RIFABERN¥,8256 F 1200441 A) BAB¥HNERESH
Applied Mathematics and Mechanics E R OB R H B R

S 1000-0887(2004)01-0100-11
RAMNEE J" ROREA

BEN, ZRE

(W K%¥ LARIBRREANZ%,RE 610065)
(ML HE)

HE: FI#EMNEFREMES, S PHRUAERT RAEHT TITR, 88T - M 5BBILEN

J* B B HFEES T T RIS, B I MY HERSRTAFERNX

BB FHE R .

X @ W: W/NERE; J A4S, THEE NHEBERT

MESEES: 0346 XRAIRIAM: A
5 El

AFTR A X119 ,].R. Rice 1 J FR 50K 152 348 48 P 17 100 °FF 24 80 R i X 38 B g o 7%
LREVFHEN TS E, ERBERRLT,J = 6. RAm,X[2]1HE JES>HF R
BN ETFEEER, W L L M ESRGBBAXNTFEERS AR . X[3] AERBER
R WHMRT | RELMY REE, 1A RE TR . EX[4] Pitit TAHRBIE #H#:i&
J R BAMBIEK T B 0-FiEE.

EEEAXTRHIT -NMEBREXRN ] B, FERIMANEREEER T BEH
PRGBS IEFETRMANERENBK. MEERMEEITE. Oowan Bilx 2B
HRRAY RS BT, HEHRAT BRI ELRRREE=E — MK, Bl R AR &
ROy RMERBANATEBRFWORERE, M ALH TIE XM TE NS, R
Orowan BUBF ST G5 R , I BIER R, BT T WRERE y RENMHEBAD!. ERRNARSH
B MR MBS R REEA T FERNAT ROEL . AXART J* ©
SR EIER R FEN VA THITESER . EAMEAT I = ¢*, RENE
RERACR EM | MMM BB TEXBIHAEEMS X6l B aBRTFHNER.

1 (RFNAERER J° R4 E LK S M 8
1.1 BX
J' o= L(Wﬁl] - Si”’i,l) * ds. (1)

« WMBX: 2001-11-28; ITAM:  2003-12-12
EE®Ar: BENQ963—), WMIIFEFEEA, B#HE, Mt
ERE (1946—) B LB XA, #1882 , 18+ 4 S 0 (E-mail: gzw @ scu. edu. cn) ;
AXEEFRA HE ) (E-mail : yej0l @ 163 . net) ; Tel : 028 — 85406145
100



# X N E B % 101

ME LR, P WANEREE.BH W = W+ W,
W, HRF PR ERE, W, WEREEREE, S,
HERE s EEBSMRMFIN SR, u HEREs b
F—BRABaR . n NEKs EE— LS
EREANKRE 0 I n S FRARAHT AR
%:n, = cos(m,x;) = dx,/ds.
1.2 J* BRo-FEHEIER

RFE/HALK
IW
3e; = 0 (2)
it':P: gy = 6m8ij + S,’j, € = e,,ﬁ,-j + €. W u&*m ' mﬁm@n

Kb o, WRRIER HKE, S; HRMADL N KR, e, WRPUMEKE, e; HMAMEKE.
(Q)AFBR,

IW, aIW
V _— . .
—_135,7 * 3, T 005 + Sy (3)
Wy AWy ey AWy 1 _ W (3)’
de; de; ey aeg. e, aeij’
de

Wy _ Wy e, Wy 1 3Wy

—32,-,_»=3—e;.3e,-j_aem EQ:_(??,;'&'J" (3)"
de,,
(3)X B K
aWVS + Wy = 0,0, + S (4)
de;
ttﬁf%ﬁﬁﬁ#&ﬁ,
d aW,
On = Ev,si,=3e~f (5)
(HREHE IETFWAIEIEGC—.:+AA’-5 + BB HRERI N
Fﬂ?l%%ﬁl%ﬁ’fﬁ*ﬁﬁ%ﬂ iﬁ‘. 1)
[I —-dxldxz = J‘ p- n-ds (73)
ad r

LIES PEE%*TE:EBEE%H?EEB%TE%E H(7a) ATHHEMA R BRI B P, _HkEN
58 P, TRE

.U (?—Izdxldxg = § Pin;ds *ﬂ“‘ *—ldx,dxz = 51; P;nds. | ] (7b)
(6) X FHEZ fﬂﬁ‘ R AL B 150 R &5 S = S.n;, S ABKLK(Tb),R A LA

i

§ S, —ds = SB S;n jau'ds = JJ EP (S,,a )dx,dx; (8)

