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Abstract

It has been well known that the fracture mechanics can be applied to large through crack
growth. But the growth rate of.small surface cracks initiated from a small defect under rotary
bending fatigue tests can not be treated as a function of stress intensity factor range.

In this paper, to investigate the growth behavior of surface small fatigue cracks in the view-
point of both fracture mechanics and strength of materials, the fatigue test has been carried out
on two Kkinds of plain carbon steels with a small surface defect.

Applying the concept of the cyclic strain intensity factor range 4Ke. to the analysis of small
surface fatigue crack growth, it is found that the relationship between cyclic strain intensity
factor range and crack growth rate shows linear relation on logarithmic coordinates regardless
of defect sizes and two kinds of carbon steels.
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Fig. 1 Configuration of the specimen and the pits

RE Lol sloldA ol R 7} B =23 A& #HH
ste] ATHPES InTsigl ek ATHPES Fig 15 3ol
BER 0. 1mm Zo] 0.1mm, E& 0.5mm Zo| 0.5mm
o ¥ e e ATHES MItg.

ATHEEe] TR & ABHS BEENE AAs
7] $iete] £& 600°Col A 3+ By ETSBERE
AATE %, BbasFEez "4

olgj g ko m BER WlstA XS RMA-L &
melzelst o Hen|FL FHY 2 WL BEE
E H3 &% EHRR A

2.2 RBHE

EHEFELHTIY e Rimdol (20) & EAN WE
Eos dlu, REIH=Ze/HELR REFESTIAAINE
HEE # teEgsios AEs g =8 3940
+ wsi gy sl 45 Tl E o] FHA
oz &43q),

=g e f@E 9 EH-2=da 326
Azt ABA T NES KB FEEFETH
rgzel] 2239 Alo]A & KiFEst FESA ol
22 EHgl0) BREMS = ek 20% LAl A&
stet@ar el 5%wich 2 Lo A sluk@Ea e 10%wt
o} BAERBES Sk % 22 AR (Ale] A
ZolE 2mm)E £EH FERN BEEAA BEs
g+t

3. RBEER X BR

3.1 FEoEe wM u KEESY

S-N; th#ge] fi24 K# (KRR ZABH BE
Z Fig. 2] vepdlieh, o] ¥ kel S-N; figgel
Fdo] FAol FHHA Ut

A KBAA T8 KH THMSY EHREE 25.5



4 REBRREAIA B4 - RES T REES TN REMF A3 i 193

L T ¥ 1 mark |aia.
35 NINg=02-03303mem) 2 °°| o°‘
,:,E NIN' 037-0A8(O.SMM) > TosTos
£ medium carbon _|
3‘3 steel K
R.B, R=-1

N/Ng =055-069
(10mm)

~N
[=]
T

Stress. Omax(
~N
(3, O
T
z
2
‘,E‘.
;
z

N/NPOJB-OA

(15mm)
N/N¢=047-055
15 (20mm) -
e
10 1 1 1
Number of cycles {Ng)

Relationship between bending stress and
the number of load cycles for the surface
crack length at various stages of the
fatigue life

Fig. 2

T
-o-e—vaakamTE) ! '
Q@ HNsi é‘”
® cMsh?)
© present study K
® H

Mild steel

061 Medium carbon steet

L L
0 01 0‘; 03 Oll. 0,5I
Hole diameter (mm)
Fig. 3 Relationship between the hole diameter
and the fatigue strength of holed speci-
mens, o, relative to that of equivalent
smooth specimens, 7.,

kg/mm? o]z B 0.5mm Zo] 0.5mm A BE
£ 0.1mm Zo] 0.1mm gl & FRfEHS] FEEH 5
BREE £4% 16kg/mm? 23kg/mm?o|c), B B
& 0.5mm zZlo] 0.5mm <l K48 A$E: TEHY
41.2%, BEFL 0.1mm o] 0.1mm < K #9 A
9.8% {ETatglet. o2 dt 2he ATLEhiZel &% 5%
FREES ETE MR B 9 RERREY T3 =

