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A Proposal of an Analytical Method for Estimating the Opening Behaviour of Tip-Closed
Crack in Compressive Residual Stress by Finite Element Method
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Abstract

For the purpose of clarifying the influence of welding residual stress to the fatigue crack propagations behaviour, an
enalytical investigation based on finite element method is performed to examine the opening behaviour of tip-closed

crack in the compressive residual stress.

A finite element model comprised of contact elements for the crack plane and plane stress elements for the base

material is used to evaluate crack opening stress of the crack existing in the residual stress field. Also an analytical
method based on the superposition principle to estimate the length of opened part of tip closed crack and the stress
distribution adjacent to the crack during uploading is applied to the finite element model. The software for the analysis
is ABAQUS, which is a general purpose finite element package.
"he results show that stresses distributed on the crack surfaces are reduced and approached to zero as the applied
stresses are increased up to crack tip opening stress and no mechanical discontinuity is found at the boundary of
contact elements and plane stress elements. It is verified that the opening behavior of the fatigue crack in the residual
stress can be predicted by finite element method with the proposed analytical method.

< Corresponding author : ejkim@hanbat.ac.kr

ey Words :
Superposition Principle
1. M =
1960l % Paris”7} $EYATESA 4KE ol

g3l FEgdy ANET da/dNS HEFerA
1950t Irwinel 3/35ke] A7 oA Aokt g2
guiAls K7t HE2d9AGEAYY] a7 EYEI]
NREAh wed anidEe szfdel A, As
a2l e Aol AR FA2Ame shie

Kelissaic H214 $65%. 20034 10A

(Received July 30, 2003)

Fatigue Crack, Residual Stress, Crack Propagation, Finite Element Method, Contact Stress, Plane Stress,

B AFEAYR e APEee Az
Fd) AHAS S T ANEES FFA ¥
2 HEA Hglon, ol we $RTARY WEgE
Bkl B AFE AFSY] NG Ao
A e ARHoR WA s Wl F
g o7 ¥t

£dol8rs) NeRde TRAUIL PEARE



72

°
AR

o
11 'HL‘S‘

=

ol

ki)

.0
r

AN
N

< dQAT] G UAA g Ao HuEolA
gt watd 8oleHdlA e saadasd]

FE oAENE stelstelor @

=

iﬂ-_g-o] =194

< Wrkete Aoz AFEon £748 i) 2R
o 47 H2Rse Ass

:
as|

He F2 4F8e) 9P UL Fol ARl Wrke A% Ao HWPeRA SNAUE 9
% &
3

o ole BN AR SRRFEARS A%
e MERGS oz BFeo vzidd A% e

o mlAle

2 AToE $HRRS

Lﬁ
[Px

R AzEd A48 BAPEE ANKIEE.
8

$UAFSHYS Akt 2RY

Ak AFH oz Hrletual s ATt ALE FHIo A T3
B AT7AES 93 F=o} g
=]

AREEE 8HTIFSYT delzd o3 gy

A FESHIRATE o

&sla] FeldezA dazdde] daA g nxe 2

[*]
4L A%t I2FE FeYY JUL BFe
o AsAB HAE AReHe JBE fBa2AN  H7

T = v zA=

b 4 e Akksigieh aeu o3 928
A% AReAY 9T sl 1
LR FHAFSH0] AJAE B9E WICR o B WAL & Ax A4S

2o Z7lo W2 WEFFe NTASE §3ess  AFeER F: gEAEdR wS AHusls mEF
Ao ofste] HESP] 98 e Aotsld dE FHstm o] dE B0 AFSH BNt gk
ot T3 Aot sjauiiel ol SHAFSHAG oM AFAez HoldEe P dEzFde] EAstE
ZAsle dzFdd] dgtd SdF5Svk WwE FdW ASd dskdMde 2588 43S el Eate
2 g S EE HIE FIldt o] it vk 80 Fuldle RETE 18
3= Ay o] WiEso] FF-SEY FxU AR lA

2. I2a¥el MuHso olxls BEIAR  gzos Hojshe 9Qd B2FA) EAsks A9
S| Fakholo 25t A SE #o] 7FsalAlE 5 dEARAF = FF5E

o] 9gg ¥BAog HES £ e A7l nlgEEHY

AERede] A2ade Al WAL L 3
F7kst] A5l AFAA A ATl o
Fol AEE BIPPET Boko) nelE ARG
FH02 Hed A%E Table 1] AR 60
Hol&¥ol U AzAwel Bhpyoz
o giolg Usled ANE AzuuAT
W7zl N2AAN ruled o A 7+
o= AgHdA gtk o olHd AL Ag b 7
& 870129 ol BPH Yol HFF P

23z
gHoR
s 2t o
o
=2
=
=
7} &

o

op

ox

sete o
ol Hot

= L =] o= 5 =) 12)
dolgo] ALHE SHTFEEN distda e sl dMe SEIMAFE FIe W V0] o] o1A
oJg AAle] =gdo] ot HU A o A o 3 LHAFIHY S THI SHEEY
Ae 7080 &40 o3 &Hd WeF ARgEe] B FAd wEy e g8 FENTEe] oz st
54 F230] M2eAS 2% AFLAY 9T o oo UeF SHIUASY WPHE AxANTH
Table 1 Review of researches for the effects of welding residual stress on fatigue strength of welded
joints‘“
Effect of Significant Criteria of
Years Characteristics of evaluation method residual phenomenon R Remark
. evaluation
stress for evaluation
1960 Fatigue strgngth dependmg. on the Failure Experiment Application pf fa‘tlgue
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Fig. 1 The configuration of the finite element model
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Fig. 3 Superposition model illustrating partial opening behaviour of tip closed crack by FEM
(a) Distribution of contact stress substituted for initial distribution of residual stress
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Fig. 4 Extension of partial opening on tip closed crack by increase of applied stress
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