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Strain field measurement around the crack tip in Ni-base superalloy
using Digital Image Correlation
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Abstract

Digital Image Correlation (DIC) method was applied to measure the strain fields around the crack tip in a Ni-base single crystal
superalloy. DIC systems were assembled to appropriately measure the strain fields at room temperature, 700 °C and 900 °C.
Influences of crystallographic orientation and temperature on the crack tip strain fields were investigated. A series of
measurement at room temperature revealed that cracks propagated in shearing mode and the strain fields around the crack tip
were strongly affected by anisotropic plastic deformation along the octahedral slip system. Based on the shear strain
components along the slip systems, effect of the crystal orientation on the strain field was visualized, and the visualized strain
field provided a reasonable explanation on the crack propagation path and propagation rate. At 700 °C, on the contrary, cracks
propagated in opening mode and symmetric shear strain fields were measured around the crack tip. Temperature dependent
strain fields and resultant cracking modes were explained by the slip system activity which was also influenced by temperature.
The present DIC systems could measure the strain field even at 900 °C, and it was found that the strain around the crack tip
was higher at 900 °C than that at 700 °C.

Keywords : Digital image correlation, Strain field, Ni-base superalloy, Fatigue crack, Shearing mode, Opening mode,

High temperature, Octahedral slip system

1. #

X B D VI 55 & OB REE A ST B2, EZUEIROB 02N & R D ERRAD e FiESe,

SHIEPERIIEE ) A IS W RTIO e RIS K D M S T & 7= (BEM, 1984). =N oD% < OifgelL, Al
BT« OFT D LAA & 22 5B 07 (Mode 1Y) DA G L TRV, FHHI L 72 = 2B 0 %84
FENZ LA ITEREREC = R — BRI L 0 S SLEREEY ) 2 EBRICRETEZ L Z DAL NTND
(Suresh, 2008). 7272L, FAFMIORET *ZIRFESND, FESRINOT RO HEIZIH > 72 BT (55 1 BRE
) P EHWOLE, &R TRELT 5T B0 COREFEOFEN K X < 72 Model B
SR T A — 5 TIEEHlNEE LV (Wi, 1994, S, 2004).

AW ORI & FHERNIEEL T DM B0 O E 2L LT, HRAZ—E R POEREERSRM & L THOY LR
% Ni FHEAEENZFT NS, Ni BHEAESOWEY EZERIZOVTIINE TIZHE L OWFEN TN, il -
IS THERAREL DS FCIEB DA OHERIZRE L 721, ZHUTK U TRIE « Bt IR RARE D50 F Tl AUl
BIDMERAEEY & 725 2 L N H LTS (Telesman and Ghoson, 1989, 1996, Suzuki etal., 2018) . & HIL 2 E T,
Ni B A OSSR & 2R 65 & LRI TORgs & SRR 21TV, BASM Tow AT &
SHER TR i O AT & & RER ORISR ARF T2 2 & (B Afl, 2017), Zh&aA OfGsakirN

il
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TOESERIIZUE S LRROPELZT, JHE ST L CHENKE WIEA I T AR CHER 3 2 M
DR, FO & & OEREE IR & [FRRORERE RN R oD 2 & (gEfh, 2018) ZBIH I
Uiz, $£72, BRSEM &G0 Uik v Ea TRESR AT 217V, AW & SO 5. 2 D55 T DR 20X
Mode I B D T PERFREAHEIE CIIFIAAEHE L <, SRYBMERIMEZ B8 U7 & 2R3 0 AT Eh R 2 {55
(ZRHlid 2 B3 H D Z L &R LT (Sakaguchietal,2017). 7272 L, ZOBIG% EMEICER L, &ZdER 2 R4
S DI )F /3T A— R ZPRET DITNE, IENTOTBHGE NN RD 57205 T, AW & R es
DOEZ TR L, FESERLOFANRIT L= HNE R MEN 30 BIEO A REIC S 2 D B2 R T 5
VENSD D, ET, TERELE L TONISEECORREE XD &, HAZ —E BEDEI LD =R D 900 °C
FREEE COMRBECTOES 2 EZN L, RERE)S & LA A 2B e kT2 L & big, 2%
ot & & o L ORI OV TERTE LI ENEE L. oML, LFS %SRBIt T
HETE 57 U# VEig RS (Digital Image Correlation, DIC) 3HJE LU (Peters and Ranson, 1982) .

