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Evaluation of Charpy Impact properties and fracture toughness
for irradiated ferritic steels (4)

Hiroaki Kurishita®

Abstaract

In order to evaluate the radiation-induced shift of fracture toughness from Charpy
impact test results for miniaturized specimens, all of the Charpy impact data on high-strength
ferritic steels developed by JNC were examined on the basis of the recent progress on the
Charpy impact and fracture toughness test methods. Main results obtained are as follows.

1. The radiation-induced shift of fracture toughness is characterized by the shift of the
reference fracture toughness temperature, A T oy, where Tqq is the temperature at which the
fracture toughness value is 100MPay' m. ATy is approximately equal to the radiation-
induced shift of Charpy DBTT at 41J (AT,). Therefore, AT,y can be estimated by
determining AT, from miniaturized Charpy specimen data.

2. The value of T4 for miniaturized specimens, T4;™, can be determined as the test
temperature where the absorbed energy is equal to 41/ & x[(Bb)**¢/(Bb)*%]. Here, B is the
specimen thickness, b is the ligament size and ax[(Bb)*%/(Bb)*%] is the normalization
factor to get the upper shelf energy of full size specimens, USEF, from the mini-size USEM.
The values of @ is larger than 0.65, depending on the USE of the material. It is also shown
that the fracture volume of (Bb)*? is more valid than that of Bb?,

3. The following relationship appears to hold between T,,Fand T,

Taf - TaM = M = 98 - 151xln(Bb)?
where M is the specimen size correction factor. M also depends on notch geometry and its
dependence becomes large with decreasing specimen size. This indicates that the value of
T4" can be estimated from Ta™ by choosing suitable notch geometry.

4. The radiation-induced shift of T,*, AT,7, is approximately equal to AT, M
This indicates that the estimate of A T o can be made from AT, M .

5. For all of the miniaturized Charpy specimen data on high-strength ferritic steels that
were irradiated in JOYO and tested at Tohoku University, the values of USEF, T,;f, AT,,f
and ATg were successfully evaluated.

Work performed by the Oarai Branch, Institute for Materials Research, Tohoku University
under contact with Japan Nuclear Cycle Development Institute. JNC:
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—F, e E-EHBERTIE, BHVECITESE -REEEEE (ductile-to-brittle
transition temperature, DBTT) ® EF-RU EEHM = 2V X¥ — (upper shelf energy,
USE) A E LTEHMET 5 & 5CE, oMW HRERICHTHA DM 34Tk
DERBREPEHTELZ L WIBEEET 20, BRI HIZE S HWwLNR TN
%, LirL, DBTTRUSERZRBRETER/ v FERIEKEL, BHEEE V200
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THRINTEWET7 =54 F2ATF oA FRAOEBRHMICOWTY » L E—1HRE
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2, MgtHEdl, & ICHEHZ & S BREENTL2FET 52 L2 F L HBMET 5,

2. BESNIMedib oo & F4ilh
2.1 RBRFO#ERKETE

BUNRBAIC L 52 v VE—HRRBRT — 5 25, BRSNS & BB R 0%/t & T4
TALDIFERLARBRREREASHEREELE, eV E-HRIABICHW - RBH
TiEZE2IIRT, 1D ] FMS (Japanese Ferrite Martensite Dual Phase Steel)
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Table 1 Designation and composition of materials used for the data analysis.

% % | F (LA

" 60SX D7 254 FeF 4 M (11Cr-0. 5Mo~-1. 5W-0. 2V)

il

60SY BHBET7 =74 oA T A R (11Cr-0. 5Mo-2. OW-0. 2V)

I

MA 95 70| 5ra5afb®7 = 74 M (0.01C-14Cr-0. 3Mo-1. 0Ti-0. 3Y.05)

63WF S—M | @EE7 =54 F2A 794 MR (BH)  (11Cr-0. 4Mo-1. TW-0.2V)

B3WF S—W | @BE7 =74 27494 M (11Cr-0. 4Mo-1. TW-0. 2V)
(BFE—2F%TH)

1DS—-L |&uEkb7 =54 M8 (LAm) (0.10C-11Cr-3. OW-0.5Ti-0.5Y.03:)

1DS-T |&E@ib7=74 Ml (THmE) (0.10C-11Cr-3. 0W-0.5Ti-0.5Y,0,)

2WFK EEE T 2 T4 Ty A4 MR (11Cr-0.5Mo-2. OW-0. 2V)
(FEREShHE)

2WFK SERE 7274 beAT YA M (11Cr0.5Mo-2. OW-0.2V)
(B%h#t) (973K X 2000h)

JFMS | &HWE7 =74 F=nV7 44 MR (10Cr-2. 3Mo-0. 06Nb-0. 1V)
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Table 2 Dimensions of V-notched Charpy specimens used for the data analysis (mm).

