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SWTHRBRREROESN S BEBRB 2 FMICRARE20ICR, LVEVEREIRES
WTEIERR GG 2 ER LRABREH 2L LALERS ), PR IBWHERIER
AHLETRELR 2V, 22T 2RRICELEAMIBES D0 L LTEX
WEY — REZRBBL AV, 220, FAFECBVTEIRELDRELLHPRER
BE(CCTRERA B L UCTREBE 2 vTB Y, A—0oRBBT LEOMEHERE S
N—F5C LIREBTHD 0T, KBRS IS CAE + 1S0KNCCTRER, IR Y 5B
#. +200kNCCTRERN FHEYRBHE. L100kNEFABHE D 3 A0RBRREFE VI
T2 17, AR CREELEHWETORFAHUEEBRBLBEHITLCL2ENL
LCEYSRERBBOBNERBRE2ToTvwb, C0& ) REN SHEERKRSD
CEBEERL CARERBE BB TEZEBELL T, S TRECHNOFREL
BRI EEBTFEMENERINEY — FEFRBRREY v,

BEIMEY — REFRRBIE, AV FEEBREL LOHE, S5EEEGL LT
BEELXAV, S4EEIELLEN SR TR S LERRT 270 OMERE LT,
BHECT U ZRIBEREALTVE, COSE 2 7u—X FV—7CHBRL, &
SR LNEENEF L DL CHENCEET A OTHY, WHELSTET 2

_9_



Farr—F BRIz — BNV T BEETAILILE T, MET 7 F 22—
FIZWATAEHMOF LS VICHEXHBLT, 77 F 22—y DEX by ¥
CREER RS X CHESRELEL DN TH L, 4 BOERBBOT I Faz—Y
LS €D 2 OARFRETAVAMERR 70y 7 HEEE2- 1, WERO R
F2UTRT . AWERBRICBVWTIE, =NV T A NVIEBEDV V=T NV TI2LoT
HERBOFEARBEZRELTB), BEEZLELTIHAKE, VTa—-V 7
NVTREoTREERFT) FEEHVTWS, T, HMECRERLTHLH DK
THE2AL—F2RITTWS, LTERBBICOVWTHEICHNAT S,

(1)*150kNCCTRERH Fl BEAMIE 4 — R 57 Bt

ERSRBREEONES L UBBE L2218 Y, RBBO7 27 F22-5 8LV
Y= RNV TOLEER22IR T BFRTHER LT 2 F 22— 7 3ETH ON2-1
CBWTIRACTI KH 725,

F*2-1 JMETFRLAR

Maximum pressure | 21 MPa
Maximum flow 106 I/min
Input power 220V 45kW
Qil DTE 26
Pump Axial piston pump 1
Vane pump 1
Motor Three phase induction motor 2
Reducing 2Stop valve[—] Reducing - Accumulator[» ACT I
valve -9L_p___ valve ¢ _I H“ | I
. A
Stop valve— Reducing— Accumulator —9[ ACTI
‘ valve [
——>LSM— ReducingjH Accumulator}> ACT I
valve l
—>| Reducing valve Stop valve —>| ACTIV

Reilf valve

| Pole filter |

Reilf valve

{ Pump Motor| [ Motor Pump| Radiator
[ Suction filter HOil tank} Suction filte

B2-1 WERE 7Ty 7K




FARBREEE T I RBARIEW=100mm® 5 & 25 [BRABRF & v 7255, RBR 3
BN o DEE L BEBEATRERT v v 712 & ) BB ICHUTT 72, CCTRERR D%
A, FROZY v b EHLE L TEACERPERT I, EADESRRIEND
e, SREIOUER ERFAMOEBOWEICKXEYH L, ChEeBI#IT L7120
i, RBA BT oBcHBRRAEICOT A7 -V Mo T, iTOTFHEE=SL
Ao, B EABITHENTELZFELLVE ) KB 2, COBRRBH
DEAICBVWTEIRESOEIABYHHZBELTRLALRO NP o7,

(I ) £200kNCCTRER i F BRIME 4 — R 57 AR

S REREE (B BERT Y — K%V ¥ — EHF-EA20)DHVE 2 M2-312 77T, IS
ABRBO7 7 F 22— OAMER23CTRT . FMATHEALALT 27 F 22— 5 i,
B OR2- 112 B W TRACTIICH 725,

$22-2 +150kNCCTRER A F % 57 A BR A8

(@7 27 F 2x— 5 HEE (b)H — K THAE
Capacity | Stroke Model No. Rated flow | Rated input signal | Coil resistance
(kN) (mm) (Y/min) (mA) (ohms)
+150 +24 MOOG 76-103 38 15 200

()}l (b)HEm&
X2-2 +150kNCCTER A F 95 57 sl Bk



$2-3 +200kNCCTRERH FHE S RBH 7 7 F 2 = — 5 {Lkx

Capacity Stroke
kN) (mm)
+200 £50

[2-3 +200kNCCTHERF g 57 A BR8]

Attachment

Loadcell

«<— Water

Wood metal
! Melting pot

<— Steam

Capacitance type
extensometer

i Specimen
X2-4 CCT#ERF (W=60mm)H X2-5 CCTHERR (W=20mm)H
AER R B G BAVEL AR B G B X



ARBEE Tk, RERARIE60mmB & U20mm R S 545 [RABRA < & b KBk %
TToled, ZRZFRICNLTRL22ZBRFITIBER LAV, H2-4IXRIE60mm D 34
BR N L THWERBRR IR RONBRERT, Zhid BERENRMEXER
BAWFER O P AR662IETH D, TOONAERED S LOMMERY T THRL 2
I NERBF 5 X%, 7y P CHETABEEESATAERALTE, v b
THEET 2B, KRB ORI & B BITID S 2w & ) i AR L CEE
EED 7o AT EIZE)AY £200kN, A £300kNTH D, AR CTITo 727 S5
ERER R TMIAMERLEE U ABRERICBVWTRBRA OTR) RBAD O h o7,

2-51Z ARE20mm D RERF (o6t U TH W - B BT S o X 2 /Ry . ABRA T
BT rudy bOHE L. B LB RBRA ORI X BT L aE
HEMb LWL ICEKEBTHMAEEY Yy FAZVEANRLZEY PE2EEL TS, &
SIZCoLEIciEk, a—-FEl, - FEVORARICEHELXSE X7 00T7 5y
FRAYIBEEINRTVE, Y FAZVEERY PCERKEZHR LA LICL Y HD
Lizo $RBABUTRIICIE T — FE )V TEOKBICHHAKEZ|M L, BEUS &L 2800
O— FEVHDRE, BEOLA%2b 03I L2ivwTwna,

(1) £ 100kNEFWHHE ¥ — K 57 SUBR bR

AREBREE IR, RBRFBUTAE* BT 22 L2k, CTRERA % 5 UNICW=50mm
CCTRBF D25 A 7ORBR L 52RBEIT)I L3 TE 2, RBROT7 7 F 2
I—#iE, BiIHOR2- 1B TACTNICH 20, £ OREER2-4ITRT, F—HRN
V71 £150kNBESIHEY — REFRBE L F LA TH 5,

M2-61ZCTREF AR % 2 - IREBTORBROMNE B L USRI 2 7277,
CTREA ODBF I ICBEE Y Va Ay P 2HWEY, EyVa vy b2AHLTHE
RPEMT L EHENBICGEL BBHTE Y Vaf vV PERIGEUDFEL S, CO-0%
B BHE-BMNERATFY VANRREL 2 Y ESSRERKRIICH LA EDTRS
FiRY HEOMBICHES NS, TN HEFECEHHICE W THREFDE A IRE)
BAMEV 7200, RBREE L EEFLBNE 25 EWE-—EN e X7 ) YACEA
BhBND, COLIRKEYVaf YV MEATRERT 2HRMERMEI L 7547 VR
BICLoTERES, SRAOSEBERCWETE 5 BEREGH A A% IE 084
AR ET, RBRRE LEEFEBERECEHZUT)BEICREE NS, 22 TK



RBPEEE ., K2-7I0RT &9 CHRBRA ERBRAPAHEREOMIC S SURHAL, R
WARBALL TV D, 722 ORIBALIC & o TREF %1 2 EHHE % K2-8ICRT
IE35mm. B X4mmD 4 MO NFHIC L o THET EIHIIC Lz, THITHILITED &
BEMIIELE— AV MREY YV a M Y M EBPFT OBAICHRT0I1%AT D
o n, REFBMAHOMBLC L2 XBIEHATEL I LIFRERIATV S,
I 2RBH CEAO @A S v &) B TS B ICIE86mm, [E & 4mm D
BT LR ERIT T2, COBRABRF OMAEICE Y TEIRE S 0EEHARY
M ABLCIILALERL ) ARREL ko7

CCTREBHA IS T ic, 7 v F TREBR 2 EET 2 BEEZESHTXORTIEER 2 RA
L7ze v PCEETZE., RBR CHAMORGIC & 5HITAMb L 2w & ) I,
KB 22 HEAB L OENOMITE E=4 L2 ot AR ECEEF D 72,

$2-4 +100kNCTRERF IR AT 2 F 2 = — & {4k

Capacity Stroke

‘ﬂ-—
o] ] il
al Load cell
ﬂ Specimen
g
f Servo valve
I 1 Actuator
e |
f A H
L. mo 600
(a)5H 1 (b) BRI

X2-6 =+ 100kNCTERERF H 9% 57 s Bt



P P
! f
EISeEe) ]
Spring plate |
0000l 1

3
S —
o
a1
€
81‘“1
]

Relief spring ,
for bending

OOiOO imen
~ WedgeA BOTOJ "’ H-
| WedgeB %4 35 |35
T Chuck O
v - Pin _
— | }
P P
2-7 < & OBUTERHERE X [2-8 CTHERF A AERR BT 5 BRI

(VYBF BT E T BRI PIE J7 SR

57 R O & K2-91C, REE 0SB % K2-1010, AP 2 BERBSHELE
FEMMEANICEERE LR L H2-11R T, ARSI ERBGHELEE T EMFEH
SLBEFTBLHFS-2STE) O B RN ICEE & h, SIEREMETRBREITVwWoD, SRER
BEABNERBE T2 LPTRTH S, REEEICIAHEE L5kNOBRME
Y—RRO727F 22— 2AL, 0~BTHz0 R LEE THRITEETH S, I
PARBEE O, FHEBRT AT 2 Far—F ORI EY) Y FIR
ELREEERNTEZ L)L Lo TVBIHTH S, K25 T Faxr—seHh—R
NVTORBERT, 77 F 2L — 5 ~OEWHOERICIZ, BEMFE29, @)% H
W, HEEY S OB EER L T b, FAREBA & L TIRARIG40mm D ot X 55|
RRBE AT,
EEBTHEMBIHAFERLRE 2 CoNFIC L ) TRENZFLIETT 5720,
CNEFHCTEPERTH S, AEFTHABRKE TR, Fv v rREmtBETHEBED
FROBBECI VIR TS L Lo TEFEABRORME2HY, BELHPZ T
%o BI2-121ICHABREE T v v 7 AWMV EEBTEMFEORM A CEE S L2 REBE R



To BXIMESF —F R LDER + v OFEERIIEEREG®. - FErOEAL
TEXMF Yy 27QIEL LR, V) ¥ FOFEEENT V) ¥ FHUKFO% 4
TN VFRUF vy 7QRELZLNS, TRBRF@E, EX b I ETHED
EoTWVWABEAM/lFYy vy 27EHOOMIC, ZLTY Y YFHTEY Y ¥ 54
Fryv2QLEBHFMHZOOMIC, ZRERRN ML o> THFIF SR D,

— R DRBEED L Y2, TrFaz—snY) ¥ EREBRFO— % EE L5
EX M VICE D HEEZMZ 256, AR ORMNBEG 0720 CHERTHEL T3
Ficid, AR R0 SREIBETF 2 5NN THEFREEE 25, € 2 TAHREITHAR
EEE, ABRBLHFE LI THNEEBSNTELLI)IUTOIREL TS,
THHLLEER-BIRARTLICY) YFHOLEX F VA% F T NEEEL I
BHOIEY ) v 27#A L, XROYBEERELTER MY V) Y FEMEMITH

Y1

= AN : 3/ -®
e — “PLE 7——6%_ ®0 ©

==

® oomm

OEFHGIEEEETIENGE OB OV vy llFyvys @EAMNAFrYv
®u—FLv  GCHAEE OFiRE OFBIUNT 75y @EXbY
WAPEA Y —R 7 @m&v47nx ¥y OHEi~AZuix—%
@ERIRY—2a OBfEME GFA/ YA

@%)%ﬁ&%ﬂiﬁﬁ%ﬁwﬁWﬁ%ﬁﬁﬁﬁ%@

R2-10 &S B A 2 - SR SR PR 57 AR AR SR



X2-11 EAEFRMEEICEAE L 7o 5 BB

% $09uf. 2

—— 3 T : {
((C2ea ol
— ] AES
i L=

OPOPZL FE® T @QEX NV F ¥y 2 QR # X 2
OFY LEENOMYRE S - 220 SOOI 0 &= 22 F S O) =Rl b 92
@frEE ONAXER OFEE) N 2 DR5 4%
@FAEE BIT=FRA7-Y @OF vy r7XFR OV 7 ITH#TF

{13

X2-12 HEBEF v v 7 IR



K25 BRBGTEIEAE T RGP B

(@7 2 F2x— 5 (b)yH — KV T HAR
Capacity Stroke Model No. Rated flow Rated input signal | Coil resistance
(kN) (mm) (}/min) (mA) (ohms)
x5 +8 MOOG 308-020 6.4 5 200

== A_ﬂgg
R | <> ¢ s >N
i Ox &
Jixs DFE =
SRS @V vz
ONANNEL|
®Y R+
A %

X2-13 [EgEFEEE

(@*Eﬁﬁmmﬁwfﬁﬂﬁmmﬁ@é&%lbbew%o:mﬁﬁ@ﬁﬁ&ﬁ
BHCEEZ T MICBEI S LI LICED, EX YV EVY VIOBBIEYRET S
ENTE, BESSOMEMAFROBEEST 2 IZRET LI LNTES, L2L
CD&) BB LBELZT TP LOBEIERSAIRD . A EEICEE 2 I
YBEISHFET 5, 23T, ABERCHEL LGS CEHERTSHRE» o4 N v
B0 FECBE 2 RELBIC, BERNTEZHCTEHEROBE 2 2 61K
HFLTwb, UTH2- 142 AVTCOBRM LR HELCDOWTHLIBREH, 2T
HE I S RER MO ERICH L CERELRFATS 5 MBI 2Mode I 3512 HE
THEEIZOVTORBHT S,

R Hi(a)id 8B EMode I SEABW BB L 2GE0HTH LY, R&L) D22 &
IARREBORES., EEETHEMEOEETMIWEM L PATTHLDOTRIIFT
MiZcheBEALRY, BAKEMode ] EROBAICEFIIAMTERERT M & —
BT b, COSREMELAFTOD & THRMMTEC L IBEBRELIT o205 ILH
BLIGE, EARBRBRITEORELEE L VFEFICRVZD 1E0OEEDMIZIE
BEMOBEIZIZ L AERWY, —RICWTFIFRBIANEE L FEE,L D LIRZ
NUTTHB70, 1E DT OB ICRE L E Nk b o 2BEIES (b))



Scanning direction: X

UCrack >'I

Sweeping direction:Y

R ey . pu - »
Loading axis:L L L
(a) (b) (c)

X, . X,

(d) te) (f)

X2-14 WERE L 5O SN

FH LD AR F A EMCEER A0 SBOBTE LTEHPRD, BB 0OH
. WEESLRIEEERAPL TS LT, ROBEITREMTRT &) K 3RER
BoftBRICBESND, 20 1 E0ROMO X BOMEHHIEOBE R RERF
DEMELRWEL ZIRAT2EZLONL0T, COBELEEETHMBEOE
EafWieT4—FRvr L, GErBEBLAFLRELELBRELRAL L, B
B HE L BH S B AOBEBUNCTH S, COBREICE D EHEMHKIIZER
ELENL Do BEESLBEANICERZEECKRESN, SHIIERERICEEL
N3, SHEWEESLRIIETLAMEEL L, WO bR LUMATREI BT
DTWICRT LI ICHCFCEFBEEBEINS, 7L, SCTHESIND SN
B A7 VOLLARNVEIHETAHAOZMNPHLPIA TS, CZTa—7—V a3 /[
iAW CEESNS L ORI TAYEMCEoT $RYAKES T SRERAN
LEEFMEE—BEEL L, ERHORIHFAERIIHLAsTREZLIFA I VFDDH
PHEIC BT D REABEES N, 25 CAMESOMA L BLRBT 5Ltk Y
EERELANVCBIILEWEPA M RRAaEy JRBEBTAHILENTES, FFIIEK
KA EE S 5 R BITEREETERBRE OEBEEN/NE VW OT, @, ORT
EHREBEFFIC, HBIEE S o TEDHEMOEIBOLNE I LIk b,
K261 ARFEIC AV BRI EEE TS O 4%, M- 15 ARBRER

HEHRAAKERT. SEEA L - EREATEEETEMS © HREMRIS3mE

1



#2-6 BREGTEEZBTHRMSMLE

SREE 2 RETZ 3nm__(fREE)
i 2 RE11% X20~%250,000
EERE 1~25 kW ~
BT 7 — AT B T8
Ly AR 2B v X
SR E B X-YRE) +7 mm
BERAE 0 ~45
BREEZ EHRRYTS AF RV T(IP)
BEERELER FHEEERY S V—T ¥ avEYT(SP)
' o—#%1) —R77RP)
B EHZEE BETFHE 3102 Pall T
AL 3X10°5 Pall T

#2717 SFI—FRY THE

PR EEER) 1500 Ifsec
 PEREE(BRE) 1100 I/sec

HESUED 6X10°Pa

JEHa (&8 %) 700:1

HEED 80 W

EER-d 25,000/50,000 rpm

PeG*VW ‘
o2 [958
% v
H ' Pczg g 6 VLB e
Vio Zvn PeG

}FVQ

'] m

RP . a—%1)—KR»7 IP AFV RS SP . v—FvarvRysS

IG EREE 2R PeG . R=V ¥ ¥ =Y PG EF=H—V

P EARARE XV B EKUnN FT 57 AR
X2-15 BEEZRERVAT A



B2 IABELNPALTOBREZRICT 2 LEN DD, COOARREE T
EXRBROB LANLD 20 I TFHPERE Lairlock(B2-15 VI2)ZEKIT T, SNIZ &
DRABBOEEBEWLI LI EDHEREBRL TS, 2BFAREBICIREZRZL
BROBHED 20D, BREEHOAL VR TONCKEREDTF I — "R TR W
L7zo 2T ZDHKBEERT . T2 — KRV 7 L BTHMEARE L ORI EE
NRO—ZRBAL, 653 —DNT—XTRENEH ) A E 2 " EOHRERT
RRAVWTBY, ¥ —XEEROBEEFREBOTF 5 - KR TOREHEKE —K
LEWEIKERL, BETHEMEOTHELET SR VWERCIEREB2BREL TV,

2.2 RBESHLOEBBBENOEEOWEE

2.2.1 B Y7547 v AL HIERE

SRR PBLIUEHAAOEBE. REBEI V7747 Y AERIVPEL 720
COFER, o) FTEHRICI b0, BEREICI LD, BUEHkkrn L)
BB EBRR AN, ) REBYLELET., SRFAMOBHOWNENETBETITRS
twnwy b, RBARNBEEOLFRHN L EREILERNICAETEL L) 2
DORYEF TV D, DTRITHEMED Y 7T 47 Y AERICOWTHHAT %,

XL ELRBE OBMLAKKELOD LR T ) YA b s L, EEMFHEOL
TWaHRETIR, RBAOY AV MERBRKIGLTHOLTWAWREBL P a7
SATVANKEL kB0, H2-16@ICRT LI CHAHELV VYU ETL AT Y

Load
Load

0 Displacement O Differential displacement

(a) (b)
X2-16 ME-FIEEMELXTY TR




) o &eur
INPUT © —

B2-17 FlEEMKE

VAR DE, LALEYMS, COWRBA YR ILKDTrATHY, SRVTE
RBEOTA LNV, T2bb SRWAORCHERTA2HNENEY) SEAHARTH L, £
ST, H2-170 &) RBEERERVT, AT Y VAN SBEEOKEORFHAER
DWMEMEFETLERBE L) 2, BNESPOWERLT AT MBS EFIE L
BB -5 EBMEMELOLATFY VAR &, F2-16(b)ICRT & 9 I ERH
COEEBTBERTY VAOHNMAT ) FHEL 2D, SRFAOJEPARLDDRER
EXNLET2, £/, SREBCECERAFFAOL T A2HEEROHM > 75 4
7 VAN L RGTHEERFE T, 22T, H2-1705|HRKORT ¥ ¥ 3
A—FCREWVBMEFTOFA v ERBY, MEI Y TIAT Y AOHEMTZHEL.
R WEM L BITICT %, COBORTF v ar—sDEHRY LEREL %
FOBIEL TBIIE, B0 SRHAAOSBOWE L Fkkic, ABRFABZEOLF
B s RELLERNICHIETE S, SRREILRTF VYV a X —FOBRIEEEKICIOW
Tik, 2.2 .4HiTHhRS,

B, BIEEKRE-1THORF v a 2—FA, Bid, RBRICEEI Ao TR W
BT, FIEBMAIHEME FTic22 L) KHE, B0V VERBT2200
79FR—5 Thbo |

2.2.2 WEETBIUENETREE
AWRTIR, WBLAL ) KERRE L ERAMAOSB L RABBE L 7547
ABEICLVUET B 720, BENORBPLEL R D, TRLET 2 HBHBIEDFE



SA—5THEEEL | MOMEAIB & URK ] BHE maxk BT 2720 ik &K
BE OMEAEUNDEL RS, SO L) 2RBAFOENES S L UREBR TR S
NEZWEIR, 20EEORBVEBNRBRICE > TR250T, UTFTERETLOGE
ZoWwTHRRS, |
(1)FREHFRICCDRABRS DB &

ABFFEIC B TIRCCTRERA & LT, RBRAKIEA100, 60, 50, 40, 20mm® 5
DFEDDDEH W,
(a)%ﬁ%ﬁ)#ﬁWEW=100mm( + 150kNCCTRERF I RRER ) DB &

EERBAIE OBEE 2 M2- 181K R T, WEEFRREBHRT, EREL, HRET
EORSBEEN-MNEBICEE2KOVTAS — VB, CEEFEREHRKFC-5-500-C1-11)
RBEAHT, BERIBHOAZHET A LD ICTY v VEHERL TRII L 7

bl osilc i
s |
—= B -
| i ] i
[ ]
i | \J
Specimen
1 L‘ »
LW . )
B2-18 MEEFRLNE COER20 2y -V 0EEIRE
0 o0
C . B i A
—_— :L e —
O O = o =0 O
16 24 20 24 16

M2-19 2V T7o5r—7



CCTRB TREAK SENRE, EBT 50 TRBASHE LTOPYHLER
BHEUETILENDD, TLEHEMEEOBUERLBERCWET 511,
EDEHITEVEIATENEWETI2LEND S, £ TAMATRIROPRE
OZA 2 TS & LRI LA, Lo L, ST MUBBRSRT b 0. 2mmE
E. SERBRRERICE> TREKRLSmMmb DENEZELI2EE4bD 2720, O &
> R BHER & BB CEEMEA 2047~V ko TEMES L LTRY BT
CLEEBETH B, £ THRBAETIR, T OHREL L, LA, BBE, REH
K&htavw7¢—9%mw:o@zwm%@m%@%ﬁTomﬁabﬁéxau,‘
COZY YTy VOBERLET 2HONTROMBIICAR-FZIZEAT, 7
CBYJA CTCNAYFHFICEYVRIEL CHEERSRL L. PRIBICHRBRA ICBUT
BEBHO70y yBER TRERK RRBOBMERET 2 L) Kk oTVa, 7
0y 7BEMANCARECERSnmOAFHHEL 2L, Lo 7oy 7 hRIT/NER
BREFBITTH 2, ChERBAPRYREBICRITITH2 ) - LF2ELAE
FESmmOPATIF RICHEE L 2R EH2-201R T 70y 7BOTRIGEAER & NEH
THEHEML, ERARAEMGEVWREBICZoTB ), T HBELH T VE{ERL
L TOHLIMEER, MHETNRICLBEATF ) VAN-TIRELIKSS RS, T2/
AMUETREAEZRHELTVAS LLARLRE D SHIMIKT, 0.6mmEEDE
BWODYIFI B 25 X TEETLENFRORNCEoT2 Y y 77 =V i +45
RBA ALY, 2RV BVARKE CROERL, RELZBEFBOR S,
L2L., HEBEERICBWT—ARBEEEFEEL 2 ), BURBICEXTHESR
MNEDPEBECKELR2E, 7V 7P -V EBRACEX UM HHEL 2D,
N BEMNOPENARUABE RS, TOL)BHFITE, NRAEDOHDOAR—FZE W
MERBMT B LI Lo TH LTI NESXEL, SHRKKELRMIEMNOWE%IT
25EHic i

EAES IR, H2-21RT & K EFTONRRICEHF 209 &4 — VA1~A8(3k
AR EBKFC2-500-C1-23) 4 EHDT Y RT Y AR MBRT 2 L) KHEMLTTY v ¥
R EMR L, SEAROHSOBRMBELRI L 2o H2-220BNEE 7YV Yy 77—V
HHOBEMMERT . 0~0SmmOEHEHIC BV THFRMBHIELR TS, 2B
&hmﬂt@%ﬁmm%mu%mﬁ&hxﬁszmﬁéﬁi%:tu;bﬁoto
BBZVy -V OMEE LTARKIZIE, 315C, 2R M ORRHMEIC X o THEM



Displacement
Al A2 A3 A4

@ T
A5 AL A7 A8
X221 2V vy Iy —-Yoyr—-IBNNE
ZOF

mV

Output

1

O(J 1 ] ]
0 010.2030405

Displacement mm

B12-22 2V v ¥ —IOBIEHKE

FREBEDRY YT AR, AR—FBLITToy 2 CREFELAVTVS,
(b)) RERF AR IR W=60 mm( £ 250kNCCTRER T A SRR D35 &

MEEERRBRE OBER T ITzu— FENMICERB L, COO—FEL

id, BEREFTEISFL-20(AE £200kN)Td 5,

ENEFTR, ERRo2 Yy =V ERAWTHEHBRICKRE L 72,
(©)FRBRFr IEW=50 mm(= 100kNZRERHE) 0 35 & | |
HEEFT AR OBEERICIT o - Fevick DR L7z,

ENEFR, LEBOZ )V y P -V LR A4 7T, DPREOHEGEOEZEI6mmD

IV TV ERWTRE L,
(@B RIEW=40 mm(E R BB T RGP Y KR 0 55

HEFFTRIM2-IZZ0BRERTO—FEMITLI DB L, O— FEVICIRHE
72 AFNVOTHY — VEEHIEEHKFC-2-500-C1-16) M Ed 1M 2 ¥, EHHM
W2MDOEH 4B AT L, 5URMBEOARET A2 LI TY) vy VHKEBEL 72,



M12x1

x] ® 10x1
/mg_z /M—— b
N
R 2O
D2
12 9 .8 .| 14 8
| 1 1
L 53
B2-23 w-— FEBIR
=3 =7
$ /. sy
. (d w i
gLLi- Ll r A 7;

16
20

X224 2V T7Hyr—-Y

w
o

ement mm
_No
(=)

Displac

=
o

1

_ luoxé

200 400 600
Value of potentiometer
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KYZAFNWR—ZADOHCREMEREO T4 — V(I AT HRBEFERKB-F
AE-5-100-T16) %/ L 7z, |
ERBR OBE. BAUBEFORBIX, H o2 & o THRAES /22910 £ DB
Hi2RTEET) y VHRMBURT 2R TITo 720 BI2-30CPERKEL TAHV 2 BXE
BERT, COMURRRBRO—FOAVEHCEACE N 2BHOBRMICOLNo
REBRRERA)OR I, o R VEBICEE S MESBNICEV ITHEZE S Lz 20
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Auwvi:, B4 XTHEHRYE, BIERORERHORVERMEES 2 REL THEAL
BIEASIE 2BMIEL L, BIBRICIHPMIHBOEFY 7 M, B/ A X5 4 7DOP-10%2 H
WEBATE L, BERICEFEHMEOOP-01Z HAWAFHHD L LTWD, T -EIER
M BERO BB EBS(RERE0L 1ppm/T)E A VWHIBSROFLEH % T
XZEPAETEEEbIC, WIBRORENE L Lz, 2 BIOERHIESDY
A V1347.6dBTH B, $7:%7) v VRB~OHMMEE X, 2370 —Hl2RT &L
LEBEVF2 V-5 2HVWABREEZAFERL, CRCI ) BEIELE12,9,6V
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2.2.4 BZHER2ORIE A
BRI Y TIA TV ABEC Lo TEHES R WET 20 TOIIHEEH
WTaR7F vV a A—sOHBY L SBEILBELTHLENDH 2, UTRER
oV TRRG, | ;

9. ZEROBBRICHVIOLFELBR - TEORBRF BT, SRVPFBELT
WREWRECTHIERBRETHOR2- 1D R T ¥ ¥ a 2 — % CoHEE% WHIEP,(=995) 2
BREL. 77 2— %A, BERAELTWE, BUETN) bHHOoREVwIFDLE
B2 RMBMEM E M EM L FITIT 5, DBRT Yy TFA—FA, BOY A VIZEET 5,
RICEFSREBBBRELIT, SR —EBERTAICLICHEICE-F - == 228
BHEICHEOHBMEBREL., TOROWE-FIEEN L X 7)) ¥ X OBRFFHEMER
PHEMEFTLR2LIRRT YV aX—SCERMIL, EOROBBEPERET 2,
RBRBRTH, BHICRLIY—F - v— 220 SUBRER2RAMY,, #F v vart—%
HEPL OBIEMMERONIE, DB, PERIETACLIRL) SRR RMZ L
BTED, CCTEARBLREBOEREMECKRLA-FHEREIERALL, B
EMBRIPLERREEEZNTROAMETERTILL., PP L CCTRERF ORAITIX
W—2a)/(W—2ayp. (W RBHRIB. a: SRER, q,: P EREE] CTREBRR
BEICEW—a)W—ay). [a: HEEHTELPLDOERELX, g, I ERE I &/D
ZHRETEZHAREB/LTHV ., 2BFMRICBV TIIHBERBICBI 2ENE
REBEBHLORARLLTBY, 20 L) 2FRTEP RV LVERHO SRE S 0N
LTHET 2 LEXDH%, TORHEIL, AHEIREIORBTETF v Vat-snfE
¥ISICRELRRE M L 28, SRVFEB IR L2 LERREOUEHENKE
TT %, £ TRERAKIEA100mm o PR X R5RAERA & AS083-0%F DCTHER R »
BAKKE, SRIFHIELSITHBLAZLIAT, RF /¥ aXA—FCEISICBUR
FELHEL, 2OBOWE-FIEEM LR T ) Y AOBRMBERIHEG L FITL 22
LTy TFR—FA, BEREH L. BIE%H 7,

B2-38 I AMATHWAZEEABRR T2 EHRESIREMMER T, £72, B
TRECEZEDSHEHRNEUTICRT, 7272L. X=P/Pyt T 5,



(a)CCTRERF (W=100mm, @;=6.5mm)
M=A XO4+A, XHAXHA, XA X+
(W_zao) 5 4 3 A2 1 AO

a<18.6mm
A=02916  A=19753  A,;=-19019

A=00212  A=11006  As=-0.4867

a=18.6 mm
A=-0.0129 A;=1.9223 A,=-27722

A;=2.8463 A=-1.6954 As=0.4342

(b)CCTHRAERF (W=60mm, a,=6.5Smm)

W—2a , _, 3 2

W= 2a0)—A4X +AX+AX+A  X+A
Ay=-0.262 A,=3.701 =-4.588
A=2.822 A=-0.670

(c)CCTRERH (W=50mm, a,=5.0mm)
W—2a
E_W'-—-sz AXHA X AXHAX A X+A,
=-0.420 A=5442 A,=-11.089

A=14138  A=10024  A=2953

(d)CCTRER A (W=40mm, @;=8.0mm)

M=A X+ A X AXH+AXH+A X+A

(W— 2a0) 5 3 2 1
Ag=0.339 A=0.241 A,=0.782
A,;=0.413 A=-1.511 As=0.737

(e)CCTEAERF (W=20mm, @,=2.0mm)
W—2a
{W—%I)S: AKCHAK+HA X HAX +AX A X+Ag
Ag=2.8369 A;=-93583  A,=9.3467

A=6.7525 Ag=-24.031 A& 13.827
(OCTRERF (W=90mm, a,=18.0mm)
W=a) _, s 4 3 2
=ay =AX+A,X +A3X +AX2HAX+A,

(1)HTS04} |
Ag=0.7486 A= 2.5200 A,=-3.9944

Ay=2.3984 A;=0.6256 As=-0.7486

A, =2.0658



(1)A5083-O%F
a =31.5mm
Ag=0.2038
Ay=9.7778
a =31.5mm
A=0.1918
A,=-5.7475

A,=2.2992
A=-7.6389

Ay=2.4949
A=-83077

A,=-6.7450
A=24168

A,=-5.7475
As=28116

XBEEEEL., —EEENERBRICB VLTI, H2-391RT & 5 I #E L ic
HLTERELSqZWEL, 3 H>G=P-1PP+1)%:E5 2 REMEHEH L, i=POFTO
B % WEAPTORYSREREEL Lz, EHNERROBECHE, 1 70y 7
UMDOXBERBELAEL, T2 LRELETRL., FHIRERERERD 120

1.0 10
08 08
5 06 06
a d
0.4 2 04
0.2 0.2
1 0 |
o 02 o4 06 08 10 Y5 v o050
w-2a/w-20o w-2a/w-20o
(a)CCTEERH W=100mm (b)CCTHER /i W=60mm
10 1.0
08 0.9+
a? 0,6 ne. 08}
g &
04 0.7+
02 06}
*% olz 04 06 08 10 08 PRy
. - : : . 0.6 0.7 0.8 0.9 1.0

w-2a/w-200
(c)CCTHAEX /" W=50mm

(W-2a)/(W-2a.)

