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Abstract: An innovative fatigue model is proposed by following the fracture criterion associated
with the material configurational force, which is applicable for estimating the more general mixed-
mode crack problems under cyclic loading, corresponding the mixed-mode crack deflection angle.
Moreover, the proposed model can predict the fatigue residual lifetime. The mixed-mode fatigue
crack propagation model is constructed following the theory of material configuration mechanics,
and a finite element program of the theoretical fatigue model for fatigue crack propagation
simulation is developed. The configurational force criterion is adopted to numerically analyze both
the pure mode I and I-II mixed-mode crack propagation, and the lifetime and propagation paths
are predicted. The numerical results coincide well with the experimental ones. To research the
general mixed-mode fatigue crack propagation in actual engineering structures, the fatigue

behavior of metal plate with an edge crack or a circular hole is considered as an example. It is
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found that the inclined crack angle and the relative position of circular holes with respect to the

major crack have significant influences on the crack deflection and residual fatigue lifetime. For

the plane metal plate with inclined edge crack, larger inclination angle leads to a longer residual

lifetime. Besides, due to the interaction between the hole and crack, the crack propagates

towards the hole. Particularly, there exist a certain distance between the hole and crack, at which

the propagation rate reduces and the crack may be inhibited.

Keywords: fatigue fracture; material configurational force; mixed-mode crack; numerical analysis

TEM BRI S B At FH o B v s K o & 3B A 7K 32
F14) 288 ey 2 o) B0 A A Y T 3k SR S A R 4 R
9% 57 [T 2R 20t . 9% o7 W S 8 A A R
P 2 Bt 0 VR TR B A2 JT R B A
MR BG4, B 3 A7 7E T LA 025 0 K i & DU
N A2 38 i i A5 B b, DRI AR 5 R RE Y 9 55 2R A
) LA R A RS (R TR R T B, X
T 1 B 55 M ECLE s Ve N ) 99 R ) 3 2 & AR
TS AN LB L B B T LA Paris 22 o RFR ML 56
o HE AR TN T B R R 57 ALY TR R
ER RS I B S T Z MR . R 7E S bR
AR T 3 AN X AR BRI S A LA L 4
T v ) R S0E A TE 2 G N 5 AR TR L LR B
ERN ISR E &GRS Wik, 2 &/
WG RKBHAE HP XU T -11 B AR LmwE I,

XA A B 55 ey e B WS L B N A A B
2 5 Ao T S T A S R A R R AR LR A
Tanaka 55 Rk HI A R 7 58 B2 7 AK o fRF Paris
oA By R 77 5% BE -, XF Paris A Ui AT T
1E™ s Hussain %44 Griffich 248080 T 1 BY9% 95
Loy e VA IR TR B A B 57 MY R
(BT ZE P L B T K B R BRI E I 5 Erdogan
F1Sih 48 T R YT 1] 7 7 o 5 R R B R H]
T2 ARG LA T R g B Fset Y s Sih %
H T 2SI Y A8 R B RE Y B TN AR RE R
K+ S M HE A&, JF 52 10 T /N 1 A% G %5 B I 7 1
WEE e AR, H AT 2 3 U 0 9% 55 4 ATk
{4 (4n FE-safe .Ncode ,FRANC3D) 7E b B 2 40 3 i
[) GBS , 0 02 BE F Paris S5 2R s PR T 24 Jy 2 BB,
TEXF 2G0T 1) AT 0 2 B s AR AR i A DD ) B T
/NS RE 9 B Mo K e s B IUR S5 280

T 33K 0 ) DU v, A RN g 5 B TR AK R
CIRPREEE iRl 3 g R e o Ve A (E B b7 1R 7 2
W RCIE = &N N APA R U 1 AN ARG i s R k1
D FE S50 B0 9 Jee 1 o $6 K e K0 w17 g B /0N i
AR X A S ECAE T B I — A

http: // zkxb. xjtu. edu. cn

WS Bk i S0 S AR AR A B R S
SE Tre KU 1) 137 7 1 ) 2L R 5 /0 o7 A% i s T2 P A )
TME R SR RN R . . feid £ L4F
L BIF SN BRI AT B2 % A R R T A ) 1
I S P A R B I B ST L e S, B R R R
T VBE R R 22 M T A SR AR AN AR T [
L AR SRR S LA S 2 i G 2 R i H 2 AR
TW RS A S B .