2hA TS B % REFEe] HE] = Folu,

Fig. 3 B%@E At ATHRY d8¢ o
Ebd E’H“‘"’ﬂ F EBAA AL FRE AR 24
& Aeld. 5 %EHe At BBEK 70um 2

o Fom FEARE ETHA dm, hRERPE
BRPBE R ] 35um wot How JEAMESL {ETFA
S gleh®,

= EE 0.5mm, Zo] 0.5mm HEH7F BE 0.1
mm o] 0. 1mm ATHEH 2o} FHARER /o)
a3, ESREA v BEEREES F€ Jebdg

Fig. 2 49 # SddiiRe 4= AY Fi7diq
S-N; gl A8 Ffrsle}. ol= ATHEHS 3
Bid KR =A KEHKWN/N)7L 24 4%
o Nl WA gl A L EKEHEHTIAo
abE BRI HE A Jehie ole e EHFd
BERES B 9 WEEHM Y Afddx & £
e

4 ALERBEN A B4 - RES = ZHEESTIY
HEFESHTAR0 (20) 9 EHNIT (N)2HY BRE
el 2¢-N @ifRe FlAste KERE (N/N)9 ®
HESTd Aol ok BT fle4 Fig 49| "]'E}"‘i
of, &4 ol A digRe] AAE QR F
Zhell w2l Friele] @ESEi Y] Xpolo) wE Aol
a2z $&E ¢ 4 doh = EHK 0.5mm o] 0.5
mm §EH 7 B 0. 1mm o] 0. 1mm  Bifgkf ot
FETIRBEE ALY o wEs o $
gon, £& AW Aoldl BRG]l vz F
2 =L 439, ol Fig. 2 £ SH9R0)
fifpat 22 HRE el Aol

Fig. 4-& B REHEHTI-S N/N: 7t 0.2 Lol
A ggaste] AgeAl BRI, ESrEd 80% L

1 T T -
G_mark Ormax(kg/meh)
BT
boile
Y
S I Y
¥pos 5T
&l 7

medium carbon
steel K .

~ el
—r—

Surface crack length,2a(mm}

0 L L .
0 02 04 06 08 1
Cycle ratio, N/N¢
Fig. 4 Relationship between surface crack length
and the cycle ratio



194 HER-ELE-ZETEM

Bl A FA A KRS SR ¢ + 34
. E K#e EE 0.1mm o] 0. 1mm EfEital A
= Pl A Fdol BAse EEFAAC (20)7) 2
mm Ax2 KEIHAE & FHTH K 10~80%E
Anjslgeon, EE 0.5mm o] 0.5mm HRE&H 4] A
v HEHSHTEA) 7} 2mm BER HHE « <9
¥ 50%7%] &vlstun FEHFDAl s smm R
A BREADE A EHTIY 70~80%E &¥ st
ols} F REFEHTIN WEKES S BEs)
BRRERUBEES) WA MR e Aoz YAsie
EX gl tem Fol BARS oYWz fkigel
A Hy FARLo] w2z P KEEET ¥
fAEE e & ¢ 5 gl

3.2 ZolFFoIM FH| Mk - BB

99 FEA4 2019 BRY b/o, & FITH
Rl FARSEA behe W3 Fig. 5 dehigl
oo o) Fig. 5014 29 EHTIRES P BRK
b/a7t F43 KT b/d 7} 0.3 Dbl 4 ATH:
Bizolol BgRSiel BRILAE ASl —Ee 49 0.6(=2)
of Asieh oA BHFTAME] AR e A%
et

% psttel 24, S¥aeel WEdlel F A=
Aol ol enl ol HRECS) M3bol w2t HEDHY
4 9 W AL Ae ehis,

A
2 ‘ T Tnitial? T it Tmark | kg/mm?
\ ot ® | 729
\ ¢ lpor[a [ 27
\ ® | 25
\ 5> [ 26
16} 1 A jposV [T
\\ [2} 22
\: 2a
R\ ).
B 0
20 A
.2
‘f-!; medium carbon
o steel K
g R.B (R=-1)
- -t
%0.8
<<
04