(ACCTERERF W=40mm
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X=(W-2a)/(W-2a0)
(e)CCTHAERF W=20mm
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(W-a}w - ae) X=(W-a)/(W-aJ),(W-a)/(W-az)
(1)HT80#+ (2)A5083-O%F
(OCTHER R
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X ap| —————————— : |l
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2.3 av¥a—-5 iR BBHHI AT L EHERHIVXT A
SYFAMBEXSUCLEHWEC L2 EFSRERFRLIT) 20IE, ENEH
WENY - VOREFS 2R L CRBBLHBE L. Th iR L CTAMTEMESCH
B BB LUWE—FBEEML AT ) YALFUT 2 LENS D, 22 THPFET
HIoayPa—sBrUvA4rz0ar¥a—%, A-DERBB I UD-ALHRGRS %
v tRBgHEs L CEEFHI A7 A 2B LT, RBRBoRIEETI L b
BMGEE, 26, FIEEMET O BEIE 24T o 720 BI2-40iC BRIME Y — KK
RBEEPLE LERBYATF ALK 70y 7RRO—B2RT, ¥— % ORI
3=32 YV a—5MELCOMI02S% . MEREOREICES ¥ ¥ AHEEHOBE
ICIEHITACIO-I 2D —EB L ULEHEOZAICIEY M/ 2 13 ¥ € 2 — % ABC-20,
2438 L UPC-9801% flv 7z, S CHBIRTHOERLE 220 0RBEHLIBNEIN
24HzOFMERTH ), WERBEFORES L UWE, B, FIHENES VI
AV Ba— s ~ORAARIR, CORPMETCLVAMEM) 226470k, LK
280V 2— Y REPRRTIAIVIINNVALLIoTHEERTVRSE, T
EMHERHO 1 70y 7 ORBOBANEF > £ &b, HAUMAOARL LTHY
bihb,

DTRHEESRELWE-EM, WE—FBEENEXT) VAFHllO 7 r 5 3
VI DEERNBREZFICOWTERS,

3 Y
Computer Minicomputer
HITAC-10H Timing pulse MELCOM 70/25
PC-9801 Cartridge disk
ABC-20,24 artricge dis

: A/D converter
Servo amplifie; Negative :
feedback Amplifier
| Fatigue testing apparatous b
—
Test specimen Clip gage I——)[Subtraction circuit]
Load cell
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2.3.1 WEERETORE
FERREENRECHLEREOEBEI VYo — s 2 HWT, BB 1Y 42 VEI1004
b L IX400E THETA LI ICTA VI VHCHEEEOES2ETE L. IR0 RRK
BEBICIVAPE LD 2ARS, D-ATRBLALTT U/ EFHAERE &I (2
FoTWwd, UPTFT—EBLUKLBOLTEIHE/ Y — Y DEREICOVWTHRRS,
(I)—ERIBHERBEDHE

1 T D\ TA00A I8 & 72Kk % . FORTRANFEX AW TR L., FHEHR
DAEY FIREBEETE L SN0 ICHE LR EELAPESTICL) 1072
B &R, TO1HEERET L& ) —ERIBER 2 /E- 720
(IZ &R LEBHERROSES

FEER 1 70y 2 0EBHEFE 75 2 TRBL T, BELHEDTHHED
EXLNDH, FOHETCRIBEEND IV a— 5 CREVEAMOTEHERRI
W22, 2 CHERBRELELHWEORAR, EBEE1 7oy s igihdr g
BRIZNIBTOIRERDRLIAEBEDOENEN LY A 2 VF40R DT — 5 L 2 DFE
PERBCBHLTBL, BROEBETOV A 2 VvBERTIL, BREZ TR
BULAEHDPOBETIICL, 2BCOFurIATRETOy 7 OFEEHTHER
BEARBOS A IV I NRNVARBATEEIICLTWENT, ChEHWTTEY Y
DEEIPLFHPTELZLIRE 2TV,
()7 ¥ ¥ AEBIMERRO RS
SYYAREMWEGTREFEL LTk, EROBK - HEWSE /AT 2K
Kri@lL TRV HE, ARMERAERENEELYLBRN7 A VS 2B L THE
DINRTART P VEETEEFAEVRTHE, SV V2 ABERBRIZLYV T4 Y
FNVYIalb—vavlT7FrurZihees R ENHb, AR TIENNTANRSY
PVEEZEBECEALNL I LR EAFAONOEEHI Y X T A X8 W THERT
PEBENRBLTITATEN TS L2 E0FE R ERBMOFA»L, #$3F
HoOREBICLAFA VIV VIalb—Ya YO FEEZRAL

EFETIAMS V2RI 2V—-VarvoRE LT, BTRERSE L)%
IV ANMEEET HRFBOBEMIC L 2 FEIE AV,
FHHEODEHETY AT ¥ & ABEXMERRNTYI2V— 1T 25,



N .
x(t)= 2 a,cos(oyt+dy) | 2-1)
k=1 o |

ST, GiR02n] O TR HERER CEVICHMYTH 2, aRRNELH 52
bhbd, F24LRTXE)D/SNT ARY P VEHERBS()DEDOFRBIZB VT, LR

0, & TROOBENES L T,

A®=(0,—w)/N @2

W =0+k—0.5)A0 k=1,2, N (2—3)
L¥nLE, |

a,2=4S(W)A® 2—4)
ELTE5 2603, 2B EROEFVOBARINOEII PP b LT TNV T— FEHEIFR
FEhTwa,

ARATREFESHEREECRZTEENRSIT L A LBELLLR WEREREIRE
HHRELT, F2L2RRTEIBRNTARY bNVEELET HIEHRERLRAL,

AN > CICEHHEROEEAEONB L SEME TR, BidboTTELLTH
BREROY I 2 b=V arifTve, TOBEFIZITEHELTRL, B BEN

§ S(Wk)Aaw
v
0 W Wu W

X2-41 "7 ARZY N VEBEDSADSE

S

0 _ 1 1 1
0 ¢4 40
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b REREEBIHzO R EDO R ETO L VWCETERL T2 HE Loz, COHR
BONBOUT vy Ak, bLoRBE2HREMICOVWTRIINCHESE TN
72, FDNRTARY VEERELT S, LIALeNS, SRERICSV TI0Hz
HETCHEEHNEFE YV REL VI EFASATVWE DT, WEEBOBEL 20
JEE S ABICAbRTBIE, NTARS PVEEOETOELIR ERERFHIC
BLALHEBERZERVWEEZLRD,

FAVINVYIalb—VavildloTHELNDES VT AREOBENHEEIZEE 1
FA4 7 NVOREBEET 5, S TREVERHOHN»S 8B E Lo ZORR
BB SBEAPI DR TRD b7z,

RIKTARY P VOFEBNEIUTOC L2 ZEXTREL . BBT ¥ 5 A KR
P30, RENRS T TEHEL LI LT A0, BUT Y7 2%H 1 AHoBECK%E
1000& Lizo ZRICL7DBoT1IRAMPOE SISO ER D, —HLEOEFNTDOL
b s EHIEEAMELE LEOFRMT,

Tp=4T/A® | 2—5)
TEABND, 2—2)EQR-HRP S
T,=41/A@=4TN/(®,— @) =2N/(f,— £)=50 2—6)

(722 Lo,=2xf,, o=2xf

&% YN=252%oh 5,

¥ 7 —BHERERO B RERARER L ) — R RE S AV, BEorsy
A= ZHWTI000ENBEIELNEETY I alb—Ta r&ftv, HRCEER
AR EOEETORVTHI Lz, CORRFETRELEL RS ¥V ARED
8 F243 R |
EEAIAES VT AHERBROBE, LBL7=T1 V5 Vv Iab-Ya il
Lo TRDZET ¥ ¥ AWRFE 01000 0MEFI %2 I =2 ¥ € 2 — ¥ HITACIO-I D F

WW&M AR | [ ’i\f&wﬁi{’,

40 cycles
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ML TS <o ICHERHL LTEBL TBWARBKEOLESORDF =5
VT, HRCEBEOMEORCE) CHELBNT S, 170y 7 Rtk TH
AT NERBECRo THET LIS Lo BTy JORHTIAI VTNV A
RO LAEHASRAL LTnE,

FAMAETIE, ERORNT ¥ Y AWERRZECLT, R—B2EEHI V5
AHESRER, 5B VYV ANERER. 5V ANBCEST 2 FHHENEET 25
Y ¥ ABHHERBRSE Lo TV, ChbORENS - OlRFEEEEOR
BEEOLIATHMERRS,

2.3.2 WE-EMN., HE-FIHEMLRXT ) VY X0EHBHER
FHUEBR, a—-FEV2LOWHERS, 2V y 7y —IVbLRVTAS-VIC
LABMES. BREE S 6MERS LTI LI EEFOSMTHE, T0b
RMECHPE 1A 7B 10045 L IR400RIC0E LT, A-DEMEFIC &
Dav¥a—siBERAAY, HEEFIACH W/ I =3 Y ¥ 2— % MELCOM70/25D
EAMMERRE K2-8ICRT
| $22-8 MELCOM70/25D &AM ¥R

Main memory capacity 64 kW (1W=16bit)

Cycle time 0.5 psec

Operation time Addition 1.75 psec
‘ Subtraction 1.75 psec
Multiplication 1.25 psec
Division 13.85 tsec
External memory unit Cartridge disk

(Memory capacity S6MW)

A-D converter Multiplexer 8 chanels

Input level 10V
Resolving power 12 bit
Converting time 50 psec
Display unit System typewriter

(CASIO typewriter model 501T)
CRT graphic display

(SONY TEKTRONIX 4010)

X-Y plotter :

( SONY TEKTRONIX 4662)




@  ®  (©

Load

Kop—> Kop —>

—i ~{—
Differential displacement
H2-44 WHE-FIREBMNLATFYVYADaYE2—50HE

—ERIEHERBROGA. B 5 BE B EEE 2958\ HI8(da/dn=5x10" m/cycle) T
BEXFY) VADBRBEHRHIZOVWTANRITIZEAERMLL 2O THE L EEI
BLTI~I6BNE AT YA R EHRL THRAS, BCFHLTLIERINERTY
VARBEBYTE5 TN A XDOBL R o7,

LBEIHERROEA 1 70y 2 FOETOFA I VDO LRAT Y VARHEARAL I &
B, 3y ¥a—s ORBEEOHM P OWBTH S, &o TEFETH, T 17
Oy 2ACHELEZY A7 VIERLTOAEAF Y VAZFBILE, COBEE, W
BERAHRCEET2-0FETELRVDT, 1H M1 7 VToRAEBAL,

BEHRETRBVWTRFE-FIHEEN AT ) VACKRELBHRO YAV O
R &S, BRTEERSEHTERIBICESTEAWb D ER Y, RFEHEa Y754
TYABICL) SRR LERAORELWET 2 L FHEIET TS, £ TZh
SOME—FIBEENLAF) VARETNABHOTAES TR, I=avEa—
SOV zTRENBIBERE LEBEORLEER o7z, K2H4@KART L) R E
BOA>TWEWREBTOLATFY VY RA%23I a0V Ea—-SHOERRBICHARAT
BE, AWHEBBCWELEZORRTEIIZ AT VA2 6, BiiEEHDETS
NEBIEXBODThH2, 2OHLLTOPL@EFIVEERFY YR ECQIRET,

SE IR

D) %Nl E, BEKRIA, HPE—, B8 B, M, 25,899 (1976).

2) HN B, mEBPBGA, &1 &, WIbkEk, LEWBE, ME, 31,669 (1982).
3) A B, WiAEZ, BAREMPERRIE, 131,97 (1972).



BIE PWEHNFENTA-FOREHFEBLY

3.1 BENFENTA—5 ORI
3.1.1 WHIEKRABBKOH L

FRRICBW TR, REF & L THRSEFRCCDRABRA LCTREBER D 2205
£ TEHCEN, BHEARBKEZAERICHLTUTOL ) HH L7

(I)FRERFERCCDRARF 0BG
RATRENSTadad RV E AV 72,

__ P n_ 2a., 2a ., a . 1n _
K=—pr (1)1~ 0.025(-57+0.06(-3)*Ix(86C() ¢-1)
T, W RERA R B . ABAIRE
P  AWWE a . EHIE

AT, Y4 FTZNV—T2FLERBE bHV, COHAL FIV-TFEHR
BE T AKEOMEL LTIk, 2RTEBRERBITICETTREIA TN B2F
$HARE Bo=(Bnet - BY?R % REBDR L Y ICHWB I LT L o TiT 2720 & TBrerld ¥

AFZNV—TEOFEHRKETH S,

(ICTRAERR DFE
CTRERK 124 2 KIEIZASTMIICHE S TV ARE vz, AL THV/-CTR

BEICIETRTYAL FZV—TE2/HLTWBEDT, LR L7-CCTRER D& L FkE
CAREBO b ) IZ GREB. % AWK L WKEZEH LT,

+
_ BP - (12 3)3,2 (0.886+4.640— 13320— 147202 —5.60%°  (3—2)
: —

K

ZZT, oa=aW
B: . BB BRRE a. 3EREK

—42—



3.1.2 #EL ] RIOBEHAAOHH

(1)isk & BB BRCCDRBRN 04
BoE L ] BOEEANL, aW>04% 2 3HELOHBE T, RADRiceD AR 2

WAL, H3- 1 RTHE BN ELAF )V AN—TONyF v 7, BL-HESEH
WTEMLE,

_ AKeff? 2§ —
N="F * BretW—2a) 6=
T . a -3 E 5] Bnet . RERF IERARNE
E T HETEPEAR I o I WELEN
AKefr : H3HI DY RKAR B i B
S B3Ny F 7 EBL T oER

Eﬂ%fIELiAJ DM ER S, B HRBERSTH Y., FhEFRAe, AlpL T 5%,
INEEREREHEN@W<042 5D T)TIX, AIZAJ X W ERiL 7=,

(ICTRAEBRRA D&

#E L ] AOBEAIR, a/W>0.5% BT, Merkle & Corten™iC & 5 BiI%h R % %
& L 7= 87l 2 45 1E L 7= Clarke & Landes® D RFKIC & ), H3-2IRTHE LML X F
VYRN=TONYF VT eREL - ERSE AV THEB L,

_ ns _
AJ= Bne (W —2a) ' (=4

n=2(1+B)/(1+p>
B=[(2+202)"—(1+)]/(1—)
T, o=a/W

a . EHES
S [H32DONYF VTR ESDOEE

% 12aW<0.5% BHETIE. RHFE T MUSBRRRE ORI > 0T,

_ AKeff? _
A= B (3—5)
WREWAJRFFME L 720 FACOEBTRFAOITARBERELTWEDOT, K7V
vHvERWT, E'=E/(1—-V)E LT, -
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3.1.3 &K ] ESE/ maxDH

— BT U B B O X BAEH OB K ] BME max (N BARIKE
DA DKmaxiZ YT 2E)ERES ORFEL T B HFEDEAWTHEH L2, Thid,
S.J. Garwood 5 D 3835 A — S EVEFEH EHOBECISH L D TH S, C DImax
DEHOE, EXSRERCBI2552BEE, RAWEME, TAWEREMLSD
PoTVWBHED ] MAER, TRLALES0OYPEREFOA—HRORBF
FELEAWE, RAWESREMN 25X 5B60WE- SNBSS 5 ] BOMEICE
LWeiiRET %, LT, ERXEFHAT 5,

(1)CCTHERF D& ,
9, EHRBRA EFA—-BRT, 20U EIRELHa,55WiEa,THD &) 2R



MRBE 2 E 2. Cho ORBRBRE OMHE—-ZMMRIE, K3-31281) 520B,
OCTEZLNZbDET 2L, EFRBAFOMERENMA, BEDHSWIRCRIKEL
7= & & DI max D YR (Imax)pid |

(Jmax,8)p=281/B(W —2a,) | (3—6)
(Imax,c)p=282[BW—2a,) (3-7
TH2bN%, $72. K33k hHLS L LI,
S2+83=81+84¢ 3—38)
ST, S JRADERLDY .
S3=(Jmax,p +Jmax,c)[2B(a.— a,) 3—9
=721,
Jmax,8=(Jmax,8)p+ (Jmax,B)e | (3—10)
Jmax,c=(Imax,C)p+(Jmax,c)e | (3—11)
(Jmax)etd . JmaxDBHEFSF T, UTO LI ICERSI NS,
(Jmax,p)e=(Kmax,8)*/E (3—12)
(Jmax,c)e=(Kmax,c)/E (3—13)
B=DHIB—5) B—6). B—8~@—-10)REMRAT I LIZLY, RAFR"OLNL,
o= =28 s+ g
- —(2%%— {(Umax,B)e+ (Jmax,c)e) (3—14)

CORIE. BEDImaxfid b i, CEDIJmaxfliezRDOLNE I EEZRLTEY,
CHG-1HREMEREAT AL LY, JmaxDIERETE L7z ABIFE T, HEH
B E—S)RBRTCIOREEA LD T, Se=Pmax(dmax,c—Omaxs) & 7% % o

B C
i| s =
3
_,l ’ 4 4
S«
0 § Bmax 5§ Cmax 0 L8 Bmax §Cmax

M3-3 &K J B EImaxd HBK(CCTRERR) .
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CCTRERN 04 L AR, FTEFRBA LA—HRTZODY S BE S 2a,b
Bnita, Th s L) REBERBRRr 2L, I ho 0BEREBRR O LZHE — BALi
ik, M3-4iB1F20B, OCTEH L L2 b0 LT3 L, EHARR OME LM,
BE S5 VIXCHIEL & & DImaxflis | -
Jmax,3=2S1/B(W—ay,) (3—15)

Jmax,c=28:/BIW—a) (3—16)
THEXBRB, E7, H34LDHELHL LD, |

S2+83=81+84 (3—17)
CZT, S, JERODEHRLD,

S3=(Jmaxs+Jmax,c)2B(a.— ay) (3—18)
B—1DRIC@B—15). 3—16), B—VBRERAFT A LILL D, XKAFH/LNL S,

Jmax,c= —%—:—%(Jmam)p + Tufi%;)— (3—19)

ORI, BEDImaxfidib i, CEDImaxfiBE2 RKOLNBIEZRLTED,
50(3—19):"c§1€'1lﬁ¥(51§ﬁﬁﬁ"5 CEIED, ImaxDERETEL 72, ABFFE T, HEH
HEEE—S)RBTCoxN2BEALZDT, S4=Pmax(5max,c—8max,y) E5b,

g
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]
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|
1
|
i
i
]
I
i
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!
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1
'
0 § Bmax § Cmax

Displacement
B34 BK ] BOE max D BHAR(CTHRERFT)




3.2 EBRETOEY XZEREEOHEE & ERIFHEE

T S T R S X T P 125 Hh % E R L 2o ARG AR A AK o 1 &
BEEIN, —CHREFETOSWEBREEda/dn s AKeff FFRIZE3-5ICERTZ DR
KEERT L1, AKeff it LT oY S BER O THRASBEAKefHnSHFFE LY,
(AKefythBh E D AKeff (23 LT i¥ParisfI I T A S e CMHONT WS,
ERHETOEY SBEREEORTEL LT, &0 SEEREE MR E R
BERINENT bbb~ 4 FHORBRIZEAT I L b XfThND, L LR
6$&mm%uéb%ﬁﬁET?ummmmﬁ%%L\MK%MQTWAmﬁKﬁLT
bEABNERT 2000, ChEERTIYA FHOEBAITRERNOKE LS X
BIERL D, COREEZRLENOR, FyAKRT YV AHELELEW R LW
BETOEYSHERICH LT, —CRIEHERBROda/dn & AKeff DR & TR &4
(AKefyrBA T £ CEE L7 S BERREHG, S WENENTRRL bW B BIE~
A FHOBEEEENGHERBEO VY IVRTApKef k IV THAT A LICE 2
T, SBEEREEL I(HETES I LEHELTWBHION, KFETIR, FEHE
BHETTOEY AMEREE, REGHBCB Y 2EHHET CORY SRERE
BB X URBHRE I BT EHHET COEY SREREEORER IOV TOR
HEAT) . BUBMEREE T CIRBIMRE A TR . RBRIED ¥R WA LK
BT -5 & LT ] BAEEE A3 DEWSE LS8, #EEORRNE X
Fe LT, —EREHET OB S BERRE LT 5WENE/ T A —5 2]
F A GBMERNC L Y EHHETO SREREELAKS D) LT260TH L,

log(da/dn)

(AKM)Q,
log(AKer)

B3-5 dajdn— AKeff B4R O



AFETIR, FEWETOIREREEREEORUBORITZ, BT ICABARS 2
DOFERE VT ole 101} 2BBELEHHERRN & ) LMEL2RBHENS
BRBVEFETH 2, KRR TITo 2RBRTRELOFHE, 2EBRRELEBHHED
B, BEEVAVHETCOXRERBRMITHY, Thene ML THETSC
LEEETHL 0, BLARVHETO S REBREE (da/dn), % SBERE ORI

BRI KEL TRRICE Y RO B,
(da/dn),;! = {(da/dn) x(Nr+Nr) —(da/dn);xNu}/NL (3—20)

ZZ TNy NRE., BREVAVHED 1 70y 2F0ELETH ), (daldn), 3%
BWEEE 1 70y 2 cT2EH SN PR EREREE. (da/dn) 138 VRNV
B O AKeff)y (BBHFERICBV TRAICHT 2 —ERETETOEREREETH
o CTOE)ICEEENBdaldn) & (AKefp, (b L BAJ)OMBRE, —ERIBWHE
T Ddajdn— AKeffBARR % 7213 dajdn— AT BAFR L BT 2 L2 & o TRIZINERI O R
L DBRE AT ) o |
2ODBEBOIRERBLECIRERELOLMBICI A0S SRERERE
Wic k2 FETHE, COT, SBEREEL L SEROZHHE]L 70y s OS5
EREAE BEHRTHEC LD FEEREAC LR T, XR0 L) TEHE LD,

A=Aa/Ad* | (3—21)

AMETE, SREBRFEOHEEL LTELANITLBORELZN ETHEEZITo 72,
BADHBEC Lo THEINWS AREBEEXAZ TN ETRUTOL ) ICEREL T
ET, EOLRABLPICBVTINLOELANRBEEECBIEEZMA - SR ERAE
HMEELMRHLTWARIALIOWTREZETHET %,

Ax.r T BB HERBEO VY VR T ApK L AT R@APK X VT, —%&
FRIETERBROES S 2EBEEda/dn L B K BBREEAKOMFRDR S,
EWEBRBCHETIRENENC IV EHHETOTFHEIRERELER
LA SBEREEL,

Aeer R L Z2BRICHERBREDOV ¥V RT ArpKeff e 1T, —ERIBHET
Ddafdn & FERIGHIERFBREHEFAAKeff D R % TRAEMAKeHhL T



TEEL-BESREREEMBEIS, SREREICHET 2HRBIMERNIC
FOEHHETOFESBERRLEL LABA0 S EREEL,

Meefrest . FHIL 72 BRBHIERBRED V v IR T (ArpKeffest Flv T, —ERIBH
ETF Ddajdnt AKeff DR % TRASLHBAKeHtn LT £ TRE L - ER &
B 5, XBEERCHT RIS S ) ERHETOTE S
EREYBHLIBA0SRERERLL,

A CEBLAHE-EMERATY VAP LRO SRS ] MAHEAA & BK ]
ST max = & W EH I N BAJE(1—Jmax [C) (Z DFFIBIENRTG A —F 1
wa@#mm%7$fﬁ&@%mwf\—%ﬁ@ﬁiuﬁnémmm:
AJIEQ—Jmax/C)DBARRY &, SZEREICHT HMEMERNIC X ) KB
BETOFHIREBREZEBR L -BA0 S REREELL,

SYFAHEXEUCEELRBWETOEBEEL LT, Ly VRT7EHEEME

UTHBENBEENOR Lo THRESINTE D, AFFRICB VTS BEFRE

ELTCV Y IRTEBER AV, DTHBICHRIBHIRERED V¥ ¥ X7 ArpKeff

DEHFEIZOVWTHERS, BMEHRETco ] BSEHOBECODWTRETE

KBV TEHMICET %,

ArpKeff S8

OKED VYV RT - 3=V 2TUHEBES M ERD 5,

FEEEEPL LY IRT - I-VERBTL2HELE LT, ARTETNVTY X A
DB EPLERATFY VR - V—THLEDE HViz, KR TRBELITo 2S5 ERE
BRLEBHEB LIRS vV AMETREBER1 7oy JATLTRATFY VR
W—FTEHALZ T THEA, HLETRAELU L BRELZBELLLTH Y ¥ P 2R
THEHLZ WV —7H5R5 & LD ICHBERORLLBRLEL RS, £ TID
REGEMI D720, YIEENEBHEOHMEFIZTOAF ¥ v LTRMEZHER
L. T0R/MEPS 170y 250BEFIOHNY VM 2RBTH L)L, DEo
FECHROLEHERS v A BEHBIEH LT 70y 7 128 % 15 BAKIES35 MPam!?
DHEDKELV Y IRT - 3=V 2TRHEGMH 2 RO R EH3-61CRT,

DAKeff DV v I RTHAi R KD B,
ER L2 X BEAOAKpIl L WVAKeff DV VY I RTHEREBDITTH 2P, BEO
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##* Distribution of AK range-pair - mean *¥*

...............................
..............
...............................
...............................

..........

.........

.......... A FOCNVILr . o o o 0 e s e s e e

........

........ - TN NI - s e e e e e e e

>3

r

N+ AKEO VY

-»
-

M3-6 ILHBEEMNT ¥ 5 LB

*** Distribution of AK range-pair - mean ***

ApK  MPam'?

=+ . . s e e . — . N .t~V .
[ 2 T ENAMOE-~NY . .
[ P - . ENONE MmN N . .

..............

..............

.......
...............
...................
.........

.......

' o
......... Tt N ) N e,
....... N, NN ONI— o
.......... et ONVIE ],
S e ™ . L L, =TGN
[~ I L T e ) AD O O v v

00 . o o o 2 s e s s . =AMV~ . .

L - .ot ~Otnn .o . .
| - B T — s At~ L],
Vi o v o 2 8 + ettt TN T NN N~ N~ ] .