T — 77 T B R TR S W 2R T FE A% E B M 4t
R A R BB AN]SR 2R I8
A AT R ey e Oy O AR R E R A a2
BUARE BB B B2 W AN B BRI A .
FARHRG Y g e T RE A 4R 00 L n] LB R 57 A
IHLER b 284k . O HLAB AL BRI I B i A e £ )
MG A AR AR R L 1 2 50 3 LR b R A 1
3 W AT R RO AR T iR 2
Guo FI Li SR FI A4 kb B 3 W 528 ofi ) %o 52 5 70 2R &
PR T BUE BRI, 45 2R 7w Al 5L 2 50 T
AEAZ AR 4F b ToU I 2% MR 3X 00 52 45 2 R a0 9 i i
ARt A5 R A 2 g W7 2R U xR R e A
CIE AL AR e e B e 2% 8 R AT T A FROC 7>
i K BLARELB i T 1) 5 RS0 I 2% ) A XA B
DA 3 2 1) 24 0 %8 YD AH 5620 s Wang 46 1) I #9284 0y
(9 M BRI AE g 52 55 158 40 B UK 8l 00 L 5 T WA LR
TEAG H P2 AT T 0 97 R B0y e e B AL
AL & B M (A A7 75 W8RG B BR R
I ARG T 3 2 G A% 1B M il ik A2 2% BT AR B
2 XTS5 B 57 S B0Y™ e [l REUHAT B 38 5 3

AR SCLAAA Hek g Ty W 20 D) Oy ity 42 1 T —
Foft FH 7 000 52 5 25 57 B0 e AR A AR B
D0 T2l T B 55 Ry B i T 2 45 1%
55 LY T AT PROCEUE 59 07 ik Se B 1 % 55
Oy Rl #e L OF 45 A R gk 1 %R R A
FIR] RE A 5 308 3 T 1 SR Y 52 R 5 () L S T
Oy R AR MR 73 i, LA O S PR TR R AR
AR 98 57 O B8 41 11 1) R B




%o

B 5 MR R RS 9 5 BE 5 RS TR AT AT ST 47

1 AR 55 R e

L1 #REENHEX

P 7 #98 1 FE Al AT 38 3 3 Eshelby & YR
Ak A 4B 2k ST AR KR )
(] 77 (R Ak L 5 o e R OC L B SO R R 1 AR
() F- 155 F1 3 3 5 48 20 7 W) 0 AR AF A b RS &R
S50 SR Y eRRE A G TR R A Y B AR SR
G0 AU B el g | Y CRP R B e AL

Eshelby #4745 77 5K 5 7] DL3@ i b % B9 H 9% B
PRI A FE M B2 0] () 1 4 D) B A B i S AR 21, D
aw

dx;

vm>:—amJ:—( X“*%WW(”

Ao W SRR N AR BB B s — (W), 3R iy A8 fig %5
W XF 2 77 ) B A5 5 (AW /92, g 38 718 N AR BE 55 JEE
XFARAR & 0 5 X T 5 00 TR I ) 5K B 5 s RN
% ow XSAEAR 2 Al BIIRCKR R

Eshelby t#9 %5 77 b, 28 X Ky

by = Wy — ot (2)

2 H .9, Fn Kronecker 5k, 24 i=j A} ,5, =1,i7%
70 =05u RBARNFEL wp X AR 2 ISR S

(] B o 5 SO AU N g i SR AE 1 B4 R Bk g Y B A4
B 7 O SCRTPRAE B 1) Sy

¢ = (5 ).,

X C FORME RS E W i E « J7 1] (9 12 5 i
o KB R AR 0 T A B SR Bl g . R LA O 2R
SoYREAIBREN ) B RAE T A AU 2 J5 RS I
REFRREICR LA 1,

3

O WA RGA TR O oy TR JE M7
B A1 5L O ¥ 2 J7 V-8 J B 7 B
L BERLs B R 2y

MR T7 R (1) . Eshelby #7157 F7 Fk 7 47 2 il
it 2 -1 7
by, +C =0 (4

http: // zkxb. xjtu. edu. cn

1.2 MRHBENTHNERRREFTRYUT BRER
L2.1 EyRay RREAE ELBRTRES,H TR
a7 B AN RS BRI0 A1 LA B2 A4 8 00 2% 1o e 1 25 DL IAL L 45 4
Y SR EGE F AL TE LG B T G AR TR A 2R
B 3T 4 10z g 3 S B A A2 TR R R, R LR ALY
PR BR AR 2 i B W0 B B0 Dy ) o X T A A R
RIS . 0wk BN E A /Y Paris 2250, 7 2
AT REMERG R AESL G AL RS0 R AL A A LAY T LA
R 2 3 BRI S BE A A VB R DUl R T X — R, AR
SCHE TR LT3 )90 55 280 R vE M AN P 2 s
W Fily T o3 S R LA 2 e, T

B2 57 R i )

Fa Y 95 55 480 R e i SE AR B A R .

