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Abstract:

The line-spring model for surface cracks in a residually stressed plate is established in this paper

firslty. Then the residual stress’ transform formula from nonlinear to linear gradients along the crack surface is

obtained using the edge-cracked weight function. Based on the Reissner’s plate theory and continuously
distributed dislocation, the integral transfer method is employed to formulate the governing equations and the
expression of stress intensity factor. Numerical results solved by Gauss-Chebyshev method are presented and
compared with those of the finite element method, showing that the line-spring model is simple, efficient and

accurate.
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Fig.1 The surface crack
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Fig.2 The edge-cracked strip
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Fig.3 The line-spring model of surface crack in a residually

stressed plate
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Fig.4 The slice of surface crack in a residually stressed plate

STt 1 R R BTV 13 5 o, (%) 1 o (%)
ekt

AN AT 0 (%, 7) FOAIR(Q), 442
IBE R SRR (2), 7 ARIF 7 7 348 PR A
SERTEL T, B H1R ()R Q) AT 18 o (%, 7)

(S5 R T RN SRS A

3
{Uhrﬂ (XO)}:[NM ms} o, 9o (§)ds
o5 (%)) L7 7w ]l o “g, (), (&) de
Kot ay=[ 9(&)g ,€)E . (i,i=M,B), 4
2 [7ij]:[aij ]7l °
ENOLECPAT

4
{Gl'\’/l (i)}z{%\nm 7MB} O-Io 9:(£)9u () ds
os(®)) L7 7o | o[ “g,(£)gs(£)de

@3

~

(4)

24 FIRMERETTE
3(0) 7N I FE Ak AR Y ) I 5 IB AR LT AR
AE 3 RE 10 44 T SRR SCRR[5]45 21 -

PO g 2w (ol (%) + o)
-1t —X E

A 7
J._lT[ﬂ—k(x,t)}dtz (5)
o0 (X) - (@5 () + 0D}

Hp, T=t/lc, xte[-c.c], k(X,T)NEHEH
B, oy (X) s 05(X) ~ o~ 05~ oy (X) Fl o, (X)
Bnwi e, wm(T) < wp (U) JRFNALE 2 B2 pR £

E ke .
25 ZEMEARMALR

F ) X N(X) A1 M (x) £ F &l 3(c) e
7 AV At 5 55 o R s AL R B A A R R &R T
1 SCHR[5]45

{GM (7)} B
og(X) -

E |:7MM 7/MB:| %le%(t_)H(Y_t_)dt_

Q=) 7em 7 |11 vyl EVE ©
Ejllyz(t)H(x—t)dt

Forp H (X =T) D4 Sz R o £



T P il % 233

2.6 FRRN N FHREREELAEL S5RE EF o B 54 PR T £ B
¥ L AR A 7 2 (4) R 8 6) PO A AR i M
) : - i alc=0.2, a/h=0.2 e
JiRE(5), 53— Cauchy A F R0 iR 25 s
1 - - ool
1 t—j"'kn(xit) ki, (X, 1) \: :
K 15}
Iy N -
Ky (X, 1) t__7+3k(x,t)+k22(x,t) % nl n=0
£l
w(t) 3 o VMM 7B E‘E 0er n=1
14 (1) dt:_E c c gl .
———— p— —_— n:
6 h VBMm h VBB ol
¢ ©
.[0 gr (f)gM (§)d§ GM -10 D.I1 DIQ DI3 D;i D.‘S D.IE D.I?' D.IB D.IQ 1
: e . () TR 25 260
[CAGEN G B 5 RIALN R T
A, k(Y,t_) % kij (i,t_) .0, j=12 S B A% 3Fig.5 The stress intensity factor of surface crack
O, L T o] 02 M08 SR
FIMH Gauss-Chebyshev 5Lkt i fE. 4K < 2l
B, BHRQMAGRTHELREL (%A v | 5
= 15f
Chebyshev £ T2 M) SIS 4 DRGSR = :
N N - N . b TF
I RN s B BR 1o Ay REAS B R SUHT B AT i 1) B .
BRI T AR R ORI T £ 0 s
Z A . L
s L5
3 BEEREIH
710 DI1 DIQ D‘S Dlti DIE DIE DIF’ DIB DIQ 1
AT S TR, EASHEP s 2
A e B 6 TS R T
FIRVES 3y % LBk 4 st ey
“ o ) Fig.6 The stress intensity factor of surface crack
o y —
o(X,y) =0, (gj » n=012 (8) | alc=04,am=02 i;fwim;ﬁ
b, o,y ) R4 B X 51 1
o, =0(0,0) . ‘;’;
FEMBATAAE T L T R alh Ralentm 5
RMRLN S R 1o FFXT N s R 1 K, TG B n=0
L R o ° ]
W //
f = _ K 9) R oo} |
oo/malQ n=2
05
Hrh, Q ARLGUVIRKT, fEalc<1n] Hun Firfel
NS WL T Y0 o1 0z 03 04 05 06 07 05 09 1
_ 1.65 %%?Iﬂﬁ‘ﬁlﬂl%iﬁlﬁl 20In
Q=1+1464(alc) (10) 7 TR0 B T
TFEEIARA Lt v = 0.3, THE &5 R R LU i Fig.7 The stress intensity factor of surface crack
Il 5—K 7 Prox. HIE 5 FlE 6 T fEal cHFEIMAMT,

