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Finite Element Method for Predicting Crack Initiation Angle of
Mixed Mode Crack Based on Seam Crack Model

WANG Yue, MU Zhi-tao, LIU Tao, NIU Yong
(Qingdao Branch of Naval Aeronautical Academy, Qingdao 266041, China)

ABSTRACT: Objective To predict the initiation angle of mixed-mode crack under multiaxial stress. Methods The Seam
crack in commercial finite element software ABAQUS was used to simulate penetrating crack damage according to elastic
property of materials. A 3-D finite element model of center-hole with edge cracking plate under multiaxial stress was es-
tablished. Displacement and extrapolation method and linear fitting method were used to calculate the SIF of crack tip.
Initiation angles of cracks were predicted by maximum circumferential stress criterion, which were compared with those
obtained by relative papers. Results The maximum error of SIF between the result obtained by finite element models and
that of document was within 2%, while the maximum error of initiation angles was within 3%. Conclusion The results
obtained by the finite element method in this paper are in line with document; therefore, the finite element method used
for calculating the initiation angle of mixed-mode crack is reliable.

KEY WORDS: mixed-mode crack; crack initiation angle; seam crack; SIF; maximum circumferential stress criterion

M%*ﬁ%f%%ﬁﬁkkﬁﬁ@%m%% W%ﬁmm%ﬁ%ﬁéﬁﬁﬁiﬁWM%migiﬁ
T, JF OB AL AL ESE BORA S R GERAL, B AT T A REUR

URFSBHI: 2016-08-24; {EiTHHE: 2016-09-04
EBRN: £ (1989—), 8, WHKA, BLARE, TZARSON WISHBERES



- 106 - o TR

2017 4F 2 H

SRALTF Z i B L RIVE AT, a8 R A R
HEARME R BAMAUL Y R T
rpafisk IR E, FARR AL LY R A P R Y
SR 7 1), T S R AU 1) R — AR
W24 oy R A ST I S I U A T B 2 —, e A
A 38 1 T S0 D) ST 5 B PR (SIF ) s 2480k
S0 ALY AT 1 SR 2 o Erdogan 45 41 H B K
JE 1 S eI, AR E B e KAk A S R, Sihl®
2 A /N7 AR G 2 B ME D, o B A R R S ) A T
T Wi, Theocaris! 45 Uitk fe /Ny 78 RE 26 B EN, 452
T O E I KN AT RE R B TT A T e,
Khan!®V45 5 4 40 4 i B v IX EATHIF 9T, R BRI
PR AR 5 g 3 s R v A e AR — B
T A BE S5 K, I AT AT 2 T LA i AR R AR
P R G, A BROT ) bl i il TR 52 75
BR B A 5K SIF K% 5. Henshell 45452 1 T 1Y
2 —E ARSI, ML IHE N
(Bfi#dy ), #EATIEIEAGHT . SN A5 Jr ik a3
RAFRLGLIRI 1Y SIF, Wk %Xt Williams 4t
177k, @ T A R oo R R,
fig 1-11R-A7 Williams B0 R B 5 R A 107 F7 5 B
A

A BRI/ ABAQUS WA = X244y
75 A1 Seam KIS £ AT LIS fifk 2480 RN ) 1V 1 10
Yy, AR TG B (4 N 1 50 B T
Contour & LUK LR SIF B, 7 ZE2R St
80P T7 I AR S B TR, MRS 5K T
%5 SIF HYsZMARK . ] XFEM & 9 e Rl ey
TN R AR, TWEMA RIS R L Bk
o SCH I Seam RIZILL 7 F 5 LR A N AE
SR I RS AR AR B 4R B (%) SIF, R4 T [B1)5

30

ST AR B B e Al ) SIF, 315 40 6 SCRR3EAT X6 L .
K H Erdogan 854 H 85 ] 1] 7 7 9 D) X6 4 230 1) ke 24
FAAEAT I

1 NMJ15EEEFHRE

LRBPEWIR )5, SIF 24T Ay R AR AL
M —ANEE AR bR . SCPOR R a4
T ISR ) 75 15 X 2R B Y STF SEAT 3K A o ALY 4S
P rp i 0 n] DAl = GRS RO 9T, 80 h) = 4k
R SRR T AR R TR A s B A RS S ] 1
JiRt,

Crack tip

Crack plane
K1 =R LTI T B UL R R AL b RN

I 1 Al AR, =2 RGO b TR T
SRR T B A AR AR X,y Rz AR AL A,
Forf x-y AR AR THIAS T SR BCRIT AT T R AL Y 7
W1, y-z ARHRP- 1T R B T SRS AT R R AL Y 1)
T o A7 H SR AT T S AR 14 J A A s 2R 11 = 22
PRGN, Oz, AEARAR R T ROUETIAL BAAL A5
ST A0 BITAR R AT = 4 SRR i SR B A
AR bR R R 7 JR S LA AL b AR T SREUHIT YT AR R A Ak
MOiR s, gt

