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E1E B R

YWHEZOEE, FERMICIMEIEED S A > I 7 RELUTEFHNYT 5 &%
BETHB. I THEAHNEES L ZX2WEROFE (BHR) ¥t 2 M 55
BT ENULOMEREATRLIINWTHA ) EBDLNE R —IVOBETH Y, &
FORGERBEN U TEAT AETORBERBE LTI IEIENAT—ILOA
Bt WEOSHEEER LTS,

CHET, JOLHIBHRENSIE, BEOYWHEROHEOMBEITHLT S I &Ik
TENNEINTETNS. LEE0, FTHEE FEroRBRmsEELER 5
&, bhbhdigd 5 ERNHEROBLEOMIC, Tk BREEHIT 108 ~ 101
B EOBENEETANOTHS. ZITIOLIBHEETML T, WERE
FIFHICEO RS 12T, B, EREKETFAVSBAVSoNS. SERikETIVTRH,
PHE OBRKEEICER T 2 B I 2 MBEB O IF R EE X, IFORMAD
A SHRBRRE LTEA OGN bDE LTHDERS.

L L, ZO&SBEERREMAAAIZERERE T IVERNT, RO ¥R
OWRBIILHMAE TS LR TER. i, BRERHBRRLMRMITIESRE
RO RN REFREBOMABITH S EELD L, COIIBHRPELS
WM T, W FERBRLTZMEBTHIITERER L D SHRERVICHD
AFN RN EHALUCEGRET N TIIZOREKITES Z ENEE L.

Z T, AWRTIE, T8 (Molecular Dynamics; MD) 2T, &b
WA WEESE LTORTFHAREEALT, TOHMBAROEE IV —Va
VETI . EEAN%E EEULT, BERBIOERBERICEICETIVED
HEABUT, SaSEkoNFETNE L TOLTFEHFEORHHAKRETT S
EEBIT, FEaEE (ROIIHS (BCC), EOAIA&E (FCC)), #EMACH, 2B
O (£ F1, I, II) ORE 5 SEEERED O SRmEITE - 2Bt
I DV TEBERIBRE MR 5.



2 EB1E B ®H
11 2EREAOBHEZOHLEF L —HED B —

KT ST, EREEICEETFRERZI TR, BB X O RRR,
KE, @, TOMOBERKE (FTEL BULSE), H50ITERBRE (2R,
SRAL) B EOHELBLTEY, I LT IEHAE—BELOEPHOTF
THULBEANERDA A= X LD ENEE > THTH, ERBIC—BE TSR
RABBETS, MEMICEAAELEF > TELTEIELL R -TS
DWVEBTH 5. MHOBIPBEDCOEZ I, JOL) IEEOHBIHEEICL >
TXREh, BOEBEsEtLRT

FEBURME AR R TR OE4ERE, ERMNSHEIMEN RS O%S
FHEFEL OB TE2 LT ABEMBRISHERILD, I70hov /0T
505k - ZRKN R — VORBHEED YA F I 7 APELBEELETDONTIN S,
COL D EHITHRE A MA 27211, BRBEORYy — VIS CBBHE T LA
BEL, BERNTHEEEAROMRNEEEOMORES A 1HEFEEIY
BOBENHS.

BRI FS & OMEMEAOT TOMRMEEICHT 2 IHMEEER2ICEL
&, BEEMICIIWRETH 50, EAEOHEBE I ORBHA LAEZ 4DETDH,
ZDBHE, RENTEREFIENWEEZIONS.

LT, BEOERESF T, MWEHZEB ST H 3 MR 1L 1A E
ERZNERBE LTEHE LSO THERABRRE LTHEATEI ik, F
BALT, BHROEBELBICEERLOETITHEMAL TV A, Zhit, @aeLr:
DI FEHEED, BIRPAE XITHKE UIUBIR IS SRR A AR &
LTB I EAERLTINS.

DX IREFIVAEROIUTTIE, BT S D 7 3 ST 17
TERNWEEZLNS. 2T, XRXTH, 7 SEEREKICBEETOTREZ
TERD I ETHEGRNFIBELHBAAEGBREFTNVAEZ L EITE
D, AAHDDH 5 EWEHEAEOEHERIT OO TR ANAS. B SKICET
REDRAEMH > THLIZEROEERA N X LT, EMOBEICESI TN,
WG D & 5 B TRONBIEHFEERE, B TthsWixhs. 2T
3, EREORE AT TN EHOTEL BRI 285 THREEL



12 BFEH¥ I0—Yas OBE 3

T3,
EHIT, WHRNEEHENS, SF SRR TREBMICIIHEN L FFEED
ZALVBEEORBETH S5 LEL, SBEAKEEFEAKRELTETIULL, &
FENFEEMOTRIIABHE, BARkn, WEREGT IWEESIHDO
LEAHEDRMAFARD I EABUTHEREOY I 2V —Y 3 V2T, B
FHRNIEZONTELWED Y SA T U VD85 A — 7 DSBRH 738 B FEAk
DEERFTZB L TRD S 2 ENTEZREMABR L, RELESEERORE
DRERNEBRDIHDEHEFRENLD 55 EE2TT.

FEFEEGERETIVEROIHTHHERITICE - T, WHROERDZ EZEL
AT E 2DIITIAEL, EREETIVICEIABIT AT L THESY S &iIckD
BLHT, FFENIFBITOEMIREINSEEEZ S, AFRITEOTHEREAT
FADE D L BRITONTRO - >OMAICEHT 3.

—Dit, HEOHK (BATHR) 2 BFOEESRITI TEFILT S Z EIEARAEE
THY, ZZEEHOR/INLBREE I EFTFEAKRE L TR 7200 REH:
PLET, EREETIVERNDE I ENEIIOMBNTH S LD ZETH 5.

)2, YIal—varREOEECE-FRIGESINIGESIZE, B
LNEEABT— I oBREOREA2RKE, TENCERLERETIESHI &
BELLREZDT, ThETRT 57201013, ST F/VOR I & 24800
FRREBOLADETO ZENRIARTHEENHIZETHA.

RIEICR LTI, BRKHOBOIEITRERICEZ 2BBS T OWLTHREAMA,
BREIOVTR, STENFERICLI2BTREREY, SRLETBICRDN M
ITROLRICE U T, B HIR RS 2 HA A R HRIC S @i
R, TUT, SRAREBEORAMEEALT, SEBEIFIC L 2B EMEX
B3I LICE - THREEMZ, FHFESREFILEEREKETIVEORTBEIZ O
TEKT 5.

1.2 HFEhHFELIal—varyoifiE

BOR OB FEORIEMBEN DL i, ZRMNZ—HOBIhTH Y ZhE TF
FUCRWEFEE LTHRA S TS BTFRIE B Bb-Tk 0, Rtk



4 B1IE F®R

MCHEIL, X OICBEAICRIET 3O ERIC > TETHEO. —%, 4
KSR E BT 5 72D DUV AN AR HEPH AR IER I N TEDTT, 2
Y Ea—5 OF#EL - KEBRUEERIIA TFEHNREDE L F AN OEEID &4
BEMY I ab—Y a VikItE » T, BHATHERT S Z 0BRSS RS
EHETTMS 5 2 EXTRITE - TETVS. ST, WERA NI
B DOSFHN O THN A Z OERAE R, SR L, X510, KRXOD
ET - TH B EROBITITONTE OB L MBSOV TEREMZ 5.

121 FEHER

FERMRRERICBE I ARG ER ENIAC 20, Wb 3,
Neumann B 2 V2 — R BEH T, $UT, Los Alamos T, KEIGIE#E
MANIAC 2MEBj LIZ U¥H 5 &, Metropolis & Ulam 12k »C, HEFoEsk S o0
T HHERBEIIONT, WbW5, 741 (Monte Carlo; MC) B4 U TR
CHABDILENI. £LT, MU Los Alamos BFFEH D Teller %, Rosenbluth
RFEITE B, Metropolis DHEEBUWTITR 72 2 RIGAWKERED MC ¥ 3 2 L—
ValDBEERNRERINION, 1953FDIETHS. #EH, Calfornia A%
Berkley B0 Alder &, Wainwright {$, 2 RITTRUARRE FIVT, SF8/ %54 R
WTHEAT LSRR EREZ LTV S, WS FHIHFEORIORATHS. L
[f#%, Los Alamos ® Wood % MC # 2BWTHHTL, WHEOEERIE, SHmc
HERFZINR ST S Z EAVRENI. Alder DEMEILX, £0#%, 3 RICICTHIE
Sh, RMAERROBH-EHEEODWYS Alder ERDFER NI, F72, Fermi,
Pasta, Ulam %iC&-T, FHWMEMOZLHORMEHNE LT, 64 WO H
MIBF DY I al—2 a VAT HEDONIDO S ZOBIIT, oK, %icVY
FDRERITDIEH > TL.

DFENFERL, ARONRELIMERRTZ DOEFF, 9F (4%
RRBFRLEELTREL, JhSOBBRMTOM 2 DM ERTFRICEB L SIOT
TOEBEAMES LICLT, TOMBDPRH O TS EH—ICHT 272
DIATIEONBIRT VI ab—Y g vDO—DEMBTIIAZENTEXSE. DL

'SFBAFEY I ab— a VATRDNB LS ITH - 1B BIZ DN TIE, Ciccotti SIZE » TR
R/ENIOTR (3) DFE 1 BELBEITILB.




12 BFEHHFEYIaAL—Ta /OB 5

BHEY I ab—Y a i, BRIEFHRIID - IBERICKESHFEL, §HR
BORKBEFIADTAEE S 1 21T, MPBRRPEIET T, HEHERE, HEML?,
EAYEE, Hb¥, EPHEOLBT, ERUHERELEIDDH L.

51T, BELLORFEREL TZ0EH 2 ABOFETETT 5558
»5E, TENE BEIEOSETHRBEFENANONS2

1-2.2 mIEFTOMHE

FEELE « THEAOSTEINFORMITONTIE, RWEOFMs®ES - BEOO)
KRONAE DT, MD EHEEE - TROLWAETIEAEH, F3RNED 5
NBEIBL T3, FRXICHEBROH S EZHDOY I 2 V—Y g /IZD0T
12, RETTHANS EUT, HEBREICEET 5, ThUADISARIE L TR, KO
X912 bDHH B3, SRR OEMHE0~(13) DETH N LEMRE OB (1Y)
IZDNWTHY I alb—Ya VI DBESNMNIZIN TS, Deymier 5, HADE
Bh-d~YDY I 2 b— 30 LU Lennard-Jones %D B Bk JL35H2(16)
Zf712 > T%. F/c Ishida 5ONIEHROS ZREICODVTOY I ab—Y gV
ZAT1E 5T b, Rabier 5083 A 4 VST OEMICDNTHANTNS. MD %
DEEBBFEFHRAT VY 2 VICET &R GLTINTOE00). B TRRAHRE
BAEERTEOTIRILL, £ MD ICEULHERT —F7 7 Fa7RT7INVITUX
LAMRFEN T 5. Boyer 5REHFIT L E 2= TY 557D MD §HHEEAT
BoTinb. FFUAE 2—7 %4 @I i70bh T 3. 72, MD
TRIEODN BT EFETITE ) ENEZKMED Y I 2 V— ¥ a VEHAEEN
WTHRDNTOTE), 4%I0 &) BHEBOERL, BIULLED SO &R
bhs.

EGIERIETL & OB, Cundall® {2, BEEMEEZRAREF N THE L TIHEREREEXT
5. Leu SOVBEEEO SO %Y I ab— FLTWA. 272U, 5 Uikt @ iiEo:a
PRETH Y, 2FHHFEOI I ICHENCEH LI ERERICE SV I ab—L 3 Y ERBH]
FRELDOTHA.

3CHR (8), (9) BB EDBEITIS.



6 F1E FHR
1.2.3 XZLEREWN

SRORE, ERIE, ROEANICIEFREOHA MDY >THELSHD
THY, BEFLHSORHEDRHRTH S END, HFBHFEOEARE
ELTROENASMOMENTE TS, £9 LAHT, Chang®™ OB, %
NET, FEUT, HEEDOEMLOBIERREFEIEOHRELH~DICA
WONTWETFRAY—NVTOaAVEa—F Y ab—Ya v A2EBRATPTDx
ST LT IHR TS 5.

Yial—va ONREEW

CHNETOWMRETIE, FELT, a & (BCC), FCC#, HREOERE, ¥
LT, Si R EDFEFRFDEHN MD HBICL VMO DL TINE. ZDIEINIT,
Charpenay 5, Ni-Al&@EDOXHOEBHEZMO T ->T, BWHEOEEICLLEE
EIDWTHARTNS. F72, Soules 5292, HFEIHFEFEICL>TH MY
DLV r— b ADQ VA 0 Y- HE EBEORRETE > T3, HRAEE
TEHEHBOXFIIONWTHHARSKTINS. #EXIE, Chang 5@0iF, MC I
&£ -T, FCC D X =5 HANFOHE EFNYFEFORITICOWLTEEL, BIEE
AR DR EARANTNS.

CNODERDY Iab—Ygrid, BHEREEFEERRBMITHRZHEAII -
T, SREROUMMRNIEA A =X LETERE (B - WROFH:, ~XFIEE) Ok
AN, BE BEET-FCLIHE L0, KR BEEOoRMYEF =
REDI—T 4 VIRBRELAHBERAND I EAFHANELTHAS. 12EX
¥, Mullins@®3, REEMMEMFAEEDT Morse BF V¥ »LEFNT, BED
BEPKRETFORELEEDNRTA—FEEZT, SOSHERBN T, k&
MoFd: - EHEROHEY - kEFOLREOBHRRLFARTIS. Daw 5943,
Embedded Atom Method MW T, KFHMEDY I 2 b —Y 3 VEFTH - T
5. Ishida 50713, BORH LIcgkD/MEARRICH T 3 SRRSOV THEN,
BETF EZORBOEEFOREL T oy 7 2R L, ZRRBZOT 0y 7 28T
T EVIBREB TS, £/, Mullins®)iE, €—FI, IIES
T— FTTOIROEBITOOTREMITHN, SBEERIBRDO ML, ~&



19 BFEHFE IV a VOB 7

B - AL OZE - WRERLED 6 DOBBIIAETEX LI LEERLTNAS.

—F, XBREROTRIVEEEDOKE X, lattice trappingCV ORI, RIS
SHERAR O (Griffith DM E D HE) , FOME-EEEB ROl (Rice-
Thomson DEHEC) LD HE), SWEREFEOFM, LEEHNELT, HENQ
A>T, VIalb—YardfFbhTnd. Xl SRERIIBITS
IRIVFREEEA T B 72DIZ, McCoy 6631F, RFr ¥ ¥ VT RXIVFOE SR
BAHB LT3, Cheung 5V, XBERICHITZIFIERNEREERL
T, EATERO T2 VFREELAFEIML, O E- s I 5 Rice-Thomson
OEAEC)ABIELIDOERREL TS,

¥1z, A, BERXEOERFHIBRBEOZEPERBICKITTREIIODVLTHS
MT B ENT, BELIN 2 KTEOTERD LSEEARTFETIVSZRAWTH
RENBIENDD. JOBE, RELILETFT VY v VORICK > TR, #ITHE
BONTEEICE B ENI RS b H B, Weiner 5OV FHAL Uz 2 Ktk G ET IV
T, HLUA - BEDR, XBERMEICEZ 38, B - YOHON, SR
DIEREALIZDNTHNRT S, Ashurst 5683, ZHRTRICKFEEEL, 8
W Ialb—YarviERRoTn5. £, FREXRELOBEIIODVLTHER
L. Rayleigh i HEORAE— K& I alb—Ya VIiIZkBRZHEL TS, Paskin
503913, Lennard-Jones BEFRAHEERTEMMTIONE =AM FOY I ab—
Y a VAFTIEL, Griffith OBE%LE, Rice-Thomson D¥RALFELEFHMAENE & HhsL
LTW 5. Halicioglu 51493, R EFINVTERSHOETEEHNFHEIIONT
FNTUV S, Baiguzin 5003, BERLIEERHT TO 2 RITHBEKD SEK
BOANZXLAEH~, WHEIEMDOAL - SALEONEH - H LW EROERD
SEBRENSEEENIRRARLTA. Sieradzki 50623, BN EROMER Y
Tab—YavEFR-THA. Fi, AW IRAESROBTEATIL, Wk
OEREHE, AWE— NIZL2 XRERERBOEHIIDOVLTHANTHS.

*Dienes HOBREF EDRICHITE L.
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SHOEF ML ERAEY

CHhoDPRTIE, BEFHRITH U TEMZE (Atomic Relaxation), 4-F8i/1%#%k
(Molecular Dynamics), €7 #)0 (Monte Carlo) #:75 & DFikaE TR X
05, SFEHFEEENOBNTITE I BAIE, BE—E0HEWRANLS
BT ENH5.

PMERELTE, BFEAOY— bERIT, 300, HPMGIANER
HEBZTRILODLNWERETEEICE-T, EFVLENS. EZHE,
Chang®i3, BEFEZMOBNT DL o ZA Y — Mok EREETIMLLTH
%. ¥7c, Ishida 500, SRECRFENOHEETBEET VY 2ILERNTINS.

FATRIREL R THUCHBIRYNH 50T, ROEFINELT, FREXOSRAE
THERTHEOBMERIIANEATTEET NV (HB0E, ZOEFIVIELEE
REBERNBETIV) &, SRAERESUFEFEELY, ERAHIcBATIhT
WEETHETANHOONS. BEOHE, RTHEEEREFEBROKEICH,
TEIENHEPREIN TS, _

XY, RAERERELTHHEELT, fixed boundary condition, flexible boundary
conditon, LT, EFAAFEBITHRERE (FEM) 2@ HF % H#k (Mullins 5 (28)
D}k, Kohlhoff 5D A1) Wb 5. FEM 2885 5 Hikid, FEBBHEN
DJRZ DR EHNH 5. Kanninen 5L, o SkOKBHMRIHAZE LB
Rtk E AT, ERATORFHEROBEREME LT, FFOoEMEEL 5
fixed boundary condition % RWTHTEAITIV, XHEREOERICHILAGEE %
Griffith D& DHBAITIE 5TV B, Gehlen 5UNF, JHFHIR & ESA RO
i, RFEBORMICHIET 3B EMAANTBERBEELD D, &V EELD
fEMT 24775 9 flexible boundary condition £ T 3. Sinclair 5@ 3, flexible
boundary condition =BT Si FOEXRERFN AL L, BEFERAT Y vb
DOFRVBERICGEZ ZRBIIODVTHARSE EEBIT, FUI7ROERAT L RO
TTFNVEROTERO L R)VFREOAE TAFMU T 3. Mullins 5613, &
BASREHRERETHELL, BETHEREBETIMEE LT, BEFEsER
EHY OFRFIEGRERIEDAZTNAEERT 2 EFVEREL, JOHED
ARz LT BEFEBEERICC U TBHI S THNSIRERDS I 2 b—
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Y g V0 £4T1 5 T B, Kohlhoff 506V, RERESULFETFOHKE, HE
PR EPEAR I 4R R A B IRER ICHRL LIl B E ERE T 570D, FHFe
BREXEN A4 RA—HT3BBHEBER T e TIULERAY, o FTOIRERD
HRFMEERAFANRS VI ab—Ya VETH-T05. £, BafEakel
DFETETFILLT, OMAIOIIOEREEP, B OEEEEHFART,
HHLMFESINAEZ EARIELE), XSICZ0htE, @B/ vI7Iv 7 AR
A ORI X% (Sub-Interface Crack) IZEHA L TWE00Y, BEHRETFTIVT
FHIZNZROFMIERONTVENIBEREBTNS. ZDLIIT, H O
L, BETOEMARESE LIBERAFEEZRNTNS.

