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ENERGY RELEASE RATE ANALYSIS USING THE E-INTEGRAL
WITH AN ISOPARAMETRIC FINITE ELEMENT
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In this paper, we compute the energy release rate using the E-integral with an isoparametric
finite element. A large rectangular domain with a centered crack is modeled with six-noded
triangular elements near the crack tips and, at the rest of model, with eight-noded rectangular
elements with quadratic shape functions. For a well-known path-independent J-integral, such
isoparametric elements have often been employed, in which the integral paths are across the
interiors of elements. We find that its method does not give accurate results both for the J-
integral and for the E-integral unless the smaller and regular shape of element. Since the
evaluation of the E-integral requires only the traction vector and the displacement along the
integral paths and does not require the computing of the strain energy as the J-integral, we
then examine the use of the integral path which is along the sides of elements and the nodes.
As a result, we confirm that, in the analysis of the E-integral, the path-independency and the
energy release rate are obtained with a high accuracy and with a shorter time and a smaller

memory capacity than the analysis with the constant strain triangular elements.
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Fig.1. Quasi-statically extending crack
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Fig.3 Finite element model with a centered crack
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Fig.5 Integral paths near an extending crack tip
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Fig.6 Finite element meshes near an extending crack tip
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Fig.8 The energy release rate on several integral paths
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Fig.10 The energy release rate on several integral
paths along the sides of the element and the nodes

IDOZLIXERES TR, JTHEASLEY, EREOEIY
FRETOWE—MELSEMBEFRERET IV, #RX
BEPBRL THERAUXEHELRDDZ LBRHKS
LS, ERITHLAATH S ERDOKRE 20 5B

EFTROICR LTS,

COERI LEERERFROCESETHH L, EFEY
XY EBREREREES, SSREE»DEENERED
RET, FLALYBERERLUTHEILBE I =2V
FREERBRD OB Z L Bohs.

3.4 #HAHEENE LBOZEivh ity BIRE
D LN XRBEDRAH ‘

ZOERD EEERROFEERAVT, SRBEBRRY
TYITholeh, EROJBEHRRLEMATH LT
bEBHH OEELMETHS, EREICEET S
SHOBFWHAMR LSS (Thbb, =—FI1tk=®
—FIDRAET—FLARBER) T L.

Fig.1ll © X 5 c—#3 R0 SO Frs & Rimic F#
BERFEICH LTRTAELZy & LT, SEOALEN
ﬁnﬁﬁorﬁﬁféﬁﬁﬁmz*W¥%&$%,~%
SMUDORERE 7 TR,

Fig.12 Xy =007 DS, bbb, SRmCEER
FEIC—EBBSA 28 L Ba0 S iizs 9 B2
MR DXV RREE ROKERTH Y, HIE R
i FE 9, RHIXENE o T CEIEADE
AR L O RO =XV EMHETEREL THSB. #7
NER Y AENAFROMER, BERESELEFE—L%
ARFHEERER LY, ITRHERLTHS. R+O
TRLTHDORKEIERTHY, BRTRLEDD
BWu DR "ThHD. ok, XM 7) IZIF,
0<047 ETLMELNTWRW., ZOXEOFEERN
D OB — FILMRE R BERERTEE LRV,

Fig.11 A single crack subjected
to an inclined tension

—442—



; vy=0.0x
104 * EfsA

Wu's result
0.8+ .

0.6 ..
0.4

0.2+

normalized energy release rate

[ ] . )
00 S ————
00 02 04 06 08 10

kinking angle 6 (X )

Fig.12 The variations of energy release rate at the
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