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Fig.1 Quasi-statically extending crack under compressive
loads.

T2, FOBAROBGRMELEL, 20F ALK
L. SOICERME T TOERBROERER %
BICbIKROND, TR T N RN 21T
R, BERTFXAUXMBBHERELRANT, £
DERFROHREIT. 2B, B J EH

TIRHFENMAVBREBEOZIVXBHRERERDD
ZLIIREETHY, MARBNIINEDSTHE
BINEETHERB ML LI R5R20N, EFES T
IFZORRGE THREMIL THD. TEFE S T
3, BORBANCEREOTHEREFATHLD
1ODERER MDD FOVF B EM IR
WAHZENTE, ILICHF N BVBEREIFF O X LX
BRI BERODHIENTEDRE, MBIE VIS A RH
BETHD.

BBIEE, BiIar/)—rReaRoSH TR
BERTWS, FAKBES 1O '"VoBERET
BT, TN 2 EGEEICE( I T Z8E
WEME T COIRLXMBERERD, TXILXH]
BEBERELZR O, SHREBBEOERE
1To7=.

2. ERMSDERMTET~OILA

(NEBHETICHIERESHOIRLYERE
#RODE|RSPOE T
Fig.1 0I5B HEMEE (O FTHZRXNLFX LR
AR ICARKRE N SOEM alc LN E”
BE 2N, TORICFETHIEHBIALTEY,
AW EICEBOBPBELTCNDLE, AAFTE (s,
) DI D— R SVERLTWD

252

EREEZD. U, ERENRHALCLTNDLI 24
FE(s, ) 2FE L, EHTELIFS.

IO LE, FHPEHHITERLTOWAEAEOT
EVIES Y &b

u(l,a) ds —

s(l,a)- ey,

< [ wit.a)da

E(t,a)= jl'r\(" A0 4

(1)

TEHEIND. ZIT, FEHIIEHERONMNE X
OREETLHAN, BREMHEICTH-OER L.
UTRKRDEE, EBBOBENBE NG S,
ETOEHEZLEK TS, (3EBERTO, H-E
STHY OOt IIEMOBREELD. a IR ERE
NRIA—Z BOSPp<)PBEEFMERETHEL
EROT.IZTHERBE RFA—Z gLix, &#H%
ERIEA-HDICYWEOER LIZE XA #T
H(3(B), w(B)) DR BREEHETH/1TA—4
DZLTHY, FIAITEBMEPHE PRWESE
THFAE M THICE5 126N =HE A& ICIX =Pt
BLIEBTED., ARMENICHIE RS LR
EFEODEERTOEBEOBAEIL THS. C*iTA
NOEHETHEOERTHY, FIThZE2RWE
ADERTHS. siITEC*LOAHERBmATH
D, wlIEHMLTHD. S%%HE —F Piola-Kirchhoff
N, HeV) 2 EN AR ETDE, OFTHT RV
XEE wik

w(l,a) = j S, B)- “mﬂﬂ)dﬂ

DIHITEHESND. Z2TiE, 28\ LICEEN
BEETIED, BEEAKRTHoTHOTHT X
NEBEDX, —RIHATEORFTEEICL-TR
RBEEED (L) DBEERD. RQ)ITEE AN
WCHERBEHREREES TRTINIEE, SVEWVK

DivS=0

(DivIZEEROMNE X TORBERDLT)L, B
R THDIND

ow(H)
oH

S=

&

ow
o0

6H
o4



ThHhRZILyERL, BB ERLZEL IR0
T, RNDOEBMIEIIBEHATHD. (ZDLE,
EOBRBICIE, ERECZEATVAILILE
B.)

KOO ELE2EFOVTHZIVXOE S
B

a  JH «  Ju
[ wda=| [ 5. b = [l s S5
DISCEFRTEZDOT, ZhEX(D)ITRATBE

u 12 a,  Ou
Elea)= [ (s Gds- o[ L [ Sdp s
@)
L. ZZTRQRQ)EER T L

e s du Js Ju
o(ﬁ'ﬁ—ﬁ‘ﬁ)dﬂds (3)

Eta)=[ .
NEBo5ND. EXAD 1T Betti @ Reciprocal
Theorem (AKX EROER) DRBRLAKRRE %
LTWB (2L, KB)DEM 4 AR IT—RITHR
ETHLEHTHB)DT, K@) Z2HEREARER
4y /23K (E-integral of the reciprocal type) &
BE 5.

Ebi, R@)VEEH TIERREES.

Bta)=Zof, o [ G5 wdpay- [ .