—F, BRI {hrkiEL T 5 HEE LT, deCelis 503, stress fixed
boundary conditon ZEEL T35, ZOHEOHEE LT, ZREBOFEFOXK
M OIEBIBISENET o5 2 EHERT 500, EROBRICHILRIFEOHE
PREEDENBEREMITHATNEL, Griffith OEITIKE—ET 5 &, &AL
BROMEAZITEZ L0, FFHEBAZBBT S ENTRETHLIEAFBITT
AV-S

1.3 X DR

SBREGETIE CETT ARERARAINT 5 2 LAB LT, BEFL05
DOMEREFMOTREME AR U, AT 7 IV & 2 i O AR ESR A RE
AMRABIEAHNET ARG s EOLOBRIN, F2HLUBRTRIROLIN
NAZ#R L 5.

E2ETE, SFHHFOERNEERIIOVLT, FERAFRERL, IOICHE
HEICK I AEARNEFEELRT. YIial—Yal e THRENRE, RFovr
JVDEA L, ZOEHIFREEICONTRR, Zh EMEE LT Born OREMT
IZDNTaiR5.

W3ETIR, SZUENMEOEREKETFTINIEBZIBY RN ONTHRRS. Kok
RN E T IVOBE R E KB AD T 54 ERICHENTT 5 72 O J1¥ BN
IDWTHREEMA 5.

HWABETIE, - NI, I, I OAWMERHORILSEBIIMNLT, ETFEEHKE



10 138 FEH

TIVC K B0 FEIFRETIIN, BRNEBEDOEIIONTERL, Bak
FRICEETD ST E O EBBREHB RIS OWLTRRES. Fi, BEMOREERICL S X
HWEDERY I 2V —Y a VOBRITOWTERS.

B5EIL, KRXOBIETHS.

15k, FEREURICE SO THRERBITE SRS E TITE D 1o O BN 75 R
OKFE, OG- FENFHEOBHMUEERRS BN TITN - IR REE, X
DHAOTREE U THBRISBOTHY kS 5.

18 (1) I WT, #REERICED (EERETFNVE JUEFETVOEREY
IR AR 572 DITITE o 72, BREDOBEBTERD Y I 2 L—Y 3 VIZD0
T, & (D ICEOTR, ZAREREAVWLEREREL 268 T VU v VER
WA TFRINEEORAMEIOVTA~N, LEHET, LMK AR
O BHEARHT S, T, M8 (D) ISHNTIR, S ESRROREERIC
WNTB3TEHEY I 2= a Vil o TR 3.
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BITTMORD CEDXTEAETH N X, EBOMBZHBKT 5 H-HN
Avogadro $EBETH 5 T SITHNTHEFIINILY, BERNLTHEOREIIH S
BECHOEFN R AEHAOHHEISHRUTESL EEZ 5.

SFENFEY I 2= a ild->T, OBRAAFEFHIL, BAEOREEDX—
NRAVE2—=FEZACTHESNTHBEDT, NIV REBOKHEFARBZBARD
LIBTKRETS. BERIMEORMICERREZREL, ZORTIC N BOFT
ARET 5. HAb: (BAIV) 1T 5 THES 5 WSRO SRS, &
CTHRALFERDHEIIDONTEZ 5.
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B 2.1 FIEISEREM EREBESEGIE (2 RITDOH))

EAROREMREIE DO TH S Z LAKRBT 5 7o DI AWIBER KM (periodic
boundary condition) DEZFVAONE. K 21 DL I I AFROZEIZHEL
TEAEPE (2O ENBOFETEED) £  A—O RN (1 £ — T+ IV) b5
BEAMTZXTMICBATHSH0ETS. ZLUT, COERBIIVEEREES
A X =V INVEDHTROFEFRMEMERAEEZS. KiZbBWT, i FHOET
N BEHOEFIORIIAEMEZELS EX, if FFHOERY j BXUZ08E R
(s oo -+ J8) DI BT i IS LTROEN D (KTH, jo) THETZHE +
bbb, RLEGEKE (minimum-image-distance #) 2 5. Fk, Y IaL—
¥ a YHITERR IV STROM LR T4, T 2B O A>T B bDET 3.

EPHERL, BELIVAO N BORFITOOTRD, RFIBS A
i BRI, A A-DVORFNERT, HOYMNES RFRO AN S
154 12 3 BEH) ro LIADTXTOMTFH SR BHEEGD 5. |

MWEOAEHILBEERANI AR, 0L HEAMEREHEIC L3 EFIULC
i, EENLETHS. &2, BANOEMEDHMICAPEERAKEEEHET S
EHEBREZOHMOERENVDOREINNINEF VI LEEENELIZL L
55.



2.2 FENFESE 25
2-2:6 BEVHFEADOKERE

MD iR 5 EHBARMEL E—IC N KSR, JEGEORE»SR1’E
TCDEFEMAHERNEW ZEITRET 5. MD BEOES, FHEICET 5 2o
B HEREB I EITESED, COMER 1 BOBEMSAERERI L
ICREZIRAIENTES. £IT, KHHEHA Euler k%23 U¥H E LT Runge -
Kutta #, Adams OFER E—RNTEMSHERXNOBREEZR NS ENH[EET
»5.

A (2:7), (28), (210) TELINLHBEAREYERI TS5 HEICODNTEZL
5. WEEE q;, EBR p, BBOKRREROIEH( log, s ETNTNILITEK
MOBEBTHSELT, RO (2:18)~(2-21) DFEL 1 B HBENICBEEHRZ 5.

51(% = 7’7’1_2 ...................................................... (2-18)
ddI:i = _g‘i TP (2-19)
©-2 (” % _ 3NkT> e, e, (2:20)
______d('l‘;%e s) _ LT (2:21)
395 &, —RIE n STHENEBS HEROTMIEMNE,
dz;

dt = fi(t7 Ty, Tgy**-, an),
zi(to) = 2?2 (i=1,2,---, N)

WKREENS. Chiae@iBea, @¥0MDHETR, U0 £ OEOFHE
IR, RRBEICOIC 2B 2178984, ZORED @ﬁb‘%i% &
WFE L <AL, BAIEE UKD Runge - Kutta #:& Adams O FEETIE, B
TiX 1(RFR) #rH7c b 4 [0, BETERTHEBELSDOET 2 HEHE LA
ROTEHERBOTETARNTHS. €2 T, MDETH, AUOBEBOEEN1 K
88538572 0 1 BI721F T LU Verlet D HER Gear DHFEN L S AL H5H 56),
Verlet D, HETRBEENS SWEELOTMD HIZXSANSN B,
HREOFMICTHNT, BENKREULIREDD 5. /NEXELF D MD BT EE)
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FERNIEEL S TOEELZOERIE 20 TEVEENE SN A, BE—
FEDMD DL ICHENEGEN S EROFEINKDN S I X, HEDEEHE
BT ADTHENE RS, £2T, ARXTIE, Verlet D EELOLAT,
MD ETE L ANSNBRITHENS Gear D HEARNS.

Gear DF&

Taylor BRZAOTAREH 1 bW 5 Taylor BREO—DTH 5. ZITid,
FEABETHNS 5 REEOARIIDNTHBNS. Taylor ERERBKROMSETEL
BIERE>TARDKEER LIF 5 EMEETH 5N ENRST L IBOKESE
W% 2 & 575009),

BE—FED MD HEOBA, K (2:18)~(2-21) ORI AMKED S Z LT B4, ZZ
T log, s ZIEFED q IEHTEZ S &, B HFERL,

d*g; dg
S Fi[q, =) e 2.93
Fra (q dt) (2-23)

ERbLES. £, RICFRT, XTv 7 n TO i FBHOFEF(i=1,2,---,N)iZD
WTRZ LY 22 5.

yi? = ( 0™, Atg, ™, %( A1),
1 n} 1 =N\T
ﬁ(At)i*'qi(»”) ) a(At)‘iqi('ﬂ ) ..................... (2:24)

CCT, At ‘iﬁﬁﬂx;—‘y jéib L’ q.i{n}7q.z'{n}7' v ’qi(k){n} ‘i, {‘ﬂ%ﬂ, q;{n}
D 1,2,---, k ORI 2KHT.
n+1 X7y 7OEERITTHL,

Y By R (2:25)
FELE v, 2meT, £(223) HLO F IciAL, KR

y, ) oy 0t b%(At)z (jmz. _ ,;’z.{”“}) .................. (2:26)
TEETS. CoT, FaFaLe v 2meTEE LR B oits o,

F; = F; (}71{”+1},}72{n+1}’ . Y~N{n+1}) .................... (2:27)
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ThH5. K (2:25) TEDLINS bDETFHF (predictor), H (2:26) TERDINS
b D EAEIET (corrector) &3, B i3,

(11111

012 3 4
B = 0 0 1 3 6 | crvrereremenaniiniiniiiiiiiiaaienn, (2-28)
0 001 4
K 0 0001
ThHY, BEFRZ7 Vb,
T
b= (11%, %’ 1, %, 115) ..................................... (2-29)

DEIHicELhD. K (224) PITITMEEL EOBROBEREHS (¢, g,
REDE) Hbh Y, YEHZZHSOEOFTIHEERET S 2 SiZHE -+
9. ZITEBOHETIIKRD XSRS ML XM iionTEZ 3.

Ly 1 v {n
x;in = (q;{"}, atg; ™, S (an’g;t,

1 . fne1} 1 - tnegy\T
-2-(At)2q,-{ 1} E(At)l)qi{ 2}> ...................... (2-30)
VALE NI GO IN &
_ )} i in 1. ¢,
q,; "1 =g, " — g, M A+ 5‘11'{ }(At)2 ........................ (2-31)
qi{n—2} = qi{n} _ 2q’,~{"}At + 21}',-{"}(At)2 ........................ (2-32)




28 WM RTEGRETNEGTFRNFSE
FEICLT, B & bioisd 54751 A &a i3,

(1118 5 1)
B
A= TBT'"1 —_ 0 0 3 —=3 1 | -crevemmmmnennnianaans, (235)
001 0 0
00 0 1 0 }
19 3 T
a=Th= (120, e 1, 0, 0) ................................. (2-36)
EIRY, BRI TFAFEBEFOTIVIY XA,
X,-{HH} =AX; M (2-37)
X {nt1} = Xi{”*‘l} + a%(At)z (jrz. — é}{"‘”}) ................. (2-38)
ZCZT,
F,=F; (Xl{"+1},)f2{"+1}, e X~N{"+l}) ................... (2-39)
THZoh5.

K (2-25) ExX(2:26) BB id, K (2:37) £ (2:38) FHV B HEEE Gear DA
&I,

23 BRFRIEFOT L

SFENFEY I aV—Y a VIZBOLTHTFE, BEFEiciEicod hzEnLHic
ERBDRICONABERMETSH 5. FFHORT V¥ v VERET IR TR
Fa7s FOBHNIRE - TLED. RF Uy v AR ED LD ITRET 20T, ek
NETHBRBRHARET S EERABICAENTSH S, ZOFHTIE, YIalb—
ValTELHAVLLWERT VY v VOER, K72y vV ONEHYE, ¥4
BOBFTROWART VY v, 01T, BF VY » )b oEIN B8 1R
HHEICOWTHNB.
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2:3-1 AFEHEECHUVULAZIEFC+IL

B Ch~Ic & i, BF BhodARRT ¥ v/ VOZER I SHcL UTE
BXND RFUovybE LT, EDOLDIURADDONEYTH BN DNTH,
AT O BTG U TRE LTRSS 0D, ChETICALSONTETNSE
D FRELTR, HI8RE, HHROEELUCHEEEZANT, BHOFNEL
EOERT—FE2BEINRTA—FDT 49T 4 VT EATEI kL, F—FEN
KETH¥HEOERMORDBFHBIIKITES. CHhET, WEOHENES
ANSIhTETED, COMRBICBLTIE, b-iIIoHBFICBT 2 HEZANS.
172U, BETIALEOSBHAFOICERBEOFETRT V¥ v VERETHHA
ZLBENB LI TS,

Lennard-Jones R 7 > ¥ %)V (L] RF > ¥ #J)V), Born-Mayer K5 ¥ + /b,
Morse 7 V¥ vV, EBIZEISAWSHAHMNRT VY »IVTHB. ZDIF
M, AT =Y THPROUDEN) ETRARDH S Y 7 +aTHRT Y vV
HEPANONEHEDHS.

Zhold, 2@T2HRF VY »IVTH B, BB X S 2 IEMDRRY AL
SERETHHANE, BT LOMD ORI S, —F, Ak, EFROME
ERRETREIKFET 2E2ENTHY, EAREBRBAENICSHNZLELT
5. 2B ART Yy VORREBHRRT VY p VT OOTRBEAT S, K, VY
I LODEE, BEEAEEZRLUIIKET VY wIVBRL LI 5.

KTV »VICEELVOHEELT, EBROMHOREZHRTE S LOIEN
IZ, RIA—FORENHHIZE, WABIPHSLZEHEETHS. —AT, €
FNRT Vv ¥ VTHEON B FRNLETREEZEZT, BT /Yy VORENED
LI ICEMRNEEICED > TOEONERNS Z EMTEbI 5.

2EMEEART V¥ » VBB —RICTEEEROWEISKD SN S, £ DBEE,
HEER, BRTFEZSLHETILIICRDOoNSE. ISICEKETYEFEEEHER
THIEEERTDHAITE, EHE BREIXILVF, FEFEAOERIRIVFR
EOMBOERNFHDO WL D0 EFRTE S X IKRESII S,

84 BISBRBHPHTTHE, Johnson BT V¥ v VEBKRRT ¥ ¥ IVTH B FS
RFE V2 VEROVS. UTTHE, CThoDRTF VY v VO BEKNIETE S458UZD
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WTHRS.

Johnson KF v+

ﬁi%ﬂ2¢£%y9+wf§0,aﬁﬁﬂbf%%éhtkmmmﬁ%yvv
NWaRd @), Zhid, BEFRES r OKTED 3 KA,

¢(7-) —_ _a1(2.6166387r — a2)3 .+. A3T — Qg =+ rrorrerenossnacnannns (2.40)

ZEZ, WALl iEE SEEEEERICDIIT, ZhoEEHohIIi
WEEEEBRRORT )V TH5H. £ 2112 A (240) ORPOMWEERT. T
T, 1 i3RT VP IVOEREDOME Ro(= 2.6166387A = 2.6166387x 107 m) T,
¢ (1) BART V¥ » VOBERBOMHXHE (= 0.25163806eV = 4.031719384 x 10~20J)
TRETULEN TS,

% 2.1 ORBOMBIEFITEZ D, FEROLFENFEOBRICK, HEEAR
KTV e VEOLCDDEHELZOMELZOT/NILRESMEINSZ L5E
ZBE, CNODOFEESRDONTOABMET VB TAI LIITERD. K22
KEFRERT VY vl ¢, B2:312 ¢ O r T2 HBEI SR SN FEFHEE
YERNERT. BAETHE, KBITRUK Ry, ¢ ERETFRIMEEBIORKM Frax
%, €hTh, R, TXIF, HOEKTALDIHOEE LTHNEIEND S,

BHRF v

2HRFLULIDRR RFUY U 2BEFBRT VY vy VOB TED
N3 ETAEEEAOELE BN CETIVTIE,

1. HHEEPOMIC Cauchy DBIME (Crz = Cag) RV IL->TLE HC). B
Z OBFRIIEAL L2, Cauchy DFES (Cyp ~ C44)/2 MREON S &
LTlidlidmzohs.

2. BFEARKIANVFRRELRINFEE L. T&BIT, FETFEAERIR
WFIBEIRINFOELZ 1/3TH3B.

REDFERANEL, JVOELUEDOEWRT VY v VEENS.
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%% 2.1 Johnson BF ¥ ¥ VODRE

ai as as aq

0.7261224 < r < 0.9172073 | 8.7267265 3.09791  28.1179634 29.552166
0.9172073 < r < 1.1465091 | 2.5402761 3.115829 4.969104 6.2851
1.1465091 £ r < 1.3147 44311084 3.066403 4.8549901  6.151563

2 I T I T
W
.
< Lt B
3
e
a
g
8
Ay
g 0
g
&
o
3
= L ]
-1
. | , ) ,
?().8 1 1.2 14
Iuteratomic Distance r/Ry
K 2-2 Johnson BF ¥ ¥V
g 2 v T ¥ T
&
—
fx /\
o 0 -
=4
I 4
[
£l _
ot
£
&
94 -
g
S )
r
[ ]
= 6 ]
F6T
B " 1 A 1 "
&8 1 1.2 1.4

Interatomic Distance v/ Ry

X 2-3 Johmnson RF ¥ IV oEIN SR FRMEEIER T
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N -body HOMA Boli, 2R T ¥ v VDKL DI, RENITFANETFS
WREBEZZ, TOPICEDAENETFIESHAANELT, EFHOHEERER
flid % (BEPHAHFEF; Embedded Atom Method; EAM) Z &SRB 601 B, K
DBEDORVAT V¥ v VIBRINTNS.

ZDREMILHDIZ, Finnis & Sinclair®), Fzid, Daw & Baskes) @)z &
D, BRINLBHAET VY v UbH Y, ZORARILKIONT, BT, RE
Mottt 74/ VR, REHT SOEA SBRIRIENI SN TS, U
T, SORTFVY ¥ IVERNT, KFEEOH (hydrogen embrittlement) N5, BEE
¥#ME (fracture properties), FKifl (surface, Xl =R IVF L), ZZfl (vacancy),
BRI F (interstitial atom) , HLFRHEHE (grain boundary structure) , A& D5
(segregation phenomena in alloys), 7%/ > Z“XZ7 ;U (phonon spectra), Kk
I8 (liquid metals), ¥&fiL (dislocations), ¥ZfL{RIX (dislocation propagation), #xfil
ERF DI EAER (interaction between lattice dislocations and grain boundaries),
A& (properties of alloys), 75 X% (cluster) 7 EIZDWT, MD H 5 i,
MC ZROWISEREEN, BES, BIRBOY I ab—YaViITHVLNS &
T > TNBE20), fiiHER, BEFOEXFELEST FS(Finnis-Sinclair) R 7 >
¥ ¥V, %X EAM(Embedded Atom Method) RT > ¥ ¥ IV EFEEN TS5,
F 2P E B (Effective Medium Theory; EMT)(27)(28)(29) DOV ADHTOERR
EEZBEHE—MICHEBINE BDTHS. EAM Tid, @R7T V¥ bR IVF
PROEDIZ, 247H dp EBK(N-Body) HH &y OMTERDLINS EEZ .

D = PBp 4 By cocrre (2-41)
1 N N )
Op = 5 Z Z Bi) cvveree (2-42)
J#
N
by = — Zf(pi) ............................................... (2-43)
i=1
N
pi = Zp(qm) .................................................. (2.44)
i=1 :
J#

ZZT, qi; = Iqijl, 9;=49; —4;. Cﬂé@ﬁ@%ﬂﬂg%ﬁ%li,
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FSEFovvl p SELOBPOFATHY, p; i3 tight-binding EERIT K
BZRBEBREING. ZOEE oy NNV FIXNFEERDL 0p &, HH
HEERERDT.

EAM p; i3, £FE T j S DETFEEOHFES p(q;;) ORIEMERESDLEICK
24+ i CTORMETEETHS. —flp) &, B—EUELTEFE
BEop YA b i ICEFAEDCEDICHBERIRIVFTHS. B p 13
Hartree-Fock OFFEN S/ ONS. Op REMO 2 KBHEERARRIZL S
HTH5.

LIERENG. 51T, FSHET VY v)VE EAM 2K5I9 2 EFhiE, BEVET
TFWEERREL S LI U THBOBABIEMICRE LT 3D LT, il
BB TE A KIMELBTRELLI ELTNEILETHS. TH5ORNF
KEEhIBBOEE LU NTA—F %, BTFEY - BHEEH - BEXLVF - FH
TFEAFERIRNF, ZLT, BRILE-T, BERWIX/IVF -FCCH-BCCH
DIXNVFOEILEN, RBHRE-HT S LI UTRESNBEHIRESH
5. COXIICHDI0BRAY I V- FNTERRPLD IS A—F7T D AR
B3I LR, EREHETEERARIO EREMICERTWEIIEDbhS. L
PUENS, COXIICULTHBREINEBHRAT VY vV, EUMHICEEEF
BRIEOZEZEMY ANIIELEL >TEY, KFORICEEERATESHICRT
v RVED b, I/ 0EROBREICHLTRENENEEZISNS. LT,
ZOLTHBAZINBREZEKRT VY y VD E S —D2DH SN, 2HRT VY v VD
B7NVTYXLEFEALEZSIERL TSI VITEBEIETHS. Th
i3, ZHRT UV Y IVEROICEEOEFICIRIZS S D,

oo
Fi= " oq;

_ (9%~  0%p

- ( dg; 9q; )
N ..