LL{J:/L\‘:EC(SHU%T?&EEET’F}?*%H@;&% A)?E']Eﬁc FEEHR. (6)XFPRHE—TRS

W,
ﬂchfdxz = “‘A E;fdxldxz, 9)



102 MR ERE T B9 Ry

H(8) (DA, B

du: JW a
i) _ 2
§c( Wfdxz - Si axlds) = J‘J“[ E)xl ax ( ij (7 )]dx;dxz.

E&ﬁﬁj E,;j = (u,",' + u,",')/2, *ﬂ Fﬁ(3) -'ﬂ:*u(s)ic

Wy _IWp ey IV, gy
E)e axl 3 311

dx, e;
d

Sy Zi =S - TM[%(ui" + ujv‘-)].
BRI Tk BT BRIk, B .
S, = Sq.
DAY w; BOOR T AR, LR (11D KXERFR K

oW, 1. 9 5 B

W _ e 2 ~ 3 ) a3

Iz 2 Si axl(ui‘j tu) =S axl(u"-/‘) = Sy axj(u.-,x,).
HiE()AUEHN

v, J J

f 9 _J

CETI Si axl(” 5) = ;}xj(‘sijui,zl) (S50 ui,x -

Bﬂsiz'ﬁfﬁﬁ Oiy.j = 09‘&5%&'} Sij,j =0, Fﬁ'u%fﬁﬁﬂ:
aa—u/[ = '(?_(S,'jll/,"z ).
xy 1
%UﬂﬁﬁAUwﬁjﬂlﬁ%?iEM@ﬁ%ﬁ%?i:

§(Wfdx2— ‘3 ds)

(10)

(11)

(12)

(13)

(14)

(15)

(6)’

NHNELE BB MIAA b ,dx, = O, RECREHB, ZREAXLE S, = 0, FTL6) X H:

35( Wdx, - S, (ids) - J( Wdz, - S, a—x:ds) =0,
BEEH.

J (Wfdxz - S )ds = JJ( Wedx, - §; ;:‘:ds).
(16)KHEH J~ iﬂﬁ?%ﬁﬁifﬁiﬂﬁiﬂﬁiéﬂﬁié. SFAE PEIE S

1.3 J' REKRGERERX
TER AL 7 3k BARS T A AL AR RE A

W/=1+y[(oz—o)2+(c -0 + (o, - 0,)" +6(7%, +

6E
EFEN BT, 7., = 0,7, = 0,0, = 0, RAQU)RBE

1
W, = ;Ey[(a +0,)° —3(0,0.,—2',7)J

inanE 2 Bron iR ka2, () KPR E—

JWﬂlds = 1+ VJ. [(a, + a, )2 = 3(a, o, - riy] . rcosfdé,

3E
E 1 WA TN AR R

(16)

(17)

(18)

(19)



% E J F b= £ 103
6, = Ky cosi(l - sinisinég) ,
v 2rr 2 2 2
K 8 g 36
{0, = \/z_ﬂ.rcos —2—(1 + sin -2—5111 7) , (20)
Ty = S sin icos icosﬁ
i v/ 2xnr 2 2 2"
*2
5
Zl C
B
A
ey
B2 J BRomgz— B3 J Raomgz_
(20) KA (19) )75 31 .
1+v Ki
Jlenlds = ¢ z - (21)
X J* B mil,
du, x [ Iu
JSS,-a—xlds :J (sla 1+S2a )rd@ (22)
R
{Sl = SnCOS@ + 512Sin6,52 = 5210050 + S22Sin0, (2 )
3
S" = 0O, - Gm,Sn = Sz, = sz’SZZ = 0y — Op.
HF4520)RH.
K| 6(5 1
S, = mcos 2 ( 6cos@ - —2-) , o
K (5 .
S, = ﬁcos 2( 6sm0).
1FiaFERE s EREERSAHNLBS BN
KI 6( .2 8
Uy = o/ 5=cos {1 - 2y + sin *—),
2 2 2
oy er (25)
K 2 0
u, = #I 2Rsm 5—(2 2y ~ cos ?) '
KA p B UIRMEBEE, v AL
du, Ju,  sinf Ju, K1 8 .2 0 . 2
571=COS‘9 3, ", 7 =m0057(1—2v+sm —2-—sm0), (26)
Juy 3"-2 sinf Juy LS .8 2 0 .,
3, = cosf = 3, ~ , 38 =—-2——’a \/_2;51n7(2—2v - cos” 5 + sin 0), 27)
#(24)K,(26) , F(27) XA 22) LB K :
(1+V)(2—2V) (28)

J:S,-u,-.lds = - 4E K2I .