"Q-—-..R

— A —p

A

D

R

I X

10 £ 0.05

0.25 +0.03

10X5.0 mm

5.0 £ 0.05

0.25 £ 0.03

10%2.5 mm

2.5+ 0.05

10 + 0.05

2%0.05

0.25 £ 0.03

3.3mm

3.3 +0.01

3.3 +0.01

0.510.01

0.08 = 0.01

2.0mm

2.0 £0.01

2.0 £ 0.01

0.440.01

0.08 + 0.01

1.5mm

1.5 £ 0.01

1.5 £ 0.01

0.340.01

0.08 £ 0.01

1.0mm

1.0 £ 0.01

1.0 £ 0.01

0.240.01

20 + 0.2

0.08 £ 0.01
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ATio0 = AT, 13X 1,08 (lg*%*d‘"‘ﬁ)ﬁ-)

B L BMTIIHRAERIRRRL 200, ZOEIFIANEL, ATi0 & AT, 0T
BZFELWERLTIENTES, LidoT, YV E—ERRBICENA T «1 % 314
THILITLY, BECLAWEFEIUENS 7+ 20T 2 = L ATREE 2 B,
LIFTi, BARBRRICL 2y v VE-HBRRR7— 2L AT 2 THT 2 FiEd 5
L, ZBRICEDFHEEZHNT, HIERICH: 2 2EMETRERLONRE S /—k
DEBET7 =74 2N TF 44 A (INCH) ORIBRIHICEIZAT.,, Lid-><T
AT 0o 2FHlT 5,

2.3 EEW=ANX¥— (USE) D

2.3.1 mHEREETE

TN AL ZEBFDUSERTEMZANX— (LSE) 2B RBENUSER
LSE»LeHEY 572012, hRXE2HLTHEILETF (normalization factor) N Fy %
NF .2 RETHEFITOATER,

USEfF/USEM NFy (1)
LSEF/LSE® = NF, (2)

CIT, BFOFEMII 7NV A XRBH LI RBAE %R, ULLIFUSELLSE
2RT. USERLSERBBLBELLEENOKEIICHATLEZL LN, BEUSE
R LTI Bb® £7202 (Bb)*2 (BREBRKOER, bz r 2y F 44 2) 2N
72RO BRERR
NFy (Bb)*%¢/(Bb)3/ 2y (3)
NFy = Bb%,Bb? (4)
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Fig. 1 Relationship between static fracture toughness T,,, and Charpy impact T, | transition temperatures for both base and weld
metals in the unirradiated and irradiated conditions [1]
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Fig. 2 Correlations between fracture toughness T,y and Charpy T,,, shifts
for (a) weld and (b) base metals. [1]
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PEHEINTWS (COBBROESEIC2>WTEEkET2) . 22T, Bb2 & (Bb)¥?
YT LEEOKITE LoD THEREMR (fracture volume) EFEIh 52%, Bb® & (
Bb)* 2 HWTNHFELWPIIHLAIZIN T, FITEWETIE, MENTR
FLD—REICENTHEL2ETRTIELLIED B,

CINETIRAVLNTEZL DY VE-RBRFDEWRTIE, NFy LT (Bb)¥* %
HWTL B2 HWTYL, MENMEIMIIFMLICL 5728, MEDRENIFEN L, -7,
SN kL, BIREEE LTBb® 2BV Aga L (Bb)*?2HWREAT NFy »'H
MicR 5 L9 ek (W) OXRFEZFEHATLZLITL), Bb*E (Bb)* 0wy
NI VB THELPEHLPIITHIEFTELERbNS,