(D57 M EGR R H E . AL ) R T il
KT T I 9% 55 AL R e L B

C=.,/C+C =C, (5)

K. C M BRA J15 Co i B A By, A1
B, 5 R GURSE Fd g A OG

(P57 LY RIT M H e, ey Rkt
FEVI IR 24O 1S F5 M & D0 09 5 ) A 3 F

0= arctan% (6)

()9 55 73 iy B9 U o A SCR IR B4 g A O 9
55 20 SR B PR S i 3R A R ) &R B 57 A
LY R

da _ g
IN B(AO) D

K ca ARG s N N9 57 2847 15 35 8 B A
ISR SRS QRS R X L TE-35 N i v SN O
FY R T A e o TR A R TS T
55 2480y R 11 B B VA E B B .
A7 e R WL 3. BT A T
S5 VPR 57 B0 TR SR TR 1Y g IR 3 ek A O e
P IRA P 1 D 2R A S BE e LR b S S R A2 45 7
W 57 YT W ML . i BE B B0 2R A0y R T




48 [ . ]

H.
s
4

I 528

T+ T BJ7 A4 6k 2R 200 sl B S R A

I% I I
= I I
: I I
S | |
~ I I
b | |
I
| | m
I I
I I
I I
I
T I
I I
I I
/ I I
0 1g(aC,) 1g(AC)

B3 o7 R8T il £

1.2.2 #MA AR Ffo Paris A G XTI
55 80P R [m) R A WF 5% . B 2 ] B8 2k 1 T Y
I, 1963 4F, Paris 5522 3 @37 1 9% 597 R 4L
PR da/dN FIN Sy 58 BRI AK Z 8] Y 5
RGP TSR 2R e R . X T L
PERRHRE, B sk BN K 588 r 5 C, B
AN R, HIE RN

\ K* K3 1

- I; I ;v
XKy Ry LRSSy s B Kyl 1] A5
Uiy R 75 BE R 5 Koy S 28 24 20 1 g o B A
T E SRR s AR L .

BT 245 AR IOCHR A3 T 4 5 e b
ko X T JH A e 5, 5] 53 A ST A R 2 G R G
SR L, N S5 EE N P K TGk U g o7 ey e, B
AIEZ R RE . A SO B 57 7 R HE N A% 1
T C pyoiEk . HEEREWEIE T C, Tk,

P R ) 9% 55 R8P R AR LA B A . O

0 LA W 4 R A7 X5 @ AT LA [A] ) 7 ke 284 2%
PEFN T S Je T 1] 5 @A FH T 4 Bk #4 kL
3 T iSRS R M 22 805 B k),
Sl X T AT A AR S A D R S T R adT
J& Ty ) B A A A —
1.2.3 WRMA AN F TERTFRIY ML
TRl SEAG A Ty C, 2 J) W7 R 02 5 7S 24 11 T 24
BE280, B A BT KR R T8 06 32 280 i il
56 T BOI B AR AR O A R Sy C B AR T E
SR A R R BB 2 ) R Y g

M 2) A= (3D T LLE o A6 DUt 44 78 g 1) 3K
5o, OGS R AR A T A H T i 5A Eshelby 4 #Y
N T3 B A 5 43 it 491 40 N A% e 2 B L T DA R A5 BE A
BEAF MR AR AR T (4 67 A% 8 5 B0 UG A DG AR R
B AR o A L SR AR A B AR B 7 R A B
RS RE B AE N 27 B, IF7e BG4

http: // zkxb. xjtu. edu. cn

WMV ZAR R T4 . 57 Kk A R B 0 TR A %t
o TR R T X B RS 3l 7 10 A5 20l
TE BT o B P 25 A~ DXL 37 B8 - AR 3R 57 8% 1 3 78
(956 % o BRIy 45 2100 3 2 1 45 > 2 42 1 R AZ
A B AR T A LA Ty R AP T R A e
ARG AR Co,
2 BUER T

FRI . X T 95 97 80y Jg ] fL i F 5 £ 224 v
TGI8 BIF 5 0B R WA Ty T AR SR
BUETH I T7 5 AR M B T 52 TR 95 R ELYT A
B8-S A B A BRI 07 i T T R 55
LY e R AR DK R R DL 4,