........ NNV ANNOONCNOIN ==,

M3-7 KEO VY IRT « 3= Az H iz ArpKeff DB



BB ECEHHET CRKpit 1 70y 22 BLTRIZ—E LR B RS
Vo CORRBAICIREZ-TIIRTLI IS DKopk MBI Y, HE12L-1/2

BMER EXRD 3 ODEBICRGE 1,
(A)t;tKop<Kmmvzb h, KDV Y IRTApKOEHHTER/MFFHOL TV 55K

B)itKmin<Kop<KmaxTHh V) . ArpKD—85T XA L T 55K
(O)13Kmax<KopTH Y, EEFELHOL TR WVHEK

REBIC BT BAKeff DL >~ I RT7 ArpKeff 13

(AEB A L TArpKeff =ArpK

BB IZx} LU T ArpKeff =Kmean+0.5ArpK — Kop

(C)FEIK I3} L TArpKeff =0

CEhERENh, 170y 720ApKef DFEEFTHBRE 5,

E B U
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4.1 # B

CEBAWETORYSREREBEOHREECHLT, HlskchETicEe LT
WAMBEACT, SBEOESKEHHEC I 2EYIHERRRY SHMAMOEEY
CEB LTI > TELD, TOMR, REWET ORI S RERER da/dnix 355
BOSHLZRL-EHEHEABREOV Yy I RTApKeff £ 2 0L, £ 1EBEL
T—ERTEIFRBR TR S h 2da/dn b HERHICHILRBRBERAKf OMFHR%E TRAS
BUTECERL-BEXREREEHBRL SHMEMBEHN TREL VDY IBIE<S
FHOHEETHMTEL I LEHELPITL TWBEDY,

—ERIBMET Oda/dn% G HILRRBBEEAK Tl Bk Loy 2 &, SR,
I, ITHESTONZBESERLETILRBLALATEY, BIHERBV TR
MR E D4, da/dn—AKMR S & Uda/dn—AKeff BRI I1ZIZ—ROER TR
n, ParisHIB RSB D ALD, & RIEH LT VI =9 AESROMEIC OV TIRFA L &
HERREGEHZF oL THIBOH T bda/dn—AKeff FARICZ DO BRMEZ ST Y
L Do BRI Gk, BIST VI = AREAS083-08 % v t#%ﬁ REFESHER
BHOBBL S, BIRERE S 5 CEEREEFR A, BEREEFER L, €0
DBBERIABCRSEIND I EEREL TV, oMY I SEEAMANO
BEREEELAKf L CHZORERETR A2 00RB I LERL, &
RIS HERBBL SRERBROZMICER TS L 2HLPIILTWEM,

FICABTI, IOk ABEREEHRCT MY FBOLRET NI =
YAREDOEF SREREH~OWELHOXELHL ML, FHWET O IRE
BEEREECOWTORNET). Thbb, THIZvalst L TZK141-T78
& UFA7075-T6H @ 2 % BV, 7 —ERIBHERRETo TEYERERLB B &
CEREEORMLR~S L &b ICHERE L, RO —ERIEHET 0 82
EREHAEOPICT S, RICTHWHEL LTRLBH L 2 BigE LEBWERR:
Tv, SREBBH~OMELHOBEBLHALIPIETH L EDIT, AKeff 1T T2 &
BEEROBHINEI OBHEC OV TOREET Do 86 EMHEICRLE NS



VY AEBRWERBRY TV A NEREEREEOWBERNT 2, RBECHHEO X
WERBFHOME, BFLEBWET o sRERBHOMBICOVWTORN 21T

4.2 HEAE. RBRAFTERS L UBBRG |

BEAMBL 7V I =0 AGEAT075-T6B & U'ZK141-T7(JIS ATNOIH L) TH h, £
DILERS B & MBI MR % 54-1, 42107 T B4-112, Hv/zhit x5 [RRE
F(CCT) DT, FTEERT, RBRAFCRBEFRT L) YA FIV—-T&fFL, &
HEMOIEN KRB L X BHZEO IR TRBI AR LFA LFEO T ARBIED
B9, SREBRZBICRIZTRBARAOXLEE TELLITEHRV, ARIHELE
BEI0HzORRY FIBRD ICT, WTFhoRRIIBWTH, AIRBEHEOLELZ T 2w
&) ICK#BEIC L VT o7 |

F4.1 BEBEOLERS %)

Material Si Fe Cu | Mn | Mg Cr Zn | Ti zr \'4
A7075-T6 |10.081021}1.73]0.07]1263}1021}576]005] — | —
ZK1471-T7 [ 0.08]0.19]0.1810.35]1.80]0.14 ]4.70} 0.05}]0.17 ] 0.17

42 BRSO BRI R

Material 0.2% proof stress | Tensile strength Elongation Cyclic 0.2% proof stress
Oy, (MPa) O, (MPa) 0 @ . 0%, (MPa)

A7075-T6 504 577 13.0 - 521

ZK141-T7 294 370 18.3 295

~
(=}
Strain gage !%
@

]
¥ TNV o
Slit Side groove

§ ¢ Detail of slit

1(|>0 by 10 . %
| ! 10]
] L]

Detail ot side groove

RK4-1 FRERBIRB X U~FEk



4.3 —SEIRIEET O * BEREE |

4213 ZK141-TTHIC B 2 —CHRIBHE T 0EY S BERERE. SHAMOEH
FRLIELDDTH D, FBICHEYSIC L o TASOS-OM I L THEINT WS D L
B, VbW IERO T BEREEda/dn b SHIERRBMBEAKMES & U
dajdn & 3B D AR BAEFAK off AR 1< =D D BIRER TFUHIAT ) HE LT WD, B
5 DEE I o THAMAY A0 BTHOFOBBAETA, EHOFOBBHE
Tee L, COMBBAC Lo CRASNBEDODHEREEBEE OB H 25 DA,
Ias, De&¥ 5, XBEAOLU=Kmax—Kop)/(Kmax—Kmin)td, FTERORIIRT &9
KERIATHAKeff 12 & S FTEN—EEE &), TasfITIEAKef M > TEFAIC
FRL. IsERTIHAKe s TERIET 5600 LRBEIFEBOP 2 O
BoTWd, 20D ZAKef T 5 % BERHEE MM B L CUDEE IOV T O
R, SBEREES S VRAKFOKRE S Lo THEO SBERERB LU R
BB AT LT A LE2BH®RT A LELZORS,

M43 EEBFEMEBC I 2EFHEOMENBEEHATHEH, 0L ) 2R

1073
o ZK141-T7 R=0
Constant amplitude test . AKetf
1078 K increasing
JTB” -
1077
v A
aw? 1| w’
,‘ TA"
10791 o . ’“\”
Regionlla )U Regiionn.s Regionls
~10! N T N P Ul
10 707 1 2 3 5 7 10 20 30
AKeff, AK MPa.m"/2
1.0 l
08 M
06 { *“I
> o w.T--T-""
02571 2 3 5 7 10 20 30
AKeft MPa.-m"2
o S R
(WE)AKe«/d

X4-2 —EIRIEHET 05 3 HERZE)(ZK141-T7H)



BHES L OCUDZALICHIE L CHEEARAE b IR I A0 F# 0213 12 < wHEBKHH L O
WL W) > S, BBATAB & CTasffiiCORRENES CRTMME (). Do
BTHDANSA T— a3 VEEE@ANNEZLL TWD, Ka-208580I2 1ZAKeff 1 & % 3F
T O3 A A & RaR L B8 Tk

1 AKeff .,

((Dp )AKeff I ( 20(:02 )

(T ZTCS),130.2%#:E LTI F7)

DFH R BRI pm)ICN T ALV EDRETURL TS, CORPLLRE &)
(T O B BUTAIE (0,) g 2013 1RGSR E R0 72 E THIEHIBLTH Y Ts
(0, ) ke PR E EDADSHEREIELI2L T HEFIBL TS, COCEL &R B

Crack propagation direction 10pm

(@) AKef = 1.4 MPam!” (b) AKeff 2.9 MPam!?
daldn = 1.7x10° m/cycle daldn = 6.1x10° m/cycle

(c) AKeff = 4.4 MPam!”? (d) AKeff = 8.2 MPam!”2
daldn = 4.0x10® m/cycle daldn = 1.5x107 m/cycle

X4-3 — g IRIEMTE T 5% 5% T Ot RSB (ZK 141-T7#)



g#%#%mﬁawﬁﬂmwmoﬂfﬁitfm%l5K\:@Mﬂﬁﬁwf%ﬁ%
SHEBRBEEIAKS I X 2 AR UM 1 & 85 Sk~ 0 M 19 B4R 12
TRLRLI LV DY DL, TbHLBEEBTENERMNEL NV AEVEAICRBE 5L
B4 OMERATHO, H2VIEHARETIN2BHERAOEBANICHEET 5 S 2%
BREBICI)ZRIERT 5. —HiE LBEE-TEE SRR TEEUEX
L), MEPHEMBOESAEOERAE L L TERBE % T 554101, TR
HSBECLDZVDLOIAMNSAT—Va VBB L ) SBIERT L LD LHEE
ENhd, 2L THEETESI~ 2 RHBEC L2252 W EERBEEHERICB W
Tk, HRKROEROREE L LI L VAP ERORHEERERIC 2D TR
WhLBBREEND, COL) R IRERBEBOBMO-DEMRN L SEEREI R S
HEAMIEE b BE -GN E Db D DRERLERMN E & 1ok SR EARGETRE) &
LTOMBDENRLIKETZ LI CEILLTVwEbDEEZ LD,

1074 i
A7075-T6 R=0 1

o 10”5 | Constant amplitude test 's
> K increasing /
S~ _6

B

Regionla [RegionHa-s| Regionls

10710 [ il Y
0.5 1 2 3 5 7 10 20 30 50
AK , AKeff MPa.m”2
1.0 I
0.8
0.6 ) M
> 0.4 O@ﬁj’
0.2 8o
%5 1 2 3 5 7 10 20 30 50
AKeft MPa m"2
L TR SR O | 11 I | 11 [ |
0.01 0.1 1 10
(WH)ake,d

X4-4 —EWIBHTET ORE Y % BB EE)N(AT075-T6H)



A7075-T6 12DV T b, M4-412/RF & 9 iZda/dn— AK4% B £ Oda/dn— AKeff 1
FRICZODH NI Y HEL T 5o BHRE O X ZERHE M ) AR 0 &
b% M4-512R"F o BEREEEBIATEFHBEROBFHEMBEEEOG) DAL TH S
NDEBHMMOB L WIS EBERICA SN D FH R ES & OB L 228 mARAE &
oTEBN, DaBE T ©DEIHIICTTI P—DEZWEEHEICEILL, DK TIEA b
FAZ—Ya YIEA)ICR S, TOL)REAMEOEAICIE, ZK141-T7H ® [ A%
BTHONTRRENZIEAL RS NEV, HA-4OBHIT b (0,9 sy [AD R 7 — v
ERLTWSN, AMECREZHIEISOumPL EE EBHAEL, 2hEDIAREL
D/NEVEIKERHBFELET B 720dE L TREF SR TEEI mEHWTwE, &
MEOHE TG, LAOBBATEI(0,)shep=dil B> T2 EIHIHIBLTED,

Crack propagation direction

(@) AKeff = 1.4 MPam!”? (b) AKeff = 1.7 MPam!?
daldn = 7.7x10° m/cycle daldn = 8.4x10° m/cycle

B, sum

(c) AKeff 3.9 MPam!? (d) AKef = 6.0 MPam!”
daldn = 7.7x10°® m/cycle daldn = 1.6x107 m/cycle

B4-5 —%EPRNBHTE T O 5 I7 8 I O AR K BLEEBI(AT075-T6#H)



L7zdso T, FRUTOIA, TapfAilTidd XCFEEOT AAERMHE L IS5
BEIRERR BT E R %, COOFMETIRZKI4L-TIM DFGE L IZR L ) i #E
BEHRBIABCBWTHOINARENSTELI A ho72bDeFEXONL, EHHOER
BITAIR(0,) pk=0.12d(025 pm) £ 2 % L C A IHIELTHB N, S OFHERZOBEOH
BoOCH LA EA ORBER K FHBEREICEV X ) TH 210, 0 &) ITAT075-T6H
T EROZKI41-TTE 3R % ) S BERBHOEREEIRIEET 2 1L & (0, sk
cde DMXHILE L OBRIZHE TRV,

PLEo &) iciiptk & b —EiRIBWET ¢ S 2ERFEERICKT L T 2R ERIKR
BEAL, Wb ENERTHEL SOl ) FEEERFEHBCEL I
o LrL%DS, 20 XRERBHOCMBBIMETRELL I LD D 5,

4.4 EEHET O SEERET

4.4.1 ZKI14A1-TIM OGE
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Material C Mn Si P S Al
SMS0A 0.14 1.24 0.37 0.016 0.008 0.037

F#5-2 HEAME OB EE

Material Yield stress Tensile strength Elongation
, O, (MPa) O; (MPa) d (%)
SMS0A 352 508 27.0




2. 12.5
SR |
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- ‘ Strain gage
. 2 ! a/
__@;“ 4L -@T_ ' Slit o \I / o~
A . Detail of siit l ﬁ ‘l _!;Q
A\ anty 100 — 7 __1_3____4
DD ] | Detail of slit
1 |
|
(@ (b)

Xs-1 RERF IR, T8

H5-2 BREHEEER

AKth 510 m/cycle D & B X AIEW=50mm D RERH % BT, Ll EoEBIIRIE
W=100mm® REF % H v THT o 72,

AT, BREBILNBH BT 2EEHET OFRICHIERBREREHAKfr % HEE
THE, RKEOERELTwDL —ERIFWET TOAKeff FHIEIXBIEL THW
DTRBOS0FEEZMEICHAT 5,

@EFFERIHEVERBICHC I VBRI NI EDIERBEK 2., sHEONECE

1 L 7= RIS & SR B 0 55 1 & BE AR L 2 B OKEE LT



-251 1 1 6 § 1 i 1 25
X mm

B5-3 ZOHI5RE JE 7] 537 (W=50mm) B15-4 #H5RE IE 7537 (W=100mm)

BRT 5, 2ORNEABRBEHEEFVERSSKRT, ST CRPREALFF
OFBRIFRO EROTHE ICEPHEL X 256 0Tada b DOKEFERXZ Aw
T, ThHDORICBITAERNEL SRTOMPMBT AT H0MMEICE &
Bz, EEMCPBoTHESTII LR Lo TRONAIRNEA VT,

a
Kr=(1/W)12 f o(x)F(a/W x/a)dx (5-1)

F(a/W x/a)=[1+0.297{1— (x/W)*} {1 —cos(ra/W) }IxF'(a/W x/a)

F'(a/W x/a)=[1+sin(mx/W)/sin(ma/W)]

X[ tan (M/ W) ] )
{1—cos*(na/W)/cos*(nx/W)}

CCTaldEBYE, WEEBHFHIETH Y, o)X ZRHECERAT 20607
kb b ARG H I TH D, o

O AFIE AR K BERdb e, SREMRTOEMEHER % RK I
oTEKD 2B,

— Kmin+Kr )
Kmax+Kr ’ (5-2)

R
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W
&5-5 BHEALHICL2EHERBREDFEETV

10 Rs047 !
U=066+060R+0.27R*
08 r>047
U=10
0.6
D R
04
0.2 Experiments

O AK=6 MPa-m"?
A AK=20MPa-m'?

-1.0 -05 0.0 05
| R

®s-6 MIRFICTRBIC By > —ERIFFHET OR— UK

& & CKminB & UKmaxit & LT NAMER D & B & W3 BB X URABHIA
BETHE, COREAVT, 52 LORDLERFICTIRE T O—ERIBH
ETORHERE SBEAKULOMFEIC L), BREBHREBICHT 5U% KD
CAKeff 2 HET B0 —H2IC. R—UBRIAKS & UKmaxlc AF L CEILT 5 &
EFRBoOLNTEYY, LHBAOCKERBICCOU #EEZEAT 20T,
KIS 2B L 2R—UMR & kb 5 BES B 5 L E 2 b1, HS6AKE
6 MPam!2(FLE) & 20 MPam!2(Z A ENICEE L Clo I 2 A B & 125D



EREEHREBTOR-UMEBRERLE-LDTH LA, COBEOKEL VD
T R — U i KIERAEE B b v, L7zdto TABFRI B T i,
BRon7-KEFERBRICEAT 0D E LTHS-6IIRLAKICHKFE L ZVW—20DR
—UBMREACD LT B,

5.3 —ERIBHET OREY XHUEREE

KRR MTEOLELAL v & ) KK#i M= (dK/da)/K=0.15mm™ ) K#i ¥ 3 1<
ENiTo 7

BI5-7. 5-8. 5-912500C. 400T 5 & U350CABHIM 0 —EIRIBHET 0 3 RERH
Edaldn% I DR BBEHAAKTER L HRE TR ETURT, FRIC BV TR
BARW=100mm D REH 1T & 2R &, HAMNRW=50mmOFRERL TS, 1
MR SZ0DERFICHMORBEREZAMNTHILETRL TS, HHTH
ERANEIZNUTOEHEREETHEI L EIRT,

BRAICTHICB T2 TRECDIEABREBEHAK mZ, KEHEEIC & 6 FI12I12EL
¢\ #32MPam'2Td V) | ERBICHHM OH4E 08.5 MPam!2|Z L~ TS5 MPam' 242 1K

10°

o SMS0A __ R=-1

e Specimen with

> residual stress

L 107 500°C Water cooling

] W 50 100
da/dn -aKelf oo
Specimen without
residual stress A

107

c

0

o}

O

10T
10

107

) |
1077 4 6 810 20 2060
AK MPam!’2

B15-7 500°CAK&HM Ddaldn— AKFALR



10°[SMS0A___ R=-1
Specimen with
s%;d‘ tress
10 1'30 Waster cooling
w 50 100
daidn -aKeit O o
Specimen without
residual stress A

ml/cycle

107

da/dn

10°®

10°

10 g
10— BL% 2%

AK MPam'"?

X5-8 400°CAK%E &4 Ddaldn— AKA4R

10°
R=-1
imen  with
residual stress
10°8 350°C  Water cooling
w 100
da/dn-AKett o |
Specimen without
residual _stress &
stress A |

m/cycle

10

da/dn

10

10

10

10—“[
2 4 6 8 10 20 40 60

AK MPam"?

X5-9 350C/K& &M Ddaldn— AKEFR



12 SMS0A R=-1
Specimen with residual stress
500°C Water cooling

o
E 8 4 0O W= 50 mm
% *ﬁ'«‘p O W=100 mm
A : A Specimen without residual stress
g0
£ .
A S
-8 7 _
@06590
-12 l |

0 4 8 12 16 20 24
Kmax MPa m"2

B15-10 500°CK&EHH 0 * RO

SM50A R=-1

Specimen with residual stress
gE 8 400°C Water cooling
o] 0O W= 50mm
% S O W=100 mm
A A Specimen without residual stress

%8 12 % 20
Kmax MPam”?
BI5-11 400°CAR&EM O EREAOA

24

TLTW3, ¥-RHEREEFIRICE W TIE, da/dn—AKEé%ti‘ Wi hORBRR
KBV T ERFICHRB OMRCENEHERREN B L., FIRBRERIOE
WL AREREEOAKCHT 2MEBRRFRBO LN L, £ OHEREKE DOIEDEE
A, SEBEERBIC D> T, KGHI%ZIT ) BORFRENEVEE, T%2bb
BREABNIFREVEEKREL R oTWVE, 2D L) KRARHBICBTIE, AKn®
BT e SRERBEDAKICHT 2 MEHRH AL, HE S HEREENIN T 55[5R%

B OMREBER LB EORBRENRECI EXNDHI S,



- S00CARHM B X UM00CKEEHM ORBRIC B TEAE N ERAORKopT &
KIBDTEABRE K max T LIKS-10, 5-11iC R ThRT, SRISHEGHECHO
L\ﬁﬁ—ﬂﬁ%ﬁkz%vvztuﬁmﬁﬁ%ban&#otﬁﬁm\@*@&m
OMEKET—Fk7ay bt Lz, WASEHM & VECKnaffIETi A RILSHEHER
CEOLTHY, SEEAORSHED & LD D 400CTKE LM OB i 1 Kmax=
4 MPam!?, S00CAKEEHHM TiX6 MPam2THh 2, 722 DKopDifid, LRBREE T
- EofE% I3 ERAEOM OBHA@ABIA) & KA EL 2 ), R LEMN
BiIcBwTbEEMBEOL, 5IERRBICHOEEIROLNL, HOROETORE
RAGHZT ) BORFRENREVIZE, TROLAMRFIBNFIREVIEIERE W,
EHL72Kop 6B E NS SRFAORUERBILNIC L o THERE N BIBDILK
RBKre ZR L2 ERIET IR L OB % HS-12I0RY o RIF QKR IZATH ORS-61C
RUERBCHRABROR-UMRTH L, WThOKGHH L L, ZOR-UMRKRKE
ERFICHRETOR-UBBRC I —HKLTBY, EHoHER L2 EHFEOLD
HEHEOAHEFRBO 5B —HICR-UBRITAKS & UKmaxi BRI L TEIET 2
SEFBOLRTE YW, LHEHOKEHEBRIC COUREELEH T 5 720 ITIXKERK
FHELEOIR-UBMBRERDIZLENHD LEZLND, LPLRD L, AL
BOWTR, 20 &) 2 HEMFCHEECHELNL L EL N EAKFBR TR, FI5RERA
EHOBBE L ) FAEH LR PEBOEEE 2 ), URKCIEZ 270, SR
BTREAEME D AHEHAOAKER IS 2R—-URBRDY, BAKHEHERETES /R
—UBRIc—& L., AK, KmaxlGH2ZRTLLEW hholcb0EIXLNRS,

0.
06}

< 500°C Water cooling

04
02— Spresade'cmtx;zom_ O 400T Water cooling
O 350°C Water cooling

0.0 1
-10 <05 00 05 10

RO
Bs-12  ExbEH R — UM%




B5-13, 5-14, 5-15EH L -FHROEH L ER u:ﬁiwmmzmmmmeﬁ
XNEBEEL BB L - ERETLAbDTHS, $-HicddbeT, FBELAK
BODHBEIR Lo THEL 72(AKefestic L 2EBERE X BATRLTWS, WTho
KEHH BT AKeffIc L BT, BHEBIUHEEL b ChHEREE

10
% SM50A R=-1
S| e e
= _,|500°C  Water cooling
E 10 W 50 100
da/dn - AKett 0o o
C daidn -(AKeitlest B @
-c\:
o 10°F-
T Specimen without
residual stress
10° + -
10-!0 T — ——
10" :
2 4 6 10 20 30 50
AKeft MPam"
5-13 500°CAK&H# Ddaldn— AKeff BFR
10°
e SM50A R=-1 .
) T sty
E _7}00°C  Water cooting ]
10 W 50 100
da/dn - AKett oo
_g daidn ~(AKetlest B @
\U 10° Specimen without
O residual stress
10°
10
10—!1
2 4 6 10 20 30 50

AKefs MPam'?
B5-14 400°CK& Hbt D dajdn— AKeff B4R



residual stress
10°® 350°C Water cooling el

w100
da/dn-AKett o
[da/dn-(AKettdest @

L 105

-4 SMS0A R=-1
Y Specimen  with

£

10°

ot
WT

10"°L
2

da/dn

4 6 10 20 30 50
AKett MPam'?

B5-15 350°CK& H4 Ddaldn— AKeff BFR

FIRD 5 SRR TRASMAKeHHTIE E T OIR FIRTERREICTIRE T Odajdn
—AKeff BRRICE K —BL Twd, BEnZ ed b, BREWHH LB TS, AR
DR BEEEAKff PEF EREBRBREOXLNFENT A= THHI LHROH
Niz, TRRELMCE > TRES N TV IAKFHEBEDHRIME S HER S iz

5.4 2BMELEEITET Oy SREREH
5.4.1 HHEREEFRRICBITIEBWHET OEY SREREE
RERIMS-16XRT &5 %, BNEHER=-10 2 B#E LEBWERBIC L), #
B, &, BLAVKELBLZLERTITo 72, B EHELVANVKEE b, PHE
B BESRIR(5x10°~5x107 m/cycle) CEREL THB D . Z0REBREH L RS3OEMITRT,
B5-17(a)ic, 350°CK&GHM % Al v 7z S HERAER D AKy=34.5 MPam'2, AK)=17.3
MPam!2 D&MET D 2 Bidk LEBIMETOME—F|BHEM e A7) Y A0 HE)EHA
BlERT, IPEVEEBCRT SRAMOSESE, BRLAVHET—RL. ZEBHER
178y 2%2BLTCRIZ—ELE>TWb, AT Y ¥ ADFTHBIIEKT 2 2%,
B, BHELVARVHEETCESRBAOBARS A N BoRBREG B Th, SAFDO
HERFERIC1 78y 2 2BLTIZT—ETH o7z, R5-17(b)IC BB EISH 5K &



N Nu -

| jfp ]
MM AU e
‘““Evv TVUTVTTTY va‘“‘

I W

B15-16 2 B#E L REMTEIRE

B —— e N

#5-3 2 BMGE LEEMMTERBRANA B X URR

Nu/NL | AKy AK, AKR AKR' ;\Keﬁ' Meﬂest
MPam'? | MPam'”?
1/100 13.8 6.9 7.8 0.89 0.89 0.89
350C 1/100 21.2 10.6 7.6 0.80 0.87 0.87
Water 1/100 34.5 17.3 7.8 0.40 0.87 0.87
cooling 1/500 345 17.3 8.0 0.42 0.90 0.85
1/1000 34.5 17.3 8.2 0.47 1.00 0.94
1/100 15.2 7.6 98 1.00 1.00 0.99
400C 1/100 25.0 12.5 10.6 - 094 0.94 0.96
Water 1/100 41.5 20.8 6.6 0.54 0.87 0.91
cooling 1/500 41.5 20.8 6.6 0.48 0.85 0.85
1/1000 41.5 20.8 6.6 0.50 0.88 0.89
1/100 159 7.9 11.0 1.00 1.00 1.00
500C 1/100 20.3 10.3 9.8 0.94 0.94 1.02
Water 1/100 29.6 14.8 9.7 0.85 0.85 0.85
cooling 1/500 29.6 14.8 9.6 0.83 0.83 0.83
1/1000 29.6 14.8 9.6 0.84 0.84 0.84

V3400 TR Hdt D AKp=25.0MPam'?, AK;=12.5 MPam'? D REBRGH T OWE —FIHE
ﬁzz%uvxww%%Tﬁ\%%@%Dﬁ%m%vxwﬁEva&%ben\ﬁ
VAVFET CHERBREBNOBBEEY T, R EERHECB L TbEeI
SRIFAOLTVS, ’

EH L2 2BME LEBWETOSRAONKoph bEIB L2E, Bl L AVHE
ToEREONRUL, U ERGHER Y, RLUCH LTIy b LHKREKS-18ICR
To HEITRT RV UHETO FHBAOLREARSEMA L 6 FERCRT —EIRIE
KEBEOR—UBMBRIZELL—FKLTWE, SO L, TEHETIIBVWTLIE LAV
HWEOSHUFAOLUE, TOERHIEHER Lo T—RMICEEDL I LERL T
o BV i, BAIGHBIC BV TR OB LVARVEEDER I R L BFE



350°C Water cooling
N Ny
1

Load

1 2 20 40 60 80 100

L]
VUL T

Differential displacement

AKn=34.5 MPa-m'? , AK.=17.3MPa-m""?
Nu/NL=1/100

(@
400°C Water cooling
nHi nLi
1
B
S 1t 2 20 40 60 80 100

o

|
|

AKn=25.0 MPa-m"? , AKL=125MPa-m'?
N:/Nu=1/100

L1
EEE

Ditferential displacement

(b)
K5-17 2BE LEHMETOME-FIBEEMNLATI VA

1.0 84 A —
308
5 50A = -
o& Repeated two-step test —
350°C 400°C 500°C Water cooling
[ 612 =S 4 &
U
0%z 3T 04 08 08

Ri ] R;“
5-18 2 B#RLEEMET OR —UKMLR



DILABBHEHAK L > TEBHET O SRBANSKopidE S L, £ DEIZAKH,
Ryt ELWARKE EDAKLE/INR%E b 2 —EIRIBHET DKoplX —8 ¥ % L #Himm T %
TENTED, FRELVAVHETOSBEANAKpRAB LA L) KE LV SVHE
CFOERBEORL—HT 270, BELAVHEOR/MEFBE LV RVFTEDKop L 1 1&
WA, ERBAORKFBOLNL Y, 20RO FREAOLI—ERIBHET O
Kopk V&%, Lzd 2T, BEITRLAZE) CEVAVHFET O SHREOLI
—ERIBHERBROR—-UBBR LD PNSWEL 25,

B5- 191 VSV ET 0 S BEREE (da/dn), % EW L 2 FRISHIERBE
#WHE(AKefpLizxt L THEITR T, (da/dn))id SEERE ICHT 5 MEMER % KE L

T—ERBABER LAV TRRNCL Y ER L2,

(da/dn); = {(da/dn)x(Nu+ NL) —(da/dn); xNu}INL (5—3)
S T(daldn), S EBEF 1 70y 2T AIEUNENFHIREREETH D),
(dafdn), R E LV _RVHFEOAKeulc T 3 —ERENETOSREREE TH D, &
BHEHICRBZO DR VARNVHETOTFHEEEE (da/dn), % dEHTRL TS,

5
@ 10 SM50A R=-1
% Repeated two-step test
2 350°C 400°C 500°C Water cooling
E1pfl @ @ A (doun)h

0 O A (daidrm)¢ |

*T |
c 10’
RS
o
8
”w_J
c
T 10° 2
-8 Constant amplitude

o | | _

03— 10 20 30 50

(AKet) L, (AKeit)n  MPam’

X5-19 2 Bk LEEIHE T D (da/dn) — AKeff B4R



BEGHOKE &, KELAV, BELC L 5T 0T LORBREN BT bEHH
ETOSREREEI —SHRIERBRERL I—HLTB)., BEABHBCBTIE
BHECHAICL, SWUERAEE SHFPORHLZR L ARSI RRBIEHR
AKeff IZ & o TR ENB Z LW DR 5, |

CCTHEBEOEENLEBOY, EROIREREAL KEOHEH THE &
NEZFHEBHEBBACOLTERI NS ARERFELMC L o TERER 0B %
79, EHEHERFEGOHCEL LT, FECHUTIRRT4BEBYOHEEER S,

(WEMHISHIEARBEEAK L AMIGHEREA VT, —ERIBMERRTELND
EYEREREEd/dn E AKD BB S, SREBEICET2MBMER LD
LHWETOTHEIREREL AR Fik, CRICE VB Eh: SRERER
HEARET B,

QBT DI AERBFHAK L BRAICH I L 2 EB 2 ZR L 2EHEIHRE H W
T, —~ERETERROEY SREREEda/dn EAKD AR L, SREREKR
M 2MEMERC X W EBFETOFHIRERELZRBL itk TNRITLY
BEHEn SRERFEEL AR ET B,

GVER L 72 BRIE DI KR BERAK e & v T, — ERIBHE T Odajdn & AKeff
DMFRE FRAZEAAKNRAT £ TES L BESREREEBMI o, X2
ERECHTIMBMEN L WV EHHETOTHEIRERE R RML Sk, C
NI NHEB SN SRERBEL 2 Aker £ T 56

@O TFIRT MBI & ) #EE L ARICH I KREEEAKePest 2 T, — %
ﬁﬁﬁi?@@ﬂﬂﬂ&wwm%éTm%%#mmmmuTifﬁﬁbt%ﬁ%'
HEREEMBEI O, SHEBREICHTIHMEMBERNICL W EBMETOTFHES
BEREZRBEL k. CRICLVEM NS SRERHEEL % Aefest & T 50
@OARELICE > TREIATVEFER L VERFILIC L o THRE N BIETIHL

KERHKrE KD, BLRVHEOEYIEH R EERT 5,

OEBFHET DKopid, BB L&) CH, BRI LVAVHETTELL, £0ME
iXAKn, RueFAILKE EDAK, RV O—ERIBHEABER L & T 2,
ZZCLEEORyE AV T—EIRIBHET OR—UBFRIC &L h & L XV E IS
T5EWAOLUiE ROLBHE T OKop R BEL, M VNVHETICBIT 2
HRIEDIEABRBIER (AKefpest 2T NHEET 5,



AR DRERIC T 2 BHER 2 RSIAMABIIRT, BRENNOBELEZR L2V
BADXREBREEARIZ, 6.6 ~110NFHHNIER ICHVELZ LD, FIRZREIEN
DRBEERL A OEBRBESAE G LERL TS, & UH L TEMIEH
REAV-SREREFELARIZ, EVARVHECBVWTEIRATNZARFRD 61,
BUVARVHEARTOEEBC L VEVAVFEICNT 2 SRBORUNE—AKqf 2 #0
—EEERBERCENET LA2RREF BT, EBORAOBHLERCEL
W04~ 1.00HHDOETEEMT E2MHELE LS, —77. SREMAOEGEENL L
Bl D S BEBEEE KAk120.83~ 10N DT 21T EE & ), B0 S 2
COEB % ER L 7=AKeff CEISREMER OFENHER S NL, £72, BIRLA
£ CEBMET DKopid & LNVITE O ERIC RSB X CAKHIZ & o T—ERIR
HERABEE»STFHT LTS, HEAVOHEARBERAIENEL L <—
HL. &DAKefpest® v Iz Akeffest b REEEH I L ST IZIZNTEWER L), #E
(AKefhest 127 S MEMBERI D FZIESFER S 0 B,

5.4.2 EREBRTHERALMEECBTIEHHETOEY SRERER

RERIEATHE OR5-161CR L 2B D HR=-10 2 BBk LEBWEEF IC L b, SHER,
KELVANVEBATILE R TITo 72 B VNIVKIEAKy% EFRE IS O (AKefthbl 1
DEICEREL, &LV NIWVKEAKL % (AKefpth T DB A GO ILVHHICELE ¢/, K
R o R RBREHIERSAEMIRTEY) TH D FEKENyNLZ1/100ICEZEL T
Ky~ Vi ba 225, B, BKEVNVOLAK/AKy % 13 12EE L THRE
EEEEE-&HB0 2 BICKHTE 5,

[X15-2042 500 Cok #5544 % F > 72 B FENH/NL=1/100, AKp= 10.2 MPam'?, AKi=5.1
MPam'20) RERGEM T D 2 B R LEBHE T OME—FIHEM L 2 7 ) ¥ 2D HERE!
WHlzRT, SRIFIERFCHOLEBLZT T, EWEHBATHOLTWS Z L
bbb, AT Y Y AOFNIEET 24, WMORBREHICE N THAKP R ITH Y
SHELBRVTERRARCE, BV CEIRELWEMBECHAOL TV,

B15-21, 5-22IfEVARNVIHET O S WEREE (da/dn), % EZW L 72 (AKefHLicxf L T
Yo K5-2118 VN WVKEAKr % £ 4 CHEE LS E R % 1/10, 1/30. 1/100, 1/300
WKEZBEDRERT, MS-22I3E VAV o#E LEN=100icEE L TKHE L N,
Nut Bt CBALS R BB OMRTH D, REBRICBLTS, &LV TOERER



Specimen with
residual stress
500°C Water cooling

nH Nx«/NL=1/100
1 AKn=10.2 Mpant?
AKL =51 Mpam?

