRI(m)

K-beta-c= B9.6 MPa SQRI[m) K«beta-c= B89.%5 MPa SQRIm)




LOARD (kN)

314

B2GR288

ORNL-DWG 87-7998
79 DEGREES C

A A A 1 A e s L A A

P T A 1 A A A

2 .4

DISPLACEMENT (mm)



sPECIMEN D= 02GA298

TEST TEMPERATURE = 121 DEG

THICKNESS= 2% .4 mm

SIDE GRODVESe 20 %

INITIA CRACK LENGTH= 31.8 mm e7’W)im . 623
MEASURED DUCTILE DELTA-A= 4.5 mm

YIELD STRENGTH= $73 MFa

FLOW STRENGTH= 639 MFa

ESTIMATED YOUNG 'S MODULUS= 200 GFa

14

SPECIMEN DID NOT CLEAVE ., J-MAX LOAD= 209.12 k)/m~2
KJ«MAX LOAD= 204.6 MPa SQR[(m)

POWER LAW PROCEDURE ASTHM LINEAR PROCEDURE
Jige 199.¢ kd/m™2 Jice 146 .3 kJ/m™2
Kedlg= 179.8 MPa SQR(m) K«Jlgc= 171.3 MPa SOR(m)
POWER= . 3918 » JPEe= 123731 kJ’m™3
COEFFICIENT= 264.7 kJ/m™2 INTERCEPT= 132.2 kJd/m™2
T (AVERAGE )= 64 T (ASTHM)= 61

VAL 1D, EB13

11«R CURVE CALCULATION

) B)/ TeB . B)» L | k)/’m™2
POWER= 4162 OEFFICIENT= 264
J«-MAX ALLOWED= $14.3% k)J/m™2 DELTA-A MAX ALLOWED=

RCURVE INVALID, 2 3

)
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ORNL-DWG 87-7999
02GR298 121 DEGKEES C
z
X
a
@
o
-
OJA;J‘AL#IAAAI.AAIALL
0 ! 2 3 B S
DISPLACEMENT (mm)
ORNL-DWG 87-8001
B2GR298 121 DEGREES C
_ 1eee -
N - (8, '.T.'& ® JIC(E-813)
< A OrrSiT LINES @ JIC.PWR LAW)
€ gpp . —— — BLUNTING LINE @ RACTUAL ocun-aﬂ
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FIELD STREN( THw=
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ESTIMATED YO

RACkK

MNICTT L
vy 1

NG

SPEC | ME) £ AU .9 MPa

SQR([m) (NOCT VALID ¥Flc

VALUES AT CLEAVAGE LOAD

J- INTEGRAL= S0.1 kJ/m"2
100.7 M°a SQRIm)
K-beta-c= 78,1 "Pa SOR(m)

Klg=
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SPECIMEN D= 02G328

TEST TEMPERATURE=

THICKNESS= 25.4

SIDE GROQUES= 20 %

INITIAL CRACK LENGTH= ' m

MEASURED DUCTILE DELTA-A=

rIELD STRENGTH= 626 MPa

FLOW STRENGTH= 613 MPa

ESTIMATED YOUNG'S MOOULU = 191 GPa

-~

SPECIMEN DID NOT CLEAUVE " 1-MAX LOAD= 192 . 4 kd/m
KJ-MAX LOAD= 191.6 MFa OR[m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE

Jice 162.4 kJ/m Jice 157 kJ/m"2
Kedlgce 176 MPa SOQR ) K-Jlce 173.1 MPa SQR(m)
POWER= J4é64 SLOPE= 100182 kJ/m™3
COEFFICIENT= 251.7 INTERCEPT= 144, 1 kJ
T (AVERAGE )= T (ASTH) = 61

VAL 1D, EB13

11<R CURVE CaALl

] (R)/T=8 B)» .
POWER= 2296 COEFFICIENT= 250.2
J-MAX ALLOWED= 605 J/m” DELTA-A MAX ALLOWED=
RCURVE INUVALID, 2 3




ORNL-DWG 87-8003

ORNL-DWG 87-8004
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WPEC IMEN D= 02G329

TESTYT TEMPERATURE = a0 DEG
THICKENE SS» 286 .4 e
3 |DE GROQUE S= N
INITIAL RACK LENGTi{= $1.3% moy LY | = 6l
MEASUREC DUCTILE OEfL TR A= &1 Saad
rIELC TRENG TH= 59N MP o
FLOW STRENG THe 65 4 MP s
¢ V:oau'§f Y OUNG e ,\“\‘ Co y . -§ .
L IMEN LEAVED AT K = 121.: MPa SOR(m) NOT L ID Kle
WLIUES AT MAaxImMmuM LDaAl ALUES AT CLEAUAGE LOAD
Y« INTEGRAL = 16 k)/m™ ¢ 1<« INTEGRAL- 161.1 kd/m™2
Kles 178.4 MPs SOR(m) Klce 180.7 MPa SQR(m)
K-beta - 102.9 ME UR(m) Kbeta-cw 103.% MPa SOR[m)
POWER LAW PR EDURE ASTM LINEAR PROCEDURE
Jlce 160.4 k) m" g Jlee 0 k) /m*2
v llee 174.8 MFEa QR [ m ) . llce 0 MPa SOR(m)
POWER= 6.8 5L OPE o : iy
COEFFICIENT= 317.1 kJ/m"3 INTERCEPTs 0 kJ/ a2
T (AVERAGE ) 0% T (ASTM)s
INVALID, 1 &
JI-R CURVE CALCULATIONS
] (B)/TeB 8 0 )/ w2
POWERe i ODEFFICIENT» 0 Kd/m*2
)= MAX ALLOWEDs 65 3 kd7m™2 DELTA-A MaxX ALLOWE _» 1.98 e
RCURVE INUALID, 2 3
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SPECIMEN ID= 02G3%3

MATERIAL TYPE= AS33

TEST TEMPERATURE= S0 DEG C

THICKNESS= 25.4 mm

SIDE GROOQVES: 0 %

INITIAL CRAC) LENGTH= 31.5 mm a’W)i= .618
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENG M= 4604 MPa

FLOW STRENGTH= 672 MPa

FSTIMATED YOUNG'S MODULUS= 204 GPa

JPECIMEN CLEAVED AT K = 78.9 MPa SQR(m) (NOT VALID Kle)

UVALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD

J« INTEGRAL= 29.8 kJ)/m"2
KJdec= 78 MPa SQR(m) Klc= 78 MPa SQRI(m)
K-beta-c= 67.5% MPa SQR(m) K-~-beta-c= 67.% MPa SOR(m)
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SPECIMEN "D« 026362

TEST TEMPERATURE= 121 DEG

THICKNESS= 26 . 4 mm
SIDE GROQUES= 20 \
INITIAL CRACK LENGTH= 31.
MEASURED DUCTILE DELTA-A-
YIELD STRENGTHe 8§23 MPa
FLOW STRENGTH»= 619 MP s
ESTIMATED YOUNG'S MODULUSe

SPECIMEN DID NOT CLEAVE, J-MAX
KD~ MAX

POWER LAaW PROCEDURE
Jige 148.7 kJdim™2
K«Jdlge= 172.6 MPa SQOR(m)
POWER= . 3731
COEFFICIENT= 243.6 kJ/m
T (AVERAGE )= 48

11«R CI '-’v_f C &l I\\L;,;"A ING

] (B0 TeB B)»= o482 kd/m
POUERs 2867
MAxX ALLOWED= e1”2.8% kJ

ROCLURUE

INVAL D,

331

a W)= ., 622
mm
GPa
LOAD= 192.2 k)/m™2
LOAD= 196.2 MPa SUR(m)

Jige 146.3 kJ/m™2
K«Jlce 171.2 MPa SORIm)
SLOPE= 99999 kJ/m™3
INTERCEPT» 134.8 kJ/m™2
T (ASTM)» L9

Val.lD, EB1®

EFFICIENTs 239.9 kJ/m

DELTA-A MAX ALLOWE D= 1 .93
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SPECIMEN [D= 02G36%