4
IITEREAERE -—RBENMNICEBRERZEDL

fres

aﬁ aﬁS
;55 udpds= [, [ 55 Hap s
&2y

w,(6,a) = J':%-Hdﬂ

THEIND, RWIEFHOTAZRLVXEE (com-
plementary strain energy density) A\ /o=
FNEBBERBOERNIT/RS>TNS,
EFITREBEMI 2 CRTOBE)RBEISAKXT
»H%
R2Q)ZFVOTHZRIAXBER AN
(E-integral of the strain energy type)

253

K@% BOTHXVXBRERE AR
(E-integral of the complementary
strain energy type)
LR 5.
OTFTHIFRLFREESARXQ) (FEER
)XY, WEERBIY, &HE@ ET

s-i'i=o

ot
DHEEDTZRNVXBRKBIX, WELEOVTHT
INVXOBDRIZELWIERS D, £z, A
ROBEDII, MERER TITOCEBE RN
FMEPE2ON, ERE LTI ACEBRLER
IBRREL, HRRLBERET

ug%:O
BWEENTVWEHEORAVFREKERIL, XA4)
$0, WELEEOH O THZRLX OB MEIZE
LW NG N5,

BRIEBHEEEDOE S T, EEIBIDOESEIC
RESNTHA (LLT, /I EFTIRE EMEE
LEI)TIIARMENRKFIAT TEILNAE, (%
BELZLE, HAENKOEEm A sbHBIARL

29

LRIENTES. -, ERBEZE B LELOERAE N s
HRERIC

s(¢, )= Bs(4)
u(t, p) = pu(t)

s(t.B) = Bs(0)

{u(e,ﬂ)=ﬂm) n ¢

ERLZEBTED. TNEXQ)ITRATHE, FTE
BENRFGA—ZICEDEITHE S TE, OFTH=XL
FREM S AR

E()= L_r\cx(&%)ds—%{J‘rwt(%su)ds} (5)

L. K@)ITRATHL, HRERARER S A
K



1

2

E(6)=

ae ©®

J.rm(‘* (s

LB RAIRATHE, HOTHIILFHE
ook

2 . Js
EO)=—A[ nGswds - [ (Crwds (7)

LB L EN/NER THRE EME I, HHl
AMTEMBTELIBRETINZEAD, = XVXRE
HRERDIEE S AKX THS.
ZZTH(2)HR(3), FLRB)MNOR()EEL
B, R INCHICLPW L, EREIIZED
REODANKEZEIToN, EREXEE LICE
BAREORBAWFEETIHRIL, EREED
BlZONT, ZOBER CCOREINERTS.
ZOHE, BROICISHELLR —DEERAZE
BESICREH TE20, HMEMAEF TIRIIHO
FTHZXINFHER S AR@BIR(MNBRLE
ERBVWIENHERETES GEMIIMf&EZSR).
FITEFRTIEIXK(NEMTICH W=,

(MR FEH

AR TIE, Fig.2 IR TIIICERIENS—
BIEM ()N 0,(<0),0,(< ) BEALTWDH
INERTI2REE S HEERTE, ERHEAEERD
HBREBOIERBLTVWAEEO2KR T EEEE
XEZXD. I TIIBIRVEELL, o, ko,DH
RERLTEY, |05 0, | &T5. i, I EE
HEEBRRES o DFMEORTAE y &
EHTEAKE O<y<a/2)LIF 5. ERETO—
BREMER S 0,0, 1%, RROIIIC, EHE T
LTEE, KF¥E, BAMFMO3IODIEHTERT
ZEMNTES.

o, =0,c08’y + o, sin’y
_ .2 2
o, =0,sin’y +o,cos’y

()

7, = (0, —0oy)siny cosy

ZDLE, B LIZEOC, MIERNICEREZRNE
EL, SO F0E LICEBOBEETIRES
X, e xHE PR HEMEE THoELTH, FOR
BERFTBEBICIVERERRENESTLBHDT
BEILETHS. 1223, ERSEmICERY
IS o, WMLk, TAWIE N o 2B T5
L EREIEE LICBYFREIY R ESCERA
BEE, EOMHEMIT o, =0 DEFELD/NERD

254

7
1
‘ |
| y |
/ T
1 I ”
o | [ ¢, |
~-4——>—| 5 = : I
v 1 e
| |
T
A
I
|
1

Fig.2 A frictional crack under biaxial compression.
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Fig.3 Tractions and displacements along the crack
surfaces.
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Fig.4 Finite element mesh for a model with a single crack
and the integral paths.
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Fig.5 Finite element mesh near the crack tips and the
integral paths.
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Fig.6 Finite element mesh near the crack tip and kinking
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Table 1 Comparison of errors in the energy release rate
between two kinds of finite elements near the

crack tips.
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Fig.14 Shear mode crack under biaxial compression.
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FINITE ELEMENT ANALYSIS OF THE ENERGY RELEASE RATE
BY USING THE E-INTEGRAL UNDER THE COMPRESSIVE LOADS

Chikayoshi YATOMI and Youichi SUZUKI

In this paper, we analyze the energy release rate for a frictional crack subjected to remote proportional
compressive loads using the finite element method. The energy release rate is calculated by using the path-
independent E-integral of the complementary strain energy type, which is path independent even at the onset
of crack kinking. We find that the E-integral gives the energy release rate under the compressive loads with a

high accuracy.
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