Kl 5—F 7 Zon e LM R RBOE NIRRT Mal h BV, ASCi 547 oot & i, 4
TERITY, RIREGTSA (IR S8 6 2o, alh BRI, MIXFREAPHER, I HARSEL R
L )N s BE N T AR . EEOR, ANSC T 0 BRI Sk A5 AN R DR R AR 2



T ™

Ji

2
i

AN, ARSI AR T — (USRS 25 s ) 5 P A
THZEBK.

HIE 5 A 7 Wl B fEal h MR Z&IE T,
Y al c BN, AR SRR AR, 4
alCHERIN, AXHRZATIIER, IF HAEREIL &
T {000 FR) 2R I 25 45 s . g 5 J5E IR AR R 22
K AL R B4 10— ST 2525 a7 9 5 TR
THZEBN.

BRRYE, ARG oo &L, 1R
N TREN I C2 R L 25K, Mal c R, &
SCAR-5 7 BTGP I 2 38K 1 Ji DR ] A 44 3
18] A T2 G th Rt g A EL AR L& s 24
al h 3R, AR5 A7 PR GRS 2 1 K J5 1A

T 8 SR O 5 X T
4 5t

(1) ARSCHSHEREN] . A SO SR
93 VAR T 2R SR e A R 15 B T e 1

() TR/ ale, alh i, ASCEREHR
TR ST M alc, alh (IR, WERE
APTHEK .

(3) ASCISVAMI T SR ] F.
SN, FERE AT RSB N .

S 3L

[1] Cordes R D, Joseph P F. Surface and internal cracks in a
residually stressed plate [J]. International Journal of
Fracture, 1995, 68: 287 —314.

[2] RiceJR, Levy N J. The part-through surface cracks in an

RET . i

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

elastic plate [J]. Journal of Applied Mechanics, 1972, 39:
185—194.

Delale F, Erdogan F. Line spring model for surface crack
in Reissner plate [J]. International Journal of Engineering
Science, 1981, 19: 1331—1340.

FENLL, FEE G MY #8 S RGO L AR ).
TRE )2, 1999, 16(2): 65—70.

Yuan Jiehong, Tang Guojin. The line-spring model for
elliptic part-through crack [J]. Engineering Mechanics,
1999, 16(2): 65—70. (in Chinese)

AN, . o B SPAR p R B SR R D).
[l 44 )y 272741, 1999, 20(1): 69—75.

Yuan Jiehong, Tang Guojin. The line-spring model for
embedded crack in an infinite plate [J]. Acta Mechanica
Solida Sinica, 1999, 20(1): 69—75. (in Chinese)

Fan X J. A combination of the weight function method
and line spring model: a surface-cracked cylindrical shell
subject to stress gradients [J]. International Journal of
Solids and Structures, 1995, 32: 3037 —3046.

Wu X R, Carlsson J. Wide-range weight function for
single edge crack in a finite width sheet [C]. Proceedings
of 5th International Conference on Numerical Methods in
Fracture Mechanics Freiburg, Germany, 1990: 17 —28.
Erdogan F, Gupta G D. On the numerical solution of
singular integral equations [J]. Quarterly of Applied
Mathematics, 1979, 37: 239 —258.

Cordes R D, Joseph P F. Surface and internal cracks in a
residually stressed plate [J]. International Journal of
Fracture, 1995, 68: 287 —314.

WAL, EAS MR 7 AR 0 T R Tk
[D]. K¥b: EPTRHEIRYE, 1999.

Yuan Jiehong. The singular integral equation method for
static and dynamic fracture analysis [D]. Changsha:
National University of Defence Technology, 1999. (in
Chinese)



