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Abstract

The fatigue life and crack penetration behavior of high strengh steel have been studied in detail
both experimentally and analytically. The fatigue crack shape of a smooth specimen is almost

semicircular, while a specimen with stress concentration becomes semielliptical according to

stress concentration shape. The aspect ratio of smooth specimens calculated using the Newman-
Raju’s formular is smaller than the value obtained from the experiment. On the other hand, the
aspect ratio of the stress concentration specimen shows a good agreement with experimental
results. It is found that the crack growth behavior on the back surface after the penetration is
unique and can be divided into three stages ; rapid growth region, constant growth region and
acceleration growth region. By using the K value suggested in this study, the particular crack

growth behavior and crack shape can be estimated quantitatively.
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Table 1 Chemical composition and mechanical
properties of material tested

C Si Mn P S Cu Cr Mo V
0.12 0.29 0.98 0.0140.005 0.16 0.62 0.32 0.05

Yield Tensile

stress strength Elongation
(MPa) (MPa) (%)

824 873 39
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Table 2 Test conditions

Specimen Specimen Geometry Stress Condition SCF
Type ¢ 2w 2a. dor dos
No. (mm) (mm) (mm) (MPa) (MPa) K
TH-1 10 50 4 211.9 0 1.0
T TH-2 10 50 4 298.1 0 1.0
TH-3 10 50 14 132.4 0 1.0
B BH-1 31 140 5 0 211.9 1.0
THC-1 10 80 5 165.5 0 1.15
TC THC-2 10 80 5 110.3 0 1.48
THC-3 10 80 5 132.4 0 1.75
S.C.F : Stress Concentration Factor, ¢ . Thickness
2W : Width, 24, : Initial Notch Length
gs, =54 BB I (after through thickness .

3. dgdn o 1

3.1 SEEAxe HIt

HagdARE s s $HANA S5 HEFes
Ass A, T, BIAFHL #do] #F
ANE BE3 7] o)A (before through thickness ; B.
T.T ol TALHS 243 Newman-Raju“?
o gezd Wrbsdc 2dn, TCIAYAE
T34 o AASH omoz FEd $HE
Newman-Raju'®e] 4o tjgste] H7heigich, o
AE 4ozt &, =22y, Newman-Rajug
Aoz Hrg o, $PSHAELE 0.8 2 HY
Sl whgol Algksle] gy, I =3
olg} &},

o] A%

ATT)ele T¥, 7CY =5 A4 o F4& 4
7+ E¥ql 2aR0BFFEE A4 ggAa
Tadag] A|"Pe 2 754},

AK’ =do/ra-F () (1)

o 71 4, F(»)=(1—0.57+0.3707>—0.0447%
JI=7n0°lx, g=a/Weltt, o] AldA A" FE
AKJ 2 sk, 399 & 4Ko'# 9, 4Ky %
AKoE A1) Y a Al as, aE YT AAL
et 9714 g AW TR, ave F99
FdAo]eltt,

o]s}7e] sl lojxl S IAASe WHEFEH
HzFddsszsele] #AE Fig 4o ebdch



AR Re] se2s4yst FERE AFe A AT

Speci. Front Back
P e T T ATt | oC
TH-1] O n =Y
TH-2] & A %
TH-3] © ® Q-
H BH-1 v )\A /
o L
Y] n
g L
L
E -3
£ 0%
-LF
5X10 -
'.
z -
v =
g
5
o 10—67
z 5L
v 5X10 -
-~ N
()]
o] =
Rl
-5
10+
o el / 2 20 s gasd

5 10 50 100

AK, , AK,, AKp MPa/m

Fig. 4 Range of stress intensity factor according to
formula of Newman-Raju and Tada

ol 2531 cl4E 79 o BYE Heska
AQBAz 2 dAn o = FIAVEF A9
dAE BEAY HAUA Y % 2o e
Bz A, FHe HAelA del doin

3 o2 AFE ez gk ooz R #
e, FHAA FANAEAL A D= A=
TAANE=E 49T 5 oz A74de 28
A AL (D Al YA Hopge AE
3712 stglet

Tl BFAE BEL F, A DAY §&
HEA S Hobebswl olA, Fig. b 2
=rllef fsted, ohF3t 22 4744 JhRE AR

+

(1) F2e BFAE BFD Fol= VerdP4
& FARL, ok AU BEAY Aol w
G BEAZYE] FAAo] ok clddez F
A+,