E3S, NFTIRZFAFRTHERA L AR BRICH LT, sk L LTBb?
2RWEEAE (B 22HAWARBAONFy NEZRT. 10X2.5mmBREBN T,
Bb? 2HWREBA L (Bb)* 2 HWIBAT NFy 215084 5010, 2o
KRBREERTIIZIINE L, PIRIENFy #2{ELwindAsohd, #2T, 10%X2
SmmARBRHICHTEL vV E—FRERT -2 VFBoNTwAEEE7=71 b=n
F a4 M ER (GERSEIH L BRI ICoWT, BRI LTBbL? & (Bb)¥? %%
NZNHWTUSEZHABLL, WihHd R (1) 2@ EANT, 20ER2
FAITART, EITE, N7/ XDEBRKF (10X5mmA) IT72WTHBERELRL,

Table 3 Comparison of normalization factor, NFy, for Bb% and {Bb)372.

ABAEK | /v FiES| Bb? (Bb)*? | 7AH 4 XLDH (=NFy)
(Br ) (mm) (mm?) (mm?) Bb? (Bb)*/*
1mm#A 0. 0.614 0.7 2 1000 9914
" 0. 0.49 0.59 1306 1213
1.5mm# 0.3 2.16 2.41 296 297
" 0.45 1.65 1.98 368 361
2.0mm#A 0.4 5.12 5.72 125 125
" 0.6 3.92 4.69 163 153
3.3mm# 0.51 25.7 27.9 24.9 25.6
" 0.66 23.0 25.7 27.8 27.8
10X 2 . 5mmf 2. 160 89.1 4 §.0
10X 5mm#A 2.0 320 253 2 2.8
TNt A4 X 2.0 640 715.5 1 1




JNC TJ9400 2000-016

Table 4 Comparison of normalized USE for Bb® and (Bb)*”% with very different
specimen geometry.

#E | ABRFEK Bb? (Bb)*”2| USE USE USE
(Brmm) (mm?) (mm?) (J) Bb? (Bb)3?
FEMEEhAL
10X2.5 mm 1690 89.4 17.9 0.112 0.200
10X5 mm 320 253 57.3 0.179 0.227

T4 X 640 715.5 134 0.210| 0.188

L) |
10X2.5mm| 160 89.4 19.2 0.120| 0.215
105 mm| 320 253 54.4| 0.170] 0.215
TAHALX] 640 715.5| 136 | 0.213| 0.190

RA4DN—7H 4L ZRBRF L10%2.5mm RREOBEREHBTLL, ~—7H9 4 XT
i2Bb*E (Bb)*2 OWThAEMNTHED0HBETLWOIRHL, 10X2.5mmREE
T{EBb*E (Bb)*? MEICHARZEZ»ZDH LN, (BbY* " THRIBILLAUSEDEH
TN XRBE DL TR S PITIE . T AU IERR & B O % T8 L TR
bid, CHZ ki, Bb2ED 3 (Bb)* A USEICHTAMEEREL L TLEY —
BHEF OO LERLTWS, _

—%, LSEDRBILEFL L TEBbFEAWLNTWEY, USEITH~2 & HEH
W%, FOFMHIZOWTIIZ LTI W,

2.3.2 USE®RBETF

BIENClI U S ENBERE LCid (Bb)*? Fd Bb? kDI AMTHAL L3R
L7, CCTRUSENHBILEF (NF) 22wt 5,

(1) & (3) INBELRIKRRA

USEF = NFyx USE"™
[(Bb)**: /(Bb)**y] XUSE™ (5)

DEDEIZDWTL, TTIRUEIREHERLE: (2] »5, CCTRE LIk 2mi s, ¢
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T, BIRBROPTRELZEL DI VE-HREBRT -3 61, 7Y A4 XHRBR
BB EEZ3.3mmAE L U3. BmmAORERS (1/3%4 XRBRE LTI 2)
WKOWTAFAELLETHUSER Yoy b Lz, ZOHEREZE3ICRT, Ficid, KX (
5) PR EFELLFENDEBOAE (=25.6) bRLTHS, NIHRE LT
— S OBRETHb, Ry oHLLZ k), MELIIR B) iKiEHT, USEF =150]
fHEZ S L CHERDRE S B 5 2 0DEBEEY, H5WIEHEH,»U S EDMEICEKE
LTEAT LTI B/ LT3, CoHRNELIE

