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Abstract

The fatigue life of ship structure under cyclic loading condition is made up of crack
initiation and propagation stages. For a welding member in ship structure, the fatigue crack
propagation life is more important than the fatigue crack initiation life. To calculate
precisely the fatigue crack propagation life at the critical welding location, the knowledge
of the residual stress sensitivity on the fatigue strength is necessary. In this study, thermo
elastic—plastic analysis was conducted in order to examine the effect of residual stress on
the fatigue crack propagation life. Also the fatigue crack propagation lives considering
residual stress were calculated using fatigue crack growth code, AFGROW, on the basis of
fracture mechanics. AFGROW is widely used for fatigue crack growth predictions under
constant and variable amplitude loading. The reliability of AFGROW on the fatigue of ship
structure was confirmed by the comparison of the estimated results with the fatigue
propagation test results.
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Fig. 1 Crack growth data under constant

amplitude loading

da/dN (log scale)

Fig. 2 Three regions of crack growth rate curve
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2.1 AFGROW € 0|88t ZgXE+Y o=

AFGROW(Air Force Growth)= ZEAIZ, 1T
DA, O delld ARES9 =% )

I
O0lEote #ZXTLY s ZZ 0|0
o OtE =, S3=0I0, user—friendly
ZEOl otLiz LdHAM UCH AFGROW

23 (Air Force Research Laboratory)Oll A JHE
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I2)AO=z 1985 4, Sikorsky H-53 Helicopter
O FLXHNHAES 2ol st 22 NA e 2
SOl ASDGRO 2 AM&ES=z <Al AHISMA
et 2tCHHarter 2006). AFGROW o && JI2
o M=, 0IEE*3== NASA 0AM JHZE
NASGRO equation S HIZ8t Harter T-method,
walker equation S 5 JIXIQ ZZXE A & THE

o 24Xl F2E 0l=cl &0l OE HEe A
40| Jtsotlis A0 SMe, 87388 gt &
2X el &t g8 S5 Ald HEl HSot
JI ghh= A0ICH [TetA AFEXE THRI] # <0
e Aot Z2UE HS = I ME0 2=Ee 2
SAH oz Z2OHMOE=M F0l 01=5tn UL

2.2 NASGRO equation

AFGROW = log(da/dN) Ut logAK &I =&=
2] 2ol Forman equation, Walker equation,
Tabular lookup, Harter-T method Z2l12
NASGRO equation & & 5JtKISl HAAS ALE
StCh. 2 A0 M= NASGRO equation & 01&

ot ZEAEHE  HAGIACE  NASGRO
(NASA o RHEZXIN Si4ZZ M) 2ZdA H
AAlOZ MOl= NASGRO equation 2 0l&36t7]
M= oA CHA THZOl CHSH Crast mu st
N =4X1Jt 2R06ICH AFGROW = 248 #XE
2SS OhgEstd 24X E2S= material
database 3} St01 M&EGHD UI W20 24X
AEE8 2 3otk L0t Jst= THEQ HE
£ JHNLD IS E=H HAO| JtSTHCH

2 HFlNANE ISRMLEN AI=s H2
Z2 MZEQl Table 10l 20{Xl= ASTM A36 steel
plate 2| MtYASN S4X FZ2E 0|E6HRULCH

Table 1 Properties of ASTM A36 steel, plate

Tensile strength,

. 400 ~ 550 MPa
ultimate
Tensile strength, Yield 250 MPa
Modulus of elasticity 200 GPa
Poisson’ s ratio 0.26
Shear modulus 79.3 GPa
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Fig. 3 Crack growth-rate data of ASTM A36 steel,

plate (stress ratio R=0)

Fig. 3 & ASTM A36 steel, plate 2
log(da/dN)tH logAK =4 0ILCH
NASGRO equation 2 CtS2+ 2Ch

p
(12K
da 1- AK
™ Ty
B [I_AKmax]
AKCI”U (2)
GJIA C, n p, g & HENOR A0lls 445
0l0Y, LINiX &+SS 08Dt 20l HolEr
f:&
Kmax
max(R,AO + AR+ AR + A3R3) R>0
=4+ AR ~2<R<0
Ay-24 R<-2

(3)
= (0.825 ~0.34a + 0.05a2)

la
X {cos (%Smax log ﬂ
(4)

4y =(0.415-0.071a)S 0 / 70 (5)

Ay =1-Ay—4 -4 6)

S 2RO REAUM L I22HUSH 28 A1)

A3 = 2140 + Al —1 (7)
& = Plane stress/strain constraint factor

S x| O = Ratio of the maximum applied stress
to the flow stress

cC
a

CtSot 201 A&

o

boAK,

rr

— (1+C,R)
-2 (tm
a+ay) | (1-49)(1-R)
(8)
™I,
AKO = threshold stress intensity range at R=0
a = crack length (a or ¢ in AFGROW)
a, =intrinsic crack length (0.0015 inches or
0.0000381 meters)
C, = threshold coefficient

2.3 Stress intensity factor

AFGROW & 30 JtAl Ol&2] geometry Off CHist
SEEHH==(stress intensity factor) 2t0l=eie!
£ MIZ8tCE &8 multiple crack, non—symmetric
corner crack & S&8 2Z A0 s SH=
CHAHIZ= Al DeHAIF JF
EtR (semi-elliptical) BEH 2o SSS|H LS
F5tJ1 fIot Fig. 4 Ol 20X AW 20
Newman—-Raju 2| SS=HH=+ A0 Jl=xst
center semi—elliptical surface crack classical
model 2 O0|=ZatLCtH

OJIM, a 2 ¢ = R& B0l EMdt= PHEHR
oZol 209 & vrAE 22 LIEHUHH =o =
MNE t, HHIE w&E HAISHCL.

P ZES0 ool
(Newman and Raju 1981). AFGROW &
oM E =I| 2L EH2A0I(c)2t &
(a)% 2010k StCH 012 <loll Kim et al.(2008)
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Default angle (®) used for the ¢ Dimension: 0°

Default angle (®) used for the a Dimension: 90°
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Fig. 4 Center semi—elliptical edge surface crack

Fig. 5 Beach mark on crack section
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plastic analysis
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(a) Residual stress distribution on the surface
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(b) Residual stress distribution in the inner plate
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(c) Width and depth direction at weld toe
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Fig. 7 Residual stress distribution
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