AR KB N |

HEAL
¥ RKEA

B4 BfEit AR

T AR 2 TL AR R ST R o S0 Dl ST
BERY, BB A SR IF S BUNAR R 23 o SR R
TR a0 R S B AR AL SRR A R R ey PEAD
Ji ] F AR R Ty 4y C L C, L IR AR S WA 43 5 1
MR TE T Co MM E T C 5k AR T Co .
FIWT R 55 RECER KA & C RFHET Co W U
HBREY R # C/ANT Cy s WM RN ALY UK F)
TIA R LA S IR S R F7 - B K A2 Y e Bk
TE¥R . 5 RBUR Y& Y Tr 1) 0 #cHs 22 X (6) 1%
L IFHRE R T E— PR Aas SR A ARG
B YR 57 R By R AR (7) A5 B XA A BRI B
N BN — R R LY i fe (e R Dy R K
Aa I R ERE AN RE Y R i R AR E 1YL OF B AR
B PR B AN 20 T Bl FR 4 AN A2 B AR R L AT g
LR 2 WNIUEN S o NI W a8 P DO Nl E /A
B Aa BIWEEEATIRIED 5 iz Jm AR BT R AU 5
JEETT ) MRS o A R 9 A FROTAE B AR U 36 L Fe ¢




59 3

B 5 MR R RS 9 5 BE 5 RS TR AT AT ST 19

PGy A ML (e N 180 IRy R #HE .

T B S AR AT BROT T B AR TR
oAb B - A5 FEH A 23 RS B U0 RS LA R B i IX A
AR BRI Y B pl 1) A A B TGS 2 0L Sy 1) 9 A
R T E R BT 20 AR 2 5 A% S A

3 WY RO REUETHR 54 R THE

3.1 BRI

T AT A T SRR B D7 e T TN AR
BB S5 M ALY R AT TAENY, RS H X
Mk 13 ] 3% T 45 v B 7 {1 (compact tension, CT)
REECT BD LI R ok ik CT e (&G 8D 10 % 55 24 80
PR X 32 1 A R B ) 52 A R O ALY
Jre R By A] MR AT 7O R, i HE MR R
CrNi2MoV N, R~f WK 5.7, =40 mm,.JEF [, =5
mm, FJ IS FE ap =10 mm, WA AR E &
R 55 S48 7 % L A8 b e CT 8RR 400 R 24 80K S fin
T—ME K71 (a=60" . KJE e, =2 mm [
RIRLL, WANEAT Foo=4 KNI R=0. 1,

E 0.251,

e
[ ]
®
|

1.24,

Iy A

K5 CT iR SR & A

i, SCHR13 315345 1) Paris XS4 C
Aom 43500 111 X105 A0 2. 71, X T2 s ph 41 k)
a1 AL, /A C, T e R
O AR Y ) 55N R R 2 R OGR4
BT 15K B ) 5 B 55 S LU P R
B, 4 R B=0.186 5, p=1.355, [ I, 4 %
J1 55 RE 55 B LY R R

ﬂ _ 1.355
IN 0.186 5(AC) 9

Rz Bt 5 Sk [ 13 ]yl 5 &5
RIWE.

(ODHERGCL D W7 RRa R, ARITIHE
i FER LR AR R A, SRR E=215 GPa,
TR LE v=0. 3. FETH R R P il i 2 ol

PEAT R L L 2

http: // zkxb. xjtu. edu. cn

PR RS DI A R T il F AT Co s BT L
AN B E I A . T T B 57 REUK E A
HOE 2 ALAE B, B o N ih 26, I3 He SOk [ 13 ]
1 CT 1k R EUH 57 IS 45 8 45 R LA 6.

351

—s—ParisA 3
30F —HEHER
—A—CER[13]IRB 4R

25

a/mm

20

15

1 1 1 ]

1 [} 1
5 10 15 20 25 30 35
N/10*

K6 CTilkEMERL o N ik

10
0

MIEL 6 H AT LA . 3 Ml LA B A o N 28
RFIEAR B X T i 28 75 i O 3R IR0 T 2
TR T AT i B A BR o0 25 SR R R R 22
3.24 %0, LT UL . AL TR B ) i 57 ALY A
TIRESARLF RO 1 % 57 RS ¥ AR B . B AT
RLAF PR L

(DB G 57 U Y s R, W TEH 8K
55 28 SCHERL I3 TANH CT Beadt il e X 52 5 7
W 95 28Ut AT TR B 5T, OFE LR A R REK
BB 2 B SEBRIC BE . A /N s h 2y &2 5 7
W 55 0 AR T4 B A B (B 45 R A STk 13 ]
0 X 6 45 2R AT X L S8 IE L 25 SR DL IRT 7, T DU

(O BUH I FEE R

g
(b) SCHR[13 )i 50 45
B 7 CTikkE & A B o7 M acy B iz




50 [ . ]