USE® = e [(Bb)*?¢ /(Bb)**y] XUSE™ (6)

aﬁwtﬁ&amﬁmulvﬁT:aﬁﬁéamT,E3®@a®?—ymﬂbrmﬂm
ENa®ReD, FREUSEFLUSEMIHLT ey FLAERSX4 & 510377,

e = (USEF/USEY) X [(Bb)*?w/( Bb)3 %]

alf0.5~1.6NMTEIL, USE® olgme & HIiZITHEBHICHEMLTwS, =
DL, H3NEBREARNDKES BLZ2ONEHFERL LTEL25L0 ), AR
PUSENEIEFLTEATATISOLHMBEL LTELZBEIAFELWIEERLT
W3, —F4, USEMIxLTiE, ¢idUSEY=8 JHE2EIILTHRNELS 200D
ERERIc oo, kRTINS,

a = 6.5 (USE" =< 57]) (7)
a = 0.07TXUSEY+ 0.3 (USE* > 51]) (8)

LedoT, X (6) ~ (8) zHWRIE, 1734 XRBRHF DU S ExDRIEMEH 670
A XRBENDUSE2FBTE L2 bbb,

T, eDUSERFHIZOWTRHLTAS, cliZ0EEILHLIY LI,
B 3NHEUC (Bb)*%: /(Bb)* *y 2RLILMEICAENV, LIzH-T, aFUSEL
EBITEMT A Lit, USEFDMMENITH HUSENDEME L ¥ KE W LICHE
LTED, CHOMMBORNHFETIHAZRATTLZ LW enU S ERFIEZERT S
DIZBETH 5,

USEFWMATAHI LTSI VEMMICL L L 2EKRT S, COLE, RBHARIT B
NOFTEYERT 55%, HHHELEICBEER TS (b)) L7 rEATIIELEN
T, REZBFERICELTELLTYENDORZ2 Y v 7L L HIT@BT S & 0THEE % B,
ORI, HEREERNZLBEERE TTORARBRIDIZS 2, KAWBEToBiiE
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Fig.3 Plot of the upper shelf energy for full-size specimens against the upper shelf energy
for third size specimens of ferritic steels reported to date in the literature.
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Fig. 4 Plot of o against the upper shelf energy for full-size specimens of ferritic steels -
reported to date in the literature.
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Fig. 5 Plot of o against the upper shelf energy for third size specimens of ferritic steels
reported to date in the literature.
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Fig. 6 Plot of ot against the yield strength of ferritic steels.
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Fig. 7 Plot of the upper shelf energy for full-size specimens against the
normalized upper shelf energy for miniaturized specimens of 2WFK and JFMS.
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Fig. 8 Plot of the upper shelf energy for full-size specimens against the
normalized upper shelf energy for miniaturized specimens with a deep and sharp
V-notch for 2WFK and JEMS.
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Fig. 9 Plot of o for the miniaturized specimens against the upper shelf energy for
full-size specimens of 2ZWFK and JEMS.
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Fig. 10 Plot of o for the minjaturized specimens with a deep and sharp V-notch

against the upper shelf energy for full-size specimens of 2WFK and JFMS.
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Fig. 11 Plot of o for the miniaturized specimens with a normal V-notch against
the upper shelf energy for full-size specimens of 2WFK and JFMS.
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Fig. 12 Plot of o for the 1.5 mm specimens with a normal V- notch against the
upper shelf energy for the 1.5 mmspecimens of 2WFK and JFEMS.
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DEFERFHLNS, chE2R (13) AT 3
EF = C,(E™? + C,E™ (16)

Ci = (NFy—NF.)/ (USE*-LSE")
C: = (NF.XUSEY-NFyXLSE") /(USE"-LSE")
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Fig. 14 Plot of shear percentage of fracture surface against the total absorbed
energy for the 1.0 mmspecimens of 605X and 60SY.
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Table 5 Differences in measured DBTT between full-size and sub-size specimens, AT: . and AT.., and

size correction factor, M, for unaged 2WFK.