MATERIAL TYPE= AS33

TEST TEMPERATURE= S0 DEG C

THICKNESS= 25 .4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTHe 31.8 mm a’W)i= ,624
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 404 MPa

FLOW STRENGTH= £72 MPa

ESTIMATED YOUNG 'S MODULUS= 204 GFPa

SPECIMEN CLEAVED AT K = 9.4 MPa SORIm) (NOT VAL ID Kle)

VALUES AT MaxXImMum LOAD VALUES AT CLEAVAGE LOAD

J« INTEGRAL= 22.5 kJ)/m"g 1« INTEGRAL= 22.5 kJ)/m™2
KJece 67.8 MPa SORIm) Klec= 67.8 MPa SQR(m)

K-beta-c= 61.2 MPa SQR(m) K-beta-c= 61.2 MPs SQR(m])
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SPECIMEN D= 026401

MATERIAL TYPE= AS33B)

TEST TEMPERATURE = 2% DEG
THICKNESS= 25.4 mm

SIDE GROOVES* 0 %

INITIAL CRACK LENGTH= 31 mm
MEASURED DUCTILE DELTA-A= .08 mm
YIELD STRENGTH= 447 MPs

FLOW STRENGTHM= 717 MPa

ESTIMATE!I Y UUNG MODLL US= 209 GPa
SPECIMEN CLEAVED AT Klcg= 58.9
ALUES AT MaxIimumM LOAl

J« INTEGRAL= 1J5.6 kJ)/m™g

Klce SB.B MPas SQR(m)

K-beta~-c= S5 & MPs SQRIm)

MFa

8 " W)»
SURIm)
RLUES AT

"

J« INTEGRAL= 16.6 kJ/m™Y
-~ 58.8
Deta~-c»

-

(

a09

UalL 1D

ASTM EI99)

CLEAVALE

Ha
BE

LOAD

SUR(Im]

: &

MFa

('.DH

!
b

m)
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SPECIMEN 10= 02GA407

MATERIAL TYPE= ASYIB

TEST TEMPERATURE= S0 DEG

THICKNESS= 25.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTHM= 31.1 mm a’W)i= ,611
MEASURED DUCTILE DELTA-A= .08 mm

YIELD STRENGTH= 04 MMy

FLOW STRENGTHM= 472 MPy

ESTIMATED YOUNG'S MODULUS= 204 GPa

SPECIMEN CLEAVED AT K » 62.3 MPa SQR(m) (NOT VAL ID Klg)
UALUES AT mMaxIimum LOAL VALUES AT CLEAUVAGE LOAD
J« INTEGRAL= 18.3 kJ)/m™2 J« INTEGRAL= 1B.3 kJ)/m™Y
Kldees 61.1 MPa SOR[m) Kle= 41.1 MNPy SGRIm)

K-beta-c= S¢.6 MPa SQORI(nw K-beta-c» %56.6 MPa SQR(m)
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SPECIMEN ID= 02G414

MATERIAL TYPE= AS33B1

TEST TEMPERATURE= -2% DEG C

THICKHNESS= 25.4 =mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 30.2 mm a‘Wii= ,592
MEASURED DUCTILE DELTA-A= ,05 mm

YIELD STRENGTH= 647 MPa

FLOW STRENGTH= 717 MPa

ESTIMATED YOUNG'S MODULUS= 209 GPa

SPECIMEN CLEAVED AT Klec= 36 MPa SQR(m) (VALID ASTH E399)
VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J=- INTEGRAL* 6.9 kJ/m"2 J- INTEGPAL= 6.9 kJ/m"2
Klde= 38 MPa SQR(m] KJc= 38 MFa SQR(m)

K-beta-c= 37.5 MPa SQR{m) K-beta-c= 37.5 MPa SQUR(m)
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SPEC IMEN
TEST

1D= 02G421
TEMPERATURE - 80
THICKNESS= 2.4
SIDE GRODQUESe 0 ~
INITIAL CRACK LENGTH= 30.
MEASURED DUCTILE DELTA
YIELD STRENGTH= 590
FLOW STRENGTHe
ESTIMATED YOUNG'S MODULUSe= 'yl

DEG

mem

oo
-

MPa

MPa

L aa

656

MPa

SPECIMEN CLEAVED AT K = 118.4

AT MAXIMUM LOAD

VALUES
J- INTEGRAL
Klece 167.3
K-bata-c=

138.1 kd/m™~2
MPa SQR(m)
100.1 MPa SQR(m)

POWER LAW PROCEDURE

kJ/n"2

Jice 151,
K-Jlce 17%.2 MPa SQR(m]
POWER= 353
COEFFICIENT= 241.9 kJ/m™2
T (AUVERAGE )= 43

|«R URUE X LAT I IUN
3 ™ Tefl B)» 14 " -
' WER= 29%

MAX A ot = 1.y 4 "

a’Wli»

GPa

SAR(m) (NOT VALID Kle)

VALUES AT CLEAVAGE LOAD

198.8 kJd/m™2
MPa SQR(m)
108.1 MPa SQR(m)

1. INTEGRAL *
Klc= 200.?7
K-beta-c*

ASTM LINEAR PROCEDURE

Jice= 0 kJd7/m"¢
K=Jlce= 0 ™MPa SOR(m)
SLOPE= kJ/m~3
INTERCEPT=s 0 kJ/m*2
T (ASTHM ) = U
INVALID, 1
EF¥ ENT» 223.9 kJ/m™%
OELTA-A MAX A JED» P ‘ mm
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SPECIMEN 1D= 02G422

TEST TEMPERATURE= 288 DEG C
THICKNESS= 25.4 mm

SIDE GROOVES= 20 %

INITIAL CRACK LENGTH= 30.9 mm
MEASURED OUCTILE DELTA-A= 4.73
YIELD STRENGTH= 526 MPa

FLOW STRENGTH= 6413 HMPa
ESTIMATED YOUNG'S MODULUS= 191

SPECIMEN DID NOT CLEAVE,

POWER LAW PROCEDURE

Jie= 1%4.4 kJI/m"2

K=Jle= 171.6 MPa SQRI(m)
POWER= 3786

COEFFICIENT= 251.4 kJ/m™2

T (AVERAGE)= &1

JI1-R CURVE CALCULATIONS

J (M)/T=8.B.= 293.9 kJ/m"2
POWER= . 3509

J-MAX ALLOWED= 614.4 kJ/m"2
RCURVE INVALID, 2 3

J-MAX LOAD=
KJ-MAX LOAD=

a‘W)i1= 607
mm
GPa
196.% kJ/m"2
193.1 MPa SQARI(m)

ASTM LINEAR PROCEDURE
Jic= 153.8 kJ/m"2
K«Jlc= 171.3 MPa SQRI(m)
SLOPE= 103020 kJ/m"3
INTERCEPT= 140.%9 kJ/m"2
T (ASTM) = 52

VALID, EB13

COEFFICIENT= 251 kJd/m"2
DELTA-A MAX ALLOWED= 2 mm
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SPECIMEN 1D= 6BWAD

MATERIAL TYPE= A%33BW

TEST TEMPERATURE= -50 DEG C

THICKNESS= 25.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 30.9 mm a‘W)i= ,608
MEASURED DUCTILE DELTA-A= .25 mm

YIELD STRENGTH= 727 MPa

FLOW STRENGTH= 2727 MPa

ESTIMATED YOUNG'S MODULUS= 210 GPa

SPECIMEN CLEAVED AT K = 131.3 MPa SQR(m) (NOT VALID Kle)

VALUES AT MAXIMUM L. OAD VALUES AT CLEAVAGE LOAD

J- INTEGRAL= 140.3 kJ/m"2 J~ INTEGRAL= 140.4 kJ/m"2
KJe= 171.7 MPa SQR(m) Kldec= 171.7 MPa SQR(m])
K-beta-c= 113.5 MPa SQAR(m) K-beta-c= 113.5 MPa SQRIm)
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SPECIMEN 1D0= 48BWBB

