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SRk H R, B B R BR IR, BT INE LUA R (L) ~ (5) MR RACE G(9)
FEACY, R 0 Mo, RATHATRY dA WREFAORIES . v Flu, £
RFHA L TRECHER ., BRREEN A EOEB, 5 v b4 3R B 0 TR
.

RIERE RO

6(#) = im{ L[ {ea(ro)[uir - AR0) - ub(r - AR.O)] 4
. (r,0) [ ub(r — AR,8) - ul(r - AR,0)] +
0. (r ) [ui(r - AR.0) - ub(r - AR, 0)] }da} /. (0
WA 1L,HER As il A FIREME AR FE, (1) AW h AR F A TR, B
1

+ $+0¢
G($) = lim{sz ARJ {z.(r,0)[u\(r - AR,8) - wW(r - AR,0)] +
gl 2o

o, (r,8)[ub(r — AR,0) - uh(r - AR,0)] + o,.(r,8)[ ui(r - AR,0) -

uwb(r -~ AR,9)] }rdrdH}/[A¢/(AR2/2 + RAR)]. (2)
KPpy3mapaxtnE .0 M BN ERERRE,

C1(9) = um{ij’““ﬂ*“%(r,e>[ W'(r — AR,0) -

gt 2
ub(r - AR,H)]rdrde}/[As#/(AR’/z + RAR)]. (3)
. L R+AR ($+09 .
Cr(#) = %%{ZL L e (r8) [ u'(r - AR,6) -
ub(r - AR,@)]rdrdG}/[A¢/(AR2/2 + RAR)]. (4)

) 1 [R+oR[$+08 .
Cm(¢) = AI;TO{_Z—JR L T@,(r,ﬁ)[ug(r - AR,8) -
Ag—~0

ulg(r—AR,B)]rdrdﬁ}/[A¢/(AR2/2+ RAR)]. (5)
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ERERELHED, FEH T EOBRIEERE .Y SREHR TR,

[(K1{U} = {R}, (6)

[KH{U}= {F}, @)

{R}= {F}, (8)
AP {UY BT, (K] SRIEER, (FIHgE A
FFIEE, (R} R4 RBAFIRE.

O XM BALHEERK , HEMNET(T)RE
ERK. MBI HR@XRERN. —BRA=
BB ASTH, NYUREILINRA, et {RY BB
DR, BRI E G AL AN 3 MBS
B MR- ANGEANMBNETNEE . B4 ERTZ
GREFMARTHAES RN R ES SR
RENETE. THEAHRRBIESLERENER B1 SEFEE
., —REINBHIT, BARERANSRER
IHEFZEETTREFRERTHE S RE.

3 SMEBIETTE

HRBBPEKE Ao —~ 0 IR, RABH I, FP#T—RERTHE, RERRGB)
~ MM _REALRRFRARN Ac, FHEFRBBERHE . EEANKERTE
15, BEEAFE, S A EFR, WA RNERBHE. : P

DI HME, B FARTITERBEE L NELEN ]
MAXHFK MBERERE, FUREAY > REE
BREEFE. XEY BN, NS 2 RERSE

fo, ML RE r'2 B4k, LARRD - REJTREMS, L

Blat 4 AR R, A B LB & FhE B 7 i 0 B B 80R .

FOR 18] U5 A 5% 2R 3 B 4 B G 1 L B 86 9 DR 3B BT B H2 WARRAH
BR7E.

4 WRESHLH L
RAE ARG TBE RN ENRT, WA 2. ARWFE,

9 pla’ (9)
4 B’ER*’
Ba=6mmh =0.6mm,E = 210000 N/mm’,B = 1.5mm,p = 400N,BHRE. HEHK
SwmE2 iR . BEEE: Gy = 126.989 1 N/mm.

HHEEME 1.

x1 AE AaH Gy BHNER

GH:

Aa/mm 0.166 67 0.3333 0.500 0 0.666 7 0.8333 1.0000

G /(N/mm) 95.719 3 88.7413 73.484 5 63.001 5 56.449 8 50.056 5
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B HE5 R 2.
®2 Aa— O Gy WEIRER
181 19 2% B EVEpF Gy MERY g S
5 R AENE| Y = 106.143 - 58.401x 106.14 -0.982 689 0.092 63
ZxREWMAEA Y = 40.336 5x° - 186.46x + 116.6 116.60 0.992 98 0.068 31
= 69.310 8x° - 80.958x2 -
Zx &R EH Y= 693108 958= 108.51 0.996 86 0.045 70
4.427 5% + 108.514
Eif dELE] Y = 112,363 x 0.445 9427 112.36 0.967 61 0.126 23
JUELE Y = 54.119 85703197 - 9.4
1/Y = - 0.000 134 63
X £k 1E 13 000 95 + 126.60 0.992 35 0.071 27
0.011 643 4x + 0.007 898 74

FHx=0a,Y=Gy. NEPEFEH WHAERE, R . ZRETXEIERE B & AHE
MESL 1R RE. WA MAFELERE. RARREEHRA 6y BEREEFRITH
BEBEEREZL.

Gy REENHE:

12 10.05,5
Gyp + 2L = 6p + 283 _ 6p +1.0496 5.
" SN .

EERZTEHET =25l  BENMMAAHER NN TERRE, B SHR P
¥EEPTHERARBGTTHE BB SARENER. XANMEKERBEFXEES LR
R, REFEHRE19ZH.
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Research for the Strain Energy Release Rate of Complex
Cracks by Using Point-by-Point Closed
Extrapolation Approach

GUO Mao-lin, MENG Qing-yuan, WANG Biao
( Department of Astronautics and Mechanics , P. O . Box 344,
Harbin Institute of Technology , Harbin 150001, P. R. China)

Abstract: A new extrapolation approach was proposed to calculate the strain energy release rates of
complex cracks. The point-by-point closed method was used to calculate the closed energy, thus the
disadvantage of self-inconsistency in some published papers can be avoided.The disadvantage is that
the closed energy is repeatedly calculated: when closed nodal number along radial direction is more
than two, the displacement of nodes behind the crack tip that is multiplied by nodal forces, the closed
energy has been calculated and the crack surfaces have been closed, and that closed energy of middle
point is calculated repeatedly. A DCB(double cantilever beam)specimen was calculated and compared
with other theoretical results, it is shown that a better coincidence is obtained. In addition the same re-
sults are also obtained for compact tension specimen, three point bend specimen and single edge
cracked specimen.In comparison with theoretical results, the error can be limited within 1 per cent.
This method can be extended to analyze the fracture of composite laminates with various delamination
cracks.

Key words: exirapolation approach;point-by-point close; complex crack; strain energy release rate