RBRAIE| /v F RS | /v FEEE| K [Tie | ATise| Ter | ATe | M for M for
(mm) (mm) (J) (1) (J) (J) |Bb® (K) |(Bb)** (K)

7Nt 4 X 2.00 0.240 3.85 | 298 0 287 0 0 0
3.3mm 0.501 0.080 3.55 235 64 224 63 49 48

" 0.502 0.019 6.45 | 242 b6 236 51 49 48

n 0.651 0.022 8.0 | 261 37 260 27 b1 49
2.0mm 0.39 0.082 3.27 | 229 69 227 60 73 T2

" 0.39% 0.021 5.27 | 243 55 235 52 73 12

" 0.604 0.024 7.04 | 246 Y 240 47 7 75.
1.5mm 0.303 0.080 2.90 188 110 173 109 86 85

1" 0.304 0.021 4.99 212 86 198 89 86 85

" 0. 447 0.020 6.27 | 222 76 212 (] 90 88
1.0mm 0.192 0.250 1.70 127 171 106 181 105 103

" 0.203 0.024 3.11 172 126 150 137 105 103

" 0.292 0.023 4,37 ; 198 100 181 107 109 106
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Table 6 Differences in measured DBIT between full-size and sub-size specimens, AT.,. and 4T.:, and

size correction factor, M, for aged 2WFK.

BBRETE| /v TR /v FEEE] K |Tiz | ATwz| Tar | AT | Mfor | M for
(mm) (mm) (J) (1) (J) (J) |Bb® (K) | (Bb)** (K)

T4 X 1.993 0.234 3.8 | 339 0 326 0 0 0
3.3mm 0.509 0.079 3.57 | 289 50 278 48 49 48
2.0mm 0.606 0.022 7.58 | 305 34 291 35 7 ™
1.5mm 0.299 0.082 2.98 | 254 85 241 &5 86 85

" 0.453 0.021 6.06 | 291 48 277 49 90 88
1.0mm 0.201 0.234 1.73 | 158 181 149 1t 105 103

" 0. 304 0.024 4.77 | 264 ™ 255 ‘ 71 109 106
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Fig. 15 Plot of the difference in DBTT between full-size and miniaturized
specimes, AT,, and AT, ,, against size correction factor M for unaged and aged

2WEK with different specimen size and notch geometry.
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Fig. 16 Plot of the difference in DBTT between fullsize and miniaturized
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2WFK with a normal notch that gives an effect similar to the notch of full size

specimens.
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thermal aging for ZWFK. Ki is the elastic stress concentration factor.



Table 7 Upper shelf energy (USEF) and DBIT (T.;*, Ti o) for full size specimens, estimated from _
the data of 1.0 mm specimens (USEY, T..™, T..."). °

V7Y A4 XRBRA TN 4 XRBRRA
L B At & USE™ a LSE® | Ea1™ | Tad™ [ T 2™} USEF | Ta:® | T ef

(J) (J) (5 (K) (K) (J) (K) (K)

60SX Unirradiated 0.250f 0.85 [0.020 |0.048 | 163 183 197 266 286
(190) (275)

" 794K,0.31x10*"'n/m* | 0.20%| 0.65 {0.019 |0.053 | 243 247 163 343 350

" 896K,0.39x10*"'n/m* | 0.177| 0.65 [0.025 |0.063 | 226 233 115 329 336

" 1000K,0.34x10*'n/m* | 0.166| 0.65 |0.027 |0.063 | 244 253 108 347 356

" 7T94K,1.30% 10*"'n/m* | 0.138| 0.65 |0.011 |0.063 | 309 313 90 412 416

" 896K, 1.47x10*"n/m* | 0.217}| 0.70 |0.012 |0.059 | 238 254 152 341 | 357

" 1000K,1.24x10%"'n/m* | 0.303| 1.10 |0.011 |0.034 195 239 333 298 342
60SY Unirradiated 0.2647 0.90 |0.015 |0.059 184 | 192 185 287 295
(181) (276)

" 794K,0.31x10*'n/m* | 0.225| 0.73 | 0.017 [0.056 | 250 290 164 353 393

" 896K,0.39x10%"n/m* | 0.152| 0.65 |0.017 |0.063 | 255 260 99 358 363

" 1000K, 0.34 % 10* "n/m® | 0.152| 0.65 |0.017 |0.063 | 257 265 99 360 368

910-0002% 00¥6IL NP



Continued

T4 KRR TNt A KRB
T fe At & & USEM a LSEY [ Eax™ | Tax™ | Tue™| USEF | TuuF | To,eFf

(J) (J) (J) (K) (K) (J) (K) (K)