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -75 DEG C

THIZKNESS= 25.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 30.1 mm a’‘W)i= ,593
MEASURED DUCTILE DELTA-A« ,0% mm

YIELD STRENGTH= 757 MPa

FLOW STRENGTH= 2757 MPa

ESTIMATED YOUNG'S MODLLUS= 211 GPa

SPECIMEN CLEAVED AT K = 116.1 MPa SQR(m) (NOT VALID Kle)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J- INTEGRAL= B84.3 kJ/m"2 J- INTEGRAL= B4.9 kJ/m"2
KJc= 133.6 MPa SQR(m) KJdc= 134 MPez SQRI(m)

K-poeta-c= 102 MPa SQR(m) K-beta-c= 102.2 MPa SQR(m)
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SPECIMEN [D= 68WDC
TEST TEMPERATURE = 21 DEG C
THICKNESS= 25.4 mm
SIDE GROQUVES= 20 %
INITIAL CRACK LENGTH= 30.5 mm a/l)= 601
MEASURED DUCTILE DELTA-A= 2.81 mem
r1ELD STRENGTH= G3E MPa
FLOW STRENGTH= 6785 HMPa
ESTIMATED YOUNG'S MODULUS= 200 GPa
SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 313.1 kJ/m"2

KJ-MAX LOAD= 260.4 MPas SOR(m)
POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jice= 163.8 wJ/m"2 Jlc= 131.2 kJ/m™2
Kedlce 181.1 MPa SOQORI(m) K«Jdlc= 162.1 MPa SOR[m)
POWER= 72302 SLOPE = 292740 kJd/m™3
COEFFICIENT= 402.1 kJ/m*2 INTERCEPT= 7.8 kJ/m"2
T (AVERAGE )= 173 T (ASTM) = \ 77

VAL ID, EBL13
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SPECIMEN [D= &BWHC

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -130 DEG C

THICKNESS= 25.4 mm

SICE GROOQUVES= (0 %

INITIAL CRACK LENGTH= 30.% mm as‘Wii= ,601
MEASURED CUCTILE DELTA-A= 0% mm

YIELD STRENGTH= 833 MPa

FLOW STRENGTH= B33 MPa

ESTIMATED YOUNG'S MODULUS= 21% CPas

SPECIMEN CLEAVED AT Kle= 52.% MPa SQR(m) (VAL ID ASTH E399)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J-INTEGRAL= 13.5% kJ/m"2 J- INTEGRAL= 13.5 kJ/m"2
KJc= $3.9 MPa SQRI(n]) Klc= 53.9 MPa SQR(m)

K-beta-c~ 2.9 MPa SQR(m) K-beta-c» 52.9 MPas SQR(m)
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FPECIMEN D= 48
TEST TEMPERATURE « 204 g
TH]CKNE - 6 ¢ e
1 D¢ “RODUE S a » \
INITIAL CRACK LENGTHs 0.5  me Linshs o o g
MEASURED ( TILE DELTha-As g 4 o

1ELI TRENGTH= CR S "
- " '-‘.'vv.,' e MPa
ESTIMATEC ! ! - 34 P a

- STEL 13 e W
f ER LAw PROCEDURE ASTM LINEAR PROCEDURE
lg» 144 .7 . m2 - 122.% Kkl m™2
» le= |68 MEa JR(» . Jice 154 MEa JR(w
’.‘“JED- 4% é '."pf' 4-".1 . )
EFF | IENT 333.9 kJ . INTERCEPT» y h "
! AUERAGE - 129 Y ASTM e 114
| g8l

1=K URUE i AT 1ONS

#) T=§ - 1 é b
3 WENs= Aaty EFF f'-" 11 2 . Y7n -
Fea e . . . t TR-A M ‘i JE D 2 v
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PEC | MEN . &8N
£ 16 MPE R TURE
v e NE - -
3 & 3 5
L2 1 P FMNGTH- .
45 ¢ wE TILE £
1§ TRENGT P > a
RE NG T e X% | M5
f £ , - s
PE f D t e
- 'Lv
[§ £ e e (=1= i ASTHM INE R PROCEDURE
- . -
" lge 188 . 1 My [ - ¥-Jlec= 17¢.9 ™MPy JR(im)
POWE R e s@an LOPE= 218095 xJ/m"3
EFE ICI1ENTS T &) y INTERCEPT» 133.9 kJ)’m
HWERAGE e 118 ASTM ). 113
Al | E21}
5 Rf '
Te . C & -
Wk R - EFF £ = Ysa
) JE 13 T - JE . @ m
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SPECIMEN D= 6BUWKE

TEST TEMPERATURE= 121 DEG C

THICKNESS= 25.4 mm

SIDE GROQVES= 20 &

INITIAL CRACK LENGTH= 30.6 mm a‘W)i= .601
MEASURED DUCTILE DELTA-A= 2,62 mm

YIELD STRENGTH= &38 ™MPa

FLOW STRENGTH= 576 MPa

ESTIMATED YOUNG'S MODULUS= 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 342.3 kJ/m"2
KJ-MAX LOAD= 261.8 MPa SQR(m)

POWER LAW PROCFDURE ASTM L INEAR PROCEDURE
Jige 196.8 kJ/m"2 Jig= 22.6 kJ/m™2
Kedlce= 198.6 MPa SQR(m] K«)lc= 185.9% MPa SQR(m)
POWER= 6466 SLOPE= 263609 kJ/m™
COEFFICIENT= 410. 4 kJd/m™2 INTERCEPT= 133.1 kJ/m™2
T (AVERAGE )= 165 T (ASTHM) = 169
ALID, EBLS

11 -R IRUE ra I ATION
] =8 8= yDs k) /nm
! ER 643 EFFICIENT= 209 .8 )

™ = b s b TA-A MA ¢ F=
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SPECIMEN D= é8BWLC

MATER!AL TYPE= AS33BW

TEST TEMPERATURE= -7% DEG C

THICKNESS= 2%5.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 30.3 mm a‘W)i= ,597
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 767 MPa

FLOW STRENGTH= 757 MPa

ESTIMATED YOUNC'S MODULUS= 211 GPa

SPECIMEN CLEAVED AT K = 118.2 MPas SQR(m) (NOT VALID Kle)

VALUES AT MAaXIMUM LOAD VALUES AT CLEAUAGE LOAD
J= INTEGRAL= 67.9 kJ/m"2 J= INTEGRAL= 67.7 kJ/m"2
Klce= 119.8 MPs SOR(m) KJc= 1.9.6 MPa SQR(m)

K-beta-c= 96 MPa SQRI[m) K-beta-c= 95.9 MPas SQR(m)
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SPECIMEN 1D= 68WMB

TEST TEMPERATURE = 130 DEG

THICKNESS= 25 .4 mem
SIDE GROOQUES= 0 %

INITIAL RACK LENGTH= 30.4 mm a/W)= . 598
MEASURED DUCTILE DELTA-A= . 0% mer

YIELD STRENGTH= 533 MPa
FLOW STRENG M= 833 MPa
FSTIMATED YOUNG'S MODULUS= 21 oFa

PECIMEN CLEAVED AT Klec= 3/.4 MPa SQR(m) (VAL ID ASTHM E399%)
VALUES AT MAXIMUM LOACL JALUES AT CLEAVAGE LOARD
1- INTEGRAL = 2.8 kJsr O J- INTEGRAL = 6.5 kJ7m~2
Klc= 7.4 MPa SQR([m) Klcw= 37.4 MPa SQRI[m)

Kebota-ce 7.2 MPas SQRIm) K-beta-c= 3.2 MPa SQR(m)
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LOAD-DISPLACEMENT AND J-R CURVES UNAVAILABLE



INEAR PROCE
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SPECIMEN 1D= 69W102

