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Numerical Analysis for the Energy Release Rate of
Crack in Anisotropic Body under Combined Loadings

Ken-ichi Hasamvoro™, Youichi Suzuki® * and Chikayoshi Yaromi™**

For a crack in an anisotropic elastic body subjected to remote inclined load under a plane stress condition, the
energy release rate at the onset of crack kinking is analyzed by numerical analysis. The analysis is based on the path-
independent E-integral using the finite element method. The E-integral gives the energy release rate at the onset of
crack kinking for hyperelastic bodies. The eight-noded and six-noded isoparametric finite elements are used and the
integral paths lie along the sides of the finite element. The numerical integration of the E-integral formula can be
evaluated directly by using the nodal forces and nodal displacements. After the path independency is examined in an
isotropic elastic body subjected to the remote constant tension stress, it is shown that the results for inclined loads
agree very well with the results by Wu (1978). For the anisotropic bodies, in the cases of different planes of
symmetry, the energy release rate is computed first under the perpendicular loading to the carck surface and then
under the inclined loading. For the former, the results agree well with the perturbation solutions by Gao and Chiu
(1992). For the inclined load, the direction of the maximum energy release rate is more sensitive to the direction of

loading than the direction of the plane of symmetry.

Key words : Anisotropic elastic body, Fracture mechanics, Finite element method, Crack propagation,
E-integral, Path-indepenedent integral, Energy release rate, Crack kinking, Combined mode

loading

1 #
ERPEBIBEORNIH BN, BAEEHAIFL,
WS B VIIHE ARG T SO A CRAM Ak L 2%
FBEBOMMNEEL LS. HRICOVTIFLAED
KB, HERA CRAMES 23 o h Ppsic kx4
WELELBZLMbRTWD, FoH TR O
TR 20 B & A B R Ao i A WS T A TR B R
FHMBE LTEHMONTEHD, WG, BIERE
FEMRRRRE, B U AN 8 lo LCE R R TO
BONERIN TS, AROBRALBEAMEE 201
LAEHMERREAMEI TH 720, ELWEHE
RTEDOAHH. ThoRBRICUTERE, SLAM
RHEMICUTHRINTEHD, 5%, T 3HEN
LTL33DLEZONE, ZOMIZE, Kkl
WA S 4 ERT 2 A TEFEAZR L THLL &
L s 0PEREZ Y, ZheDf T ALEIZEER
XN EATRHIFER SRR & B U AR 23R 0
S VIBA NSO DRE £ #RT 5 1T IIMR R
KRB OIS AT T e —F ERARTH 5.
Ty PERDH OB R 5 16 4 B N A L & S

o

LY BHE, BHECANEE BANTHZBANE LD
THEALETH S, L UEKRT I By
T4 504 AMHT BEAE, RAEMRIIH LTS,
BHEUC A A S AN TH B LIRETEX 3B b HDH L
WIHMEL 50 PIHEMRADIGA L TR CH B 2 &
FER TN, TXLXRRES 74 70X Vv id5#kiE
BXNAWES Y 54 F VA v D—2L LTEFERES.
BEEE % 2 RITISHRHRT 2O A TP A L E—
FILE—FIDORAE- VOBHIEELLS. RA
E— FRFE T O I EBHCEROMNIL, S HYERRNC
DT X EAHTAEIA BEA IR LTl a2z ) B
MG x T3 Y YE BRI OV T,
EH N EFHEICEE LAY, W OrEE A
T3> P Ox g0, xWEBEHOREEHEE LT
o - HREERT L R2Tons Lalars, &
HHEOTE L X BEOF AR ZRREOTC, 8
T %521 B A DB IZEES O BHRD TILEE
TH%. I TAME RPN IR E 42 HRA € —
RHETICH 5B 6 a0 R BIRNO 2 HOFh
1% 0 BRREIREOD T L AR 4 B PRER R & B %0

T RS2 E PR 8 411H11H  Received Nov. 11, 1996
S

E 2 8 fLTESSEMERIARRETER T745 fEUFAK, Dept. of Civil Eng. and Arch., Tokuyama College of Tech., Kume,

Tokuyama, 745

* % ERKFRER 7920 €RW/NTE, Graduate Student, Kanazawa Univ., Kodatsuno, Kanazawa, 920
*x%x F 2 8B SRKFTEHLABBIER T920 4iR#i/NIE, Dept. of Civil Eng., Kanazawa Univ., Kodatsuno, Kanazawa, 920

NI | -El ectronic Library Service



The Society of Materials Science, Japan

BAE— FHETIZS 2 BRABEHAD 2RO X 3 XFRRO KR 977

X

Fig. 1. Transversely isotropic body.
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Fig. 2. Crack in an anisotropic body subjected to a
remote inclined load.
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Fig. 4. Quasi-stationary extending crack.
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Fig. 5. E-integral values for several paths in a centered
crack body subjected to a remoted tension stress.
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Fig. 6. Combined stress distributions which are
equivalent to an inclined tension stress.
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Fig. 7. Normalized energy release rate in an isotropic
body subjected to an inclined load.
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Fig. 8. Normalized energy release rate in an

anisotropic body under the perpendicular loading
to the crack surface.
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Fig. 9. Normalized energy release rate in an
anisotropic body under an inclined loading.
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