BUWKFIFHRLE
W22% 1519985 9H

73

BIK &M B X B R E & e

SR T8 #E Mz

Propagation and Non-propagation of Fatigue Cracks in Notched Components

Chiaki JHARA  Naoyuki SAKURADA

ABSTRACT
A fatigue crack nucleated in the vicinity of the root of a sharp notch first decelerates with increasing
crack length, and then becomes non-propagating or begins to accelerate after reaching a minimum
propagating rate depending on the applied stress. In this paper, a method to analyze the growth
behavior of such a crack is proposed. The length of a non-propagating crack, and the fatigue limits
for crack initiation and for fracture from a notch predicted by the method are compared with the

fatigue experimental data for center-notched plates of low carbon steel SM41B and good agreement
is obtained

F—U—F  GIREDPODEFEEER, OIRZEIHBAROERERE, UIRENLOEIHHE
EDEFR, IRE 1L OMBEOREFR
Keywords : Non-propagating crack from a notch, Growth behavior of a notched crack, Fatigue limit
for crack initiation from a notch, Fatigue limit for fracture from a notch

1. #

BREEY ORFBEOL 1L, BERMOUIX &
HhbREIAZLERMLNATNENDT, rxDYIRE
ELOHMOBEFRREXRARDL L IXER LEERM
BThHD, BHERIMR & EMBEOIEHEFHIZH
L, HMPBEETEET, BMPEBELOSIT S,
BOEIREMTIE, BOEATHERIIRET D2,
PIREDRKREHL . SHB+Ho/METFIX, BELE
FREIMLT L LM OB ETREEZSSITAZ LA
. BET2, ZOBEUIREHITHE LRV, 4]
REBECERIIREET D, " LT, SWEIREMT
IXERBAERBRIE S 0w EEEMBRIT L, B RN
FTHRRICT 0w LITRAD, SLVEIREM T, 2
DOEFRIZF 2250, HWEIREH TIEE—T

i

RV, EREXEPRETIISHEBENAND Z &
2725,

oz &b, SLNEIREM OEFBRMAEDSS
T, UIREECRAELZEHIEL RBIEONT,
BIXHEENPREIET L, PR TEHEET I, T
—BB/NMEE Lo, BUHWNEIZILD S,

BIREMIIBITHIEFEHOERBVIZE LTI,
Miller'"’ %, Haddad®' 5, HF V5, &> THEITX
NTW3. Miller 53 & ZEIEEEOYEI ORI,
PREEDCEHENYREZE,NOBENLEIZO>NT, &
WIZEAOTBHZLICE>»TEZIB L LTS, Haddad
BIFR L ZOYRZICEA2BHETOREDIINC,
FERMCBTBHMNEROBIZORE LEBEE VML
STBIBHEEZTND, AHLIL, YIREERMII
ERRESOHRICLDISHBERFEE DR LY, &

* MR IER
" REBHAL T E R



74

HEOHDETOIES BE LW, B AITERGRE
PETLT, SREFEOBINBZHELTWVS, L
NLWTHOMEHT S, MR FEEFEALTWS
B, BROVFALRPREICRD T HE 2,
ARXTRKRETTORDIEARFEEREL, Th
FRWTHRICBABEIR X 2FoEKRFEH SM4IB
DFRIZK T2 ERER BT T 5,

2. BT HE

TRMOREIZBE L ERITEHIBEFTR o vo &
DREVEARIE, BEN2~3HRMBEICIRDET
X, ZREABE A FAICmo d e I RIZE L.
PBIGEHCEEFMICmo d e I BOEIZE>SiF
o O EEWANEFBUTTH XHEHBTOIES
ERBEHBEAKBZOTRAAK nE Z X2 HEX
mode IBTHRIETIZLENMONTNS, ZTD
BERECERBIE S - S R/HEIBRETHEANICRD L
7D, Figl (CERTHRTII diagam®TH 5, X
FOEER I TRERIBELR2WVWETFTHB, &2 A
NEX OERERE TIIRITHBABFEIK I NICAY
&3 L b 4e)1 diagram & —F L722vy,

©

a ~eenen

g o wo e

f . 'Q..‘~
b

@ i

w 1

[

e

5

w

e N

- Region I
X =

w

[

.

<

'_

Criac.k. Iength (m)
Fig.1 Relatin between threshold stress and
crack length

EEO— AN mode | BEEHOGITEABEES
ROLEIICEE L, Thibb, LR TOWMR
IZEBL, ZOKEX&Z 0B

T Ao 1 Ath 2
ws= {sec| — —1;8=— §))
2 20y T 20y
27, mode IDERIENBIZILES E L,
(ZZTo vy BIBRIEATH D) ZOBFEE Fig. 11z

M, BROLSIZRY, ERFPIZIIFRTE B,
LZAT, FEMEOREMIZBIT D ERBEITINE

Wi, M TS AR —RIZERTIOIEH LT,
PREMTIRURZICKDENEFORE, +7obbH
DR EETEIIETHEIEEZLND, LM
STINEZBETDH L, IREMTOEREIEDIRE
WITRRB TR B,

IR & DFEZ L DIEHIERFEE K OB ESREE
F(2)&72L UIRZENDDEREROBMERIT,

n F-Agc
-2— 20v ]—1]2 : (2)

co,,={sec

LT HDT, ThEHAWS L, SIREOHIBE.
(1) A,

- ] 2
{Sec(iF Ao ]_l}ﬂzi[m{h] 3)
2 20y Tt {20y
7B, AKun, ov, F(O) %525, EBND

BONDEHEEIRES, YIREMTOEIREERR
Ovi. BEOHERRA o «HERBICHETE 5,

3. EBRL D&

EROTHOWONT-HEHIEREH SMAIB TH Y |
FOEHEERS L UOBBYEE L2 ENER
Table 1, Table O 2”7,

Table I Chemical composition of SM41B (%)
C Si Mn P S
0.17 0.19 0.79 0.016 0.020
Table II Mechanical properties of SM41B