" 794K, 1.30%10*"'n/m* | 0.101 | 0.65 {0.011 |9.063 368 356 66 471 459

1 896K, 1.47x10*'n/m*> | 0.194| 0.65 |0.011 |0.063 238 252 126 341 355

" 1000K, 1.24x10%"n/m* | 0.285| 1.05 | 0.010 0.039 222 256 299 325 356
MA95T Unirradiated 0.120| 0.65 |0.017 |0.041 293 290 78 396 393
" 794K, 0.31x10*'n/m*> | 0.097| 0.65 |0.018 |0.063 294 290 - 63 397 393

" 794K,0.53%10*"'n/m®* | 0.096| 0.65 |0.015 |0.063 303 296 62 406 399

" 794K,0.86%10*'n/m* { 0.103| 0.65 |0.011 |0.063 315 302 67 418 405

) 896K, 0.39x10*'n/m* | 0.084| 0.65 |0.018 |0.063 348 328 55 451 431

" 896K,0.60x10*'n/m* | 0.068 | 0.65 [0.015 {0.063 | 338 310 44 44] 413

" 896K,0.98%X10%'n/m* | 0.066| 0.65 [0.013 |0.063 383 317 43 486 420

" 1000K, 0.34%x10%'n/m* | 0.080| 0.65 |0.018 [0.063 | 374 350 52 477 453

" 1000K, 0.54>x10%"n/m* | 0.088| 0.65 [0.014 |0.063 | 328 321 57 431 424

" 1000K,0.87x10%*n/m* | 0.072| 0.65 |0.010 |0.063 423 408 47 526 511
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Table 8 Upper shelf energy (USEF) and DBTT (T.:%, T.,.F) for full size specimens, estimated from

the data of 1.5 mm size specimens (USEM, T..¥, T...M).

Y74 XRRE T AL XRBRE
W o= MR &t & & USE™ o LSE® | Eai™ | Ta™ | T ™| USEF | Tar™ | Ty 2f
(J) (J) (J) (K) (K) (J) (K) (K)
6 3 WFS-M Unirradiated 0.418| 0.65 |0.080 ;0.213 | 178 177 81 263 | 262
" 753K, 0.44x10%"'n/m* [ 0.743| 0.90 |0.077 |0.154 149 188 198 234 273
" 793K,0.45%10%'n/m* | 0.637| 0.66 |0.070 |0.210 175 200 125 260 285
n 646K,0.03%x10%™n/m* | 0.480| 0.65 [0.050 |0.213 | 213 220 92 298 305
" 667K,0.14%x10%"'n/m* | 0.670} 0.68 |0.050 |[0.203 | 154 196 135 239 281
" 650K,0.05%10*"'n/m* | 0.673| 0.68 |0.065 | 0.203 177 211 136 262 296
" 794K, 0.77x 10%'n/m* | 0.500| 0.65 |0.075 |0.212 | 230 240 9% 315 325
" | 896K, 0. 87X 10’“r1/m2 0.618| 0.65 {0.051 |0.213 | 209 253 119 294 338
" 1000K,0.74x10%"n/m* | 0.485| 0. 65. 0.050 10.213 | 290 296 93 375 381
6 3 WFS-W Unirradiated 0.634| 0.65 |0.056 |0.213 | 304 313 122 389 398
" 73K, 0.44%10%'n/m* [ 0.657| 0.67 [0.070 {0.207 | 298 304 130 383 389
" 793K,0.45x10*'n/m* | 0.685| 0.71 [0.080 [0.195 | 264 309 144 349 394
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Continued

KAV NN 1 N4 ZREB B
M T g I USE™ a LSE™ | Eaa™ | Ta:™ | T 2™| USE® | Tus® | Ty of

(J) (5} (J) (K) (K) (J) (K} (K)

" 646K,0.03%10*'n/m* | 0.670| 0.68 [0.06 {0.203 | 306 | 316 | 135 | 391 | 401

" 667K,0.14x10*'n/m* | 0.660| 0.67 [0.055 |0.207 | 287 | 314 | 131 | 372 | 399
1DS-L Unirradiated 0.670| 0.65 [0.09 [0.213 | 19 | 212 | 129 | 281 | 297
I 646K,0.03x10°'n/m* | 0.750 | 0.92 |0.151 |0.150 | <163 [<163 | 204 - -

