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B ORIMFAKEE, AT OTHEICBIAZELVWREREIC
RBEINDH L5, BOEER, KT UEE, FERERZIIHRA
HHECTERBEHRITCE., ThboaHFickiIsHEINRRBIE, &
BEEMEOERRE, FRAXEL IV TRERbOLLTE L. &
TR, TWEVE, MEMRCOBMICHTIERIEL4HKLY
HbDLRSTETEY, HRMIIRRINIUKLKOEBME TIIEH
TERVWEHZEOMHORGIMFINDI LR 272, ZOXK
IRFLVERIIHET DS ETFHE, AL TET I
I RAREDOEEMBEPNEEEZRY, R, BRI TEE.

INLDEEMBOTTHLEIC, ¥II v 7 R I3ENT-BHELHK
Z{BFLTEY, BECTHEHEIZEND VW EIZEBEN, X
R—2AT % M ORENAEEZE I WBAFANVELTRIABEI T,
1981 £ 4 RiCfTb EFbohizan 7 5E, MEBEZ A L0 —Hn
RN BRLLRABEREALVWSRELRRL, HERICFETD
CWOBHEMARKBEZRFICRIIESEL. ZOZLEFHER KD
ARIZETZIv I A~DBELERA»ME LI L LT,

IDXHITETIvIAMB~OHHFELEEREEY, BEH
WM ~OBNRAELND LR, RPEDLNTE. L
P, ZOXIRBERABM~OBLEEZTES, AN—AVY
NUVATRBEZANREELIZRERY, ERNLAWEANELZSETIL
ERHBHD, BERET I v A RYERYE, TREOERK
NEREINSE. Z0ORD, @ELWETICRBIT 2REFEDOLEED
VETHD.

1970 £/, NPOEF I v 7 AOEFICET HEDITIE, E
LLTTAITFRAVLRE. ZhbOFRIE, BHWET CTOR
EHEBIZIOVWTHARTEY, SLIBHHWETOEY, Wb d#
JE 3 (static fatigue) L BE LHETOEF, VWb 5 BEELEF
(cyclic fatigue) D LEE $ 1T > T 5.



Evans i35 I v 7 AOEFICETEIRROF T, MBLEH 5 R
ZHAVWERBRER? D, BWETOXREREFELBRRLEFETD
SHERBFEOHBEEZIT, ¥I7Iv 7 R TEWELRLICLZHE
ELliZnwe®ELE., —F, Guiv?id7 A IFicknwe, WE
BIERLDEPRBDODONEEHREL TS, 20#%, HBERAETI v
JARAELT, THWIT, BoREAI V=T, RICBTWVWE, £t
TWRREOREENPED LN, BERAEII v/ 2AREEREES
BIFDLLBIT, ZLOMAENBER I I v 7 AOERICET
HHREITO LD T2.

WHESY NT, BRTVWRZBIIRBELEZZOVWTHR, &
R UBEE f~43.3Hz, 5/ R=-1 KW THESRE LB LM
ELHPERINZZEEHEL VD, SEJINAELY R, 7
VT, RIBITWE, BiTWHR, BEoLELVva=T#RY &
J, ERECEL2VHEREEZ2FEALZRABRAFZAY, BRLEE
f=10Hz, I R=0 DEAET CTHEFIC L THERE LWEIL X 55
ELHBDINERAITVE., TORBE, BRELFECLILZRES
EOEBORERX, UAa=TRbLobBEETHY, TAIT,
ZlTWE, RICTVWEDOIEER-TEY, RIBTWERTREWER
ELHREIBOONWVWEREL TS, £, KIRAENEZALEL S
I Iv IR, BELFHEAMNMICIVBHE FICHNERE OB
BIZEY, ANENEZAELS2bDIHEEI TORENEDLRNE
#H4E L TW5B. Horibe H'P% RALITVWRICIHTERE LRI 2
EHRELTWVWE. ZThoDELL OHE»L, BH—HEFRHRE LT
A —EWAERR LR ER— A L EYRESEIC OV TEL
DZEBPHLNIEINTETWHS., L2LR2BL, E9Iv 7 AD
BEREMCETIHELT T, HERBELPREEZZTDIET Iy
JAELEITRVWHDLEDEFHLDOHEELZHLNICT S Z EIXE
HThy, BFEREBEDNVHOLNIITIOILERD D.

TII v AOERERERIINTOIMEIE, ERXTAIT, E
fBiFWVWE, Sra=T 8L LT, REENTWVS. Reece bV

/1



X, TVITOERHEREZH LTS, R ILFETOIHEREE
REHETOEBREEL VE, ¥2bbHESE LHEREET
HLEEBELTWS., £/, EHELIETAIFOXEERES
IZDOWTEAN, Reece H CRIRICMEBRERER LDROEEZREL T
W3, Z0f, TAITOXREBEEICEL T, Li 519,
Gilbert 'Y, Ewart 5'9 MR Y E OWEZFBBY LT T35,
Dauskardt 53PN a =7 D X BEREBHICTHOVWTHI TS,
FORE, WEREBELIZL-TEHERFEERIEIRDZ &, BH
HRAEWVIEEMBEBOBREREZ IR S 2 L, BB LUEEKREEMN
RN EREERELTVNS.
INLDELDHRICELY, EFIv I/ ROEHREBREZFORER
BHLMZENTETEY, BHITWR, TAIFEICIVVa=
TREDHMABELETIEIIVIADERERAI=RL L L
TUTOELIRETAPRBEENTNS.
FAUNKAEZERTHAHES, ERLETARKKEFREDZT Y vV
IRELBZLNELOMEZFCIVRES L TVEY. ZoTY
v v I &EB L, Grathwoh*Vid Fig. 1-1 1278 ¢ grain bridging
degradation ®F VA2 RE L. AET VI LNE, R L E AR
WCEoTTY v D FEHMNERE, MBINIEDIZEIRIPERTD
LLTWA., 20T ) vV NI LB E~NAEEEL, Ritchie®
TEFERESH HE LT, RU-DEFRELTWVSD.

Ktip = Kmax — Ks (1-1)

T, Kipl I EHERTORALKBEETHS. KsiZT Y vV~
T OIHEAE~CHRIZEDIBABEKBEHETHD. BELHEDRN
SnBe, WEZHHELTWETY v DU 7HPHE#MG R~T
B0, TV T EELTVBTFIIERE, BMETLHILEXD
N5, 201D, Knax —EFHETIZBOTS Ks B L, ESHE
WIIn D XHEBEANEAL, SRPIERTIHILEELTND. Z



DEFEHREBRETNIE, ERFRECESIKEIIvIRDEFR &
RERFEEFLY ) EHHATE, ZLOMEE»LXFEHBTVBED),
EBIZ, Kip B RODZEHZBME LEHFRED RTFbh T
T2, ZhboDHEEPDLEHRHEBESANVD AT =X LIZHONTE
SDBERZENTWVARHOD, TV DU TitE3BE~VHES
EEBATZZILREIRETHY, EFEREBEFLHEATEL LI
EVEVWORBERTHS.

I, TOMOEXHERETTALLTUTOLI R bLORD B,
EHETEHOBMEEMIIL T, RELFEORWABIZBWVWTX
REWMEBIZTTINI T I7DBEL, THOEEBPREEIND &
THEFTAD O, SR ETEORAEMICLZ Y = v VHEIE
T LI &> THRARFICERBAORMMPLBEIR E R L)L THEE
Eh, ZEOEERREEINDZIEVWIETAD DR THSB.
FRUEZEIBKAEERMOET I v 7 A THBELITVHEIL,
BERAYIIv I/ AOHRTYH, MMOET I v 7 RICHNBE, HE

(a) static loading.

(b) cyclic loading.

Fig. 1-1 Grain bridging degradation model®V.



CAMREL, BEbERALLBEATEY, ZLOHWENFTOATE
TWa. BALDY, IEhl, BRLEEBIVEAEREE X
TEFEHREBRRARZITY, UToZ 2HEL WS, EhiTV
RCHMERRLDRICIV EHEREEIIES 2D, ZoMER
BEIXIE D /NS WVIZEHEICR D, £, BELEENEMNT S
IECEREREEIIEL Y, ZTOERAREIHREREEOEVER
BEEHEELRD. S0, WABBZOVWTITERE LD bERK
DIFI>NEHEREEZMESED. BFLIGFEMKIT, HHkB
JUBRER L EBEEZELSEEFIHERBRAREZITY, BADL LFAK
CHESR LDREZRD TS, £72, SREBEE IISHIEKRLE
BEBEAK & LRGN KRBRE Kn OFEORELZ T, EREED
BV CIIAK R EES RE L, EWVHEETIE Knax KEEIRE
K723, BUTVWROEFEHEREHL, SHHAANEHEZER
U= BB I KRB B AK ety & B DB HIER LRI Km, eff 1T &
STHREDLEZLNDZILREEZREL TS, FRELOL&H
ERABRZITY, WERELDRCIVEREESMET L > L %
HELTWS. Choi*™iE, Kmax LAK OREEBETH L, ERE
BEELZNEXRATRTILNTEEZ L, AK DRD D IZEHE
BOXBHE2EZRB LIZAKy ZHVD L, Knax E—ESFRHETTRLON
IR HRBONREZHATELZIZLREEZHRELTVD.

UED X5z, BlLITVWROEFZREREHOZORFT AL =
XA EELLDHERNREBLNTETNALOD, T bDHFFRITIE
LAY —ERBHRETIERNTALOTHS. LrLedb, EHBIC
AT AHERLT LLHEEESA—ELRDZ i, WER
ECEHHENLEHTAIHENSEV. Lo T, BERAEMORK
HEITHOHAPREMOTMEIT > HEITIE, BMICEREATWTIN
FEBHETOEY XHEBXHLZIER L TR I LEBBERAR
Thd.