' 10 20 40 60 80 100

e
SARERR

Differential displacement

Load

M5-20 2B E L EEMETOHE-—FIBEEMNLLATFY VR
#5-4 2BMOE L ELEIWERBRSESEL L UER

Nu/N. | AKy AKL (AKefhn | (AKef)r | AkR AK R’ AKeff
MPam'? | MPam!? | MPam? | MPam!?
5.18 2.59 5.18 2.59 oo 6.12 0.43
6.25 3.13 6.25 3.13 0o 13.19 0.86
1/100 1.76 3.88 7.76 3.88 oo 1.30 1.01
8.93 4.46 8.93 446 573.09 1.06 1.02
10.17 5.08 10.17 5.08 167.39 1.01 1.01
‘8.15 2.66 7.96 2.66 o 4.42 0.69
1/100 9.15 2.98 8.65 2.98 105.01 5.73 0.84
11.89 3.85 11.26 3.85 63.96 1.49 1.09
16.21 5.20 15.28 5.20 59.34 1.03 1.04
11.39 222 10.75 222 13.56 1.56 0.64
1/100 11.74 2.99 10.70 2.99 32.00 4.00 0.95
11.85 3.87 9.90 3.87 59.28 1.40 1.09
13.33 4,72 10.95 4.72 70.54 1.04 1.04
5.19 2.69 5.19 2.69 0 1.81 0.68
5.74 3.12 5.74 3.12 o 2.36 0.86
10/100 761 4.04 761 4,04 o 0] 1.09 1.00
9.72 5.11 972 5.11 23.80 0.96 0.96
10.58 5.56 10.58 5.56 28.24 0.98 0.98
6.93 2.11 498 2.11 0 2.30 1.24
1/10 6.65 2.17 5.22 2.17 (&) 2.17 1.16
7.27 2.21 5.02 2.21 o 2.53 1.26
6.74 2.57 5.17 2.57 oo 2.63 1.08
5.03 1.54 5.03 1.54 oo 1.25 0.50
493 1.80 493 1.80 oo 1.93 0.58 -
130 532 223 532 2.23 0o 3.20 0.87
5.23 2.90 5.23 , 2.90 o 6.39 1.00
5.26 3.67 5.26 3.67 O 1.86 1.07
5.14 2.08 5.14 2.08 o 3.65 0.12
1/300 5.20 2.89 5.20 2.89 o0 26.16 0.45
5.14 3.65 5.14 3.65 1% 1.27 0.69




BERSBLTHETAILENTE P20, (da/dn)[\liﬁﬁﬂi NE—3)REHVWTEH
BL7o 2BRFOERIE—CHRIBEHET BT 2da/dn—AKeff AR TH B, £TD
REBREA 1 BV < —ERIBHET 0 THRRE RGN LA REHE KT PAKeff
RBVWTH, HEKICL-oTEZOIREREECENALNE 00 SRHOERDIE

-7
10
i) SMS50A R=-1 /
O
3 Repeated two-step test
< AKu = const.
E -8l A Nw/NL=1/10
1 O Nw/N.=1/30 L
O Nw Nz 17100 pd
<& Nw Nu=1/300
%3
=] C
O
S~
]
O
o
10
,// [ L Constant amplitude __ |
/ i
1—11
1 2 4 6 10 20
(AKeit)L MPam’2

B5-21 2 By iR UEENVHTE T D (da/dn) — AKeff AR (AKHE E)

SM50A R=-1
Repeated two-step test
N, =100

A Ni=1 AKulAK =2

O Ne1 BKWlAKL=3

O Nu=! AKn=10 MPam”
O Nu=10 AKWlAK =2

/

/

micycle

]
(o]

—r

[}
(7]

(dulc_:I.n)if‘

Constant amplitude __|
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101

2 4 6 10 20

(AKet) MPani’?
5-22 2 Bl LSBT E T D (daldn)! — AKeff BRIV HIE %E)
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DHRERS S, GHR. TVIZIAEER LT, TLBREENBICBITH X
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LA B BRI SHTSOF E (930 CHEA N, 630CHRE L)B L VBB EREE
FSMS0AT., ZDILEBS B & UBBKEE % K6-1, 6-2IC/R T, H6-1ICHERICHW
72CTREBF 8 L UP R ERFRCCHRABRA OFIKR, THEERT, AR ICREIIR

#6-1 A E OILERT (%)

Material C | Si Mn|] P S Ni | Cr V | Cu { Al
HT80 0.120.33]10.83]0.0140.01]081(044]00471025] —
SMS50A 014]037112410.02]1001 | — | — | — | — 1004
#6-2 HPLEME OB EE
Material Yield stress Tensile strength Elongation Cyclic 0.2% proof stress
O, (MPa) Cp (MPa) S @ 0%, (MPa)
HT80 766 814 24.0 652
SMS0A 352 508 35.7 —
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90 20
, 15
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°§ "/ = Detail of
(a) \ o i sidegroove
H o~ Ll
{P BRI
% |2 i
' -+
o, Detail of edge
A ~  for clipgage
E/ Strain gage
ﬁ | Side groove 13
(b) S 4 . .
i o~ Detail of slit
100 j~ 7 O
1 1 JLU
Detail of side groove
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Bo T, 170y 7 OBMELEE32XM0C°H A 7NV ERL LTV AERBNN
=10)DPAId, WE—FIBEEMN AT ) Y ADOFREKT 25, SHAOKITIFERE
W17ay 2% BLT—FThol, M6-NTEAL/-EXHHAOLEKpE T V¥ AME
B E B BAKEEmaxic LT Ty b Lb 0 &RT, b, AEHN=1, #
FEN=10DRBAERTH 2, Kopid & b CERTRT —ERIBHET TO SRMAON

—102—



Loading pattern A

(K)max =4 0.0 MPg-m¥

N

166
16166

4166 8166 12166 20166 24166 28166 '
n66 566 {9 mes  )imes [omes J2m66 | 29166
1666 7666 N666( }1966 196¢ 236664 $27 31666
0 \

Load

Ditferential displacement

K68 S5BRT VFAMETOME-—FIEEZN LT VXH

HT80 R(ArpKmax=0
o Loadingpatten N Loading pattern
>E o A 1 A
R
Z o B 10 B
A C 1 C i
A C 10
20 —
3 Comton
* *y amplitude >
g | E
10 T —‘%
%9 20 40 60
Kmax , (K )max MPq.m/2
69 S5ERIVFAMETOEHFAOR
HT80 RAKImax=0
Loading pattern 7\K5ff ’\Z-R l;l
o
X
<
s o) S
0.1
0 10 20 30 40 50
(K)max MPQ.mV?

B6-10 58T ¥ ¥ AMETO SREREEL
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EL—HLTWE, SO LD, SVYFAHEREINERRDOKDOL VY IVRT
D5 RArpK)max D00 5 BT ¥ ¥ A BEOHAIC b, SHANREFEKOKD L ¥
I R7 (ArpK)max L S HRAPKImaxlc & o TREB EZEXTEI VLI Th D, |
M6-10ik. T Y FAZHME]Ll 70y 2 0P SHUEBEE % X BMER HE Ak
TEAL, KmaxiiLT7ay bLAE OTHE, BF, AABLTRILTREN
B S BEREE KAkrtt. Kymax® B 709 7 0F £ N=1, N=10)ic b 5§,

HT80 R(ApKImax=0 (K)Imax=400  MPa-m”
Loading pattern A N=10

mm

A

o
a //
0.2 /
O ‘
0 5 10 15 20 25 30 35
n o x10°

6-11 585 v ¥ AMERBN=10)D 1 70 v 7N EEEREE)

HT80  Riarokimax=0 (KImax  MPa-m’2
. ® 40.
Loading pattern ® 36.0
A Lo finnn, s 320
5 N=10 0 24.0
1. 6—;0?@ '—‘—030003—0003—“
505 I
X [~ X~X~]
000 £85,000000000
= e 000 GGQEOOO
0.1 |G
0055 5 10 15 20 25 30 35

4

n x10

H6-12 5BT v ¥ ATERBRN=10)D» 1 7uy 20O SR EREFE L
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05~0.70HEDMER L), 17ay 72FL LT, SRMAMAOLBEZERLTHE
FORREBEEORERSENELATVE, COBEDHEMEZRITT 57201211,
BBROBMN IOy 7 TCOESBREREBLARILEN S L4, N=105 ¥ ¥ AHER
BoHaicidl 70y s MEFOSRERBIPSVLOEFRN TRy 7 2B 2
HEBEPSOLKESMLTHETACLIEETHS, 22T, Bu7ny 70 RS
10f51C L. #ELEZ50004 1 2 VERL LT ¥ AMBEREN=10)iIc > TH
BREfrw, SBEA T Y 71081 2 EBEE) % FMICRA,

B6-1113 1 70y 7 DO P L DB LB T 5 ERERE SaDELERL
bDTHb, I obhrsL)CFALHELANDS VFARERMN oy ZicBWv
Th, 2NAHENIMNBIRLI>TRLRZERBEGHE2RL TS, Thbb, HIZIE
LARNVIDS v T ARBEAWEROBN 70y 70 SREBRZ, »2BEIRIER
LIBOFELVARVOBN 7Oy 70 IRERBICHENTHELEoTWE, TD&
IMELSBRS VS AMETRBVWTLIELARVDS VT AREATNOEEN KL
RV VY ARETORBEBCHLATWE I LFRDLNE, 17Oy 7HNE
BN 70y 70FYEREREEL SREBFE Ak TEHRL T, BELEnICHN
LT7uay bL2bD%M6-12ICRT e VRVIODEWKELRVDS v ¥ AFERENE
HEaNDE, TRITHEL VAOVIEFRED, 4(FFEE), SCLEHDOVWTh OB 7
Ty 728V THAKey X01RBE L % ) FRHELNIERBBEHEEHAK I T 5 SR
BEEOEEFRERL TV, ZOHRDOFHEBELICE %V, ke 2R 41T L7
L, 12104 2 VRREOKE L TLANNV3, 4iZ2o00WTIRIZIIZIDEE R D, LAV
DG YTAHEAWMICL2EBRIEILAEZT L%, L2LEHL, LRVSOEK
BLARVOS Y ATEBMN 70 Y 21220V Tk, Akep120.358E = ¢ LA EEE T,
170y 2&8%BLTAKeffITHTHBELXRL TS, CRIFLVAVSOETHOH
7my 2%, BECEREY OBV LAVOT v AHEOAMBRCNET 2720,
M CBRAELIZE—B2REST vV AMELRAKOR —BEHELEIC L 2BE
DHBVPETOVRNSOBNTT Y ZIZBWTELTWEEDELEILNS, LR
V27 Y ¥ AMBEAKROZLLVAVOBN 7O Y 7 IZBWTHFEKOBERRLRT
A, LAV3, 4B TXI0ON £ 2 VEE L LANVIAHMBROBAICERTHEL
BoTWwd, CNDIIRXRZLARNVOS VFLAMERN 70y 7 BRI LTREFTERS
S5EI VY AMBEILBVTIR, 170y 7HCORBEN IOy 2 BT E8E
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BHEEM, tOBM 7oy 7 0BAMININEBEICL o TRE), BEHRLPEH LR
To CNEIRBEFRY, 170y 7 2Kk0 sRERBERLD 0OSBEDMSWELE
RoltBETH2, N=1T1 78y 7 OBRMELED32x104 1 7 VOFEFIZOWT
i, ERL7E) CBBMET Oy VRO X BEREEEENTE 2D 07205, e &°F
FREONEEEZRTIEPS, 170 Y 2HIRBWVTIEN=10DT v ¥ AEER L
R ERREORE, EENEL TS bDLEDNE,

6-10iCi3 1 70y 70FH SR EREEY SRERHEHARTER L 12HR b
HbETZHMEATRLTN 2, S TFHERERBACRUTOLEIL ) RD B,
Thbb, SERIVIVAMEL 7uy 2 2BET55 VIWOKHEN IOy ZiCB1
ZEHERER, BHUMN Ty 2 OBRKKEEK)maxt FI LK E & DKmaxfEZ b D%
B VYAMEBETOSRERECSE LW EREL, ThOoZREHCMETL L
FoTSBRSVFAMEL 7y 7 &R0 SRERELRES, CO L) RHEEEC
3 EREREELAMRZ, Kmax, NiZ & 53°035~0.550FHEADMEL % 1)\ Akey &
D& & I TRBEEER R LTV 3, BBLAL ) KEEL5BS ¥ ¥ ARETO S
BIEOSIET VY ARBIRETNERKOKD L VIV RT ApK)max e I HHIC & o T
WIEH 170y 2% BLEC—ETHbD, chIH LT, MrREOHEEHETIL, FHM
Tuy 2HOXEBAOEREOEN 7Oy 2 OBRAKKEK)maxil L > TELHETDH
ZELTVAED, LAVIEBRWTHEHLANVO SEBEOSTENOEL V& RES
b, Lo THLVANTOHREFRICHILRBYHBHAK eff est T EBEL Y B KE
CRBEON, MRIENO XRBOEE AV AT EREL 25, DED &) icif
BLEBRT v ¥ AMETHMRIE K Ak & D ZEMT, POERDZREREITAKR
HoREHEIC &L 2 FRERROIBECHZ, S5BRI VI AHETOIRERELM
BRBEUVARVOEES YV AMETCOESRERBEOREME LTFH L 725412,
ETREMBELFFME %2 L) TH S,

6.4.3 BELEWMSEKT v & AMEREK

R, 3REBRBHCREIT S VS AMBEREEI N RAKEEKmaxB L1 7
Oy 7HOBERELBOBELRARD 120, (K)max=40 MPam'?2 {25 L Tid, BT
Oy ZEEN=1, 2, 3, 4, 5, 1005 v ¥ AMEEE., (K)max=60 MPam2iZ 5t L T,
N=1, 2, 3, 405 ¥ ¥ A EEF TIT - 72,
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[6-131%. (K)max=40 MPam'?, N=10#:E L#iW 5 &7 » & AHERBRTHE S
EWE-BEEMNLRXF ) YADO—FIT, 170y I7HOT V¥ ACEETHHEY
A2 NVOR., SEEOELHEDIREBEN LT A IV IEDOVTORRLEZBDTH %,
H2robhrd L) CAVEETRT ERAORAR 1 70y 2 2B L TRIZ—EIRE -
Twb, /-, HE—FIEEMLATF) YRAOPIIEBT 505, BoRREGF B
THKmax, NOEIZ b oT, SEAOMREAKICLI 7oy 27 2B LT—ET
Hotze EU L7 52BN A Kop % (K)max)$40 MPam 2D 354 ON=18 & U'N=10D §

Loading patten B
(Kimax = 40.0 MPam®

—

L

Differential displacement
6-13 WRKSEET v V¥ AMBETOME-—FIHEEMEL AT ) Y AH]

Load

z

HT80 RArpKYmax=0

Loading  (K)max Loading pattern

pattern  ypo .t |A [l

AKeff

0.1

M6-14 H5EBT v ¥ AMERBRONICHT 2 SR EEEE Ak
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ZoWT, HHON6IICFNFNERS L THANTRLA, MELBMEES V5
ABETIEBVTL S VT AMETDKopld, 7V AHELZEFEINLIBRAROKOLV Y
YV R7 LFELRIB, OhHkEFO—ERIBEHFERBRER L I1ZIZ-HL T 5,

BELEROBS VI ARETO 1 7uy 2840 SWEREE MAkgk BT
Dy 2 DESEETNTA—FNKHLTTZay b Lz 0% E614CRT o KoL
FIAHIR S RS v S AHEORBERTHY, DOETHBLASKRS Y AHED
REER L VIMENT, BBTHHWERT VvV AMERBREREYZAMTRL TV S,
F AL i (K)max=40 MPam2D 34 D, B IL60 MPam!2 DIFE DFERTH % %5, NH*1D
BACTREMaDOKE L PP DL LT, Akegrid03 /NS WEEZILY , HRISITIL KRR
BHEFEAKefi b LTH SBEREFEOBELRR T, LA LNOBEME &b 12 keprid £
8 L (K)max=40 MPam!? O34 i 1dN=5T, 60 MPam'?TIiZN=4TI2121icEL, Ehlh
EONZH L Tt Akeid 121210 —EfEE R T o

#6-31% (K)max=40 MPam2, N=2B L U' SORBEBICBIT5 1 70y 7HOZ LA
MBI BHEE L, SBEREE ks SRERBAB L1 70y 7240
n. Akefn (A@block%e RL7=bDTH B, NI2L/NE WAL T 0 v 7 KONkt
0321 L 2 D BERXRTOICKH LT, N=5SOBEIIE1 70y 2 2F0hkagr i3I 1L
hoTWwh, ZBHMTOY 2 IZHT BAkerk 2B L, N=2, SOWEFE LD LANVITHR
MR ARSI IZIOEE R B, L2 DV THIRIZINEE R D BENRD S
F. LRV1{(K1)max=40 MPam'2}%* & L X )V 2{(K2)max=36 MPam'2}~ O 7§ EZE) i3,

#6-3 BRSBTS VT AFEDLZL L NNVD Akerk AaiN=2, SDHE)

Loading pattern B I_L“—|_L_I

Level | (Kiymax | wpi =2 =5
MPam'2? | mm ni Aeer | Aa ni Aeer | Aa
1 40.0 0303 | 1000 | 0916 | 0.012 2500 | 0.985 | 0.032
2 36.0 0246 | 1000 | 0971 | 0.009 2500 | 0.954 | 0.022
3. 32.0 0.194{ 6000 | 0348 | 0.006 | 15000 | 0.938 | 0.086
4 28.0 0.149 | 24000 | 0219 | 0.011 | 60000 | 0.861 | 0.220
5 240 0.109 | 32000 | 0.273 | 0.012 | 80000 | 0.959 | 0.209
Block 64000 | 0321 | 0.050 [ 160000 | 0.922 | 0.568
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LR ICBIT 3 SEBEBIIHLTIILALEELZEZRVWE)THS, LA LN=
2O, LANE, 4, STREMT Ty 7 0 &% BEEREHAKn202~030/h & W E
FBD, AKeff K LTHBEXRL TS, CREHECBR7E 152 BER S
VY AMETOERERE L FKIC, SHELTELSORENEL NG VT AKET
THELRDZ2DTHY, N=20 L) K170y 2 0REFEBNECERS BT ~ 5
AHEDHEITE, BELAVOLARNV SN L TRENCEMTENEE W LAV4LSE
TR ENDEIOLNNL, 2, 305 Y FAMEAMODEE*RIZTOIDEEI LN
%, HiHI TR 7Kl L RV % (Ken)max=40 MPamZ{=(KDmax)} D> & (K L)max=24 MPam?
(=(KS)max} N WA SRR 2 REH S vV AMERRBR TR, BLAAIVT VT A
HEOMEVANVG VY AREICBIT2 SREBRFECRIZTHERE, LV v
FAHBECETNIRAKEIR I A2FHEOFAERBRTHEOMBETH o722 L2 b,
BRSBTS vy AMERBRICBVWTHWHELEICL VELANTOERER ICHEN
HEL2%bH, £OHBEBETERTUHCAT SR LVAVIZE TN B KRKIE
WL BHELFHO T ABEBTECELYL, ERIDBNIVEETHL LER
bhb, N=2OBAITIE, R63ICALND LI 1Ty 70 XREREWAG)bIockiE
LARWVID (KDmaxiZ & % BHEETHE 0pD01TRETH S5, L7z2o T, LNW2LUT
DETOELVARNVG VT ARBICBI 2 ERERBI L AVITOBBBNICET L, &
HBEBROBIENELTWVEEEILR, TODRDLANNE, 4, STHMNTO Y 7 23T

HT80 R(arpK)max =0
i (Kimax
Loading pattern MParr%
B r"—\__\ﬁ‘ O 40
1.0 .///,q)— —_— )
P
<05 —@. 2
g | &0
< QP
015 ] 2 3 4
(AQ)block/wp

6-15 (Aa)block/ WpTHIE L 7= Wi 5 B 5 ¥ & AMERBRO % BUE R HE Hker
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2 BB EE A H02~03 DA EWEEX o2 b DL Bbhb, —HN=5OHE
ik, BE LB L o T, (Ad)blockizWpi D1STHEREE L K& 2B, L7240
TLARNVIOEERABE L TEUIERTZELVAVHERN 70y 2 H¥FEL, &6
KHGE LBOBEIMICE s TEADEL ARV Y FAMBICBIT2EHEN 2 SRERY
M, ZOVARNVERCMNETIH LAV VY AMEBEORBICL Y BEFELS &
BB ICHRTHENMICRE Z2 DI, 63RO LI KETOL AN
DENTT Y 2 12B0VT MBS IZIZ1IDEEMB L)k o7cdbDEERLNLE, £
CT17ay s ToXREREAbockE 1 710y 7 NICE T 5 BRRKKEK)maxic
l%¥E0f&mﬁﬁ#&@m%Ltﬁ%i%ﬁﬁﬁ%@mwmmmKHLTMW%
BEELH6-15I2RT, BABLIUALOKEEN—H L, AkeplZ(K)maxfBIZ 24 b b
T (AQ)block/WpH1IRREE Ik 072 L T ATIRIZUI R DI EHFDD D, TD LI ITHE
L#i SRS vy AMECH AHEREHII VIV AHECZTINIRAKENOKE
ER1 7Y 7 ORBELBICE o TREE), SHEBELX T VFAMECET L
ZEARKEC L 2FHEHOTABEEBRTECERTILLTELNE, —D0FEBHL LT
FEND, TLHLLWELHORMIEL 1 70y 7 TOERERE@ICHETHE
WIBAITIZAKeff (It LT O BIER A L2 A, HERBAMIRC2Y) 170y T
DEVERBHVOpOUEBEU LI 22 L WELBIC L2 XBRIESL I 28BN EL
Y, SBEBEIAKfICHTABEYA FTHOBEETHETELZ L2b2 2,

HT80 R(ArpK)max=0
Loading (Kimax [Loading pattern

pattern MPgm1é A [L,-\._r\_.—\_)'LJ-\_rL.-\1

AK,R

0.1

M6-16 58T v ¥ AEREBRONICIHNT 5 S ZEREE AR
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M6-161c i, SREREEHARTEELHERERL TS, HIALEIZHRK S
Bo Yy ATE, NAEESRY ¥ ¥ ARE, SAMGHEEBS ¥ ¥ AHEORE
DIHRERELTV S, RBRPICREBD - OX6-14DAkesrDFER % EML, B, —
ESMTRET o ARRDEHRMEM I, BB L 72 ker 1ZIZFBETH 505, £ OMEXHE
EAker & 0/ & { Akegd$1 & 2 BNDIEIZ B T AkRIZOISEEDENMEL 2%,
REEICH6-100 L ZATHBLA L) CEBD SRAON L EECHAVERORDE
RIBEALTWREEION, HBSBES V¥ AHEOHAICBVTLE5RS Y5 A
WEOBELAKC1 70y 7HOEBRBER B CELVAVOERT VI AWHET T
DEBEORIEM L LTHEMLHA. ETREMOFME %25,

6.4.4 HELEHWSEKT & LAMERR

W5 BT vy AMERRIX. 5 AWECE$ b RAKEEK)max % 40 MPam'?
WWEIE L, N=12100 2 2D EFICOWTIT o 72,

M6-17ix N=1OBEOFHE-FIBEEN L AF ) VAO—FIT, 170y H]DT ¥
FARERTAHESFA 2 0v0) bROSEHOEIZREN YA 7 VIZDOVTOHRR
LEbDTHb, Mrobbd s L) KSR OAKpk 1 70y 7 2@ LTIRIZ—E
Thbd, TWE~JEEMT AT VAOFIERT S, 170y s 0f#EL
WAT32&XI0H 4 2 W EBEL R 2 EHOBES ERAORE 1 7oy 7 2@ L TIRIZ—

|Loading pattern C
(K)Imax=40.0 MPam?

AT

Differential displacement

Load

X6-17 WHLERS VY AMETOME-—FIELEMN A7) ¥ A4
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EBThol, COBEL XRMANAKpERIEOM6YIC=ZAENTRLL ) IT—EH
PR L 1212~ H L TV B, | |

MR LB SBRI VY ARETD 1 70y 2 To SR EREE L AkEK6-141C =
AEITRLZE I, NOER 2 2»b 6T 03BEONEWELIY . FRIITHARE
WHHEAKeff I LTHBIEEZRT, ChIZZOHE, REORMN Ty 225145
BIELAVSDT Y ¥ ARENRO 70y 2 DBBLAVDS ¥ ¥ AHEOERIC VD
SMBT L0, B—E2BERS vV ANELRABOBERRI L ANVSTHICEL
TRBhLTHD, 85I TREEL-EE LW 5BS ¥ ¥ AHEORETIE 1
Toy yATOERERE( (Ag)block=0.301 mm}BWpil L XT/HE L, ERITWVD D
BELAVHEOMBBACERT AL ) SAEROBENEL, SREBEE
HAkerit 6- 14BN TRLZZGET v ¥ AHEDHEDOSICHRTEIELL o
0B bns,

6.5 FVIALAMERILERTH>FHHEVEHTLHED
ey & HHERET)

6.5.1 HREBRF®

WER TR & MR O 100018 OBIED S %2 5 4y AILHIREEM S ~ ¥ A5 %
Bii7ayzel, SRICESRFHFTELMA., H6-18IZR T & ) IS FMEDI#
BL2BRICEETAS VIV AHELLEZbDTH S, RBRIERIHMHTION % v T,
BN 7Oy 05 VY FAREREENEIHEKDODKD L YV RT7 (ArpK)max % 28 MPam!/2
LU TEHHES 26 MPam!2 & 14 MPam2IZ 4 E L 2 BRICEE) & ¥ 5 &4, (ArpK)max
%20 MPam'2 & L CFEH# & % 30 MPam!2 & 10MPam'2 (2 #3K L 2 BRI B) & ¥ 3 &4
D2BOMEFHTTIio7e COFAVTHOMEFHAFITE VTS 2 RERE LEE
DB KKEIZ40 MPam!2 T, BV RNV T VY AHEICEINEARARKDKD L Y IRT
DB R(ArpK)max WRIE T0.3, BETOSE R, WUV IV AHEICFIN
BHERKDKDV VI RT7 DI R(ArpKy)max BT HDFEICH0L %25, 170y
2 RBETAE, BUXNVOMATO Y 7 OEBNy, NoxR6-4IIRT LK LD
PEEFICH LTI 5120 GHEEICELE 22 OBE LR
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#6-4 FHWE2BERT v & AHERBRSEH

, Nu/NL
(ArpKu)max=20 MPam'”? 1/1
R(ArpKiymax =0.5 gg
(AerL)max=20 N[PZ:m‘ll/2 10/10
R(ArpK)max =0.0 20/20
30/30
40/40
50/50
55/55
60/60
100/100
30/120
(ArpKy)max=28 MPam1?2 11
R(ArpKy)max =0.3 gﬁ
(AerL)max=28 MPamVl 10/10
R(ArpK1)max =0.0 50/50
100/100
. 1 block
1 unit block )XNKK1 unit block)
Tunit Tunit |1unit Tunit
block block | block block (KH)rn?x -'-(K)max
(KL)max v --—-JW W(AerH)max
! !
0 (KL)min

6-18 FHME2EREET v T AWMENY —

6.5.2 HBERBLIUER
BLRVS VT ARBERESEINEIHRKOKD LV Y Y RT (ArpKu)max= 28 MPam!?2,

R(ArpKi)max =0.3, 1& L XV E O (ArpK)max=28 MPam'2, R(ArpKi)max= 0.0T 1 7
oy Z7H0% l/?\*)l/0>$1i7'n v 7 #Nu, NLATL b ocloom%éwﬁ%ﬂ%iﬁﬁ—ﬂl
BEMERATY Y20 HEEM 2 K6-1912R T, I V¥ AMERIBICES T 5¥8
WEN—BTEHLEVER 2T VY AMET TR, I ER(ApK)max =03DFHE .
EHRAO[@GEEOM6-201 D 2 AFMTRENZEIREDT YV AMECFIND &K
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EKEEmin=12MPam?) & Y &<, EHROAOFRD LN, i LT, P
EAREL 2RICERTAS VY AMEDHAICIR, LATFYVARbbhb LI
XWHAOEFELANS V¥ AHEORBEKEEDmink D& 2D, SREF LW
SYFAMETCREZICHOL, BLANVS Y FAHET TOARAOT 2EF 2R
Fo THELARNG v ¥ ARE L F U (ApK)max=28 MPam'2 T J1 e R(ArpK)mar=0 D 5E
oV AHETOSEAOMIHSIMPam2 TH o -0 Xxt LT, BIHFRHRTRT
FHMEN2EICHELEHT2HE0ER L2 SREANRIFIMPam'2TH Y | KL
RVG VT AHETEBOTRAOEAFLEAL TR Z bbb, 2D L) ICTEY
WEEBIR., B, ELAVHEZAFLICBIT 2 SERBANREICHEEZRIZT L
Pboh b,

BLARVS VT ABBIEINTERAROKD L ¥V RT D)) R(ArpKy)max 3% 0.5D
WA, FHHEN—EOEREIFI VS AMETCREROAOARIBO ST,
SPREWEGEHETHOT 20, FHRELH T TOREIVANI VT LAMETIS
WTHREREIZELCHOL, SRAOXBELAVS Y TAHETTOIRD LT,
FOHBABEVANS V7 AHET TOZRERBAOR I EBDRApK)Ma=03 D554 & [F
BIELALVS S AHEIMY AT ENIEELI VY AHETOENLID b L
HLUFHHEEBOEESB bR,

R6-20REL VS Y ¥ ARET BT 5 SRBENAKpE 1 70y 2 AOEL <
VOB Ty 2 ENL(ZEAEDRBEMETCN =N LT7ay FLAbDT,
H AL H5(ArpKu)max=20 MPam'?, R(ArpKp)max=0.5, =f4FN2(ArpK1)max=28 MPam'”,

gkl | i}‘tr&w

Differential displacement

Load

H6-19 FHME2BRLHS v ¥ AHETOME-FIBLM L X7 ¥ A4
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R(ArpK)max=03DREBRRERTH 5, P OZKHEKFERIZ, —ERIEHET O EREAD
HERLTWS, — MM I B KRKEKmax %% 20 MPam'2 TG I LRD0D 46, M
Kmax=28 MPam!2, R=0D 4. E# 2 Kmax=40 MPam!2, R=0, — m${#\dKmax=40
MPam'2CIG T HERAT0.3 L 0.5DBFA D S HBOME R T, WA LA L) K ERAOA

HT80 R(A K)pe=0
(K)nax = 40 MPam'”?
(BoKidnwe  R(AKina (D pKina
o 20 0.5 20
A 28 03 28

L Kpin for (K)m‘40MPam1’2 R=03

15f——— ks b i

(o}
10 o]
o Ao 4 M0

{éo I ! ©)

R Krin for (K)m., =40 MPam'? ,R=0

Kop MPam'?