104 WAL ERE )T B R

FEEN AT, J° Bah,

. 1 4-3) K
R e Y (29)
KZ
Ay = 0.2508F,J = 0.677 TI (30)

HF T SRaBELEX, ME3FRAR s’ BEH T EBR30) XKER, & T3
B (AB) ) BUMEN,

2

x K1
J* =0.339 5 (31)

2 BB R 50 R E R TR R

ME 4R, 2P RS ERRNBGEEATHERY, A THHRERE P —F¥0R, X
HAF+ "M - "R A EREMERARGHRNE, /A5 ~"EAPHEBUBHNE.
BEHEiN s(ABCDE) R4, 2B s’ (AE) WEEEZE W J* BMaER,

R N I R R
E ) shﬁ

g
M4 RPRNGETEMRMPEHREATHOHR
J,(AB)( Wf T ny - S,-u‘-’l)ds = J’S(AB) Wf -1 dS, (a)
J’ (anl - Siui,l)ds = - Nﬁi,z - M- ¢'_ ) (b)
s(BC)
J’x(cm(W/nl ~ Su;i)ds = j:(w) W, - (= Dds + ¢(af - a7), (c)
J- (W - Su;1)ds = - (- Nz, - M ¢'*). (d)
s(DE)
)+ () + (o) + (&) BEEH, | Wase = | wds, WA,
s(AB) s(CD)
Jn = JJ(ABCDE)(W/'LI - S )ds =
~ Nij, - M ¢~ —qif - (- Nag, - M* ¢'* - quf), (32)
He4
[A+] . N~+ _ M+ ¢I+_ ~+’
{ Uz, quy (33)
[A~] == Nas, - M~ ¢~ - qiy.
FRrLA,
j (Wny - Su;)ds = [A7] - [4*]. (34)
s(ABCDE)

HHNKRE s (AE) W ] R



¥ x Jil x =] B 105
K3
J;(AE)( Wy - Su;,)ds = 0.339 - (35)
T J ESBELRME
2
0.3391%} =[A"]-[A*]. (36)

FRR(36)RUE T AEH AL S SR AR T 2Z B A #ER R A, LR (36) AT L
KRB HELTARERCER)H I B ABEERTF.

3 MABRERTHITE

3.1 RORNYFWEEH
WA s R, RH AR EERTHER, REER b, REG6)XA

/ 4 - B =
M ) o
(| } )

5 RAVQRYEFEMEATHMR

= A3
- X[6]

|2d

bh32K,/6M
o

L

0 I 0:2 : 0‘.4 ’ 0t6 * 0.8
a’h
B6 HMETMRE B7 BaaReEasEsTERanEna
FEFHERAORGKEHTLRR
2
o.3391‘l-5L (A a) = 2o e, (37)
BFE
3

gr-- M o _ b (38)

= EI’ 12°
TS s F iy ¢+ AT ASCER (31978 Bl 4B 6 B /= i G I8 i1 57 1) P 39 (L i A R A

HER.
0= limgg] ¥ (ns =

’ 2], (39)

lim—J‘ M dx M)’ (
= 1
~02d) 4 F1(1 = gh ' /(1 = (2/d)?) )3 EI'" '\ h




106 AR RE 1T B4 KA

! a ! d:
A 7'(7)=Jo<1_ah-lm_—m>3' (40)
¥ 2(38).(39) J(W)RAFEGDA
K; = g%%%f(f?) (41)
HE
f(i%) = 0.993,/ [71(5%) ~1]. (42)
@7(7[6]
KI:%vqazFi%VC%,
iEs]
f3) = ryfg (43)

M R42)M(43) 2 HNBRALFE a/h ESBIXTR FERILH6] M f(a/k) R FNARLA
LB FH 7 9.