Ko

1 52 %

R

T2 55 2 BU T T 1) (1 BRI R B B BT
—EMEIRTE 1 BRL07 0 BUE T 5 B0
W5 R R ALY SR S AR 45 R A —

AR 20O 25t 1 52 T 55 24 IR ML . &
HEFEY ALK Aa, R ABEERIT RS T3 o N i
2k iz 2 5 SOk 13 il 45 R g %) L UL 8. mT L
Al BUET R A 2 R IR 22 7. 2900, HM
HROY R PSR~ HEEEMNE:O
RO SR MW IR R BUT I T R R B E @
T RS A SCER 18 IRl R R T
Srgom iy 77 3 RIAT 10° J it in 458 K 8 aip (P =
3 KN, 10* J& LAJS M4 /N i (P =2 KNDH,
Jiv AR 57 580 e AR AR T 10° Tl B0 IR A 1 7
BRI Ry A p bR T 20 o a7 5L RLAR
ES g AR R e e — 2.

3.5

f
e
E
%
o
bine
m

3.0

2.5

g 2.0

&

S 1.5F
1.0F

0.5

0.0 1 1 1 1 J
0 2 4 6 8 10

N/10*
K8 CTIRFEE AR ITME o N Lk

i b TR B A i B R O SR
P RASE LA 1IN B0 A LA B 07 RELY SR TF
i P 5 TR AT AR B T SR iE L T LA A R B
A R 55 S0y AR L AT A M0 EL AT AT B9
3.2 #AAKRESRIY RSN

TEAF BRI 57 R RO R b s AN [R] LA R AR A A
PEAE A [ 285 A T 5 557 B0y R A1 2 3L
HAT SR MERM Z BEVE IS mi o R B X — b T 000
SRR B 57 1) R 26 0o 1 6 T BOR i T, G A
B R AR I E] A 0 AR

R A R 57 ROy TR T R G
WG FER ARG 5 2 AR I B 525 T R A R L i
55 A FROTEUE T 38 0735 - nl LLAS B 0 T 00 2% 1
I 97 RLBCY R AR A A HE NGNS S5 2 R
RBOHEATFIWT o BRI SRR BORIRE 57 RECS FL
V7 T TR ) TR 55 RS s PR Ik SCORs 8 o 4 2
J1 525 9 57 BB TSR TF TR AT 5 .

OOR S ISuR 3 E-3 Q1 b NS el O T DU 3
JE IR RGN, T RS

http: // zkxb. xjtu. edu. cn

% 55 ALY B T B R B R 55 4w R B AS E) A
R e 80y R ol A8 v i AR AR B0 0 W AS 6] A 3
X BB 57 F A A RE R . B9 SR 4 JE AR L A RN L
N ELATUUE R RS AE T 4 8 AR A2 30 5 4
WK E ap =10 mm, 57K - J7 [a] (8 2 £ B0 5% £ Ky
a. 100 MPa {35 45 48 faf i i T 4 J@ Al i b1 il 5%
N3 R=0. 1, R iZ B AU Ab % T L 7 AR A
B CrNi2MoV 8. 75 BUH 115 5 2 v s o 43 1 HL
fH 15°.30°,45°.60°. 75", WLEL A [R) f3 T 9 o5 4 &
B I A5 45 JL UL IR 10, AT LA A 55 Al 43 5 0
RIS T F A 5 7 A BN A e e
ttttttd

<
N
N /OQ
2
80 mm

b=

/=40 mm
B9 &lEtrii R A80R BE
201 1
! 7 aC) ]
+ —a—15 <4
18 44 v e 30 P
: : —a—45 P
y —¥—60 A
= A
g'¢ QI y 7 4
g : 4 ‘4
= b 4
S14F 44 ¥ «
¢ b4 o«
4 ¥ -
¥ @
12w ¥ A
: b 4 A
4 -+
Ny -
10 e 1 1 1 1 J
0 10 20 30 40 50
N/10*

10 AN Ta) i e £ T < Jm A AR B0 o N 28

[) IR o R AN R i e #  19 SR B i o A b i
ATy PR iR AR O e, DL 11, AT DR B AE R AR
55 340 AL R P D 5 R o BN R AR SR B0 f Y
TIFIRE R o 3% I R A 22 0 5 #1 o BE/IN I S 3R Bl
ROy R RE RIS K T REY R AL Ravh T
ARRE RS INA 5 Y78 BT DL 77 iy . X 5
745 iy O A 225 2R 2 — B