= - Z{¢/(qij) — (f'(ps) + f,(Pj))p,(Qij)}%;— ................. (245)
Jj=1 %
J#i

DEIHETEZIEMSDDS. 22T, flp)=df/dp TH5.



34 %28 RFESGHEETNESTFENFE
FSEF o v LOEF FBA4ZEOBITHIOASFS BF ¥ v VOERHITER
2R FS KT Uy v )b Tk, HHABEE f(p) 13,

f(p) = \/ﬁ ...................................................... (2-46)

DEIITEFFBOEIZESNS. FLAETHE, a-FelCuAWBELILZYIaL—
Val %iT1i9. BCCEBTH S o -Fe izt UTiE, Finnis & Sinclair(®) 12k -
THEZ Shi-BEIEi,

2f(r _ A\2 _ N3
p(r) = { A {(T d) +ﬂ(’l‘ d) /d}, red (2.47)
07 r> d
— )%(e 2y,
#(r) = { (r—e)cot+earter?), rse e (2-48)
0, r>c
ZZT,

B =18, d=35697454, A = 1.828905eV,
c=34A, c¢o = 1.2371147, ¢; = —0.3592185, c¢; = —0.0385607

T, ChoOEEITIRBRERESI LOIBIEN T3, —F, FCCERBIzHLT
i3, Ackland 5G9z &k 5T,

2
p(r) = Z Ar(Ry — 7‘)3H(Rk - r) ............................... (2-49)
k=1
(r) = Z ap(rk — PP H(PE = 1) coveereen e (2-50)
k=1

TELOT I EBERRINTINS. ZIT,
Rl > R2’ rl > 7‘2 > T3 > 7-4 > rr5 > TE rccrccrrecseeatenas (2.51)

THY, H(z) i Heaviside DX T v 7B (z < 0 TH(R&) =0, z>0T
H(z) = 1) TH5. Cult LTI,
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Ry = 1.2247449, R, = 1.0000000, A; = 9.806694, A, = 16.774638,
7 = 1.2247449, 7o = 1.1547054, 13 = 1.1180065,

4 = 1.0000000, 75 = 0.8660254, r¢ = 0.7071068,

a; = 29.059214, ay = —140.05681, a3 = 130.07331,

a4 = —17.48135, a5 = 31.82546,  ag = 71.58749,

EINTWNAD. ZZT, BX Ry, r DHANLIZ a =3615 A THY, ¢ & p DFEH
i, TXRIVFOHAN eV EHBLIITES>TINS.

2-32 MHEREEHORK

HYEER C*P 1, RF UV v HRD X HITHRD Hh 5 23)(28)(31)(32),

¥ i OEMIETIIE qp DOOEMNY MV u; = q; —qy; ET 5. —BE
EOBEIIONT, ABIILF & 2VFH o = 9u) /0¢5; TEMTSHE (ZC
T, uf = ge™),

® =00 PP 4 %caﬂvﬁeaﬁevs .............................. (2:52)

LT BFa, B, 1 TUUNBIURY MVOBESERDT. K (241)~(2-44)
DEERRT ¥ vy VOBEODBBERT &,

1
QO = ﬁ _f(p) + = Z ¢2] ................................... (2.53)
J#
Ccoh — % (Daﬁ - f'(,;)Gaﬁ) .................................... (2-54)
CoPvs _ % (Baﬁ75 — fl(pyWebrs _ f”(p)GaﬂGW) .............. (255)

ST QR EFELDOKBTHY, 5 it EMBFERCETYS BB o
DIETHB. Fie, ['(p) = d2f/dp? &,

Daﬁ_ ZZ¢I qi; Qz]ﬂ’ Ga'@_zz ’ ‘Izj ql]

1_.1 i=1 i=1 j=1
i ik
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N N
Bwha_12223(¢4_f§)mﬁ%ﬂmﬂmﬁ
T 2«4 K

s %ij gij?
i#i
N N ! Loy B Vg, 8
s _ pz] Q5 Qi Q5 Qg
Wbt = ZZ (pilj - —) g2
i=1 j=1 i %ij
i#i
' d¢ d?¢
= . r_ n _ 49
¢i; = ¢(4i;), @i = ey’ UHES 2
Y T=qij
dp d%p
bij = p(aij), P:'j = ar e Pi’g =12
Y T=0ij

TH5. TOLIITLT, BUEHEKDEZLENTES.
—7, BERAIEIOERRR, BEUMIIKOLIITEZL LI ENTES. B
i TOEAT VIV ris %,

neibours o B

7P = 59 3 V(@) IR (2-56)
i=1

1

J#
T3 5. Vg i, BHRFT w0, a5 &, BEFENZ RV q;; D a F5T
HY, TITHWE, Finnis-Sinclair R7 V¥ $ VT, Ver(qij) 18 RRATEHEZ
Hh5.
‘/t:ﬂ(qij) = ¢(ng) — 2f/(pz)p(q”) ................................. (257)

Zho, HHEHESIOERNDL, FEREI SO —RERIIH LT, B
WISZEZ NS RKDIHbDTH .

5T, —RIICIE, E?@ﬁh@%‘ﬁ‘ﬁ&ﬁ&@ﬁﬁ%%ﬁﬁiﬁﬁﬂﬂl:ﬁ/\?‘é
LIk DB ohBERRE),

1 neibours ¢ q.B
{
'riaﬁ = — —mivf‘vz.ﬁ + = Z Ve/ff(Qij) ]“’-7 .................. (2-58)
Q 2 i qi;
J#i

TRENB X, BREI DS,

Irving & Kirkwood CY R U7z & 512, Gibbs DIHZERINHRBIRE 0 THBYL
L7 ERICH UT Liouville D FBRICL Y EHBHEHFUMEZEEIT I ENSH
RRTERIE SN S. 72, Iving & Kirkwood &, 7 Y TIVOERTOFE
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BftiA NT, SRR R 7R & BN ESAEROFEEEERUMNIT S Z
L& 5T, Liouwville DFBERNS, I EPHENZOEBHEALHED
EMTEBIEERLTNA.

2-3-3 EROBH¥HLEN
Najafabadi & Kalonji 5G9z, #5723 v UAHMET R ERIEROKAEL LT,

1. REVRFHEELHBTES.
2. BFEREREITHATES.

DEABY, BRINTOAIFIFARTF UV ININSOERELRKEL
TOBINEINEHARTNES. CHoDEEEABRTINEIDERRDL ZEW,
Milstein, Hill, Thompson 72 EIX & » TITRON TV BT OBIIFNEEE%E
B HHEEOYE) LN G I EITIENE ST £ I Tid, Born OFEHEL LTHI
SHBBFENRBNSNTINS. MD ICEATERT V¥ v VN OFEMEEWIT
EI3iL, MFRHVFHOREEBRL D 20E ) MIBb > T 3.

B 24 HRGILTTRE & DBAET

AAFMA SN EZ EICL > TH-IIERTAAAERICENT, AT RIVF
BB F 2R T 5 6 DOMVEM (BRTFES; K 24) TRETE 3. T1ibb,



38 H2¥ RTIREHETINESTERNFiEL
U(al’a2,...’a6) = U({az}) ..................................... (2.59)

CCTHRRT VY p VIRV FEZBLTNDY, BHENHETE, A7y vl
IXNVFRELIRNFE—HTS. RE {a;} THENHEVRBIZH 2ERIC
mzont AT L TRSEROEIRIVFRIB/MIESBITHAER S0, b
NABE, 6 DDES {a;} THREINIEGREILETHEVRBICHSET S
&, R {a;} DOFIDEBDIRRE {0/} IT105 LS ITVBELEIRNVFHERIIIET
KIS, COZRVFHEBRIIRNE {0} & {d)} OHORT V¥ vl
FNVFOEIMYBENIERIC IV BINIHATEMA I HOTH 5.

REE {a} & {a;} DHEORIBAET > ¥ » VTR IVF D2 Taylor BT, K
@ﬁ@ﬁmmiﬁuibéné

U({a}}) = U({a:}) +Z aa, _(ei—a)
6 6 2 '
41 ZZ ai;/;l] { }( — )0 = @) A e e (2:60)

122U, B di - a; NSV OTEHROMSTARERTES L LTS, K (260)
DOF2BHIMOBETNIERICIOBEINIHABTTHS. LA ->TEIHIPED
BARGIRNVFHERNEILNLS. ZIZT,

L= U (2:61)
T PP :
0a;0a; (a5)
ou
= e T (2-62)

EHL. K (2-60) D_EFMIFIMTIIK |B;| NETIEDHEINIHERDL o! - a;
KX LUTEEES. CHIZHEEERITIINEDERS (positive definite) TH 5B &
THDERBRIEEETHS.

X (2:60) FHXHELT,
U({ai}) = U{a:}) + 2_: Fi(a; — a:)
6 6
+;ZZBH(“ — @) (@ = @) e (2-63)
i=1j=1

CORE, o THSTHE, B ULREOMENS F i,
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p o OU

{ai}
E1B. U RRBICE->TRESRILEDT,

Lz » T,

6
EIZE_*—EBU(G';_GJ) (i:1,2,"',6) .....

i=1

ZUT, o HFRNCHEBAMMERL, as =05 =ag=7/2,

REINZHBAITE, B REROL S ICBHEh 3.

By B2 Bz O 0 0

By By, Bys O 0

0
Byg Bz Byy; 0 0 0
[Bij] = :
0 0 0 By O 0

0 0 0 0 Bss

[=]

0 0 0 0 0 Bss
REEG [Bij) DEOEFFICIEEIETHEHNS,

Bss >0, By >0, B >0,

B}, — B3 >0, Bu(By;+ Bas)— 2B, >0

.....

1 6
=Fit+3 > (Bij(a§ — a;) + Bji(a; — aj)) """" (2-64)
=1

ag = as MRizhb &

IO S DEHE, 2EPOHDADRE, ROFHLEEMTHS.

B2 >0, By3>0, By;— Byz>0,
Bi11(B32 + By3) — 2B}, > 0

...........

K (2:68) BT REHD 12D D Born OBE+5%H LS. Najafabadi &
Kalonji iZRF ¥ ¥ » VT FIVFDR 2 RETFEART v ¥ » N X 5 MOHE E b
OEERERT V¥ v VOEOMTRbINEEL, TOHEICDWT Born D%
HAEBNTOS. E5IC, I THAHERET Lennard-Jones K7 V¥ # V%LU
HETEHEREBORT VY ¥IVITERA LTS, KT ¥ v VOHIZIE, BTFEED
HBICHBRICANONIEN S RE(RUSHOP, KEURKAMEEZLED L
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RTELVHONHY, ZHHOHICREEREREMAS Z ETREILLSZHD
bHHLOWMENLINTS. HORT Y ¥IVE LTI, Johnson KTV ¥
V& Morse RT 2 ¥ » JUIZDWTEANGN, & IO HE TROEETHET
EHIERBEEICHLTOE I EARINTINS.

AFRFORTF O+ AR 2 BEERATRDOINDBES BHAUBRFOEEDE
F j ORBRZ PV r; i3,

1 3
’I'J' = 1'[11213 = Ethazaz ........................................ (2.70)
=1

TEbENS. JIT, a; BIEE o OBITHTHERFRZ PV THS. | i
BYTBCCHMDEAT I, BETHYF LRIETHEE (FCC oH4ITiE
h+lh+0 3B IRsEdcEohns £2LT,
13.3
7'2 = (1'111213)2 = Z ZZ lilja,'aj(ai . aj)
=1 j=1
= %(lfa% + l%a% + l§a§ + 2lyl3a9a3 cos ag + 2l3l1a3a; cos as

+2lll2ala2 COSGG) ........................ EEERE R R (271)
HARFORT ¥ v VZXIVF U i

U= %n 2,2205(7"1112!3) ...................................... (272)

h L I3

ZIT, n BHEMSTIEEhIETMTHS. U/da;, 0°U[da;da; i, BT
BRT VY vil ¢ DOBEBIEINBR 06/0r2, 02¢/0(r2)? £RNT, RO
SicFbEhs.

oUu 1 od(r) or? -

B = 2”222 30r0) e e (2-73)

Ih b 13

U 1 ¢(r) a(r?) o(r?)  9g(r) 9*(r?)
8a;0a; EZZZ a(r?)?  da; da;j + a(r?) da;0a; e (274)

Ih b I3

JFFRBERED 2 RERTFEROBEK, K (270) 15, 0(r?)/8a;, 9*(r?)/da;da;
i3, RO (2:75)~(2-80) THZ 5 3.
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or? 1
(—9—2—1 = —2-(l%a1 + lilyag cosag + lilzazcosag) «orecvreiieniaeans (2-75)
2
gL — —'1;1213(1203 sin R R R R R (2 76)
a4 2
8%r? 1
37 = —l% ................................................... (2-77)
1
32 2
_é—a%- e _...12130,20,3 COS@g *rrrorrresronssvosesnseasncesenasnans (2 78)
rl
92r?
— = Sl lg COS@a +++vvvvrerieeeesonortrrnnnsnenanaecannnnnns 2.79
Jay0ay 172 €08 e (279)
5%r? 1
=Ll TN e e et e e et e e et 2.80
8a18a5 ) 1i3ag sin as ( )

DE CZTREFYY VIRV EN 2EKEFRMHEERAT Y » VORITE
bah, TOFEFERT VY »IVEFROERI T OBABRIIBEHTERDENS
BAITBWTH IENBIT 2 BAAMITR U

HEERTHEMOIRES IBHENH H4ETETIHOSRT VY + LD
9B a BAEEHT S Johnson RF V¥ » VIR LT, ZORERITOHTHE %
MA%. K 241" U72 BCC BT o BICEESEICIEAZMZ 551D
WTEZRS. BRIIE—THBEL, ay=a3, a4 = a5 = ag = 7/2 PRI B &

T5.

BB, o BT A—FELTEALE, 5 q KHUTHEEBFORT Y
VR IVIRIVF U 2B/NITBHE DK ay 2K 5. BB O BOREAE
WA ENTEETH BM, I Tid, DFP(Davidon-Fletcher-Powell) #42) % Ft>
TAT18S.

ay WRSEXNBE, RFVYSIVIRNVF U, a ICHEELEICIZSSWE F,
BT OHERE V AkD o 5. X517, Born OREHORHEEEFEDLTRD/ NS
A =%, by, by, b3, by ZKDBIENTES.

by = B, by = Bas, b3 = By — Bas,
by = B11(B2z + B2s) - 2332 ..................................... (2-81)

CNODREE oy OBFRER 25 I15FE. S S Thy, by, bs, by IKDNWTIE, HE
R AEIcd 20 TCHEEBBMATRT.
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by by b3 by

&

14

a1/ Ry

X 2-5 Johnson RF > ¥ + VDLE MM

RUCENT, AN Y 2R DI Johnson DR T > ¥ v LD EFEHEAE
FROHEH r ITOWT 1 EOFEHKETLI LD STHS.

BFEH ap IZD0TIE, a; = ag(=1.066) DERT VY ¥ VIRIF U bk
IMTTE Y, Johnson RF VY v VT FENRDEETH S Z Ehbhb.
leEZIE,

DHEERHECIABEERDLT I LIZNDD, KD ZOBEIIREITHFE LER
W ENDDS. BBV 3 o IS UTHRAYMNETRT. o FAOFIEN F I,
a1 = 117 fHETREMEELS. b 13, a1 = L1T FHETENSAIEEL B, by, bs
B URETIE, BITE b i, e =098 fHETAMSEIREL, 1174
ETHUENSAICEKELS. L ->T, RELHEHIL 0.98< a1 < 1.17 THB T
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Ebhs. Bk, AR DIKENTIR, I THRNCEERFMOFHEICEL-T
B#H5 RRMEICHT A MD Y 1 a b=V a VERERET 5.

2.34 FAREEOHTE

FOBENMNBETRE AR THIMETIE, IHEHPEREZGEE5Z 58
BIBRICEIIHREZRTALENDS. BREEIRT VY vV XIVF—
DOFERFFICEAHKR LT3, FFOFEMENL, Helmholtz D HH L X IVF 2458
EHENORDBZZENRTES. BRSO, HOEEEY Einstein DETINVTO
Helmhortz ® HHI R IVFAZEHEL, Gauss BIBF LI LT, Bk - 3
PEMDEA - BFOREWMATHL T 5. F72, Sutton(®) 913, BEESED
N-Body FS RF ¥ % VI LT, BBESRHEI LU Grineisen # v 2KDT, |
T, LIRTFUY P IVERAOTHIREEDED £ =13 i ChNROEEEZHE
UEBHBEEHB LTINS, 74/ -7+ /) VHEER G 71/ ViB8R) ) 25
BELT, BREROEL - BHEROEN LMY 5 I iR RBOIERAMELED
Ty OFMHNEETH 5.

FEFERT Y v Vid, WEOHOWARENZ I hOFHEINAIRETHAE
AMBRTHS. CITRULILESITRT VY v VORER, BROBERIHES,
ZEBFOFTOOBRINTOLA5AE, VW2 H)HETHS. Zhitl, AIW
FHEABNTETF VY »VREETFHEIIF I = PV XATFLORENRETH S,
DFE SRR EBFROFELEE UERBRNDFRINFEAERAT S Z &I
£5T, HRET VY U TR RO LLADERLER S RO D &
WDHBBIZIZ A DS, BAEORBRNRT VY vy VEZDO I I HFERICBEE®RI S &
WKLo TEOEER Y I aV—Y a VERALEIN S 2 EHFEINS.

24 ¥

AETH, BAETERTIIROGTFENFEY I 2V~ a v OIDDOERR
FBRE BRI FEICOWLTHlRNT. £, KETBRT V¥ v S@EITHY
ISBIN BB IIFNIFHIC OV THRU S EEBIT, Johnson RF V¥ ¥ VO#H
FRREMOFMEITLOBCCHBETEETHH I EARLI.
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AETIE, JIREEEOEBRET IV AR D BN ONTRRS.

Y B 4EOFTFHNFEITCE N TRTFETFIVOBEREMSE UTRAT 5 X
WAHMOENISE, X517, BHIEREORIFICAVBIEIBICONTHE~E. £~
FI, II, I OIS LT, &ERBEAICE S REMEZR LU IGREHEHFICR
SEMERATRT. i, T FISRCHLT, SRBRRCESCBIRERL
PAREI DU CR BT 3 DO & LT, MNERAIRERIHT AT 5.

BT, R REPERICIES BT OBE S HHIIC DL TR~ 3.

