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Abstract

Crack penetration behavior by fatigue crack propagation and measurements of AFE
before-and-after crack penetration were examined using SS41 steel plate. Experimental
crack shape of SU type was in good agreement with calculated shape rather than S type.
Crack propagation behavior on the front surface appears not to change markedly after
penetration. However, crack growth on the back surface appears to accelerate as reported
by author. As a crack propagates, AE occurred heavily just before penetration. Then, it
decreases and crack is penetrating. A transition from plane strain to plane stress was
observed by fractographic study. At this time, separation of fracture surface was shown
which affects AE occurrence.
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Table 1 Chemical composition (%) and mechanical
properties of test material

Materid | C | Si | Mn | P | S
x100 x1000
4 | 3 5 16 16
ss4] Yield Tensile Elongati
stress strength on
(MPa) (MPa) (%)
309 442 33

Table 2 Specimen dimensions and test conditions

i ) Specimen geometry Sterss
isﬂimmn | 2w 2 | b | 4o | R
| No. (mm) | (mm) : (mm) | (mm) | (MPa) |
S 5 | 2 50 [ 22| W
I 52 5 | o 60 | 23 ] 203
L s3 5 | 60 | 25 | 181 01
SU-1 5 | 20 60 | 23 | 181
csu2 s [ w60 | 23| 159
27.5 42.5 60 42.5 275

l R6.5 L

< J 015

ol

60

(B) SU type specimen

Fig.1 Dimensions of specimens ; all dimensions

in mm
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acoustic emission measurements
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(B) crack growth after penetration

Fig.6 Comparison of . xperimental values and
calculated values of crack growth in SU-1
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Fig.12 SEM photograph of fatigue fracture surface (SU-1 specimen)
% : Inclusion, 1 : Separation, T : Dimple



EugdAe] H2dd FFAF HE JZAaHnld

23 G AR BAE Ay, H=
a9 Aol oA AES] F23 HAN e 2A
HHgedo] £ 3FH N HA A ““ﬂ
Bt AT AM2AF AMEL we] = gy, 22
A =& HAgFD B AAZ AR %
Aol 7]od 3t alb AL FHy 24 FdA
= ¥} o] F2 oo etz A"
whebr] AES| AL £ o] A Fuwy
el A Fol AEty, HH-SHAANE Ho gt
mpeba] A gk

52 &

Q.1B}-—'T7—}.9-°k}—0:17‘—iﬂ- ]).SL A}%s}o:} ;q
Gudel w2t F HEAFH} FARE
o) AES A3 A3} thgat e kg

& AREA e

L Fd Al ok e Wy
sUH 2 97l SRl gz Aake] of$-

L olag 2ol vk

0 abwlel Ao} sl AEE aFde] sl
FHEF Follx £ wshis fla, A& A
F8 vhebd a glisdl, sl A o) whE
ol A AFE vheldsict

3. AES] nFAle vl@gde] A& el ubeba
79 #% Aol A WS Bl F 7}
Aste] tdo] gtk s o] Fhatel A
AE7} vho) MbAlelz RE-2 4ol T

HegH Az Hojge o & ‘il‘ii‘i}

4. o)} ol Huwlwa g ArelolAd HHE-SHA
&2 v A sdelle E] (separation)F
Aol vrebta slgdTt

5. e FrEe) hAA 2 AAAY 28 9
ato], 33k Fde] BE AFel et AES
Fo wAY 2 AFE gefsty] st o
3% fad AHeste] HAEY Tev) Qe
A 2 et

o] =FL 1996 % Z)AF ok gl

o )aje] A7E g’

il

to

Ho
ro

1) Kawahara, M. and Kurihara, M. "A
Preliminary Study on Surface Crack Growth
in a Combined Tensile and Bending Fatigue
Process”, Japan Soc. Naval Archit., Vol.137,
pp.297-306, 1975 (in Japanese)

2) Gilchnist, M.D., Chipalo, M. and Smith,
R.A., "Shape Development of Surface Defects
in  Tension Fatigued Finite Thickness
Plates”, Int. J. Press. Piping, Vol49,
pp.121-137, 1992

3) Kaufman, J.G., Bucci, R.]. and Kelsey, R.A.,
"Fracture  Mechanics  Aspects of  the
Structural Integrity Technology of Spherical
Aluminum  Containment  Vessels for LNG
Tankers”, ASME J. Eng. Mater. &
Technology, Vol.102, p.303, 1980

4) Ando, A.. Fujibayashi, S., Nam, KW,
Takahashi, M. and Ogura, N., "The Fatigue
Life and Crack Through Thickness Behavior
of a Surface Cracked Plate (for the Case of
Tensile  Load)’, JSME Int. ], Vol.30,
pp.1898 -1905, 1987

5) Nam, K.W.. Fuyjibayashi, S.. Ando, K. and
Ogura, N, "The Fatigue Life and Crack
Through Thickness Behavior of a Surface
Cracked Plate (Effect of Stress
Concentration)”, JSME Int. ], Vol3l,
pp.272-279, 1988

6) Nam, KW. "The Fatigue Life and Crack

Penetration Behavior of High Strength
Steel”, KSME, Vol.15, pp.1990-2001, 1991

7) Nam, K.W., Ando, K., Ogura, N. and Matui,
K., "Fatigue Life and Penetration Behaviour
of a Surface Cracked Plate under Combined
Tension and Bending”, Fatigue Fract. Engng.
Mater. Struct., Vol.17, pp.873-882, 1994

8) Nam, K.W., Ando, K. and Ogura, N., "The



9

10)

1

9714 - HAR

Effect of Specimen Size on the Behaviour of
Penetrating Fatigue Cracks”, Fatigue Fract.
Engng. Mater. Struct., Vol.16, pp.767-779,
1993

Nam, KW, Ando, K N,

"Surface Fatigue Crack Life and Penetration

and Ogura,

Behavior of Stress Concentration Specimen”,

Engng. Fract. Mech., Vol51, pp.161-166,
1995
Ohira, T. Kishi, T. and Horiuchi, R,

"Acoustic Emission during Fatigue Crack
Propagation in 7049 Ai-Zn-Mg Alloy”, JNDI,
Vol.29, pp.189-197, 1988 (in Japanese)

Ohira, T. and Kishy, T. “Effects of

Mechanical Condition and  Materials

Lol A% -

12)

13)

14)

2AG - L ATF - o] FH

Characteristics on Acoustic Emission during
Fatigue Crack propagation”, JNDI, Vol. 30,
pp.922-928, 1989 (in Japanese)

and Raju, LS., "An
Empirical Stress-Intensity Factor Equation
for the Surface Crack”, Engng. Fract. Mech.,
Vol.15, pp.185-192, 1981

Elber, "Fatigue Crack Closure under Cyclic
Mech., Vol.2,

Newman, JC. Jr.

Tension”, Engng. Fract.
pp.37-45, 1970

Ando, K., Matsushita, H., Fujibayashi, S. and
Ogura, N, Fracture
Toughness of Controlled Rolled Steel”, ].
Society of Materials Science, Vol.34,

pp.388-393, 1985 (in Japanese)

"Separation  anf