(2) 92 55 24 805 AL 3 R ARG 1 7 5
PR P 2ok A o, 2 IR SCAL S5 AL AR AIE , X 2
REAIE 22 68 B 3 9 9% 57 RS0 A R i, S BORIOR %
I AT R T R R AR A A . A/ T
7 TR RSO RE FLIR B89 1 9045 T 20 B Hx) 2




5509 1 A7 MR R IR B A B A R 7 R ALY R AT MRS 51

21r AP R AR IE AL S5 R OLE 14,
18t

sk

glz—

£ 9

S

< 6k
3_
0 1]

=
—
[
—
W
—
@
N
—_

L1 S TR) i e £ T <6 Ja M i 5 A R B3R
F 7L Ty DA - R il SR B0 B 19 A Ak

Uy R B IR AT IO . W 12 BRI 4
g 0 GBI 4 TR BRI 3 R A P L S
N 51 AR 0 5 8 (L 9) — B 78 ) iy 4
OIS AT 1AL 6 mm B9 BAL B AL A0 5
VIR AL T R RN d

0 O

: ’\
(U
L d
)

80 mm

K
I
1=
B
B
b=

=40 mm

EREERR

P12 A IR AL A 5 At A 3 B0R BRI

5. % TR AE A LR R0 JC LR PR B 9%
TR Y SR TR A, MR FEE NS HIRE =4
mm, THEEER L& 13, 7T LU ) LR B A7 7E 2 18
— 5 TR L1 55 45 0 B 9% 57 RECY R T i

18

16}
g
El4f
s
12f ]
——FH LI
—— LA
10 1 1 1 1 J
0 1 2 3 4 5

N/10*
13 A AL FICALI A4 T 957 248 o N i 2k

HR AR EARRFEETHEE 4 40T, LR
XFTESF R T W, fE d S B IUE S 4
mm,6 mm.8 mm A1 10 mm A 4 FiRFRIE O T #H4T
BUE T 53 75 5] 08 2L SR AL 09 AR 67 T

http: // zkxb. xjtu. edu. cn

(a)d=4 mm (b)d=6 mm

(d)d=10 mm
B 14 O[] 3 05 R B 25 AR R (0 9% 97 24 e i R i A 5]

(c)d=8 mm

oI 14 "I 2 d=4 mm B, 28— TF i
PR32 B AL A 52 0 1 25 FLIR O 18 2 A A 5
ARG ROUF LY ;2 d=6 mm 8 d
=8 mm I, REAE T 46 97 i Al 32 2 1 AL Ay
SR WA LR T 1) i B L R SR — s R
Jei » FLIR X 2B T AR R s » L0916 ) R 248
ERTT TR, BRI R KRG 2 d=10 mm
o LR S R 1 A o R B R
AL J5 o) A 0B 7 5 BEAS U A L BOE R TT 7 R

IR A4 FPOR ] SRR 9% 57 RECY R 75 i UL A
15, al DA M - 24 3 0 /N I FLR X% 97 28 2
PR A FEAVE T 20T R E A L 5 i IO 5 2
i LI 2 BRI FL T X8 55 S0 i) 3R Rl
NI N o A (VR AR 1

28
d/mm
26 —=— 4
- 6
24 e g
22F - 10
g20F
g
S 18
16
141
121 .
1 1 1 1 J
100 1 2 3 4 5

N/10*
B 15 A IR B HE B A N IR 97 248 o N il 28

oy e ok R 2k B ) B TR B AR A O
VWL 16, T LLEH 24 d=4 mm B}, 24309 F A
ERAERMUFRE K, HEEAEREG: Y d=6




52 [ TS S R N S 552 %
mm I}, 24925 B 7 B 3 4 AR K AR /N B e R dicting fatigue crack propagation rates [J|. Materials
(1 A% 3 10 b i [50 L 1) 77 A o b e s R 1Y Science and Engineering, 2007, 466(1/2) ; 265-273.
BN BEE TR MER Y d=8 mm 5 d=10 [4] KIM] K, KIM C S. Fatigue crack growth behavior of
mm B, 2420 A T 7 B AR S5 TR A 3 T K B L fH rail steel under mode I and mixed mode loadings [J].
LK IRV Y d =4 mm e, P 4 Materials Science and Engineering, 2002, 338 (1).

. ke e B 191-201.
E%{Eﬁj;i? %éf':ﬂ\ﬁjj;lé /Jj\ﬂiﬁlgﬁ;‘giﬁjjﬁjc’%ijz?g [5] CHEN Xiaoming. JIAO Guigiong, CUI Zhenyuan.