Yield strength Tensile strength | Grain size
o v(MPa) o » (MPa) d. (xm)
194 423 , 64

PIREMHIIFRBIZES 2t = 6 mOYIREEZEHT
BEHRT, PIRE¥EEp = 0.16 mOEF, GIREET
O MRS HE PR ERIT Kt = 848, p = 0.86 nmmDEF,
Kt =417 Th 5, FEMOEFR G wo, 0= 0.16 mm
DBEDERBEERR 0 vi, BHRR 0w, BVEH
BIX DO T RRAIS KRS A Ko % Table ISR
D :

Table Il Fatigue limits and thréshold stress intensity range

O wo O wi O w2 A Ku
(MPa) (MPa) (MPa) (MPay m)
163 30 — 35 49.6 — 53 12.22

KIZEHFOBIZLIEN->TF(L)&RD D,
OREENOOEXRIIH TS K HERHEID L=
1.5 p X LTI



K=1.1220 ¥ 7 & Kt €Y
« 1+4.5[%]

EREND, " LEPSOTZDOBREDFHF T35
&

Fi= S (5)

VI+4&£
0

ElD, T ANKEVHIZ L+t 2 XBESLE
ATEWNhE, FOHEBEDOF 2 F. & &,

,_[ [.’E.Ai]_l]
Wp — sec 9 ZGY (Q +t)
=[sec %Fzé?f ]—1} [} )

LBWT F 2KkD5, Fi(Lo)= Fo(Ro) &5 0 =
Lo TF & R o7di5,

BXIZBG) O XERALT, p= 016 mBLUp
= 086 mMDFEDLCNRBLIEFERRIOBEEKRSE
RLEDOD Fig2 THD, RIZFOXNEHAVWT, F
BMOBEOXRBBER LRI TN,

R=-1
10*
. Experimental
6_“ O Non-propagating cracks
s e
10? )
w /
v
2
@ Prediction
2 10 —p =0. 16m
b —p =0. 86m
o --- Smooth specimen
i
’_.
10? 10" 10° 10! 10?
Crack length i} (mm)
Fig.2 Notch root radius effect on the
threshold stresses for elliptical notch in
SM41B stee! plates
4. B8R

Fig. 31X Fig. 2 IR &N p = 0.16 mDFH D E R
ERERERLELOTHD,

75

10°

10?

10'

Stress o (Mpa)
R\

10° : e :
10? 10" 10° 10' - 10%
Crack length from notch root {.(mm)

Fig.3 Non-propagating limit curve for
p =0.16mm

R L Climode | DX ZMERFHLBRELT
BY., FHK] TRERIBEZLRY, BIL, ZofEE
THEHEROA K XZOTREL Y /DAEV, FHIK
O, MTRREFIEIET D, T TIRIEHIRIE—EDEH
A, —HRELEEZHITIVWS ORI R->THEREHE
BT, BRI 528, ITRERIE
L, R EICETHLERTSH, Lo T, I
MOERNBEWRRA 0. THY ., 72 0 = dg(= 0.064
mn) DE;, FHBAPEREERF 0w THD, LT
B> TFig2 &LV, p=016mDHE, 0 vi= 342MPa,
0w:= SL.IMPa BREVY . p= 086 MOFA 0. =

513MPa & 72 Y | Table IOERBRL L V»—FH%E R

LTW3,
5. #Edk

PIREMTORFEREILERTID, LBM
ThOmode I BIZHOGEITMMBEGEEZ L EICL, T
REDHEHELZ L > THENBISNHETOLH 2 EET S
ZEicky, UTOHKREZE,

1) mode I B TOXHRILMEAEMHZ Q) AXD
TR EiIcEy, IREENLDERE
X, BEOEREXFRTH Z &3k,

2) TOZENLYUIREMOEREHRES, 0w,
Bi60w2b§Ath\ g vy, i’O‘J:U:Uwoﬁf—%:i
Bk, BohaZ Bbhot,

LEDZ ENbEIR &M L FR/MITEREERNILRE
LTHHN, FEMTRE—FHTDIENEITHO
R LT, IREMTIIPIREETHRKRT, ENLH



76

NBEONTEVTHoMICH % THDIc. B
ST BIEDEENETAIZ ERbhoTs,

5| A 3R

(1) R.ASmith and K. Miller, Prediction of Fatigue
Regimes in Notched Components, Int.J.Mech.Sci.20( 1978)
201.

(2)M.H.El Haddad,T.H.Topper and K.N.Smith, Prediction
of Non Propagating Cracks, Eng.Frac.Mech.11(1979) 573.

(3)K.Tanaka and Y.Nakai, Prediction of Fatigue Threshold
of Notched Components, ASME J.Eng.Mater.Tech.106
(1984) 192,

(4)P.J.E.Forsyth, Fatigue Damage and Crack Growth in
Aluminium Alloys, Acta Met.11(1963) 703

(5)H.Kitagawa and S.Takahashi, Applicability of Fracture
Mechanics to Very Small Cracks or the Cracks in the Early
stage, Proc. 2nd Int.Conf.of Mech.Beh.of Mater. ( 1976) 627

(6) T, BN EFEROBIELETE—>o0
EFT N, BEk 37(1988) 1071

(7)P,Lukag and M.Klesnil, Fatigue Limit of Notched
bodies, Mater.Sci.Eng.34 (1978) 61,