Ritchie &' 3 M mAHEER I A= =T, SiC v 1 AN B
FALIFBLIVELTOEINCOVTEHE—BEBLME-F 2 BRE



BRMETOERXHEREBICOVWTHARNTWVS., Pra=7 Tk
BUNALFEPOEVANARE~ORELZE %, —ROLIUER
HEOBENEL, TOBRBLAAHEOEFREBIZETSET
el lEREBEEIIENTS. £/, EVUHEMLLFLL
WE~OWELHRITIE, SVALVFHECRBT2EFREOEEIC
RAODET—RBELRMEPEL, HEBICL 2@ RE~VWEREZ TV
Na=T CTORMEEBROBENLEIL, €BMEOZNICEHLT
BHLDTHDBIZEEREL TS, £, U4 RIDOT YT
Lo TESNVHREZAELDSICY A ABEET VIS TIEZDOL
FRBEITEIRVWI L, BATVRIZBWTRFTELESOEEN
RoNBNWI EEHRELTWS. —F, Choi b* 9% &ZiTWEL A
W, BE-BBLUAE - EK2BEHWHETOREF R EREEICO
WTHARTWS. FORKE, Ritchie 5B B IR - =ELTVE
DERERZHLIIRDRDLIFEREZAREL TEY, Ritchie bR T2
ol Pna=TNe B ARBRERECEBRMBICRAEONDE HDOLH
BiZ, BVAAVREIPOELVAWE~ORELHH, —RFHEICE
BEEOMENAEL, BVAARMENLEVARILFTE~DHELE
LV ERBREEOEBENRRBDONIZLEHEL TS, 2D LD
CEBHETOREY SR EREBICHTIHRIITLOATVE LD
D, FOoILRW., T, BIETWRZHAWVWEBRIZBWTHE
BREoTRROTFBENRENRTVA I, FEWETOEH
EREFHIZOVWTIRIZEALFALLZINTVRVWOREKRTH S,
FZCABE TR, i, REBSERAMEL LTHROERLLOE
ATVWBRENTVWEZERY B, —EREFERRELIVCEBNE
KRBTV, BEFXREREHEFDL L BIT, SHKHEAALED
COVWTRNEMLS. £k, BEFVRLELIE) ROEAHER
EITIVvIAROWTHEFEHEREDHLEHFADL. ZhoORR
DL, EBHETOXHEREZH LALLM TIILZEN LTS,

ABRLIZ 6 BEHRLR-TRY, B1EIHRTDHY, FHRAD



BRIIZOWTIRRS,

FB2ETHE, AMATCHVIEFSREERBEBRS L O &R
FOXEOBEEFEERS, RICAKBIXTHWIWEHFE T A —
A THDIRNIERFRKOEREL EREBREEOH T & FTMiE
IZ2W T3,

BIETIE, BHTVWERO—FEREBENETERBIIEDEHER
EZHEPAOLNCTH7D, mH—TERR, BRISHATERIZEE Knax
—ERBRBI OIS HIERBEHEEHAL —ERRE2TOE L b, &
HEAODZEHIIONWTHARNDS. Ibic, —EBRBHWETOXRE
BEEOCEBEIZOVWTHRETS.

FBA4ETE, EBHUITVWROLBWETO IR ERETHZHL
THREYD, BRAWERR, K-8, A E2BREHWERRS LV
2 BRBRERLEHERRZITY, SREBEZEHIREIIWELHO
FEIZOVWTHN, EEHNETOIREREEDOHEEII OV TR
5.

ESETIE, BEITVWRLELEII>ROEEGEREIIvIRAD
—EREWETELICLEHRNE FTOES X HEREHIZOVTH,
XZBEBANEBICOVTHRETS.

EOERIRHRTHY, AMAETHONEHREZELDD.
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B2 RISREERABREBLLIOCRRBRFE

AKETIE, 7D, EFRBREE, REEEa TS5 7
ABEVC I ERESBIVEHBEEOEHORESE, A2 o
AV a—FErHVWE—EREBRLIVCEBRETOMRE —-B| &L
EXAT IV VYRAOHBZRYE, EFEHREBRRRBRIIBITIIRBRFESK
WCOWTIHRRS., RIZ, KX THWABEHERAT A —X2ThH 5
JENIERBE K OBHEL SR ERKEEOHEEICOVWTHERS,

21 BEFRBEEBBILIVOESRBREBSHIHE K
AKIFFRTIE, FRE1960N D CTRBRAF BN EEBEKSHMEY —REY

BRREZHVE., EXRMEY—FEFRARBIZ, =X VX RELEKE
ELTHE, EFEZEEALE LTERELZAY, GIEEENELL
ETSNTWVWEIILE2HERTIEDOHERL LT, BREDT F
nBREBEEALTNS. ZO0=ZFE2 70— AL —FIZ/mARL,
BEEELAEENELLRD I ICBET b THY, HER
BEET I/ Faxz—FIROIMTONEY—RANVTIEETB L
WE>2T, WET7 7 F2az—FIlHATAIEROE®RS VZHE
EFRIBELT, 77Faxz—FDOERMruy FIEEEBSH 252 C

Table 2-1 Hydraulic source specifications.

Maximum pressure 21 (MPa)
Maximmum flow 106 (4/min)
Electric input 220 (V)

power 45 (kW)
Hydraulic fluid DTE24

Variable displacement type axial piston pump

Pump
Hydraulic balancer type vane pump

Motor Three phase induction motor
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MEZELEIEILDOTHS. AMETCAVEHMEE 4%
Table 2-11Z, WERK 7 o v 7 B K % Fig. 2-112 7T,

ABEEBIZBOTIE, SAVTAAZEEDOY Y —T LT
Lo THERBOEARBEEZBRELTBY, OB /My M
HEDVFa— VI RNV TRZEIVEEEZTS FEFHVTVS.,
AARIEEIIFig. 2-19 0 ACT V X8 Sh, FAHRYVFa—

VIR TICEY 49MPa WEHIE SR TWVWS.

VT a—v v I\

TET I Faz—FOBIZIETFa— AL —#F N210-5D ((BF)H &
TXa—bb—F8Y)2RT, MEERIPLOEHBORE B L OF %

2BV T

W3,

77 F ax—F O ETable 2-218, 7V —FR L7 ((B)H
A b— 7 BOYO LR % Table 2-3127R7 .

= Stop Valve R\‘;g'l"gng , >|Accumulator|>] ACTV |
IG ressure Oil Pressure
auge Gauge
Stop Valve R\?gl‘\‘l‘gng , > Accumulator>{ ACT II |—
Reducing Oil Pressure
Valve Gauge
Stop Valve R\?gl‘\‘g“g T—>|Accumulator{>{ ACTI [—
Oil Pressure
Gauge
Oil Pressure Stop Valve |—>{ Reducing { Accumulatorf->{ ACT 11l
Gauge Valve ] i
Oil Pressure
Gauge
ngll\‘gng —— Stop Valve[->]Accumulator|>{ ACT IV |—
Qil Pressure
Gauge

Line Filter

Relief Valve

Fig. 2-1

Qil Tank|

Line Filter Radiator

Block diagram of oil pressure circuit.
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Table 2-2 Actuater specifications.

Effective stroke 14 (mm)

Inside diameter of cylinder 32 (mm¢)

Outside diameter of piston rod 12.7 (mm¢)

Effective section area of piston 680 (mm?)

Table 2-3 Servo valve specifications.

Type No. JO30-105A
Rated current 5.0 (mA)

Rated flow 6.4 (//min)
Coil resistance 1000 (Q/coil)

SRER A AT B O AERS & Fig. 2-212, RBREBENE 2 Fig. 2-3I27

3. Fig. 2-20u— FEVGTHEBREICL, EToJ L EXIZTESS
FamotiFEERT oA LEEZET WS, £, ETI7 UL
EAOBRYAFiFicE, ETOUVEROPLEE —FIEAERET
g7 LvEREr—FEAKEEL, VXbMray FIZERYFITZ
MBARy PEEMHEEICLY EHSE, Ay bP2AKTHMELEK
MEASETHHTYRAZLERYy PR LAABRGHR TS Z
T, TEZLVEREZEETAIEICLI»TH#iEbLEEITo/Z. &
ORER, RBRAOHEABIIBVWIEHEIDOEL, RBRYM b 2@
CTCIREAEERLIBDEELR-TWS.
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120
‘ RN
L )
i 1
Load cell” | i< HJ
. BN B
Specimen &l Reliefspring ]
\ fffff @: for bending Hid
Wood meta{ 1—‘—f ?eam T
ANE P
Melting pot\\
_3_ _49_

2 ]

Actuator

Fig. 2-2 Mounting position outline of test specimen.
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Fig. 2-3 Testing machine apparatus.

YT I v ADOESEEIE, RBRESICAZSEEShZ LN
HEINTVWED)Y., KFRTIE, RRBECLIIEELHKBRIL
DT, T _XTORRLZFig. 23 RT T 27 IV AREAVWCTHRELE
— EBRERT T, RBREBOBRERNESICIE, Y ar X
Ry —hMEAML, BBAEZE D . RERHIETable 2-41Z
HEEZP TR TREZRBEBEB(BR) Y N1 =2y 7HEHZH L
TITV, P OREE 2521°C, HABE 60+5%ICRom. HEEZE
K[BLAREEE O SEB 2 Fig. 2-4IZ7- 7.



Table 2-4 Precision air supply unit specifications.

15

Type No.