Kegin for (K)mex =20 MPam!'2 R=0

0 20 40 60 80 100 120
N, (=Ny)

H6-20 =ZFAOSICRIZTIHMES oy 7 REEDEE

HT80  R(lArpKImax=0.0
(K)max=40 MPa-m*
(ArpKHImax=28 MPa.m® ,  R(AmKiImax=0.3
(ArpKUmax=28 MPa.m® ., R(ArpKUmax=0.0
Ne /NL
m] 50/ 50
. B 100/100
& 10
=
a ?\\D
(@]
x ._\
9 l 3
|
0 10000 20000 30000 40000

n

M6-21 EBLARNVNTI VY FAFMELI 7oy 7RO XEBEOSOL
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Kopid. #FhFhDELARNTG VI AHEICETNEHARKEL FLKE S DAKR=0)
O—ERBEHERROEHMEEL Y bEL NLO/PME W E A TRIEHWED 2 EICH
BLEET29 VY FAMELCEEINI2BEROKDO V¥ IV RT (ArpK)max=40 MPam'? &
B LKE & DAKR=0)D—ERIBHERBRO EFHEEPEMITITIZ—EHL TV,
LA LS ZEBEAOMKop N OBINE & b1tk 4 I LR L, Ni=Nu=S0EETRRER D
FAUECRECBRP»ET T2, CHRIBVEHHELE TSI VI AMETO
ARMANAEAZAYESY, FHHEF 2RICHBRELEHTLI VY AWECE
NBBEKDOKD L v VT (ArpK)max £ F] LK & & D AK(=40 MPam'?), &7 H(R=0)%
FOo—ERBWETOEHBAOAL ) —BROICHL, BUAVI VT AHEOMEL
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FMicxzZLzHELTWEY,

FETR, BELOERESTXT, HEFEHWEL L TR K2 K2 EXHH
ERBY, EELCEBWMEL LC2BBELEBHERRELIT V., B SRERER
KOoWT & ) FMEBINERBRRET Y. b, EEBTFHEMEE R L H v 2 HE
MEBEAM % —EREBA Lo, SRERATMN, SHEMBOEN., SREREEOELY
DEED» L, EEHETOEFEHREERBBIOVWTRE ML, EEIHETOEY
SUERBEIWTAWMBMN S A—s 2 HL PR TH L LD CERMLBIEENS
A—=F LOBBRIODVTERET ). RBREARTHOALERLINEITCOERY

|
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RREPOOEHHETOLAREREEREHEENIDE T I LICL), EHNEIR
YBEEECEOENUB L CE0ERBHICOVTORE:21T ),

7.2 HEEAME B L CRBRA IR

AR TCH AR, E2028mmO G HELE L 72— F 3% 1T WRAH T, F
Wi SR E2~5mm, HMEIBLAIICEL XD THD, €DILERS. BWKH
BxEI-IBLIURI2CRT A0RBR ERT-USRT &) 2BIR, THELELRE
MHRL%E b OFRYRERBRF TH D, RBF 2RISR ENZ & 5 I EEAT01T] &
B3 &) CHBOEEAM100]E BEHKRURNT 2L, COBFERITLIEERDL
NBFTRYRO42DFT Y FAD ) bR REICTFAT TR V2O RTEMICEAS L
BRI H o THEEIE T, 5RY200T XY FMRRBRA RECFATLERICSH > THE

K7-1 PR E OLERT (%)

Si C Mn S 0
3.03 0.006 0.09 0.009 0.0194

£7-2 BB O EE

Yield stress Tensile strength Elongation Reduction of area
O, (MPa) O, (MPa) d (%) ¢ (%)
299 378 74.8 99.3
Loadgmg axis
éoﬁ]
© @)
ROlllng 111 ! Rolhng .
plane direction - g ' A

”
YO

Kn
%
NNAN
7 KL

@ T 6-¢53 ' \/ \/
3 13
Time (s)

R7-1 REBRAER - THEB LU X7-2 & — &2 REBHE Y — >~
TS VA
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HMEEALFME LSS 2 2L, WEAMICEIRIETE S 7220w T, RABRF D
RECTLFHOTARBONMLFE LEBRBVRAETE 5, AR IC, 9T
BEERPELLZVWES b:ﬁl%bﬂl&:ll > TEX8mm. E0.3mm® HRYJR X % AN,
KicRERH R & = 2 ) A0/6H CHERIIC T THIE L. 2 & CBMHEIC X ) T
BB 2R LRABCHESNALRB S, B850 0REBRA 1 IC 30
REBAER 7RV AR EMNE RS, BNPEEREIWENHBEICFIATES L) I
LTwb, REIC, SImMBEOE*RESETERETHMEICBIT S 2 REFEY
BHHICBONE L)L, RBRROBRENOREZEE II3XI0°PaTH 5, FREBRA
ST B IS NIRBEKE, hREEAERF ISNT 2Ishida DR ICEPRE LT D
BHLTWw3,

7.3 HEZE2ELBWNET OREY IRERSET

7.3.1 RBFHH®

RERIE, M7 20FETEORE., BRHLAVHEOIRHENE B IZ0TH5E —152
B2ELBHERER LAV TIToe BLAVHEBEREBCREREL2, BLNVHE
BRI CIWELE RO SREROEGBESTELZTEH L L THERHICITRS
) REREZBELABERO b DRV, ARG EHER=5.14mmTH L X
M EACH=153MPaz* & {5 L <V EAGL=11TMPa(# E )% % k¥ TAKy=28.1MPam'?,
*AK1=21.5MPam'))~T & % ZH) & €47 o 7z |

7.3.2 FBRERBIUEE
7313, WELBZROEY SHERER., BINCHB L -BANEIRERTML L
CRESEEBEBEOLIERLAEZb D THS, CCTHOIHUERER IBINEEHE
L HRBI N/ ZRWERES~15umiH T 2 FHHEE T, P OBRENEE VANV
BINTHbD0THD, ZBHFICR, RRICLVEHRENIE LV ANVHTEAKHC &
5FE O S8R LB 0,58 & UAKefaic & 5 FH 0§ # A RH6E LB

T (O, ke
1 AKy ,

=3 (g, )

(7-1)
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1 AKeff.n

(@ k=3 ( 20,

P (7=2)

DPHERTEFNFIRENT WS, T72M7-412, WEOLDBHELDITLVHEINT
WLEH K2R 2ELHWERRIC L 2HELHROEY SRERER, BIKICHE
L7 SRR 7% & NI SREREEVERILERT o ARFMIZE L NV
EACH=189MPa, f& L~V fif EACL=138MPa(fif E )% x ¢ TAKy=35.3MPam'?, AK,=
25.8MPam'?) T & 5,
SEEREEIMELHET CRO LAY, BUANVHTEOFHO T AHERMEL
WA 2 A LB X 2R TR/ BX10 0 m/cycle) & e B, FDRIZIEEICW B R0 IS
ERALTVWE, WHOLENEEFARPBEINS, NT7-513, WELBHRO IRER
HELZERKICHREL - 2 ZAMORE2» S8 E L 2 F3I0 DL KREH FAKef 1

Loading axis

High-low two-steptest 0.Hz R=0
AOu=153MPa  AOL=I17MPa

mkycle
)
—0—e-

: a® @
10° % oe® —°

1 0’10 }

0.00 0.25 050 0.75 1.00 1.25
Ad mm

73 ®—E2EREBMET OBEHK S RERER & SRERERE

(da/dn)mic
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FHLTRLZZSDTH S, MPHARIZ, MEEHRO IREREDIFEH O AR
LBHIETH, U TORRTH Y, BAAMREZAUROKRERD L T2, H—

B2R2ELHWETOEY SREBEEOWBIAR L L U2 NITH] S fie (W HR
. AKeff DEALLEEG EAMIBLTWE L DD, MhERTRLZ—EHRBHET
Ddaldn—AKeff ARV L X KES R oTE Y, SRFAMANSEE2EZER L 72AKeff I
FHLTHEHEREEDBERRVBEINS,

DE, EHERERFMIIOVWTRET 5, KT-63KBMETICBIT 5 SRHER
Hae EREREEOEBRERLAZDDOTHY), CITERERFMELTIE, &%
Sevi2~3umiZ o 7z B EARER O J7 10 & B A & AR JT100mick L TWb, 28K
Hh— S AK i — ERIBMEC BT 2 BRIV TH ), MENSELER ML S5
EREECHKFEL, EBEEDN10 meycle L F TR, COMEOTX) HFHic—
BL, FhULTRERBEEDO LA L BB L TwE, B & Z2x107 m/cycleftit

4
x |
o
ol
£ 1
o
g
le]
o

High-low two-step

“7 test 0.1 Hz
(b R=0.0
o AOw= 189 MPa

A0 = 138 MPa
| I
%%mo o0°° | 7

0.1 0.2 0.3 0.4 0.5 0.6
Ad mm

(da/dn)mic m/cycle
3y

o
o

B7-4 8 — K 2 RREBTET OEHK S RERER & & SR EEGREF 1)
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TiOmic=0" L% h. XZIMENICOBEEN EMode [ B TH LI DHILE
RLTW3, #RICH L, BB 2R 2ELEHWERAR T, WELBROMBN 2

SUICERNERERF L SREBREF L 0BT S IZ LML 2L, $-—ERIE
SRER IR S ZER M IZEET Y FIMic—& T 5810 m/cycle A T 0 &

High-low two-steptest 0.Hz R=0
AOCH=153MPa  ACL=117MPa
0 Ad<W#
® AA>Why
|

Constant —
amplitude o®

107

10° f !&oo —
o
1 A%

O

m/cycle

(da/dn)m:c
6<b

10 15 20 25 30
AKes MPam”

K7-5 ®—1&2 REBHEREIC BT %da/dn— AKeff B4R

High-tow two-steptest 0.1Hz R=0
AC+=161MPa AQL=115MPa Ref.
ACH=153MPa AOL=117MPa

I
0 o —
10 /
o] O
© 20 ioX /
00 Ay
2 30 2P /]

@ A éA , Constant
— 40 a . . <ID amplitude —
20 120 /

Zg ° :"“’?gﬁ ié’;l [
107° 10° 108 107

(da/dn)mic mlcycle

B7-6 W — 15 2 REGWERRICE T2 SRERTN & SREBREE & 0 BLR
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BEREETS, WELBHROBEIERNICILIZIZMode [ ERE LTV 5, ERE
EEH2x10° m/cycle AT L FERICEL Ro TR UMD T, SRIHBNICEET XY HH
L EHB L %k D ERKICIEAS~50° DEE R b LI IF VL, C0L D%
WELZBHROBRL SBREBSHIE, H14CRLBT L OERDLEAKTH). B
—E2B2ELBWETCORFORBBLELDLL ) ThHd, CNL) LHEHRER
BHETCBV CREMLMHESHOBBIC X ), WELBHRO SBERFN L LR
BEOBRBL —ERIBENETLREL2 LI %D, |

®7-71¢, WELHBROEVANVFET O SR E5HFADOEN oM B0 H5CTODy &
WEEAFMCEE L SBREREENRBERLEZONTHL, T TEREWH
OZAICTODI, K781 SWOMAM AR &) 1o, SEEHBL ) B#HBumic b7
ZEoICBNT, SHBEZIZEMRRE AR50 R EmCEP» o TEILL
O ANECHOXBERFACEERFAOBHORL LTEHELEND, 2B THD
ERII—ERBERBRCBIIAHEBRITH S, MENEL SREREE D L UCTODD &R
LI DEEES D OHBIELONVTWE DN, WELEHRO SREREE b BN
ZCTODY & W EBRICH B C LW bR 5,

High-low two-steptest 0.Hz R=0
AOH=153MPa  AQ.=I17MPa

o Aa<

® Ad>Ws
107 [

micycle
8
Q)O
;'\o
®

0 f————

(da/dn)mi:

1§ 10’ 10°
CTODy m

E7-7 B—1& 2 BREB T ERERIC B ) Sda/dn—CTODyRF%

—134—



CTODy=CTOD cos®©
A CTODx=CTODsin®

Loading axis

M7-8 SZEHBOEMOER

PEDEdic. B— B2 B2 EXHHED X ) 2 BENLHELR LTIk, &
LB . MENER A2 ERERN R NESM L GEENBET, L
BoT. BEHRBHENT -5 0k ) SREREEL R T L SEBL 25, LAL
RS, MENRERRETH S SBERBOZMEZ L NE, ThPSEEROX
WSS A= kb ENRELPICE 7, | | |

7.4 2BMELEBIWET ORI SRERSEE
7.4.1 RBTE
RERIE. B, ELRVOFEPy, PLOLEPr:P1=3:2, 170y 705, BV

NNVHEO#E L BNy, NLOFHER % Nu/NL=1/100 & L 7= 2 BsE LSBT E ©1F o
fro HEEE LV AVHEICH LBHHR=01L %25 &) KBREL, BVAVHERR
VARNVFEICREREL R X 280D & Lz, WERBE LEE0IHzO B &
L7z, | _ |

BNEEESEES Y. EAEBTFEMBEO 2XETEFtEE~Y I 7uarya—y4
ANPGRS, BB L ER T — 5 CEGABODE T LICL NITo TWD, M
BT 5 A%, ERABOBAIKC LY. SRERMBOEM(CTOD)B & S REHEAD
ERHOETENRFTBTRETH S,

EHABEREE L, FHEUEREREda/dn LT, SHESOHFEZOHO
H. ELARVEHEOHRELBOARTCHRLAEZDOEHA VL IZD, BIELVAVFE
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TOXREREELBRRTLILEI TR, XRCLIVELAVFETOXREREED
¥Ellda/dn), v BB LAV,

(da/dn),f = {da/dnx(Nu+NL)—(da/dn),; xNu}/NL (7-3)
7:72L. Nu TR VNIV EOME L
NL TELVARUVIEOBRE LK

da/dn CEARWMERBRTEN SN FYIREREKE
(da/dn)y; BV NRNVHFETOAKD L 1ZAKef I20)T 5 —EHRIBHE T 0

ERERERE

7.4.2 ABEREBLIUEE

BI7-98 & UK7-10ic, 2BBE LEBIHERXRCHEONLERNIRERBMHE LT
NUERBREEHE, FHIREREENOENERT, H7ICRLAKRIIBVTER, B
BRI WEREAFWICT LS HATERL, SHESH04mmD L 25 TH
RL53R0FHPEHEREEORTIAROONL b ON, TRUBCEMELE
Blickamll, SREREEDOBERZIBE S L2V, TMT7-100HEITIE, SR
MR ICIHEMEAHMCH LTSS THhHHEOEET <) ATy, KR
BOWTHHMAREL2FOERLTB Y, BiBONT-ICHETERKICHWEEEZR
EhoTwd, BERMICIHFAEMBEMAFEICH LK30" EHTERL, LBokFic
SHEMERTR, B—E2ER2ELXHHETOMELHRICHE I LB L &
HOBFMBLUEREREEOEE IR, 2BBELEBHET CRBNS ALY,
K7- 1112 2 B4R LEBIWEB L URBO 200 —EiRIBME T CRY SR ERS
BOMENEEBSEERERT. @, OR 2BERELEBHETFT CTRESNZLOT
HYH, (€ RI—ERIBHFETTODDOT, AKEFZELZFh(a), O)DELVNNVHE
DIEHIERBEHMHAKL L 13I2E LWL SOIREBEETH B, ()T, EFXZIAE
MR E L RO RBT 24, FOEBFRZITEZRBRN OBET XY FHT
HHEZEDRDE L, AKFREVOIIZBVTH, @QICERTHERBIT 200/
i, SEERELERLTYS, ThitL T, —ERIEHFETCRETOSIHDAE
R ON2D, 2OBERINMECEFIZ—EOHFMICERLTBY ., 2BEELEH
WMETERELRZ EHEBFEERL TS, @D 2 B4R L EBMERRTHE X
N-BEROIRERT, EHNICITEMEAFTICMode ] TEEL TV B, #
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(a) 2 BxifaR LR BIT B AR
AK, =16.6 MPam!”
daldn =1.01x10" m/cycle

(b) 2 Bl U R EBh A R
AK., =19.5 MPam!”
da/dn =2.70x10"° m/cycle

Anassad pa
(c) — e IRIETT EER (d) — & T=ME EHER

AK =16.6 MPam'? AK =19.6 MPam!”
daldn = 1.65x10”° m/cycle daldn = 2.91x10®° m/cycle

o

5

o0

;CS’

hm g
- J

(e) 2 Bxifk U REN T EHER
AK; =15.1 MPam!?
daldn = 1.35x10” m/cycle

X7-11 R & SRR

HOCRMIr VR EZEEL TEBLEFITH S, COBMOMEREIZSE & £1.33umT
HY, COLEEFHHEL1 70y 7 TERTH L TFERINL SRERERI3pmT &
S—HLTBY, BLAVHEAMBES L ICERAAIELLTWE L) THE, L
FOBBEREIY, 2EMELEBWET I, EYV IR —ERBWETOER

DA VERE, SIEEBELTCERTS L) THS,
K7-1213 R O 7-91C X A RAEAE 2 /R L 72 R ER I B 1) 5 Ky/K1=23.4 MPam?2/16.8
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MPam!2 DB ETHOE, ELVANVFHEORAHEAFKEOHWEBROHTH 2, H(a)
DB LVAVHEOBMERN OB L AVGE, HO)278H L RVHEARNR, KedE L
RVHEATEROBE LR VHEOEB THZ, ChIZL L, BROI LLRPF L,
BUAMTERICEEENKRECHOL, TAERIREVI LD L, LALE
POBE VANV ERMHIRO2ER % B L T SRRAOEM S LU EREALOEHY
CREEZZERIEDONEZVE)ITH D, COEZLVHECT S0, K(d)EE()
BIUME) % SBEEBTELERBELZbDTH A, WMEBIIZIZELRY, 20T
Lho b, EELEELEBWENEACRE VAVFEOANIE TS REIRLE

DEBRBIIEYKEREZLZ5L TV RN LD R D,

M7-131%, R 2RBF 2 AVTITo 2 2 BE LEBIWERRICB W THRES L
7 BTGB & CEGLAEIC L VS 7 SREREBOERBOFITH L, BIE
1 Ku/K =43 MPam'?/28 MPam' 2D B 5L T4T o TV %, (a)AH VRV TTERER OE L~
VHFETOBRRKWMEROLOTH ), O)DHVAVHE, VWS VAVHERWER
DIEL RVIFE, (P4 L 2 VEOELRVTEIINTA2bDTH5, BFdRE
L7 583, SHAESGY S b2 2 &) WEGSHH 2T > B 70y 2815 2 0 FHE

? o

S T :"_:’:tﬂ...::——:‘“‘\—h.
, dum o
P : 2
(@) B UVRVATEEROKLARVFE () B L AOVHEICET D SBHEE oo
BB BT g
ks
\

(@%VNWWEL&@ﬁv«wﬁi muwuww%% %@EhAb%
BT XEEG

B7-12 2 Bk LREMTE T O 57 SRR
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D&V X)VHFE T O SEME

[ A=A

mHLN)

(a)

N 3%

WA D2

25 v

ETDSEMZ & %

B L RVTT

(b)

V3%

WL BE D%

555 v

VITE T OSEMZ & %

~

OF VNV ERTEROK L

HETOSEM{Z &

7

NV

d)BURNNVITEANERI4Y A 7 VEDOEKL

& RS DB B
X7-13 2 B#E L EEMTET O X Z5EeH

i)

.I.

i

SR C Ny 3710
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REDFELVSIEEAE L2, SRR COBEIBOLALRL ko RITITo T,
ORRLEBVAVHEAHBOERY S, SROBOEL L UVEIAFLOEEEN
BLRUVHEENOBELANVTETFICERTHLPIIHRLTWE I b2 b,
rBRURVHEERHEO XBEZCOBLVAOREL S, BUAVHEER L H 2R
ESRFERLLRIBWTY, SREADLOEHHICHFICKE RHERBDLAEV,
X Z4EN B I Z N (CTOD) DR HIAE R % K731 F L O 72, EHP. CTODI: R F.OME
AFMOROETH), ORHEMEAFMIIH LTERERFAVLETAETSH D,
CTODy i HEHM A MOAOETH 2, BLARVHETIZBIFS5CTODRETFOIESLD
ERFEOLNDZ b0, BLAVHERFNERD 5449 4 7 VBRIV 5 T THICK

ELREMRBOLALEVE ) ThH D,

RT3 2 BHGE LB ERBRTHIE & n/:CTODS & U S BER T

Cycle No. CTOD (um) 0 (deg) CTODy (um)
100 0.184 34.5 0.152
0 0.918 28.3 0.808
1 0.257 334 0.215
14 0.147 28.7 0.129
29 0.257 384 0.201
44 0.367 29.9 0.318

}Repeated two step ‘in vacuum
— Const. ampl. in vacuum
0 ,
| |
S By /a
—_ 2 1%/~
|
2 40 3
50 F =
|
60! .
1 10 20 30

AKeit, AKefir MPam'/?

M7-14 2B ELZEBIWETOXRERFMN EAKefE O BEFR
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DEDES I 2BBELEBHHET Tk, BLAVHET BV TERFLOLR
KBS LUEHAOBRCHELEIC X 28BN 2R IBHABICIBOOoNT, Ch
FTCBREOBLIUEEFERN LB AP SOMBICBTHLPICLTERRL—
BLTW3,

R7-143 EHERFMEE VARNVHET OFREHILRRREHAK e nic L TT
Oy bL7bDTHS, HFMENIRHOXT-9IC, AENZHT-101ICR L -RERO&ER
Thbo, ZREPERIE, BEF S ONRE L T2 —ERIEHET O Omic—AKeff 7
By bOF— S OHRLBRERLEZ DD TH B, REEETT o 2 AKeffnDHFE D S T 1 I
LR, —~ERIBHR L 0SEBTORBIZAT X 2V it, RBREHANCREBWET
D Omic— AKeff uBlfR 131212 —ERIBHE T OB E KL T2, BBROEFSRD
BENBEL S, BELAVHFETCTORCERFANELT IS LidE v, Ldto
TERERHTMEBELVANVFET OAK gLt LT7ay b LIZRAIRE, &0
R—EREHTETORRICERXBAKfR~NY 7 P FoZ ik, EVRVFET
RBWTRHELHOHEBIC L) SREBRF RSN —ERIBFEOR AL ERR B L
ik b, ;

CNEHI, HELHRIELAVHETOIRERIMICELEL5 X5, £F0&
RERFMRIEVANVGTET OAKeffnt F LV AKeff 0 —ERIBHET OERF IS
22— L, 2R LEBRIMETOSRERSMIZAKeffnIC L YEET>TWVEHZ L
Pbrb, ChEMBLE—B2ER2ELEHTET CAKef (T2 b b ERERRE)
WCERBICEHERTMIZLL TV DL RRLZLEETH S,

2 B E LABERBRICB T 2EHM G L - SRAMOEHLZRL TEL
NWHET ORFIEIERREIEEAKff 1< & ) & RAERBE (dajdn), & EE L 7-RER
27158 T BAOMBHIRD S HEMEBELEH WL -ABRICB 1T 2HRT
b, ARERFET - DELDERETRECD O, BEHET O ZRERE
BERERTREND —ERIBAERBRER CIZIZ—HL T2, H7-161(da/dn) %
EWEMAOENCTODTER LR THD, 2ERELEHTETO/RE., Wl
ELAEREEFREES T NEL R, Ho05bKREVE, ERTRENL —FEIE
ERBERLIZIEZ—HLTVIEEZTINVE)ITHE, SO LD L, EELEED
HETOXEEREELCTODR L ) XMERTWE T bR 5,

BPEnkjic, EXLELBMETHS 2EBELEBHETICEVTIE, SREL
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| |
2 Repeated two step in vacuum
166 — Const. ampl. in vacuum
10
3]
>
L I
£ 8 ©
1 32
5 —/-Aa
-
:8'169 | A4
5 | Aa
3 I/
-10
10 n
A
-11
10 20 30 40 S50

AKett, AKetst MPam"’2
B7-15 2 BB LEBIFE T 0 (da/dn) — AKeff B4R

10
219 Z
g Z
£ /
?16 Q00 ]
g ad
< /a
L /
310 'V is

O Repeated two-step in vacuum
A Repeated two-step in vacuum
- Const. ampl. in vacuum

_._
©;

10 10 10° 10
CTODy m

7-16 2 B¥kE L LBI#HE T D (da/dn)— CTODRELR
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OEGIRRE, S REOEAS & S BERFNCHEREIC & 2 BHEK &R IIMH
BiIcbFEO OBV, LidioT, CORAKCE, HfictBR-B K2R 2EXE
WEO L) hEEEERHHEOHE L LR ), ERNABENERT A= Thb
AKeff & & B BOERCTODD MRS EBHHET T b —CRIFHETO L O LAY
BhobhwekELbNDL, COZEIEY, EEEHWET TRAKeffIZ Lo TH,

TR ESRERBESFMINBEL LIRS,

7.5 EEHETICBITS 2REREFEOEHNIEEE L
AR BIEE R & O3

EYSREBCRZTHELHOBE IOV TR, ChITCRES L OFRNL E
NTETBY, HELRC I EXBEROMER, WERDICL 2 ZREROEEDN
ELBZERICHONTVE, ChOEDBROFEE LTI, EREWIEHE I
PREICHOYERL SPUEROMEENELORTE), 2P TH SREICTEHR I
ZHRBAM Ly Fick EPNBARIFRIEELREATH S LHBEIATVDE, ¥
I, REFLR I CERBWETOSAUMMAORBLEMICHIL, EFERELR
BHETCIR, 3ZEBOTHRAEUTCHSRIERTHII L, SRERERIR S
WHFAOL T2 TH 2 HMCNIERBRBEREAKeff O L ¥ P RT7ICHET 2 MF
MEAC L YV HEELCHRETELILERELTWE9, T2, FWLICBVTESE
i, Bl BESOXUEREERCEIGRESINCIETOREREZETS L0
DT7NVI=ZYABEENLTOIETELI L, SLERBLNVFET HHREICD
BHTHEIEL2HLDPIC LT, AHTRIAS DERNFER L AETOMBENEE
WMELE2DHLET, FENETKBI 3 3REREEVEHNEEEIIOVWTOEE
(P

TAHTRLIEEIC, 2EBBRELEEHTET COERERIW NI A -1, &
MO S REHRBAOLMNCTODTH S 00D, EXLBELLBHET T
SURMEBEOELABORBHEEEN CREENIBLVAVHEICLYVEET 5720,
EHK % & OB % BER TR AKeff &£ CTODD BIFRAS, —EIRIERERRO B
EERVEDORWI LIS, EHWETTL, WELHIPEFEMNKAEL, BAWE
&) SHEEROKES LIRS SR VR, SWAANRE2EZR L A5
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BARBEHTIREREEL ICHELBIILILRDbDLEILN L,
SHhIHLT, 7T.3MTRLAL) R K2 &2 EXHHERRL CBERN 2
EXHFES 2RI, SBERFMCLAK & CTODO WERN—ERIBRBROBE

ERESRL S, COBRIODVWTHEELERIIZBOATVW VDY, EFHEHOD

DY LREBRBH, FITAWEIC L AELBESBAFETITCAERCEI o oTY

BT b, %60 S EERRE OEIE IR 1 0 B — K R O TR T
THEILLLEZEXHbEL L, KHEAKB LU ZOMEL I L) EREWLED
PR 2 R PRICHIE L TAEL, EEHED LS v o b F LEBRBO BT
BT BHA L, ERBHED LD K —H2THREEIZIEL T 2 97 & R
THRET, FOXEEIKELBERBIEI D LEZOND, CDE&) R EHEE
T OMBHER OB P BB ORI, B—BAHERBY T > ¥ AHEOK S 2
PEBCERTAEEES ¥y ANERBI BT, EANCHES L2 SHAOS
SEZEL T AREREEOEELEL, AKff TRECHE LB D072 LD
RETA3 LELLN, COLILBAOIBEREEOREIC IR, SBERBHO
Wbk b CEHMAT A — 5 LBBAT X — 5 OIS L ER L REEO MRS
.ﬁtﬁétﬁbh%o

BEOZ Ed s, ZHHETO 2 BEEEREOERNBEBIE T A -5 K ET
MR, WEEHSEENICES L, SREBOTHREBCHEER. 5511
SEERBBAEI L 2 VBA IR L THTHD LRRTE 5,

il

7.6 &
FETR, —HAKTCERAREAY, FEFLKPBWEL LTOR K2R 2ER
EWERRS L UEFLEBHEL LT 2RGE LEBMEIC L 2 K7 S RERRER
2TV, TORBEAEERETFTEMSEC L VERBR L. RHWET OMAN SR
By L SRERBEEHEEORN T o7z, BONTRHRRIUTOEY)TH 2,
(MR—EZR2EZFHHETICBV TR, WELBHREF IRILBHAS 2/EMl%
BELTERL, BO THEMLARMEEZRT, SO0 FRERBOEMP, HMEY
SRERT N2 EHVERN 2 NEEG L GEES YT, BERINZ ST 2 -5
SN EREREECHETHICLRIERE LD, LEALENS, COBATHIHMM
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M% SBERBOEMNEZINE, CHPEREBOXLNATRA-F Lo T,

Q2BMELEBHETO L) 2 EHEBTEORA IR, SREMEHOELS S
SWERFAVEECELBHERROBANOL ) TRESEDBI LR EL, &R
EROZR/NT 2 — & Th DM S HERFA DR & ERMN %A RIS NI AR
HHEL ORI —ERIBNERBROBALRIEDLLLEVWEEZLNS, L7zdo
T, EEWERENZERS A-5 12k AREREEOHTE . EXEHWEICH
LTRERNTHS LIERTE D,
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e HPEHIRRBICBITAEBFETO
I H & BEREE)

8.1 # T
RETRHBEHRBTOEY SHERFHEH), BT TR EY SRE
RRE N AERREE L BET 2 BACEO LTk, L L2K 5RO -
BEWOBEALEEEEL, BERLOERL LV CHEECHRICLoTETEY,
B AER O L TRROBBHEBEN ZHIRCOHTRALTLETFTR L, B
VRN FHNIERVEDLELT2HANEL ko Twa L) ThHhb, T &) kil
HIRBIC B CHZE L 2 2H0E LB EH A ZB LB L | MOHBEATIC L2 3%
EREEOEBHE L FTONTVEH, HIEE—CRIBHETICRS LEBHETIC
DVTKRE LD R,

22T F PRGBS & BB IR b 72 3 EHE O — CRIBHE T 0K &
WEBRE, SEMPAOSHE L CEHESHER AN, MBHEY S RERER I
E2TiohE, WELAVOEEBLHLIPIIT S, HBEHREBTICBWTIZHRELYE
BEHL—FHBEERSEEL 2D LE2ONDH, 20 L) KRBT LBV TE
FEUEREEYXBTI2HENTA— I IOV TOERELTI, 2E¥R2EBLIV
3BME LB ERR LT, HEMRBTORY S EEEEE, BHEHEES
SUABENZRH~ONELHOBELRARDL L LL T, ZEHETTCOAJOHER
FEORN & T, FHHETORBREY & ZEBRE OREE DV T ORE

P i

24T 9o

8.2 {EME B L UREBRA IR

PR B R EMSISCHES 42 5 L, BHEEERAEEHASMSAM B XTIV =
7 AEEAS083-OMTH %, £ DILFERST. BWHMHE 2 K81, 82 ENhEhRT,
REH L LTRSISCHROBHEICIIRSE-1(a), (b)ICRT/NEB L U o X555k
(CCTYRERH % . SMS0ASIDBAITIZ (D). ©)ICRTHECCTRERE B L UY A P
V— 71§ & KEICCTRERF % . ASOS3-OM 041X RT CTRIRE & v /e
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=81 AN B DILEBG(%)
Steel C Si Mn P S Ni Cr Al
S35C 0.38 0.25 0.72 0.01 0.02 0.02 0.13 -
SM50A 0.14 0.37 1.24 0.02 0.01 — — 0.04
Al Alloy Fe Si Mn Cu Mg Ti Cr Al
A5083-0 | 0.21 0.09 0.46 0.01 4.20 0.03 0.17 Bal.
#8-2 MM OB TE
Material Yield stress Tensile strength Elongation - Cyclic 0.2% proof stress
G, (MPa) O, (MPa) 0 @) 0%, (MPa)
S35C 373 612 23.7 344
SM50A 352 508 35.7 -
A5083-0 140* 301 24.0 314
* 0.2% proof stress
%:y \Sli! M24x1
- g@ 1
43 2 40 2 43
130
~3]
Detail of slit
0.2
N
(a)
S
Strain gage
| |
%il Side groove
' o _A&
~3 [V
i (o))
100 |~ 7
i 1