TEST TEMPERATURE= 121 DEG C

THICKNESS= 2%.% mm

SIDE GROQUES= 20 %

INITIAL CRACK LENGTH= 30.6 mm a’W) = 603
MEASURED DUCTILE DELTA-A= 3.43 mm

YIELD STRENGTH= 67% MPa

FLOW STRENGTH= 712 MPa

ESTIMATED YOUNG'S MODULUS= 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 204.3 kJ/m"2
KJ-MAX LOAD= 202.3 MPa SQR(m)

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jiee 15C.1 kJI/m"2 Jie= 133.4 kJ/m"2
K-Jle= 173.4 MPa SOR(m) K-Jle= 163.4 MPa SQRIm)
POLER= ., 4034 SLOPE= 134114 kJ/m™3}
COEFFICIENT= 260.3 kJ/m"2 INTERCEPT= 120.8 kJ/m"2
T (AVERAGE )= 44 T (ASTM)= &3

VALID, EB13

J1«<R CURVE CALCULATIONS

) (RJ)7T=8,8)= 296,77 kJ/m"2

POWER= .400% COEFFICIENT= 2%99.6 kJ/m”
J«MAX ALLOWEDs= 217 kJ/m"2 DELTA-A MAX ALLOWED= 2.02

RCURVE INVALID, 1 2
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SPECIMEN D= 6%9W113

MATERIAL TYPE= AS3IIBW

TEST TEMPERATURE= 29 DEG C

THICKNESS= 25.% mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 31.3 mm a’Wii= ,617
MEASURED DUCTILE DELTA-A= 0% mm

YlELD STRENGTH= 2714 MPa

FLOW STRENGTH= 761 MPa

ESTIMATED YOUNG'S MODULUS= 206 GPa

SFECIMEN CLEAVED AT K = 106.3 MPa SQR(m) (NOT VALIC Kleg)
VALUES AT MaxXIMuUM LOAD VALUES AT CLEAVAGE LOAD
J= INTEGRAL= §4.3 k)/m"2 J« INTEGRAL= %4., kJ/m™2
KJe= 10%.7 MPa SQR(m) KJc= 10%.7 MP- SQR(m)
K-beta-c= B7 MPa SQR(m) K«beta-c= B7 '#a SQR[(m)
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SPECIMEN |
MATERIAL TYPE=

De 69UW114

AS 3 TR

TEST TEMPERATURE= 10 DEG C
THICKNESS=s 25 . 4 mnm

SIDE GROOUES= 0 %

INITIAL CRACK LENGTH= 30.4
MEASURED DUCTILE DELTA-A=
YIELD STRENGTH= 239 MPas
FLOW STREMGTH= 768 MPa
ESTIMATED YOUNG'S MODULUS=
SPECIMEN CLEAVED AT K = 22
VALUES AT MAXIMUM LOAD
J-INTEGRAL= 2% kJ)/m"2

Klc= 71.9 MPa SQRIm)
K«beta-c= 67.1 MPa SQRI[.»)

179

e a’uW) =

0% mm

207 GPa

3 MPs SQRIm) (NOT
VALUES

J= INTEGRAL =

Kles 21.9

K-beta-c=

VAL ID

O
@

Kle)

25 kJ/m™2
MPa SQR(m)
67.1 MPa SQR(m)
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SPECIMEN JD= 6%W119

MATERIAL TYPE= ASIIBW

TEST TEMPERATURE= -35 DEG C

THAICKNESS= 29 .4 mu

SIDE GROOVES= 0 %

INITIAL CRACK LENGTHM= 30,1 mm a/W)i= 693
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENGTH= 704 MPa

FLOW STRENGTHe 812 MPa

ESTIMATED YOUNG'S MODULUS= 209 GPa

SPECIMEN CLEAVED AT Klec= 56.9 MPa SQR(m) (VAL ID ASTHM EX99)

UALUES AT MAXIMUM LOAD UVALUES AT CLEAVAGE LOAD
J= INTEGRAL= 1%.2 kJ/m"2 J- INTEGRAL= 15.2 kJ)/m"2
KJde= $56.4 MPa SQR(m) Klec= 56.4 MPa SORI(m)

K-beta-c= 5% MPa SQR(m) K-beta-c= 5% MPa SQR(m)
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SPECIMEN D= 69W121

MATERIAL TYPE= AS3IIBL

TEST TEMPERATURE= 10 DEG C

THICKNESS= 2% .4 mm

SIDE GROOVES= (0 %

INITIAL CRACK LENGTH= 30.6 mm a’W)i= 603
MEASURED DUCTILE DELTA-A« .0

YIELD STRENGTH= 739 MPa

FLOW STRENGTH= 768 MPa

ESTIMATED YOUNG'S MODULUS= 207 GPa

SPECIMEN CLEAVED AT K = 78.3 MPa SQR(m) (NOT VALID Kleg)
UVALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE L0AD
]« INTEGRAL= 24.7 k)/m™2 J- INTEGRAL= 24.7 kJ/m*2
Klees 71.4 MPay SOR(m) Kles 21.4 MPa SQR[m)

K-beta-c= 66, MPa SQR(m) K-beta-c= 66.7 MPa SQRI(m)
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SPECIMEN D= 69W143

MATER'AL TYPE« AS3IIBW

TEST TEMPERATURE= S0 DEG C

THICKNESS= 25.% mm

SIDE GROQOUVES= 0 X

INITIAL CRACK LENGTH~ 30.3 mm a’W)i= 892
MEASURED DUCTILLE DELTA-A= 0% mm

YIELD STRENGTH= 703 MPa

FLOW STRENGTH= 2739 MPa

ESTIMATED YOUNG'S MODULUS= 204 GPa

SPECIMEN CLEAVED AT K = 112.6 NhPa SQRIm) (NOT UALID Kleg)
VALUES AT MAaXImMmuM LOAD VALUES AT CLEAVAGE LOAD

J« INTEGRAL= 68.% k)/m™2 J- INTEGRAL= 68.% kJ)/m"2
KJe= 118.3% MPa SQR(m) Kle= 118.3 MPs SORI(m)
K«beta-c= 92.3 MPas SQRIm) K-beta-c* 92.3 MPa SQRI(m)
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SPECIMEN ID= é69W16%

TEST TEMPERATURE= S50 DEG C
THICKNESS= 25.% mm

SIDE GROQVES= 0 %

INITIAL CRACK LENGTH= 30.1 mm
HMEASURED DUCTILE DELTA-A= 2.26
YIELD STRENGTH= 2703 HMPe

FLOW STRENGTH= 739 HMPa
ESTIMATED YOUNG'S MODULUS= 204

SPECIMEN DID NOT CLEAVE,

POWER LAW PROCEDURE

Jice 94.1 kJI/m™2
KeJdlc= 138.7 HMPa SQRI(m)
POWER= 252

COEFFICIENT= 247
T (AVERAGE )= 41

kd7/m~2

JI-R CURVE CALCULATIONS

) (W)/T=8.,8)=

. "“A‘A « 8 - ] m‘:
POWER= 6547
~MAX HMLLOWED= 8- % kJ )

RCURVE

| NUA l” .

mm

GP

J-MAX LCAD=
KJ-MAX LOAD=

a‘Wi= 592

kJ/m™2
MPa SQRIm)

191.2
197:7

ASTM L INEAR PROCEDURE

Jic= 274.% J/m"2

K=Jlc= 123. . MPa SQORI[m)
SLOPE= 174054 kJ/m"3
INTERCEPT= 45,7 kJ/m™2

T (ASTHM) = 65

VAL ID, EBL3

COEFFICIEMNT= 249 .1 kd/m™2
DELTA-A MAX ALLOWED= 08 mm
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SPECIMEN D= 69W173

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= 10 DEG C

THICKNESS= 25.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 30.7 mm a‘W)i= ,604
MEASURED DUCTILE DELTA-A= .0% mm

YIELD STRENGTH= 2739 MPa

FLOW STRENGTH= 768 MPa

ESTIMATED YOUNG'S MODULUS= 207 GPa

SPECIMEN CLEAVED AT K = 85.9 MPa SQR(m) (NOT VALID Kle)

VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LORD
J- INTEGRAL=> 29.5% kJ/m~2 J- INTEGRAL= 29.% kJ/m"2
KJdc= 78.1 MPa SQR(m]) Kle= 78.1 MPa SQR(m)

K-beta-c= 71.6 MPa SQR(m) K-beta-c= 71.6 MPa SOR(m)
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SPECIMEN D= 270W106

MATERIAL TYPE= ¢533BW

TEST TEMPERATURE=~ -50 DEG C

THICKNESS= 2%.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 27,7 mm a‘W)i= %44
MEASURED DUCTILE DELTA-A= ,0% mm

YIELD STRENGTH= 603 MPa

FLOW STRENGTh= 660 MPa

ESTIMATED YOUNG'S MOLDULUS= 210 GPa

SPECIMEN CLEAVED AT K = 96.8 MPa SQRIm) (NOT VALID Kle)

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD

J=- INTEGRAL= 39.6 kJ/m"2 J=INTEGRAL= 42.7 kJ/m"2
Kdc= 91.2 MPa SQRI(m) KJdec= 94.7 MPa SQR(m)

K-beta-c= 74.4 MPa SQRI{m) K-beta-c= 76.1 MPa SAQRIm)
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SPECIMEN D= 70W107

TEST TEMPERATURE< 288 DEG [

THICKNESS 2%. 4 mm

SIDE GROOVES= 20 N

INITIAL CR&CK LENGTHe 272.9 .- e W)= 549
MEASURED DUCTILE DELTA-A- 2.0% m

YIELD STRENGTHMe 469 MPa

FLOW STRENGTHe 54 MP s

ESTIMATED YOUNG'S MODULUSe 191 SFa

SPECIMEN DID NOT CLEAVE, J)-MAax LDAD= 163 kJ)/m"

W) -mMAax LODADs 176 .5 MFa SQR(m)
POWER LAW PROCEDURE ASTM LINEAR PROCEDURE
Jies 113.1 WJ¢m*2 Jice 97 kJI/m"2
K«dlee 146.9 ™MPa SOR(m) K-Jlce 136 ™MPy SOR(m)
POWER= 3772 SLOPEes 97489 1LJ/m")
COEFFICIENT=s 189.6 KkJ/m"2 INTERCEPTes @88.3 kJ)/m"2
T (AVERAGE )= 50 T (ASTM)= 43

INVALID, 6

JI-R CURVE CALCULATIONS
J (§)/Tel . B)e 261.4 kJ/m"2
POWERs 3727 COEFFICIENTs 189.8 kJ/m"2
J-MAX ALLOWEDs 881.3 kJ/m"2 DELTA-A MAX ALLOWED= 2.29 =

RCURVE INVALID, 2 3
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SPECIMEN D= 70W108

TEST TEMPERATURE= {04 DEG

THICKNESS= 29 .4 ner

SIDE GROOVES= 20 %

INITIAL CRACK LENGTHs 78 -

MEASURED DUCTILE DELTA-As= 2.08

YIELD STRENG THe 4’7 ME .

FLOW STRE'GTH= 518 ME s

ESTIMATED YOUNG'S MODULUSe 196

SPECIMEN DID NOT CLEAUE P X
¥ MAaX

POWER LAaWw PROCEDURE

Jice 132.9 wkJd7/m"2

K-Jlece 161 2 MPs SOR(m)
POWJER= a71¢

COEFFICIENTe 244.6 kJ/m™2
T (AVER/LGE ) » 8l

JI<R CURVE CALCULATIONS

J (§J/Te8 . 8)e 384 kI/m™2
POWER = 4507
J-MAX ALLOWED=
RCURVE

$41.9 k)/m™2

INVALID, 2

413

a/M)is 551
-m
Fa
WDe 196.% kJ/m"2
LOAD= 196 mMPs SOR(m)

ASTM LINEAR PROCEDURE

k)/m*2

Jice 124.7

K-Jles 156.1 MPa SQR(m)
SLOPE= 125040 kJ/m™)
INTERCEPT» 110 k)/m*2

T (ASTH). EY

VAL !0, E81)

COEFFICIENTe 245.1 kJ/m™2

DELTA-A MAX ALLOWED= 2.28 mm
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SPECIMEN ID= 70W110

TEST TEMPERATURE= 121 DEG C
THICKNESS= 25.4 mm

SIDE GROOVES= 20 %
INITIAL CRACK LENGTH= 28
MEASURED DUCTILE DELTA-A=
YIELD STRENGTH= 497 HMPa
FLOW STRENGTH= S50 MPa
ESTIMATED YOUNG'S MODULUS= 200 GPa

" a/’W) = 951

b3
W~

n
3
3

MAX LOAD= 204.8 kJ/m"2

SPECIMEN DID NOT CLEAVE, J-
KJ-MAX LOAD= 202.5 MPa SQR(m)

POWER LAW PROCEDURE ASTHM LINEAR PROCEDURE
Jie= 11% kJ/m"2 Jlie= 96.3 kJ/m"2

K-<Jlc= 1%1.8 MPa SQR(m) K-=Jice= 138.9 HMPa SQRI(m)
POWER= 5992 SLOPE= 169933 kJ/m"3
COEFFICIENT= 261.1 kJ/m™2 INTERCEFT= 81.4 kJ/m™2
T (AVERAGE)= 106 T (ASTM) = 113

VAL ID, EB13

J1<R CURVE CALCULATIONS
] (R)/T=8 . 8)= 571.4 kKJZ
POUWER= 6168 QEFFICIENT= 229.4 kJ

MAX Al WED= 658, ¢ kJ/m™; £

RCURUE INUA
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SPECIMEN D= J0W112
TEST TEMPERATURE= 288
THICKNESS= 2%.4 mm
SIDE GROOVES= 20 &

INITIAL CRACK LENGTHe 28 mm
MEASURED DUCTILE DELTA-A= .83

YIELD STRENGTHe 449 MPa
FLOW STRENGTHs 8§43 MPy

ESTIMATED YOUNG's MODULUS. 191

SPECIMEN DID NOT CLEAVE , J-MAX LODADe
KJ)-Max L DAD=

Jles 123. 4 kJ)/m™2

K-Jle= 15Y. 4 MPs SQR(m)
POMER= .4l0e

COEFFICIENT=s 213.3 xJ)/m*2

T (AVERAGE '» &0

JI-R CURVE CALCULATIONS

J (BI/Te@.8)e 287.4 kI/m*2
POWER= L3808
J-MAX ALLOWEDs $51.3 kJ/m*2

RCUNVE INUALID, 2

OEG C

417

e’ .58

GPa

164.8 kJ)/m"2
177.3 MPa SOR(m)

ASTH LINEAR PROCEDURE

Jies 10% kJ/m"2

K-Jle= 141.% ™MPa SOR(m)
SLOPE= 110431 kJ/m"}
INTERCEPT= %4.3 kJ/m"2
T (ASTM)s 72

UALID, EBL1D

COEFFICIENTs 211.4 kJ/m*2
DELTA-A 1ax ALLOWED= 2.28
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SPECIMEN D= 70W118
TEST TEMPERATURE= 204 DEG
THICKNESS. 2.4 mm
SIDE GROOUVES= 20 %

INITIAL CRACK LENGTH= 28 .2 - oW - L LT

MEASURED DUCTILE DELTA-A= 2.% =m

YIELD STRENGTHe 477 MPa

FLOW STRENG THe 5§38 "

ESTIMATED YOUNG'S MODUAUSe 196 Fe

SPECIMEN DID NOT CLEAVE , J-Max LOADe 169.% WkJ/m"2
KJ)-MAax LOADe= 182 MFa SOR(m)

POMER LAW PROCEDURE ASTHM LINEAR PROCEDURE

Jlg= 141.% wJ/m™2 Jic» 132.% kJ/m*~2
K-Jlige 166.4 MPy SQR(m) K«Jlece 140.%9 MPa SQRI )
POWER~ 4312 SLOPEe 1146006 kJ/m")
COEFFICIENT= 244.2 kJ)/m"2 INTERCEPT» 118.1 kJ/m™2
T (AVERAGE I = >4 T (ASTH)e 'l