DIC IZ, WEMREED T v F L% — 2 OFAIZIE SO THRN G ROEN Y & OT 22 5T 5 FETH
vV, KEMOFEHEEY) (Yoneyamaetal.,2007) URIENITIAAET 21K (Keetal.,2008) (2 T& 5 7 EYLHIMEN
BV, IR TEZUEOETSAWE L=l & LT, Peralta & (2007) 1125464 sl Ni DBR A7 & St 2 s L
72 SEM HifgHH pm OEMLARIE L, TR0 MUISHIET 2 O A & & EERRIE 4 xtis T 72, Caroll &
(2013) 1%, Ziffdh Ni S EGE&O X ZHERIC L 72 0 MEOTAOERBR 2 RFd 5 72, DIC THIE L7720
PG L EBSD CHIE L7cfbdb i~ v 725G TER L, mBECTOOT ARG ERIE L6l L LT,
Lyons & (1996) 2MEVRAEN T Ni M GEO SRR 21TV, 650°C TOILT) » O AR % DIC IZ & W #lE L
TWEn e 5. F£72, Grant © (2009) 1%, DICIZHWA O EZEINT 5 Z & T 1100 °C O & iREREEIC
TELUEFIEZRE L, Ni BEEESOREIERE L BIRREZIIE L T D, LL, TRHOFEEZEA
Wil oy X 2T L, 30 B & & bR 2 Bl 726370 <, F 0 OIRERFE 2558 L 7= H)
E BT TN

AMFFETIE, D 900 °C E TOMREBREE TOT GO FERAATREZ: DIC HIERZMEE L, Ni E#EEGe0
EREIROT I G 2 DAL E RS OB AN U 7=, BRI, £, BfSsm Ni AEEe 0 1)
D H U7k S ISR 72 5 2 RO CT alklk A1kt L, SR TR LA 212 TE AW ORE 9 & A8 A L
GRS DOV I % DIC % VW CHIE L7=. KIZ, 700°C THEK LARTZINZ 5 Z & T Ny 5 & 24
AL, FEEROOT H% 700°C &£ 900°C THIE L COTAHIGITE X DIREBRE OB AT L7213 5,
BIE SNT=OFT A &30 I OTEERC & SZHERRRE & OBfEIc SN TELE L

2 R B A &

2-1 CTHERAOERLIESZERFHER

PEEA T HURS & Ni B A@ 0 CMSX-4 IZHE L2 S Th 5. T OBFEEMIZIE CMSX-4 12 3 wt.% & £41
% Re WEENRDN, ZOIENOALFFHBITFRETH D (128, ZOFFEERM NG, X1 IRTHED CT
R 200 H U, BN OREBEZRRT 5720, BB 200 BT Fmaetz, AR s & &R 5N
2 EHIT<100>HALZER R LzakBRh &, & HIT<110>HLIZEm LzakBr i o 2 FEAERL L 72, AFRSCTI,
EFOOIEL (RO, 2017) TORFCITHEN, ZIEIE2<100><100>3880 f 72 5 NZ<110><110>388k f & Kl
T 5.

VERL U738 1S, =RIRE 700°C TR U AR 2012 Ty & A Sz, BRI BRI E AR 57 78R
A =, SRBRIIATERIE T, ARIRIIELR:, MRS 10Hz, WEKIT 04 & L2, B
HESICEDbE THEZER S, 200D Mode 1 I JJHERGREEPH AK 728 15 MPam®® T—E & 725 L H1Z
L7z, ZOXMETORKIGIIERBENE K man=25 MPam®® TH 5. AK DFHIZIZ ASTME647-11 (2011) (2 TH
EINTWAHLLTFORE Ve,

AP (2+a)
B‘\/W (l_a)3/2

AK, = (0.886 + 4.64 —13.32a° +14.72a° - 5.6a*) , a =a/W 1)




Table 1 Chemical composition of the single crystal Ni-base superalloy employed in this study, in wt.%.

