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Abstract

Fatigue tests by axial loading (R=0.05) were carried out to investigate fatigue crack growth cha-
racteristics of small surface cracks in 2 1/4 Cr-1 Mo steel at room temperature by using flat speci-
mens with a small artificial pit.

All the data of the fatigue crack growth rate obtained in the present test are determined as a
function of the stress intensity factor range about a semi-elliptical crack, so that the application of
linear fracture mechanics to the surface fatigue crack growth and to the fatigue crack growth into
depth, and all the data obtained from tests were discussed in comparison with the data of Type 304
stainless steel and two type of mild steel under the same test conditions.

The obtained results are as follows:

1) When the cycle ratios are same, surface fatigue crack length and its depth are almost same and

fall within a narrow scatter band in spite of different stress levels.

2) Relations of the surface fatigue crack growth rate (da/dN) and fatigue crack growth rate into

depth (db/dN) to its stress intensity factor range (4K, 4Kjs) can be plotted as a straight line
at log-log diagram without dependence of stress level and coincide with the data of part-through

crack in various steels.
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Fig. 1 Configuration of specimen and pit

(a) specimen for fatigue test
(b) configuration of the pit drilled on the
center of the specimen

BEHER: BREEX HHEBBOMTS, 10tm)
5 Azt 2, REHAA Ehlk R=0.058 &
HEESERBE LA HREREES F=l4 10
Hzo| EREE s e}

EETAA] 20t —EIEMN/S 5~7%) vheh
RBME 24 340750 =255 A3 2t

z, FEE0| AL FHst BHEEE stk
= HEHREY 2ol 6 R Fdw FA4-LE €A Rta
(beach mark)¥iz} ®ls}ze](temper color)w]-g {&
s, EmETd Aol 2¢% A JAA gdol bE B
s kg FAsE

3. KBEHER ¥ BR

3.1 BA—FERER

Fig.2¢] AKEAA o2 A& ALREHY 1
I FTHESERBR=0.05)] 23t 48 S-NrFAl
(O, @)% ABEHY BAES oneS BEIER
Nez Jepdth o] AxAbels K #iggel 4 A=

Alloy Cc Mn Mo

Ni Cr Si P S

A387 (2 1/4 Cr-1Mo) 0.15 0.42

2.24 0.30 -0.006 0.003




106 OB W% H K
50 — I .80 % BT o N . ;
£~ 9 21 Cr—iMo o a [ b | (MPa)|(x10")
S NSNS R=005 g3 ola ) all ) 313
Dt ANNCR E o e su1 [ 181
A - O
e 0 A Ny e s 1 N3 |
0 —400 v
40 \ 10mm(Z2a) o
I 0.6mm(2a) - )
2 3601
F . | 25 |
s 10 10° 10 10 28
Number of cycles, N

Fig. 2 The number of load cycles for the speci-
fied crack length at later stage of the
fatigue life

BEHe HE velz dvh = e KET
Bk el AAAFE A8 45k Fig.2
= S-NyFA Al @o.% vERA AlbR| B
Omar =421, 441, 451 MPad) 3}sle] 2a7F o —5F
HE B RE#E 425 79l ¥
s o Aol Tl olm —EHE
g = wl2 g N(E 20=0.6mm([(J2 Fr)e 1.0mm

(A2 EF))E AAT STEAl T3 BEEE

‘g]

ol

=g

oE, e

=
4 5

= Fig.2

+ Ny% Frg

o] MpFd ol HAe S-Ny gzt AL HPsta
New=const. Npzbe] Ml fESedle] T of gk¢lo]
AL —she, of AL AH, 0 ez
AR fVeE & AR o4 AL W
SN S Eme Bl B = fAls.

3.2 EHmde &&E N RREH

Fig.2 4Fe] S-Ny fiifg ko] wlel &% Al7bA KD
gl = o,,,=421, 441, 451 MPao| §+3}e] T
do Fk W REEGHET xAbsle] Fig.3¢] iepd
At Fig.34 ol = RETE A 228 4] s
e Noto| HhpEwl Ze] bol N EiES HEel
Ebdich a-NEEE 2HE 94 wet 44 A,0,0
B FoREha N #e 47 A Q. MR FRSHA
o}

a9t

ATBEA A REES BAERHE B
10% Lol Brdstol wpigeo] st o Lol A4

3 Frbetel Ahe A5 2T FLY Aol 0.6
mm7t g W A7bx -Sdeld-e A7t 3x10% 5.6x
104, 11x 104} ¥ 3 el

byl Db BEER )
At FA3 Fotet Age JEbAdEh Figda,

Half surface crack length,a(mm). Crack depth b(mm)

30x10*
N (cycle)
Fig. 3 Propagation behaviors of fatigue crack
initiated from a notch for 2 1/4 Cr-1 Mo
steel

