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Numerical Simulation of Fatigue Growth of Multiple Surface Crack
under Fatigue Load
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ABSTRACT

This paper describes a versatile finite element technique which has been used to investigate wide range of
structural defects of practical importance. The procedure automatically remeshes the three-dimensional finite
element model during the stages of crack growth. Problems include the surface cracks in leak-before-break

situations, the shape development of multiple surface defects.
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Fig. 9 Nomenclature used to define growth of surface
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Fig. 12 Nomenclature used to define growth of multiple
surface defects

Table 1 Initial geometric profile of surface defects

%] 2= H -
A alc at t/w u| v @:‘;}
3% 3 T
A3 0.006 | 0.006 | 0.065 | | I
(DOB=0.0) |(0.15/25)|(0.15/25)|(25/400)
A4 0.006 | 0.006 | 0.065 0l10l s
(DOB=0.0) [(0.15/25)|(0.15/25){(25/400)
A+ 73 | 0.006 | 0.006 | 0.065 10110l s
(DOB=0.5) {(0.15/25)(0.15/25)(25/400)
34 o0 2 NFE
Fig. 13¢] R A A& A5

138 &= RSXSEE =2H

A1e) 319] & 4hH](aspect ratio) a/c7} 0.006 TF7)
o tist ZQolurak a7} 0.006, WtZ Lol sk
5 vwrh 0064 73§ 471 sladxfol A B
A2 9 713 HEANCZRE Ao
vE] Q&g YA NG THolr)

Fig. 14 Q3815 Jestd] 2y a2
Zolurake]l adA4% WMol & ettt Fig. 14
Ao Fero 27]REANA

A
3

Fig. 13 Fatigue growth of surface slot crack for
DOB=0.0

1.0 1

0 Present work, N (Num. of Steps) = 71
wsmes Newman & Raju, N =1000,C;,=C,
—— Newman & Raju, N=74,C.=0.9,C,

0.8

06 W

alc

0.4 4

0.2 1

0.0+
0.0

0.2

06 08 1.0

aft
Fig. 14 Variation of crack depth with fatigue life for
DOB=0.0



A2 FZFaolse] EEgHaduad Be SAA S

Aol Fodtta ALE T Fig. 1404 92
¥ 3Y A Ao &3 Newmand} Rajus] | ¢H4]
5 AA AN = ParisEAL A E A% ¢, 7}
Paris®] oWk AFEAST ¢, 9 28 1, 0.
9'd A$E ol Aol AN 2o
3ok vl - HESAY. 974 nd Parise] I
239 AHE AFolth ¥ Ao A A=t &
A1 & Newman#} Rajudl] o] 3| A =4 A ¢+d
A elud & XS g F U

Fig. 150 A &= & Al 0] (aspect ratio)7} T} 2 <13
e PRAAFY ARG Yl o] 2
HE B35l A gudo|rl A8 %] w2 e
HgEFY dSd s Foix AEFA HF

>

o] AN o] A & gomg ShHAALS} K]
2o 4457 B89 & gtk AR o A3
o) A0S Y 242 Fat] RESA}
Ao A AAFL ABAA =AY F ok
Fdeld AgYFe FYuls 1nd Hz 05
< ale < 072 3t Adko] glom BEYo]
e 2ue Polta Aol oy 2 273 3
S WA} o] e BPe 27] WAty o A
52 582 Agog A ol x7] Ay
2 adgels AT Y Jako] A B
£& FFUHOT S FAUZ Fate] 4gat
EAoR BAAY F4 Pau= 2] P4
o 7] adold o8 2A FFL By,

-
o
1

. Present work
e Newman & Raju, N = G, = 0.9'C,
Newman & Raju, C. = C,

0.8 9

0.6 1

alc

0.4 1

0.2 4

0.0 N " . 4
0.0 0.2 04 06 0.8 1.0
alt

Fig. 15 Variation of aspect ratio for surface slot crack,
DOB=0.0

weld, E dAFdA AdEh s ugo)
Newman} Rajudl] &} s) A =4 A <tg W = v
2 A x-S Hojx gt

Sl A 1FE B84 71 Hel o8] Table 1
o AN E 52 EAAY P4 thala] Q1% s}
FRto] 28 & A9, 93 5y eFo] FAl
24 8 399 gA-d A7} E Fig. 16, Fig. 17
o Bt}

IFelA 7] 5709 FL AYL N2 FE
AAA] SYHLE AT & F FEER
FA=o] £5FEe de adPgygr 14
HEAS €S Utk F o Wds] #3389 1
oM WA 2L & Tt o wa A
e RE B F Uk o] R 7] AWA
g9y g4 et Jg $F A R
A, FHA Yt o 2] o =&, =
YEO MNZ HEF 25 AAM AT 27 HS
e 7 UF HE AU L F FAT @49k §
Bl W Rt ER §43 AAgE A& ¢ F
31t} o] = Sobyejo® 59 AHAALE & Y|
TS ¢ T AATt A B FFe s A g
A7IHL& 37kA b YA FGA = A A,
A, A FAA BEavzade g404e
o 27| EHATANAM #5E o 71X ¢
AAFEE & 5l olu 9 J3E,
B 5ol ALE & o] #ALAAA T & F
34 8449 5 9l

Fig. 16 Fatigue growth of five small cracks under
DOB=0.0

H10A 635, 2002 139



Fig. 17 Fatigue growth of five small cracks under
DOB=0.5
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