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Fatigue Crack Propagation from a Surface Flaw

by Takeshi Kanazawa, Member Susumu Machida, Member
Kouyu Itoga, Member

Summary

The characteristics of fatigue crack propagation from a surface flaw under cyclic bending stress
are studied experimentally and the propagation rate is related to the stress intensity factor range.

Measurement of crack configuration is made using electric-resistance probe method. The stress
intensity factor for semi-elliptical surface crack is calculated using stress intensity magnification
factor proposed by Kobayashi et al.

It is concluded that the initial flaw size has little effect on fatigue crack propagation rate, but
the range of .applied load has considerable effect. This suggests that the maximum value of
stress intensity factor should be taken into account as well as the stress intensity factor range.

Fatigue crack propagation rate in bending test is compared with that in tensile test. It is

shown that the former is a little lower than the latter.
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Table 1

Chemical Compositions (%)

C Si Mn P S Cu Ni Cr Mo
0. 06 0.26 0.49 0. 007 0. 004 0.03 9.27 0.10 0. 02
Mechanical Properties

Tension Test Charpy Test
. - Yield Strength [Tensile Strength] Elongation Absorbed Energy
Direction of Roll (kg/mm?) (kg /mm?) (%) at 0°C (kg-m)
L 20. 6
Top
C 70.0 75.4 25 15.0
L 19.3
Bottom
C 73.2 77.0 27 17.7
Natch .L l
ﬁ,;][ 8 ‘TB ox;nominal skin stress
| e l e
i
180 ‘L 180-—— 28 (unit in mm)
360—

‘ [ A | B [ol D 1 oxmax | ¢ Nmin | dox |ovmean n-:l;li—:{
2a 28 30 43.6 40 I 60 30 30 45 | 0.500
b 2 5 s 10 40 18 &5 15 30 30 |o0.3%
b/2a | /14 | 1/6 11/8.7] 1/4 il 40 10 30 25 ] o0.250
b/t 1 0.087 | 0.217 | 0.217 | 0.434 Notch Detail i 35 15 20 25 | 0.286

r 50 25 50 25 " (unit in kg/m?):

(unit in mm)

Fig.3 Specimen Geometry Fig.4 Applied Load Condition
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HAYROEFBBRTH 510, AR L IXRAD, AR TAMRIYENT L LIXRTTETH 5 JEREE
HICH R ORIMARBROK X ILBMT 2 HEL LT, X, BEELELHGIHERD DM, EERCILE
Eﬁ%ﬁf.L#%%M%@g@b%ﬁivv+w&méﬁﬁLtoﬁ?vv+w&ku,mgsmﬁfiﬁm
ARFRACABMYIIIATEMT 2R, —EBRYKL, 3
DEMTICX VEEYIIIAK 2 SMOBEYHAIT S - L0 )
hBOER « FELRDBEFETH %, — |

COHETIHRLT S Wi, BHEOWR - TELBEL O |
FRRCEDERD D0 EDBWHT, AKRTILE T e o
A, B,C,D &Y ) ~ A LTHADRRE¥HEL, £ED
FIECRUVERI BB CERL I L, 20 S COBRE =
& BN UCHIE Lo BB L A RS S 0 FDBE, < iatigue crack
BENEAR Fig.6 it X, SROHL, duid bl Speeimen
ZhXh 10mm, 20mm, 45mm DHL L, A5 7 A TH- Fig.5 Measurement of Crack Size by
TwWb, Electric-Resistance Probe Method
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Fig.8 Crack Depth at Measurement Points vs.
Number of Cycles (C-IV)

&

distance from center of specimen (mm)

Fig.9 Figure Crack Propagation Behavior (C-IV)

Fig.10

A

Appearance of Fatigue Crack Surface

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

REXMD» ORI BUEREECSVT (B18) 401

BTend. BROERIEEL2SHKCET b, B

REFERTEDE 5, LicdisT, ARRICHVC TR Gi c-x 20
B A REOBIEIRIE & BUHREFES & ¥ FHCRD 55

THNE, 2O - FENRED L e, BER - |
HEBEE S ZOZH IOV TRDIUTI T THS 5o sof ~ © Cracklength

o Crack Depth

B BUGEEE di/dN 1z, Fig.9 oRBRHREHA 15
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HERIFEO 7 EMCE LT %, 2.2 Hio KD Number of Cycle (x10*)
HHETR, WEOHRBETEES LT 50, RiEs A Fig.11 Crack Length on Plate Surface and
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4.3 Bh&HoEe