CAU-211

Specifications

Temperature range

+10~+70 (°C)

Humidity range

45~95 (%RH)

Freezing capacity

400 (kcal/h)

Heating capacity

1720 (kcal/h)

Maximum air volume

5 (m’/min)

Dry bulb temperature

regulator

Control action

Time propotional control action

Detecting terminal

Thermocouple

Wet bulb temperature

regulator

Control action

Time propotional control action

Detecting terminal

Thermocouple

Fig. 2-4 Precision air supply unit apparatus.
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RERKEL X OEONE Z £ VE RFig. 2-58 X Fig. 2-6l25R
HMEHBHESI~A7narPa—FICEESNRTZ DA BHE,
b A X ¥, Fig. 2-50 SIGNAL SFICAATEINTWE. ZOfFE
PHIEBRCTHEBELEZEY RV TRAHALTWS. BROREFIC
X, Y—ARXANTANEFEZLREIEDIZDRFI 7 bodivy OP
Try7ERHWVWTWE., FEV—RAAVTORTS— L3 HBIZEES
¥ 572 HIZ 300Hz /MEIE® DITHER 5% A L TW3. Fig. 2-5
® LOAD #FB L DISP WFIZiE7 4 — R I EEBALENSD. &
MNHEIEIZRBRA RGO LRICITo. BEFEHERBRBRIIFWES M
TiT>TEBY, REFIIDISPHTOTFA % 0TKY, BT 4
— Ry Z7BERATINBRNEIZ L.

SIGNAL

-

5

. A 20k
8 ly/ A

DITHER 51k 0.1y 10k
o— MY it

Y
= 1K
v d% N SERVO
— 10k VALVE

3 %/ N —W %‘ >
i ¥ =
4
~15V 2 3 .
LOAD 51k A
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Fig. 2-6 Control circuit apparatus.
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Fig. 2-7 Load-differential displacement hysteresis loops.
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Fig. 2-9 Shape of load cell and position of strain gages.
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Fig. 2-10 Bridge circuit to detect load.
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Fig. 2-13 Position of strain gages.
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Fig. 2-14 Bridge circuit to detect displacement.
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Fig. 2-15 DC amplifier to detect load.
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Fig. 2-16 DC amplifier to detect displacement.
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Fig. 2-18 =£12V constant voltage power supply circuit.
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Fig. 2-19 Calibration curve.
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Fig. 2-20 Fatigue crack growth curve.
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Fig. 2-22 Personal computer apparatus.
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Table 2-5 Personal computer specifications.

Type No. PC-9801DA2
CPU 80386
CLOCK 20 (MHz)
User’s memory 1.6(Mbyte)
Text VRAM 12 (Kbyte)
Graphic VRAM 256 (Kbyte)

Table 2-6 A/D, D/A converter specifications.

Type No. ADA12-8/2 (98)

Operation rate 12 (usec)

Resolving power 12 (bit)

A/D specifications | Number of input levels 4/8 (ch)
Input level 10 (V)

Input impedance 10 (MQ)

Operation rate 3 (usec)

g s Resolving power 12 (bit

D/A specifications Number of o%xtgut levels 2 ((ch))
Output level 10 (V)

232 WEEFOREBIVFHE -—BIEEMEL ATV Y XDKFRF
MEFBEOREIUTIRTIOICITo. —EREFERR T
X, AREOF—F %2 1EHZD 4005E Tl T AEHRKICEH
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RAEYDbFHAHAHL, DAZBBFLBLTHAT L. BRLEE
EZATERBDIAIVITRBERBILTEETAILENTES,
T, FHFERR T, EHFERF 1 7oy JICEENDIEE
WK TAREEDERRIKZEOENEN 1 VA4 7 L5 400 2D
T2 EORERZAE) LICREBLTEL. EROHBEH SOV
A INVEEHAL, BREEF T LHBREEPOBRERET L IICL
. £72, ERXAT UV VRIF AD EHEZBLTIHEGFLIIER
MEEEWRYVRALZ LIV AEY EIZBEESHh, BERBICA—F
TARIT RTALTIHRBEEND., FVFLI)AXEBRETHEHBHT
ERXRTFYTRAOT—FIE, MHEEELETMEL TERYALZ &N
e Lo TW5A,
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Table 3-1 Mechanical properties of material.
Material Bending Fracture Young's Vickers Density
strength | toughness| modulus hardness
(MPa) | (MPam') | (GPa) (GPa) (Mg/m))
Si3N4 900 6.0 320 15.0 3.23
2-49% %8
0.8
60 \J | o] o |-
i A A %
I _%E =—1 9 - 8@
{} A-A
B (Chevron-notch)
10 9
36
45

Fig. 3-1

Specimen configuration and dimensions (mm).
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3.3 RBRF®E
—ERBEHERRIL, IWHE—TE, Knax E—EB L AK E—F
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HTHo%., BRETVWROEFIHEREZDIL, BELEEOER
S35 RBESHTVAEY 90T, AR TIRBRITTST
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3.4 RBRER
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Fig. 3-2 Fatigue crack growth curve.
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ORERT —# (WFKEH) X, EHEX 10.9~13.9mm D& TIT
272 Pmax=1420N ORBRT —Z (RHBMH) ICEZR->TEY, AR
EfToBME CREIBEREECRETEHESOEEIRNEE
zbhd. £, 91 Kmax % Kmax,i=4.66MPam'? & U7 R=0.1 @
Kmax BERBRORBRER L, BRI5RBF TIT o7 Pmax=1420N O
JEHEE—EFRBROT — & LT A THEL7E Kmar= 4.53~4.66MPam?
DHEFHTER->TEY, EHICBVWTIERBABOELIZLALE
WHorLtEXLND. 72, R=01 BT A 2RERO FTRAE HE
REE#IZ, # 3.8MPam'? TH o 7.
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Fig. 3-3 Relationship between da/dn and Kmax (R=0.1).
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Fig. 3-4iZit NNt —ERE, KnaxE—ERBRE L OCAKE—ERR
D daldn-Kmax 4% %, Fig. 3-5iZ da/dn-AK BAI% % RT .

S D e—ERBRIZBIT B daldn-Kmax BER1Z, THENDIEHHI
BOTHMERR ETEE—A0ERTEEN, ZhbikrA Tl
PT5E, CBLXO mDIEIXTable 3-2IZ T L H72 5.

@=C-Kmaxm 3-1)

Table 3-2IZ/R L7 & 912, R=0.1, 0.3, 0.5 COEE miX, ThE
23.4, 246, 251 Lo TEY, WHROGEBMEDOBE, m=2~4
THHOIZH LT, AMETRIEFTCRERMELR>TWDS. £,
RN EWEE, TROBIENRERKREWVIZE, F— Knax {B

-6

10

o Constant amplitude
2 L /
3 O R=0.1 !
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Fig. 3-4 Relationship between da/dn and Kmax.
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Table 3-2 Coefficient of Eq. (3-1).

Stress ratio C m
0.1 1.57x107% 23.4
0.3 1.83x10% 24.6
0.5 3.44x1072¢ 25.1

Table 3-3 Exponent m.

Stress ratio da/dn<10*m/cycle | da/dn>103m/cycle
0.1 23.4 25.0
0.3 23.3 26.2
0.5 22.7 31.0

T AEHERFEIELS 2o TRV, BHTVWEOXRERE
EOBAKRERICET A thoBRED D P —FKL TS, 22T,
R=05 ORBRERLHEMICTR B L, dadn=10m/cycle fiF T
daldn-Kmax BARIZHNE R Y BB O LN SE. £ T, daldn=10"
m/cycle & ¥ BWEEEE E BWERICZ T T, XG-DIC X388 %1T -
7oL A, Fig. 3-4OHB TR UKL 51222 Y, daldn-Kmax BAFR D
Emll, EHREBFEOHEVWEEE X UOEBVWERT, ThXh 31.0
BXO2.7 Lol FERIZ R=0.1 BX V0.3 OIS HE—ERBRIC
BOWTHLEHEREEOHEWERE BEVWEERIIS T T, mEKDT-.
FORREF LD TTable 3-31I27 7. EREBEE OB VEK T,
AR E ST mIZBERCEERSTVEIHLOD, EREEDE
WEIR TIE, R AR REWVIEE mIZRKEL R2TWVBE. 207D,
ERBEEDOBWEE, 7205 Knax [EN/NE WEIR TS KR
HRBEZETHY, SALBNEVIZEER— Knax HIZRT 5 X HER
HEZEIRAD, XHUEREEOEVEIR, 77205 Knax K
EVVEIR T, Kmax DEEINCE 2o USTHREFEREEDS L, &
A IO TEREE X —BITHEMER L. Z2OZ & LY, Knax
BER/NEWVIEE, ISHBRBOEENRBSRD5I LB OND.
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F72, Fig. 3-5& 0, AKOEMIE LR TEREBREENEL 22
STWVWABZ RN, EHIT, Kmax E—EAK BB O BN
FHFE=ZAANLY, KnaxfE—EXHETIZBWT, AK OHEMICEH
RoTERHREBEENHEL Z2-oTRY, *HEREEIIENRIED
HEBEZT, Knax BT T—BHICRET DI LN TERNVWI &M D
5. LU, daldn-AK BERIZB W TS LE—ERBRICBITBIEH
KR MY, daldn-Kmax BIRICH_NBEEICR->TRY, SHERE
EIXAK I, Kmax ICRSIEFLTVWEZ X b23d. £z, R=0.1
DS —ERBR T Kmar=4.8MPam'? D L &, XHEBFEIIB &
% 1.23x10%m/cycle TH Y, Kmax [E—ERBRICB VT R=0.1 D & ¥,
XBIEREEITB X F 1.74x10%m/cycle Tho7-. TDO X HITEFD
BEIHHHOD, BRRFEDPERR> TV THLRWERENIR—TH
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% . Constant amplitude
>
o O R=0.1
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‘10 1 L ] 1
10
1 2 3 4 5 6
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Fig. 3-5 Relationship between da/dn and AK.
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NIZFIERCERBEEZRLTCWVA. FERIZ, R=0.3BXT0.5 DIk
H—ERBR T Kmax=4.8MPam'? D L X DERBHEE &, Kmax [E—F
RBRIZCBITDR03BIVOSOLEOEREEIZOVWTYH, ENE
NIFEFRCERBEE LR TWVWEIEEZERBLTWAS. LR - T,
—EREENETOXREREE L, RBREFEIRER2-oTNTYH, K
KIGHIERBEEIEHERRA L THIE, EREEIXIFERCICA
DT EMBHEALE.
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35 THREERFZHOMENHBE

AR D & R O SEM BLEF % Fig. 3-612 R 7. X8 3ERR R
FERTOIEDEHLTEY, IYBREAITCRLELIICEXEET
HZBWTHEDOLNHE, Wbydfryd—uyFr IRBEES
Nz, —RIZ, TOXIBRAF—uvX L T2ELB3ETIvy
AT, AVF—uyX U LB E~VHESEL 2L A®ED
ShTBY, ERERVERTIIEAIEKRBE Kip 13, > —1T 4
VIR I DESNVIENERBER K EBRL, RXTREah 5.