SBHERKITXE XU —VONEHBIELE LTS, SRR SR P
PLOWMBD & 5 oHERR, BERNTEREELECEb-> TS, T L) AHHE
s A AT 2RO BERNE N ENEBORIN, A%, HFENRVROEERIC
43 fetkEEsih s R L TERML I BB FEREAVLTITEDOh S,
C OB, HESERE T, BMRAEENTHIBYET - KX — VT OME
KRS O R — £ & 4« X 3 LB, Mo FElsBTRE
TEBEEZDENIBRAERES. LN -T, ZIICRMEmgE:s oL
RIVTELABEDH, FhEEDIHILT oA TERNBOBBICREIE SN
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TORPHROGBIAEE A BEITEUMNIT 2 2 S RSB EERNTTE VO
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IKThid, RERPOBEEISEHLATNABRREY, EEHNAL EDREIIARS
HEND, LOEBENTYERNZIOLS BROAR, HRN-ERNEEDORDY
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32 EREIEDBRHEMER
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AT, BAETHEFEAKETIVCELS MD SHEOBREM (MIHI%E) &
LTHWAENE, FFETIVEERERETNVOHBIZAN SIS ON TR B,

3-2.1 EFHEHHEMEESOXRLHEDBFREHE

JEHTERARH,
_ K _Kn _ Km
ky = Nt kg = T Bam o e (3-1)

OANDEFEINICER (K 3-1) DXRIGEBDIES (04,0y,02, Tyzy Toz, Tey) EBHL
(u,v,w) & Sih SIZ KB EREHBEEZEBOZBIFO O NS RO XS ITKDSH
T 3. |
BIEBEARD IE 1 O9 A B% & 2 DFRIfR %,
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K31 SRERORATEER &GRS DEE
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g, = E a;;05
i=1
6
g, = E Ci;E;
j=1

ETAB. aiy, e BEBMTIITHY, i,j=1,2,---,6 T, zz— 1, yy — 2, 2z —
3, yz — 4, zz — 5, xy — 6 DX I T Voigt DEEEFTHDL LT 5.
SEmME (- N1, €— FII &%) 0iB4,

aij — 283 (plane strain)
bij = ass
aij (plane stress) .......................... (3.3)
(4,7 = 1,2,6)
ZRBICE ORI ELS,
b11[l4 — 2b16/t3 + (2b12 + b66)p,2 —2bggp 4 gy =0 cveeieiiiinn (3-4)

i1, 7, A DOERBAB O EDIHOSNT S, ThoDB%, p =, b1, B2, 2
ETB. XL, NFTA—T pj,q(=1,2) %,



50 $3E  SREESOMEKETIICE B DR

P = br1p? + b1y — bieps;

po [T (3.5)
g; = biapj + —= — bye
K
D& ICHATEE, - FIXBOBE, K EEME,
_ - 3
o = k1 g | _H1k ( 2 3 K1 )
T TV2r Ly —pg \\JcosO + pysind  +/cos@ + pysin /]
a:klék- 1 ( M 3 P2 )'}
YT V2r L — pg \\cosO+ pasind  /cos @+ pysin /|
, ___kl%-ullﬁ ( 1 _ 1 )
HV2r Llp = p2 \Vcos@ F pysind  \fcos@ + uysind/] )
.................................... (3-6)
u:klx/ﬂm[ 1 (plpgx/cos0+u2sin0
o~ B2
—tap1+/cos @ + g sin 0)] |
R L (3.7)

v:kn/_z_fék[ ! (ulqu/cosﬂ-i-uz sin 4

M1 — K2

—p2q1v/cos 8 + pq sin 0)]

ZIT, R(z) RERY  0FREERDLT. TP EROBE, BHBLL, &
fii, |

oo k2 gl 1 ( I B i )

T V2 Ly — gz \VecosO + pysin@  y/cosO + pysinf/ |
O'y _ k2 m- 1 ( 1 _ 1 )- \
V2r Lpr — pa \\cosO + pugsind  /cosf + ppsin 8/ |

o= ko %' 1 ( M B )
V2r Lpy — po \\/cos@ + pysin@  /cosO + uysind/ | J
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H1— M2

—p11/cos 6 + py sin 9)]
v:kzﬁﬂ?[ ! (q2\/c050+u2 sin 0
H1 — M2

—q1v/cos 8 + pq sin 0)]
mAE AR (£— F D) MEOHAR, fFEFER,

u:kgx/ﬁéﬁ[ ! (p2 vecos@ + posind

Caafi® + 2¢45p0 4 €55 =0 verriiiii e (3-10)

DfF s, iz ZHNT,

N k3 ER[ K3 ]
¥ V2r Lvcos@+pssindl \ (3-11)
Tyz= ks %[ ! ]
V¥ V2r |y/cos@+ pasind
_ V/cos B + pgsin 9]
w = k3\/2_1-§n[ vyl IRELRA (3-12)
DEHITERbEINS.
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REAETRL, HxOHSEN 2RI BEITE, Y2 &t 2RT

T, SHUAEELUETEETIE, N34 IR USRAREHED « #iE
OHEOT A, SHAEMOHAOHMELBE LGS, V2 OREREE
L, B QESER 21| BEITE, BWET L, EwmdbodL#NI LA
T 112 OERIEEE LTS Z ERDIG.

10 3¢

up # ug # uy
v1 # vg F U4

r~—1/2 =1 Singularity

A U= U= Uy

Equivalent Strain e¢q
,—l
o

§U1=08=U4

[ 7~1/2 Singularity

10.% T 8 6 4 2 0
10 10 10 10 10 10

Distance from Crack-tip r m

B934 ZREWD z #h ALV T A

i, BHETSEFRMTRMEOEZNEL, SWEOR B RO IRLD
ST, MERDEX KT ST EERALIE, MD SHEOMMIRYE L SR
FHERET DT, ERORANICLIRAEEERLTHITL, SREWIE

DEALIZE KD,



54 3B IHEEBBOBGKETIIICEEIMOEN
33 HRBMmI-IEI(ERL

3-3-1 MBI
HRREZERL 8RS G0EHRRX

HRAICELZBROEELMRERORRIE, MHORSBEICL > TRE 24
EORRFNTE (FROME), HH(TROHH) KR->TELETROVERTSH
3. TNYOEETROFHOMAEET S E—DDTRORIEL 5. —c, —
DOFERFITIIN L DO DEMIL TN ROFET S.
BRINEISHEZITIcEE, TTL>THELS, TROEITHRITROE
DR AMISH RS TH 5 HEE AN S B HICET S E, TOT~ORITT
~NYEBHET B EER D, TDEEOHBEAMIES DA BT ARISS SRR,
COMIE, TRORKCESTETHBEELS. B35 ICRT LI, Wl A,
FIEEA R ETROTOHREHH, BIOTNOAREDNTAEZNEN ¢ A &
THEE, WHIES F ST 35BS AN r RKRTHETE 3.

F
T = Z cos¢cosA ............................................... (3.13)

cos pcos A {¥ Schmid HFEWFEH, SEEAMIGHARETI2HFTH 5.
Asaro, Needleman 5®)(3)}3, B8 AOBERRLEFETICH—DFTRYZRD
TEBNICST T BIRD & 5 EFFEH / IFNEREN SBE LT 5.

K1 RdFOTXOEICIH ) EAM (TXY)RIC L > THEL 5 8HEE.
K 2 #aBTORE LRI L » THU S HERKTE.

B—HPREE AL U TS EZ XL oN S BREGED, UFH, ISANEIC0
TH5H L) RERREN SHREBICWBHT, B F 2%1I71ET5. 2LT,
Fid &1, KE2ICHETIRVICHHTEST (ENTh, BRFEp, *» TED
TE), BRIIENRDIIICHETESETSH. §ibb,

EERDLAINDEEZS. H36IIRT LI, FPRERTDIZEEZHD, F*
RSB TOWNRALEERIZESHDTHS.
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R (3-14) 2B TRMUS LREEZEZZENS, HEISETVVVILRE, K

DEIHickb 5.
l=d4+w=FF'=FF-14 F*F'Fr-1p~1 ............... (315)

ALy Frrd & REVTFUVINVw ETNENFEEYE, BHBSIIHTT,

d=d*+d°

w = w* + w? }
EBL L,

d* +w* = F*F*_l

d? + wP = F*F°FP1p*1 }
AR Y 3L,

T, BROTRYOHFARY bk s, TROEERNT MvExm &35, F
ROER (FPICLRER L) ZLEUTH, EEADTRYEITH > THHHITET
MROBEAEZ T NIGEROFE TR, EREMNEEMTHSDT, PHALD
Ric& iz, 0@, TR FHRBEMALIENDOT, s, m BRALANHE
T5. R(314)1F, BRERBORKRKIC, TIEE FP 3, DT, F* BEUHE
B, B F 22OBRBICH5EHWRL, BRED, s, m &£ s, m* EX

RT5.
T, —2D0FTRDF a ITD20T,

E1B. o TROZOVAMOTAEESE () ET5E,

IP=dP 4+ wP = Z:y(a)s*(a) @m* ), (3-19)
(o)
EIT, 7Y@ @m*®) OuFRES (Schmid BF) PO &, RHREBS
w) %,
Pl = %(s*(a) ® m*@ 4 §2(2) @ mx(@))
w— %(s*(a) ® m*®) — s*(2) @ m*())

DEIICH/ATHE,
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dr = Z P@)5()

(@) e (3-21)
w? = Z W(a):y(a)

(o)

DEIICEKBRTHENTEAS.

e O OB ERBRALERD L 5 ITES.
% = 101* +Ttrd*=Ld oo (3.22)
CoT T o1t BFOEEICMET S Kirchhoff 5HOREERETS D, L 1%
WML UL TH S, BFOEEICET S Cauchy iEHOREEEE T 12,

B, R (321), trd? =072 &%, R (322), (323)IKHAL, d°, d° ZHE
Thif, ZEMDH 3 Kirchhoff 5 DI EHEHEIZDONT,

o

T =T +Ttrd = Ld — ER(“)’Y("‘) ............................ (325)
(o) ‘

PBOoNE. ZIT, RW i,

RO =LP@® £ B (3-26)
EL, B i,

BE) = WOT L TW® i T (3:27)
45
VT AEEEKFBOER

TR, BEAEZBROHSICHEEEVOTHEETRET S HDERL
A1, R (3:25) IKBbh 39 2 d TERTEZ LEER 3.
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UDTFHBREREREERTEXZERMWIZHANE. ZoBE0OERLTIEA
(3-19) IKHbN 5 4@ &, K2 DFTRYRIZBT ZBEDMRELAMIGSE LUH
EONTBEIRE L TREINANNGA—FIZL > THRE 5.

Schmid DEEAMIES (@) 13,

(o) = s*(a)(Tm*(a)) =tr(POIT) oo (3-28)

ThBH. XT, TROFAEEDTAY P @ 13, EEBTIEHATNTEL
U, %72, m@® BEREOTYECEET, ZOKRE T HOEEICHL
PILTHINT 5 &£ BE, TXYFABMLRS MVOBEERSE ) &, 4~
D EBRAERAR Y FVOBRELE m @ 1, RO ICEETES.

P G (d* +w*)3*(a)

m=® = @ (d* 4 w*) + m*@ trd* }

K (3-28) OFefMA £ LD, K (3-23), (3-29) LELHN S L,

@) = (@ g(e) 4 (@ pg(e) | (@) g(e)
= m(® (101 +Ttrd* — d*T + Td*) s@ (3-30)

K (3-22) #RAL, &5i1zRK (320), (3:26) T R 2¥AT 3 &,

o) = r(ROd)

= tr(R®d) — Z tr(REOPENYB) o (3-31)
(8)

—7F, BANEE (@) [Ixfd A2EBELT, Pan, Rice 5ONZL->THOSH
fo =R,

(@)
((a) _ a(e) [T
rose (g“”)

ZFRATH. T B ¢ HBREDEROVTABLKBAFESIZRTH
D, ROEIHICHFBIZTRODE v OFNEEL THSE EEZZ B,

19
m

(@
pe)
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g OB ERIZRDLINHDEELSNS. THbD, b LEAEEREZE

LT, $N0% o KBITBHAMRER 0 THBES, 700 = g@(y) dzD
TROZRTOERE, — v BREEEKT 2. @ 3, ThiTiEd 258 ANEE
THY, m iTHEREERT REMIAHEEER m—0 & LBROGE
NS I S

BRARETOIREE (v = 0) ICE1T B g D%, SZ Tl &L, ¢ OREHERE

g = Zhaﬁl")’(ﬁ” ............................................. (3-35)
®)
TEXS. FAURE hap IKOVOTIBAT 3.

X (332) L VbhB LI, ZOENMMLICEOTIIHBELRRBRARIL L. T
wbb, HERICEVTHBEAMIES 1 OEABTIHENES, HAKTARY
RELTHWBI &S, LOLERS, TITRLTLS &) KHERERY
m (m £ 0.02) IKENOTI, 7 2% 19 & O/PIVRHIIZE AT RO BIEFIT/NE 0,
# (332) DL HIZ, ) OFFRr KT B LIIcEZISNS.

X (3-25) A3 (3-32) & & bICHEROREAEOFRAENT BB, RO
ZEVEA L 345 BN TESREELEATE. Jhid, 4 oBMzT v
ORIC B BEMAERT 5 EICE-T, BAl ¢ (KBVT, BXF v 7 At O
D a FROFROTRY BOHSG %

Ay = {(1 — 04O () + 64 (¢t + At)}At ..................... (3-36)

DEHICFHET S, 127U, 0 OEBIZ (0<0<1) THS. LRAORBDOEHZE
g 578, K (3-32) 2T Taylor BRI 5 &,

5)(t 4+ At)
5+(e) 5+(@)

_ @y OV Ap@ o OV A @)

g/ ()+'arw)t T +_6gW)tAg ;

1
(0) |m 1 [AF@  Agl@

= (N [T (2T _a2g Vv .
= sgn(r'*)a ) l {1 + ~ ( ) 7@ (3:37)

1120, Ar@ = #@AL, Agl®) = §MAL THB. sgn(a) 3, ¢« DFEEEZ



60 H3FE IWERBOEGEKETIICEIWMOHFL
5. #H(3:31), (3:35), (3:37) fxc‘:“%ﬁ(me) WEAT A LItk Y RAEB 5.

Ay(® = (O’)At+ A oAy (R)d)

_ "At% R(@) p(6))5(8)
mT(a Zt P )7

(8)
N
- mg’(y“ Z(haﬁ)sgn('y(ﬁ))’y(ﬂ) .................. (3-38)
Z 2T,
1
@)\ |pl@)|mt
(a)_ (@[T L ;

a (g(a)) 7@ (3-39)

EBLTNS. K (338) Z8ELT,
Y NapAy® = (;yt(a) + tr(Q("‘)d)) Ab et (3-40)
®)
LERBBICEESRDT. KL, hicBbhs Q), Ny REROLS ICEHES
hs.

NG
(@ = Ve Y RO e .
QY = ( — )R . (3-41)
_ 0At7™ [ tr(R© P®) o) has
Naﬁ - 60[3 + ( m ) ( T(a) + Sgn(T )p """" (342)

THB. b, Nog SERVISHE, Nop OBATH Moy £ER BT EHTE,

40 = ( 7 4 F(a)d) ......................................... (3-43)
Ay @ = FOIAE c (3-44)
722U,
f("’) - Z Maﬁ’)'t(ﬁ) ............................................. (3-45)
(8)
F) = ZMaﬁQ(m ............................................ (3-46)
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ZHLTH LN (343) &, K (3-25) IKHRAT B &,

° o
T (=T +T trd)

=Ld-§:R@KﬂM+¢aFWMD
(@)

- ( L-Y R®g F(a)) d- S R® FO (3-47)
(o) (o)
Meohs ZCT,
D'=1L- ZR(G) Q@ F@) (3-48)
(a)
ET5E,
T = D*d — ZR(a)f'(a) ........................................ (3-49)

()
ENRY, TNV TAHEBEREEOERMETHO O3B/ TH 5.

B REK

BRROPTROIBEELBHEETE/I5A 70, BLFEE hoyp THB. LTI
TORMEEL~B.

WANARELEMOEIREINTES Y, Taylor™, Koiter, Budiansky &
Wu, Hutchinson, Havner & Shalby, Peirce & Asaro 35 & ¥ Needleman(1®){Z &
DRRINICHDORIENEToN S (FHEIE, TR (1) L ESH).

I TRVWAERLICENTIE,

hopg = qH + (1 — q)HBpp ++vvreverereeceeeniiniiiiniiene. (3-50)

ET5H. ZIT, ¢ IACELEEBERLOLERDTLOT, BEMEILIL LTS
X 5IC H(y) &,

dr
H(y)= _d—(')"l)- .................................................. (3-51)

ThY, BEAETH, WA0H3XHOEREBITIIN LT Peirce 5i2L 3,

1'(7) =10+ (Ts - 1-0) tanh (1-H07 ) ............................ (3.52)

s — To



62 F3IFE ZREWBOEREKETINIZEISZED TN
B LU, $FE EHOBMNEEREITION L Treae Bk

EROTNS. Ny b, EEMETEL RS IR, #EZHRICHT ZTROFZD
EHN, M—ICRE S LA EEZERTEH, OTHHERTFREOES, At
ZTHMINEL EB I ET, BT Ny OHFTHINR SN, TR RDM—ITHRE
TERNI LIS K BT LORRIENBRINS &0 D FEE2FH.

332 REAZEORBO<IYZ2RERTR
FIRERFNOEBER L2 EERORBLFOFERRNEES v I L, T
BIBOWTERINSBIZLDEDL, BAFRTEERDL DI S.
/Vf’ijﬁlijdv=/ B60;d@ cereeeiiii RERRITITEY (3-54)

ST, Tk AWEAEET, OV LTIAREIATOEET S, A,
Holw, Whhs XOBMEEEREELH. R (3-54) 12, BIfiTR LMK
RERATH1DICEBUOH B HBELZRD L HICEHET AL, Jaumann D
H15kEE (SEEERE) 12,

Kirchhoff &) D2t o]k B,

%5101 e Al 7 o A I EEREEEEEEEERREEEE (3-56)
Oldroyd D13 B,

T=T —IT — Tl oo i (3-57)
Truesdell DL,

A A T SO SUEPRIP (358)
LRI RERD,

f" E{% B R A R (3-59)

PZhSIEEE O G KRR, JLIOEEIcLk B,
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DXHICEFEINS. T, T i3 Cauchy [GHOWERRMI THB. X561,
NS DEHESD S,

T :% B A 1 (3-60)
Z T,

Fijm = %(legki F Thjbti + Tibis + Tibpj) - vvvvevrnrnennneneens (3-61)
A8ATBHE,

T :121 L e e (3-62)

EEEEY S, HBABRK (349) #RALT

T = (D" - F)d - Z R(a)f(o’) .................................. (3-63)
()
oz, R (3-59) £ 0,
= (D" - f:-)d - Z R(a)"f(“) T 7 A (3-64)
(o)

Zh%EK (3-54) IKRALT,
/v {(DY = Fiju)d ~ SR § @)t Ui T )bl
(e)
= /avp . (3-65)

COHXEZ MY I RIZEVERTS.

UFD= by 7 AFRIZBNT, BFE1L, 2, SRETNENTHN NEERD ¢,
Yy, 2 WIS L, 2 RGN = - y SFEEEZ T3S,

AbVoF oy, BEISERNI MU, #EEIUCERANOEAERS Mvi

\

{d} = (d11,dna, d33,2d12,2d323, 2d3 )T

{l} = (v1,17v2,2,v3,3,v1,2,1’1,3,02,1,172,3,173,1,173,2)T
{v} = (v1,v2,03)"

(i} = (ninis)” )

EFEbL, Cauchy oH%
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{T} = (T11,Taz, Ts3, Tig, Taz, Tap )T covvveneineeieneinninnn. (3-67)

EEL. BEOILHTEEORELRS MVTERHAZNS b DETS. T,

[ Dy, Dy, Dy Dy Dis Dy |
Dy, Dy D3y Dis Dy
Dy D3 D35 D
[D¥] = : : A TR R RERE TR STRRTS (3-68)
Dy, Djs Dy

DY Dy

Sym. Dge

EFEbT. FROMNIZIABRTROLSICNAS.

27111 0 0 ED) 0 T3
2T59 0 Tia Tos 0
- 2T33 0 Tys T3
[F] = (T + T22) Ty Tzs
2 2 2
(T22 + Ts3) Ty
L (@i
33 11
Sy m; 2 J
............................ (3-69)
¥/, RO M7 R (Q) %EAT 3.
[ T, 0 0 T, Ty 0 0 0 0 ]
Tz 0 0 0 0 Ty Th
Toe Toz O 0 0 0
[Q] — Tss O 0 0 0 | <ce-enns (3.70)
Thw T, O 0
Tz O 0
T T
| Sym. T22 ]

12, 1,2,--,v ETOITROREZERT LG4, #EKFEELEZR L CBERIC
HSHARD LI MY 7 XFRT 5.



