EOR R I R I BN S (TGN S K = O] Vol. 45, No. 4
2018 & 4 A Journal of Hunan University(Natural Sciences) Apr. 2018

XEHS :1674-2974(2018)04-0074-08 DOI:10.16339/j.cnki.hdxbzkb.2018.04.010
ETHEERRS A ENHRLY BESH

R E SRR
(L JEFBUZS AR K2 iz Bha 5 TR2EBE . JE5 1001915
2. FEPBL B S FP R T WIERES RS E s 100190)

W B RRAERARAT EN LAY EPARTHNE AR T FRREEELAED
SR ERELYT R T KESEANRAZE WML ALBEEL MR ETAK
BT MBGREE RIATE AT R A AMEERRY T ERRBARER Ry HET
A—ZAE LR RS A MBS TSR B8 FF R mMAR 503258 20
MMEVERRSEMNRKBRALRBOEAZRER T . ARRKBAGEE AL LR B LS
Fezr@ BB sy eIy, AT AT RRBRG M RITEH I R RFREGYT R
WBEARIET O E. RGBT IR ALY R FIRALT AT ER AT EF LR
A 5 AE CRIEAT I GEE T AL T R LA RIFHTER.FREFT A SRR
T 7k 1 A .

KER: AL T HAEMEAERARS ;R ARERF;ARLT ;AT £

FESHES:0346. 1 XEkFRAERS A

Analysis of Crack Growth Based on Interaction Integral Method
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Abstract: In the process of analyzing crack growth with traditional finite element method, crack tip
singularity is an urgent problem that must be faced with, and then the direction and length of the propaga-
tion are closely related to the mesh of model. In this paper, a model that is not thoroughly dependent on
the mesh and can be used for analyzing problems of crack growth is set up. Because interaction integral
method can relieve the effects of singularity to some extent, severe requirements for meshing caused by
singularity can be avoided. Stress intensity factor at the crack tip is solved by interaction integral via finite
element method, and direction of the propagation is determined by the maximum circumferential tensile
stress theory. When cracks propagate, only the meshes of concerned areas are regenerated in order to ob-
tain the final extension path in a relatively precise way. At last, several typical examples, including growth
of mode-T crack, cracks with a hole plate and cracks subjected to compression, are compared with refer-

ences. Reliability of the method in this paper is verified and applicability in many damaged patterns is
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shown as well.

Key words: crack tip singularity; interaction integration; stress intension factor; finite element meth-

od; crack propagation
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Fig. 1 Schematic diagram of interaction integration

g% G e 2R A AR AR S B
SEASTE SRR T A8 T 73 9 17 3 5 B PR Z AL A 4R
KA

’:%<K1(1>K1<2>+K1§1’Kﬁ”> (2)

Xp E D - 1 0 AR V- TR F) R FR) Sk A A

TE S P B HR S S 05 A BROT A 35 4E A
HAR IR 5 e il — A>T AR 7E 01 % G S T
B 3 A — > Bl C o P A (8] % 22 8] T (] 8 X 38K
NS 3 A HORE E R 2D R 2R e 4 oy i R
I3« 73 AN B AT AT T3/ AT AR AR TR

SRREIT RIS
I =
7(1'{'(2) ) r?(L{Kl) ) a
1> 9\ 2> i —_wa s | Mgs —
J s [Jy dx T dx 61]:|9de
a(ub(Z)) i g(u‘(l))
1> i 2> i ’
Jc*ﬂt* [012 dx Tou dx }qmydc

(3)
g S BB B 7 X S IR 1, R
W T7 o 0sm,, ERSC_E I INEL.

i LB o3 B T URIGE - 28 BORE RE (9 4 B 3 8
AR B B SORAS TR W N 58 B L O TSR RS
BOK iy DBl Bl 3 o 2 T 20 R 25 9 HL
AR A

K =1, K =0 (4)

T4l T BLIRZSS BB T 5 AL 8% A BELie
fife - R AR 25 B 5d i X (3) 45 2 AH 5 AR AR 1 (L
a4 @) MW FaT RS K
LN

1> EX
K> =51 (5)
Ivi 2HR {15 52 4l By 3 oA 0 1T RER 285 5 T LA 75 3 2 4K

Ki” 4
1.2 HGyYRAEN

AR (1 T 2R 9 U] 6 555 R R R LT AR R
7758 B DR S5 AH O HE DU AR SR R g i B DR T
W AE AR BAE AR 43 05 5 T SR A 24 804 i @ Ny ) 9k
FEHF Kl K 19 35 6l b, 8 SCSF 300 ) 5 B A
T

Ki, = V(K + (Ki)* (6)