Ktip = Kmax - Ks (3-2)

TIT, BMELWESARMINDG L, R4 7D F—n
YRV ITHTIE, MEBMFMIZTRYVBEL, frF¥F—uayx
ERILTWAHEERIIRLICERE, BEIShY—ALT 41V IIHE
PIETTS. LERST, KmaxfBER—ETHo THOWEOKBELIC
EHRoT Keip IIEML, BEFCILIIFMAEKFROZHEREZRE
ETBELVIETAIRREENLTVWS. 22T, A0SR Y
A JHITER ISV EF—ma X TOBRIRLHTE leycle ¥ O
EB A EMICTFH 2. Fig. 3-71C SEM B B2ORREZTT. 2ROH
821X, WEAEFLZRETIT>TEY, Fig. 3-7 (a), (b), )P
BHEIXIZNEhH 1600, 700, 160N THD. =, BEEITo L
EDOEFRHEI1T10.5mm TH Y, BIEIITE HKEWETH 40um (2
BEniA v EF—ayXx T8 THD. IFATRLEZHORD
BiX, T L% 03um, (b)TiX 0.13um, (¢)THX 0.07um & HE
BDINEL RBIZ2NT/HELRoTWD. £, P B TRLEEL
THREOEMEIL, REFEOKR, MILLTFHEML TS, 20O
b, BB CRLEZHETEONAEWVEHORESK TIL,
BELHENATENDIZLICE-T, T ROIBELCTVE EERX
ohb.

Fig. 3-88 & U'Fig. 3-912, BHWE I L OEHHKEDOREL 2.
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FTHEBLOFHOBEL QICHRABRENIENTH D, BWBEEIZIT
Fg35@@Af%én5;5&&$nmmﬁﬁ%%3?%én5;
DREREBDRIELTEHBLHBEEIND. £, HEREPER
mOKTEDLREZHOBRIL, EFEICHBRTHS. Zhic L TR
TR TiX, Fig. 3-8D A TRT X ICHERBBLIZIAAZHOEER E 2
S>TEY, BRAPEWZZITIEDbIN, BELTWLZ XD
725, UEOZHRBERBIUBREBEND, BRLFENAK L
HEicky, ¥HETHEHOBEMOT VI EbLREIZELST, A4
—uy X TER, BBRNELDI I LBRbhoTk.
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Interlocking

(a) P=1600N Sum

Interlocking

(b) P=700N S5um

Interlocking

(c) P=160N Spm

Fig. 3-7 SEM photographs of interlocking (¢=10.5mm).
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Fig. 3-8 SEM photograph of fatigue fracture surface.

2pum
g

Fig. 3-9 SEM photograph of static fracture surface.
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WIZ, EREBRFEBOBELIT O I-HIZ, R=0.1, Kmax=4.65 MPam'"
D—ERBEHETCTEZHE 108mm TTERBIE%, BRXWET
DEHBRKOBELY, BIY A 7 VOREHELZLI2fFo. =&
& 0=108mm O L &, ERNICHE L -EHERBEE I
daldn=8.7x10"m/cycle T > T=. BE X 1T > 7= X LRI O x BL 5 15T
FBOHREZIRY B LbDEFig 3-1012"3. b, ¥ZIF[VWHETHE
SNTEY, BREFEREHBEZRLTWVWS., £, @256W@ET
DEEZTIOCHOIEIVATLEHEORELEbEAENARL T

@D BM)ETORM, FEZ 115cycle BIR L7ZIZb b b,

THOEBEIBODONTEZELTCWE., LirL, 0N DBE)~D
25cycle DHERELICL - TERHIIBLZ l6umER L TS, X

(2, (©)D 100cycle # DBEFREREZ (IR L TWDE R, H-h & sl
DEBIEIBDONR LTz, Z0X5iC, RBRARETHESNS
XZX, BELFE leycle T LICHERT 2O TR, BEELEER
PR LR OERT S, WhOBTEGHRRL 25 I LNBES
N7z, ZZ CHEEXIT-> 72 240cycle DFRFEEE LIZx LT, 16um @
FHERNORATNREIEEREELZEHT B L, 6.7x10%m/cycle
b, ERMICHELZEREEICHS, EFICKELZoTH
B, ZiE, @QUATBET@UBO X HRBRBEEEZTo T\
ERXHEEZRBLEREBTERHBRROBREAZToTCD L, 56

CABRRFEEORFTN R EHERABE L LICLD2DITAEL
FHETHDLEZEZLND.

IOLOICRETMICRS L, AMB TR EROERIITERE TH
L. LLads, il L ) CERMICHIE L 2 RERET
TEEICEBRL TV L BRI SN, Zhid, EHBROBE
BHEERE L-RETT-TRY, HERFCLIPDENHET
HE, RBAREOLZBELTWVE72D, HFLLERABRANIET

XTWEREHLZEL VD EFWVLIRY. —F, BIfi TR
Wt a L PS4 TV RAEERVWE—ERBRE TO X HKERET
DEEZ, RBRAFEEROEXGFHEZRBRAREF A EHL SN IHR
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THY, EHICHERMBEL 80um BE & HBEMNEWVER THIE LT
Wi, BERERZLTWVALSICBAShEZbDEEZ DN
5. LENR->T, AMEOEZRHERIIFAVICEREREREEEL T
500, ERMICRESEE, RBRASEOEGHZEHLL LD

LY, REREREBEHL RLLbDLEEILNS.

UEDZ ehh, SHEBZHZRATTIH5E, SHRBRROBE
DAHTIIRBAL2EOEHLHADLLIIRETHY, XAERE
BAEENICTMETs 2 L3 TEnied, EHBHARNEHIER
MiICElETAZ & e Lz,
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115 cycles (a) fum

25 cycles (b)

100 cycles

(d)
Fig. 3-10 SEM photographs of crack path near crack tip

(a=10.8mm, Kmax=4.65MPam'?).
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3.6 XXEMANZEH

ERMICHE L ER®HBAORSNIEREE Kop & Knax 38 X VAK T
B L7 b D% FNENFig 3-118 £ OFig. 3-121Z77 3. Fig. 3-11iZ
BWT, Kop-Kmax BRIZIEIHLDEXHDbD0D, JEHLE—ERROD
HWRELARDLE, B— Knmax BIZXT 5 Koptd, AP/ WNIEE
B RoTWD., ZhiE, Kmax BEXRIC TH-> THRNIRIBEAKRE
WIEE, WEBRERLIZEASM VZ—ayF o 7HOTRY B REL
Y, AU EF—ayX U TOBRE, BEBREINTETEDLEEZD
5. - Kopld, RI—D Kmax BEI TR 2 ABBRT —F 2T
HEM—E LT\,

Fig. 3-110 AHI TR TAKE—ERRIZBWVT, Kmax DML B
R Kopld EH L TW3. iz LT, Fig. 3-12O VEI TR Kmax
E—ERRIZBWTIX, AKOHEMZLZR>T, KpMETLTW

8
C 7 | Constant amplitude
"8 6t O R=0.1 v Kmax=const.(4.80MPan4/2)
©
= 5| A R03 A AK=const(2.5MPam'")
iz ~ O R=05
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1 L 1 1
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Maximum stress intensity factor
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Fig. 3-11 Relationship between Kop and Kmax.
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5. ZDZ LD, Kmax DX Kop & EH X F, AK OHEMIX Kop
ZETIVHDZZERNDND. 20719, HAk—ERBRTIX, Kmnax
DML D Kop D ER EAK DEEMIZ LD Kop DIETORE N4 U
TWBEEXLNS. ThThOEAE—ERRICBNT, R %
To7 Kmax [ EQOEHIIF L TH D72, Kmax 1T X5 Kop O EFIZ
RMUBELELCTVWDEEIDLONSD, AKOHBERKEIERD, B
TR BB /NS R=0.1 TiE, AK DEIMIZ L D Kop DIETEIZE b
K&EL, R=0.5 TIZAK ODHEMIZ X 5 Kop DIETERIZ/NESLR2B. %
D7z®, Kmax L AK OWE DEBERZT 251t —ERER TIX, Kmax
D/HZWVERTIE, Kop KBTI HRBEGMOEIZX/NESL, Knax O
REWEE T, RBEGHOERRELS BT bDEEZDNS.

F, Kmax E—EEBTIZBITAAK OEMIZE H 729 Kop DIET
fEm &, BRI D daldn-AK BBFR TR ONTZ Kmax —EFRBTICBIT S

8
o 7  Constant amplitude
"8' 6 O R=0.1 v Kmax=const.(4.80MParr1/2)
Y
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Stress intensity factor range
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Fig. 3-12 Relationship between Kop and AK.



59

AK DEMIZE bR ZHEREEDO LHAEMA—HLTVWDS. Z0D
TEDNL, Kp DIETHEREBEFOKRTO-RTHDLILZEZXDN
5.