33 #EABERICEI(ERL 65

RY RY - R
R R R
(1)  p(2) (v)
[R] = R?f) R‘(’g) R(V) ................................ (3-71)
RlZ R12 R12
R R R
| B R - RS
{f}==(juyfug.“,fng ................................... (3-72)
o2 M 7 RERAOTRBAFEOFEEERDT LRD L HITNS.
[, (Ha¥"(D°Ha} + 50T (QID) dv
=/ 5{U}T{i}da+/ S{AYT[RI{fIdv «-ovvvveereeriiinnnna.. (3-73)
Ve |4

3-3-3 TEHEMEORYHV

B CHEIN TR R R RBB RN (3-49) 1IZDWVT, i (3-66), (3-68), (3-71),
(3:72) R EERAVTZ MY 7 REREATILS.

{%} = [DYH{d} = [R}{F} -« ovrvevrremmi (3-74)

{t} = [R{F} = {t1,t2, -+ t6}T woevverrereinninnn. . (3-75)

EFNT, KB4 HFDORT bVE, z FRBRSICERT S0 (BRFD &, £9
TIZWH O (FRFE) LIS 5.

{{i‘I} = (TII,T22, T12)T, {TII} = (T337 j.:1237TI3I)T

{di} = (d11,d22,2d12)T, {du} = (das,2d23,2d3)T ¢ - (3:76)

{t1} = (t1,t2,t0)T,  {tu} = (t3,85,6)T

7,
Dy, Dj, D%, Dis Dis Dis
[DIl=| Dy Dy Dy |, [Dil=| Djs Dis Di
Dy Diy Digs Dis Djs Dis

D33 D35 Die
Dyy) = | D¢ Di Dg 377
[DWv] = | D DYy Dis | coveereremnnrienii (3:77)
Dgs Dgs  Dgs
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L4BE, R (374 R,
{ () }:[ Di] - [0 ] { (an) }_ { o) } ,,,,,,,,, )

(T} (Dn]” [Div] ] \ {du} {tu}

LB, CCTR, KGN (FROTS, FESHRIE) RS ¢ B pIc,
{:%'I} — [Dip){di} - {0} U T ST (3-79)

ORAIE B & 5 I ERALAAT 5.

FEO T HMECT BERA

FROTAHMEIZENTIE, {dn} ={o} ERET S &EITLY,

{%I} = [Df]{dl} — {1} e (3-80)

Lichi-T, R (3-79) OICEHT B &,

[Dip] = D] } .............................................. (3-81)
{tan} = {1}
REND [GTTHE S,
{%H} = [DYJT{dr} = {f11} +rvvrrrerrnrrreenee (3-82)
TRDBZENTES.

FmEisHRE T 3 ERXL

S TFEREEHEEDORE E LT, Cauchy BHEB L, FOWERRMMAD 2
FENBET B3R, 0 THBETA.

Ty =Tos = Ts1 =0, T33 = Tzs = T31 N J P (3-83)

KoFE#ERLD, Cauchy [EHOWHERKIMS &, Kirchhoff [t DIL M ##HEE ORY
%12, '

A Ly N Ty B (3-84)
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E15D. BB v(i=1,2,3) 13 2 ARIC—HRICHTT A ERET B &, I3 =0,(i =
1,2,3) &85, LEd-T,
w3 = —wW13 = %l31 =d31, w3z =-—wys= %l32 =dgg e (3-85)
7 (3-85) A3 (3-84) ITfRAT B &, {Tn} &,
{Tn} = {Tu} + [D*]{du}
= (DY) {d1} + (D] + [D™]) {du} - {tu}

= [DY]T{di} + [Diy{dir} — {tu} --veevvermemreeneeens (3-86)
ZCZT,
0 0 0
[D*] =2 | 0 Toy Tig | wrrrrrrvevrvrnmreeessennaenn, (3-87)
0 T Tn
T ol
[D’I"v] — [DfV] + [D*] ........................................... (3-88)

ELTA. K (3-83) &b, {Tn}={o} &k &,
{du} = (D5 {tr) — D] DT {d} voovvvvrerreneeeees (3-89)
ELBMS,
{1} = (DY) - [DHIDHI (D) {dn
{1} 4 [DYIDI ) MEIL) v eeeeer e (3-90)

Lichi-T, K (3-79) O IcEHT S &,

{t:p} = {t1} - [DH)IDH] ™" {tu}
LERDES. RADOUVT BB, K (3-89) TRDBIENTEA.
CDEITLT, FROFKEREETIVE LI 3RTNETROREEZLIBEIC
b, FHMEEE L TORY HODAEEICILS.

[Dp] = [DY] - [DYDH] (D3 }
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34 BREMRICED (EEIROBENR

3-41 HRBEEFL
2RIEEFL v

ULo &) nkaBler VOBHBAERETAIEABRLT, JITik, 2
ED & D72 2 RITHBORBAT 1775 5.

ZRRTRT, z-y BROFHOTARBTELSEL, TXOER, T
ERZ MU 2 — y TWRORS MLVELTIHETES D ETS. 2 —y HICER
RIRYEERD, REHSEET S o — y HISHRETRY HFREETET~D%R
D, HBE, RA—OFTROFREIC 2 — y BISHRIE DD~ Y ETREFICIE
3T ROROMANEET ABEICZDE I NKRICL 3T ROEENRTREE D
5. UTOMF TN 37TIIRT LI 2,5 100OIRYFZRLDIE->TNEE
T 5. 2FRYETFTIVIL, Asaro DNFCC ERMIPMFED L ME & -~ 7oA L TR
ZULb008), 5 10 TxDEFNVE, BIHRIKEHOMBNIEL > THEH
RAEOFHVTARETORELEUT 2. DOHEBHLEbDTHS. ThTh
DETIVDOERICONTR, BTRRICL > TREEMA S 2 &iI2T 3.

[\

g

4

2-Slip Model 5-Slip Model 10-Slip Model

K37 3O ROEE
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MHFEE
FBATICHO A ESHEIIUTOEE D TH 5.

- BEREN NS A —F m = 0.005, 0.02

- R
- ¢g=1, E=200GPa, v =0.3,n=0.1 (&ETIVHH)
- 7(7) = 1o(Hov/n10 + 1)"
To = 194.871MPa, Ho = 3.85GPa (2F~RYEFI)
10 = 214.005MPa, Hy = 4.64GPa (5 FROEFIN)
o = 219.000MPa, Hy = 4.65GPa (10 Y EFIV)

8, 10 & Hy DEERETINEIXEZATHADE, K3 THIIRLTHEE
FIOAPNIE REEAMA I HEOBERNISHVTHB%RE, n» BB OR

n
o = 0y <£€) R R LR R (3.92)

4]

( E = 200GPa, oo = 400MPa, v = 0.3, n = 0.1) iIZIZIF—H I B HTH 5.

342 EWSHOMD , EREBORY LS5

CNE TITBARIERBEET VORI EARET L, WS RRB DI, FR
EUEFTEIEARRO T 0y 7 OFROTHER T TO5IRMEEBNT 5. 2
B, BT 075 LETE DD BREORRIDIDITATE -7, FULFEO
THT Oy Z7IC—HRABIREMAIT TE LS EANHRBREROBITER &,
Peirce 5016 DD HBAHH8R (1) THBL T 3.

BirEF A

B 3-8 IZ/RT & IS, WWMITHUMIAAERFOPRERY, T— FIRTHOYT
LA T 5. RHAIRLI 3 BROESROEIIIONT, B 39ITRLIE
RERDE NG — V2RO A EIET 5. 0k, AREREL T, sHis7
AJNF A MY v 7 BREM, BRFEGEIOERT 20 bW oy F U JBHR
% [LEY % 7o I BRI & B BRI OB AT .
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.

2H H
Crack Tip
_________ bo/a =8 x 1074
—=1 L IL e
2a

Ligament Length

L/.H = 0.5
0.1
0.05

R 38 FREBEATIREART 02 BAFEFL)

445 nodes, 2848 elements

] ’/

Ligament Length
L/H= 05 0.1 0.05

3.9 BEXHEIK
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UFIBOTH, #31ISRT 675 =X 20 THENTRERER U THREZNZ 5.
713, Case 1,34 1%, TROZOBOEAFARSD 2%, Case 1,56 1%, TXDRK
PAITOCB AT EIBOEROERIEF LTENYPRONEY, EDLIEE
AR EBHBEDTBHRERNSID, £ LT, Case 1,21, MEOVT HE
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n, VAAVIFEIPWEWEAICIVEETHS. ThIIHLT, TXVROHUD
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F 31 BITHR LT 2R P
Initial Ligament Length 2-Slip Model 5-Slip Model | 10-Slip Model
L/H = Case 1 (m'= 0.005) Case 3 Case 4
0.5 Case 2 (m = 0.02) | (m=0.005) | (m=0.005)
0.1 Case 5 (m = 0.005) — —
0.05 Case 6 (m = 0.005) — —
0.40
0.30}
x
bh
\ =
W Initial
Ligament
Length
S o.20f L/H=05
01
0.10}
1 0.05
4] l 0.12 l 0.14 * D.IS ' 0.18 .l 1.0

Displacement { U/ 2H) x10°

3-10 FE-PUBRK
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Case 5 Case 1

0 1.20 1.40 1.60 1.80
b/ be

K311 ZZEsoBOREERBOBRE

(a) Ligament Length L/H = 0.5 (b) 2-Slip Model

K312 SREOBIROLE
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Case 1 DBE, K3 12ICRONS XD ITEMITITEI—ED LNV AEFF o7&
ZHFHOL TV, CoSROBRIE, HNS09%, HEAFRO <D RIVEE)
LIS & D RIS SR E i A 7c— A M OBERBR LA T (LA -T, #
HRICIIFROTAHTT) 718 -7, BOBLHETOFIRY A 7 )VORICER &
NFREWOBOBIRE LSBT A LEWMATES. 2TRDEFIICLS
I, BROBMDOE » THNSOERDITIFHBHLPE I 2L —Ya v
K- TBIEAEEZXDbESE, SRANBRO—HIIEDODHTHERE . I
B, Casel, 2 DEITOEIIIEAENLL, HOBRICBAL TRUOTAHEREDR
BLHF VIO,

SHERDVT A5

OFTADOREIITFERIT, 2 TN EFINOBSITIIIRBHK 60° HFIZHEMN
JRDSBDY, TROZOEN YRS E, L UAHESHREICEEHL LANDIEN Y D5EE
213 5.

K 3-13 12, FOBMZIZR—DRET, 5, 10 7Y TFIUIIBN B M4 80
THOAHE, LENERICIIBREABRLTRT. BREMETFIVICLSSH
LM OTBHERIC, HICOTELVNLVOENBOIIH L TMMRR SIS,
HLTHABEREL, BREBICHRENIZIZTO. M5, 10TXYDERITIZ
EAE—HLTNA.

LD LEAS, H£TRYDZROTRYBH—EL L LMBREERTHOK 3-14 %
Riud, FIZIE, 53 RDETFIOE S TROFRDTRYOEN 0.1 THHHHEE 10
FTROETFIVOES, 10 TRDFZDTROEHN0.05 ELLHHBNIEALE—HT S
Vot iEH Y, 10 FTXYEFINVOEREAMVT AN S5 TR EFIVTIL 2
ROBOEANUVTALERICK DERINATNS D), BRROERIEET
BT ENDLME. 8B, 10FTRDEFIITENT, 5,10 TRYZRDLHIZEND
IKEET 2T RO ZOTRY)BIBIZF—H LT 5.
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0.05

005

0.

02

(b/bo = 1.510) (b/bo = 1.481) (b/bo = 1.510)
(a) J2-Flow Theory (b) 5-Slip System Model (c) 10-Slip System Model

B 313 HXWEHHEEOSHYBEOT SR

ey R
C__) egion where amount of siip ()¢ Regionwhere amount of slip

being larger than 0.} baing lorger than 0.05.

B314 ZZUEMOBOTABUIEITAETRDRDTNYRD
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B50.001 ISHIE LT B, ZHAE HHRITE Uiz & & ISR E- OB RO S
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4-2 E—FI&BXZUOHENT
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INER ™ OEMAEFEFEOKRET S, ANEMAZHEELT, QKR &b
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L, MEMAESZ D, EEBERAOEFERERL ¢+ O, &MEHEELT
9. i3, RREBTMIEFRENRETSE TORMETRETHY, THE
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12— R ZHOBTIZHEOTIE, 2BELEE—FOMD EERAOTRITL TN, £—FII,
Il EHORTE LU, ZEEOREOBINIZBOTRUHOBHEEDABE—FED MD %2 AL,
AHEAFTARIIIBEOZXINF—EDO MD 2 RTINS,



82 H4T ZIZULHROMBNEEDSFEIIFRT

4-2.2 BCC#HEPnE—FIHBXHOE
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FHOMBERELT, B2ETARXR 26RF %IV TH B Johnson RF
Y, BXU, ZHERT Y )V THA Finnis-Sinclair RF V¥ v IIVE NS,
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F4-1 FRTERHE
Case Orientation TK N r*/Ry en é X 1 t* /to
Casel Ori.l 300 4640 29.62 1.04x 1073 4.48x 107° 10
Case2 Ori.1 800 4640 3065 1.04x 1073 4.17 x 10~° 10
Case3 Ori.2 300 4614 2484 104x1073 833x10°7 100
Cased Ori.3 300 4645 29.62 1.04x1073 4.17x107° 10
Caseb Ori.4 300 4614 2484 1.04x1073 417x10°¢% 100

X 4.3 #ATEER

Johnson A7 V¥ » VDER KD FEFHIEM Ry (= 2.6166387 x 107°m) &, &
BREOKEIHE, (= 4.0317194 x 10720), JFTHE & m (= 9.27376 x 10~ *kg)
SEHEXNS tg = Rov/m/e (= 3.9685012 x 10~ 1s) R DEN LT 5. F7, 4]
HOTH eo = 1.04 x 1073 IIHIGT BEMERFEFITER, KICEREFEZEEL
T t* O, BMULBRICOTHEE é x to THROMREEREFITNZ 5.
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BT, e = 1.04 X 1072 OHPOTAEEZ, t* = 100t, DEER LIk,
éto = 4.17x 107 QUTHHETIIROMEEAMZ 5. BFIEHEEK 421ITR0LT
AV

F 42 BIE&H (BCC)
The number of atoms N = 4540 (2 layers)

Mass of atom m = 9.27376 x 10~ 26 kg
Reference length Ry = 2.6166387 x 1071% m
Radius of area r* = 12ag

Initial Strain eo = 1.04 x 1073
Reference time tp = 3.9685012 x 10~ s
Relaxation time t* = 100t,

Strain rate étg =4.17x 1078
Temperature T=300K

"; =300t ‘
(a) Johnson Potential

—l: =300¢g
(b) FS Potential

M 44 BAFERORT ¥ ¥ ViR
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LA, FlGiasc LT, SRUEED OIS B — R EBAL UT
WANL DI OBREBRIIAIN TN 300805, BEFORBEDORE/LEFHNS
L2 CORBGEEIREMNOBBE 2 IREETH S 2 E8b0 D, FToE
BOBMPBICIEER Y v — T HEREERE LT, BEETROVEST LTS
Bk BREBOFEE LTHLNA. DBEIASORNEREEZTXOEEERT &
X9 5.

SF B ERATRS R & B AT D 7o, S SERICE D CARER
T 4TSS . KRR, B3R TR AETEREREIGHAAL. O
Tid, Ori. 2,4 IK49 % BCCHREIIHT SV 12—V a /ilBIFHIRDR
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HHIBMIEHHARE L, Young F E = 60.84 GPa, Poisson kb v = 0.3 &9
5. iz, BRESSEZTNOROTAME] EEAMOTSOBKITTEEEBT
HBHEL, TROROBARABEAMICH 10 3—EET 5. BER/ERER 471
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PR DREGIL E AR L TWEND T kink mode DERIIEULRINI EE, X5
2, BFETNVTRONANSHNEBENEREE TN TRERINTHIINE
W 2DOOEMNSHEE—H L. TOZ LT, 423 fid FCC &
HBHDOE— N1 OB, 43HOE— FII SRHOFTHULIBIHELMZ A2
EIZT 5.



90 H4E ZZEBOMBENER DS FEFENT
4.2.3 FCCEHEREPnE—FIBXIUDEN
FCC #£RNDRTFESHFEFIL

::fu,Kﬁﬁﬁnamf@4u®mi@@mn2®%&mﬁf%ﬁ%ﬁﬂ
J. FCCERBILKEL T 12 0T ROFZNH S0, TITEXDLIUBEMT, B
AT oy -THISHHRR) EREETHFROTARH T TRENEL S 12
BDITiE, ZHO0FTRYZMREHFFH LTRSS, S0y, z FOH
HELZEIIME LI 2 RIGETNVTRIIRYBERERELIISSESE. 22T, 2
HENZ 8 DOFTEARE UAMEREHEEAL, KRNI EZEE L3
RTCEENTAATILS. 2L, FIREMESE LR T A EFImEMEH L0 E
I 2z HRBRSZREL, TOhOoUNDOFETFO z HFROEBEZHE L EEOT A%
BABEHBHZEITT 5.

L, ST BBHRAT VY $ILE LT Ackland 5@ 4Kz N-body FS
K7 v VERNWS. ZEBEOEMER Ori. 4 & Ori. 2 2R EL, Ori. 2
Tit, FICEMAZA L ETF VI OWT b AED 5 (% 4-3).

# 43 FCC#:& D MD #Hr €7V
Case  Orientation Note
Casel Ori. 4 [101](010) Perfect Crystal
Case2 Ori. 2 [110](110) Perfect Crystal
Case3 Ori. 2 [110](110) With Initial Dislocations

FCC E@RiFDT Y

FFEREORMZILE K 4.9~4-11 ITRT.

PR EFHOORT2, 4 BREDFETFE 4, SEHORETFICRZhThE
ARy MXF =Ty FUT72BLTHA.

BRHEICE > TERRIWCRARLS. Zhid, SBEBEETREMBIR
ARSI EA2EKRT 5. FIRAEMA A EBUROLIILY, 1/EBR
DODEFFBHOEICED-72Y), 8BHOEFN 1EBOE B TICIHDLNh /O L
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T, BXHHDORS 5 HEOFEFOEEDEL, Case 1 DHFAITIE, EBAORELE
LB TROPEL TN B I ERDDS.

Case 2 DIFEITIE, ZWEEI SYRSENMORENRONT, SR THET
EIDEN LS. LU, B, WOWwEETFED LORENTINSNEH
ML DT, HLETERNTH 5.

Case 3 DBAITIE, PHICEEMARE L2 EIlE T, Case 2 &EDENDH,
bhahEANKLDOTH S, EREHTHEFEIICKSTEANEL, BRiF5E
ML OEEIZE » TREFEAIIEREIN, SRERICEEBERIZILTVEEEZS
hs.

% 4.4 FCC #58 () ORRTEM
The number of atoms N = 5080 (8 layers) (Case 1,2)
N = 4812 (8 layers) (Case 3)

Mass of atom m = 1.05522 x 10-2% kg

Lattice constant ap=3615x 10710 m

Radius of area .ot =12q

Initial strain eo = 1.04 x 1073 (Case 1,2)
eo = 0.83 x 1073 (Case 3.)

Reference time 10 = 6.816732 x 10~ 5

Relaxation time t* = 100t,

Strain rate éty = 6.816732 x 10~

Temperature T=300K

ERBERIZL IBEITEDILER

FCC BifAED, Ori. 4 & Ori. 2II LT, MEKRETICE 5 &0 BELE
WAATIE D 72D, 3IRILINIL 12 DT RO FZAEZR L, REEFRERBT 178
J. ST THEERELTROROTNYELE ¢ — y HOHT, BCC kit L
TRELI 2IRICT RO FREFGATNS.