; thr 2 Application of combined-mode fracture criteria to sur-
MR AT HERE I 0. I KA R R face crack problems [J]. Engineering Fracture Me-

I chanics, 1986, 24(1); 127-144,
o T (67 ZE0A . MR PRI . 1420 R4 G 0992 95
i —¥ 10 / oy A A (I, V6% 52l R, 1997, 31
2540_ (3): 103-107.
% LI Hangyue, SUN Hailin, TAO Zhongming, et al.
b 20k Fatigue crack propagation and restraint in a 1420
aluminum-lithium alloy [J]. Journal of Xi’an Jiaotong
0 ) University, 1997, 31(3): 103-107.
s a/mm i [7] YU]J, ZIEHL P, ZARATE B, et al. Prediction of fa-
B 16 A Ik B HE B A T i B ) Pl tigue crack growth in steel bridge components using
Pt 24 50 B 1 A8 Ak i A acoustic emission [J]. Journal of Constructional Steel
Research, 2011, 67(8): 1254-1260.
4 é:plf ib [8] TANAKA K. Fatigue crack propagation from a crack
inclined to the cyclic tensile axis [J]. Engineering
ASCLE SRR S e gE N B T — bR Fracture Mechanics, 1974, 6(3) . 493-507.
WA A T g 55 2 o B i o R A B Sl oL A BT [9] DINDA S, KUJAWSKI D. Correlation and prediction
X 25 2L b R ok B VAT M S L O T L of fatigue crack growth for different R-ratios using
JE AR R T Ay AR B I Ko and AK" parameters [J]. Engineering Fracture
(LYt e B 3 A T ﬂﬂ:ﬂg%ﬂﬁ%% [10] EIGJC;ZIC;I! i/(I)OZlA,,?;(JZ;: iTYQUZ;(;RW()()D J H.
SUEAT T BUEE R AR 5 IR A R A 2L . .
Strain energy release rate for a crack under combined
IR T 4R R A A R T mode I and mode II [C]// Fracture Analysis: Proceed-
(2 BEXS AR i e #0149 525 B9 55 RS i ings of the 1973 National Symposium on Fracture Me-
(] &1, ;B th A R AT b AR B T RBK B o 55 chanics: Part II. West Conshohocken, PA: ASTM In-
PEPRREL N Z (8] 19 G 5 o [ I R A5 1 A [W) 490 4 fis ternational, 1974, 2-28.
FHEET B 5 2L R B 4%, ] S B A B0 % 25 L 3 [11] ERDOGAN F, SIH G C. On the crack extension in
) B f B 5T $R A X plates under plane loading and transverse shear [J].
COBFSE T 9% 25 280 A FLIA F o6 ) 351, % FLAL A Journal of Basic Engineering, 1963, 85(4). 519-525.
LB A5 S R A R A T L 5 S [12] SIH G C. Strain-energy-density factor applied to mixed
+ ,%L{Iﬁ]%{jﬂ%ﬁ%%éﬁ?ﬁ%ﬁ@ﬁ%ﬁ,t[j}mjt%%f)rﬂ‘%o mode crack problems [J]. International Journal of
Fracture, 1974, 10(3): 305-321.
(18] #E2wfh. 2 ih, Rk, A, TG 9% 55 401 s iy ¢

Y

(1] Brfesg. %55 S5 (M sUBl: B R R R
k., 2002 147-158.

[2] PARISP C, ERDOGAN F. A critical analysis of crack

propagation laws [J]. Journal of Basic Engineering,

1963, 85(4): 528-533.
[3] HURLEY PJ, EVANS W J. A new method for pre-

http: // zkxb. xjtu. edu. cn

By RAT RBUE ARk (U], TR %, 2011, 28
(10): 202-208.

HUANG Xuewei, CAI Lixun, BAO Chen, et al. A
new method of numerical simulation for behavior of fa-
tigue crack propagation based on low cycle fatigue
damage [J]. Engineering Mechanics, 2011, 28(10):
202-208.




%o

BT S R R K S Y 5 5 RO O

Oy R AT e 53

(147 BRJE. ZETaih, dhid. 51 A 0 A2 408 25 45495 00 B4 kL 2R &

[15

[16

[17

[18

[19

[20

[21

[22

[23

[24

[25

]

]

]

]

]

i

]

]

]

]

]

PORAT RS [T, V6425858 R4, 2012, 46
(9): 114-118.

CHEN Long, CAI Lixun, YAO Di. Prediction model
of fatigue crack growth behavior by introducing strain
cycle damage [ J]. Journal of Xi’an Jiaotong Universi-
ty, 2012, 46(9). 114-118.

JIANG Y. Fatigue criterion for general multiaxial
loading [J]. Fatigue and Fracture of Engineering Ma-
terials and Structures, 2000, 23(1): 19-32.