*1 RPHONGEREERT  ZARANE N EBRBAFEX(6]ERHLLE
\“\ ar’h
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
flarsh)
A 0.517 0.815 1.130 1.510 2.019 2.760 3.975 6.503
xle] (.585 0.835 1.000 1.408 1.873 2.622 3.868 5.913
el .
/ ; A - C %2
EW s’ S“
S ._._if.-.-%..__., ..... 1
N 2a B N
EL LJ
¢ . C'
"
B8 RPANYLEMEHRANERTHER
3.2 RPRYEHSIRLUMIER 2.0
2L AERENAERT WE 8 frn, RHE s
MR 14 T E A FROBOREA 1.5
2 - —A— X[6]
0.3397 ={Aa"1-[4*] = :_1'0
N ¢
53 (812 - 852), (44) B
= 0.5
BE
- N 2 4 iy i ' 2 I
22 = pg» A = 2hb. (45) 0 0.2 0.4 06 0.8
a’h

R34, a5, BB 5K FH EME.

= limi[d Zi,(x)dx =
T a0 2d) g%t B

B9 #EHIARNEATEZRE
MENEEBFREIRS
KREKETLHRE

iy,



E - | E B =B

107

o1 Ndx N a
lim —— = 2y (2]
dl»0 2d.[_d EA(l - ah—l (1 _ (x/d)2) EA72( h ) (46)
BHA
a 1 |
—_— = d . 7
yz(h) Jo(l—ah'l /(1_t2)) ¢ (4)
HHTHE45).(46) W RAFTR(44)F
N a
K = ;ﬁf(F)’ (48)
FEAH
f(hi)=o.859./[n(f)-1]. (49)
f(hi)= %F o (50)
A9 F(50)BEARRF (a/h) EHRHXN FRXHMX[6]f(a/h) BER FHFIAK2 M
LB TE 9 .
%2 RAPUYEHIENERTERANEHBERFEX(6]ERBLER
a/h 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
f(a’b)
A X 0.268 0.365 0.478 0.568 0.707 0.847 1.023 1.267
x[6] 0.282 0.404 0.510 0.616 0.736 0.887 1.09 1.433
Nd .
A f s g
— i 1 P }/‘r—w
b
B10 RLHALEHMBONIERTHNR
3.3 RhULTFHEALMIENR 20
ME 10 FFRBER LRI EMPMAAERT, Bl %X
BYEROBAER, AT RGO RA T —a—xt6)
2 <
0.339 50 (4] - (401 = ¥
_ Nisy - (= Nagy - M* $'%) I
17
2 Y A a N
0-339% _ _2!(17{’2_ ﬁ5‘2+%¢,+)_ (52) 0 0.2 ‘(‘);: 0.6 0.8
EEE‘[LX%&HN 11 ROGULBHEKAHIER R
a
- ) w " samanmeana

s (),



108 1 #4522 B 17 B9 B R A

3(,%)271(,11)- 1]}1/2, (54)

H#H ](hi)= NS (55)
BB (54)FI(S5) B BRI (ash) H53 FIXT R FAXMIL[6] B flark) BIERIFTIAES
OB A 11 Bk,

#*3 RhRUYRZHENNEATERANE N BEERFEX(6]ERMELE
a/h 0.1 0.2 ! 0.3 0.4 0.5 0.6 0.7 0.8
flash) i
e 0.595 1.061 1.659 2.468 3.658 5.580 8.856 16.044
x[6] 0.662 1.085 1.611 2.354 3.542 5.527 8.860 14.291

4 ] BBy 0L AR HE R HOR R R
1B T BB EINE X,

() w
A AR EEE, o FRABKE.
B,
J = L( Wdy - T, g—:ds) =
jr( Wdy - S, g—:ds) + Jr( Wydy - 0,08 3—_1:(515) ) (57)
XY ERIHEER
nom=1U- §0Tiu,-ds =
Uy - Schiu,-ds + Uy - fJSCGMSijuids . (58)
#(57) . (S8) RARA(56) R LB S A Wi 15
J' = 451*( Wdy - S, 3—st) = - %[Uf— SECSiuids] =- 391{:
1y, = L( Wydy - 0,8, ‘;—’;ds) - (59)
- %[ Uy, - §Cam8iju,-ds] = - %’.