ZIZT, ERMICHEIE L -ERERDEHEZERTEZ 580N
R BRERFHAK I LD EHEREEOEBE LR AT, Fig. 3-131
daldn-AKeff BfR %277 . ERBREMHHCTEIRERBRICKE REN
BOLN, KOEBRBMEIEIIRRY, AKeffOALTIIEREREE
PEECTERWI ERNbMNS. LML, da/dn-AK BBRIZHERD L,
RS HARFEEIZNELL o TWA I b, *HWEREEITAKICH
RB L, AKeffiZEBFE L TWAHZ LB ONnD.

| Constant amplitude

O R=0.1 §
o1 A Rr=03 ] o O
107} Eﬂ o

, m/cycle

O R=0.5
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S ﬁ
o \ \

-8 |
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©
| S
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2 107°}
é v Kmax=const.(4.80MParr1\/2)
5 A AK=const.(2.5MPam1l2)
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Effective stress intensity factor range
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Fig. 3-13 Relationship between da/dn and AKeff.
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3.7 HMISHIERFEEEZRAVWEERHEREEOEH

I CIX, BERMRBEE S H T 2 —F (Kmax, AK B £ FAKeMHIT
FHEAUEREEODEELZRATL. TORKE, T HERBEEIL, Knax
WHbo bt bMAEBETIHLOD, —EMIZRIBRESNT, AK BX
CAKeff ICHIERBETHZEBHALNIR -7, 2T, Hojo I
FRP DX ZEREE OFFM O - D IZIRE U 7 S5 195 K 4R S B
AKeq BT Iy 7 AMBOZREBEEOFMICHEIST HZ &8
ENTVBEYD T, AFRICEBW T HEMS IR L s EE S
RAAT. T TAKeqld, EREBRFEE D Kmax KM L AKKFHED
HEZEZEEL, A—ERBEEICHLTIE, B—IXEEDILICESR
SINTEHLDOTHY, RATRIND.

AKeq = Kmax' AK'™ (3-3)

IIT, BEyBXUU-DIE, FNFN Knax B L OAK D& HERHE
EXHFETIEEZRLTVS. £, ERIZBWTAK DDV IT
AKeff Z FAVY, Kmax & AKeff DB E DKFHEEZZER LI EMABE RIS
KB E FHAKeffeqg IC L DEBLRAT. T 2T, AKeffeg 1T
TEEINS.

AKeff,eq = Kmax" AKeﬁ(l'Y’) (3-4)

ZIT, BEYB I OUIE, ENFN Knax B L RAKeff 25 & HitE R
EEICHFETHEHEEZRLTVDS.

REDBLUGHF Oy B IR EHEREE ITKFT L LB
BEVSNTREY, AFETIT > EBO—EREMERROKE R,
5, yBIUYE2RD, SHEBEETEHEL LD D EFig. 3-14I1T7R
T, XFERBFEENELARBIZONT, yBIOyEbiz/has< o
TW5, Ehyty23e, EREEORVERT—ETLHILO
O, FNUNDOEREERIRTIX, yDIZIDBKRERELELR->TEY,
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ZOEMITEREEOBVWERIILBEE LR TS, 22T, v8
IO EEREUT D E, ThENRUTOLS 2R3,

y=1.06 + 1.85x107 - log(da/dn) (3-5)
Y =1.20 + 4.19x1072 - log(da/dn) (3-6)

XEEREENPBVIIE, yBXOYBR/IELRoTW0WB I 0D,
ERFEOCBVEE, TROLAFHKEN/NIWIZY, ZZHERE
EORNBEETFERENLERLTNS. ERBEEINEY, T
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0.7+
oY
0.6} ®
0.5 1 | 1 4 1 [l }
1071° 107° 1078 1077 1078

Crack growth rate da/dn , m/cycle

Fig. 3-14 Relationship between y, y'and da/dn.
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LY, SHEREFEICRIZTREITAK IZHRAKeff DIF I B KXW
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KGBSBLVG-6)ZHANWT, TN ENAKeq B L AKeffeqg 2R D,
SHEREEZEHE LY O EFig. 3-158 X UFig. 3-161ZF7. #h

-6

10
% Constant amplitude
§~ O R=0.1
£ A R=03
- 107}
[0 R=05
3
K]
10°}

v Kmax=const‘(4.80MParr}/2)

A AK=const.(2.5MPam1/2)
-10 1 1 1 L

3.5 4 4.5 5 5.5 6

Crack growth rate
o
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Fig. 3-15 Relationship between da/dn and AKegq.
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Fig. 3-16 Relationship between da/dn and AKeff,eq.
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Fig. 3-17 Relationship between da/dn and AKeq (y=0.90).
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Effective equivalent stress intensity factorange
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Fig. 3-18 Relationship between da/dn and AKeff,eq (y’=0.85).
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—ERBEFETOXREREEIL, SMSNIEREEEHAKeg
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BEyBLOWWHEREBREEKEEL DY, SREREFENE
VIEY, yBIOYIINESL 2B, E, yBEIUYWE—EE LR
ELEHBACSOVWTYH, —ERBEFETOEIREREE 2 XA
THZENAETHS.
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BWENARENDE, A V¥ —ay XU T OBBN LV RESN,
XAUERBEEIMET DI ETFRHEIND.
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42 FEELEHBRERR
4.2.1 BRFERR

BARFERBRIL, ISAL R=0.1 O—EREFMET CEXHIPERS
¥, ¥HE S 0=149mm, Kmax=4.68MPam'? 12 L= & %, BRHE
FEAPH/API=1.13 L5 k52, BV _AHELZEARLE. 22T,
BWREFEOER LEIL 10, BIELEEIL f~1.6Hz & L7,

Fig. 4-1lICBRMTERRICBIT 5 EHEREE daldn & B KIS
KRB Kmax OBRZRT. IFEBIOCARIENL, EEEKRS
EAWAMBOBRLANAAFMEICBITZ2ZREBEEEZRLTVD. £
=R OERIL, R=0.1 O—EREHFAERRIZI T D da/dn-Kmax B
Thd. HF ATRLEBRWEAREROELVANALRED X HiE
BEEX, —CEREMERBROBRICHEAMELTWS Z L3bH
. XZ0%, ERHOERIZL bR THRAICMHEREIZ/ NS RD,
FSoum OXHERTEFREHEBREE~LEELE. —RICERB
METIR, BAHERSHEREEOBEZ A LI E2YZ L0830
T3, LELEMBIZRW TR, #EOEBMEIEIZIRRD,
BAHEAMIZREREEOMELS I EEZ T LA LE.
BRMEEN 1.13 LHEH/NEVIZL22b5 T, BRXWEAMNE
BIZH2EOMERELTWSD. Zhid 3 ETRLTZ da/dn-Kmax 8
GO m s 234 LEBECKREREICRoTWB D, DFMRH
BELHTH-oTH, SHEEBEHPREIELLELDOTHY, &
Sy ARBEBMELTCHEATIHE, WEEHORRIZIOW
THLBEETIVERDLDIILETRRLTNS.
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% Multiple peak overloading
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5
o) @ Constant amplitude
=
S O After overload
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10°° : -

4.5 4.7 49 5.1

Maximum stress intensity factor

172
Kmax , MPam

Fig. 4-1 Fatigue crack growth behavior under multiple peak

overloading.
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Fig. 4-2IC E R OIS IIERBRE Kop & Kmax DEURZRT. M,
WRMEARMABOBELV_RARELBITS Kp 2ZThFhEB IO
BAIEITRLTWDS. Kop lTIBRREAR%, B EAMIMNT LA
—HERTL72%, SRERBIZL LR THRAICEF LT EHAN
Ao, ZOXSICHERFEAFITE LV XAFE CTOERMICH
EINDERADFDOEKETE25&REIT. ZHIIBRTESARS
N5 LXKy, TRUAIOEVRAFE TR INZA V¥ —1
XV ITEHOBBRRMEESh, f ¥ —nyF LB YT
AVTHREBNELL B EEBELOND. ZOXI R BRAREA
FIZ LD Kop DETHR & ATE L7z & REREE OMEME RS —2
LTWbHZehb, SHREAAODEBLZER LIFDG HIERERES
FAKeff IC L D EREEDOEEEZRAALT.

2.5

Multiple peak overloading

f =16Hz
R =01

%o
@0000 ° o

O
O

g
w

N
—

: 112
Kop , MPam
~ ©

Crack opening stress intensity factor

1.5 @ Constant amplitude
O After overload
1.3 L L
4.5 4.7 4.9 5.1
Maximum stress intensity factor
Kmax , MPam’”

Fig. 4-2 Variation of Kop under multiple peak overloading.
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SHREBEFEDEIT/ NI BR-oTEY, BRANEAFK O XZERE
EEOBBIZIIERHAPOEHEERET I LNEDTHDELEL
bhd. LLRys, —ERENETOXHEREEICHL T,
WANEAWNEROIHEREEIIN 14 BTmMELTEY,
daldn-Kmax BERICH AT, ZBIXNEL 2o T0E 00— L T
BOT, AKef DHTiE, BAWEAMICL S EHEREEOMNE %
EEHICTHET A LIITERVL S TH B,

1
~J

10
% Multiple peak overloading
3 f =16Hz
= R =0.1

o)
< O
RS]
: :ad
8 _

10" 1 (o)
) o
o o
<
3
o
(o))
X @® Constant amplitude
©
et Aft load
5 O After overloa

10 : :

2 25 3 3.5

Effective stress intensity factor range

AKeff ., MPam'?

Fig. 4-3 Relationship between da/dn and AKeff

under multiple peak overloading.
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B, EREMOMEANBELITI > L& L.