VAL 1D, EBL13
JI-R CURVE CALCULATIONS
) (PI/T=8.8) 371.% kJ7/e™2
POWER= ,434% COEFFICIENT» 244.9 kJ)/e™2
J-MAax AL LOWEDs S43.9 kJ/m"2 DELTA-A Max ALLOWED= 2.26 =

RCURVE INVALID, 1 3
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SPECIMEN [D= 20W123
MATERIAL TYPE= R533BW
TEST TEMPERATURE= 2% DEG
THICKNESS= 25.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 27 .4 mm a‘W)i= ,53¢
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENGTH= &79 MPa

FLOW STRENGTH= £34 MPa

ESTIMATED YOUNG'S MODULUS= 209 GPa

SPECIMEN CLEAQUED AT K = 3.6 MPa SQR(m) (NOT VAL ID Kleg)
VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J= INTEGRAL= 19.3 kirm™2 J-INTEGRAL= 19.3 kJ/m"2
Kldc= 63.4 MPa SQR(m) Klec= 63.4 MPa SQR(m])

K-beta-c= 527.6 MPa SQR(m) K-beta-c= 57.6 MPa SQR(m)
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SPECIMEN D= 270W124

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -50 DEG C

THICKNESS= 2%.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 27.6 mm a’/Wli= ,543
MEASURED DUCTILE DELTA-A= .05 mm

YIELD STRENGTH= 403 MPa

FLOW STRENGTH= 660 MPa

ESTIMATED YOUNG'S MODULUS= 210 GPa

SPECIMEN CLEAVED AT K = B2 MPas SQRI[m) (NOT VALID Kle)
VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J- INTEGRAL= 28.4 kJ)/m"2 J- INTEGRAL= 28.4 kJ/m"2
Klc= 27.2 MPa SQR(m) KJec= 77.2 MPa SQR(m)

K-beta-c» 6.9 MPa SQR(m) K-beta-c= 66.9 MPa SQRI(m)
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SPECIMEN [0= 270UW126

MATERIAL TYPE= AS33IBW

TEST TEMPERATURE= -125% DEG C

THICKNESS= 25.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 27.8 mm a’/Wii= ,546
MEASURED DUCTILE DELTA-A= ,0% mm

YIELD STRENGTH= 691 MPa

FLOW STRENGTH= 753 MPa

ESTIMATED YCUNG'S MODULUS= 214 GPa

SPECIMEN CLEAVED AT Klc= 37.9 MPa SQR(m) (VALID ASTH E399)
VAl IS AT MAXIMUM LOAD VALUES AT CLEAVAGE LGAD
J-INTEGRAL= 6.2 kJ/m"2 J- INTEGRAL= 6.2 kJ)/m"2
Klc= 36.4 MPa SQR(m) Klc= 36.4 MPa SCR.m]

K-beta-c+= 36.1 MPa SQRI(m) K-betu-c= 36,1 MPa SQR(m])
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ID= 70W136

ui‘:H[n

TEST TEMPERATURE= 121 DEG C
THICKNESS= 25.4 mm
S| DE SRODVES= 20 %
INITIAL CRACK LENGTHs= 27.7 mm a/’W) = . 544
MEASURED DUCTILE DELTA-A= 5.27 mn
F1ELD STRENG TH= 497”7 MPas
FLOW STRENGTH= €6 MPa
ESTIMATED YOUNG MODULUS= 200 2Fa
SPECIMEN DID NOT CLEAVE, J-MAaX LOAD= 238.4 kJ/m™2
KJ-MAX LOAD= 218,58 ™MPas SQR(m)
POWER LAW PROCEDURE ASTH L INEAR PROCEDURE
Jig= 140 kJ/m*2 Jige= 126 kJ/m™2
Kellce 167.%8 MPas SQR(m] K-Jlce 158.9 MPa SQONIm)
POWER= .5878 SLOPE= 18248 kJ/m"3
COEFFICIENT= 297.6 kd/m™2 INTERCEPT» 106.3 k) m~2
T (AUERAGE )= 116 T (ASTH)= 120
VAL 1D, EBL13

JI-R CURUE ALCULATIONS
) (B)/T=g .8l 610.1 kJI/m™2
POWER= SES6 QEFFICIENT= aV7.8 kJd/m

MAax ALLOUWED= 5%83,¢ 2 DELTA-A MAX ALLOWED= 2.3
ALID R-CURUE

427

mm
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PEC IMEN ) - 139
TEST TEMPERATURE » 1 3
THICKNESS= 25,4
[DE GROQOUVES= ‘ b
INITIAL RACK LENGTH= y 3 B | - €47
MF (=] _“‘"i' ( 'I'.,r [k TR~ s - A~ r
':l\ ""E" ;v““ 6%3 MF ~
FLI S TRENG TH= c oy MEa
ESTIMATEC ! N 100 = . Fa
SPECIMEN DI NOT EAalE ) - MA LDAD= 167.1 kd/m™2

KJ-MA ADw 179.6 MPa SQR(m)
POWER LAW PROCE RE ASTM LINEAR PROCEDURE
Jle= 136 .7 kJ)/m™% ) - 121.9 «J/m™*2
¥ lc= 167.6 MPa JR(m K-Jlce 198.. MFa
POWER= .5089 SLOPE= 15324) kJ/m
COEFFICIENT= 268.3 kJ/m~3 INTERCEPT= 106.1 kJ
T (AVERAGE )= A8Y T (ASTM)= 90

UVALID, EB13

)| -R ALCULAT IONS
) R)/T=B .8 )= a%6 .4 k)’ m*2
POWER= 627 COEFFICIENT= 268.3
1-MAX ALLOWED= §99.9 kJ/m"2 DELTA-A MAX ALLOWED=
RCURVE INUALID, X

1

.

"
.
-

SOR(m)

3

LS
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SPECIMEN D= 270W140

MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -12% DEG C

THICKNESS= 25.4 mm

SIDE GROQUES= 0 %

INITIAL CRACK LENGTH= 27.% mm a’W)i= ,541
MEASURED DUCTILE DELTA-A= 0% mm

YIELD STRENGTH= £%1 MPa

FLOW STRENGTH= 753 MPa

ESTIMATED YOUNG'S MODULUS= 214 GPa

SPECIMEN CLEBAVED AT Klec= 346.9 MPa SQRI(m) (VAL ID ASTM E399%)
UALUES AT MAXIMUM LOAD UVALUES AT CLEAVAGE LOAD

J- INTEGRAL= 6.3 kJ)/m"2 J-XNTEGPQL- 6.3 kJ/m™2
Klc= 36.7 MPas SQR(m) Vlc= 346.7 MPa SQRI(m)
K-beta-c= 36.4 MPa SQR([m) K-beta-c= 36.4 MPa SQR(m)
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SPEC IMEN 0148

MATERI] AL TYPE= AS3IIBL
TEST TEMPERATURE =
THICKNESS= 285
SIDE GROOUES=
INITIAL

MEASURED

[ D=
2% DEG (
mir

b
CRALCK LENGTH=
DUCTILE DELTA
Y1ELD STRENGTH= 9 MPa
‘i_":u ‘%TQEH\JTH. A (“ M‘"a
F%‘}MQY{[; ll ilii\\qu,-

9
g
|
) 9

& % mm

A= 0% mm

S

rOUNG 209 GPa

SPECIMEN CLEAVED AT K = 121.6 MPa

b4

VALUES AT MAXIMUM LOAL

- INTEGRAL= 124.
KJe= 161.2 MPa
K-~beta-c»=

k)
SUR(m)
SOR(m]

e m
k3

Y

?. 4 MPa

a‘W)yr= .Lle
SQR(m) (NOT VALID Kle)
ALUES AT CLEAVAGE LORD
)~ INTEGRAL= 123.3 kJ/m"2
Klzce 1640.4 MPa SQR(m)
Ke-beta-c= 97.2 MPa SQR(m)
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LORD (kN)