" 753K,0.05%10%*™n/m* | 0.711| 0.80 [0.172 |0.173 | <163 | <163 | 169 - -

Z 793K,0.14x10*"n/m* | 0.570 | 0.65 |0.212 |0.213 | <163 | <163 | 110 - =
1DS-T Unirradiated 0.440| 0.65 |0.152 |0.213 | 203 | 208 8 | 288 | 293
Z 643K,0.03x10*"n/m* | 0.470| 0.65 [0.212 |0.213 | <163 | <163 | 91 - -

Z 650K,0.05%10*™n/m* | 0.434| 0.65 |0.212 [0.213 | <163 | <163 | 84 - -

Z 667K,0.14x10*"n/m* | 0.407 0.65 |0.214 |0.213 | <163 | <163 | 78 - -

" TT5K,0.38%10%"n/m* | 0.490| 0.65 |0.214 [0.213 | <163 | <163 | 94 - -

Z 845K,0.38%10*'n/m* | 0.373| 0.65 [0.212 [0.213 | <163 | 174 72 - 259
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BUNREBRA 1= & 5 RSRCRRE T, & <ICIENC & 3 BRI Lo SHI T 5 %
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NETHREMRICLIVBLALTRE7 = 74 2794 FMARER (B/RBR
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1. BOBBEEIZZNAT00MPa / micZ%e 388 (Tio) RENAREENS, 2O
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Table 9 Shift of upper shelf energy (AUSE), DBTT (AT.:, 4T:..) and
fracture toughness (AT:00) due to irradiation.for full size
specimens, estimated from the 1.0 mm specimen data.

WfE B & & & A USE ATsi |[ATisz | AT 100
(J) (K) (K) (K)
605X 794K,0.31x10%"n/m® - 27 80 64 80
" 896K, 0.39% 10*"n/m* -7 63 50 63
" 1000K,0.34 %X 10*"n/m* - 82 81 70 81
" 794K, 1.30% 10* " n/m® -100 146 130 146
1" 896K, 1. 47x 10%"n/m? - 38 7 71 (5
" 1000K, 1. 24 X 10* "n/m? 143 32 56 32
60SY 794K, 0.31%10%"n/m* - 17 66 95 66
" 896K, 0.39% 10*"'n/m* - 82 71 65 71
" 1000K, 0.34%X 10* "n/m? - 82 73 70 73
" T94K,1.30x10%"n/m? -115 118 183 118
" 896K, 1. 47% 10* "'n/m? - 55 54 57 54
" 1000K, 1.24 X 10*"'n/m? 118 35 61 35
MA9 57| T94K,0.31%10*"n/m? - 15 1 0 1
m 794K, 0.53 % 10%"n/m® - 16 10 6 10
" 794K, 0. 86 X 10° "n/m* - 11 22 12 22
" 896K, 0.39% 10*"n/m? - 23 55 38 55
" 896K, 0.60% 10*"n/m? - 34 45 20 45
Z 896K, 0.98% 10*"n/m® - 35 90 27 90
" 1000K, 0. 34> 102 "n/m? - 26 81 60 81
" 1000K,0.54 % 10*"n/m* - 21 35 31 35
" 1000K, 0. 87X 10%*n/m* - 31 130 118 130
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Table 10 Shift of upper shelf energy (AUSE), DBTT (AT.., AT..:) and

fracture toughness (AT:00) due to irradiation for full size
specimens, estimated from the 1.5 mm specimen data.

s & R oat & # AUSE AT | AT 2| AT 100

(J) (K) (K) (K)

6 3WFS-M | 753K,0.44%10%"n/m? 107 ~29 11 -29
" 793K, 0. 45% 10*"n/m® 44 -3 23 -3

" 646K, 0.03x10?"n/m* 11 35 43 35

" 667K,0.14X10%"n/m* 54 -24 19 -24

" 650K, 0. 05 %X 10 "n/m? 55 -1 34 -1

" T94K, 0.77% 102" n/m? 15 52 63 52

" 896K, 0.87X10%* ' n/m* 38 31 76 31

” 1000K, 0. 74 < 10" n/m? 12 112 119 112

6 3WS-W | 753K,0.44%X10°"n/m* 8 -6 -9 -6
i 793K, 0. 45 % 10*"n/m* 22 —40 -4 -40

" 646K, 0.03x 102" n/m* 13 2 3 2

" 667K,0.14x 10* " n/m? 38 -17 1 -17
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