R=0.1, Kmax=4.65MPam'? CX &% 4=10.8mm £ THRE & ¥ /%,
IR L7-BRWERREF CBRKTELAPH/API=1.13 L7225 551
BUVSATEZAF L. SRBEROBLEIX, Fig 440EBATERL
UV OREICKRFE LR TITo 7. Fig. 4-5ITEB L UOH L
NAMEEOBICERMETRFLERBOBERRZRT. 0
EERBLOBVANTEORBEREIL, TNEN Pimax=1410N B &
O Pimax=1570N T 5. SEM EEFORAKHIL, BE%ZToTt L &
DEREBRERLTVD. £, BV UVHEARNEROEL L
WMETOBER%E Point 0L L, ZOBDOBELULHED 1, 2, 3,
5,7, 9, 10cycle B#ZNn N Point Hi 1, 2, 3, 5, 7, 9, 10 &
L, SHIEVAAMEARNBOELALGED 1, 50, 125, 150,
250cycle B # X Fh Point Low 1, 50, 125, 150, 250 & EM&

Hi1 Hi2 Hi9 Hi10
PHmax A Low 50

Low 1 Low 100
Prmax

Pmin

Fig. 4-4 Sampling point for SEM observation.
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WWERPMERTAFHEBBEINTE. ZThizd L, SLVNAHEM
CIERVANNVHE~ORELE %, KL ALHFES 125cycle BB LT
H(Point Hi 10 226 Low 125X &HOERIIER H LT, Point
Low 1257235 Low 150 DD 25cycle TEXZizB L% 10umER L,
Z D% (Point Low 150 235 Low 250)XZIEHE L TWVWADONRE
B2Ink.
BUNLVREARBEEROEZRREICNTIZHNERE S ZEH L
NATMEDERR LB CTEE LY D EFig. 4-612F7. &Ebiz, AL
NAHEAREOELAFECOTIHRHERESLELDE LD
Fig. 4-71277 7. EHBEOBENOHAILLSHERE L HERK
LBEPOEZREREEZBEHT L, BULARNET TOEYER
WEIXB L% 6.0x10°m/cycle TH Y, BAREAFNKROEL NAH
ETTOEHEREEITR L% 28x10%m/cycle L o7, FIED
daldn-Kmax BREPOLEH LEBEB I MELV XV HEO—EIRIEHE
TOXHEREEIX, ThFh 1.5x107 B LT 6.5x10°m/cycle Th
5. ERBEEOBENORODETHEREE L —ERE\EWERROD
daldn-Kmax BBPOLEH L EEREELIEA~D L, BRI ELA
NHETCOEREEIIREBENORDLLOOERHEL, £h
FRBLZAOBIR43FELE R, FIBOBRXWMERROBR.
b, BAMEANEBEOXTREREEIIN 2 FTMEENRD Z L &R
RTEBY, BREESLORODEMERE LERPDCRHE L -ERE
EOMEREX—HET, BREZNLOROTMEREDIZ I K
ELRoTWV3B. ZDEHIC, BEBENLOLRDEBLDOBPRELR
S0, ERABRKROBEIFERERETIT o120, HEZK
BLEZ L 2RHEKFROZHERPELC-ARELRDDZ L,
BREBEIRRAZFAOADORFTHLRBETHY, BELLZZIHD
FEGICERBL TS, FHERFENBREZEATEY, &
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Relationship between crack growth increment and number of

cycles under Hi level load.
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Relationship between crack growth increment and number of

cycles.
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422 E—&, 8 K2ELEBWERR

K-, &K 2BREHWERRIT, B 0iE A R=0.1,
K, BU_NVOEKRIEDIEKEE Knax HE2 FHEFN Kimax=4.65
MPam'?, Kumax=520MPam'? & L, ¥ Kimax E—ECXH 2 HE
SHE Kimax ICLH X8, EEHZ 2mmBEER I, B5LAE
BETCTEFRBIZR- LI LEZHERLEE, BO Knax ITETEH
52 EEoTITo. BBELEEIIX f~1.6Hz & L7-.

B—% &K 2BREGHETOIHEREELXHE ST L
T7my FL7EbD%Fig 4-81Z7R 7. P OWHBRB LI OERIZ, #
NENEBLIVELVAHELE LWV KnaxBEO— EFEEHETICE
THEHEBREEZRL TS, BLAHFENPLELIALFEA~
D Kmax ELFERICBIT2ERHEBREE L, —EREFTETOXH

)
(&)

10
Q9 Lo-Hi and Hi-Lo two-step loadings
% f =16 Hz
E 10_6 i RL=0.1
R O Low level load
o @ High level load
g 7
I i ORI -
1/2 A
) Kmax = 5.20 MPam )
® 10| g
£ _Mw Qm'o
: !
o 9| Kmax = 4.65 MPam
10
X
(8]
o
© 10
10 ——

10 11 12 13 14 16 16
Cracklength a ,mm

Fig. 4-8 Fatigue crack growth behavior under Low-Hi and Hi-Low

two-step loadings.
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EREELIZIZEFUEE L 2-oTEY, BEMRSEIRDLNE
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ETF—F13, TORDODEEREHREREEICHARZ L, ETFmViE
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LEBROXHEREE LDAIETERP- D, WELBEZOD
BESBFITIRETER o7, LELLAERDL, BLRAMENLIE
VRNV E~NDRELEBBROEREFEOMENIBDO LN TEY, T
EXSRRBLZ 230um OEXHERET, BLAHETOEREEIC
HELTWSZ L LY, SHEBREFEOMENE L 2 HIRIZ LR
HWekEZDONS.

UEDZ Enb, B—F 2 REBWERRICBIT 2 ERERET
i, Ritchie H5VRHE L2 R L RFC, BESEREBDONR -
Eboo, &—IK2 BESHERRICE VT, Ritchie V38 E L
TERELERY, BLAFHEPOELVAAARE~OFHEEENIC &
D EREBRFEIIMET 2 EPHBALE.

Kop DEALZEHESIZH LTIy b LEH O %Fig 4-917R 7.
M A TRIBUVAATENOELVSAVHTE~DOHELHE D Kop
X, FORDEERRBIZESEBLVAAFET TO Kop ITHAD
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4
Lo-Hi and Hi-Lo two-step loadings
f =16 Hz
RL=0.1
3t
2} z(@.
L/ \
Tt O Lowlevel load A
@ High level load
0
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Crack length a , mm

Fig. 4-9 Variation of Kop under Low-Hi

and Hi-Low two-step loadings.
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43.1 RBRFE

EELBRERRL L 2EBHEOWNERF AW 2BBELEY
HERREZITo. WEEFEFig. 41012777, £7, Fig. 4-10(a)
WRLEZEEIIEVAAVIREFEICS R EHRWELAMTL, Kna fE
B —EIWLFE 5 A=W EKF (Loading pattern 1)Z WD Z LIk D,
ISHBRBEOLE N X HEREBICRIEITEELHA-. 7, Fig
4-10b)ZRT K D RE/DISHIERFRE Knin BEE2 Z A X WEREE

NH NL

A
\

Kmax
KLmin

KHmin
0

(a) Loading pattern I

NH NL

[
|

A
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KHmax
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(b) Loading pattern II

Fig. 4-10 Repeated two-step loading patterns.
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(Loading pattern II)ZHWT, B RWEN T HERBREESICRITTEE
IZDOWTHRET L7, Fig. 4-10@B I ROOHEREF* AW T-REB L
4 D FEM & F U ZF N Table 4-18 & U'Table 4-212 779", 7235, TestI -1~
I3BXVIO-1~0-4iF, ThEnE—REBERF % HOTITY, Testl
-3, 1-4 8BEUN-3, O-5 2RA—FMHEL, ERBAFZERLEY
V= FHOELDEICOVWTHHRF L. 2 BBR LESRERRIT
T, BIELUEE ~1.6Hz TITo iz.

Table 4-1 Test condition for loading pattern 1.
m;l:j)ter (Mllf:rg 2y Ru RL % Nu : NL
Test I -1 0.5 1.25
Test I -2 4.80 0.3 0.6 1.75 1:100
Test I -3 0.1 2.25
Test I -4 1:100
Tost 1 -5 4.80 0.1 0.6 225 I10-1000

Table 4-2 Test condition for loading pattern II.

Test Krmax Kimax Kmin AKH N : NL
number | (MPam'?) | (MPam'?) | MPam'?) | “x,
TestII -1 5.00 1.084
TestII -2 5.10 1.108
Tostll 3 570 4.65 0.465 T131 1:100
TestII -4 5.30 1.155
TestII -5 1:100
o 5.20 4.65 0.465 1131 5000




89

432 KmaxfBZaFA2T-2BERLLCEIHERR
4321 WEREBLLOEE

Test I -1~3 T v&w#&rﬁ%?ﬁifm%%ﬁ@ﬁfi(gg) R
>y

WCEVEHL, EHESTERLEZD O %2Fig 4-111T5R 7.
da\" _|da da\"
(%)L —{dnx(NH+NL)—(E)HxNH}/NL (4-2)

2T, daldn 32 BB R LA BHERRICB T AV X AEREE

<HY . (?) — EIRIE ERRO da/dn-AKeq BIE M b HeE L1
H

n

1
~

10
% Repeated two-step loading
> f=1.6 Hz Kmax= 4.80 MPam'?
E RL=0.6 NH:NL=1:100
x -
= 10° |
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i) -___J____% __________________
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Fig. 4-11 Fatigue crack growth rate under loading pattern [
(Test I -1 ~ 3).
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DB, HEEZIEKTAZLICX TR 2EEFIZL, BOREZH
ELE. BESLZHORERFERTCRLTNS. BORIE, &
VRLVIBREHENATEINDILICIVETL, Z2o#%KBRLxICER
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AV IHERENTHRIC LM v —ay X UV IRBERREEShT
EorEzbND. £, TORBOABERT A0, ELAL
BEFREOHRELICE - TEHIERL, ZRERIHEITHICA
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Kopt 1 70y 7 NTOMEELE n D% %Fig. 4-131277. RF D
BIAHNL, BUVANVIRBRETD Kop 2RLTEY, RKBEBIY
AEAHIRZNAENE L VIREFREARRIRICKIT 2K L VR
BRETD Kop ZBRLTWS. £, ELVNVIREREDO —ERIE
HET TO Kop(=3.3MPam') % — B TR LTV 5S. B LULIRIE
HEANBEROHE—SELME RT Vv 2AOKRAEMERICHT i
DY RBD LRI =78, Fig. 4-130TB TRTE L ~LIBEH
BEOE/NSHIERBEOMEKLmin=2 88MPam' )iz 7 v F Lz, &
VARVIRIBTE T TO Kop i3, ERIOEKLVIVIRIBRTE T D Kop I
R, RECETLTWS., iz, BV VIREREARNER 0K
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01 2 6 121 31 41 61 81 100

Load
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Fig. 4-12 Hysteresis in one block (Test I -3).
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Fig. 4-13 Variation of Kop in one block (Test I -3).
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Fig. 4-14 Variation of Kop in one block (Test I -1~3).
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Fig. 4-15 Crack growth increment prediction ratio
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Fig. 4-17 Variation of Kop in one block (Test I -5).
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Fig. 4-18 Variation of Kop in one block (Test I -4, 5).
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Fig. 4-19 Crack growth increment prediction ratio for

loading pattern I (TestI -4, 5).
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Fig. 4-20 Fatigue crack growth rate under loading pattern II
(Test -1~4).
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Fig. 4-21  Hysteresis in one block (TestII -3).
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Fig. 4-22 Variation of Kop in one block (Test I -3).
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Fig. 4-23 Variation of Kop in one block (TestII -1~4).
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Fig. 4-24 Crack growth increment prediction ratio for

loading pattern II (TestIl-1~4).
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KBRBIO 2 BBRRLESBHERRZITY, BEFSHEREEGHLHA
N, ILIZEHEAAREEBIZOVWTORFLIMA 2.