ﬂ:f—é[r/(zn)]”[(Zk—l)cosg—cos—} —f—g[r/ (23)]1/2[(2k+3)sin§+sin % +o(r)

2

V=

A 360 K
4G 2

K [r/(2ﬂ)]”2|:(2k—l)sin g—sin —

o= %[r/@ﬂ)]“zsin §+ o(r)

A o, v o A3 RIRFR TS0 0 R R AL AR
IR s r F 0 RS TE R A AL bR AR AR s G
RHEUIELE; A RIS, X TN T, k=3-A/
(1+4), WX T PRV AE, k=3-42; Ki, KyHfl Ky
S35oh T RS T RUANTINR R 358 BE 75 o(r) MR TG
55 /N

WAE= (1), HFRLERmMMBZEH, TS
Xof R LS R 775 TR T A a1,

_z G M
K“_\/Enk Jr

_4_(1;[;// (21T)]1/2 [(21( + 3)cos§+ cos %} +o(r)

(1)
_ 3G 1av
= _\/%Hk Jr
KD=\/EG% 2)

X Au, Av Hl Aw h— oA F 55—
SRS o 180 ST = AELR PR A PR e A, AT LA
SR AR EE R AE B IT T S AL A S0 T, KA B RS
FRAF (2) BEATRAS 2T AR R 758 BE - 38
T XS AN a] 1 A B 7 7 i B DR A T AR AR, BT AAR
) r—0 B, Ky, Kyl KyffE.



B4t H2H

ERRE . FT Seam WAL E S

T AL 2R TN B A BT 1k - 107 -

2 RYUIFR AT B B 5 T

FI T Erdogan f5c K J&] 1] 7 W 24 9E W%t 5 4 A 440
AR i AL SR AR AT TN o O T i ] 1] 7 g D 2R o D)
P SEABE 11,

1) BLE0HT I & 1] W 1 #4977 Tl 28 5

2) YU TT Ia] A R R A 18] 3R E Tl FE, R
REEY .

H SR ) 2 T R A A RR, AT AR T - 10
RS 5 R L R 1) o [ ) 6 23RN

K coszﬁ
! cosg 13 2 3)
_EKH siné

WA B 1), J& 1 5L ) BAs i 18 Y 2 14

do,

oo,
D0, #4 0=0, 1, WL o0, HEXTIHF
20 e ORI W, X
SRR TN -
K sing, + K, (3cos §,-1)=0 4

HIE0 (4) A2 .

o cos” (31{112 + K +8K K, ]

o, =
4
2np

K’ +9K,’ ®)

ROEAE HMIE L SRAT 19 R BRI I 3R FE K K
K fRAS (5), BIRRARREUIT RS, 4G
BIR STASE 2R F) S S0 (4 10 3 73 A3 e, vl T 2R
TR UG T 0]

3 WHIHMRESTRUERADH

RTS8 S AR T A A ) 28 SRS SRR T T 3 Y
AAERERYE , X5 fL i REC P FLAR A S U
AR T A RO TR, 5 R EUR Y STF
TSRS, IR 45 0 5 UK 2] AT 45 2R
BEATXS HE o XU AR AS T 35 L R a b Al LR &S
PRI A 2 P o
T A j T‘ A

2 EALA R LR B S R AR

35 FH WUl % £ T %9 300 mm ( 5§ W) x400 mm (£
L) x3 mm (J& ¢,) BFLas LR, dunfLfs

R=20 mm, fLill&A —WIRESKE ap=30 mm AYF
HAL, ARV EE Ty B — %)t il 0 =100 MPa
FrARZEAT A © =100 MPa BIEI44, 75—l e, M
SR M W E B AR AR R 2024-T3 S5 4,
Hi PR R E= 73 084 MPa, ML 4= 0.33,

K H ABAQUS 6.10 #57 Hcr FLAR Y = 42k 3
PEA BROCHEH b ) AR F A8 A s s v M i
C3D8R =4k sion, XjEh Tz m A MK
LSRRG . RES R AP, i Seam
RIS FL 7 H 2B AL 7, &Rt rg R
SPREN 5 mm, RSN HEAT A% 2 BE AR AL
BB SRR TR /NN 0.25 mm, 133 &L Rgrh
Lo FLAR A BR TR, aniEl 3 Frw .