Fig.4b= A7t Z@EAel 26
N/Ngstel A 5 vebdcl =
3h7] 93te] SUS 3044410, S15C(G, H)M 12442
EE R e FoRstdnt. o oH &0 Mke
Zhe Al A BEsls EHTEL Fig.49 o]
BEBGY 10% LIgToli 2¢=0.6mm< o} Ao 20~
30% 0] 23LT 20=1mmel =) BB 67%~T72%

Zol bo} g

&
o] gifkel = v zE

A

o] Zatel. ol=lat HERES SUS303H, F79
SICH Bt} mEHE %e Ae ¢ 4 gk o

G Tig.4sk o) 20, b-N/Ny O E e
e el A2 SEshA ghx F& EAUEde]
el molk Kthe & 4 T KAWL
mel Be A Foh e T 4+ s 9B
£ RIS SUS 3044, 1 SI5CH 199 A58
QASFE AFE bl A ol L S
FUehd S-Noligsh £40 REMEE §o)ah
2375w BE LAd nxg ol Fel 1
4 Fig.3 2 Fig.dsh 2& £mT27e] 20 2 2
o bel A5T ol BEred o MRS BEABH
Tl BN Sshel ¥ - 2 Estel o

— 106 —



2 1/4 Cr-1 Mo7Zr®] = RETD Y BE 3t Hgey #f2 107

9 T T - T
Mark | J88% |2 14 oMo
sF A - R=0.05 i
O 441

7+ O 451 -
’g I SUS 304
=~ 6 [ ss=s S515C(G) 1
LN —mmaan -
= | SI5CG)
X5k
2
=
o
o]
84
[
&
5
w3

2F

43
P
1F —ﬂg"ﬁ“.“u 4
e
0 i [ 1 1

0 0.2 0.4 0.6 0.8 1.0
Cycle ratio N/N¢

Fig. 4a Relation between surface crack length
and the cycle ratio

3.3 ZEm Hikel #t

A BiRel Ll3td TRl A BE - REsH:
< RETEL & Bod F04 BBy 25 3
Elhel A EAEl S Fdeha A mxd
B BEE BRE o] TR Bk BRH
st FdAiske] EaEE HEC S BRE v
AE ¢ dvh =2 AL RERBRBAE T4
ol IR whe} HH s ez H& &
T ek

o]} L vlolH B st HHTEY EHEA
ol ot Zlol 2] ¥ Adw](aspect ratio) b/a 5 FHd= F
A9 Fd REA HE 4F3E Fig.5¢ Jeld e
Fig.54 e & #hfel @& T4 E A2 v msl
71 $13te] SUS 304%#f, S15C(G,H)#E Rkl ek
Wl ol velsdd wgs 2 A4e ¢

et

3

ol <

9 T T T T
Omax 1
M Cre
Mark (MPa) 2 14 Cr-1Mo
N R=0.05 1
A 421
® 441
A 451 ~
T SUS304
2 O s sisc6 7
E I SI5C(HD
2
= 5} i
a
5
]
S 4r .
™
S
3 L. =
2l
1 -
0 1 ] i A

0 0.2 0.4 0.6 0.8 1.0
Cycle ratio N/N¢

Fig. 4b Relation between crack depth and the
cycle ratic

T T T T
- T Lpit ~
1.8 —ue— : smooth —
s L4 —
Mol -
- 3 - SUS 304
E 1.0 [ ‘.T:_-—.:.~ e =1
g — 2 1/4 Cr- 1Mo ] 7
2 0.6
< 0.6 S15C(G, H)
e 2a - -
0.2 —
! { ] ]

0 0.2 0.4 0.6 0.8 1
(Crack depth)/(thickness), (b/t)
Fig. 5 Relation of aspect ratio (6/2) with the

ratio of crack depth versus the thickness
of specimen

— 107 —



108 ® &8

A, FLY RES 2] b/ 0.4BLESA
bjazk o} 0.99] A9 EEA AgA Ak

A, F99 mES} 2 /e AN Astel
2 b/t7h 0.561 48 PR HE ARE Jepish

3.4 =2 XETYE ARHME BEHEH

%3

ke e KBRS EME 39 4 AT EE
BREEH A A Ba - RESHE e RETLY RER
W2 BE EHidALE gl olZe 4 Al
Aate] BEhRY FEE A st ol# BREE
Bl dslA LT 5712 hez F=E AAst
o 1 FEBRE Figs.6,7,84 Rt

¥E 3 A {3 ® = Shah-Kobayashio] uhel13 #4 4

AKia (MPaim)

5 10 50
104 T T ¥ T T 1
Mark Jdmax
5 ar (MPa)
A 421
O | 4 ‘i
0 O 451
g 8
g
Eosh 4 4
Z
o
=
= 5t 4
53
s
=
2
o
%
=4
g 10
S 105k ]
5T i E
" —— SUS304
—-— S15C(G)
--=-=- S15C(HD
]0'7 1 1 P T Y ) o
10 50 100