FTRON, {111} ®H < 110 > FATRISZHDETHE, I TELZTHBE
BT, K 412 1R U1 3 DOFRINIT RO PWFHO T ADRH T TRRETH 5.
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F4E SHEHAROBBNEE DL FEFT

x Ty T

ST T e

t = Oto 100t
- : :
P 300t |- = 400t : 3

4.9 JFFHEC

Losa g aa e nte

ﬁ@%{“ﬂ: (éase

< i — Sasiisseses:
: feisiine : Hiis
p;4 3 - = ! 4k é 5 f ’2 4
i
: 5% it
: ] iy
2 o i 4 Sesdtasees 3 2
5 , 4 r }
" 300%p 1} : 400t, ST 460t

TR 410 FFRCE DZAL (Case
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TXX

Vassees; 4

2000603006088,

(89465999099 0859,2 005999 ¢

LLIIXX,

Fagesssgeatocs
fasddsoseenessae

NI o a —

R4l EIRBOLL (Case 3)

TRabEL, IROEPIFAUTRESTRYHEEFD2HMOTD%K, dLHE,
TR DR UTRY FRERD 2 O TRY R ERHIER) T 5 LEN
Hb. NEEIAT], BEEIATUERRI LT HE, FENIEEH TS0
i, 2RO SA T E VRO A 7 1 O&F 3 BOT~OERABRHNSB D,

HYERFYEIL, BCC @IS d 28O &R, SHHEEREL, Young H
E = 60.84 GPa, Poisson kb v = 0.3 &7 3. TXYZROFELANZ, Peirce 5&0D
A,

T('y) =710+ (Ts — TO) tanh (ﬂ_) .................. heeer et e (4.1)

Ts — To
EBRATAS. ZOBITICENTIE, 70 = 60.84 MPa, Hy = 8.979,7, = 1.879,q9 =
1,m=0.005,6=1.0x10"3 /s £ 5. T I T, PHEZRERINADHSHD
ZEZTVA. M43 ICBTET N EBERARNERT. BEXRAEE, B3IETHL
1bDEBRLLIZHDIED, —DD 43813 crossed triangle BETH Y, 4 DDJE
OTAERNSB > TOAENE ST S,



94 4T JIREMOWRNER DS FEINZEN

SHFEORMOEAEN 414 ITRT. BRIVNIOE S (u/2w = 1.5 x 1074
ET) ARERICK DZREWOD, BENAESCASEE, WEOEIRENS.
SR O SRR ER 41512, T, K 414 ORENTRUIZARLIVT
DOHREBHOTHOHHEER 416 I7T

RO SRR E, SHOPANSOPEEED XRUERIC T GEWES DO
LW OTAONMEIE, Orni. 4 &£ Oni. 2 TRES R DD, KEdrod Llhi-&
CATOMYBUOTAIE, Oni. 4 &£ 0. 2 EHIT, ZHHHIC 2 8D S554.7° D
HEICOTHEF LT, TXOTERRLTOT, FEEICUE- 1 HmERLT
WA ENbhr5.

B 41713, BETROROTROBERLICBDTHS. Ori. 4 & Ori. 2103k
WOFTNYHALE IR TNB TN ROFEERITIHEELENLDH D, Orni. 4 DB
BAITETROFITFATRIT DR, Ori. 2 DFAICRIROBICHEB L TRYZRD
VBB TH 5 2 Ebhb. 2L T, MEDBEITHXTHREDES, T
DHORIID LAZ. Rice 5Ok, iR TNVEMITEZTROHFOE
EE— F, BEIRFSEMMTOFNIZL S kink ROEEE— FREL LB EL
T3, AHRX T, Mohan 5092785 5T, Hi#E% shear mode, #%&E% kink
mode EPERZ EIZT 3.

Case 1(Ori. 4) @ shear mode 2BV TiL, FFETIVIC & 2 BT ROEMO
EE O EAMBERER RO TROER IR MIET 54, Case 2(O0ri. 2)
D kink mode DAESEIX, FEFETFNTREDLOLL. Zhid, #ERKETFILTIR
HoWAIPEREATETOTRORIFEEHETH 2 DI UETFETIVTIR
BFDPRETH S I EITLD kink 24U B0 DEMAMET ZTHIEE LN
1D THAERDbNS. X5IT, Case 3DE D IHEEMNAEE L THRBEDREE
IZ/E B DIRFDORE ZIZUNEOIHIZERALE ) UREM E FFHEER L 0T
HENKEWHEEL SN B,
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(b) Ori. 2
K412 FHOTAH T TRETE 591D

y ¢ 1535 Elements
1627 Nodes

413 BRALHH
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0 I T { i 1 T i 1 T
o : Ori. 4 |
- o0 : Ori.?2 ]
g i i
N i i
S
- 0.2% .
S
© B et 7]
| [ i 1 1 i 1 i 1
0 0.0005 0.001

Elongation e€=u/L
B4-14 ZHBAOEN

X415 ZZEROZEAL
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Near Tip Field

(b) Ori. 2

Near Tip Field

(a) Ori. 4

X 4-16 HYBHOTAHOLH

97
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) :Region where slip-magnitude
------ * being larger than 0.01

(a) Ori. 4

Crack {001] A

~ :Region where slip-magnitude
------- * being larger than 0.01

(b) Ori. 2

K417 EBIROFROIROE
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%

(a) shear mode (b) kink mode
418 FNROFITHEUBZEIEE—F

424 E—FIBXR-FFIBREGEOMYRVOKRET
E4L - WERAEHE

FS AT v v Nk » THEMTIT Shic, FREREFT S BCC( a #) Bk
HHEOEFETFIVEEZS. K41 (b)Ori. 2 [110)(110), (d)Ori. 4 [101](010) D,
TOORIZBEE (A TORIERN S, FIHFITELE e UARNSLYT 5 2
&, BREISRETHRINEZLAHOBRONSHBICERT S Z Ehbh -
T3B)IiZD0T, FIIC, Kp(= 0.8MPay/m) 252 TERAMO X B, B
FHBOEFAEOF M LT, BHEE Ky 1N T 3 RA ST BRI L
TOINWENMARET S (BMEE), Thid, 2hoiciRizo A NEET 5 (F
BHRE) Lo 2 BROBRAEKGZAOTEOREL BT S, & 4.5 TRTE
SEMASEDEI 8 DORIEZEHTOMTRELRITT 5.

8 DD4 — DR TREOELO BRI HBER 419 17T

F4-5 RRATEL

Displacement Boundary Condition

Force Boundary Condition
Ori. 2; Crack Tip Along [110], Crack Plane (110)
Ori. 4; Crack Tip Along [101], Crack Plane (010)
Ki = 0.5 x 101'MPa+/m/s
K1 = 1.0 x 10'*MPay/m/s
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Work W x10718 J
Work W x107Y7 ]

I\ | ! 1
0.8 1.0 1.2 14 - 16

Stress Intensity Factor Kj MPay/m Stress Intensity Factor K1 MPay/m
(a) HEROEAL (b) BI85 DM

K420 HEBOE BEREHICLEHE)

[110](110) EHOBAITILELLA G USRI T 5. ZRUHED DIL, D1H
TIREMIIEREEBTEROOIIHL, WEHED FIL, F1H TRIEMLITERE
WBTBDT, BROEBRIENAL, TOBRORBEMIICELT I LIS,
[101](010) DOEEHDFEITIINRETE OISR SNSRI S RHIERTS.

TEMED F2L, F2H Tid, B¥id 5 CERTEET 205 ZAHED D2L,D2H
T, HERSREIDRKEISHR->THHT 5. ZRERIE, JTEXAEBEOXE
D (L & H) IS E VRELLL. BREAOFEE LT, —IC, #
BEREOHAOESHOMOE - #ERIT, EMBEOZAS XD bRE VMK
5. HIZIE, DIL & FIL 25 EHESEDIE D NEMORAERITIL {, F2L
% D2L EHANRBER—D Ky IS8 LT, SREBREITH 18 FITL->TN3B.

B 4-20 1%, RICMAIHFEW ECHIERBE K OBRERDLICBDTH 5.
K1 = 1.0MPay/m £ Tid, BREZHOB NI AZERIZEALRSOAELY, £h
AHA B E, WEBREOHA, HFEIrABICHMTS. Col Lig, BRICMAS
NOBERTHT BEMPHEFEICKE (L - TROKEIEREHMITIR L EA2E
IRLTWA. Thid, TITid K MOFHmICE LT, NEBBICHEHEREHL,
FRIEHEZEZ TRV ENS T EDIEFNMT, ENOREPIMERIZEDLIT
RIVF O, SHEAWMEOBEL CHMENTERICLIZ 00D EEEXS
h3. 2iKL, +49RERFFTOMWNMNIERERY FZITE T, HEREH
BRARSEREEZ 5.



102 $4E SIEEROMBNERL O FEIIF#EN
FFEHFEEFRBEREZOESHEE

B A AT ITHDAA T ETINVABRT 572012, BIFNICESTD
H ANEIE E DREAEIT OWTHRET 5. '

BNERERL-FTEBHHEERESEF L FRERFHICELTEIYALIH
TEPHER N 7 XEAWT, R~ MY 7 XOHTIEKD B Z &8 EEK
H T L BBE#FHE (Dynamic Explicit Method) 25 Z &Ik Y, BEFHEED
DTN FHEERENOH HBEEBRT A ENTES. 374bb, AIRER
EFIVTH,

[M){8} = {F} - [} -evemeemoii (4-2)

ZIT, [M]3EYEE<T MY IR, [K]BBIE< N 2, {F} BHEEHAX
7 bV, £ULT, {6}, REREMRT MVTHS. —h, FEFETIVTR,

mi% = e e (4-3)
T, m; XEF i OHERE, q BET i OMENRZ M, F; IET ICERT
B2hTH5. [M] iTHATHTHEHS, K (42), (4-3) RA—DOETH DKW
IKHRH S EMTES.

cco
Oo°° %o,

50 o
0% 0000000,
o° OOO'O 000000,
o o GO0
© 00 %006, 0,

7 N
. ,.0'44.4
A

AR
: AR
7 O{a." AU \.sso' W

) . S AANNN AN
(a) SR (b) EXAH (0) BT
421 BRAHEFTRE (FEM-MD #&E7L)
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WARING'T = Ly R TR
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104 H4%E 2ZLROBRNEROS FRINFRT

DL IITUTHAILT SN BEIHINC, AL -TEIRASMED Eh i FEM-MD
REETNVEEZLS. K421 CEXRMDBLIVEFREEZEZ, BEROHUE
SRS Ky e d 2EMEE A5 5.

TR R EN 422 ICR"F. ZOT, Ioh, OTAERDIRITHEOYERZ
DHSHEAERD LT 3. BFEFUCEI SN B2 Z T~/ HikA
B, —8, OB, BETAREFOEOLVICHIET VY v VORBEHD
RFOZEMERE BRI UTRIEERE L, BTk ZO/REERES
BIERIVBONIEMENSBEH LTS, BBIHEFVELGEHEL, £h
ZTHORDIEENEREZB U THADETIIEDLSZERT, X YEFICHELE
AICETIVENZ S, TR, FRERFEBRB/NIEREERCED e
L2 THBEY, REBITH L THAREEETEITLOLENRSHS. LoLEDL
HIKLRLUTH, BERETOMHEIIKEOO TEMOBBIZL » THRFITHS &
9 IS FREZ BT AT ARBETH D, IR TRIDETH 3.

D) REPHEERT MY 7 XEAORBRERE TV THEMBERICES S BT
TS T, SFBHNFHRICB T 2RMES EH—MICROE D ZENTES.
DhEd, RPKRELNUDE, ANDFEFEBICHET 5 TOERBIRE (K
D, EELFITIIEEICES Z EXTFRINS. Lichi>T, SHBICE U THRE
2Ty THEEALEE S Multi-time step ZEOVDHEA, HEABUMI/NEIL LicE
FIUL, BRBBERVAAIZETILL EOTRISEIZILS.

4.3 E— F II B XZDREIF

AETHE, T FOETHOTAEHIINLT, EFEARETVICL3407H
JIFRET R R L, BEREWMHRICE S CARERBITER L ocic oL ThRE
THEEDIT, FRERNOO, BMORESY:, ZHAROKRES LEMDIEH
BOMAETELE LI >0 TREEMZ 3.

4-3-1 S FENFEN

CITiE, EFVHEE UTFCC #d (31) #8T, Ackland 5®) (X 3 Finnis-
Sinclair RF VY ¥ VAR NS, B 4230912, z,y, 2 #h%2, ThZh, %=
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BERAR, SEEMERSTR, SRARAMICES. BB, -y AT,
20v/2ag X 20v/2a0 ( ao = 3.615 x 10710 m i, HTEH) ICED, 2 HEIAHHE
REHLEL, TOR/NIPO _BIZOWTRIT AT .

PER, EAEKORETREBICFETFEADY — MM ELZHETETIWLT 5.
VIREBE Tp = 40K ® Maxwell 4612 L7edtD 5 o 5 WL HIEEARETIC
BZ, £461IIR7 LI, #AER, BEREAEORILS 6 BROT —XiIDINT
BRI AATIE . RPOREE, I, MRRHOME, HRORAOE ERDL
T, WEAMOEREZHGELT, £~ FIIORIERFE K ICWHEd 5458
LRI LR EZER L CBERER L VB o ARMICE SN T, 20k
MZALRK (= 0.005MPay/m/ps) iCH T 2 HELEROFFITE X 3 EMBE
(K5 D) &, SEHEUR L VBEREFICE HOBBEIRELSZ 2HERTE (K
5F) 0 2 ALV, EMHREORE, BRETFO » FAEMREETS. i
B, BEXTy I At =5x%x10"15 ELTW3.

BHROEMIZONTIE, ERFRE [110]( 2 AR ICED, z -y HATHET%E
¥R X H7c, [110](001), [110])(111), [110)(110) @ 3 FE (= Z THRAIO AT S
HigOHH, Bl BREBEE2ERDLT) £EZ, ThTh, B5 1,2, 3 TEDT.
Ori. 1 DFEFEEAR 4-24(a) 17T, HHFT, RHIOKNME, 2 FRACRIESE
DETEELLTVS. i, BAMIEROEFEELLTNS.

#4-6 B HZ

. . Boundary ) ) Number

Simulation Condition Orientation of Atoms
T DI D 1 [110](001) 2246

D2 D 2 [110)(111) 2231

D3 D 3 [110}(110) - 2266

F1 F 1 [110}(001) 2246

F2 F 2 [110](111) 2185

F3 F 3 [110](110) 2266

B — XD SBABOHKARER 4.24(b) IR BOE LIS RE LR
EETRLUTS,
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SR OARNETE O 53 B F 8T

Normal Direction
of Crack Surface
}
T Direction of
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Direction
of Crack Front

Stress Intensity Facter
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424 PIAEFRIE & SREROFHR
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(i) D3, F3
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4.3.2 HEVHRICES (EREERIF
BIFEFNL

Asaro BERUEHRWIZEB L Uik RBlke T VERVICE— NI RO
BIREBRBHTEITE D G, FIBEBW). TR, TX0FK o OHFEEA
BEISS (@) ERANT~NY v OB%IE, BREAMIGS b RN—EDH - 54
Wik e LTSI OIS ET 5. BTEBSICT 31DV HRERERELE
BL, BEeflEsmns. 20 UOFHERERERES m =0.005, REVTH
HE 6 =0.001, EREHEOMBENNIA—F 0=05&T5.

BFETFINCEL DR EOBEETRB1HIZ, FCC D 3 IRTTHITL 12 #D
FROFZDTROEZZRLIETNERNS. BROMERIIBHTEIBEETHS
EEZFHOT AEYT TH/NETEBIT 217785,

BERAENER 42512737, SREGORNERO—LOREXIZ, HEDOH
WHEBOEE R ©1/10000 TH 5. BRIWAREZSARTHE>O=ARIC
438| U7z Crossed Triangles ZXEZ M5, HUFHIISHELIREL, MM
YIRS E = 1000k, Poisson v = 0.3 & U, SEBBER O SIS DL RRE
Ku/(kVER) = 001 1/s OGS BEAEE S RIERIC XV 52 5.

TRYURDOEEDEF LI

TOTEATOS [110] FHE 2 FRK—RIEZEAICENT, FHOTH%
BT, FifioN4120k57, 28RO A1 &L 1 BEO YA 71 OEF3
BOT~YERIETH 5.

I TEZTOAEEHRETNTE, WRPONWIEEIAHITEMNSHEL, £
Y ZEICIVIRYERAE LB LI > TR, —HOEFETFIVIZ
VR A S NV RAEAT, BMTERAED LRERED SRET UM
IKEZASHIEL. 61, BEHFRER/MNIYIO 2 EFELIZEZTHEINY,
FA TN OERIIEI DX,
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(b) K (a) % 100 FHCHER L7 K
N NN /
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HHHHHE B
L] L W T~

(c) K (a) % 444 FHITHEK L7

4-25 BERSHK
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ZIT, SEEEFIVCI ) LERFEFVOKFRERBIEZ7DIC, BHT
BTN REBELIETNEEZZ L EILTS. §U0bL, 120£TOTNY
ENFSIEBHTEZETN(A) DS, BB 3HEDOTROVERICHET 5T
~DFDH B, SWAERPYITRORKEFEHTESETIV(B), SREmT%E
BATROZRIZFIEFHTEBETIV(C), 22074 TIOERICEHLETRY%R
EOINESTEEEFIV (D) 2EL5. JhSOET/INVOEREREILT <D ROE
AR ER 4-26 ITRT. 1k, BERETEELTNY RO ETIVLIBZBRAE ARG IHE
ETARELTHIEICEVERT S,

\VAVAVAVAVAVAVAVAVAV/
JAVAVAVAVAVAVAVAVAVAY
NINININININININININ
SINISININININININTS

. —
(1) {. s } [/ ( A ) VAVA \VAVAVAVAVAVAVAV,
JAVAVAYAVAVAVAVAVAVA
NNINININONININININY

IISESISISAZSISES
\VAVAVAVAVAVAVAVAVAY
\WAVAVAVAVAVAVAVAVAVY
INANTNINTNTNINTNINTN
NANSNINNININING

ININININININININING N

(ii) EF IV (B) \

(iii) EFIV (C)

/

(iv) €5V (D)

B 4-26 FEREENIROREBELICETIV
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4.3.3 ﬁ%ﬁh%ﬁﬁwﬁ%r

B — ADMBINIETREAR 427 IIRT. ERADMY T T572DIH)
BRREICBI 2% 1 BOFET% [111) FRICERTEATH 5. WTFhomRm, 35
REAITBOTSH, FENCREOENTEEEIRONT, S8EHED S T REEh
MREAEL, {111) @ LA EET 5. SHAEMIT Shockley DEEALIZ SN 5 4H
MIZH B (ZDIEIE, 44 TE— P XROBITREREZ D EICLTREZMA
%), TITRAELTOWAEMBEBRIEEESTSEMTD D BREM T
FREEMDPRET A DI ARERERELE LI EILENDH D, BT IROE
FEERE Q LTI S0,

434 FOTHZLALFXFDZEI

B 42812, RORTF V¥ vV XVF, BETXNVF, HFEOLEMERT. RF
VYR IXIVFIOPEEOEERLTWS. BET 288 XVF B IZX
Y, T = 2E/(3Nk) ( k & Boltzmann E¥) & UTFHHL TAS &, ERMICLY
RF VY P VIXIVF EEB T RNVF O THSENEI Y, VIHORERELD
<8, 40K IZRE L 7cBE# 20K 1T L TN 3.

LR T 5 MITRISMA FAFR TICHO REEOE THEML, RO
BEERIZEAEELT, RF Uy e VI RIVFE (OTHEIXNFIIHIET B) HF
Wid 5. BREGFIIOOTHRLRDO X NVFEFNKEL, JORKI S
DOFRERORRERSWM B DISHETHSH, DIIO0THE, KFIce—27 (1) T
ARUICE DI, ZREEDSEMPFET S ERT VY VI XIVFNBRE N,
TOBRIC & Y RBSRE ERDS 60 5.