2

1993
2ap

o[ .|
B =

209 | : -
: v b
B 1) =

A 2& Front

(a) Ae=y3a2+ab /2

(b)

Fig. 5 Model used for evaluating the stress intensity
factor after penetration

2.=V(3a7+a.?) /2 (2)
(2) #QAVEF= TIFUY, & Fig 59 BB
AAel ATHdere ol Ad, Fn] g Folie)

A Zetm A,

(3) Fig. 59 2dF 3ol old AFudL 5
(a)& #HE 2We) BFdo] o] 20,9 22U
FFdel 9g W, FAFAR olA AT
B3t gesoldn Agdch @webA 6(a)E of
24023} 7ro] Folxlch,

d(ae) =40a.(1—1*)/EV (3) (3
714, ve Zogd, Ev FTERAASLE, g=
ae/ W, V(p)=(-0.071—0.5357+0.1697%+

0.0207°~1.071(1/5)log (1—7) o] =},

(4) TLFEF Fig 59 AR DA &9
Al FE BE2WY BFoe] Aol 2 EE:
2a,2 22U [ET Aol EAY o), 2 FLF Y
ol e AftH Ao §a) ot 2 SHE WS
ol 3Gl Algob 2o,

o] 43t AL 7o ot FAREF, AW 9
FHe SFHENAG K, Kofe o237 o] F
o] At

Kif=0(a.)/8(as) oVras F(7s) (4)



1994 g
Kp*=08(a.)/8(as) Gw/;fd_bF(ﬂb) (5)

3714 as ¥ ave %7% A4 2 sdelAe &

o], aev AFA FEFoAd FdAel, F
(7s) BE F(p)e A Flp) Al 7=as/
W, m=a,/ W& HAdHA dojx& ol =

8(as), 8(b)= AB)el UAA ae HAl as a
% BH%]‘GP Zoleh, A1(4) (5)9 &3 024 T type
= FASHE A&k, TC typed] A+
= 1401]*1 Aste olfrel osted FHAFT

2EshA] e TALHE AL

AollA Ad 7HA e B AR 93k
TAREF] ATHAE AgHe A 3 el
A AFHch ATEde AL FAEFH 10
mm Hojz FA FtAAA At ol
£ doolzb vehizl2 geh, gl AFe] 2W,
TR N7t 20 olAUAFT TS Lo TFEA ol
oA Y=10mmE s gezA FojAt®,

Ay=——20EY

{cos h(er/ZW)}
cos (wa/2W)

to

S

_1+y . 12+u]
()

(3) AL Y=09 7%l slwtatet,

A (6)oll 27 ol AU vwlmshA Fig. 6

o] JeRich zaEZFeo AL 4](6)o] Y=10mm

-4
x10
o [Speci_ [FrontBack
3
<3 S5t
E
L ¢
- - /'
e
© ] Ogg
-1 /Q,
4 L
o 1 L 1 A
5 10 15 20
Qe mm

Fig. 6 Comparison of measured and theoretical val-
ues of crack opening displacement at the cen-
ter of crack measured 10mm away from the
crack

7]

s
2 WUe W) geleh of el g3 AA
Hol AgozAE o ERT AWl A YA
a, 4(3)ez AR (2l s At A
A BAR 4 e AL W3keh 22U DA
Ba gt Ao, & Tl AET F A=y
A B ARAE AR dool T ReTe] o
of Q& AT % 4 Uk o4l 8, AL a
A} 4E e AeE Adsae BRE el
T AAdY. oAz ¥H A¥nAde 24
BEE AeolE FARE Fo FAANTAAE
4@ ez Hh 2 4 Y& Aolehx Ansel A
o,

ARARH (TR)ol Yeld A1) (65)2 H7hd

rlr »s

Py
T

S oA HEFL wimaA Fig. 7o el
Ak o] a4, Aoz ekl Aol 4 (1)l

o4 JKyolz, 7152 JeRd Zo] A5 23
AKp*olch, a8 o A, B 0= A3 A2
Newman-Rajug] Ao QolA s=1t4 o9 4K,°
olct, A (5)el AF AKy*E a»=0% = F3the]
Aut, 2 % g7t FoHEel wetd F43] AsEt
a»=6-8mmTH ol A HAZE el =k
v et 2 o)A el @A JKSPE
diEls e Jeliz 3t a2 FA
ap=5—15mmT7} Afolo] FA|3lE FH AL Fol
A A=ste AEE99e] F3 o ule %’i‘ﬂ”é
743} =2 2e dagaAsygdd oA F4
vebd Aol