20 Table 2 Summary of the specimens used in this study. Specimen labels,
75 - temperature conditions during crack growth tests, and schematic
C illustrations of crack path are summarized.

Temperature
condition

<100><100>RT RT W\ DIC measurement at RT
: . DIC measurement at

4 P4 <100><100>HT | 700°C | [I———-® 700"C and900 °C

B=1.0 <110><110>RT RT ._I_I_. DIC measurement at RT

Fig.1 Geometry of CT specimen in mm.

Specimen Crack path

19.2

Z 2T, AP IIWEIRNE, B IIBBRA OE X, WA ERE) OB AT E TOMRE, o IREETREITHS.
AW TIE, BT ORI & EZEEARF O 2 8L 87 3 Fid CT Ry 28 L7=. 3 OB O
FEE AL, XZLEARFORER L ONE DIC ICX 20T ABRIERFOBRESMEZE 2 10F LD TRT.
<100><100>RT #ERf & <110><110>RT &R fr & k32 Z & TR AL O, <100><100>RT R f &
<100><100>HT 7B F % bl 95 = & CIREEIRTE L= S SSERIPIEDMHEN OT IG5 2 2 8B4 B8 LT
F72, <100><100>HT 7Bk TIiX 900 °C THOTAHLZME L, 700 °C & 900 °C TO X ZeimOT A0 HiE
BRI,

2-2 TOR)NWEGHEEERIZEL B0T AHRIE

F2ITRLTZ 3D CT B 25612 LC, =R, 700°C 72 HTNT 900 °C O 3 FEOIEFESAE T & 2D O
PTAHGE DICICE W HE Lz, OFTARGOREAZEIN NS b K9, FIRESRIHCRBOTOEER S lESMt %
UL LT,

2:2-1 ERTORAESEE

T B BoRE— ATEREA 5 pm OEEN G2 58 M7 — C1,C2,GSL 7 LA A) &, 2 AR
0.18 mm DT 7 Z L TR RIEICEA Lz, K227 X LY =2 L ZOIREED—HZRT. W BRA
RINTRIEE 50 pm A0 HERLFAABANCAHE LT D 2 Ebnnd.

HFRITITE /7 1 CMOS 7 AT (MQ042-MG-CM, XIMEA) & HifES L2 X (AF MICRO NIKKOR 200mm,
=ay) MV, HRIZIAEAEERT L a7 7 TRV LU REERIT RS, 1 pixel DRE SIFHI S
um ToH Y, FREHEEILH 11x11 mm? TH 5.

DIC 7'v 7'Z A2, Blaber © (2015) (X > TABIF TV % Neorrvl.2.1 Z Wz, ZBACFE I S pixels 35
ETNATV, BAREIZHN D7 v R 25 pixels & L7z, <100><100>RT #&BR T & <110><110>RT &5k
RGBT LT, &2 Mode 1 IS AHERAREAY Ki=25 MPam® & 722 X 9\ Bff LIZIRRE T o F bR —
ER L, BAMGEOER & T 5 2 & TEREROOT AL E R L.

2-2-2 BERTOREAE

700 °C & 900 °C TOFERARDIMELZ X 3 1T~ T . BWEHTIXMEVEEL (VHT paints SP101, SP102, VHT Products
Company) %MV, HIELFRRICTT 7 ITINCL A TT U HZ LRE—0 284 L2, &R T, BB 05 it
ENDIRIROTRFE N 5 < 72 O RN BafN T 572D, T v F bR ¥ — 2 HHRICHRE CE R R DN AE
o
5. ZOFINERE D A TREEIC L DEEEMOIRIL Pan 5 (2011) 2L > TEEBMICHF STV S, 5K