0

2e

ORNL-DWG 87-8091
70W148 -25 DEGREES C
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P
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IR A U SN GEE Gy W S Wiy g SRR e
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DISPLACEMENT (mm)
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SPECIMEN [D= 71W101

TEST TEMPERATURE= 121 CEG C

THICKNESS= 29.4 mnm

SIDE GROQUES= 20 %

INITIAL CRACK LENGTH= 28 .2 mm a/Wii= . 5586

MEASURED DUCTILE DELTA-Ae 2.94 mm

YIELD STRENGTH= 492 MPa

FLOW STRENGTH= 44 MPa

ESTIMATED YDUNG MODULUS= 200 GPa

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 16%.7 kJ7m"2
KJ-MAX LOAD= 182.2 MPa SQR(m)

POWER LAW PROCEDURE

Jice 102.3 kJI/m™2
K«Jdlce= 143.1 MPa SQR(m)
POWER= 5008

COEFFICIENT= 207.3 kJ/m™2
74

T Q'JEQQGE ) -

J1-R CURVE CALCULATIONS

1] (R)/T=8 ,8)= 367.%8 kJd/m

POWER= 5131
1-MAX ALLOWED= 6%4.2 kJ7m
RCURVE INUALID, 1 2 3

ASTM LINEAR PROCEDURE

79.8 kJ/m™2
126.2 MPa SQR(m)
126247 kJ/m™3
20.3 kJ/m"2
86

K-Jlce=
SLOPE=
INTERCEPT=
T lQSTf‘I-
VAL 1D, EB13

COEFFICIENT=
? DELTA-A MAX

202.1 K
ALLOWED=

r)

v 3

n

mm
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WPECIMEN [D= 71Wl0B
MATERIAL TYPE= ASI1HL
TEST TEMPERATURE = 0 DF
THICKNESS= 2% .4 nm
IDE GROQUES= 5
INITIAL RaCk LENG TH= Y -] |- S44
MEASURED DUCTILE DELTA-A= 0% mm
IELD STRENGTH= 622 MPa
FLOW TRENGTH= 479 MPa
ESTIMATED YOUNG MODULUS= 211 GPg
SPECIMEN CLFAUED AT K = 5.1 MPa SJRIm) (NOT VALID Kle)
VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD
J« INTEGRAL= 20.1 kJ/m™2 J- INTEGRAL= 20.1 kJ/m"2
Kles 66.2 MPy SQR[m) Klec= 6%.2 MPa SQR(m)

Kebota-c» ‘V'Q "’pa ~_JQ[¢] » Teta~-c» C\Q'Q Hpa Sop[m]
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SPECIMEN D= 71W111

MATERIAL TYPE= AS3I3IBW

TEST TEMPERATURE= -30 DEG C
THICKNESS= 2%.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTHM= 27.5 mm
MEASURED DUCTILE DELTA-A= ,0% mm
YIELD STRENGTH= 579 MPa

FLOW STRENGTH= &35 MPa

ESTIMATED YOUNG'S MODULUS= 209 GPa

a‘W)i= ,542

SPECIMEN CLEAVED AT K = 80.3 MPa SQRI(m) (NOT VALID Kle)

VALUES AT MaxX!MuM LOAD

J= INTEGRAL= 27.1 kJ/m™2

Kle= 726.3% MPa SQRI(m)

K-beta-c= 65 MPa SQR[m) .

VALLUES AT CLEAVAGE LOAD

J= INTEGRAL= 27.1 kJ/m"2
Klec= 76.3 MPa SQR(m)
~-beta-c= 6% MPa SQOR(m)
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SPECIMEN D= 71W116
MATERIAL TYPE= AS33BW

TEST TEMPERATURE= -70 DEG C
THICKNESS= 2%.4 mm

SIDE GROOVES= 0 %

INITIAL CRACK LENGTH= 27.7 mm a‘W)i= .544
MEASURED OUCTILE DELTA-A= ,.0% mm

YIELD STRENGTH= 622 MPa

FLOW STRENGTH= 679 MPa

ESTIMATED YOUNG'S MODULUS= 211 GPa

SPECIMEN CLEAVED AT Klece £61.9 MPa SQRI[m) (VAL ID ASTM E399)
VALUES AT MAXIMUM LOAD UALUES AT CLEAVAGE LOAD
J.INTEGRAL= 15.7 kJ)/m"2 J=- INTEGRAL= 15,7 kJ/m"2
Klce 57.6 MPa SQRI(m) Kle= §7.6 MPa SQRI(m)

K-beta-c» 54.2 MPa SQR(m) K-beta-c= 54.2 MPa SQRI[m)
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SPECIMEN [D»=
MATERIAL TYPE« AS238I
TEST TEMPERATURE = 13
YHI""HF S5 - ‘-t A me
[DE GROOVESs
INITIAL CRACK |
MEASURED DUCTILE DELTA
FIELD STRENGTH= G473
FLOW STRENGTH= 419 MPa
pe

‘(' 4 !M"‘Tf[‘ ING rg.‘.r‘ | |6 - -

1441
AWL L4

SPECIMEN CLEAVED AT K = MP s

103 .3

AT Y

AL UE S

J- INTEGRAL= §7.4
Je= 109.3 MPa
5

L

k3

SQR(m)
MPa

79 . SQAR[m)

~ 1= 546
SQR[(m) (NOT VaLID ¥Xleg)
VALUES AT CLEAVAGE LOAD

J= INTEGRAL 2.4 k)/m*2
Kldec= 109.3 MPs SQRI(m)
K-beta-c= 79.8 MPa SQR(m)
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SPECIMEN 1D= 71W12)3

TEST TEMPERATURE » 2A8 OFG

THICKNESS= 25 . 4 mm

SIDE GROOVES. 20 &

INITIAL CRACK LENGTH= 28 om e /W)e $82
MEASURED DUCTILE DELTA-fA= 2.16 mm

YIELD STRENGTHe 445 MP,

FLOW SVQGNGYHO LS B Ll

ESTIMATED YOUNG 'S MODULUSe 191 GFPa

SPECIMEN DID NOT CLEAVE J-MAax LOADe 196 .9 kJ)/m™2

KJ-MAX LOADs 173 MPa SORI(m]

POWER LAt PROCEDURE ASTM LINEAR PROCEDURE
Jiee 108.9 k)/m"2 Jige 97 kJI/m™2

¥eslee 142.2 ™MPa SOR(m) K«Jlge 136.1 MPa SQR(m)
FOWER= 3802 SLOPEs B8066% kJ)/m"}
COEFFICIENT» 179.¢6 kJ)/n*2 INTERCEPTe 89.7 kJ)/m"2
T (AVERAGE )» Sy T (ASTM)= 84

vaL ID, E8L1D

MR CURVE CALCULAT ONS

J (M) Teh B)e 222.4 RJ/m"2

POWER= 3299 COEFFICIENTs 178.3 &)

J-MAax ALLOWED= S41.1 k) m*2 DELTA-A MAX ALLOWEDe= 2.286 om
RCURVE INUAL LD,

&
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WPECIMEN [Des 71UW126
TESY TEMPERATURE= 204 DEG
THICKNES S 5.4 "
3 10E GROOUE Se 20 L
INITIAL Wil ENG ThHe 28 o s W . 68
MEASURED D TILE DELTA-As d.46 ”m
YlELL TRENG T k= @ " e
FLOW LTRENG ThHe 62 M
ESTIMATEL rOLMN MODLA . 19e e
e [ Mg NOY AL M x - 184 & m"2
KD M A= 179 ¢ MPa SORI(m
POWE R ald PR f OURE aAs™™ INE AR PROCEDUNE
Jice 118 .3 . m . lee 102.9 k) a2
K<Jlce 182.1 MPs SOR(m) K-Jlee 141.8 ™MPa SOR(m
POWER- 164 LOPE « s B s Y a8
EFF ENTe 0.8 bl NTERCEPT» V. 8 Li/m
T AERALGE 1 » L ' A& THM 1 e a6
e E81x
) - AR ) = v M
) TN B . . -7
POWE R e 1748 EFFICIENTe 192.9 KJ)/m"2
& - £ D» 6§38 4 k " FLTA-4 MAX ALLOWEDe 2.28 -
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PECIMEN 1D= 71W134
TEST TEMPERATIUPE = 121 f
| CKNE - y -

SIDE GROOUFS= 20 %

INIT LA Ralk ENGTH=
MEASURED OUCTILE DELTA-As
Y 1EL L TRENG THe 49 MPa
4 W STRENG TH= LYY MFa
ESTIMATED ING MO \ =
SPECIMEN DID NOT CLEAVE, )
"
POWER LAW PR EDURE
A ® ‘.... b » T &
K-Jle= 19¢ MPa SGRI(®
POWERe CL DY
DEFFICIENT= 222.9 kJd7/n
1 AUERAGE )= 1
- v 3 3 »:': ’
@) - TN \ b ¥
i
f F - s 30
! . M “ 4 « - - p .