L i L [

0 o1 02 03 04 05
{Crack depth)(diameten)b/d
Relationship between aspect ratio, b/a,
and the ratio of crack depth versus the

diameter of specimen

Fig. 5

=GRl A BAEY EEFde Fo) HEAde] by
BEE b (N/Npyel gl 4 Jels) 2= Fig. 6
9} 73 Fig. 49 2a-N/N, o] A 2} wpdota = o]
AR Ax EHAY holol Bl & Sifgnict
e F2 L4 2de) o|g o] b-N/N, %
ol A EEHEIEES] AL AL HTFdxle] el
%% S-N, phigel A 79 AL vebdel, =%
Fig. 6914 2w B 0.5mm o] 0.5mm HhjEH <
A7 HE 0.1mm o] 0.1mm gk 7euct
el A el s € RES 3 gee g %
g+

3.3 REEHIY MEREES WEHPH
50

ALk bl A B4 - RS T REESTF
d BEFES BEHEN MEIA v - 245
A3t omxvza sk d(2a)/dN S REW 3 Hd
E A" Fig. 79 fish & KRS Ao 4714
AT omxyra st d(20)/dN 3e TQ BEBEEE
AT#EBES BRat 2710l vzl FARE vHE o
o] 27| W Fol, B 0.5mm o] 0.5mm g HEEE
7Y ALl REEHTD Aot ¥ 0.8mm [

5

pit| mark] kg/men? | ¥ T

&

T
lolo|>{e|<jm
~
N

W
T
d

medium carbon steel K
R.B{R=-1)

~N
L

Crack depth, b{mm)

—_
T

0 A : A 1
0 02 04 06 08 1
Cycle ratio, N/N¢

Fig. 6 The relations of crack depth to the cycle
ratio



e REBAN A B - KR RAESH T RERHE ¢ HE

5[Bn T'mark] gy
W [ 75
T |jpo[a ;7
g dgos[—¥ 1722
EvoL oo
o
LK ¥
& medium carbon H
‘{i_ steel K *
Qs
101 pA
£ %
s 3 ]
g o
o .‘.
- S
‘-’13- .
-
sl -
5 10 50 100 200
Omaxymta

Fig. 7 Dependence of the growth rate of small
fatigue surface cracks upon the stress
intensity factor range

B, B 0.1mm o] 0.1mm ¢l EEH = HEHELET
Qo7 0.25mm 7] R LY HED ol
o ol #AHAITE AT F [(f@)=1]ez 7F
g

% ZATY & Eh o]l Ae HEEHTI RE
HE A EHEAREA A& kFESR o, £
A5 sl =2} £4 ot BHigl Jeidn
A A8 Ff7eHA H &l o] B FYLYEE
T A9 Solg g4z e mTEAERST 2
dol gle Aoz EuH YN, ofH Y EHKF
P EEM EE o Bt SNEST A AP
o} B 0.5mm o] 0.5mm ol BkMEAEEIS] 7 $oll
AR e Aol v3 H3 o,

olg} 7ol HAMENBERER onxva & S5
W BE) MBHTE st X R, BN Hetd &%
o EifRe]l oA wEel e KB HEE
F37l fiste] Al EHEARES onax F w4l
REZZEAQR 4o T AT REZLZEQEX
HMEE dKe 25 ARG

3.4 mRfEHoiAL] 83-2E/QIQ] 5|2
HizZlAlA M
WS AT N Z7tel ma2t &2 23 8l e
o] wW3lE Fig. 8] Yeluigic}l, Fig. 8-& 2 @24
K#9 B 0.1mm Zlo| 0. 1mm REEHS] Zito] o

195

&% =5 Fig. 834 Z2Esdq HE Jde o RER
Yol EsE e 8 20% LARTlA =dEe] REY
%< A stebst shF A& A de 7k FA 3] St
ot EEEEY 20% UEiNA e st Sobehe A
& i REELE 40917 dgolvh ® st F
A FAY Frte EETLAo|s}t vy 222 F
g9 prnH e 3 AFHeldze Gk A
Aoz 4414,

FEEEH e 20% LY LER o) 2EQHE de
e st A HEESTIA AT BEHBN
.2 s A

Fig. 8ol 4 T3 22Es|ql & £ EhsidA4
£ el RBHAS BT THA ZAes 9
U osde] HEBRA-S A REY REZ2ENA
WEE 73] sk 4B (multiple step method)
% ggaigdel o] FHtkol oo K#, Hit &%l
Wi REZ2Eq B REst KEEH-2EH
MRS 28 A F4 #E Fig. 94 el A=t
o] HrEor T REizzeEw#QRL Fig 89 4.
st A& A= shgl e