(b)

Detail of side groove

B8-1 HERAHIKRSL & Uk
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—
N
_(5_“1_ o
S
\J
2N 48
13
< Detail of slit
o~
60
B=7
| B=10
(©)
- 0 L ¥ S
\[ o W=90 “,1 8=
-~
‘ Detail of slit 8225
%:—HE ]
| 8-kl
o0
e
: T Detait of
“‘ Bw sidegroove
i =18
:_/40 Detail of edge
—\/i[o for clipgage
(d)
8-1 HERF RSB L UTH(DTE)
$%8-3 —EIRIGH EHXERSM
Material Specimen w R Pmax
type mm kN
cCr 20 -1.0 9
0.0 18
$35C -1.0 50
CCT 60 0.0 50
100
CCT 60 -1.0 80
SMS50A 00 | 10
CCT 100 -1.0 80
0.0 80
A5083-0 | CT 90 0.0 | 50
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8.3 —EIRIEMET OBMBME Y Z R EREE)
8.3.1 RBHH

EY S BERRBAE. RBHTRK - T, BHLEEEMEE DY RS ICRY
RERGEC & 0, SBREERD & 2WERRERICE S EVEEC b2 o THREL
HE10~0.1Hz CHE— LG T TITo 72

8.3.2 HABRMERBIUVEER
8.3.2.1 JoHHR=-10%B4

INEEBERER BV TR, EYSREREEda/dni SRAMOEREZER L
BRI HIERBEEHAKf It Lo TESEBENDL EFSLIRENT VS, [48-2
ik, BRBELED S BISHERF-10BEORBRICO VT EREREE L AKeff 12 & D
BELZODOTH 2, HMpREIIERKER IO BRAGEBRI T2 HEOK
B REHIIOne<OyTitH 2 ASASTM E6470 Fp R & BBRBR (ST 5 BRI
Felbonet<08Cy X BEBL L TV AR RERL TS, Cne=08CyL 25 EREIITBW

Ty —fRISPBREBREGLELTICHVWLRTWS,

a,b>2.5( Kg’“" 2 (8—1)
y

DEMIRFER L Tk, S35CH. SMS50A & b (2Oner<0.80y% Wi & ¥ % INBUREEIR
FIBIT BV TRME., WELAVOBELZTT., da/dn—AKeff AR IZIZIZ—FDE
BERTEEINS, LPLOone=080yt%bLianb sRERFEILNIUMOE
BEEP L R T NEEBREEMN IR Y BD. Zh b EoBEER T nda/dn— AKeff B D
BERELRbDLEoTWD, COIWEREEOHHEM~ DR Y 12S35CH DT A
SMSOAM 12 Jo RBEE & % ) MR T O S HEREE)C BT 2 BN OMENZD
b, S35CH TIiXASTM E399D/NEMKBERFEE 0§ 4 &M 2 WE T 2EVKED S
HWE-BMERATY YA CHE LEBERFRBD S5 MIED., One=0.80DFIRTILH
BIEEL 22, SRICH L TSMS0AH DA MR L BHER RO O WED 5 DH°
Oner=080, N & ZHH 6 TH Y, WBHERICBV TS, 20WEHEHEIEISISCHIC
ERTAH 2L, oI L BMEEIRIC B 5daldn— AKeff BAFR IS HHE I DA E DS &
bih-BRTH»2LBbhd, M3 iDL ) ik LBUERRTLEERLEEL
I BMAGHEAC L ) 3BEREELEBLERTH L, RBREFIME, HELA
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ViC& o TEBEFRIC Do THEDBRP P LERBERERL TS,
R8-4ic E AN A KopDAT I ) BALER T, & CHEBHREIBICBE W TIEKopid

FAOMELXBELIILHEENIAPTOSHBAORHILRBEE 25, @QERT

SMSOA# DA, Oner<0.80yL % H/MBBERGHA 2 WR ¥ 2 HIR T3 KoplZAJDE

4
10 Constant amplitude test
CCT  R=-) N
- W Pmax GLM— .’ <4 r
o107|s35C 20 9 o0 e o‘?‘; ]
g 60 50 O o o 'f
S SMS0A 60 80 A A a
Eq° 10080 4 4 < £
5
G107 -
©
10°
q
-9
03— 10 30 50 700

AKer  MPam™

X8-2 —EIRIEMET Ddajdn—AKeff FARR=-1DFHE)

10"

[Constant amplitude test |
CCT  R=-1 ;}
W P Ot 08055 ?A
10%535¢ -
© 25 o o e o
§. SM50A 60 80 A A a
~ 100 80 <4 4 «
Eyo°
c
9 .,
o0
o]
10°
10,
0} 05 1 5 10 50 100
A Kim

X8-3 —EMRIEFE T Dda/dn—AJEABRR=-1D4)
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R EHTIRIZ—EEEIS D, HE LBBEEHBTE X7 ) VALY L NIHY 5 COner=
080yDETARPLBANOMIKET LD, Cne=0y% 5% EWHEBRRERICIR WS LB
BT L. SZ2BOHU=(Pmax— Pop)/(Pmax—Pmin)ix 0.7~09652 L 2 ), ZRIIE
BHETCOLHE L BEEROBB I L VAR FHOT 2 L) Kb, —HOKER
+S35CH DB, BB VK L~V b8 LR ST b LS 2 S HEN
BRADBERREFEZHEL TV 2R THET LAY, FOBAIO LR L L bITH
FIETT 20 AHOPE S SWEBRRERTE SBHEOLUR0T~09BEL 2D &

10
& 0
g Yo
(N
S_10
°
&-20 ® —
Constant amplitude test
—30| SM50A  R=-1
CCT Ww=100 )
Gm 0806y ©
o o e
—407 1 10 100
AJ kJ/m? -
(a) SMS0A
10

g
§

0 ”6
0
S 10 K
Constant amplitude test )
$35C R=1 %
CCT W=60 -
o 00 S .
_ [ o e °
287 1 10- 100
AJ kJ/m?
(b) S35C

M8-4 —ERBHET O EHAORR=-1D5E)
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REEMWET TORIIVHAOL T2,
BEo &) il -1054, BEERET CRELBHEBITRELRY ., £

hWYSREREECHELRIZT I L bl oz, T-HBHIRBICBIT 2 SHFHM
O3836 & UE LB EREBRIMBICL s TR LEFPELP LB o258, B
WHEYSEEREEIHAROSE S L UME LBBERBH 2 ZR L -HEL ] &
FHAANCL o TRFHETEZ S &b P o7z,

8.3.2.2 WHURVEDEE

X8-51£S35C. SMS0A# IZ D\ TIXRD%0.0D A AS083-O%F iZ D TIRR=0.1D—
CIREWETOEYSBERREYAKffIc L VBB LAERTH 2, PO,
CCTRERF XX LTk L@ ) TH 325, CTRERF O%4. HAMRAMNHTEORK
EVBE 2R DZNFTEP B ONACTRERA Y 74 v MEOWBERBTE

Pr=[~(+3)+R2+2A I IGBW (38-2)

UTOSE0KETH Y. BEI L 510 & 0¥ %A B 2 Green & Hundy D ¥ #y3K
BE1260% P - HEEYBLI TV AEEOKE, LENRZOMOBEOREETD
3. dajdn—AKeff R VTR OME S NIEBRESE T TR BT ERBELRL

10

Constant amplitude test
CCT R=0.0 Gt

S35C 20 18
60

w

107

{4

yel

60 100
SM50A60 70
100 80

mlc

-

dal/dn
o

Q

%%

2 5 10 20 50 100
A Keff MPam™"

X8-5 —EIRIEMET Dda/dn— AKeff ARRHBIEDHE)

—153—



Twb D, CCTRER TREWHE BRI BT, CTRER TidPmax=1.26Pp £
DEBTRE IRERFEIREEMNIRBD %,

JETHEAIEQOS & U0.)DFE, WE-FEMe X 7Y ¥ R IC#E LBRERES 1N
FEICRY & NAY 2 D IXS3SCH B & USMSOA?I‘)H». BWTIiXOne=0.80,L % % L T 5P
&. A5083-O8 TidPmax=Ppic 23 L 2226 TH 5, RBRMETEMNICE - THi#
ELBEEEESOEEMICED 5 E A 1XS35CH T5%. SMS0AH T5%. AS5083-OtF
TARRE LS, CRORELOMELEZR L AMEL ] RAREANC X T
SHUERBELEBRL THAKfIC L2 BBER LEAMBIIZLALEDL Y, BEH
RABIC B B 5 BHEREE O SR % MERSIEATO 5 CREFET & &2 v,

BIs-6it, BHEICBWT I Y v F¥—-VIC L D JIE L 72BN O R KEImax b £IRIB
A% Kmaxli LTRLEDDTH S, S TEME LTCCTRERH OBA iz 2R
REAOZENM %, CTREF I L TRTEREMNEIUEL T2, WTFhoBicsw
THAIDKmaxic 3T 2 BALR R RBBHASA TR L 22 TVDh, TARHL
TOmaxiECCTRBF DA, OneBBERFEBA S & 500 GHEITHEM l,§ — 7718
WMHEESEECRELPRLRI LD TWE T LE2RLTWS, T 7-CTHEF (A5083-0#F)
DFAITIE, Odmaxtd Pmax=Ppic b b L T AP LZOWMEIEFRKEL L), RBRFIC
—HHEEER N R RED 5 L ERT L &b, B Pmar=126Pph 5 ik £ 0 —
HIEBHEHHSEH L TV S Libh b, SO—HRNBBEBORRE, R>0 0%
BEMcBwTHRES M2 HMBEHIRBCOda/dn—ATEROBREBREEN~OR Y i
METILEELOND, CO—FRBEMEE%2Garwood 52D J /35 X — S ERIEHFIC
WALLRESYOFEIC L W RK ] BOME/max D TEHE L JmaxD S RERHE
 RIZT BB B X R -

dajdn=AIATIEQ~JmaiOF (E; ¥ > 75, C; EH 3-3)

DEH)CEREBEHOBTORTERL., ABRHREEHETHILES TN L) 1%,
ZZTEMCK, dajdn—AJIEQ —Jmax/C)AR SIBHEEIR A &0 THMICR D &)
KD TV B, S35CH D B4 1212900kI/m2, SMSOAH (W=60mm) 7 354 i 13 600kJ/m?2,
SM50A#H (W=100mm) ® 354 12 12400k /m2, AS5083-O#F DA 113 115kI/m2 D {E % v
2o $7ERREHBOR=-1DRBEROALETERTREL TS, RBERIED
L) REHERRRELEO LT RTCOEBREEFRBIC D> THE, RBH T,
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S35C R=0.0
CCT w=60
Ohet 080; G

—_———>—
Bmax O O © )
Ab A A A

—

qux R AS mm

0.01

20 40 60 100
Kqu MPCl'm]/z

(a) S35C

SM50A R=00
CCT w=100
Ofet 080'y 09

5 10 20 50 100
Kmax MF’a-m'”

(b) SMS0A

'0[A5083-0 R=0.

(A W=90
Pmax P 1.26Psp

Smax O O
A A A A

0.1

qux » AS mm

0.01

(c) A5083-O0
X8-6 Omax. AOD KmaxiZHE > ZAL
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10" [Constant amplitude test [ } |
cer Ra00. osog P
$35C 20 18
10°° 60 S0
[ 60 100
-g SMS0A 60 70
o 100 80 ‘
Eqo |
- |
° | I
clo [
© * i
p ", . |
L A5083- 0
10 1 CT R=02
’ da Pmax T
Loy P 1. {1e]
JEEEEEE o "o
10 10 100 1000
AlJ x10°

E(] 'Jmax/C; m
X8-7 —EIRIETE T Dda/dn—AJIEQ —Jmax/C)EE4R

WA LT 1 onFHTREN, ZOEMOEEII26L %5,

H8-8Ix B ME 0 XHBHNSAKp R AJIIH L TERENTOY PLLBDTH S, 12
EL, Be)yd, REREEAOEIWE-ZEMN A7) YA LCBBEEEVHED
MEETHY, F— ¥ EKop=Kmink i 70 v F LTW53, (b)ITRTSMS0AM D5HE
& B I ASTMH A St Oner<0.80, % BEBL L T 3 ¢ Clc B L ¢ ¢ 2WiE BRI
BIESWAEEIATETLED, RRNCRIRISWERETHOTS2 L)%

%o (C)IZRTAS083-OM DHA bEINILIZZFEMTH Y, Prax=Ppl kb LT AP b
Kopl3{ETF LI5®Pmax=1.26Pp Tk R R EWEHECHAOT 5, ChIIHLT, (a)
2R3 S35CH DB A ICIEIR=-1D B4 L FkE Onet=0.80, DFEE D 6 FHOKITET LG
®, SWERRBEESHEGERTHOT S L )% %,

BED & BN S EOSE I RRBHRIE BV T—H MBHEE I E% 5
bIEH S BEREE CHELRIZL, SWHERRE S ZEREEOSBEINERR
BROLND, COBATHHRELBUERSEM T L3 EL JHoEE
AIDHZTREMETE T, —HREHERICH L CHRBEBENZHIRE2THLE
Bdbbo & hhBlLITRK ] EAME Imax DAL LR T 1, HBHERL St

ETORBEEFRRTHE. BHE, HEL AV S 9EH & FERERE 2 <
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10
;)
£ S%ge
4 ’ ®»
a, Constant amplitude test 0
) S35C  R=0.0
M 2lcer w=20 %
| cm 085y 0y
0 o e w
0.1 1 10
AJ kJ/m?
(a) S35C
o 15 Constant amplitude test
= SMS0A  R=0
g CCt 0 W=100
Ot U880y [+3
g 10| ==ty
|
5
§ & e

o
|.
0 1 0™
AJ kKJ/m?
(b) SM50A
10 Constant amplitude test
AS083-0 R=0.1
'Q_ 8 CT W=90
g Poax P\fp/ l.gngp
O~ 0 e
&e .
4 R
5 < e
< of%® s
BJ 1 10
' AJ KJ/m?

(c) A5083-0
H8-8 —EIRIEMET » ERAOSRPIEDHE)
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EH DR 0T,

8.3.2.3 EHCLIZOWTOER

M CREL 2@—2)R0BBMMERIE /¢S X — 5 AJIE(1 —Jmax/C)H D EEHCI1Z
FERMEEBRNICED Sh, HBHEECAREcLAOPDREBREHZOTIREV
PLEZLRTVS, L2LEFOARRBTHVACOEZHRE &N T B icfE#l 2
i, KB SYDSMS0ASH. CTRERA 1T & 2B R & L Tic=180kI/m?) & [E< 5 & &
ROBWEERLCOMBERIAEE AT LE—FH LBV, £ TS35C, SMS0AHFIZD W
TR LR O R % F v CRBMEE U AMRRE ZBRIC T, HBEREC A%
HE EBCLE DB %IT o720

SHIAMEREIE U A MR ORI, BRBMESIENE JISME S 001-1981 [SHEBHAEIE U
AR ] DT L T o7z, 72720, FERRESREREIRRY, Fil
DE8-5Ddaldn—AKeff IR D7 5 7 B TEF SREREEVFREREER R
DEIED RO EXBESLE LR L) CREL, BMEBUHECAURBROEREL
Jck LTHS-4IRT o AREETIX. SMS0A. W=100mmBPA}t D 85412 12100umEl Lo
SRORERENBOLNLE P o720 T, SM50A, W=100mmD 54 ik SRBLER O,
FOMDOBATEHATEAMEED JEE2JcL Lize T TIDEIREICRLIZEE
XBOUCEONBI L W 22 NV BEERL TS, Shid, RRERICB TR
EATERBICBWTEREROMANE L. & HICKRSAPIRT L) TRAWER
FRHCIZ Y # A ¥ RO ERWTHEIS I Ones SRR A Z B R € LAY i SWTH FRARIR
BALBITLACLERLTE), RERBBRIRENTESACHIT 2 BHEARE
Lo THLEDTREVWIEZELLNS, F-ARBRICBWTIX, CTRERA., 3 Kl
WEREBR I L THE SR TV B DEFERFEHB. h=225]1c/ofs(Z T, B RE, h:
YHRXAY MRS, O ARBERBE). ¥ 5 ICCCTRERF 243 5 McMeeking 5912 &

$%8-4 THEAMERIE U AR R

Material w a Jc C Onet Jic
mm mm KJ/m® kJ/m? MPa KkJ/m’

S35C 60 15.0 720 900 485 200

SMS0A 60 20.5 590 600 688 180
100 28.5 460 400 582
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Constant amplitude test
CCT R=0.0

W Ppax O
D 105|S35C 60 SO0 <
L 60 100 O
S A
£ )

SMS0A 60 70
100 80

L
"N da/dn—AJ/E (R=—1)

10, 0 100 1000
AJIE(A~Jglle) m X107

8.9 —miRIEHET O dajdn—AJ/EQ —Jmaxdc) A

5 RBA BT ESEHEB=Z200/ic/0b LT LAMRENRTREL T, DT LHFER
L Do N RENT OBIEC AME AR C A E ick Y KREREL %o 2R
HehrtErbhd, CORBIOIOELAVT, SRERELELFHEELLD
DEESINFRT, MPERIGHER=—-1DERTH S, BEBEERBICB VT, &
BEYVEEEM~NETTATWIF— 735505, SEMICITAERTL—HKLTw
b0 LIz o CERCRBBA TR - THIEFL, HEUEELAEEN LS Y
BETR2VY, A—BR - TEOBRBREHCTRO L AR OBBLAREL
EILTEINVEITH S,

8.4 WiRHEEMTET OMBMRE S REREE)

MEHTRLEE ) I, BBHERBICB) 2 —ERETET OEY S REREE I,
JENHRIZE o TRLRZ2BMERT, T4 b5, RVADEBREACIIEE L BHBER
. RBUEDOHECR—FHBEREBIEEL )., EYERERZHICEEBLYRIZ
To ~RICEBMHTETICBNTIE, BLOIRHEZREOHEY A ZVPFFEITBY,
FOMEMEEAKIY, EHEFA 2 VB 2 BHLEREH I —ERIEHET &
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HRLXBEELOND, LIdoT, ZEMETORBIEY & BEREE O EE
FRYT A0, AL OWEREREOBEEHBERICS X5 BBORMEH
BT LENSLLELLRD,
ERHETOBBLHER IR L BREETIRFR., —ERIEFETICBY 25
HEOMBELEXS &, BHHECE T R RABEFREORNLZ LEL LA, G
HEOERICE > THITELLLENHL EBDRE, €T, AHiTik, TTH
KIBEHEATIRD L 24 D2 BB LU 3 REE LEBHHETOBREREH B
LU EBEREH AT BT S L L bt R ICRET/MIEHEORE
BLUWENFORBCOWTRET 5,

8.4.1 2BRELEHHERR

8.4.1.1 /MRIBWEDISHEFADEE |
HEIT/NEBBEREGTOECKE L RV o BN LR U BEER % RTS35C

MERCT, H8-10iRT &) 22D 2 B E LEBWEREBICL Y, RE-SKEARTY
RBEBTT o770 By BEVANVFEDEHERY, RZ, WHENRY -V I THED
(-1.0, HE/Y¥ — v I TRRy=-0.7, Ri=05TH b, W UNIVHEL BIBHLIEAR
RELTW D,

NH NL
r—Nd._.,_m. et *‘1

f“n/\p AAAAAAAAAILLAR awe
Ak O VYTV va‘“‘

I N
() WENY— 1
N Nu

= 20k

| Tﬂ jrn*
oMU, e

VI[JVVVVVVVVVY J\IV

| |

(b) &)ty — 1
X8-10 2 Btk L LB E B

i
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#8-5 2 Bk L EBY I ERERSA B & URBRER

HS- 11 HENSS — Y I OEBHET CHBHNLAWE-BR X7 ) Y A@B
SUMBE—FIHENELXAT) VAGDORES LR T HHBTRT EREOJI/AD
BERRRBICB 2R WET L RABCEBEE ]l 7oy 2 2B8LTIREZ—EL
BoTwd, LATYY VADOFREWT 2HMBOMFEN Y-V, BBREBG BT
R SHEAOARERER 1 70y 2 2 BLCRRB—ETHolk, LAFT Y VAL

8-11 2 Bt#E LEBMMETOME-ZMNL A7) Y 24

S35C R=-1, Nu/N1=2/20, AKn/AK,=54.3/31.5

—161—

Loading | Ny/N. AKy AK, Aly AL A Symbol
pattern MPam'? MPam'? kJ/m? KJ/m?
60.7 42.0 28.3 104 0.63
2/20 56.0 38.7 16.3 7.2 0.91
54.3 375 114 5.5 0.86 O
47.6 33.0 5.1 2.7 1.05
I 62.2 24.9 259 3.2 0.75
2/200 58.0 23.2 16.2 2.8 0.80 <>
55.2 220 10.2 1.8 0.84
51.1 20.4 5.1 0.9 1.09
2/1000 58.5 10.0 31.6 0.5 0.60 A
31.5 154 4.1 1.2 0.99
I 2/20 36.8 18.7 8.9 1.8 1.21 ()
43.2 22.2 23.0 3.0 1.05
45.2 23.2 44.3 3.6 1.25
N Nwo
2 5 10 15
(0 ) 0 / / /4 / /
(b) o i;:::] 57 /q 67




ALNB LD CEHWHETFTICBVTS, &, B VAVFEDISHEFROBHE IR,
R LMEEROANE L, —HFOBBERRIBERILEP oz, RVNVHETO
R LMBERER. BLAVHELRILKE S 0/ EO —ERBHERBROMS
BLIFIZ—B LTV o SRIZHLT, BLAVHFET THES N E L BAREER
BiX, TRTCOBBEBICBVWT—ERIBHERRICBITILRALKRESOKEV ANV
DLNEYKREL LD ENTHLN, BBHRBTONERE W SRAMOERHO

AThHBUEEEEICOEELERIZT LI TH S,
B8-12i, 2 BhE L ZBHHE T 0 & RN M Kop % #R:E LIBTHEA IS L TT

Hy bLEbDTHE, MHPIRERET, I5/HR=-10—ERIEWET OKop% R
LTWd, BEHAICRIBUVANVHFETOROAE, BUVSVHETOAHEKE
2NELVAIE b o—EIREHETOROSCBIZ-HRTEP, EWELZ2>TEY,
BRI BV THEBMETO S RAOMAR, BLAVHETOAJERARIT
FoTHRIDEELTLEINVEITHE, Lzdto T, EVARNFET OBHRKop
REVAVHERAHTOBEIC L), —ERIEFERBRERICHEXTETL T2,

ES-13E VANV ET O SRERERE (da/dn), %k —EHRIBHET TLORAEL
B L7285 A — & AJJEQ—Jmax/CYT3 L TR o 7272 L, WHEFRDOE
& BRL LD CEBHET BV TS —HMEREHR IR b maxxC L %
., EREONTA—FBAJECSE L 25720, HOMKEICIE AJIER £ o T
Mth o BFLENERIH TR 2 —EIRIBFERR L V155 hida/dn—AJIEBRTH %,

10
ISBSC
Repeated two-step test
. L%%?tigrgn (Kopk {(Koph
't <
Oc.. 0 %gi A
2 I 0O e
. 'oéﬁg
< | S
-10 O
* %
o |°0
o Constant amplitude 0% A
-20 test for R=-1 & Q
0.2 05 1 5 10 5 100
AJ KJ/m?

8-12 2 BifE LEBIMET 0 3RANA
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ARBREGTRE. EELVANVHFETTCOXREBRBRIMINTHE O FRETNE T
BLTHETACLRERETH S, #0720da/dn)/ i3 hETLRRICIRERE

T AMEMEN A REL C—EREXBHER LV 3. 2HTHALZRRC LIV E
’-'El L 7z °
(da/dn); = {(daldn),x(Nu=+Nr) —(dajdn),; xNu} Ni (8—3)

WTEROBBIHE Y — v, RBREE BV T bda/dn) s, —ERIBHERBRHER
LI —HLTWV?, Hicikdbe TEEBTHEMFSEM £ AW TT o L HEBIE
POBLETMUNVHEETCOI YA 7 VLY D SREBREERANTRL TS, IR
EREERA S AL —va YPBBINIBECRZOMBLL, BUNVHET
COEVEREEERTA F 54 Ly 3 Y FEES R AVEA I, BELCRS
NEBLURVHETHDAINIA L=V aVICRETNIEIRBELVANVFETTOL
Ty YUY DERBERBLEL, TNENTEH o TRD 7z, WEMEICNT Y X IR
BORBH, WThOFELRVCBVTL —EREHET O SREREE ICIZIZ—
HLTWV2, FRRCBOWTER L - FH I UERBEEL SREREELATEREL
T%&Oi&ﬂ%ﬁ%szK%ToMd&Z%Tﬁ&timeM¢?%%én

-4
10" s35¢
Repeated two-step test
Loadi * “ro
10-5 pau'% (dCVCho)L (dufn)w ¥ dpo
o 1 o ¢
FA e
ko) 1 0
Eio* !
C
RS,
ol0 4
8 ]
-]
10 - A
o Constant amplitude
‘ . test for R=-1
10795 5 10 50 100 500
A JE m x10 9

B8-13 2 BxdpE L LBYHTE T D (daldny,— AJEBFR
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BZEERTET, AddER SN A RERE, Ad*3—ERIBABRER» OAJICHET 2
MIBEMERNIC L Y RO 7-FEEBETH 5, MIZ04A~1208HDEL ZoTBY, M
WHRBOLBHHFETICBVTH, B, BRI LVAVHEQISH A THE L BHE
W& NHE L% DFA T, 0 SHRFEMOSEE &K L BHETHEE) 2 AJ TR
L. AJCHMT 2 s RERBEOMIEMEN LA viid, BBEIZEREE Y &  FFf
TELILNDR S,

8.4.1.2 /MMRIBHEIEMRCHAICH 5HE

AT, -4 RT L) LB UVRNVFTEDILIEZRe=-1& L, /PMRIBHEVE
VANV E)NCERERYIE 2 M2 CHE O R/MTEME Pmink £ 5 2 72 2 BEELE
B EN Y -V WEAY -V IDEA THEMES S RERAREITV, BEHER
EEEHS L UEBERER 2R/, BRI, MR L L TSMS0AS %2 v, KL A
NVFEOKE LU ENL% 100/ & 1000E & L7z 2 BHDOBEHIC L ViTo 720

B8-15(=N=100DRERIC BV T, ERE L H(@)a=13.0mm. (b)a=14.3mm, (c)a=15.3
mmOB B O N, BREH L 70y 2 ONE—FIHEN L A7) YAERT, <
CTELVARVFETOLAF Y VA, 1, 10, 100EBD&A 2R L TW5H, IEKRIH
F57) Gnerdt 336MPaT Bk 105352 MP) LT © 3 5 (@) T ity L < UHEIC BT &
BELWERETHOL TS, SIS L TERVER L, Onerds364 MPak % ) Gy
FRBAZRBEBITIZ20)TR, BLAVHEOERFETICL VT SRFHOTS
EIRED, LALLds 2H/AOMNIEMTEOMELICE b2 VERL, 105H
BETHELTWS, E5ICEHIER, Onedt389MPal K& V(o) Tld, B L ~IVHf

80kN

0

/-
B18-14 2 Bxifulk L EBIFE R E vy — v 1)
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} a=130mm

Load

Differential displacement
™00 101

(a) a=13.0 mm

} a=15.3mm

Load

" Load

Ditferential displacement

Ditterentiol displacement

100101 100 101

20pm

(b) a=143 mm (¢) a=15.3 mm
8-15 2K LAE)HETOME—FIEEM L AT ) VA6l

A -l
a=15.3mm a=15.3mm

Load
Load

Displacement Differential displacement

100um

(a) Ni=100

A a=15.3mm b a=15.3mm

Load
Load

Displacement > Differential displacement

10010 1

Jooym

(b) N:=1000
[18-16 2 BA#E LEBWE T OME-LM, WE-FIHRML A7) V24l
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ETCOMELICH MOXO LRRBOLAL b0OORLEBET S L%,
XUBORETOMEFA I VEBVTRONS, EHLIKLAT ) VY A2 FMICHE
T3L, WIFRORBEHCBVTHRVAVHFERATROLNMIE, AWMMAHKNIT
FIERENTRBLT, ETO—HMBEBREEIRBOONE, LPALLFLEL NN
HEOMEL L &b CERMO—FMBUERHKELION A 7 VEETIRIZR LNV
HEOANEBETCEIERE&N, 170y 2 LTHO—HHBEBERIEDLILEV,
X8-161&, Ni=100& Ni=1000DRERICB W CH U X B E £a=153mmTHE SN HE
BB LURE-FIBERCRT ) VRBERLEOOTH S, BUEHERS &
CSZEAOREICH L THREOHICHBLENEALRT, SRRINFECLEIE
VANVHEANREOME LBBERENKE 2D, COREVERTEDOMREL
BOBATREVANVHTEOVUEHERICKRIRERBEIELL2VL) TH 2,
M8-17ik, WU NVHETOEWAOFEPopB L TELVAVHE I FEO R
O EPop)L L S BERaDMBERLELDOTH S, MICEALETH VANFE
LRAILHERIBELFO—CRIBNETOHELOMTRLT 2, B, AHITRTRE
VRVHEAMRO SEAONE, —SRIBETETOSRAOKICHERERAL TV,
ChEHL, O, AMTRTEVARVFE 1 EBO SREAORR, —ERIBTET O
XZAFORLIBRE-HEL TV, BUARVHETTOIRHBAOMOMERELICHES
AL E HMICTARD 72D, Ni=1000& L2V NV HETOHDOME—5|HE
MeZA7FY v RAEMS-18ICRT, MEOMNER, BV A7 VOKEFEDLPYRTLT

-\.... O Constant amplitude

000 o.?) . (Popdi  (Popd  NH/NL

-25 — o m O wo

5 _ ° A A 1/1000
A&%‘
-75 0

-10
?0.0 125 150 175 200

a mm
X8-17 2BRMELZEBEMETOXRBANON
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}1k 1000 900 800 700 600 500 400 300 200 100

AN

Differential displacement
B8-18 BV ANHETOHE—FIHEN AT VA4

Load kN
=
o

i
Qo
O

BRORELCT TS, T2, HomitEL A VHEOMRELETH) ., Bl
NNVHEERDVBELVANVHEORORRIBEETORARL TS, RAOMIKEL
REVWRLICEALTWE A, 1008EUEED EAOFARMIEL, R TRMLT
—EDEIC Lo TVAIENDLDPE, BULANVHEOF RAHTCEL-BHEERIC
LoT, MUEVANVHETOSRBAOAR, HS-17CRLELIC, BLAVHE
ERLRELFO—CRIBHFETOXRMAONT T ETITo 2D, ERMTEOR
ELAFC L 3 ERBHOTAOERICE > THRAICERT 2, 20%, BELICHE
IMIFC L VFAORO LAVRMT 520, 0L 2ERBAOKOEMLBAS
RELDEBLRD, $7, BHL VHETOSREOMAR, COLALAEL
RVHETOSHANAN LR UKRBIC L 5720, FUEE:Eo—ERIBHET M
OAICHR, B holbDrEXOND, BEDX ) CELAME LB L AN
BRECCHEERIILAY, TAPAKEMCRN SN & & & IXR% o7 X2
AOZBZ2RTCEICERBLZITRITR LRV,

RICEDE ) LIHENRSY -V TCOIREREZEREEITOVWTRE 2475, AL
ki, ERHEOAOBL VHETRSATS SRAOFALNBI L, BE
UBLAVHET O S BAOAF— SR ERROBE ) b EAL TR L2y
PERL. EULAZZBAOSEACTERETROFHETCOAEL RO, —FRIE
WERBRERP OATCHETA2HBEMERN I L VLTV, SHEBEELRMEER
Lizo L ARVHET T & BN AHE 2 L RBRAA T+ 5 BSR4 286107

—167—



#8-6 2 BiR L LB ERBRR

NH/NL a AJL A’u Aa”‘/Aa,.‘ }J 7U.H
mm kJ/m? kJ/m?