PHERICHES X, 700 °C CORERHIITARIMNREHE 2151 L WilRIMRET » v 7 4 L% — (DR65S, 77> a— -
h¥g—) ZLUXIZERY T2, F72, BIERETE, BBh & A TROZEROBERBSRIZ LV R Eg N
D3I, ENLOPNEFRENRKEL 72D 2 bR E 725 (Novak and Zok, 2011). ED78, X3 1T-T L 912K
B HAI L B 2 IS ENTENT 7 o & =T —F A 7 TLERERE AT, BB A P OIERE SR & —
(o 72, E77, Leplay & (2015) 12k v, @A 30 MRREICRE < §5 Z & CHABIRICEINT 5 HIEa A
DO TEDLZENME SN TNAD. ZHUTHESE, AW TIEEE 30 iDL S BB o i (F6R5H 60
ms O 500 K2) OFEFEEAE D15 % =

900 °C TlL, FRIMRD » b7 4 VA —OFE PRI N THRBR A O M SN D HOMENKE L 78D
728, 700 °C & REROWEFIETIET V& L3 — 2 Zig TE 720, 1000 °C PLEOEIRE CORIEIZITERS:
FREAR O R % AV 2 UV-DIC 2MER EN TV 5 (Berke and Lambros, 2014) 28, AWFZE ClIFR 2 f{EICT 5
728, Grant © (2009) |2 &> TIRESNTFONEFRT DN RXAT 4 VB —5 D EERHA Lz,
DR 470 nm, CPENE 45 nm D/ K/SZ 7 ¢ )L Z — (BN470, Midwest Optical Systems) % L > RZHLY £,
JEIRIZIEH A LED 2 VY, BURBEIEE /NS WEF IR AR E LTI v L2 — w2t Lz, M4
IR > N7 4 NB— N KRR T 4 VA —OFRFEE Y. 222X, CMOS 7 A 7 D81, b
2, 7727 OIFERIDHRDTIZ 700 °C £ 900 °C TORMEHBINELE L RLTWA. 417 T L1, RIMED
v N7 4 )V H —OFBREIRDH) 700 nm LT TH D DTk L, N2 R/RRAT 4 v Z —OiFiiirEkix 425~515 nm
THD. 900°C TOERMKHE DT ALK —HEEILT700°C &L L TR 100 5K E K 72508, N2 RS8R T 4 L

IR Cut Filter
/Bandpass Filter

Fig.2 Random pattern employed in this study at room
temperature. A white pattern is sprayed on black
background. The diameter of the white patterns is less
than 50 um.

Fixed-focus Lens Halogen Lamp

100 100 /Blue Light

900 °C
700°C |

901 _—

801 W/ F10°2  Fig.3 Schematic illustration of the test facility and associated

70 instrumentations at 700 “C and 900 °C. The air knife
—— Camera

601 ? —— Bandpass filter

and fan are used to reduce heat haze. The filters on the
‘ camera prevent saturation of gray-levels due to
50 - = Infrared cut filter

infrared.
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Table 3 Exposure time and optical systems used for the DIC
measurement at three temperature conditions.

100 °C
20 1 -
101 J l
o\ . N RT 700 °C 900 °C

- - 0
400 500 600 700 800 900 1000 E i 100 60 ms 60 ms
Wavelength [nm] Xposure time ms x 500 times | x 500 times

Light source | Halogen lamp | Halogen lamp | Blue LED

[y
(=)
N

Transmittance, quantum efficiency [%]

Fig.4 Transmittance and quantum efficiency of the optical
systems compared with the black body radiation as a
function of wavelength. Filter - IR cut filter |Bandpass Filter




—DOFHBBEIR TIZIZ O R X —EENMTNEL 20, 2, FOFBBHIRTIZ CMOS 1 A T DEFHIHEL
KEL72D728H, 900°C TDT X L8 —  ORRENAREIC/2 5. R 3IICKIRESRFTHW R EE LD
7=,

