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Abstract

After the concept of fracture mechanics was applied to fatigue crack propagation
by Paris, Paris' law is widely used to predict fatigue crack growth behavior. Since
Elber proposed the effective stress intensity factor(SIF) and showed a good
agreement with experimental results using the proposed SIF, emphasis in crack
propagation studies has been placed on measuring the effective stress range ratio.
This paper proposes a numerical model to simulate the crack closure and
propagation behaviour under various leading spectrum, The validity of the proposed
model is checked by comparing with the Toyosada numerical solutions on the crack
propagation behaviour. Important insights developed are summarized.
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Fig.1 Stress distribution along fictitious
crack under unit external load

Fig.2 Crack subjected to concentrated
force on crack surface
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Fig.3 Crack in an infinile plate under
uniform tension loading

3 Fig 3o viebd A FEZo] o9 7P}
AE(24F) IS A 71X 2] ATl o e BA
= Dugdale ¥dglo] Zpalel tle 2o z¥E)
T8 4 i},

LEE, kold, 935,

>
oE
gl

Pfﬂas(x)h(x, a)dx — oy f:h(x, aydr =10 (3

A7|x #EAA 9 oEhFeR Qs A4
Addo] Adabsls Aol ame) A9 Mdge
2 AMstste] gt olglA H AlEskA 9]
5ol F 7HF) 2A AR 249 A o
¥ o' 2 JUERZIE 3, 2awe] A4S 2(3)
oB7HEH 8 a9 AL g o] "t

TS max
O = cm/Cos( 90, ) “
a’ = max {a,,)
o714,

ot BEOlHo] 9 Wel o, ol a4
e

cwt mdA Alo|2e] Wt FH

Sewx.! cn A9 HaFEIE

' mAsARe Ao Hut & A

oy AR iy

#55(1982)2 Newman(1981)9l &3kt
el BEdd] ti TR 52 Foud
dalel 75t ARgEkn slvd B d7oiaE
vla 5234 23k ol EAske DR o
ste] el

T3 We] AEuderE Fig. 3 29 8t
¢ ol A9 E TS sPIFEZe] 21 T
d 458 S Adshe A ATHEY viw
= H(5)&2 Foix|1,

Vi) =423V, (5)

(
VE =00

Fig 4ol H9l upe} o],
ol ¥218 (splitting force) o, 7} Aes= A

Journal of SNAK, Vof 38, No. 3 Augurt 2001



FEAAT ASS TS S TILAT 4 T Y- 7D AT AS DL 77

ol 7R Wx) ' Y o] #EHY
{Newman 1981) (2R 1932).

20 _ _ & —bx
Vix) = Py {(b.- x}cosh o)
2
-] &+ bx
+ (b; -+ x)cosh Foer)
2
_ _ —i| @ bisy - x
(b;4, — x)cosh WD)
2
_ il @t by o x
(b;y, + x)cosh _a(b;+1 T
+2v¥ az—xz(sinﬂ%; - sinﬂ#——b;Ll )}
(6)

FHH, Dugdale Modeldld= AAddoz @
T e g 1olME AA7HY V71 FAABR,
At & pAAFRAE FA P

Ly
(o] i

—<%‘_—:ﬁ>—bx
- a
pe—2bies
2b,—~ai
Fig 4 Crack in an infinite plate under
partial splitting forces

m::;_/ *russ sizie
oy
(b) Segimant pluggsd up region with
fictitious COD at plastic zone
(a) Crack-surface displacemant for
fletibous crack
Fig.h Hlustration of crack-surface

displacement for fictitious crack by
Dugdale model and approximation of
actual state of COD

HehEAaRS =E] H38d A3E 2001 89

ol& mEEl Hsd Fig.bol E<l spep
o], Dugdale Model SAd<ielldel 7o g]
o A HwE FEH =209 FU-& el A
she 49l B 84T 4jiAFIc)

0|8} Ho| [¢a" )ol % 84E diY ¥+
o] Kt} Hajel 7lrke medo] ot o] %
& 1 Fof At e Ak 228 4
I #rt,
a2z, wEdFes AE F9¥(wake
zone) ¥ #EAT e 249 ol nAlle B

AF wWAlelL, & HIE 49 Ao RRE
1, 2, 3, - 1, n 2 Rt} Fig3 2
Fig 48 2342 Z1o] g A9 o =
2(5). (6)25E ta} el fwdrt,

B

2l

N

V) = $- K0 — Lo, alby, ) (7)

Ad7)1M, A0 D gb,0) = 2(5) 2 (Bl
glold e@9EE(Z, 5=1, o =1}l 2RE o
o Agageltt A Fig.6el vehd 3
3} o] ol A sata, EIF A 4
N gt 2(3)ez dojzl o7t Ader
A ALell= o =o =2 g1, 2(5) 2 (6)7}
ZHYARRE 2 Bas dHolxel Apasls
th 4] (8)=} o] "Het
V, = Sax Z}s;H(x;,x,—,a")—ay Z:IH(x,-,x,-.a')

=5 flx) - oy abix)  G=1,m
(8)

o7]4,

x;= (b + by )2

V; 1 x=zx oiM9 A

S . S ¢ AU

si o s(x) 2] o]itz) g

H(x,',xi.ﬂ): xio'“ ‘?_’r%’% B 7—‘1(%' }‘]91 x,-°ﬂ

Ae] AT



78

/—‘-\/‘_‘-—-\. \
|

L Stac s} ; N .-"
a_x, y c a
/o ~: * \
; /

’ I

I Oy |

L i

(©) (&)

Fig.6 Superposition Principle for opening crack
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