13.00 0.00 18.19 0 1.30 1.30

13.46 0.00 21.11 o0 1.15 1.15

14.10 0.00 42.56. 00 0.86 0.88

| 1450 | 003 | 5693 278.6 118 | 118
17100 | 1505 | 025 | 80.28 250 099 | 1.00
1552 | 046 | 105.57 159 L | 114

1600 | 075 | 128.51 107 .02 | 107

1651 | 097 | 169.13 109 0.84 | 0.88

1699 | 167 |229.86 79 093 | 102

15.01 0.24 80.09 2.6 0.89 1.00

15.53 0.42 102.65 R Y 1.18 147

1/1000 | 16.03 0.83 130.77 0.95 0.67 1.09
16.54 1.08 181.36 1.0 0.54 0.87

17.05 1.45 234.29 0.99 0.51 0.90

To FRRIERGDETHVANFELEVANVHEOREL ] MATEAI, AILB &
U2RICE VHES NS FHERE O HAar* /Aar* % TR LT 5, Ni=1000 RERS M
DEEXBELOBHES LU, Ni=10000REED 2 BE £ 2B I, A 12121
WEE B o Twd, THRIEFH LT, Ni=1000DREBREHB BV TERBEL TRV E D
AT, M=05~06NEEXS, 2T, BLAINVHETTOIRERVLZVH O
rEx, FHEREACEAGNERD, ChEHCCESRERRELLHEL-DD
ANMHEL, BIZHDETRTH, COMIRBREL. SREIICISTIIZIZUIEN
fEE %o TVwa, FRBRGFMTRE VANVHEOBRE LIRTHEADEVNVHE
DAJLIZHRT 130~300EREREL, ZODBEVARVFETICBWGEENLEL,
BEALRABERB L2070 TREVWREEZONS, THAFIZIZIOMEEZRL
7RBEM T, Aant/Aa DIEHNITERTKREL, BV VFHET COBERHFES
170y 28 CHbENHECLELEVADLELEDLS,

8.4.1.3 /MRIBHELRVEIREHIEHEFOHE

ABRIE, $35CH L U'SMSOAM & W T, MRIBMEVRWFIRFHICHZ2EFTZH
8-19ICR Y & ) % 2 Bt MR LEBIE /Sy — Y VI X V4T o 720 BRBRSM KRS TITR
TEYTH S, |

XI8-20i2835C, HEELNu/N=1/2000 RERGFHIC BT 5 S RE & a=242mm T BB
BENZERER 1 70y 2 OWE—FIHEN LR 7Y YAOPERT . Hhnik
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#®8-7 2 BRMGE L REhH ERBR ST

Material Nu/NL APy/APL(kN)
$35C 2120 100/25
2/200 100725
2/1000 100/20
1/200 100/25
SM50A 1/100 70/17.5
Y N

—

|

an [\ | VARAMARA |V

AP

| | . |
£18-19 2 B#E LEBIMEREEHE/ (Y -V V)

N 1 20 100 200

L

//

/

;’; Differential displacement

S35C APu/AP1=100/25, Nu/N1=1/200
AJu/AT1=115.5/23.0

@um2&&@L%%ﬁ§?wﬁﬁ~%ﬁzxivv2%

VARVIFED 1 70y 2 0RAPLOBELETH S, RIVANVHEAFROE L~
VHEEOMELAMIC L > T, RELICHEIEEL—FNBRERIE LA T 3,
SHD—FEBEEHRIBEAOHEF A 2V TROIKREL, BELEI LB LLLIC
147 VL) CELZ—FRPEBEBERBNT 2EMER L, 8K LA100[E 2L
MR LB LTEOHMERIZTIZ—ELLEoTWA, BBLAFY Y XDHIX
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HWT B, BOELVSVTEOBRE LD E W Ny/Ni=2/1000 DFRBRFAF I B T H
ni=100 Tk 1 4 2 VT o—FMBHERERXIZIZ—E L 2 508, K#FED1000
FAZNVEBTH—HFMBUERFBRESATE), 1000ERBENBEL Td—7
MEHHBIT B LD olz, DL ) IKRVIEFY LR L NV EAN
K& ) —HMBREEITELI SN, ROFE VARNVHED R ERTOERTERM
K&, FO—FABUERESRESCTIEREI N, BAHERICIRELVAVFE
DEMBEBRLIERRALARREoTYWS, 20X ) IIE LAV OIEH LRy -0.10%
BAY -V ORBARE, 170y 7 RKTHBEEOLAT Y YAN—FHHALTS
D, EERELTO—FHMBEBEBIRIZLEALELT, TOROWETy 7 DAMHIC
BT HFRBZEEFEENCHRES Lz, BUVANVTENERCANR IS —EiR
BHETTOR—OIREIIIBIT2BEUEREEGL L ERAMOLRH LK S
L, BUVRAVHEOABRBICL o THOAE L 2BBERENIZIZ—ESRIBHET T
BRINZLDOL—BLTEY, 170y 720 BBRERER —EDHAICHRT3
HEBEKE S Bo T3,

[48-2112S35CH . SHEHNuINI=1200D BRBREH BT 2 HBEDELVANVHET O
S B EE (da/dn) % BBERE #3852 — & AJIE(1—Jmax/C)i2 3t L THEITR T

LBEPOEREI—ERBHERABRERTH), SEOLOEGLVANVHETOFHILE

3

[ S35C
o Repeated two-step test &
"t; (da/dnki A g
©10% (dasdnk A A~
E f f v
o P A
= Constant amplitude A/
10— J
g \ .
Z g
xZ
i ;V
o &
ke A
1 5 10 50 100 500 1000

A) m x10°
E(1=Jmox/C) | |

B18-21 2 Bx#iR LB E T D (da/dn).—AJIEQ—Jmax/C) 4%
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Load P
Load P

!
&;§§ 7 s:§§ 5

— >
Opening / Displacement & Opening 0 / Displacement &

point point

@) (b)
X8-22 ¥R L J A #BEAJ O Rl

BHEEdaldn), ¥ bBHAITRLTVS, SCTRVAMFEICHT 2HEL ] HoH
BAT X, [8-22() 0 /R 2 BME LEBHETOME-EMN LR 7)Y Y AOHERAR D
EIRBUAVHEORTABIC BT 2 BBBRS 2 ZXHFOERSICL o TH
B 720 ELVRVIFET OEBEREda/dn)) &, BERLVAVOATEFMES, BELA
VR & B —HBEEBORIEE L% b2 RSN TR, —ERIEFET
DEPEBEELIZIZ—BL TS, & BAREVAVOAEFES Y, BV
RVHETTHBRHAE 2—HMBHEESEHLNE LI TR ONTHERNOD
HELE X HEAE2RT, ERET oL TORBREHIH LT, ZERL-FHER
EERE Y SR ERRERACEREL THS-SICRT,, #. HEKIC L5 TAN1.02
~1A3DHHEOEERDATAENKEL 2B IZON TN EWEXIS L5tk b, &
DM IRFEELINE BV SVHEICL 2 —HMESERFKELELNDIIEH
ETH2, ULEOE ) ELVAMTEICE 2 —HHBEEEBIE VAVITET O#E
LBNERCERT L) R 2B ELEBHETICBVT, UV TEDOHEL
BUEREZRT HE, BUAVHEORNARICS Y 2WERI TP LATEE
HL=OTRERBOEERREE25 X2, O ikl 70y 2 &408E L BEE
WEB2ERTIVLENRSHIILeRRTILEELLND, T TEYHRBEELS
BADIEH -V TRBEBRICBIIZ LY IRTOELFAUIEL, THERL 7oy 2
120NV -FTHELEER, BUVVHEIHT 2AJEOBHRFOERIC
BI8-22(b)iC /Ry EMS IC & VR L J MoHEEH M Lz oS EHAVTEHELL
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=88 2 BME L EEERBKR

Material | Ny/N. | AJy Aly' AL A A
kJ/m? kJ/m? kJ/m?
23.13 2542 1.41 1.07 1.03
26.59 29.52 1.44 1.04 0.97
2/20 30.91 34.50 1.47 1.21 1.15
47.43 55.23 1.63 1.03 0.97
55.59 64.19 1.75 1,02 | 091
11.18 12.47 1.33 1.03 1.01
2741 33.51 1.61 1.18 1.08
2/200 37.44 47.63 1.67 1.13 0.98
50.25 66.03 1.84 1.29 1.11
S35C 68.96 92.61 1.96 1.09 0.92
8.69 9.62 0.86 1.07 1.07
11.99 14.11 0.90 1.08 1.07
2/1000 30.28 390.04 1.01 1.19 1.08
38.41 51.14 1.06 1.16 1.05
50.23 69.75 1.13 1.22 1.02
10.15 11.28 1.40 1.07 1.05
34.40 43.04 1.59 1.27 1.07
17200 49,67 64.68 1.70 1.43 1.11
64.68 87.59 1.84 1.38 1.00
80.93 115.87 2.01 1.38 0.94
9.20 9.96 1.64 1.23 1.21
22.39 25.19 1.79 1.35 1.26
SMS0A 1/100 .38.86 45.28 191 1.27 1.10
54.03 65.34 2.07 1.28 1.05
74.16 91.60 2.19 1.16 0.92

AFB LU OA T 2 MBMERC & p & L7 2B EREFELA 2511 0 %Es8-
SOAMICART . BEMUVNNVOAMENKEL 2, EUNVHEIC L2 —HEBHE
ENEZECBE LN L) ZHEBICBVTOIN R IBIZIOELEN), COVYIRTH |
EXHOBERHUENBDLND, |

HHOKE-20N L X7 YARLEMENS FRAONR, BLANVHEIHEMT
BN —EREFETCOR—0ZHEI B2 ERANRCHESTET L,
CHIEBBERET CRATH OMS-4ic —CIRIBHE T O SRAORERLA &L ) (2,
— R ICATEPKEL ZB X ONTERBAORPET IS L6, CNEIR2EK
BELZHHETCRERD LD CHLVAVHET OBEERERIHELE O BE
EZTBUVAVHESEBTATINIBECHRAIPRELL 2D, 20720 S KA
ARPETT2EEL0ND, Lo TAMTELAVEERELILERL L T—
ERERBRE R, S EHHETOSBANAERET 2 S LERRBOFNES X
CLIh), REBEETLILEDNS, L2LLds, EROBHUETEHB L UE

—172—



1.0
! V“v‘é
08
5 0.6
04 — Repeated two-step test
Nr/ N Nu/NL
0.2 2/20 21000 O
) 2/200 11200 A
Constant amptitude test
0 O
1 5 10 50 100 200

AJ AWM KkIim?
E8-23 2 BikE LEBHET o U— AT

BEFAORHEZE LAV Y IRTHELSF I VER LBV AVHEOA & A
wa L., H8-23ic Ay e SBEORUMBRERT L) 1o, WEL L, HEREE
53 2 BHE LEBHET O SRBENORURH PO TRYT — ERIBH BB R
BL—BLTWD, Lo T, ¥k LMBERS & U~ HNE%ER O WS FHE
RELRIPEKRBVTS, SOOI AEBHETOIRAONZ, BRVAVHED
ALl hliIcE o TEEDLELTINVE I TH D,

8.4.2 3JBEMELEHWEINR

e BT, 2BE LERIWETOMBMEY S RERBEH I, HE Y-
X DEBCREZBHETRTIL2HLP IR L, FIMRIBHEDNRE WHRFS
WEELAL, THHE]L 7oy yRT—HNBHER L E LBRER L b ICHE
EELORLWENS — VOB CE, WEMEEHOREIC L W EELBRERER
E¥FRT. 20-0MEL J MAGHEOFMIcREL T, COMBEHEMEALERL
VY URTPHFMELAVAILENS L LBHELP Lk olz, LAPLEDNL, K
RETCREMENS - VS REEETHY . LR SREREENMEOXBWE
TADHERERL2ETSLLBbRS,
%:ﬁ‘ﬁﬁvu‘@&mmﬁfxaa\éamimﬁimﬁw&%ienaﬁw
BREHHEL AT A/MEREFEOANPCE D [RAATENAHT I NS 3B
BLUEBWHE Sy —ic &y, BBEERICBY T—HMBEEE S LBRIEE B
bR+ VSMS0AM & iV TEF SREBRREIT o720 SO &) REBWE Y —
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YOBA, EYSBEEREECKET S ET L L CRRHEORMIEF 2 /NMRIBH E
D170y FHOEELBENELbRD, 22T, $TRANERWEFOLEL
ARB 0, MEEHED 1 70y 7 WRKGE LEEEE L., MRIBH ERM O FH
THAAWELAWH T2/ -V, MEEFEL BN T2 DAHCARKHELRTT 5
HWENAY— Y VBIUNRIEHEZANL-BCRARKWELAH T 2HE Y -V 1
D3BWOLTEHENY — V2R LT 720 WTFROEE/NF— Vb LY IRTEEEEK
LOHEEREAIT VTR L, |
(Pmax, Pmin)=(80 kN, -80 kN)
(Pmax, Pmin)=(70 kN, 30 kN)

D20 RHHBEHEKENE, 2 CAMITE, FELE, LEOMELEBVANMFE,
BEEEVAVHELIRRI LT 2, WESY—YVIEBWTIE, BAGTED S &
KA EO B O L NV EOE LN % S0EI1C, RAMED LBR/MIEORE Y
NRVHEOME LBNLZS0EE L, WENY -V ENOEVNVFFEORE LB
100l & L 7z,
,@&ﬁu\ﬁiﬂ&—yVoaﬁmsmr%ﬁﬁémwmwmfaﬁﬁwéntﬁ
HEH 170y 7 ORE—ENECAT) VATHD, BV VHEORMBEORT
CEMENBELAAVBETCB THE L IO —FHBRERSRLN TV B,
CO—FMBEEEHRAR L 72 2 BME LEBHERR & ARICRAOTEYS A 7V
THORE, MELEIHMAD L L b L ZOMMBE—E L L2 3EAMERL 2,
ChizRLT, RABRCATENIELAVFETEBCR—FABHER L
(BEEnR VY, $7/21 70y 7 @FTCREBACREVARVFET TE L—H
MUEBEIL, BLAVHEANICL > TEELHIEREN, 1 7uy e LT
D—HFMBHEFZRIBEbATY RV, LED &) KARBTH W 3 BE L LB
BEoHE, BURVHETOBHERERDE., T0AHEFPICEI > TRECERS
Ao T, |

X8-26ik, STEHOMENY — VY OEHHERRICBWT, BRFEILEREI B
CHBRHS A E B A7) YRS L OWE—FHBER L X7 ) R 0L
¥fTo0b0THD, 2B, BLAVHETOLRTY ¥ Aidn=1, 50, 100%&H D %
ERL7 BV VHESFRVAVHEORTEABRTAW I NBWE NS — Y VD%
Ak, BEVARVHETEBT—AMBREEERE{BEE L2, - ERMAM
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80kN
WV e
— 3

@) WENF—-V

O

u—-——-80kN
(b) FrE /8% — VI

— 80kN
WAV
— 30kN
0
“ u—-aOkN
) ENNY— VI
8-24 3 BXiR LEBIWERE

.

Ni 12 50 100
) pl
a=17.09mm

Load

“Displacement

100pm
X8-25 SERIE L LBIMETOME-—EMN AT ) VAFHENF — V)
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MBIl 70y 7 2k LBEERER, BXVHELR CRATHED —Ek
IRABRRER L —BL T, CRIHLT, HENRIF -V VEFHENI—-VTDLR
FYVVARPPLoTEY, 2L LToMELBHERERIZRFLEL 2o Ty
B, TOBIWHENS - VIBLU—ERIFEARE LT 5 L1SBEICHES R
TVd, $HEORRELTHLAVHED SBBIAEE %o T a,

| I M — |

3 A
} @=14.50mm
o
o
E //l///,//’//,4——/~f/rv¢—f——’”’—iZ} |
Displacement > Ditferential displacement —
, 10pm ,
100pm

(@) WENS -V

o

Differential displacement

a=14.57mm 4

Load
— >
Load

=
Displacement

100 ym

10pm
(b) WE/NY — VI

a=14.50 mm )

Load
\
Load

Displacement

Differential displacement

100 ym

(ORI VAT AV
XI8-26 WME—E L AT Y ANDHEIINY — v DB
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H8- 27 HE NS -V UORBRICBVT, S IEEERIBEE B LI LERE
Xa=16.53mmiEFDHE—-BEM L ATV VATH Y, BELRVFETICBWTHEELIZ
o THELZ—HMBHEBIBOONE, COLRATIYVAEF#MICRS L, KL
RVHFERBTROBLANVFEOLZAFY VAR, BLARVHTENAH S5 LUEo
ELRXAFYVADEERICL o TFHRENIWE-—ENBERLI ) EFCHNEL, BEL
MIFEIME L VB EOMEBELAFIC Lo TELTVWE I L DP S, TOELAN
VEEAFIC L 2MIWMLC L o TR UVANVFEOBEBLEE ARSI, 170y S
KL LTORELBUHERER—CRIEFET LD I/IEEotEXLN 2,
COEICATERBICBVWTEBELVAVHENAFENS L, Rido 2 BikE L LB
ETOREGLABCEVANVHED SREAOACHERE L BUHERERH I CKRE 2 EEL
x50 BREBBCBVWTELAVHENAWEATOIEIVARIVFERCBITSZEN
BIZIHIFEAERBEE X wI tdbh ol

OFI, ERL-FHAREREE L SR EREEIATER L TERERE OHERE
BEORNET)o FTEVANVFET C—HMBHEEENRbLLEd o LHE/NS —
YVIDRBRICBWT, EWENZH, B VAVHFEOAMEX W THB LAMER
8-9IZ/RT o Ai2093~1.03, 2 1, EREBEERAJGFEERIBNTS, 170y 7
EHLELTO—FMBRERRADLDATE ST, JmaxldCICHEXTEHTES)ICHT
PRTIBAIC L ) BFMMTEB S Ldbhd, MENI—YVELUCIOHAED
B LA VIEOMGE LI & I 8 7 L VTR OATO MR, B
BRICBITABHES7ZT 2L ICE LD EXB-28(a) Il R TS=S1+S2 TRD b1 5 95,

SM50A

a=16.53mm

5

//// >
/ Displacement

100 ym

Load

8-27 IR LEBWETOME-—EM L AT Y VAME/ Y — V)
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Py

Displacement )
) Opening
Opggiﬂ? point

() (b)
18-28 #R L J R4 HiEAT 0 FFAMh

Displacement

N

#8-9 3 BiE L B EREBAERETE NS — V)

a AL Aly A
mm kJ/m? kJ/m?

13.05 2.30 19.43 1.01
13.51 241 22.84 1.03
14.00 2.59 33.57 1.00
14.58 2.80 61.38 0.97
15.05 2.96 78.52 1.03
15.53 3.15 97.49 0.99
16.01 3.31 114.73 0.99
16.53 3.51 160.02 0.93

170y 2 2K0BBEREZRLL Y IRTHLELFE2THLOIIRTS EEL
bz, FCTCIN2B/NDOELFEHCTANEL RS, SREREELLFRAL
AR A KS-108 X UHES-11ICRT o & TAJm, AJidS. ST 2ETHI T
BEACTEAREREEL2ER LHERVNTH S, Al RS'ICHIET HETH Y,
AWEBEELEN ' TRT, MOEIR1.00~151E 2 ) ETRBRAOKESEREE X
Z20IHLT, AOEIZ092~1LISOBEDIZIZUGENEL R D, ZOBAEbRIXY
BUARNVHFEORE LBEEBOFRMEL LTROD VY IRTHEELFETHOD
NRYTHILELILND, ‘

EHLRPHBRRICL > TH, BN VAV HEDIREREELXEAL, CN22o0D
SR OERMEERE Lz SBROE L RVHEO#HE LA 1000 FERIC B Tk,
BLAVHECOSRERBENNS L, EEUEFRBFACLIBEBIIBTHHE,
ERMVARVBEETOSNERELYPERCOMLTHET 2 LEEETH 20T,
BV RVIGTEOHBE LEA10000RER%1T o TREf Lo HENS - VORERICS
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#*8-10 3 Bk L LB ERABKE RATE Ny — V)

a AL A ANz Ay* A A
mm kJ/m? kJ/m? kJ/m? kJ/m?
11.09 1.74 2.96 8.46 11.04 1.06 1.01
11.59 1.89 2.94 8.90 11.25 1.06 1.01
12.00 2.02 3.33 9.49 13.21 1.03 0.96
12.49 2.13 3.35 9.65 12.20 1.03 0.99
13.00 2.24 3.59 10.52 13.48 1.05 1.00
13.60 2.39 4.07 11.64 15.06 1.05 1.00
14.00 2.49 4.16 12.52 16.52 1.04 0.99
14.52 2.62 4,73 15.36 20.86 1.16 1.07
15.49 3.00 9.06 54.85 81.60 1.20 0.98
16.50 3.48 16.06 94,28 159.51 1.41 1.03
17.09 3.59 20.70 141.89 240.30 1.31 0.92
#8-11 3R LEEEABRERATE (5 — V)
a AL AN Al - AJu® Ar A
mm kJ/m? kJ/m? kJ/m? kJ/m?
12.48 2.11 3.49 9.89 13.02 1.04 0.99
13.03 2.26 3.68 10.39 13.43 1.02 0.97
13.50 2.39 4.09 11.93 15.89 1.00 0.94
14.00 2.54 4.31 13.06 16.93 1.06 1.01
14.49 2.68 4.65 14.93 19.35 1.22 1.15
15.04 2.86 7.32 2948 41.82 1.27 1.13
15.52 3.03 9.68 50.02 71.60 1.24 1.06
15.99 3.20 12.40 62.61 93.39 1.29 1.07
16.53 341 15.89 79.01 125.87 1.40 1.10
17.05 3.65 23.07 104.31 179.94 1.51 1.12

75 EREXa=168mmT DR % M8-2912 /R T, WE L VRO N5 HE, KL~
WVHEOSREREL RS- RO LRIIRT, $4-WELHE-EMNELRAF) VR &
DAL, Aduiy Az Adg* % Ko, FhixtiodT % 38 ERBE* —ERBEABRA R X
DHPL, BDDETRT o Alurs A X2 HEEEELEBEOSHERE
BERHE LV EN SN IEREEOHEBEL R o TWBE DI LT, (b)DFHEE
KL BHEEMEIRLS—BL TV,
DEDEICEBHEL 7ay 28K LTo—FMEBHERIZELALEbAE
A, RV SVET CHEE R —HBEER AR D L, 2R L SVFECA L
THBE525 L) bEBWHENRY - V(WENSY -V, HEAS - DHITBVT,
BUNVITEOBER L ] EAHBAOMEL LT, LY IRTHEELFPRYT
HBHT LMD b,
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Crack propagation direction ————

A

200 pm

200 pm | IAaL]

Aa,

- i | =

X[8-29 ¥ 57 & BHE 1 DO AR B ERER

#8-12 ZEIMET O AR EREDERE L HEEEO LT

Measured Crack Increment
Aa; m Aay m
2.3x10* 5.0x10°
Estimated Crack Increment
(a) (b)
AL Al A Ay’
kJ/m? kJ/m? kJ/m? kJ/m?
3.62 93.20 25.44 180.44
Aa,, m Aam m Aam m Aay‘ m
2.35x10° 5.34x10°
2.21x10™* 2.88x10° 4.29x10°

L2ALEHS, BUAVHEOAMBREOZHRTELAVHEFSEREINS
DED)RWENY—VOBE, BUVAVHET B2 SREREVRE LD LE
VARVHERARHOBVAVHEANBEORENHEET L E2ObNE, £
T, RCELVARVHETO SR EREY RS &, EYSREREEHREEOHLHE
FIc oW TRE 21T o 720 RBREM % KS-13IRTH, EVARNVHETOL1 70y 7
NOMIE UBNL, N2 ebsgs L dic, BUVANVHEOMERE 2 o
MRIEHEOWERIES H b TELEETVS,

8-301%, WA ER] DK L VAT E D #E L EBNL H320000 HAERSH:, X8-3113 4%
B LA b £ NL=5000 D Bk CHBIR S 7o E — R B L UME -5 |HREN
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#8-13 3 BiMuk L ZEh i ERERSEA

Nui/Nyz APy/AP; Pumax /Pumin | Prmax/PLmin

(kN) (kN) (kN)
1000/200 174/46 87/-87 82/36
2000/200 180/45 90/-90 80/35
2500/200 140/35 70/-70 60/25
3000/200 170/45 85/-85 80/35
40007200 180/45 90/-90 80/35
4000/400 180/45 90/-90 70/25
5000/100 140/35 70/-70 60/25

a=14.6mm

Load
Load

Displacement ) Ditterential displacement

[8-30 3ER L EEMETOME—BMNELATFY VYA (WE/NY —»V, Nu=2000)

c'—'ﬁm ___________ r

Displacement Ditferential displacement

ba=185mm

Load
Load

200pm 100pm

H8-31 IR LEEWMETFTOME BN AT Y VA (WE/F — V., Nu=5000)

EAFYVADBITH B, EUNRNVITEOBE LENuFEL I L&), BN
HEOANBRBICBIIZ2EVANMVFET TOME LICHE) —THBBRELERIFEREC
KREL o TWBY, FO—FREHEREE LV AVHEORFGFAE CELETIERE
ENTBY, 7oy r&k LTo—FMBHERBIRRED LRV,

170y 7H0E, BELVAVHETTOSEAERE® DB L CHET A0, &
CTRAFFEMEL A HERZCL ) SRERBEOWELIT o/, L2LRFSL,
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ARBICHVEL) B UVANVHTEQRHEE-10TREVHETTIE, BLANVIKE
DEMTERAMICL VEFHEA I LOSI N, BELEOBESHEL 22, £
T, BAMEAHRIELVAVHE L FHFOB VIR 2 FOMERIFLHE LA
L, 3R2HIREHERIE T, ROFHORBREITH) L) ic L. ABRETHRABRK
FEMK &Y, MEBB21To 72 N8-32~8-351MCEM 2 Y S BERBEE 0¥
BHESEOBEMN 2R T, BHEICIR., ZhZhOMEEMEICHIE L 7 MR
BIND, COBBEBOBZAET A2 LTHON-ARERBOENELENOE
D LERIZRT . & TAadBRITEAMATOE LV NVHERMIC L 2 SHERER
ZARLTBY, AamiEE VARV EORIT AR ICHETIRMTERMICEL 2 SRERE,
Aam 3 BRTERMICL D2 ZIRERELXRL TS, $-20L SPEIN/MTE—
BNeZA7) VY R&Y), TERENOMBERAMKOAMEL KD, SRERE L —ERIE

Crack propagation direction ————

200 pm
|
Measured Crack Increment
Aau m Aam m Aam m AaH' m
4.2x10* 3.0x10° 4.5x10° 7.5x10°
Estimated Crack Increment
(a) (b)
Al Alw Al ATy
kJ/m? kJ/m? kJ/m? kJ/m?
3.541 100.9 48.5 262.8
Aau m Aam m Aﬂm m Aau}.l m
2.57x10° 1.14x10°
4.60x10™ 3.71x10° 7.47x10°

X8-32 I ERERBHOERNBEMBESTEB LU
SRR E O FEPME & HE 2 H O LB WIVL=2000)
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MERBERPOBELEREROTRIIHODLE TR EUVNVHEIINTHAT

EIEHEFA 2 VI LTE—FELTEY, ZBFOALR1EHOER2RLTY

%, F- 14 BRBEBF RN L THLVAVHETOL Y IVHAY Y FVEBLIOTL YD

RPEHIY VMV ECIAFHEIREREZHCASRERERLMNB L UM ETRT,

KR DOO/MRIBHEAMRIOR LANVFEIC L 2 BHRTHETH ), HEBHEKET

(233 % Dugdale® TR L D EH L7,
G, _

w,=a{sec(; )—1}

20, 8—4)

CHRLEDEPOLVWTNORBREMHITBVWTOAIRIC & 3 SR ERBEE OHEHEAH T
EHEDIARRETH N, Au. il L VB UVXRVHTEANRKROERE X4 ITKD

Crack propagation direction

— e D

I200 pm |
Measured Crack Increment
Aau m Aam m Aaﬁz m Aﬂn‘I m
4.2x10°* 2.4x10° 2.9x10° 5.3x10°
Estimated Crack Increment
(a) (b)
AJL A A Ay’
kJ/m? kJ/m? kJ/m? kJ/m?
344 76.1 42.4 205.2
Ay m Aaw m Aaw; m Aay' m
1.88x10° 9.79x10°
5.27x10™ 2.86x10° 5.67x10°

X8-33 &5 S HERBH OEHNWHAMFTER S L O
SRERE O EYE & HEEE D HBIVL=2500)
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BLYIWAY Y MEEZRAWESEICE, FEECERAOHEEL ZoTwb, ThIC
NHLTRUVANNVGTEL2 1 2OEBEZELTRO A AV -#EEE TR, KLV
METOIREREVPLLZVHAICE, SREBEELN ZIZRIOMELEZ TS,
VY IORTHIAY Y PEXRA LAFEESEHTHEI B2, LEALENS

8-14 3 Brafak L B B SUERAS R

Nu/Ne APy/AP, Wy mm Aa; mm Aay/ @y A A
1000/200 174/46 11.04 0.69 0.06 0.92 1.00
2000/200 180/45 7.52 0.46 0.06 2.02 1.06
2500/200 140/35 4.54 0.42 0.09 1.85 0.93
3000/200 170/45 9.85 0.88 0.09 6.40 1.08
4000/200 180/45 7.26 0.81 0.12 1.81 0.87
4000/400 180/45 6.92 1.06 0.15 4.15 0.88
5000/100 140/35 4.52 122 0.27 2.20 0.77

Crack propagation direction — o

AaHI J !‘ ke H2
b 8 el
Measured Crack Increment
Aau m Aam m Aam m Aa,,‘ m
8.1x10* 3.0x10° 3.0x10° 6.0x10°
Estimated Crack Increment
(@) (b)
A] B AJ HI AJ H2 A] H‘
kJ/m? kJ/m? kJ/m? kJ/m?
3.29 99.60 34.7 244.3
Aay m Agy m Aay, m Aay" m
2.54x10° 7.82x10°
8.05x10* 3.32x10° 6.89x10°

X8-34 57 AR ERBHOERMNBEMBEEEB L O
& ZAE R = o FEYIE & HE 2 H O HBU(NVL1=4000)
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SEEBRENWT LN FIL DA EXNSE L) IC2), ETREMAE 5T &
b, COTELWBAMEAMWHO/MEEHRET COSROEREVRES LD L,
BBRMEAMICL 2 SRHOERICH LT, ZhUMOMERMNIC L 5 BHEEO
HEPNL OPHET A LEERTIEEL LMD, A OES-141T1F, NRIEHT
ET0&sREREALL 2 1% OB HEo, TERITL L 2Aa/w,% & b IR
LTWwa, COMEE SRERBEELA EOMBRLP L, VT ERER O &AL
LR, CLAERTEAMWMIZENET > TWE L) THE, 2% 0, Aar/w,<0.1
DEETIE, MIZIZIZIOEXS A, 01522 TERIERT B &, MEIRNESR
WHROBAMEAMIC L2 EHOERE I L T, TRUOMERMIC L 2 BHELE
DBEDVHERLIED 5,