4-3-5 BRREABEHIZE S KF OFH

EouETHRNI LD ITHIEHENETIE, IBEBISOEYE r, « #) oK
HEDYiITE - 1-AE 0 OMBTORAMIGH 7.4 i,

_ Kq
Tre(rae)"’ \/271_—,’.
THRbah 303,

F(B) «vevreeneneneneeei (4-4)
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TIT, B S—EOME ro DEORAMIEN ro B, BREAMIEH
ro WL E 21T XBUEMD SERIREL, TROIELEOLEETS L,
Z DERISIHEREE KT 13,

”CT' 1 .
‘II — },"'—(?51-01/2’”7.0 ............................................. (4.5)

LEBREN, UhtioT KT, 1/F(8) IKHBIEM rov/Irr T HBIT 5 &
KB, 2T, BIRHEAELSE LRI 1/F(8) & MD SO REM O
+ BERESEAEE KT LT, ChOOEMNSFHE LI nyIrr £ 471
T (B, i3, WRECHEARAED -1 bDTHB). 1/F(8) DRARSNE
WFAR O RORINCTNB S EHTFRTE B, B 427 &0 HETFUEY QRN
BONTHY, SOFMEL, EHIICEBERAELRRLTNS. ny/2rm O
fHIZIE, 0.15~0.39 EEESDXNRSNEH, TOBBLHSHITTSHICE,
DIEABAOHE, IBABOBTFREORE—, HREEEEZ 2HEOM
SAHRAEYE, ET R ORI PR R ORI & 5 REHOREL ED
HBLEE U RHTBETH .

F 47 BIEHPERE L BRICHI AR

D F
Ori. dego 1/F(6) K§ ToV2%T0 Kf ToV 27T
MPay/m | MPay/m | MPay/m | MPay/m
-125.26 -1.240 0.42 0.34 0.19 0.15
54.74 9.706 — —_ — —
1 54.74 9.706 — — —_ —
125.26 -1.240 0.48 - 0.39 — —
-70.53 11.163 — — — —
2 0.00 1.000 0.20 0.20 0.28 0.28
109.47 -1.212 — — — —
-144.74 -1.575 — — — —
3 -35.26 1.765 — — — —
35.26 1.765 0.53 0.30 0.28 0.16
144.74 -1.575 0.43 0.27 — —
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BRAMIC X BRAERS S, NEROLDOETEADEDE SRR S
Ori. 2 DEBAERLT, WERTEOBAOHEREHIEAFROME, — I
EDBEITHRTPHEL L -TN 5.

4-3-6 HIREZEWBIFOLR

B 4-291%, 12 0L TOITRYOFREEZLIGE (ETIVA) OBRERERIT O
R@BoNI, Ki=02kvVE TOEBETNOROT~OE @) £FbLTS.
ERT 10 LIcbDE, TRVEE, 0.002 ~ 0.004,---,0.01 LLED 5B
BICBORIAZEZTRLTNWA., ZITiE, #hoBNE, ¥IPREBICEFEE
MY ERSTETETIULEINTLAXZITHT S MD SR EDHBITK -~ THK Y,
SRVANT 2L BRBICEL T, SREOEMIIZREL THI. 01i.1,3 T
1, SEEBOBEOLTOBIBOEND (F0H) TR, TROBICH
bha 20— FOW), bbb, FROBITETETORNEHT L E—

F (shear mode) &FEEILTNY ROVEF) T % €— F (kink mode) 2%, HULITFE
127 > THPH TS, |

M 4-301, TROZERELZEFMIODNTORETHS. EFIVB,C,DD
JEIIEBI BRI T RO RERE LT 2 &K T, kink mode DFNYHIZH
by, KLV IZEFDTRYFITEWAE T shear mode DFTXRYFHHED
nha.

ORI, FIBOHITERICEOTIHEFHE L LS I, BERBICERCICRL
HEHEFEN, TROROMYPERE UVRBEEEZ S EICL-T, £2UBTRD
FOFTROICLDERINTHA I EITHIELTWS. £LT, BERNIEETIVD
DF~YE, BEFEFIIC L EMOBE (K 427) L5221 L TS,
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4-3-7 ERAMAREICETIER

RIZ, BEALOFED A H X LERRDB DI, Ori. 21X TH7IT 3205 @
DEFETOREEZL, MEAMOALIEMBEREZHEL, ZOMOEHITITRL
7eHETMD ¥ 3 ab—Y a VAT,

PIYECE &, MENAERRELN 431187, X0 D2 ORRERM Ky =
0.2MPay/m T z BiF NI FE L, Z2EHRORRIENEHEOMICEU SR
HEN & > TERETHFIBET 5.

ITRILFDOEREREDT

B 4-32 IT& LR NVF, HFORMAERT. EUOFRESR (B0 1 ) ITBNT,
HEOEMNARTHBOEEIIENTSE. JOEXT—RILLIANNEELLZE
NTE, BAMORBERICHRDLNS Z O, HERAE (BRE) OEERLT
V3.

N ORLE EROBREEEDHEITDNTIE, TNONFELTHAREICE
WTI, SBERICE -7 2B BEAGIRELNE &N, xRtk
THEEEINTWS. £, NIRRT VY p VI XVFORMMSEH LT
BENS, BMBERICSBUIEREZMANELZ I EEBH LTS, Z2Th,
EMOREMICERE LRIRONS. SREEEEDON 431 OFHRTHE N/ 52
BOF T2 UHIR (FemeEEs & PR) &, BB SROREZILETHICON
M 4-33(a) TH 5. EHLOREOREIR, LRERORENARIIERATEN, £
D%, FTWmEB, SBIILHL, 2T, %ﬁ%%@mEuT#D LR UK
SEROFHBREICE LS.

it,%%ﬁﬁ@ﬁﬁlzw¥®%ﬁmﬁwﬁé%%Né&,ﬁ&®ﬁ&ﬁ&%
TRIUIEHESRKDIL > TS, EAFRHE I N 2BREIZEFOBEBIKEH
¢ HEIDEENKRE 1L > T 5 (K 4-33(b)) .
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(c) B REZDE FRE (Kn = 0.22MPay/m)

4.31 PHFETFRER & SREMCAEDONLFETHE



Temperature T [K)

(‘Total System)

(Near Crack-tip Region)
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Potential/Kinetic Energy and Work [J]
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Stress Intensity Factor Ky [MPay/m]

K432 BTy vil, EBTRNVFELFEOLEAL

1r — T
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awl 4 Hosf ]
I ] b i WP Wil s
30} TW\‘VMWM‘} i’*,m[# WMH : \'Wm 1
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BB LA RO FE
Rice (C XU, TANFWHELS NG, BRISHIEAREGE, SHEOHHIC
f1n - T SBOWR SEMATES BBAIONT

2uTys
1—-v

Kﬁr: R R R R R LR (4.6)

TEZALNB08), f72L, T, BALE (BE) A LVFELHToNhsRBT, £
FUY R VDR EFARROEFRED SFMT S I ENTES. W, MM
¥ p 2 SWE (ELOBEE) HFRD my & vy OFEE41GPa & L, Poisson
v i, Voigt FHEZRWTEAMCLILE0.32 2HW, FSRF Y »UIH LT
HREUARELRIVF— Ty, = 037 T ZRATH L, Kf = 021MPaym &
%, & 47THITRUT O 2 1S3 2 EAERE £ A7 MD SHEOBRIL,
Kff = 02MPaym THY, Hid LIZFEME L7 Rice DEERE L —B LTI 5.

B DEDEHE

B2 BTHRARICHET, BEFUVXIVORNEETEM LIRS OV TREZ M
5. z WhEDIEH 7y OAE, K 434177, ERIT, BEHERERDLT
VB, BT Y e VOFBEEASE LT, BRTOENMEA MD FHEME
T5E9I010% BEORHIEAITE » T3, EMRELE T TIRISHSHIITITEEH
BRE—H LTS, BNORE®RDIREBDICHEZBLT 5. |

—7%, Orni. 2, €F/)VA OFREFRBINICL DB oG T, 2K 4351
AT TROPEUIBOIEHIL, SREREHTE, ThLUETHEENICSF
L, EFEAGRETID OB ONIEMBERDIENANIE, I TEIKRE
BEFINTHEY I 2ab— PCETORDI EERLTNS. |

Bg 4-36 %, Ki1 = 0.3375MPay/m ( 0.325 ~ 0.350MPa/m D) &3 %
RUIEHBDTHB. EHERNS z =21 DEZAIT Burgers N7 ML b OFREx
MDD B854, SRERORESEOHEERIZK > TEL 3 EAMIEG SR,

_ Kn Iz Ty b
Tay = 2m+27‘_(1_y),/zx_xl .............. (4-7)

TEZo5Nn307, 2, =113x108m EUTHEL#E%, K436 PicEZBT
AR EMREEIT, BEERKMRICKE - TWT, HESOEFILE COMBLIGHE
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W OWTITMERD B 0%, RN ERALTTEE RO TIEMRER OIS 57
HITFBEEMRTO ELHWUTESEVZ S, £ LT, BUARBERDOESREWD
JEHEDBP RSN B A, JHUTEMIC & B IR BB OEEAR R D—DDH
bhEBZAIENTES,

EMAREBEDOK O

K 43710, XBEEAEEORETE (KNP0 g OFF) TORIEDRREL
AR EMAERAETZE T, BN (OFEME) BB 545 HEEIC
WML ORE - BB B FHRENEL, SBUTETYT 5. K 4381,
K = 0.20 ~ 0.22MPa/m TORHFD g, h BFOFEFED = HFRIOEMDZE (M
MERL) EIEHOEADBEFER LSO TH S, EAERELTENIF LK
EREICEET A, CHEIZIEHEBICED LT3,

BRADIEIEE, B 4-37, 4381CKkBE, ¥W5GPaTHB I EXDRS. 2O
i3, —REMEANZER THIFEMEHE LIBARIGTIE 4.3GPa &, 5Eatd+
D70y 7 &RIEI A A EERIC TR ¥ ICEHE UGS OR KIS JE
8.8GPa DFRIDMETH b, HELAMRE LFRZETH 3.

ZIT, BROBEAMIGSH o % 5GPa &L, BRIGCHILERFRE KT %
02MPaym & LT, K(45) IKRATEE, r0=25x10"""m 2#/%%5. ZD ry
DOREINS, ZHLEWHOI S, Burgers N7 MDA — 57— DALE TOILIHHE
BEHANGREIGEL I ESITBENDIRET S LV OFMHBRARETH S LEEL OND.

AR A BRORTOES
ENMREBBROFETOEBEIIONT, K 4-39(a), (b) IS, THhEIRPD k DEFE

FOHB LA B EHRBOBRERT. BARELBEICEY 2 RBMIFETRE RN
DA—F—TH5BI EHDIr5.
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Position y [nm]

Shear Stress 7, [GPa)

3 ] ! L L 1 1 1 ] )

1
0 0.1 0.2
Relative Displacement u [nm]

R 4-38 HAMES 7, OEEEFROMHENER

%1072
5———
= f
g L
P
=,
s I
E
3
2
0.25 = r
i T S S Y R S S R
L 0.15 0.2 025 (b) &E*@ﬁﬁﬁg%
02} Position y [nm]|
- 1 x10-2 %107
5 LS Ee s S S s A A
z I z |
b q g E L
2 e
3 [ . B
0.15 P S SO R SN SR S S & R
05 085 0.6 § F 5 o
Position z [nm} g ok E ok
S g
(a) BRFDELER =0 =
Y S SRS T S S T R S S Bl w0y
0.1 0.15 05 055 0.6
Position z [nm] : Position = {nm]
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4.4 E— F I B 2 OBHT

ZOHEITIE, HATAMTET OSREROMBENERBOMD v Iab—V g
AL, = PO ZRHOERICE T, kb oR4ET 3 5 FABRMOET
ERARS. - FINBERCBIT2FELERBETH 5 oHAEMIT, Ik
PO L HICREI NI ELEEH T IO TRUSRETRD AL ITHER
B EBHESNEETH D, SBSCHIEMEE S » TERN TR ICEY
I I FIFRERBBIIOOTOARETISHT I ENTESEEZEZI SN A, &
ZTiE, MDEEOKREE, #RBHERICE T Rice & Nikolic1®)(RN &BF) @
BREWBL, FEFETINEEGENFETINEOESEZERT S, T, IZEH
DI G DBIE PR & DB E1TE .

441 =ZUSIREOBIT

FCC $HH#SA P O E— NI RO SZUEREHOLTEEBIG LT, FEHEOH
HYEADS, Ackland 5@ & B Finnis-Sinclair £F > ¥ v VTHESIT SN 5 SR
EL, 2TEHFEEROTERIEMZ 3. ERMICIIHET TR~ hHkE & Rk
LT A ED 5.

B 440 DL, z,y,z WEZTHTH, SRHERSR, SHEEEAHN, SR

HRARET 5E- FIIBOWELRIT 5 IRWEER L. BRI, -y HA

T, 40b X 40b ( b = v/2/2a0 &, Burgers N7 FPIVDKXX, ag = 3.615 x 10~1°
m 3, BFEH)ITED,  FRREPSEREGAEMATS. I&HELELT, @
MIREREE To TOD Maxwell WU 5 V7 LARIEEE LR FICEX,
ERMOMARHELT, BRAFMLITEKELUCRAEELER L, - FII O
TERBE K (OIS T2 BMR L 0B oIS » HREN (3 EBR) &>
WT, ZORFRMZEMAR Ky IHiEd 3 EEABADREFICEZ 5.
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% 4.8 FEITHR

K " T
case | Crack Model N MPa/m/ps K
I1H | [110](001) | I | 2268 0.05 | 180
I2H | [110)(111) | I | 2316 0.05 | 180
I3H | [110)(110) | T | 2280 0.05 | 180
I1L- | [110](001) | I | 2308 0.005 | 40
I2L | [110)(111) | I | 2316 0.005 | 40 -
I3L | {110)(110) | T | 2308 0.005 | 40
V1L | [110](001) | V | 2246 0.005 | 40
V2L | [110)(111) | V | 2231 0.005 | 40
V3L | [110](110) | V | 2266 0.005 | 40

% 48 1RT, FESANL EROETIVL, BE EREEORLS 9BHEO
fr—ZEFNTOMRET 3. £ —X0E&HEEDLTRSIE, I, ESHOETIV
{bokik, FRER, HRERS JUEEEEEERDT. MIHEROETIVMEDS
HBELT, MHOSRELBI TS EFHOMEERRER IV EICLD
EFULT BHiE (BE]), SBEEEFEADY— F & LTEFIULT BTk (B
BV)D2/EEZLS. HBOWAICONTIE, 2HHE%E [110), bbb, FCC
HRIZBIT BT HR (5VABNMD Burgers N7 MVOFRNICED, z-y @
NTHRTF 2RI/, ZHITR UK [110)(001), [110](111), [110](110) @ 3 #&HE
OWHEEZZR, ThZh, BE1,2,3 TEDYT. ROOFMITESHIROLA, #
CHREREERDLTVA. ik, MEE ZBEEEICONT, To=180K,
K = 0.06MPa/m/ps (B&%5 H) &, T = 40K, K= 0.005MPa,/m/ps (H5
LYD2@E2EZ5.

B 4-41(a) KA T &) BHIARFREEZEZ 5. P T, AOKNML, 2 FRAIC
RIUZEOFETFERDLL, BRE&EE, ERMEREFIN LT 2 FAZAEERRE
BICHAILIEEON (0, @ RENTh, » ARIOWENE, ATHSZ EER
7)) THRMTRLU TV 3. BROFETO 2,y FRAEMRFZICEESN, 2 AN
ENMDABEINS.
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By — 2D ESWEROMAR AR 4-41(b) ITRT. MPMEREERTRES. i,
L, 3L OBAIIIL, IBEEFEFOMBI—BLENELSIZ, TXTOETEy
DHOF BN EBEHI TS, FETFOERIE, m=1.05522 x 10~25 kg TH
b, BEZT v IE, At=5x10"15 s T 5. '

1442 MBIFRREER
RFERENEL

B — ZOHBIMBEIRELK 4-42~4-44 ITRF. T T, Vitek SOFEF
D z FAMEREMIZ L 3 LR &, ZETF 2,y LBETO 2 FAOEMATRTS
X &EEHOTRRLTH . §iE, BET3ETFHO 2 FRIOENEE K
TERLEBDOTRAIDE IR EHKAISOThERTEEZITL. —F, ®BE
REFEDOBEOEEERDL TS,

IIH T, FREEIS SHABRMAREL, (I11) @k L, (111) @TE~
DU, EAMLdeheh, [112], [112) AHEICEIL. I2H T, o 28H
(111) ICRE L SBAEMIT [112) ARNCEB L, D UEALE, HERERTFH
T[112] FRICHEEEL, RETROEZELS. EESELE, (111) @ [112]
AE, (111) @ [112) FRiC bEMLOEFNR oM 5. I3H Tid, 2ZEEI R4
U7cdehrdt (111) M [112) Hré (111) @ [112) A8 3.

[L~IBL, VIL~V3L BN T, EMWICIZIZRELIER £7RT. VIL T,
[112] HIISESLIRALE, SRR STRAICHITT, SRR LA L
TE, BELICEFBEOSHOEMMNRKICRETS. COERIE, XREHOL
APKREL, z—y AHNOEROHMEI NI/ DIELS 2 — y GHROFEFDE
BB LTS EEZ NS, £/, VILIZKWTIR, (111) i [112) HR~E
RAFAE L, BMARMEE TEANEE, FioRMIEDEMER U FRICERT 2
A, ZHT, (111) @@ [112) ARICKRZET RO S, Zhid, Eokxsr o
BYERICKDEMMICRBANELS ZEICLE EELI SN S.
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a -#DFA, Voigt BEAMNT, Cip = 1.519 x 101 Pa, Cpp = 0.862 x 1011
Pa, Cy4 = 0.762 x 101! Pa @, 3 DOMNIHEEERIEET . Z OFTHIOR
ETIA5 IR A [110] OFHEERIL, C = (C11 + C22)/2 + Caa = 19525 x 10! Pa,
THY, ZOMKE, HEERONIVICERTASE, EEIAEXL - TRHKG
RENR 5L TOHRBERICENTIE, X{—HLTWEI by 3.

5T, —REEL S RFNRERADBITEARS DI, E2ETHR~I
BHFNRERLFEMT 5. FEOTAOEETT, BROFIERFAKRFRHEX
A1(= V2a0), BEARIEE (= a0), BFDHENTORANA \3(=7/2) EL, EH
THET 1 EEQFEFICHEEREMR A0 D OFET j LOlEMEr; &LT, 20
Tij BN A1, A2, A3 DEBTHBEERXT, RF V9 IVIXNVF & D M(k =1,2,3)
OREY, R REEEPOMEEEZERLT, ThICKIREREEBINT 5. D% b,
3 x 3 4751,
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[Blu = VTN
1 iz 8% ari; drij . 8¢ r
Y =1 37‘% A A Orij OAON
#z
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— —— ] t] 13 iJ
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J=1

T 3#i
D/MTHINADEEFEHT 5 72 DIZ,

by = By, by = By X Bay — 3122’ b3 = B33 +eocrerecernnenanannn, (I-2)

DfEFANNT L. TITE, SERAAOER N 252 7c &%, BAROIME
KB 50 B, RF Vv v VESBIVAEILICLVRESZDT, £/, by,by,bs
3, A ERDBIEICEDBONS. £TOHKEREZ, K110 IR T. MD O
RATHE, RERBITTHONILARESL D BPINVOTHLUVT, —BEED
SITRDERIIBITLTNAS. Zhid, MD #BickW\Tid, BIREEICE 38ds
B EDHBNPRENT EXTE LTS,
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(1) Peirce,D., Asaro,R.J., and Needleman,A., Overview No.21 An Analysis of
Nonunlform and Loca.hzed Deformatlon in Ductile Smgle Crystals, Acta
Met., 30(1982), 1087-1119.

( 2) Peirce,D., Asaro,R.J., and Needleman,A., Overview No.32 Material Rate
Dependence and Localized Deformation in Crystalline Solids, Acta Met.,
31-12(1983), 1951-1976.