=

aL,

T

=l

2 JKS %S

MPavm

Fig. 7 Crack length(a,) versus range of stress inten-

sity factor on back side



AR J24es) FIARE AF A AT 1995
20 |
TH -1
THC-2
Smax23sMPa 3 L Gmax=122.6MPa 4
R = 01 % | R=0.1 ; ,Q
o =148 i19
; o R ol e
15F —-—cal /l £ ex. ,'{
o I cal(1) e
. —-— cal(ll) ;;ﬂ
'l
I e
T <9
I 20- Pencetration ’l',l/lij)
I

GS lqb

cycle x10°

(a) TH-1 Specimen

Fig. 8 Comparison of experimental

3.2 mzdde MoHS

T8 o TCHAHA AF 3 A4kellA o
A N-g F4-& Fig. 8(a), (b)ell vielfch, Fig. 8
(a)& TH-18 &g, Fig 8(b)x THC-2 &3
AZAPAel Ase|ct, Fig 8(a), (b)lMdE &
A4 sl S glofr] H3ted, el
Fd7ol7t 1.3mm AAYPE #e @545 (22
pA2 S

Aol e] FLAAHAF(N-aF
Fool REY Folx EwisiA ZHE @l
£ #ol AL vebda ch ol F
= A3 wE FIA4AASE ez gl @
A adFe AL gzFgddslygz, Newman-
Rajue] 41993 2] (4) (5)ol &g SHdHAF4
HEZ JKE AL A A Aolch o] e
Yol s FALAEY L] FaS glol7] 931,

i
Ao
’

-a
=X
T

as ,Aab

i ]
100 125

Cycle

(b) THC-2 specimen

and calculated crack growth

ool FhHel7k 1.3mm AAYL wie b
022 Fch Fig 8(a)& A4te] A¥Ax}
AeEg vdeba glod, AAHd A
I A%2 vz gl Fig 8(b)E
2= E]

d

jos

© i

r_:.l_‘

e
>
2>

o Hrzh [l 1ol v]shed

7““‘[‘ 6
Ho] Hof e AL &+ U =Y
dE & Aole g3, A¥AI 7E
etz gleb, Fig. 95 THC-2 $83%F

TAHE Fol AH # FHolAMY T4
gebd Roleh olRel &aw Fol
AAAEAL iz ABCY 39dez v
Ae Asieh Adde FARETAF
2, o] oo A7 Fdeol LA st
10~*mm/cycle®l 9] £% wl 1 o]Ael =3
WE SE2A Fdol 4t glich Addel ol
€ BR9olAMxt ol Tzl AMA FEL AY

o
5

=
T

ol r.,‘l
$ 4

5 o

ok 1o
o

2

e

e 0 0 o o o |r L oo B el

—[m—[rio}‘_X.JlmiJfor,olOoﬂ;‘-ﬂ‘-_l}ErN
lo



7

cHYHATY WFEE 4K=3TMPa/m2
A AR et olFE o] 4YE ALEE YAl
B 32, N-aFAE HLAswed o4 42
Absl, 2 Ao HEe At 1%74Ae d49E
AEEddez dd. = o B HFT
AANEEE dai/dNZE JeEMZIZ 3ok C 9
qe AE=d9E AvA Fh9 FALES) IS
sta, A9 FAdAelol HE#sE FAol
o o] 49E stEdgelatn y2rl2 e
ol Agat AL obF F dXsn Ytk
53] el glojAde 4ga 2e| A, B, C9 39
o2 yrolAe 5ol HaAAFE vebx gl

1996

443

°]

_§L

Al ol A4sdde HEFLAREE
da3/dNSt 3RSH) WEE doste] A E Fig
100 vrebie, o) Aol Slabd, dad/dNsh doshe)
Apolol &

dal/dN=C.(do)™
£ ARl e Ae Bk AYA, Cost

ne ARl I, A4 a 3.1124,
Aol A"ele H2FAANYA (de/dN=C
UK)™ol AAA AKS) A4 m=3.113% LA3H

7

| THC-2 éS
30 Gmax=122.6MPa /

R !
RN
_ g,
¥ 45
>° é,f
j

2a
D Back

mm

ex

A 2ag l ——— - cal

Front
dagl/dN =212 x107 " mmicycle

bttt
0™ =2 % 6 8 10

N x10°

Cycle

Fig. 9 Comparison of experimental and calculated
values of crack growth after penetration
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