AKi (kg/mm¥2)

Fig. 6 Dependence of the growth rate of small
the stress intensity

fatigue crack upon
factor range, 4K

% 1R

JKA® S RS G HEEES 9% drhle
ofie SAHAR LD ot 2 A& ol gt
Fshed o

AK;= 11240 12‘(’; J”_b{(%)zcosw, + sin? ‘!,} 14

€Y

¢=S%(1 ~EE i ¥) Yt 4y @
]

Eaubee] EHTEY 4K v=02 o498 4K;
o} gtol® Zolurske] HEHTA GREE)N A 4K
Ey=74 49 4K goz At

1) ATHEH AL gTde REsE

a) 4Ki,—da/dN Ktk

AKip (MPa,/m)

5 10
I T T

10-4

)

(=]

&

g

g

z 105

)

£

M=}

g st

8

g

5

(=]

B Omax

e (MPa)

S o5 b 21
441
451

5 | .
l —— SUS304

I’ B —— SI5C(G)

e -—-- SI5CUD
°

10-7 1 T BT |
10 50 100
AKn(kg/mm3/2)

Fig. 7 Dependence of the growth rate of small
fatigue crack upon the stress intensity
factor range, 4Kn

— 108 —



2 1/4 Cr-1 Mo7r 9] 22 EEided o] piide] gt Hpm 7R 109

AKIay AK[)(MPB ym)

5 10 50
104 T | /1
Austenitic
5 F —stainless E
10+ .

(434

% Ferritic-

A pearlitic

' Martensitic

108 -

5
O
2> General

Crack growth rate, da/dN, db/dN (mm/cycle)

51 dA  scatter band
2 1/4Cr-1Mo
steel’ data

107 1 I e |
10 50 100

AKia, AKwp (kg/mm?2)

Fig. 8 Superposition of crack growth rate data
of 21/4 Cr-1Mo steel on the gemeral fati-
gue crack growth scatter band for various
steels and Barsom’s scatter band

Fig.62 ZETEY REL FHIAAST w4
A8t Fd o) RKEA S REME da/dNS  HE
= vepdeh ol| R(2)4 offit: Simpsonkg
st MERS shelc. AlAbA SHe sl A B
& - R 4L RETES de/dNe 4Kpo) 2 9
E3b =3 3 olel BB KN
BASA ¥xn F 4= A & Relm ek

AK 1 fH 11~12MPag AZF 2 s} HE 712
ZI7b 47k 2ebde & 4 Atk ole FAREW
M OATHIEY 8oz ofeld] ol T whel o]
BEHTLREMN AL ATHBIEE Hife) A
FE Fdol BAst] AR ZolHEon Hsle
7ht MITE ATEREE Slstel Age] & AR

o} KEAHMY TEAAREES welad ez o4
e

A ffizh 12% do] Aw AFY-E 2dele &
A3k vbebdd Fdel dAH D 2 Bltkd = HEH
MR ol e Frke] welel RESI=E oy
ZAYtEc #HETd REEE =ud Aoz 4
7+l e

ATHES k] A& ZaREY dd& W=
2 A7sld dABREEES Rl obdl Alew ®
& 4 gl &

AK1,>12 MPa
da/dN=C (4K;)™
(C=1.9%x10"1~1.3x 101, m=5.7)

Fig.6 Aol = & Fizgel 2& 2 ATHRREHY
FRERENY HetEl SUS 30488 @ FhA] of 731 (G,
W)Y 23L& AR vepbdch

2 1/4 Cr-1 Mt &= Al7F= ¢ =t 3} [{-—3k
AKp, flie] wlsbel Tod o] REMET 4Kt 15
MPa LI TFel e £ AE Jepideh

b) AKpy—db/dN b

ZolFme TdAel bol WEHE db/dNe} Ki,
(A (Dol A \lf=%°e‘. o 2} 4Kp gheke] Al § oF
e =xof vebd #ER7T Fig.7 ol v} 4Ky —db/dN
Atelel] = oFh A kel A BIBHQl 1A Ab pars =
db/dN=C (4AKp)" 0.8 H& 3 4 glvh. ol %4
BEdqE sz Jepo] Com & kebd &

3} Zreh.
C=1x10"1~1,6x% 10"
m=5.0
=3} Fig.7 bel& SUS 3043, Frb= A7 #
(G,H)Y #RE Hikol v azsldeh 4Knfist 11

=g BRE
A 7F

MPa [ Fel & 2 1/4 Cr-1 Mt 7}
BEE Vel ak 11MPe 2] el A e
2 vl mAE e} aeg EERES Jehigde