FAN F. KALNAUS S. JIANG Y. Modeling of fa-
tigue crack growth of stainless steel 304L [J]. Me-
chanics of Materials, 2008, 40(11): 961-973.

ALTHA M R M, AYATOLLAHI M R. Analysis of
fracture initiation angle in some cracked ceramics using
the generalized maximum tangential stress criterion
[J]. International Journal of Solids and Structures,
2012, 49(13). 1877-1883.

GOMEZ F J, ELICES M. Fracture loads for ceramic
samples with rounded notches [J]. Engineering Frac-
ture Mechanics, 2006, 73(7) . 880-894.
HILLERBORG A. The theoretical basis of a method
to determine the fracture energy GF of concrete [J].
Materials and Structures, 1985, 18(4). 291-296.
ESHELBY J D. The elastic energy-momentum tensor
[J]. Journal of Elasticity, 1975, 5(3/4): 321-335.
GUO Yuli, LI Qun. Material configurational forces
applied to mixed mode crack propagation [J]. Theo-
retical and Applied Fracture Mechanics, 2017, 89;:
147-157.

ok, ST, AERE ST R W R R R e s
Jee T W By [J1. J1F 24, 2017, 49(6):
1312-1321.

GU Bin, GUO Yuli, LT Qun. Crack interacting with
an individual inclusion by the fracture criterion of con-
figurational force [J]. Chinese Journal of Theoretical
and Applied Mechanics, 2017, 49(6). 1312-1321.
WANG Fangwen, CHEN Yiheng. Fatigue damage
driving force based on the M-integral concept [J].
Procedia Engineering, 2010, 2(1) . 231-239.
SIVALOGANATHAN J, SPECTOR S J. On cavitati-
on, configurational forces and implications for {racture
in a nonlinearly elastic material [ J]. Journal of Elastic-
ity, 2002, 67(1) . 25-49,

KRONER E. Configurational and material forces in
the theory of defects in ordered structures [ J]. Materi-
als Science Forum, 1993, 123. 447-454.

http: // zkxb. xjtu

[26] F7°59°, 28k, 2= TR0 R A 5¢ 52 98 D 42 09 44 R 4G

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[3

o

]

. edu. cn

R Tk L1 5% Jr e, 2014, 29(5): 579-
588.

YU Ningyu, LI Qun. On the algorithm of material
configurational force based on digital image correlation
measurement [ J |. Journal of Experimental Mechanics,
2014, 29(5): 579-588.

YUNY, LI Q, CHEN Y H. Experimental evaluation
of the M-integral in an elastic-plastic material contai-
ning multiple defects [J]. Journal of Applied Mechan-
ics, 2013, 80(1): 1-8.

EIREME . #h3e X, TR, T E G B My R
MR A [T, WA R Tl R 2% 4], 1993, 25
(6): 113-118.

YAN Xianggiao, DU Shanyi, ZHANG Zehua. Nu-
merical simulation techniques of mixed mode fatigue
crack growth [J]. Journal of Harbin Institute of Tech-
nology., 1993, 25(6). 113-118.

XU Y, YUAN H. Computational analysis of mixed-
mode fatigue crack growth in quasi-brittle materials
using extended finite element methods [J]. Engineer-
ing Fracture Mechanics, 2009, 76(2): 165-181.
HETTICH T, HUND A. RAMM E. Modeling of
failure in composites by X-FEM and level sets within a
multiscale framework [J]. Computer Methods in Ap-
plied Mechanics and Engineering, 2008, 197(5): 414-
424,

LYKINS C D, MALL S, JAIN V K. Combined exper-
imental-numerical investigation of fretting fatigue crack
initiation [ J]. International Journal of Fatigue, 2001,
23(8): 703-711.

RAMSAMOQ] D V. Analytical prediction of fatigue
crack propagation in metals [J]. Journal of Engineer-
ing Mechanics, 2003, 129(6): 672-682.
BANKS-SILLS L., ARCAN M. An edge-cracked mode
II fracture specimen [J]. Experimental Mechanics,
1983, 23(3): 257-261.

ROCCA M L, ADDUCE C. SCIORTINO G, et al.
Experimental and numerical simulation of three-dimen-
sional gravity currents on smooth and rough bottom
[J]. Physics of Fluids, 2008, 20(10): 299.

GARDIN C, COURTIN S, BEZINE G, et al. Numer-
ical simulation of fatigue crack propagation in compres-
sive residual stress fields of notched round bars [J].
Fatigue and Fracture of Engineering Materials and
Structures, 2007, 30(3): 231-242.

R M)