Crack propagation direction =~ —— =

Aag, 1] Aa,, & Aa,,
i i e
Measured Crack Increment
Aay m Aay m Aay; m Aay® m
1.1x10° 1.7x10° 4.4x10° 6.1x10°
Estimated Crack Increment
(@) (b)
AL Al Alx, AJy
kJ/m? kJ/m? kJ/m? kJ/m?
347 57.8 58.1 277.8
Aay, m Aay; m A, m Aaut m
1.38x10° 1.39x10°
1.22x10° 2.77x10° 7.95x10°

8-35 ¥ XA ERBHOEMHNEMEEEB L U
SRR = O EPE & HEEE O B B(NLi=5000)
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Crack propagation direction Crack propagation direction

20 pm N - 20 pm
XI8-36 {5 L NWVATE T DT S5 XI8-37 & L NWVATE T DI S5
TE BB TH O T AR B AR AR TR T 0 TR AR AR
N
75un
\ 58° v
| 46 um

X8-38 & L NI)VATEA ML E O L E

DEDZ &6, Aa/w,/NE WA, BLANVHEL 1 DORBEE R TK
WIAEFACHEEICL ) SREBEEIR(HETE 205, SRERENT LV
NVIFER L VRSN BHRTHE, 0 1EREIC2S L, ETOWEBELE X
HEETRETOBKEMELRD L) THE, LRLEDL, ETOMEBEIHEE
T2 TREL, VY VBT Y VETRERAOREE & % 5720, & TBKFME
LA, COBELVYIRTHAY Y bERAWAEHEEETILEN DD LR
bih s,

252, EEEFTME LM o TNL=5000D RERGUCHRONBEZBHEL, &,
Kl LARVFETTOSZERBE LA, K8-36, HS37TICZREFHE, HLA

VHETTCOBRHEHEEY R T, EKLAVMTETFTTCRERA NS A -V a U HBIEINS
B, TR —ERIEMERBRICBYTH CAJEX FoEFHE CHE I N Zb DL
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BOboThh), ZHHET BV THELVAVFET CIHEY SRERRBOER
BEDLNEV, BUAVHET TR, H8-38ICRT A7 VAR THRLNLKER
BORTr v Fhbbbhrd L), BT ICL 2 SREGOSLAEL, BEIC
BRENBD b, ZOBKGET T LA SREROMLIC & o TRRFTERICH
BELARSMZEVAVHFETOBURHERIHH IR0 LEZLRE, LPLE
Bo, FOROBRFER BT IERMMERAMIC L o T, BRWERWIC L 2 BHE
Bids&sR&h, IAMERHLORSNEGLT S, 200, 20RVELANV
FETCBTR—FMBEERSBEELTELb0LEbNE,

8.5 FiEhEENET OMBMEY S ZEREE

T, EHWEICE LD BRAHERIBOB L0 2 85 & U3 B#E LE
B ET OIS & BRI o TRB L L bic, ZHHEL 7oy s 4
e LT—HMEREHIEE I Lo Ba 0 SREBREREEC OV TR T
9o

8.5.1 2B#E LRBHEINR

8.5.1.1 /NRIBWEOKALIR=00%HE

RER 1 EWIHE R D L o i T — A BT A BB & & 5 SMS0AH & Al v
T, ®8-39IRT &I ic, & KB VANHEDILLA20E Lz 2 BRidE LEKBWE
NRE—=VWMIZ &Y, KS-1SITRTRBREMTIro 720 |

8-401C 2 BX#K LEBIWMETOWE—FIEEN A7) VAQOHBER B 2/RT,
BLURVHEORMRICEEL L 0—HHB%ERSEE RN, EVAVHE
FTTRBECERUNDETO—FREEIRELN TS, TOX)EHUVRNVHED
BB, FHHETCBVTOMELBBHER IS VRAOLAT, —
FHEUEROAPFEL DL TH b,

EP L7 2 Bk LEBIWE T O S EO AR 8-41C, B VHEICH LTIk
HENC, L AVHERCH L TREBHITRY, $ARICIZR=00—ERBEHET D &
WEANMLHLETHEITRLTV S, BURNVHEDAIREELWKRE SDATEH

S>—ERIEHETICBVTIR, *BINCRLAZ L) KEWEHBECHOL T
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K815 2 BHE LR ERRAL

N, H/NL AK” AK, L Symbol
MPam'? | MPam!?
220 | 515 %9 | A
532 | 278 \Y%
ss4 | 200 | O
569 | 297 O
NH NL
i e T L1B
" T
; \ :
i : i '
i |
i ! | AKH
T - l ;
04 i

[X18-39 2 Bz L LB E L
(E/NN Y — V)

Differential displacement

X8-40 2 Btk LEEITET
ME-EMNE AT VR

SMS0A
Repeated two-step test o Constant amplitude test
(Kop)t : Open symbol for R =0.0
10 {Kop)y : Solid symbol
o
E
¢ o
(o]
(¢ o)
= 5t e,
(o o]
8. e
X
Q).Z 1 o c
AJ kd/m?

@wuz&ﬁﬂt%ﬁﬁETméﬁﬁmﬁ
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B, 2BELEBWETCBTCHEERETTRT &) KTXTORREHT, &
BReHEGHETCHOLTY S, BLAVHETIEBWTH SRAOZERI T,
BLRVHETOKopd B UANVHTERHORBEL X C—EREFETICHTE
T3 %,

B8-42ic, &V ASNET OEY S RIEREE (da/dn), & HBHEBIEIFE/NT A —
& AJIEQ —Jmax/C) 23t L THEITR T, WTFNRORBREFITBWTH SREREED
BEGERE—CHREATERERL IR LT8Y, £WERRRBCBT 2K
WEOBESCBVTS, SEEREE S SHUMAMORE L —HMBESERBEH 2 ER
L7 AJIE(Q—Jmax/O)c & o T—HRBICE L 22 L br b, Mitidbe TEEE
FHEMBECEMEA VT o -HEBRE» LB LT UAVHFETTO LA 27 VvEY
DERERELBINTRLTV S, WIRECETFONTYFEHEP, WThOME
LANMIZBWTH—ERIEBFETO SEERHAEICIZIZ—H L TB DRI £
DT ENHRENG, 26 REWLATHIREREE ¢ A BERAF RV TEET
3L, MiZ0.88~1.05NFHDIZIZLTEVER & 50 DEDPLEHHET BN TS,
—HEREROAPEECELIHEICR., EYEHERERE S —FNBHEEE 2
SEEY 2Imaxk BA L, AJEQA—Jmax/C)\C¥ 2 M MEAIc & o TL KFHETE 3
£ ThHs,

SMS50A

Repeated two-step test
(da/dn)’  : Open symbol
(da/dn)micro = Solid symbol

107°| o Constant amplitude test ‘
for R =0.0 ) ) &

-7
10 F°

O

&
1078

107° 10°® 107
A J/E (1~ /C) m

®8-42 2 BB L EBMET D (daldn);, (dajdn),,;.— AJIE(1—Jmax/C) B4R
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8.5.1.2 /MRIBFEIRVIIRFYILHEROHE
ABRIES-BICRTHVARNFEDE I 2Ry=0L L, /MEIRMGEVE LV NIVHE)
KEIR Y FHEME. &, ERH L _XVEEORKEPmaxk € 5 2 7= 2 B L BB
By —YKick DFFore EL~VHEOME LEIEN=1000T 5 5,

8-441k, $WELg=16.SMmIIBVTHBENL 1Ty 7 OHE-FIHEEML R
FVVRADHTHS, BVFIRFYERFOEVANHET T, BELIH) —HHE
UEEIREDLhA TS, CO—FMBHERER, BELHSHEAL L L b ICHEMD
#HeRfEmTaEmME 2 Y, 100E KL IZIZ—ENEETERBEL TS, TO—
FIBHEEHIE, WBLABLVAVOEHEI-10HE LIRELY), BLAVHED
BRFICL o THRESICRFIESRINT, BEFE]1 Yuy s 2hco—HnBHEEE
BEL TS,

OFI, EHWETORBHEF A REREEREEORIT 21T ) FHiTIX, &
REREEHREELLT, UTo3@IoFEERAV, Thbb, gIRLZHLA
VEEOIEHILDAD 2 Bk LEBHEICH T 2HEBELRRIC, BUVXVHET

0

X8-43 2 Be#E L BB ERLETE/ <Y — Y KX)

A ni 10 100 ' 500 1000

Load

20um

>

Differential displacement

8-44 2BME LEBWETOME-LMLRTY Y24
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DR L ] ORHBAI BT 5B, B L ARVIFEORN RIS 2 WMHRs 72
¥ERAC LD HEHEERBMEL 70y 7 SRKOBBEREH*EELTL ¥
VRTHBRELF 2 LEAFCEVERT2HEEO2EY T, &5IC7ay 7&f
D—HABUER *ZE L TR ] BaE max % Fv: 72 AJu* max=AJu" (1 — Jmax/C) %
BTG RA—F WL WVHETEHETHS, 2B, NI XA—5HOCHfEEL LTIk, &
WL EE U AMRERE DB SN, B OBE U A MR c=590k]/m2% F \»
Tw3,

8-45 13 I LT D IFAMBEE TH A A, BELELARVHTEICHIET 5 L FHE
RPBEIND, COWHEPLEN SN ZZERE L, LROKFHEEEICL NEKD
7HESEME % FK8-161CRT o AJuB L UAIIC L BAHEETIE & b ITHENFAi & 2 5 DI

Crack propagation direction
R

Aa

. 1A

L

[X8-45 2 Btifak L REMTET 057 & RERKH OBERKNBEMSER

3%8-16 BEMTET O X EREOFENE L HEHD LB

Measured Crack Increment
Aa,_ m Aan m
2.1x10* 1.6x10°
Estimated Crack Increment
AlL AJrmax Ay Aly' AJu" max
kJ/m? kJ/m? kJ/m? kJ/m? kJ/m?
3.3 4.0 14.2 36.9 53.5
Aa,, m Aaz.,max m Ay m Aay‘ m AaH.,maX m
1.86x10° 2.18x10* 2.06x10°° 8.30x10° 1.27x10°

AJLmax=AJ/(1 —Jmaxx/C)
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LT, BEEEL1 70y 7&8K0E LBEHEEE L OC—FNBHELOME &
L f:AJH*,rnax=A./H*/(1 —Jmax/C) x i, SREREEZ IZITFEMTE 2, T7-
BV ARNVFETIZBWTHEREIC Jmaxx ZR L 72 Aimax=AJ1/(1 —Jmax/C) % B v 5
CELIRINVBERDOHEREREPESRTVE, TD LI I/NRIEHENE VS [EFEY
IO EFOGADAIOERIIBW T, BEIME]L 7uy 7 £E0MBEEEE
ATV YIRTHBEBWELELT L LBIIT, ES—FNEUERLZERT 24
ENHALAZERDLP D,

8.5.2 3EHE LB EER

AERIE, H8-46ICRTHWIRFH 2R O/NMEEHEOAWM R ICHE —DBRTEL
BWT 3 3BMELEBTENS - X2HVT o, COLBHERFBEL VY
R7FHEBECE DAY Y 2T 5 &, (Pmax. Pmin)d5(80kN, OkN) & (70kN, 30kN)® 2
DDOEHEHFEEENS, 22T, ARBRTOUTHEELR VAVHE, BFEELA

80kN
—70kN

—30kN

0

X8-46 3 EiRE L EKEMEBEIEAEE/ (Y — X))

i a=17.7mm

Load

Displacement

B18-47 3R L EEIWETOME BN AT ¥ 24

-
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NVHEELIES, TREVAVHEOSE LEILARTEAMNN S L FAHRZ AT
NLi=1000, Nz2=500& L7z,

M8-471C 3WE Xa=17.Tmm BV THEI N1 Ty 7 OME—F|IHEMN LA T
VYADBIETRT, BAWEROE LV NVET TR LIk ) —HmBuErss
FHOLNIDIEHL, BAHEAHROEL N VHETTHRE(BEI LT, BLA
VEETOMBEREHIZ0AMEFECL > TRE2 Y, BRAWEAMICL o TR
BECHE LEMERBELARNVHETO—HFMBHERFHAFH S D I Li¥b %,
EEMWEL 7oy 7&K LTCOEEL—HMBHEEAEFRBO o2 P, Bl L7 2
B LEBWEDOSE LR ), —HmBHER O XK AR EAMNRICAE
CTwa,

AF TR, CEHETOMBMEY SRERFEREEEL LTUTO3@Y) 0k
RV, $hbb, HS-48IRTHE-BEMNELATFTY VRALHlicL s L, BV
WEOAMER T 8. WEAWAEBROAZNLICEXTERENOHEES. S2%
HOWTEFREFNRA . A EHE L, Chick ) SRERELHEET L Hke., 7
Oy 7 &E08ERE LBEEREERLL Y YRTHREL T 2 LTRSS IC L A
*EHLEAVWSFEO2EYIC, b7y 7&Rko—FMEREAREERL TR
K ] Bl max% B 72 A max=Au' (1 —=Jmax/C) %2 58T A= F X W #EET 2T
EThb, 2B, "5 2A—5FHOCHOMEL LT, AIE L FABICAPITOMBEL AN
{8 Jc=590kI/m? % B/ A L 720 8-49ITEH T O AZHMBER 2R T4, &, BV
NV R 2 GEREMEES NS, 275U, & LUV E ORI K 515N

Load
Load

Displacement ' Displacement

() (b)
XI8-48 #E L J &4 #E AT O FEAMiE
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Crack propagation direction ——=

200 pm

XI8-49 3 iR L REMTE T D57 & R R O ERNBEMFEER

#8-17 IR ELLBWETO IR EREDEIME L HEED LB

Measurement Estimation Measurement Estimation
Aai+Aaw; Aa Aar max Aam Aay Aay' Aay" max
m m m m m m m

2.58x10* 2.57x10* | 3.20x10* 1.00x10° 4.21x10° | 8.38x10° | 1.12x10°
3.09x10* 3.01x10% | 4.20x10* 1.25x10° 4.03x10% | 8.59x10° | 1.35x10°
3.79x10™ 3.69x10* | 5.31x10* 2.02x10° 6.69x10° | 1.19x10° | 2.34x10°
4.17x10* 4.12x10* | 7.52x10* 3.75x10° 1.07x10°5 | 1.89x10° | 5.45x107

HAMCL2EBEAGBB/NTH B 720, KL ARNVITEICBIT 2 SWERFREL O
B oM IREETH o/, 2T, ERERELVAVHETOSRERBECED T
AT LT 2, HhDAamit, BAMEAMICLZ2ERERETH S, T OWED
LEHSNZ-ERERE LHEEMHEERS-1TICRT, Riid, X8-49i/R L 7-H LA D
EUREITHEINBRHEPOOERODDETRL TS, COMENY -V D
BCOBUVRAVHETCOERER., Jmaxk BR L 2\ AJpd X UAJ" T & B2
Aay, Aap' i3 L b IBNFEME 2o TR B DIx LTy Jmax® ZE L TAJn' max% FB
WTRD 12 EHAar maxid, 1ZIZEJELENEL 2o TBY), Imax® Z&T 540
BERHLIEDDPD, LEPLEFSELAVHETCORBE IOV TIE, EHME
PAan e EATVWDE L A2EFEZX TS, Jmaxk ZE L TR - #EEAaL,maxit, FEH
PR ) RELMEEL), T LAImaxk ZER LR W TAILICE o TRD 72 Aad

TRLVEERRERL TV S,

—194—



ZETELARVHETCOEY A BERBHICOVWTINFMIRANL 20T, &
VARV E AR & N5 M E % 28 2 72 [8-50(a) i AR § B L AV A B A% KA B AR 8l
KR SN BHENS -V XTI &, O)IERTEVANVFEIBRHTEAMGRICHE S
NEHENY -V XTI 2 THELEBWERRET o, MWENSY -V b,
B RVHFEOBRE LEIRN=1000TH %, M8-51CTHWEN Y — Y OLGHET T
BIRELCEERESORICHBEUNE N ZEBHER 1 7oy 70 A7) VAGIERT,
LRELVARVFETOE AT Y Y AEn=1, 500, 1000FBDAZRL TS, Thb
DERAFYVARKBETH L, BAWEATINICELAVHELRELAFL TS
WEN?—VXIfdﬁwaﬁETﬁﬁwf%—ﬁﬁﬁﬁ%%ﬁ%bgngﬁ\@
VARVHESBAHREAHTRICBRELAFT IR T EHENY — ¥ XTI OHAITIE,
13& A E—HMBEERFEL TR,

OX, RERBEEBFEICOVTHARS -0, BE> SHIE L /-EJE L 7TR L 7
SREREEHREEC L > CTEB LAHCHEO LB AT o M8-52, 8-531CHEIKH
DWZEMBEEE OB % FREFROMENRS —VIZDOWTERT . Aan. AaLiZFh &
NEBLAVBIPELVARVHETCOIRERETHD, TRENOMENST -V I

!!'_. P 80 kN

\ (\/— T0kN
— 30kN

0
@ FENNY— X1
- N 4 r——80kN
) — TOkN
— 30kN
0

G HE Y- XT
X|8-50 3 BxifR L B EIEE
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4 a=17.5mm ?q=17.5mm

Load
Load

S0um,
Displacement - Displacement >
() frENY— VX1 (b) Bty — X1

X8-51 3EMELEBMETFTOME-—ZEMELRATY ¥ X6

Crack propagation direction ——=

[X8-52 3 Btk U ABITE T DK% & ¢RI O
ERNBEMEEETE ¥ - X1)

#8-18 FREREDEIEL FPRERBE L OLB@TE/ XY - X]1)

Measurement Estimation Measurement Estimation
Aa, Aa, Aar max Aay Aay' Aay’ max
m m m m m m

2.14x10* 1.97x10* | 2.48x10* 1.37x10°3 7.04x10% | 1.02x10°
2.31x10* 2.21x10* | 2.90x10* 1.71x10°% 8.70x10°¢ | 1.39x10
2.57x10* 2.45x10* | 3.44x10* 2.14x10° 1.02x10° | 1.85x10°
2.91x10* 2.70x10* | 4.16x10* 3.28x107 1.44x10° | 3.35x10°5
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Crack propagation direction ——

200 pm

il

e —
ol .

[48-53 3 Bl LABYH E T 0% & REBRHE D
ERKBMFESE@EE/ Y — >~ X1)

#8-19 XZEREOEIEL FHERE L OBITE/YY —  X1)

Measurement Estimation Measurement Estimation
Aa, Aa, Aar max Aay Aay’ Aay” max
m m m m m m

1.97x10* 2.07x10* | 2.58x10* 1.02x10° 4.34x10% | 6.90x10°®
2.05x10* 2.24x10* | 3.08x10* 1.28x10° 6.17x10% | 1.01x107®
2.22x10* 2.42x10%* | 3.59x10* 1.71x10° 7.94x10° | 1.49x107
2.31x10% 2.67x10* | 4.38x10* 1.88x10°5 9.62x10° | 2.19x10°

BB EUME L HEEMHE % £S-18, 8-19IC7R T, RiTiZ, MOBHEBED» 5150 W7zk
BIHDETRLTVD, BUVNUVHETICBWTIE, MHENNTY - b, Jmaxk
EZRLUIZHEEME Aar*maxi & ) SRERBEZIZZFMINZ 22 b, 2 EIC,
BLANVHETOERER N LT Imaxk ZR L2\ TIT o 72 HE Gl & EB o S 2E
BELAHETZ L, HEAY -V XIOHREUEDOFIETREL ZoTVEDI
LT, WENSY -V XTIOFRIEMEOFBHEEEL ) bMEBoTwD, 7z,
ELLDOREFOHEbImaxk BER L - HEERBRFME G 2 Twa,

CDEHT, BUNNVIEDGIEF0DHE IR, EUVNVITEORMAEIC L o
TERERBBHPRLDLIENDDP D, WE/ Y - XTIZBW T, @R EALN
Lo THLSD XREROKE 2LIC L o TE DB L NV EEF KO WL
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ErfHtsn, 2oHR, SEEBEVAEAVAEEECHENE 2ozt
Bbhbd, £/, WE NI -V X OHATIE, BRWEANIC L 2 SBEH ML
i, BT BECHIBELCRENS D, RAWEMECBL TS SHEPLTY
BODT, S X2 BENEL, Jmaxk AT HEEEL N2 L ERO XLERE
BN B2 TREVWPEEROND, Hif TR 7/PMRIEF E 0K LB H 0 & H
THRAKMEIEMEINEIWENSN Yy -V XD L) BBACBV TR, Bido &) zEk
EROME L EBEENOBENEL, BLAVHETOIREREELHTT 5.
Jmax e ZERLIZHEEL ) DAL AHEEDO S BEIMEE L AIKRIC ko b0k
Bbhs,

Bro &), REMEICE T N5 RAREHEDICT LA IED 3 BiRE L LB
BTIBVWTR, FABRERECH LR, ZEHEL 7oy 228460 E L BHE
Wb —FMBHERE ZhZnL v IRT7HFFEIC L 2808 L ] BOHHA L &K
] BT maxk 72 ATt max=AJ 5" (1 —Jmax/C) 2 2785 A — 5 # VBT LTk Y,
SHEREE I LCHETE 2, CNICH L TUMRIBHRE T, BRWTERMIC L -
THELEEEROKE Rt FET, SHEBOBENELL L) THY ., Jnax
RER LU AT —Imax/C) 2 535 2 — % 2 W #E CIOEREEME % 5,

8.6 ZEEMTETIIBIFHMBMEY SR EREHB LV
EREREEREEIE

BB MEBIC B TEBMENRE LA S NGE, 20BMEREEIIEMET
HH, WENI—-VIZEoTKRELSHEELZZV, 2OMBEUEREFE LR L > TL
o L7chio T, MEBHWRETOREFERERELELTFMT 2 -0, B4 LHE
N =V AWEGERERBBIVLEL LD, SO 2B —EBT 250X HE
THb, TITAHAETIE, SREBEE AT 2 EEBRT 2 RENCHEHTI L%
HRELT, ERLEBHEL LTRENZ 2EBBL U3 ERBE LEBWE/ 5 —
PRCTEY SRERAREZITV., REWETOMBMEET SBEREH LI L » 12
THLEDI, EHEREREEOREEL OV TRE 21T T &7z, AF Tt &)
WL TELRBFET OMBBMES X RS & 2 CHBMIRBIC BT 2 LEWE
TOEFERERBEHREECOVWTHHAT S, SRERMEREHRO 70 —F v —
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M & [X8-54127RT 6

BEIBERB A BEL L TRV Y IRTERRAL, FBFTECE T LD EKIERE
EWE L Z2oMO/MRIBHEICSHET 5, C 0K, MRBEBHECOWTRE, RS h
HMEFRAMERIEOAMAE CH 2 »RTERCH 20 2B T 5, HHMEEE
KN LTHEAMRBEZEL, ThfhoBA K LTUTIRRTHENF T
A= ERAN, BNENRTA—FICEOS ZREREOHENCL ) SHEREE %

HET 5,

(DRKIRIEFHE I T 5 & S R HEE 3Pl
ORAIRIBHEOICHHRVPADEE

(A)BEVEE ) FHHE L FEO/MRIBHEIHFEL 2 WHE
SHAMOBREYER L CERICSEAPAOL TV 2HBEATRD 2REL ]
BOHBEAE A3,

B)EVWEE ) FHWEL FO/MRIBHENFET 25HE

(@/MREIEBFMEIRARIENEOAMBE CRAM I NIGHE
IMBIRE T CE L2~ HHBUEAR 2O LRBHE L 7oy 7 2Kk0k
BLUEMERAZER L, VY IVRTHREEXFAEALTHEB LIBEL ]
BAHHEA v 5,
OYMEIEWEFBEABRIEHTEORIERE CAN S N HE
SZFAOBEHLER L CEBCERPHAOL TV AEHHEATRKD 28K L ]
T EAI e v 5,

()& KIRIEF E 0L HRVIED A

(AYBWG IR ) FHME % Fo/MRIBHEIFE L 2 ViHE
EEHELl 7uy 2 &k CE L —HMBUEEEERK ] BOMHE Jmax TER
L7285 2 — & AJu/(1~Jmax/C) % FIV: %,

B)RVG IR ) P E L Fo/MRIBHEIFET 258
/MRIBHESRKREGTEOAMARE CAN I N2 54
MRIEHET THE LS —AHBRER L EOEBFE L 7ay 7240k
BLUEBEREZERL, VY IRTHLEEZHFABALTEB LHEL ]
BOMBEA TRV L LI, BEWEL 70y 7&K THE L —HNE
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’Z{‘EJJ?EIFDETETE

v v
R HRIR T /NRIETT
(P Hmax » P Hmin) (P Lmax » P Lmin)

¥ v
FiRbY (R=0) i Y (R<0)

Yes

BRI %
Fo/MRIBFTE AT
FETH

mER Y Y%
FO/NMRIBITED

No

NI B AR K
R EOAMA
Bceaans

Yes
IRIEM E OB MR
BTAMfIND

A2

\
ATl(~T, /O (AT AT, /C) ATy Ay |[AT/0T,./0) ||ag,
|

| I | I |

MIEIERNC X 5 SHEREOEH

e
AJ DR L ] o
AT* LY URTAY Y MEICEBEERL ] EOHH
Jmax H&K]BESHE
C L AR BB A U A MRAE)

X8-54 HHEMEY IREREEHREEO70—-F ¥ —
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MEH TR ] EOE Imax CER L 2HEBEHE/NNT X — % AJg" (1 —Jmax/C)
rHw5,

OGYMEIEFESRAREIETFEORFTAE CAW I NIGE
EEHELl oy 22K TE LS —FRNEBERE &K ] B E/maxTER
L7285 A — & Alul(1—Jmar/C) % Fi v B |

(MR E 5 5 & B R S
@V MRIBIE 0 BAE S BRI EORAME S L e
ANRIRHE T CHE &% 5 —HRBMET £ Jmaric & ) HH L BN E T
A= A1 —Jmax/CY % FAV: B
(b MR E O BN RARRIEH R OB & 0 /A S WA
B L ] RAEATLE IV B,

8.7 ¥ B
AT IR & BB SEIIC b 22 B EHEE O — EBRIBHE T DY S RERREE,
SWFAMOEE S & CEEEHRE R, RBNEY SRERBEICRTTIRIL,
HELVLARVOEELHL ML, BBEEHEENENS A — 5 AJJE(1—JImax/C), (T
TERY V7R, CREFPCHTL2EMELRE L. 21T 2 - HOEHBCHIE
2o TR REEE U AMME Ick DBRICDOWTEREMEA 2, $2BRBLIU3E
PR LB ERBREIT Y, HENRETORY SWEREE., BHERBEB LV
SARMBEORH~ONELHOBEERAS L L bic, ZHHETCOREL ] B
WHEAJOBERFEORE * S0 CEDHETORBYEY S RERFECHEREICD
WTORR%21To 2, BONLELREREILOBLEUTOEY) TH S, |
(B HEBRICBW T, BAOEFROHE IITEE LEMERY, E0EEIE—7
MBBHERSFEE RO LY, —ERIENETORY SRERERE R, Tnb %
HoE L ] MOMEAIS L UBRA ] B HE max\ & ) BB L - MBEBEIZE S
A =% AJJE(1—Jmax/C)iZ & o THE, HERRFBIK - . OO HEFORBREM <
EHTHHMETE S C RS Nz, —HHNERERIEETEVHEIE, ki
DG A—=FIFANETIZIZFL Y, SREREERIAVEC L > TFHETE %,
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@QLRDNT A — 5 BOERCIRBIE B - THEICKET 2. ZolE—#
K- THET, ~BIRETERRICS T S BERRE SRR IR Y fho 7k L
FIUSBES £ ORBA & v B NRE C ASRBRIC L VB 5h5 LI 0
B CAMMEICIZIZE LV EE L b1,

G, BRLAVHEOEHEAEOBEC I, ZEHHET IS T b LEEE
BOANEDNDH, S0 LS % 2 BEE LEHTETORY S BEREE ., &
BEIAIEE B & UHE LR R £ ZH L 2 AJER B v C—ERIBHET 0
dajdn—AJIEMGR 2> S BBMERIC & o TL (FHET 2 LT E B,

XN AKopit, BL VRN 2AEKE S0 LWATE b o — &R
BHETOBRORICIZIZ—HT 5,

OR VSVHEDQRALFOOHE R, EHHET BT 1 7oy refel
TO—FMBBEEIFDLNL D, TOBBERZHIIELAVOIRHKICL-T
Rib, LBALRHG, SOk % 2 BME LEHHET 0RY & RERRE R,
—H B BEEF % Jmax TE R L 72 AJIE(1 —Jmax/C) % B\ T—BiRIBHE T O da/dn
— AJIE(1 — Jmax/C) B4R & M IERNIC £ o T X BT 5 L BT E B,

XZFANAKopld, BUNNVTEICH T EAE TR EBHEREEN Y-
HBEIRTD, BVRVHEORAOLIOL LEFECE, BULRVHTEANKD
MBIl SRIAWERACHOTL L) Kk 2, RAWEMEE €A LR
GHETIR, BUIEEHE b oELAVHEOKE Y 21 T s RANBSNLUE
BARIRRE T T 4 U, —EHRIBRBER L 13 —B L% < %2 B,

(SYBE UMM & —F BTG L b T b ¥, BEREE1 70y o
SRE LTO—FMEBERAE LRV E ) © 2B8 & U3 BEE LERHET I
BYTR, BUANNVHETOME LBEHERLE) T, ELAVHERERIC L 3 —H0E
HEHORBEML S5, 0L RPEOB L AVHECHT AR, &
BWEREL 7oy 2% 120 Vv—TEL, EBELAVHERIIC L 2—FmE
BEBOHBEERL LY YRTHREX v EATAS LR o THBT S

CEHBUTHBI ENbhol, TOEZFORUMT, BREBHBICL S, BN
B EM»S LFER I N, |

OBBHERIC BV TRFALHERA RS MV EBOLBHET S, BIEFFRES 2
TritkoT, BUHEREHB L CSREROSHARL ), SRERREIAS
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DUBLEHD, C0LSLEHHETICEVT b MBEEY S BERERE R, 17
By s 2EOBREREH L ERLL Y YRTHEELFC L > TRD b R7EAS
2R T—SRIBHET 0 & BEE s s 5 BBIMERIC & > T X BT 52 &
HTE B, 727 LEVEIRR D PR BO/MRIBHET 0 2 B R E S EMET %
D IEEELRLIBE BT, HEREOETOMAL ZRTE FELNT
£ DL % B WATH Do
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AR TIR, RAWETOEYSREBRMECH LT, HoKLIREEATY
HERCHERBRBWHEICE I SREBEEREELERL LT, L ) EBHRBI
HCRBENHICBTEFSRER., FEREHWETORFTEIRERE 6 ICITH
WHRBTOXBERICH L CHD L SHEREEREE Y A RR L1, T1EHR
BIUEERLBHHMETOEY SRERBDOBMERBAR LTV, HERKBIZL?
ABEBREBHOMELHLIMCTE L L LIC, MHERNIXENT *—5 LERK R HE
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DIETIHRERB I HHEET 2B A ik, BREICIT L o THE S W2 5 HILRFREK
Krk ZRBLU-ERMEHER )L E L WAKL GO 2 Fo—ERIBRER D Kopic — T
5, CHIIRLTHELALEHRFAOAPOREZEVOHERBREO L Y IRTIC
HOHEMBEAICL- T, SHEBEBIRBEL (FHETE S,
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