2-2-3 VFHEHEHORELE

DIC CiX, JIERT%ZD T & Lo3F— 2 inb R E DN % JRFTiE TPl L, Z O OAE 2K
HZ ko TOTARERET . 2070, BHEIND OFTAILEEITEETT 5 RFTERO 1 X CFigks
—UNR) IR 5. AWFETIE, Ni BEEEO RO A5 ET DRI, F 51D SUS304 o CT
R 2 RR L LI PRRIEZITY, HEEME FEM fi#T OF5 R & e U ORI b7 — O RO FalfE 2 R sH 7z,
¥, BMRECHWD 72y M A XX, BBRARIKTT VX LRE = ORESNTENEND 00D
25 pixels & L CHE— L 7.

TAHRIEIZIL 2 -2+ 1 THO DIC HI7E R % IV, SUS304 L CT 5k v 0 % ZUeisoxt L CEIR THIEZIT- 72,
CTRBRA OEIK IR LB D LRETH Y, BETHR LAMEZMNAZ T/ v F RN 5E S 2.6mm O X
BN LTz, B, 20L& &OXZIAMNIEE 2 Mode | MO X TH 7. 2O CT RBr 2 A IREHETE
FOUCHBLL, LY 7  ABAQUS Standard 2017 % AV N/= IBEMERREMT 24T > 72, X 5 \SAHENT Tt ] L 7= FEM
ETNERT., EEURROER YA X3 4um TH D, HEOHPELRET 193 GPa, RIS /NI T L2 BRE L
72 SUS304 (ZOWTHEEE (2009) 23IE L72 0.2 %It /1 Tdr 5 318 MPa & L7z,

X 6 1= DIC I & FEM FEHTIC L > TR DRI ARM T ORE DT A e, & & 00> b OMEEORM L LT
Y. TR — O 6, 12, 24 pixels & LTEM L7-0%% FEM fifbrs B & it L TR LT
5. FRUEHO KIIOTI S K225 MPam® Th 5. X 6 005, b7 — I B % 12 pixels & L7235512 DIC
BIEM & FEM AT L < —B L TV D Z 2080 d. b — 8% 6pixels & L7354, DIC JIEfEIX
0.1 %FEEOFPH TR E S EH L, FEM HTEE DENBRKE o TV, —F, b7 — 8% 24 pixels
& L7242 DIC JIEMEOZEENT/NE < 2o T DA, EZUEHHITE COREMIZ FEM fTiE L v H/h &<
o TV, ZhUE, B = ERENSLST D E, OTHEREHET S & SITHWDENT —Z b7l e
572 DICHIEMEDIX L 2ENKEL Y, —F, Hebr—¥RE2 REL T2 L, OTHRREHRFOENT —
AN L T2 1280 ZEUEHIHE O OT AAR O K EWVEIR COREMIMN NS 25720 Th D, gk —v
2% 12 pixels & L7 DIC JIEfE & FEM @bz = o % —[X & LT L7/ RA2 X 71273 K7 L0
TRV D 1 mm FRE E TOBEBEOOT HGIEL —H L TWDH I ERbns. ZZUEENS 1.2~1.5 mm 2
FE DfE Cld DIC JIEME & FEM fENTE & DZERCRREL 2o TVD R, TOZETHKTD 0.05 % (17
— A= 1 B EANEL, BT — U E 12pixels &5 2 & TEMA A & Stk REE) L O L
DOR#ABLRTEHLEZDND. BT, ERIEHIFEOOTHLGE EMICHET 57280, BARERHI X

0
I O

4 03mm -

I
I

y

L. X o 2 mm

Fig.5 FE model of the CT specimen including the opening mode crack. An elastic-plastic analysis was conducted to
optimize the condition of DIC measurement.