O 29
3 5191 1

[

:

Total strain range,agy
-~ w
1

0 02 04 06 o.é 1

Cycle ratio (N/N¢)
Stabilization of cyclic total strain range,
de;, in the early stage of fatigue life for
845C

Fig. 8

w
o

£

£° |

o cyclic stress
= strain curve

| Stress range,A072
o

-t

t + —+ _3
1 2x10
Total strain range,att

hysteresis 100p —

medium carbon steel K

Fig. 9 Cyclic stress-strain curve obtained from
hysteresis loops by the multiple step
method



196 BREB-BEEE-FTEMN

3.5 4Ke—d(2a)/dN 3%

dAddl A T3 kA" prEd HEE FHT
RE2L238q BAGREY KE®RE #HEsld A2
FEEA T A WEHBY BHE g

K it 9 Hite) 4Ke ok d(20)/dN & FREEIK L)
Jebwl Fig. 103} o) olw +4A+ fla)& 44
& # (=1)oez Ay,

% Fig. 73} ¢ & et EH=dd =& HEH
HIFES A9 gloxln Hit, K#, gt &8
A A9 she EgERE Jeht H—pe B
wREskevh =3 Rigo = el iR BRHYS R
Fd —HKix g2s & F ek F o] fifke d(2a)/
AN=C(4Ke)o 2 Jehd = glom, % KERolAL
C=4.37x10"7, m=2.4 & ol o} d(2a) /dN=4.37x1077
(4Ke)** 2 FRa o},

o]} & FRL BHHEL WAL omxyra v
Aol de:J/rads AT + 1 WEEHL q= &
F Mol A E ATHHRY 274 BRRYlel
4Ke: 2 RAFELSTARREES Hi—Hes BEIs
Alg_ —J‘ﬁléﬂi_o_ 1,]_1-.;].‘4] ‘—,{_(4 9, u)

o] zho XEEATI dKe (KM BHE AL
& um 3ealde] HHMES 23w EHEL R=
—1o]7] wifdl MESH-2EH 3|zl A& o]

[3,]

Pit " [mark [lymaf]" T
1O |26
o N 1A
K556
L !
10 (03] e /1 i
0 Ia 5 /A
5J*F0-' 215 L |
a 2

Crack growth rate d(2a)/dN(mml/cycle)

‘5
101 .
5t A
mild steel G
‘8 B p|@05mm
r i1 dep.023 A
& He
W] /’ L ]P
5 10 5 10° 2

agy/ma
Fig. 10 Dependence of the growth rate of small
fatigue surface cracks upon the cyclic
total strain intensity factor range

Fig. 93 2ol 1€ A2 9o AL FUENE
2 e K HRS HHE ALRA & EHZA
A M MIHE 3 RS BAW B2
dste] YA+ EE AT gl AR BT
qEL ALz gALHOD.

3.6 AK:—d(2b)/dN %t&

FHTA ol KEKKES shetstr] $l 3
Fig. 63 2o TARMPEXKZo] bst N/N, 9 A &
HE S BB 4K & o83t 2L Ko
= ST 5 EEEUESRBAY 3dE A
23 ol glome W4, ABH BEEI) e KT
AE AL Fie] dETYL B Aol REHE
FEEHTAY BERAAY 4K, & Ketgch ol
BT S B TEEENA RESHE ST
BoEm(0=")o1 48] 4K, & Kobayashi 9 &>
A o

Fig. 1101 o] o} 2 woz Ae@ ASE e
e Fe = 227 Rojm glek, = o] 2¥
A4 Higoz vEd AL & BRAAS 2L FHE
FEow TH B BHOIA LB 1£T HA
& ez ek

10" pit  Jmark|kg/mme [T T
® [ 2
Strea [W [ 27 e
a 5
o] 126 -
05| A 24 ()
ol 22 ‘o
_4 .
10~ medium carbon 8 -
steel K ' g’
a i
5¢+ I& .
1
| ¢ 4
- ]
'8 RB.R=-1 ; ‘
10F 4

g,

Crack growth rate, d(2b)/dN(mm/cycle)