167

18k (II) FEM-MD #&&#%k & 2 nmEinfi
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KX, F4ETE, ©— FIEZUIH LT FEM-MD ¥4I X 28T
VTR, I TRAUVEEEZEZIT, 2RTZARFIIHLT, EPEHES
MY 7 2EROTESIL L BEEIIEICN 3 ZAREOTABERICK kL,
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TREFETND 3 DDETIVIERMICEMICLE I EICERBL, ChoDET
WEFE—HICR ORI REETRTL. 2515, ZOEFIVE2KRTE— FTEBITH
T 58T LURIE Y F OHALRIEDREATICEH LI R ERTE0),

II'1 FHEE=A%TI—L2EEaRE

II'1'1 =AKEOTAERICL 3EHL

TR, 2RHRIERBRE=AEEVTHERT, EHEHE< M) 7 XEH
WTHUMETE OB THBRER ICHRLT 5. BEXRRS—LORIN L OE=
MIEOHBEITOOCTERAME MY 7 2EK® 2RDBEAEZ S (K I1).

OFAHHIREMNM~ N7 X% B, B N7 X% D £33,

K® =

ELA. WEBEDIYD, E=AEO—LN z BiEFITTHE LI BMBEAEZLS
& B < M) 7R, ’

Yok, ZoTliNt, BRICEIEARESEF D SEIN S SHEIZHEL T, Hooverl® S
PRUTHS. F, ISKEROBERICEVESNSZAE LAV TESAKOBRILIZOLTI,
Argyris®O 1k 5 THRE SN TS,



168 {18 (II) FEM-MD #5418k & 2 OREHFTH

yi
1 3
(580 + '2'L7y0 + §L>

E: Young Modulus -
v:

Poisson Ratio

($0+L7y0)
L
0 T
M1 =ZAREX
1 -3 0 V3 0 0 0
- 0 ~1 0 =1 0 =2 ] ciiieniiiiiiiiiiiiia, 11-2
V3L| 3 _3 -1 V3 -2 o o
&35, —h, D<= hMYIRIE,
1 1" 0
(1-v)E v 77
D= 1 0
(1+v)(1-2v) l;" o -
2(1-v)
(WEUT&@%’S’) ................ (11.3)
1 v 0
p=_2~% v 1 0
1-p2 0 0 l;ll
(qzmﬁ;jjo)j;gg) .................. (11-4)

ZCT, EEYoung®, v idPoisson HTH5. EXRM< MY 7 X K I3,
. E

- 8v3(1 4 v)(1 - 2v) i
T—8r V3 —5+4v  —V3(1-4v) —2(1-2) —4/3v
5-8y V3(1-4v) 144 -2/31-20) —4(1-v)
7-8v -3 —2(1 - 2v) 4/3v
5— 8y 2v3(1-20) —-4(1-v)
4(1 - 2v) 0
[ Sym. 81~v») |
(CFHUTADEER)
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K= E
i 8v3(1 + v)(1 - 2v) )
T—v V3(14+v) —5-v —/B1-3v) =201-v») -4/3v

5—-3r 3(1-3r) —14+3 -2V31-v) —4
T—v —V3(1+v) -2(1—v) 4/3v -

5—3v 2v/3(1 —») -4
4(1-v) 0
| Sym. : 8
CERIESIDEE) v ovevevernnen (11-6)

E8B. ZIT, BEROEZARO—IN z EFTTHSE LTEFERAMET Y

XK ARDIZD, O K, FRICLSTEICZIOEENLS.

ZH LT, BHEAEZR LB RS (EBHER) 2RO L 5 I1IIEDT.
Mii_zl‘_ =f—KUSF oo (IL-7)
de?

T, K iI2HWRi< MY/ R, MIZEVTEHEERE< M 7 XA TEERROENH
ZHBIL LIS OTHY, uw ZHEEMRS MU, f BEIRARI bV THS. 8
PHBEAHAICENT, Z0HA0EESMEOHAICEIITTREBIIERALEHE
ERFEME-HEEHILICLD, BRAPRTFOERLMBEDS TRE SHL
THROERAERLELLD, NFOBBICKITINFITMb AN EEMD LI IT,
S EMEEMERD S ENTE, ERERLELSTFHNFREOKEITENT
AN L.

II'1-2 F\EEERETL

BRI EFRBERETFINEFEFEFINAEEST IR ARG EIRE b
FZARITEE LI ETIICODNWTER, ThENOETIVEDOHBIZEL > THEED
e HDEMEERT.

FAIREXEEFLEDOUR

7, EREThoOEREE £ &5, CITER RO 1 &b
OBETI=1p DEX k=ky &7 5.
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Y fy3,uy3
fw3a Uz3
Jy1, U1
fy2a Uy2
1 fr1,Uz1 2 fr2, Uz2

0 T
MI1-2 FEBEThESICLE=AK

THEIDOFELWENE I XORIST, HII20LI7 =z BiEFITHBEAEET
ZEZAHEDO NS AEEZRS, ZOMSADIDOEATO z FHB I y HM
EREZZITHIBNE, ThEh Uigy Uiys fiz, f,'y (l =1, 2, 3) ETHE, u

f DBRIZ,
fiz [ 5 V3 -4 0 -1 =B ( w
fiy 3 0 0 -3 -3 Uy
f2z _ k_o 5 -3 -1 \/§ U2x
foy [ 4 3 V3 -3 uzy (I-8)
f3z 2 0 U3x
f3z‘ Sym~ 6 J U3z

EMF B, CORER (IL5)(I16) DEHAE< M U 7 X4 HBd 5 &,

1 4 ;
AN 53 FEOTEOBE) | (11-9)
Vzg, k(,:?z; (FHEEHDHE)

EBLIERE ST, HREENTAE -1 ZAR E=AREDTAERIEMICL
52, '

BFEFLEDLE

BRFRIAEF o p L EERER T 28R T UV vl o(r) 12k - TBFRTIF
Sh3FEFROEFERERNS. CZTo,r IERF U VOERIE e BT
DOEESOEH Ry TERTALINTINAS.

PHRTBNE LI, EBIREZARICHANTON: S AEXERE LTHEE LIZEEENT S
BAIclE, FEEROLT, HRIF2AEL -THAIEITHANS, 2k i UEIFNITR S,
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_' do __id¢>(r)

= —qR T TR ar e (I1-11)
T, RhOITRER ki3,
AF = I_cAR et ...‘ ....................... (I1-12)
0, |
A () (11-13)

_Eg dr2?
E13. TR (119) DIFREL E Young ROBREE AL BH, 5 RERIUE
DETFIVEDERTH 2HBEPMHORATHSBEEBRVT, HREB2EXE L -
TWADT, k& kORI k=2 £EH5DT,

Ar wmorsoms
E = 3 2_ N (11.14)
i4—3§ (FHEEADBE)
L15h. i, WE iR BT 1EOBRE m 45,
2
p= ﬁR_gm ................................................... (II.15)

FBMIEFREFLERFEFL FEBREZROETREHR £ ZROL I ITRD 5.

1, z)
k.._ 25¢(10 ......................... (11-16)

CD& I IKEREREERT S LEBEFETINERBOFETIERER & Young H
DORRICKE Y, “ODETIVT Young BHEL L B HITE,

e = (lo)zs : (I1-17)
=% ‘

EFThiIEE. FbL b B

k:%(%)zqu(%) S (11-18)
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THHETEE, BRERVERTHIBEERE, lh= Ry DEEFETFETINVE
—HF B30T, FEBITHEF N EMDDDEFNIZENEhDRE L TEMIC
BoT3. i, ThoERRZ, ARERETHOETERY MY 7 R EREE
OFETHSIIRY ) 5.
ZDEFIIEITHEHHERIL ¢, £HHOMNE, m; 2BPHERELT,
42 d“q; . ’
m;—= 12 ‘:Fi ................ tesesstat ettt ee s st eararseneron e (11.19)

SZT, F;i2i BHOMEEESINWEROSZITHHOIT, k K0T
HEXNTHT, 2090 j ZFEHOIXNOEX % 1;, « &t h 6 j HiSImhd
HAR7 MVE n TEDTE,

elo dé(r') ;b ,
ZR(Z) d(r' n, Tz-lf e e (11-20)
ENE. UEOBERICE > TAMBN3DDETFNVREBIZEDELLLS.

EBEHHFRBARIZEETNVICE - T, BEFELRHEEOHOYENFERIIRILSHOD
D, WNFZRELTEOMEE, B8, 37:5 { hE2EHRTJ) 3 EHHESX

2

d“q.
miquz = Fi(‘]17‘127"‘7¢1N,t) ................................. (II.21)

PERMICL{RALERY ZNThOETIVER 2 1B OTIRIZL, ERLUTHR
—HCRL T ENTEB.

1.2 R4

T, Gear OHENBHAIEOBRELINHIEMTRETH S L4, BES
{AVL SN A Newmark-8 HEEDHBIZ X VRT3, i, FEBEERETIVICEL
T, WEEMBEE 2 REMCTRELLEFIVAERD. BHEEEE~5. BkIC,
FEM-MD &= E— NI SHOERE, AU FICL 3 LASREICE
AU RIZONTRRS. '

T CBNT B S EIHNBRED— & L B, —T, BIEOKET ERTT 58I
BT, MAAREL DB LTRELTRIT 5 < LAEREN .
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FEM-MD ¥4 #EICHE N TIE, Gear DFEZMNS. FRERKEICE T 50
MBSO EE UTIREEN Newmark-8 ERANWONB T ENBLDT, T,
Gear D 5#: & Newmark-8 #: (8 =1/4 ) ZHWT, TSI T, FEM 7NV
ERNT 2 RITHERA BRI L, MBORIEDOY I ab— a VAFRL, 20
BB ERBRICOWTHET B 2 Ltk » TAEAW A BEROBEIIONTE
BEMZ 5.

2m

12iOm
(a) BATETIV
VA VA Ve VA VA YAV Y 1Y
(b) ER2EX
B II3 BBrs

I1-3(a) IKR T —H NSRS ORM MR T K42 R1T 5 FEH O AMEE
B¥ 2 7 v 7% X T Newmark-8 # & Gear D HE TR 5. 2 Tiau#hk
ZEZERUT 14 FERITOWTEZ, KIL3(b) DL HIKERSETS. 22T, v
V7% E = 200GPa, Poisson tt v =1/3, #E p = 7800kg/m> &3 3.

HEDIcHDBEF %M & U TIRIBIHEE,

d®U  2aom . t
—d_tT = (?)—28111 (27['2_*.> ........................................ (II.22)
252 (B [T4(a)) EROZAL
ag t* . t
U= — - e O A PP .
pm {t 5 sin (27r t*)} (11-23)

KRBT 5 (K I4(b)). ST, ao,t* BEHTa = 0.5m, t* = 10ty =
1.975x 10735, to=+/p/E=1975x 107% THEX 5h3. 1 RF v LY DEFHE
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g 0 Time ¢ 8
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g A
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) i 1
() REHELTEZ ZMEE (b) PIREMIZE Y EHR XN BEM
K114 AJ1EE

FIL1 R EDRZE (%)
At Newmark-# Method Gear Method

0.10 ¢ 0.002
0.25 1 0.009 0.012
0.50 tg 0.033 x 0.050
1.00 % X

RpEA BT 5 &, Gear 2 AWEEITIE, Newmark-8 B2 B AIT B
T5& 91/4 ORATEG. —H, BEDOF 2y 7 D7HIZ, K I13(b) D C A
TOD ¢ HMEMOKER TR EDOREERR 11 IIRT (RFD x eI E
£b7).

Newmark-g ¥, KREBRHXT v P THRETHADIIH LT, Gear BiTiIlF
BIXT v THKRELTHERMTS. LML, NEEKEMXT v 7Tt Newmark-3
BIC3%E 5500, BRFIHEESEONTHS. —RICHBED n T o7& &
Gear D TiE, FHEBFMIE n 42 5 DITH, Newmark-g 3Tt n? %1278
5IENTFHEN, BITRERPRE CBITLd, COMERRECASC
EEEZRDESE, REOERHERLTHANWAILITLY, P—y LV TROE
RBLOEFHEIRFTE 5.
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I1-2.2 FE{EBIEFHLEFTLOEY

BB EREFN OB EEET 3 D IEREO TR EMASbEIETIVE
AOTHERBOERIOVTHESTNS. JITR, TROFMEEMBIRE 2 KE
BTEMUL T, EAEOMHOWSED St E G AMEEZX 5.

ZIT, MIS DXIIZ, BHHRIE 60.0m X 4.0m DETFICDOWTHEMMES
EBLT 1/2 5 60.0m x 2.0m & X, EEEISHOIELB (#I& ao = 0.1m,
t* = 1.975 x 1073s) £WWICMA 5. WEHMORFHMIC z We Ly, =z #ED
HTOD ¢ FRAEMOBEZEEZED L2OHN I1.6 Tz =0, 15.0, 30.0, 45.0, 60.0
DETOEMET S 7IZUICONRH 1171 THAS. KIL6, 1.7 %H5EFIRDOPEE
FHOBRTREEORILIENDIMSE. EDH X, FIROKEEROBEOERD
B 2, BERADOEOFHIEKICINTOINEROH®T, TRXNVFORINH S
TEMDbM S Shid, FIBEEHRTRT VY v VORERRIL B FERFMEIC L B
EEZLNB.

|4 60m l

Y

K115 fEHrtg

YRF LU P U3 RATEDINAEL, MBS R THARE, R= L3R, THUHENE
I2730, 2, R= R, TOEREHD young F EERIET 3 &5 Rbld SHRET 5.
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CHE TIHI LA T FVARS LT 2 EORBITH LTI - i fl %
R B LB BCC & T, EFERFT Y »)VEUT Johnson RT3 »
N ZEESZ. ST, 2 RFEEFNVTIE, F#id, v, = IE/(8p) m/s &
bahz0).

m%ﬁﬁéﬁit%,ﬂﬁé%ifﬂbﬁé(%ﬂ%ﬁ%ﬁﬂé.%@@ﬁﬁf
i£ 300K ICHM T 2 IR vo A BETFICT VY ARFRICER 5. EREFEOR
MATF v THELUHE LT v THEIEhEHAt = 7937 x 107% 5, n =800
ELTH3.

124 =ZLERDOEWN

B I1-8(a) iKRT & O, BE 20 OFREREF T 546 2w OMEO W% —E
DFREE v, THRT B &L > TE- FIOWEEMA /& ZOMEOIRE%E
ARG, WHHEAER LT, K I11-8(a) DFEID 1/2 HBICOWTHINT 5. =
CTC, w=6.0x10"8% ¢o/w=05&7F5.

B IL-8(b), (c) I OMBOERSE L FEFORELRY. MD FHEBDFFHIX
469 AT, MBI AOUIHBHII2216ETHS. ALFRESTNTHRFETINT
BB 5 DICHELFE I 15000 B TH 5. IBOMPEREIR, MD BXU%kE
MR RETVEEB TR ERIOTET 284400 L, FEM ST 2 Efia%
FIBH LTHHTS.

F 112 IR T RS 55 5EHEE TR L7c MD #i80 B FRE oML s,
HRTROFEREITRETFNVEEOH S & DREEORTFER 119 ITRT

K112 BFEM

Case Velocity of Temsile v; m/s Time Step At s
1 10 0.3968 x 10~14
2 50 0.1984 x 10~14

3 200 0.9921 x 10~1%
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K.

(b) BRI (c) BF - oS
R8s HATEREERNE, FTRE

Case 1 Tit, ZHROEBEINERNTERMALORELEZRSOAITVLINIE, 2K
FEAE T T, Johnson BT V¥ ¥ VB EEFFICLIREBEEZA LI EICH
BRLTHWBEEDbN 5.

Case 2 Tid, ¥ t/to = 125 THEUKEBABOE FREOTHREET,
t/to = 150 M TERITEBETHRT S, 1/to = 150 ZBEZ LBERLTUL
EWOHOEEL, Case | LRI~ SBHICRENED.

Case 3 THEHROHEEL L BITRNOBE DR oI 2D, HENICE, ~EHH
ICEXBIEETS. LU, Casel ® Case2 DEXD L HIZ z BHTFATTIAL,
z EM 45 BEOAEER LT, D/YSICERL TS, BRBIC, —EDTIHRE
EAB5Z 50T EPHICHRBOEEZHE UT Cased DEEICIL B K DI
ERDOMEEIC X AHME AT 7o &% (%, Cased £ET3) D, FFRBOE
{LOBTF K 1110 iIZ79. ZOHE, BUEHE LAY S SRIVERT 500D
.
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33.25%, 1560 20.675%,

119 fEHT#ER (Casel~3)
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BIII-10 fEHTHSR (Cased)

11-2.5 BlE/ S FIoE 3B UARDOEN

B 1111(a) VR F & 5 IR € F12 & B LASOMBERTT 5. R I111(b)
CERAE, (o) KEFORBIOVWTRT. AU FR, BEFEFVERAVEERS
bOMFTROBET EiE, R < A8 1@ MR T4 O TRB
+3.



II-2 fEtr# 181

2w 3
a 2 A
!v ' Punch / /,/ ; : S R \\ §
i % e 24 NS \\\\\\ A
i (b) BRI EIX

(a) FATET IV

(c) FFRER
RITL1L Bk SoFic & 398 LiABRIE

Displacement U

112 ZEpriR



182 f{18% (1) FEM-MD #&& ik & % ORI 5

svseoas e
e
esrercoe vease e .
sevaevy “ee
cseven sreer e,
evesoae LTS
secsan X
ssasresew tesey
.

- . .
AR PRI

0
viene e
-..cv--..o-""',,...o-
: o : AR R XA A A A AN
PSRN LU I e e uy
v .e
tenee YPTI V0. ce

t = 15.0t, t =175t

t = 20_0t0 t= 225t0

LI IR
AR RN

* e
seeneg .,

©e . "
caLe

"eece

“ssnae
e o e cavenn
DAY sve

t = 25.0t,
K113 fRTRER



-3 ¥ 5 183
B OFHRIIZZHEROBITER U TH B0, AU NV FIZBEZ S0 EISMEEE
THIRT S dDET 5. HRMEED,

du 2ao7 t
bt LA e I
52 OE sin (27rt*) (11-24)

THZ b1, ROEMMHEEERE €3 (K 1112).

2 t ‘
u = _gg {t_ _Trsin (271'—-—)} C e et s e ee s et et s cere st assenns (1125)
t* t* ' t* v

ZZ T, ao=0.1500 x 10=7, At =0.1984 x 104 = 0.005tp s, t* = 0.4961 X
10-11 = 2500At s & UCHHF AT, & OB CIEMEE S 400At 5777155
FITIC & » TRD I FEFORRMELORET-EK 1113 ITRd. /S F0HEITT 3
ENRVFOMICE LI LI A SEMNREL, BAIIBBHLTHLOFbH 3.
h, RUFOTOMAT, NV F EBETZEFONE—TET B EZABELRO
B3/ F E ORI EAEA TIER LT 3.

II.3 &

il

ITi, ATHHFEEAVS ESICHEERIEREBHDOELI HELTHF
Bk EGRERELAFH IR D ik EERRI AR L.

SROME TR EIROERICE T A RMORBEL EAHER ETHRITZ I EN
TE, RNUFOHLAADOMETIIEMNOBEPEMOARLELHRTEL. &
nolk, EEMICIBULERTHS.

LU, ZKOBMNTHS MD tkEFREREOHEA LD ATHE, MEIR
ENTW5. D&Y, BUSRMBETERLTOAIENSbbIMS X I I MD
B EEBEIRE TN RBEIIIEMITE > TR ETHE. ZOREA,
MD EEOHRA TIES I THRBHRE TN EDBRERD SMTE 2 & &,
FREERETINVEBTONDOHEHFEEAEET I ETHEINS BN 3.

RIBARI X S BRMESRBRINTHEY, BFEFNVOBRABERRT S
BICHRTEROREOBHERMLTEY, IVRFENYIab-Yard
B EELB. |
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