TELMETLE A, BY
;= et == (), (60)

BLER (60) BSLIERI S B IN T . (HEE, 1" AR mEEEE).
XERVE (RS AR R ) iR, S R A B R RN

o = U - § Suds = JJDWIdx,de - ﬂg ‘Siuids, (61)
Uy 98 R BERF D RRE, W, NIRREEE . D AYEAREH.



w £ Jil x =] = 109

> &

12‘

~N O

(a) (b)
12
HBER 12(a) (b) BN 4 BEE, MM EN HARBEAKEME Aa . ERRFE
MO AWM SRMAER YYORBFEETEN TR AT, B 12b)HWikLE
12(a) I IELT —RKEHN Aa WIAKER AD,HM MY OTRAR A'QB' ICHT,, TR

AU; = Up - Uy = JJD[W/( e; + Aey) Jdx,dx; - .”D W/(e Ydx,dx, =
JJD[ Wf( e" + Ae) - W,(e)]dx,dxz - JJ W,(e )dx,dxz, (62)

Aey AE 12(b) Y EFHE S A 12(a) WY EF R - SLEHREES B EE, FR(2)A
SR —RAMBL N, MEARGIRAZEL, F_HIERBESTIEHEAL. BH, AD =
Az » Aa, X Aa TB/D,INHTE AD T W, i ) TR, AT (62) KA w58 500

Ax,
JJAD[Wf( eij)]dx,dxz = Aajo Wj—(eij)dx2 = AGJ.F'WI( eij)dxz. (63)
RAE A (60) R, BX
a_U‘Z = hm AU (64)
da ra—0 Aa’
1%(63)%)&‘.)&(62) BRA(64)RE:
” -—[dxldxz -J W,dz,. (65)

Lﬁﬁ%%—mﬁﬁ;ﬁﬁ& F[_tysl = 0’ ﬁgﬁa
—JF'Wfde =_jr'( as)=-Jr. (66)
RAIS)RAR(TDE S; = Syny» B da ¥ dwy 715, K
J‘J‘D %%/‘[dxldxz = ”-D %(Sijui_a)dxldxz = ﬂg (Sju; . )nids = ﬂg S; %ds. (67)
7 < <

#(67) . (66) FBRAA(65) X7 :

al, du;
=L * =
70 =~ ] +ﬂchi aad.s

19

au
J* =_a—af SEs—ds_



110 RMF N ERE ) H S REH

- (- S[Scs,.uids) - e, (68)

™ RPN, (60)XBIE.
K (60) EE IR FHEUILAINE BN BHARART , RAEHEHIAKE e Ra +
Aa IR RN EEMRANEAEZER . B J* BOEL M T &B N MR &

SRR,
5 4 1B

ACRBRMAPIEERY J° BOBS, BATHEMRPHHGT ROALFEHERH T
RE AR RERBENES, A J RoRBEBELM K; SX[6] WERYABELE . HE5X
BIERTHEE. FAMEXEHT J* ROEKBREHER T MR EERRENE L.

[ * X W®&]

[1] Rice J R. A path independent integral and approximate analysis of strain concentaition by notches
and crack([J] . Appl Mech ,1968,35:379—386.

[2]  Kanninen M F,Popelar C H. B S W 3 J7 ¢ [ M] . BB, XB 0046 BB ¥ bR A M E¥8
AR AL, 1987,116—122.

[3] XIE Yun-jun,XU Hong,LI Pei-ning. Crack mouth widening energy release rate and its application{J].
Theoretical and Applied Fracture Mechanics ,1998,29:195—203.

[4] ZRER,AXE. KT . FREEREE J R TFERAXMBEALI]. NRBBFEMT%¥,1999,20
(3) :301—304.

(5] ®WEKEH ITERERENEIM.EK:ERKFHEMT,1986.

[6] Tada H,Paris P C,Irwin G R. The Stress Analysis of Crack Handbook[M].Helletown, Pennsylvania:
Del Research,1973.

J " Integral of the Specific Deviator Strain Energy
and Its Application

JIANG Yu-chuan, WANG Qi-zhi
(1. Department of Civil Engineering and Applied Mechanics ,
Sichuan University , Chengdu 610065, P. R. China)

Abstract: First the deviator strain energy is introduced, then the problem of plane-crack eritical
growth was discussed, a path independent line integral J* was defined, furthermore its conservation
was proved strictly. As application examples, mode- I stress intensity factors of cracked beam were
obtained with present approach.The results were shown to agree well with those available in the open
literature.
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