3

M x

M >

a | - 5§39
rr
NaE
JRl)= 167 . 4 kJ m~g
LOAD= 183.1 MPs SQR(m)

ASTM LINEAR PROCEDURE
10,7 kJ/m™y

s Jlge 147.6
SLOPEs 117231 kJ/m™3
INTERCEPTs 97 kJ/m":
T (ASTM )= 9

ALID, EBL3

lg=

SOR(m]
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SPECIMEN [D»=

5

1
B

Wlal

TEST TEMPERATURE= 16 ;
T MNE S5 “‘ “ me
. l(uf GROODUVES»= ) \
INITIAL CRACK LENGTH» Fd
MEASURED DUCTILE D¢ Th- A=
Yy 1ELI CTRENG TH» 5a MEa
Fl W L TRENG TH=- . 5 M s
ESTY :u”‘v‘v . NG [ (
(=] MEM DI NOT | £ AL
POWER Al Pk : L -
. 16 - y . P
b lg= \ MP s IR |
v JENe ar
QEFFICIENT» »
| MUF Rk - |
[~ W 4
- . o b
5 AL
& - ’ 4 3 .

- ll |-
L]
- ““i kJ7m
(= 169 M a
ASTHM LINEAR PR
mrm b Sk
» - M a
FEw > ~
NTER E; e
! 4 ™ -
} oy : 1 #
. [, s
L | - " -

t
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SPECIMEN [D=

MATERIAL TYF -

TEST TEMPE™:

THICKNESS

SIDE GROO

INITIAL C

MEASURED JEL TA-As

YIELD STF

FLOW STREN!

ESTIMATED YOUNL'S MODULUS= 211 GPa

SPECIMEN CLEAVED AT & 58 .2 MPa SQRIm) (NOT VALID Klc)

VALUES AT MAXIMUM LOAD VALUES F CLEAVAGE LOARD
J= INTEGRAL= 21.7 kJ/m"2 J- INTEGRAL= 21.7 kJ/m™2
Kdc= 67.7 MPa SQR(m) Kdec= 67.7 1fPa SQRI(m)

K-beta-c= 1.6 MPa SOQR(m) K-beta~c= 61.6 MPa SQR(m]
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SPECIMEN D= 271W142

MATER I A TYPEes AS3I3BLW

TEST TEMPERATURE = 30 DEG

THICKNESS= 25 .4 mm

SIDE GROQVES= 0 %

INITIAL CRACK LENGTH= 27.7 mm a/lWW)1= 846

MEASURED DUCTILE DELTA-A= ,0% mn

YIELD STRENGTH= 579 MPa

FLOW STRENGTH= 35 MPa

ESTIMATED YOUNG'S MODULUS= 209 GPa

SPECIMEN CLEAVED AT K = 98.9 MPa SQRIm)  (NOT VALID Kle)
. , ) . -

VALUTS AT MAXIMUM LOAD UALUES AT CLEAUAGE LOAD

)- INTEGRAL= 46.8 k2/m"2 J- INTEGRAL* 46.6 kJ/m~2

KJc= 98.8 MPa SQRI(m) Kles 98.7 MPa SOR[m)

K-beta-c= 76.6 MPa SQR(m)] K-beta-c= 76.%5 MPa SQRI[m)
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Ee AF
EMPERATURE =

.,v“i S - pl - .4 mm

(VAL ID ASTHM E399)

ALUES

AT CLEAVAGE LOAD

)- INTEGRAL® 5.6 kJ/m"2

Kle= 34.3 MPa SQR(m)
K-beta-c= 33.8 MPa SQR[m)
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SPECIMEN D= 71UW1l44
MATERIAL TYPE= AS33BLW
TEST TEMPERATURE= 0 D
THICKNESS= 25.4 mm
SIDE GROOVES= 0 %
INITIAL CRACK LENGT
MEASURED DUCTILE

Y IELD STRENGTH=

FLOW STRENGTH=

ESTIMATED YNUNG
|MEN

AVAGE LOAD
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SPECIMEN D= 71W146é

TEST TEMPERATURE= S0 DEG C

THICKNESS= 25.4 mm

SIDE GROOVES= 20 %

INITIAL CRACK LENGTH= 26.5% mm a’W).= 522
MEASURED DUCTILE DELTA-A= 1.45 nm

YIELD STRENGTH= 526 MPa

FLOW STRENGTH= 580 MPa

ESTIMATED YOUNG'S MODULUS= 204 GPa

SPECIMEN CLEAVED AT K « 103.3 MPa SQR(m) (NOT VALID Kle)
VALUES AT MAXIMUM LOAD VALUES AT CLZAVAGE LOAD

J- INTEGRAL = 166.5 kJ/m™2 J~ INTEGRAL = 243.7 kJd/m™2
Klce 178.% ™MPa SQR(m) Klc= 23.2 HMPa SGR(m]
K-beta-c= 90.2 MPa SQR(m) K-beta-c= 98.4 MPa SQR(m)
POWER LAW PROCEDURE ASTM L INEAR PROCEDURE

Jlige 97 kJ/m"2 Jice= 4.7 kKJ7/m™2

K-Jlc= 140.8 MPa SQR(m) K-Jlge 123.5 MPa SOR(m)
POWER= 5022 SLOPEs 127794 kJ/m"3
COEFFICIENT= 201.4 kJ/m™2 INTERCEPT= 66.% kJ/m™2

T (AVERAGE )= 65 T (ASTHM )= ’8
JALID, EB13

JI1-R CURVE CALCULATIONS

] (R)/T=8 B)»= 341 k)’ m™2

POWER= 5238 EFFICIENTs 199 kJ/m™2
J-MAX ALLOWED= 5§89 .7 k)/m™? DELTA-A MAX ALLOWED= 2.43 mm

RCURVE INVALID,
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SPECIMEN D= Z1UWl4?
TEST TEMPERATURE = 288 G
THICKNESS» 29 - me
10€ GROQUESe ‘ 5
INITIA RACK LENGTH= 27.8 me a’W)ie 547
MEASURED DUCTILE DELTA-As 2.3 [
YIELD STRENGT e 465 MP s
FLOW STRENG The &%t MP s
ESTIMATED ¥ NG MO( - 191 Fa
SPECIMEN DID NOTY LEAVE , Méx e 166.8 kJ)/m"2

» Mix A= 1 4 MPa QR ([ m
POWER Al PR FDURS ASTH INEAR PROCEDURE

o & [ )] ™ % 9 kJ/m™2
» pe 141 MPa R [ » " - 118 . MF QR (m )
POWER= 3704 p TPy BO&SJ kY/m™3
EFF [ENT» 174.6 (" . NTFRCEPT» 88 . ¢ » me
T AUERAGE ) » &> Y ASTHM) e 54
AL I £813

|-R IRVE 1AL AT ION
) " TeB8 . 8)e 23a4.1 " m™ 2
POWER» 3676 COEFFICIENT. 176.9 kJ/m*2
J«-MAX A WED= §41.1 " n2 DELTA-A MaxX ALLOWED= . mem
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