21 B S RN T 5 B R K, B SR )
5 RE R L AT IR i . X TR A R R ey
Ji& o N FH S5 R A [l Bz R 7 5 B DR R e SR i

8oy Ry A
6[ =
1 (K . K\’ ”
2 P e S el 8
arctan [4 (KH sign (Kn) (KH) +38

D

L3 MRy RHEE

AERBOIT AR 1 9 4 0
S BB A 5 B TF L. 35— A1)
R A LS00 TR 5000 4 A 6 T 50 48 90
19 S 5 B3 58 7 o 40 37 48 3 B T [ 2
ST A 04 45 D EE VAN 9 0 R O B
1 SCASEDIREE. e TR I A B R
A0 4059335 T T A A 43
5 SR A 9 565 5B LB 6 17160 s 970 40 1o
M. AR T

1) AR IR FIALS3 07 b 1 e
(B BRI T KR K 48RRI C5) 7512
TAT 60 i 0, 5 W48 5L 2 0T L 1 5T
2

2) L ALCRI IR K AL R R
71 S O, 6 TR R K 0B 5% S0
[197 144yt LU 2B K ) << A< 20 S
LA

3) Tl U R 5 2 8 LR
B 6 50 R i 650 5 0 s e 90 2

D EEFR D ~ 3) AT AR 4
. 015 T 0 o 2 TF L0 A 4 L0
RF L.

2 HBEEN S SR

fE ANSYS 7 [ROCHE 7 o, B8 B R /46 R



%4

W B 03 45 3 T AR ELAR AR O3 J5 TR W R LY T oy # 7

() PLANEL83 - Ta1 W A2 8156, 73 M 45 fsk i) 2L 4
fiuh BT R JH =45 55 CONTAL72 B0, H AR FLIT e %
=458 TARGE169 BT, 7 ¥k £% fY 1x 26 it 7 ] i
s BT R ST I AR TR O ik AT A TR
JUTT LT T RO B HU R T B0 R AL T I R SC
B A AR AR 23 J5 s B U B AR SO i
PO BTG AR L T5 T 58 0 TR . O L T A ELAE
BTG S A RICT ik it — 2k W T A7
A BT FE /Y. T TR T X SE AR .
2.1 MARERFHITE

IO, 77 58 B IR B9 SRR AR ST i PRI I SRS
10 T EES R O A TR [ A ) R P R S e
SEULII A )R A B 2SR L AT 5 T A
VAR » BT LAAR SC 36 4 A7 BR T v 0 28 SO 1 ik A i
191 K 60 7 568 BE DR A O B DL %0
BV 2 B Bpa) 52 B S R0 ) o AT IR
B G2 2W s o 2H . R AFFE— 2R KRN 2a 3R
o BB O A% i) 33 5 B 2SR B RE s ZREUR S 14 DL
Ty R Rk A

K, =Fs" vra €))

2H

o

B2 A Z e IR K MK

Fig. 2 The finite plate with a central crack
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Fig. 3 Model of mode-I crack subjected to tension

— A5k

—A— PYIATEmS RIS
—6— WA A mRIs 1
—— DA A dRI5 2

A4 THELENGYT RERA

Fig. 4 Propagation results of mode-1 subjected to tension
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Fig. 6 Graph of crack growth with different methods
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Fig. 7 Element partition plot of crack growth

path at different stage
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Fig. 8 Model of crack subjected to compression

(b) STk T4 25 1

B9 Aoy kiizA
Fig.9 Crack growth path

Un 2R 3 T 1) ST 22 18] AT E 45 TSR0 T
SRR U5 R R O I A DO AR RN S
JEE 5 A HOA 0% RSN 2RTT 1) AN 2 T R RN 11 i
KRS J5 10 A 5 57 A — K
35T . AEY I — B 18] )i » REUA 2 B M )
FHUTHE R TN T5 1) Q22 9 i ALY g g A2 K
APREULIEL 10, e R LR AU IO EE 5 26 1F T I3 i Bt
Ao T S 2 ) 3R 78 A JEE A2 1) 17 0

TR AT LA A T8 R AR ST AR 4]
ANSYS,ABAQUS %. f F ANSYS H K #i7£2¥
B3 4 3 A o T 7K 7 He R A AL R S A [ R S
A TH3 DA 3 T AR SO i 1 7 ik 45 465 38 A FROG
- B AT R 0 A A S SRR ) R Y
WY . FWREH SR LE— P RAM T T5

T » PR R AR AT R L A BROC AP B L3530 6
RESHET.

B10 REHSAEHETHLLY E%ZER
Fig. 10 Crack growth paths under friction and

frictionless condition
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