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K. S. Kim", B. C. shin™, C. S. Shim’, J. Y. Park’ and H. M. Cho’

Inha University”, Korea Institute of Machinery & Materials™

Abstract

Ships and ocean structures are subjected to random loads caused by irregular waves.
The irregularity of amplitude from random loading affects on fatigue crack growth and
fatigue life. However the effects of irregularity of loading on fatigue including random
loading have not been explained exactly. Therefore in this paper crack growth tests on
DENT specimens under constant—amplitude loading including a single tensile overload are
conducted to investigate the effect of overload on crack growth rate. The size of plastic
zone and crack growth rate before and after a single tensile overloading are measured
using ESPI system. Crack growth retardation model that is characterized by crack growth
length and the size of plastic zone was proposed and compared with test result. From the
research, the validity of proposed model is examined on crack growth retardation, and
consequently fatigue life.

Keywords:  ESPHEXNAIZ2IME 2HHAIAH),  Overloading(UCH3tE), Crack retardation
effect(@ Y XIHE M), Size of plastic zone(AHHH=TI]), Crack growth rate(ZEAHEE)
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2. ESPI System

ESPI system £ 222" JIE 22
CCD(charge coupled device) JIHIZIE 0I8
A BRI JIEE JI=O2 5t SIS
HEHACZ M2 2MIIE 01801 AIB TH
2Hst HRIE HIME 29 =3(noncontact
whole—field measurement)ob= ZHIOICL ESPI
system@l BIAIFOIA LI 2lold= AlE EH0
M BRAIEIOIRICE Fig. 10IM TAIRCZ BHAIS
2174 2101 BRALEIOIR! Hi0IKM= CCD 2toi2tol 2
i SHECUX2 0l M 0l0|XKi(fringe image)=
ZEH W20 HECNEICH 0248t UES AH
Ol oHE0! &EoIH HE0| YMED| MF0) 29
OIROZICE Fig. 1 0l 20iXl= OIE 22Hel oial
XE blwsld ¢2 ZM(subtraction correlation
fringe image)& ol Al HHH(| st =
HES HASHA (AE/AEA, 2002).

Fig. 22 O & Yz 3 HAES =5
oiJ| ol S=stAlZE WEXO0ICE Fig. 2(a)0lA
HoXl= Jt 20| 22 HHA0 fIXIok= 2
O MO B2 AIHS HHUM 6,0 6,9 2
2 0|RHA BHAIZIZD 0IE2 CCD JtHi2holl SlaH
AN SEZOECL S0t S0 ol SE=E &
Z(intensity)= CrSdt &Ch
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L + I + 2(LL)Y cos(d¢) (1)

O L L= 2 HOIKE0AM &gt
(scatter) /& Lol ZE0|D g9 = 2702 A0l
X & ALolCl R&txHphase difference) OICH

ARIEIUE 2ol DR S8 M0 49 = 23
otXl 2} &HE0l &gat0 Al ZEHH &2 B¢
SIOr s S0l L, 0 L, BE= Hel LEGH
SRECL 2HU |ATlE 49 + 49 2 HE
Ch GI2IM 2JH2 OIDIXIE HlwslH e &
4¢’ E 01800 SHAXICA fringe order, N
£ ZESICL oY y WEoZ I} LMD
HIOIH ol yz Hol ACHH Fig. 2(b) OIA #&
XHoptical path length difference)Jt
8(cos 0 + cos 0,) 2 ZOM, H= A (2)
<t 2 Ch



re

OSSO0 MZ2Hol OiXlE S0 28t H

filurnination 1
Object

Hlumnination 2

non deformed
(Refarence state)

L,’I\\J/;?

flumination 2

deformed

o

Step 1 Step 2
Zig. 1 Principle of ESP| system, wave profile
and speckle pattern images

Q ccD

(b)
lllumination configuration for in—plane
electronic speckle pattern interferometry analysis

Fig. 2

o

ro

=HSS=2d M40 R3Z 2003 69

47

N A
cos 0 + cos 0,

S =

—
»

2902l Ol0IXI  AlOIO HHEE =22
Ae dd/ dy Ol fringe separation =
8y = dy/dN ¢ StAL. 0l

6,=0,= 02 &3 A (2= A Q)T 20
SICH,

=)
—_— =

Ae A
24y cos 0 (3)
& A0 AFES & ESPl System 2 0I&st
HEE EHUHE J28Y, =8 SS Z&6!
o DAY MUY PEES =TT 4 AN
X2 0ls, &AX & XTH0| 2HEE o] HEE
£ N = BHH ERRI0l AN 8 S
2 diorMel 2+E0ll ZeE 0IXID] 20 SEOo
AN HEES =86l ol AR SFAOI |
0l HE 4 ULL AIZYIOING WH0 =38 JI=:

0l T122 FFXFO0| 2R, I +=XH2
Z XM=l W20 D15 ¥ BR AHHI0IAD
H2 SHE2 D UCHL E8F 2 AIAER2
0.03 pmS HIFZTE IO CCO Stufietel
L= 768%583pixel2 JHAILL ULH HAE

ot S E U 25%35mm? OICh,

02

I =

3. &8 XN4H g1

UNMNESIES Y= 2= el HEotES
gh= 22 LIZdZEE2 St A, 2919
B0 et Wetks Aoz o 25U 0
cist StE30|9 =M 2 II2RQEEEHS)
o foIE LS &2 018X tHds 210 Ut
(Dowling 1993:;Anderson 1995).
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2 I 0120 SE okEtdant S0l o
Lt= Fig. 31 &2 AIF MOS0l 216t &
JI2t B0 PEHES LIEH=s 2SHEXNAS
WOICE. Wheeler(1972)= & HHSHS0l =&0t

a Crack growth rate
without overload ™.

Crack growth rate
after overload

Fig. 3 Crack retardation effect due to
overload
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For @; < a < Qpp

C 2

p= (a—ay)

(amin - ae)2 (6)

FOf amin = a < ae

C 2
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Table 1 Chemical composition of SM4908

Composition (weight %)

Material
C Si Mn p S

SM4908 0.18 0.55 1.60 0.035 0.035

Table 2 Mechanical properties of SM4908

Yield stress (MPa) 325
Ultimate tensile stress (MPa) 490
Young's modulus (MPa) 202,000
Poisson's ratio 0.3

Double Edge Notched Tension (DENT) Specimen
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Fig. 5 Geometry of the DENT specimen
{unit: mm)
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Fig. 6 Change of strain contour measured
by ESPI system according to constant

amplitude cyclic loading

Comparison of the plastic zone size
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Fig. 7 Comparison of the plastic zone sizes
on the basis of the crack length measured
by ESPI system
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Fig. 8 Change of position of plastic zone tip
according to crack growth length
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Crack Growth Test for DENT-3
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Fig. 10 Crack growth length curve according
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