2) BlRTLY deleete] g

& HHO A RE 2 1/4 Cr-1 Mo JHS A2 %
Hard bt N3t da/dN~AKp, A% B db/dN~AKy,
AEE FEATIHE dols08 vm - A Esh]
$5hed Fig.8o] 3447 debioich BFATA
it E —R A7k ol @ da/dN~
AK;9 AABEE LANEE iz ged =
T Koz @b T BARME FL U= 3 A4
22 drhim sle & HRlA AT d 8]

— 109 —



% &

Sk ololel = 29l A o

] Hele Az FRHA

ZAA Fe zFdEL

'6]"57— /l“—‘l °L4“‘ At =3 2L EFETEH ¥ ol

H FE5add# 2pisdd & 28 A

THrBEH Sl EmFAe 2] T4 REMHA Vﬂi
AP EE F2F dlevs AFE Holm Y

: 7F°3°
1= O LURE St
=2
=

th vhsh

T Gel A odFg dlel o] TR ALME Al 'ﬂ
T T2 Aol ALY 8 & 9GS i
HAl6] 7] Qlgte}.
4. % B
GF L7l 2 1/4 Cr-1 Motbhel Bl
HFETRES e ATHIBR(R S 0.5mm, Z o] 0.5mm)
& mIsle] B A B R=0.059] 5154 ¢

EHRBE L8] REESTL BEHE ¥
By 2 iRt g3t 22 e A9

D By Heldlx ETsha FEBREA
Bl RS TdAe] ¥ ddzole 2 b
TRl (N/Np A F& Wedd 2ol= ¥ &3
W e

2) EHTLA] ¥ T4zl WEME da/dN
% db/dNE AKp, B AKpR BHI R EhHEY
o] Aol W EAHKEFME] 2A B4 gn
WERS A Rarstel BEATEY Azd=
AA ke AgE e ek

2 £ X M|

1) ASME Boiler and Pressure Vessel Code, Sec. X
Appendix A, 1977

2) De Los Rios, E.R., Z. Tang and K.J. Miller,
“Short Crack Fatigue Behavior in a Medium

Carbon Steel,” Fatigue Fract. Engng. Mater.
Struct. 7, pp.97-108, 1984

3) Morris, W.L.,
Deformation Behavior of Surface Microcracks,”
Metall. Trans. 11A, pp.1117-1123, 1980

4) Landgraf, R. W., J. Morrow and T. Endo,
“Determination of the Cyclic Stress Strain Cu-

ve” J. Mater. 4, pp. 176-188, 1969

“The Noncontinuum Crack Tip

5)

6)

D

8)

9

10)

11)

12)

13)

14)

— 110 —

#wmeE A X

Brown, C.W. and M.A. Hicks, “A Study of
Short Fatigue Crack Growth Behavior in Tita-
nium Alloy” IMI 685.

Fatigue Fract.
67-76, 1983
De Los Rios, E.R., J. Mohamed,
and K.J. Miller, “A Micro-Mechanics Analysis

Engng Mater. Struct. 6 pp.

Hussain,

for Short Fatigue Crack Growth,” Fatigue
Fract. Engng Mater. Struct. 8, pp.49-63, 1985
MR -ALNZER R BB, “HilRick
FBATVVAEO REEH O BY 2 HRER

P, ” HE, & 31-344, pp.500-504, 1932
Kitagawa, H., C.M. Suh et al., “Mechanical
and Non-Mechanical Catagories in Fatigue

Study—A Stand Point in Small Surface Crack
Problems in Fatigue—” ASME, AMD-Vol. 47
pp.167-184, 1981

ALINEK « BB - BRERL, NS AIRRE
2o OESXHBRER”, BAMBEGD 14
] J%#% Symp., pp.26-30, 1980

Kitagawa, H., S. Takahashi, C.M. Suh and
S. Miyashita,
igue Process-Micro Cracks and Slip Line Under
Cyclic Strain,” ASTM STP 675, pp.420~-449,
1979

“Quantitative Analysis of Fat-

BB - &%ER, “SUS 30479 23t T
o BE REAT I3 AT, o)A

=% #8-3 pp.195-200, 1984

&EH - RERBUL 3, “972d 2oz sz
T2 KERG A FHR”, AeA G

=3 #|7-4, pp.425-433, 1983

Suh, C.M and H. Kitagawa, “Crack Growth
Behaviour of Fatigue Microcracks in Low Carbon
Steels.” Fatigue, Fract. Engng. Mater.,
Structure, in printing, 1987
Fuchs, H.O. and R.I. Stephens, “Metal Fati-
gue in Engineering” John Wiley & Sons, New
York pp.87, 1980
Kobayashi, A.S.,

ent in a Surface Flawed Plate

“Crack Opening Displacem-
Subjected to
Tension or Plate Bending,” Proc. Second Int.
Conf. on Mechanical Behavior of Materials,

ASM, ICM-T, pp.1073-1077, 1976