Fig.17~Fig. 20 WIS N&HOHRIES BAUGERE C 52 5 M By W5 400, HIVK S 25
RREZEHELIL DO THDo £Y Y~ XL BIENEHIT L » TREC I D OERED b b BEDHH -
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x10 c-wl T-Series . I-Series "
,\10‘0 £ x10°4 e x10+¢ ac
© - 10.0- aD 10,04
50 : : .
E Ts o»ﬂ_, 5.9
<~ o 3
Z20 £ ‘ J° £ 3
=0 =« y z
© Ry S— Wi 3 of®
10 3 7 /’
. 1.0 —— -—;—T-D -:. 1.0
05 { * L ° N
A o o
0.5 h*’—‘/gm_.ﬁf 0.5] 7
50 160 260 ' 500 P e . ® ok e -
AK (Y m2)
Fig.12 Relation between Rate Fig.13 Relation between Rate Fig.14 Relation between Rate
of Crack Propagation of Crack Propagation of Crack Propagation
and 4K and 4K (I-Series) and 4K (II-Series)
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"
500

Fig.15 Relation between Rate Fig.16 Relation between Rate Fig.17 Relation between Rate

of Crack Propagation of Crack Propagation of Crack Propagation
and 4K (III-Series) and 4K (IV-Series) and 4K (A-Series)
B-Series C-Seriss x107¢ D-Series
x10° x 1079 10.0f o1
10.! 10 al
or F on
o1 ol vy
5.0] ap s ﬁ vN 5
—_ o R
-.:-;: vy ::‘ [ i
i, ! i, / i
] 1 z I'f z
3 4 3 ! $ S
1 44 1. 4",
Il ? / 8
i D la
I J 0.
0.5 kg 0.5 ¥ F 1
[ ! 1 ] 7
! [ ;
® ;l:m o.r-—a/?;-) “ ¥ i rmrom = ® 42 e 55/mm) *

Fig.18 Relation between Rate Fig.19 Relation between Rate Fig.20 Relation between Rate
of Crack Propagation of Crack Propagation of Crack Propagation
and 4K (B-Series) and 4K (C-Series) and 4K (D-Series)
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ER LB T2 TThHD, LA, B, DYV ~X0I, I, IARE—EKTHME, BAOLCELEENE
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Tl KIEOKEREN By BUGHROBBY IR TH IO L#EIND, ZhE T, Ko EYEEAcHE
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B UK Koy )™
'a"]_v‘— ( ‘ mn.x) (17)
C,m: HHEK
kaC%O, ﬁﬂﬁﬁﬁm&fﬁ KC &Fi‘;ﬁﬂ: R(=dmin/dma;) %%[ﬁb‘c
a (4K)™
iV =C =R K,—4K (18)
KC! m, C . Hﬂﬁﬁ

LW I b REIh—FEDORBEYIT T %, ¥, ERLIBEHLOREL DD, KBRLI\T
W, LaLiERD, 6) ROFRTHIOXRER/THCL &, KOBMELTOMEER L BT Eo BT
E5o

4.4 3BIRY, BSIUVHTFRBRICIZFEFARGEEEFOLR

FERTIE, NHECLIIEBEHARORBR A » AWTERLT S OCHTRBREYERA LY, Thid
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) Xdsviz (U7, 18) K2 LB LT, BYABEEREE IS .
TR LR L L b ThBo s, AU 9% Ni g% ol
HACIS I REYRBRT - 2 % 2R e v 87, AL S Y
Whhe RN, 8 20mm o 9% Ni RThHD, KRB FIZEX i
1,200mm, g 300mm DRFOHERICER 50. 5mm, FX 5mm o o
FISR IR 2B 7= b D TH %, B4 M3 gross stress MKk 15
kg/mm?, ZE 1kg/mm? 058 LKL 300cpm Th B,
FIRBESARBOBET, FHANIEELYERL, £ DO HBIFIE
DIRREICTEE & 7 » TS T, By BAUCBEEIREY ]
WU —SXTHALTED, LA TIK DHELHRAT

10.01

[
>

—
=)

=)
n

iN .(mm/c3'cle)

dt

DR, 0.2 ¢
TZT 20 BAEEX MSF .
2W: ¥ 1§ °
DHEEL W3, ' W TR e i
Fig. 21 w3l X CHFESRRC X 5 BEGEEE O Lk 4K e/}

o — A apgn o . Fig.21 Relation between Rate of
%mfom¢ﬁﬁtmLt%@uﬁﬁa&7_ﬂ@?ﬁﬁfzaoﬁ Crack Propagation of
BB LICEE, AU 4K ECR L TH I RABR L b T RBO H 2 Tensile Test and That of
BROBEEIETEL kD, LL, MEIRBRORAP T, Bending Test

F—F R —FKL T\ B,
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