Crack tip

K3 LI Rarhnal LA FROCHE R

T LB BT 1 BT T A, WKL 4 Frs . T
S R BE R, RIS AT 2 AT 6, YA 3 A
JLT WS A RIAT A 8. DLRCT A S I A 9 DU
TE x BFN y o mpg iS22, sl (2) ATRIRAR
WAL 1 BE 28R s A R RS AL K A K FAEL,
IExFHMEA T LG, A S s, AR TR -

K, =1394-4885.2(r / a,)

K, =865.5+96.8(r/ a,) (6)

Kl 4 RO R



o TR

201742 A

PE= A FROTROR, R IO AS MR i 1 2R B0 b
(I TSR LN 7, e T I R 1) JT W 8, XA BR
DU RIS 5 RUZREL R 2Ty [ AT 1 B0, SR 4 oR
55 SCHREE SRAEEA—E, SOh BT RS RS TR A RN

- 108 -
1400 O
- 5 °
E 1200t =
£ 1100} O K,
s 0 K
g 1000 F — Fitcurve K,
%) Fit curve K
M00F o 0
o U
8(x) 1 1 1 1 1
0.005 0010 0.015 0.020 0.025 0.030 0.035
rla
5 WYRETy i R a g AN [F 7 A Ak 9 7 7 5 4 R
LG 2k

M =0 BF, AN (6) RG2S 1 758
JE K ¥ K1=1394 MPa-mm'?, K;;=865 MPa-mm'?*,
5 {5 SCHR[2] 0 45 S BEAT X FL K6 1 58 88 [H 7 G A
WL, X B =K [ora, . B=K, [oJta, (}

Fo =Vor+72 ). RKiF =1.015, ,=0.63, F3CHk
[2]" FRANC2D BRI A5 LA L, AH2E 1.4%F1
1.5% o Vi B SCH 8 FH 19 7 g 56 5 PR SR A i A A0
]S

M AR ST 2,/=0.01, J& T MR A9 1 157 77
R, IR KA Ky EARA (6) ATRIKR
HO LS R 44.7°, 5 3CER[2]H FRANC2D #5241
FIH AL AR, AH2ZE 2.82%, & 6 A FRICH A
GBI S AR B, LA, 80 mAb v
L W R 8 I, RMECKIRIE T TR T e I
X 5 3CHR[2]F ) FRANC2D #5785 vh () 24504 i
A BTy 0] — B BB AR SO R 9 24 800 24 1 T0
BRI

Cragk inifiation,direction
+1.991e+03
+1.825e+03
+1.660e+03
+1.4946+03
+1.328e+03

+9.972e+02
' +8.316e+02

]

||

E +1.163e+03
B 6.660e+02
||

+5.004e+02
+3.347e+02
+1.691e+02
+3.528e+00

Pl 6 A7 BRIBHU 91 153 1
4 L5k

HESE T XU AT 5 AL 2O LR A 2

S 30k

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

BT, W, TR, 45 3T Abaqus —IKFFEAIHL
BT O BRI T[] HLBGREE, 2014, 36(1): 116—
120.

TN, TARR, BT BT RIS IR
T AR JRAT]. MR EOR, 2012, 42Q2):
65—68.

LFETb. =4S A RIBEN 75 A IR T BT (D).
WEIRIE: IR TAERE, 2008.

FIOIN, WA, 52 G BB ) i A 1A BR T
OIMTLT]. Jed 2 Be s, 2011, 29(2): 44—47.
ERDOGAN F, SIH G C. On the Crack Extension in Plates
under Plane Loading and Transverse Shear[J]. Journal of
Basic Engineering, 1963, 85(4): 519—527.

SHI G C. Strain-energy-density Factor Applied to Mixed
Mode Crack Problems[J]. International Journal of Frac-
ture, 1974, 10(3): 305—321.

THEOCARIS P S, ANDRIANOPOULOS N P. The Mises
Elastic-plastic Boundary as the Core Region in Fracture
Criteria[J]. Engineering Fracture Mechanics, 1982, 16(2):
425—432.

KHAN S M A, KHRAISHEH M K. A New Criterion for
Mixed Mode Fracture Initiation Based on the Crack Tip
Plastic Core Region[J]. International Journal of Plasticity,
2004, 20(1) :55—48.

HENLLEN T K, BLACKBURN W S. The Calculation of
Stress Intensity Factors for Combined Tensile and Shear
Loading[J]. International Journal of Fracture, 1975, 11(4):
605—617.

WskiE, tRie, RARF, 4. Willams SOCHT 1-THR
A RIS o R (7). MR 24, 2014, 18(1/2):
116—123.

A, (e, BT, % 628N 15 FEF
ARITH BT[] e K2 R (T AR # I, 2007,
38(1): 79—83.

AN, FEZR. ABAQUS F BRITAHT S Bl A [M].
AEHT: HUBCTL AL, 2006: 151—169.

P, WM, AHEYE. W) RO T AR M.
ISR WA /R T AR R Hh R, 2005.

e, FAE. 1-T8E SR8 M =
BRI RS 5 R R 7 B A0 A3 A (0], b LB )
AR 4, 2002, 19(4): 27—30.

EM, R, XURA. BRI B vr e
PR 22 4l (TAERL AR, 2015, 47(2): 28—35.



