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o ¥ 7t @ @ 4
Lee, Jung-Ki Ra, Won-Seok
Q X

Mz 35245 dhe de i FHA 2 FY(crack) S e A FdaAt FH FdekE

S o) FAMGM PSS AL EFHFeE FPT & U FAHY dygoz A3 2‘“‘7&&%
gk B dAugie) elddn $4E Al dstdd, vinA s 3 S vehie FAa
WA gRAe #de]l X3E FouAsl F@etFE S o FPAdeMY & & Fslm,
A4 F384Y F=9 ANSYSE o| 48 #Mdsts) v)a HESN

9, glo o=

L)
J‘EE
__u_‘o
¥
_-h‘-,_
%

480 © g, SHYUAL, oA A, AP ARdEAyY, FFaay
Abstract

A recently developed numerical method based on a volume integral formulation is applied to
calculate the accurate stress intensity factors at the crack tips in unbounded isotropic solids in the
presence of multiple anisotropic inclusions and cracks subject to external loads. In this paper, a detailed
analysis of the stress intensity factors are carried out for an unbounded isotropic matrix containing an
orthotropic cylindrical inclusion and a crack. The accuracy and effectiveness of the new method are
examined through comparison with results obtained from analytical method and finite element method
using ANSYS. It is demonstrated that this new method is very accurate and effective for solving
plane elastostatic problems in unbounded solids containing anisotropic inclusions and cracks.

Keywords ° crack, stress intensity factor, anisotropic inclusion. volume integral equation method,
finite element method
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crack model in the VIEM
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Fig. 3 Geometry of a crack and an isotropic
cylindrical inclusion in an infinite iso-
tropic medium subjected to remote
stress

Table 1 Material properties of the isotropic
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Fig. 4 A typical discretized model in the VIEM

Table 2 The normalized mode | stress intensity
factor for a crack near an isotropic
cylindrical inclusion in an infinite
isotropic medium subjected to remote
stress (VIEM)

Ki(A) Ki(B)
d/R | (d+2a)/R | g Iso Iso Iso
#1 #2 #1 #2

0.1 1.1 1.487 | 0.670 | 1.150 | 0.892
0.5 1.5 1.150 | 0.892 | 1.070 | 0.946
1.0 2.0 1.062 | 0.947 | 1.032 | 0.978
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Fig. 5 (a) One half of a typical discretized
model in the FEM and (b) enlarged
view in the vicinity of the crack
tip(A, B)
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Fig. 6 Geometry of a crack and an orth-
otropic cylindrical inclusion in an
infinite isotropic medium subjected
to remote stress
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Table 3 Material properties of the isotropic
matrix and the orthotropic inclusion

(Unit: Isotropic Inclusion

GPa) Matrix Ortho #1 | Ortho #2
Cn 143.10 55.80 279.08
Cre 67.34 1.56 7.80
Ce 143.10 6.12 30.56
Ces 37.88 2.36 11.80

Table 4 The normalized mode | stress intensity
factor for a crack near an orthotro-
pic cylindrical inclusion in an infinite
isotropic medium subjected to remote
stress (VIEM)

Ki(A) Ki(B)
d/R | @+2)/R{ orpg | Ortho | Ortho | Ortho
# =2 1 #2
01| 11 [ 1333 0751 | 1.106 | 0.920

0.2 1.2 1.223 | 0816 [ 1.084 | 0.928

0.5 15 1.099 { 0.907 1.048 | 0.950

1.0 2.0 1.039 | 0939 | 1.009 | 0.970
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Table 5 Material properties of the isotropic
matrix and the orthotropic inclusion

(Unit: GPa)| [SOtTOPic Inclusion
Matrix | Ortho #3 | Ortho #4
Cn 143.10 55.80 279.04
Crz 67.34 10.78 54.03
Cez 143.10 286.20 1434.50
Ces 37.88 110.40 553.88

Table 6 The normalized mode | stress intens-
ity factor for a crack near an orthotr-
opic cylindrical inclusion in an infinite
isotropic medium subjected to remote
stress (VIEM)

Ki(A) Ki(B)

d/R | (d+2a)/R| Ortho | Ortho | Ortho | Ortho
#3 #4 #3 #4

0.1 1.1 1.222 | 0.681 | 1.102 | 0.918

0.5 1.5 1.102 | 0.919 | 1.055 | 0.961

1.0 2.0 1.063 | 0.968 | 1.026 | 0.976
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