5.2 HEEME

BB & L COR))IIF R8> SisNs-BN A BERE(CLT SNB
BRI LT 3)2 . SNB BEBAEOBREICA VWS SisNe B &
BN O JFBHEY K D %514 % Table 5-112, SNB Bk & 0 $13E )5 % % Fig.
5-11ZR7. SNB BEREDOIERIIUTO LS IC LTI, BIRE
EIZxt LT BN OEFE% 20, 30, 40mass%Bia L, S OICHERBD
FlL LT ALO3, Y203 B3 KZHML T, K& EHITAR—AVLINFT
BW—RBELEBEBEAKRZ Y —2RETDH. ZOKAT Y —%F
THEERICEALTREELZE T, &8, 5% 1800°C, 9x10°Pa
N FCEERTAEICL > TERSIN TS, BNEEEDEMRD 3
fE > SNB BEfE A DM A EE % Table 5-21Z777. BN S HFED M
&bl THITHRE, YU 7R, MECAHEREIIMETLTY
L., FhiZH LT, MEAERIBEEIX BN SFEOHEMICE L RWE
ALTW3., ZZT, TENENOMEOMHECAKEEIZX, CTRRA
FRAVTIT- - BE CARRBIC L VMELLERTHY, BIEL
AERBRICHWERBR AT, &M X 1KTHD.

Ihd 3D SNB BEREORENRFHFOKE D SEM BLEERE %
Fig. 521" T. AETHWESNB T I v 7 A0 &4 & L T, Fig.
522 3 E, 4 ETHVWEZELITWVWREC-U)OBMNIRE 2 & DY
TRLTWA. SNB20 TiX, IR LEZELLITWEEAETRONS
B-SisN4 DR (KT A)DRENROOLND P, BN 2FEIF LS
RABIZONTHRBOREZENET L, SNB40 TIIAERAEITIZEAL
oo wv., —F, BULTWREKTREELRWVWIARFBRD
BN BRI FDEAKLEEZ LRI EER(XF B)2S, BN SHEDOHEN
e o THERIRS-TWNWAHIERHERTES.
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Table 5-1 Properties of Si3N4 and BN powder.

Si3N4 BN
o/(a+B)x100 (%) 93 -
Fe (ppm) 1800 60
Impurities Al (ppm) 1500 <19
Ca (ppm) 1800 <10
Mg (ppm) <100 <10
Specific surface area (m%/g) 7 50~60
Particle size (Dso0 : um) 1.2 0.1
Si3N4 powder BN powder

| ]

Sintering aids

(Al203 and Y203 powder)

Milling
v

Slurry control

v

Slipcasting (Plaster mould)

v
Drying

v

Binder removal

v

Sintering (at 1800°C in 9X 10° Pa N2)

Fig. 5-1 Manufacturing process.
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Table 5-2 Mechanical properties of materials.

Bending | Young's Shore Fracture | Thermal shock
Materials | strength | modulus | hardness | toughness resistance
(MPa) (GPa) (MPam'’?) (°C)
SNB20 206 58.9 25 2.1 760
SNB30 108 34.1 15 1.5 810
SNB40 59 17.1 12 0.96 850
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(b) SNB30

Fig. 5-2 SEM photographs of static fracture surface.
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(d) Si3N4 (EC-141)

Fig. 5-2 Continued.
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Fig. 5-3 Repeated two-step loading pattern.

Table 5-3 Repeated two-step loading test condition.

AKH

Material Rr Kimax Kdmax A_KL— NH: NL
1.64 1.08
1.67 1.11
SNB20 1.52 70 RE
0.1 - - 1:100
1.74 1.16
SNB30 1.11 1.24 1.13
SNB40 0.72 0.81 1.13
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54 —EREWETOES XREREET

Fig. 5-41Z SNB20, 30, 40 ® R=0.1 B X R 03 2B 5 X HEREE
BE da/dn & B KIS TTHERBE Kmax DR Z R . Fig. 5-4H D BB
FUOHHRZENENOHE TITo 2 R=01B8 L T03 DK HEE—ER
BROBRETHD. £z, RAHITRLERRERY R=0.1 O—FE
BRHERROBER TH D2, BEHITHELE R=0.1 D—EREHER
BEToFRBALIEIERIRBATIT-ERTHE. BRIV
HEHIORRA—ERBROBRERAS L, SNBEIFIv I/ XDWnTh
DOMEHZEBWTSH, R=0.1, 0.3 & biZ da/dn-Kmax BS{RITIZIZERRE
folieo T3, EREMELS, Fl— Knax BIZR T2 S HERERE
X, R=03IZHRNR=0.1 DIFINEFHELI RoTEY, ERFEED
ISR FEEPROND . 7, BHIE IREHIZ 5 &, R L R=0.1
DRBRBERTHHZL»2DLo T, KAHORBRERIBATTRL

Constant amplitude _
% ® O R=0.1(SNB20) O R=0.3 (SNB20)
>
o A A R=0.1(SNB30) A R=0.3 (SNB30)
£ 1005} B W R=0.1 (SNB40) O R=0.3 (SNB40)
% ' ]
S 10°t
o
T
<
=
o 81
& 107
S
S 10°t
0 i - .

10710 - '
05 1.0 15 2.0

Maximum stress intensity factor
Kmax , MPam 2

Fig. 5-4 Relationship between da/dn and Kmax (SNB).
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A —FERBROT —FIZER> TRV, ZDXHIZ, 3 ET
i~ ZLTVWREC-4DTIHR N> TR B O, SNB
EIIVIATREETAEI LB bMNS.

BMEORFRORIEHWEDO SEM BEE #Fig. 5-512RT. £+1E
EBHICHEITHELS RoTERY, ERVEHLEXDERLIZZ D
b, ZoXo, HEREWVWEDIZEHETRIEWTEHE
MPBEN, A F—ayF L TIZLBIENE~CHEBPELTH
LHElEZOND. 0D, Fl— Knax FHETIZEBWT, JEITHB/N
EWVIEE, TRDLGARBERENVIZY, 1 F—uayFr7H
TORFDOEBE, IIENE LT WY, daldn 135 EIZR-Tn &
oD, ZOXII, EMELL —ERERE TICEITSEMT
WEORR L RRIZ, daldn X Knax DAL > T—FBHIKRESN
720N,
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(b) SNB30 Lopm

(c) SNB40 el

Fig. 5-5 SEM photographs of fatigue fracture surface.
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HBMELTIBLP4ETHWZEC-41 DFREEZEDLEZLD
%#Fig. 5-61ZR7. EMEICBVWT, A—E#BEEICHT D Knax B
%5 E, BN BEESHEMTIICEHR>T, Knax HIZETT
DHEAP RN, ZOEREEHBIZIITS BN FFEOEMIC
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YU ENEFERERBIIBIIAOMBXERFTHEZ LB3abN
TEY, MBHICE O PTEFEHEBEE IS ATLKEEE Y I E
TESELLEZbOTEBETERIEHRESATWS. L LEM T,
Fig. 5-7TIZ R &N B L O, EHEBREEHRII—HET, HELY
BRLTBY, YU 7ROBETECERENIETLAVWEY THB.

o Constant amplitude
-g @ R=0.1(SNB20) O R=0.3 (SNB20)
&é A R=0.1(SNB30) A R=0.3 (SNB30)

- W R=0.1 (SNB40) [0 R=0.3 (SNB40)

: = - = -

% 105 F ¥ R=0.1(EC-141) V R=0.3 (EC-141)

X n
o 10°F

® [
i -7
-+ 10 B

; |

o

o 108}
x L

8 |,
G 107
10-10 1 1 !
0.5 1.0 2.0 4.0 6.0

Maximum stress intensity factor
Kmax , MPam 12

Fig. 5-6 Relationship between da/dn and Kmax.
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ZTHITx LT, Fig 5-8IZ/ R LT CAMME CERIIL Lz b Oidsf
BEOZEMIFEERL VS, Z0Z Ly, WMECAMECKT
DERBHIOBETOELRERTHLIEELLND.