1 : .

e FEM .
' —o— DIC(Subset 25, Gauge 6)

0.8 \ —o— DIC(Subset 25, Gauge 12)]
—oc— DIC(Subset 25, Gauge 24)| |

&y [%]

0 0.5 1 1.5 2
Distance from the crack tip [mm]

Fig.6 Distribution of ¢ as a function of distance from the crack tip. ~ F ig.7 Comparison of ¢  distribution measured by DIC

yy
Measured values by DIC with different smoothing gauges are with calculated value in FEM. The strain field
compared with calculated value in the 3D-FEM. measured by DIC is very similar to FEM.

ZUT DS T] » O T HEERSE 22/ L OTHEET LI Y AL LIEBEINTWD (R, 2017) A3, A4F
T EOBRFHIIES X, HIE ST & i b7 — U 48 12 pixels TEHEVTEIT 5 Z & THELNH U
FH% DIC JIEfE & L=,

3. RBRRRUER

3-1 HAMBOERZREMOVT A5

FRTEAAEA L72<100><100>RT RBRH &<110><110>RT B TR S - S 2R 2K 8 L1} 9
[CENTIURT. JEERITAM A y i, ThlmuEpEfbERbme xfiie L, KB cBlgEsn£
ZEFHRTRLTWS, K8 X9 TikE big, Kb K@ 20000 V1 7 1% TH Y, KHeTthEho x4
MR O SEM B TH 5. ZH 6D SEM HigE2 5, EH50ORERA TH & Z2U3<100> 5012l Lz y "fH %
HAWT LR OHERL TS Z E3bns. K10 121E, KRBT O30 Rofdm i & s &mo o 7=
N ROBEZTRL TS, ZhbDOT R ETEHNERT L56, B RENO R 2 5 ER/RIKIT,
<100><100>RT 75 7 Tl x Bl H+45°, <110><110>RT 7B Tl 00 F 7213900 B 7= AN ECA 5. [X] 8(c)
L9 kY, EHELOMEBRA THERITT AV EITH T HFMIZERLTEBY, ZOMRITEFEELOINET
OEBFER (K 1,2017) & —FLTW5. 728, X 8@)h ()75 TN 9(a)> B (b)?D 20000 B 7 LD D
B & R X, <100><100>RT 3BT TIiEk 2.6 x10™° m/cycle, <110><110>RT # Bk i TliLH
1.4x10 7 m/cycle TH -7, T2 T, ZZLERUEEIIXHNBHOMEZ 2EE LIREIHZEIET A 7 VETRLT
HH L.

DIC HI7EIE, <100><100>RT &5k F (256 L CIEX 8(a) DI, <110><110>RT 38R A (2%t L CTIEEK 9(a) DI T
fTofe. T OB TRES NIRRT (v F718) OREOT KT 6, O 1R, a2y
— X &= REHRIEE 3.5 x 3.5 mm? OFEEICKIRN L, BEEIN- 2R REEZ IR TIRAL TS, £z, 220
2L H RN T A —MAFA—Th 5. ELLORBITY, o IRREBERAOSE TR L2 - T
ICHHLTND ZERDND. H1l@&bELET 5L, FlZE, ¢, =03~036 %Y 54 L PEOFIK
1$2 SOREBF TR R > T D0, ZOb T ek OMEE I E N2 o & R ERRE 2 R8T 5
TlFTERy. £, OTAOMRED 2 SORMBA TREREIHS, ZOREOT 2 05 SR ki
DT R B E LR 2Tl T 5 Z LI L.

BAWT =S558 L Uiz 2 E CTOMSE (Telesman and Ghosn, 1989, B, 2017) ([c kb L, BANAIEZY
DHEEZEEN T X 4B N 20150 Mode T BLDJESPERARE CIIRHM AR T, S ZEITIEN 230 H EoHA



Y Loadine [ &

Loading y[
X Crack propagation

Fig.8 Crack paths in <100><100>RT specimen. (a) Crack path when the strain field was measured, (b) crack path after 20000
cycles from (a), and (c) SEM image of the crack path.

0.2 mm

4 2h

7= 'Q"~ X
X ,

DAL

<110><110>RT e | <110><110>RT

Loading y[ :
X Crack propagation

Fig.9 Crack paths in <110><110>RT specimen. (a) Crack path when the strain field was measured, (b) crack path after 20000
cycles from (a), and (c) SEM image of the crack path.