O
=
]

1
100 200

wn

10 50
aKy(kg/mm'?)
Fig. 11 4K.—d(2b)/dN diagram for small surface
cracks initiated from a small surfact defect
(Note: the stress intensity factor ranges are

calculated from the Kobayashi Eq.?)



zho REGIEAA B4 - KRR RAEST L RERKED 43 HA 197

4. & B

& el A= EKMR(C-0.15%) 9 hREM(C-0.45
%) T ATEEE MmLste] BT ESARS
A ste] 22 FEEC] HEHBEA A& 9L A
Eigdrt. = e ATHBNA B4 - KR RE
EHTAE Fabste 2L REEST A st o g
Adg Ag3le] o3 22 AAE Ak

(1) 2he REBREMAA B4 REIE REES
Fdo] 5Smm Y22 JAdHE 9 s2adge 2
FEEERY T0~90%E = 3+

(2) FESRE slxe A4S ATHRIEY SEE:
W 2, gy A8sld REESTE &
de F4awEs 2 As), Fdo| AR Huh
FdAolol Fubste HAw b/avlt F£3 a)estd
0.6 &34l

(3) ELFAFRE K& M43l ¥49 43558
el gl K] 44 Hi— AZs 2w
vh o] A REZZESJABARBEE 4Ke & A+
$3lm e ENREES BRI KEFEH] gloA
2E doje] & shvhel R ol veld 4 il

2 2 X M

(1) Kitagawa, H., S. Takahashi, C.M. Suh and S.
Miyashita, “Quantitative Analysis of Fatigne Pro-
cess-Microcracks and Slip Lines under Cyclic St-
rains-,” ASTM, STP 675, pp.420~449, 1979

@) R, HREK “PNIRATRBIHOLOES X
HREBE” HAMNNEE, H 148 HEY v HEY Y
£ RiRI%, pp. 26~30, 1980

(3) EL Haddad, M.H., K.N. Smith and T.H. Topper
“Fatigne Crack Pl:opagation of Short Cracks”, Trans.
of ASME, J. of Engr. Materials and Technology,

Vol. 101, pp.42~47, 1979

(4) HEfK “SIREMMAE BEHA A% f#uhEE 2
Bt KBRS, ABRERBERTE $98 F
1%, pp.1~9, 1985

(5) B, &%, “SUS 304 M9 BT XKmEH
Tae] B4 - RESE I AT, AEEREE
WCEE, 84, S 3R pp.195~200, 1984

(6) PHAIME, PR, IR 2B O LB
REIC 5 XAUMIBHOTE", OIXRESEBEGRY
#, 424, #354%%, pp. 325~333, 1976

(7) Kawahara, M., and M. Kurihara, “A Preliminary
Study on Fatigue Crack Growth from a Surface
Flaw under Combined Tensile and Bending Loads”,
J. of Soc. Naval Architects, Japan, Vol. 137 pp.
297~306, 1975

(8) K LiE, “HHRECRETRRBOFE”, H
BB eRAE, F44B, #3885 pp. 4003~
4013, 1978

(9) HRERK, FAK, “RE@MHS e REBREANA
B REHSTAY REFHE 23 HR A
gz A8, #21B, H15, pp. 35~42, 1984

(10) AL, W ESE, EEEE ER 0umOR
IR HLEE LT XBORE",  HABBSSHER
4 800—11, pp.179~181, 1980

(11) Kitagawa, H., C.M. Suh, Y. Nakasone and S.
Takahashi, “Mechanical and Non-mechanical Cat-
egories in Fatigue Study: A Point of View for Small
Surface Crack Problems”, ASME Mechanics of
Fatigue, AMD-Vol. 47, pp. 167~184, 1981

(12) Kobayashi, A.S., “Crack Opening Displacement
in a Surface Flawed Plate Subjected to Tension or
Plate Bending”, Proc. Second Int. Conf. on Mecha-
nical Behavior of Materials ASM, ICM-T1, pp.
1073~1077, 1976

(13) Wood, H.A., “Application of Fracture Mecha-
nics to Aircraft Structural Safety”, Engineering
Fracture Mechanics, Vol. 7, pp. 557~564, 1975