Constant amplitude
@ R=0.1 (SNB20) O R=0.3 (SNB20)

A R=0.1 (SNB30) A R=0.3 (SNB30)
10 B R=0.1(SNB40) [0 R=0.3 (SNB40)

¥ R=0.1 (EC-141) V R=0.3 (EC-141) g
10°
107 i
10°

107 -

Crack growth rate da/dn , m/cycle

10‘10 L L 1
- 10°® 2x10° 4x10°  6x107° 8x107®

Normalized maximum stress intensity factor
Kmax/E ~ ,m"

Fig. 5-7 Relationship between da/dn and Kmax/E.
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Constant amlitude
o) @ R=0.1(SNB20) O R=0.3 (SNB20)
% A R=0.1(SNB30) A R=0.3 (SNB30)
= 5| W R=0.1(SNB40) [1 R=0.3 (SNB40)
%" 10T ¥ R=0.1(EC-141) V R=0.3 (EC-141) g
§ 10'6 i
9
€ 107}
'E 3
3
O 8L
5, 10
S
S 10°}
O
10-10 1 1 1
04 0.6 0.8 1.0 1.3
Normalized maximum stress intensity factor
Kmax/Kic

Fig. 5-8 Relationship between da/dn and Kmax/Kic.
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5-01ZRT. BB bETVEORE LRI, da/dn-Kmax B
WHRENLHEEESBEE L R->TEY, SHEBREEITAK TR
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ERICHEE L KRB DS AIEKRBE Kop % Kmax TEHE L2
® % Fig. 5-1012, RO U % Kmax TEHE L7 H O %Fig. 5-111Z
TR, BB E LIEHENNEVIEY, R~ Kmax I2x4 5 Kop B &
RURNMSLKBoTEBY, AR OEZEZZITTWA. ZHix,
AHB/PEN, TROLENDREIREWVIZE, SR ETHIZED
TEEDPHEWVEHOWRR, LVRESNEZIEETRBLTVS
LorEXLND. £, EMEE LR —ESRH T T Kmax D
HWIMZ LR > T Kop I RELS Y, URBE—EEE & 2HRAH
Rohiz.

° Constant amplitude
o ® R=0.1(SNB20) O R=0.3 (SNB20)
‘\E’ A R=0.1(SNB30) A R=0.3 (SNB30)

~ 107 ¢ B R=0.1(SNB40) [1 R=0.3 (SNB40)

< [ ]
S O

8 10} |
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O -8 L

5, 10
[

S 10°f
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10710 ) \ :
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Fig. 5-9 Relationship between da/dn and AK.
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Fig. 5-10 Relationship between Kop and Kmax.
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Constant amplitude
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Fig. 5-11 Relationship between U and Kmax.
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Fig. 5-12 Relationship between da/dn and AKeff.
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5.5 HfHIS ARG EIC L AR
3ETHRLEEMRITOVE L FRIC, BHMIZBWVTYH Kmax, AKB &
CAKeff E VS TBEBENFNRT A — 2 Tk, SWEREE» —MBEK
TRTZIEFTERPo., ZITEAMITBVTY, ZMISEHEKR
BREEZAVWEERE LR T, SRR EHAK B L VEA
BIE NI KRB AKeffeqg ITZNTNRG- DB LOG2)TERE
n5.

AKeq = Kmax"AK(1-Y) (5-1)
AKeffeq = Kmaxy,AKejf( -7) (5-2)

FNENOMBHIBITS, yBIUW22RERBEETEHELLELOD
ZFig. 5-13IZ7 7. ZIZT, yBRIEWEEZTNFThEREE TR T L
AT X525,

vy = a + bxlog(da/dn) (5-3)
Y = ¢ + dxlog(da/dn) (5-4)

T, HEMEHIRIT BRGDB LRGE-HF DR a, b, ¢, d & Table
542 3 BEDEITVWROBREZ B LY TRT. Fig. 5-13L Y SNB &
TIvIZRAZBWTH 3EDOZELMITVWR LRI, yBLXUOYEBIC
FAUERBFEIEBEL TR LB b0d. £, SHEREEC
T ByB XY OMEMIX, SNB20 2T, BHITWROBE LT
BiloTkY, SHERREDOBVERTIIENIRIEORZEDN K
XWIZEAHBA L. ZZT, SNB20 Lok E B2 o EME
RLTWBR, ZHidfToH BRI R=0.1 £ 03 D 2FEEDIE I —
ERBR7TITTHY, R=01 L 03 BT EXHEREEDEITHEFEIC
INEPo e DICHERECHRBRAIMOZERIZLDIVLDEERON
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5. Eleyby s e, MBHCEOTHRIE L -2 X TR EES
BWIZDlo>T, yOIEIBKREL RoTHEY, ZHEREEICRITT
HEIIAKIZHRAKeffDIZ IR KENZ E RN S,

1.0
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=07} Yy oy 403
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06 F SNB40 O m 104
0.5 1 Fl 1 i [ 0.5
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Crack growth rate da/dn , m/cycle

Fig. 5-13 Relationship between y, ¥' and da/dn.

Table 5-4 Coefficient of Eq.(5-3) and (5-4).

b

Y Y

a b c d
SNB20 0.79 -2.34x10%? 0.48 -5.89x1072
SNB30 1.11 2.06x107 1.12 2.36x1072
SNB40 1.17 3.32x107? 1.27 5.30x1072
Si3Na4 1.06 1.85x1072 1.20 4.19x1072
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Fig. 5-14 Relationship between da/dn and AKeq.
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Fig. 5-15 Relationship between da/dn and AKeff eq.
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3ETCHRAREZLOIE, Lo REBFEEHETIL, EOERE
EEE@%%%ﬁBt i, BERHBEEITOLE®DD. £Z
@tb&%ﬁ%fﬁﬁﬁﬁ EMISHIERBEH L 2 HEREEOEK L
RKOBENB LT B, BRITWROEE LERIC, yBXUY
E—EELERELEZBEECODVWTRELE. 22T, &£MEtoyk &
Oy Z Table 5-512R°" . RFIZIFELMTVWEOBEOESL LY TF

LTW5. vyl R3 e, yBIWE—BELRELESEICLE
WTh, TRTOMETYDIZI BRELSRDIR-RLIB/ONT. T,
SNB 5 I v XA TiX, SNB20 LU SNB30 (Ztb<3% &, SNB40
BT IVINEN. 2O E»D, TREREE OIS NRBERELE
I SNB4O b ot BN EBDLMND

InbO—EFEER WL XD da/dn-AKeq B4R, daldn-AKeff,eq B8
%% FNZFNFig. 5-168 X UFig. 5-171Z77 7. SNBHIZEW TS, v
BEOWE—EMEELIKE LT daldn-AKeq B2 E X O daldn-AKeff,eq B
BRITFNFN, BE1AOERTRTI LN TEHZ LBHBHALL.
FFENOBRBERER(GS-5)0 5 (G-10)TRT.

Table 5-5 Value of y and y'.

b

Y Y
SNB20 0.97 0.93
SNB30 0.98 0.97
SNB40 0.93 0.89
Si3N4 0.90 0.85
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Fig. 5-16 Relationship between da/dn and AKeq (y=const.).

SNB20 94 _ 5 88x10714 - AKeg?'?
dn

SNB30 94 _177x10710 . AKeg?%3
dan

SNB40 a5 11x1074 - AKeg32?

dn

(5-3)

(5-6)

(5-7)



133

Constant amplitude
SNB20 @ R =01 O R =03
SNB30 A R =01 A R =03
© anS SNB40 W R =0.1 O R =03
< 10 7
g . / /
S
" 100t
% -
ke ]
107
2
o
-8
£ 10°F
3
o
(o))
X 91
g 10
o v ' =0.89 Y =0.97 y' =093
10‘10 L 1 1 1 L 1
0.6 0.8 1.0 1.2 14 16 1.8 20

Equivalent stress intensity factor range
A K effeq , MPam1/2

Fig. 5-17 Relationship between da/dn and AKeff,eq (y'=const.).

da

SNB20 —=150x 10713 . AKefr, eq* 70 (5-8)
n

SNB30 gﬁ =2.36x10710 . AKeff, eq> % (5-9)
n

SNB40 4 _ 5 47%107 . AKefr, og*> (5-10)

dn
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Fig. 5-18 Relationship between da/dn and AKeq/Kic.
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Fig. 5-19 Relationship between da/dn and AKeff,eq/Kic.
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Fig. 5-20 Fatigue crack growth rate under repeated two-step loading
(SNB20).
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Fig. 5-22 Hysteresis in one block (SNB20, %ZH—=1.13).
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Fig. 5-23 Variation of Kop in one block (SNB20).
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Fig. 5-24 Variation of U in one block (SNB20).



141

Fig. 5-25ICR— D@ AR E I (=1.13) TIT - 7= SNB30 B L 1040 TD
KL NAVRETOEIHEREE S SNB20 DFER L ADETHET. =
ZTC,SNBIOBILTV AW IZEWTHRBRABOZERNRO SN0,
SNB20 ¢RI LHEEZAVWT, RBRAMOZZEE L CRLARKE
TOEREEEZRD TS, KH, BEITRLTVWEDIE, Th*
N2 EBRLEFHERROMNICIT > RA—REBAF L TO—EIEE
METOEIHEBREELZ L TVWD. SNB20 & FERIZ SNB30 I8 L
4018V TH, —TEEFNETOESHEREEICH, 2 BEEL
FEMETOXREREEIIMEL TV 5. IEEE X SNB20, 30,
40 TENEN 2.6,2.0,4.0F L 2o, 558 TR X 51z, SNB20
¥ & U SNB30 (ZH T, SNB40 i & Rt BE & O S5 S IR IE IR 77 1 48
Y. D7D, AUBRKWELTH->TH, SNB20 B XL T SNB30

-7

10

3 Repeated two-step loading

> f=16Hz RL=01 NH:NL =1:100
E L
X o8| Ay OO

_g 10

3 EIQ§

S

% “ ® constant amp. (SNB20)
£ 10°} O SNB20

g A constant amp. (SNB30)
S A SNB30

X

5} AKH _ B constant amp. (SNB40)
&) [0 SNB40

-10 N N L ]
10
10 11 12 13 14 15

Crack length @ , mm

Fig. 5-25 Fatigue crack growth rate under repeated two-step loading

AKH _
(Se=113).
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Fig. 5-26 Hysteresis in one block (SNB30, %=1'13)'
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Fig. 5-27 Hysteresis in one block (SNB40, %=1.13).
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Fig. 5-28 Variation of U in one block.
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Fig. 5-29 Crack growth increment prediction ratio (SNB20).
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Fig. 5-30 Crack growth increment prediction ratio (%=1.13).
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