(a) <100><100>RT | (b) <110><110>RT !
[110]

Fig.10 Schematic illustrations of octahedral slip system in two types CT specimens. (a) <100><100>RT specimen and
(b) <110><110>RT specimen.

WHE IR0 F R RIGEEEBETHMER D L. 2 2T, TN ROBLE TR > T2 FROOT A & LT,
<100><100>RT 5B Cld & R H 0 O KFEHEI D 12 6 = 45° [AliiE U7z &—n JEIESR (K] 10() 2 fR) TOHA
BrO$ Ay, &, <110><110>RT B Tidx —y BEER (K 100)ZH) TOEAMOTHy 2HHLE. Zh
5 OFAMOT AL, DIC THIE TE 258k K OO ks D727 TR~ R OVER) 2 i b EEITK
LI TH Y, TRVERORIERL ZOROERFBZFMTE D LBEZOND. TAKOT By, 13,
Neorr (24> THHZ Green-Lagrange O3 e, ¢, , ¢, 2T, WRITRIIFLIAATOTZT AL L 72 Green-
Lagrange O-§° Ayl ZEHOT Ay, (ZAHTH 2 L TROHND.

Ve =2(E,, — &, )cosOsin0+2¢, (cos’ 6 —sin’ ) 2

Vep =Mn(1+74,) 3)

8(a) & B W) DI THIE SN AMOT Zry ., y, OO ZK 12 18T, 121203, EBRTBIZESh
T AW E A IHR TR L, ENENORER IR 2 )\ ERTR Y ROBLE & ¥ KO B0 IE [\ % K
TRLTWS. EH00REBATH, RSO - HrBE 72 SR Tl A0 23T B PRS0 L
TWDZENGMDH. —J, ZZRUEEHERCER 35 &, £9, <100><100>RT R ClE =20 o4 Lo
FINZRE R AMOTHBELTND ZERnD (K 12@B8). 2o Lab, <100><100>RT R H T
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Fig.11 Distributions of normal strain, & , at room temperature measured by DIC for two types CT specimen.
(a) <100><100>RT, (b) <110><110>RT. The difference in the measured strain fields is not observed clearly.

g,

0.3
Ry

- 0.1
N
-0.1

-0.2

[Vo]
(a) 7z m <100><100>RT specimen ()7 mn <110><110>RT specimen

Fig.12 Distributions of shear strain components along slip systems at room temperature. (a) y,, in <100><100>RT, (b) 7, in
<110><110>RT. The distributions of shear strain components are clearly different.

L, NEETRY RO HRED LATHEAOT XY mNEE L T\ B2 65, DIC JIEEIT-> 72X 8(a)
DIRFEN S E 51T 20000 1 7 VAR AN Z T-BED 4% (M 8(b)2H) A5 L, ZZUIK 8(a) DR TR
L CooAERRICERLTEY, K 120 TEABMOTANEZEL W HEE —&T5. KkIig,
<110><110>RT #ErF D & Eehmilrfs ClE, FZRENROE EH IR E R AMOTHRFHIEL TWDH T R
M5 (K 12b)2 ). FEBEIZ<110><110>RT % 1 Cld, DIC JIEZ1T - 72X 9(a) DR CE 0T Al L
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Fig.13 (a) Crack path in <100><100>HT specimen. (b) SEM image for opening mode crack path near the crack tip. Crack
propagates perpendicular to the loading axis without shearing of vy ’ precipitates at 700 °C.
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Fig.14 Shear strain field, . , along slip system at 700 °C Fig.15 Normal strain field, €, at 700 °C in <100><100>HT.
in <100><100>HT. Unlike room temperature, Higher strain concentration is localized around the crack
isotropic shear strain develops around the crack tip. tip compared with room temperature as in Fig.11(a).
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Fig.16 Normal strain field, £, at 900 °C in <100><100>HT. Larger strain is measured compared with 700 °C.
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