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A New Method for Calculating the Stress Intensity Factors of a Crack
with an Anisotropic Inclusion
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ABSTRACT

A recently developed numerical method based on a volume integral formulation is developed for the
effective accurate calculation of the stress intensity factors at the crack tips in unbounded isotropic
solids in the presence of multiple anisotropic inclusions and cracks and sﬁbjected 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.

1. M B

Hlasl THESE QUAOS SYYARE ofeln a2y, 71&e) F&AR wlako] HI7A

O

H77E 2 WEA, WetrAd ol Holu FaEekdl ALEHR e F5717 EdABAAME Ti 717E 3%

E AR [<}

4 Mg o] FAAAT SIC AfrE ZF ol ARE olfoAnt” matM, BRAgdMe FE 44

2 Ag ol B & wAUES A dF3r] AME, 88 THA W ohyz oA dhAS%
3%

a

Aol TeE SUE TERAL ARG #FE ¥E 9 TLUBorack tp)ol el SeALeAGel A

Jata ojdo) ddog gFdn
2 =feME A2 A3A8S e oFe o FRA % dEE ¥¥se S FRnA B
v o FyRAMY sABWATel A ALS EHHoR 49T ¢ e A AELH

-276-



Fgele ol gae dehie A

a2ln, & il AR R AEAE AFE Ao, viny gy
Aot #EE X FIIAANAN FAdDMY SHAUATA AT ALE Fgsta,
g o .

L5
W ool ¥

ANSYSE o]

2. My HEGSIAY(VIEM)

B Axg wa4SE Yuat B
9 d&Ae BAsts guAHeln Hge

£3} 717 Aol H
A% AH HPgPAe ofs o] Fojun?

SaRes EA4

e B B

(D)= o) = [ et (& Dup i Ot M
Aol d HBL AA T A o]FolAT, &y = ¢ — ¢ Golvl BHAY 71X Alolel &
s o2 Uehdoh glM(£,x)e 54 RN GRS Green ¥4 (L, Kelving)
Aolth. &, glM(£,x)e SUA T8/ xolA mIgoz Feae wel UFHE YT £olA @
AstA S Wy dg9 4 AEE i A 9 7F%(summation convention)® Fvl E7|
(comma notation)o] AMEHNCH, WEL ARWSE £ o BN FAAT A7IA, & a7 TFHA U
Ro gt 0o] ofEZ ¥ HEW4(ntegrand)’s THH AR FHIINAE 0o BT AL F23
of @},

> o

Txy

S =@
)\ ™
Ox

1. ®

de o

Fig. 1. Geometry of the general elastostatic problem.
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VIEM.
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Fig. 3. Geometry of a crack and an isotropic cylindrical inclusion in an infinite isotropic medium
subjected to remote stress.

Table 1. Material properties of the isotropic matrix and the isotropic inclusion.

Inclusion
(Unit:GPa) Isotropic Matrix
Isotropic #1 Isotropic #2
A 4591 1530 137.73
u 4591 15.30 ' 137.73
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Fig. 4. A typical discretized model in the VIEM.
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Table 2. The normalized mode I stress intensity factor for a crack near an isotropic
cylindrical inclusion in an infinite isotropic medium subjected to remote stress. [VIEM]

Ki(A)  K«(B)
d/R | (d+2a)/R
Isotropic #1 Isotropic #2 Isotropic #1 Isotropic #2
1.1 2.1 1.487 0.670 1.150 0.892
1.2 2.2 1.323 0.773 1.116 0915
15 25 1.150 0.892 1.070 0.946
2.0 30 1.062 0.947 1.032 0978
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Fig. 5. (@) One half of a typical discretized model in the FEM and (b) enlarged view in the
vicinity of the crack tip(A, B).

4. crelel MM 01N BRHS B Y XA

Fig. 69 3lc M2 AHT Y] AR o4 giAe ¢de #d¢ ¥ 5
Ao, ¢l MY mode I SHFAAF T |4

stqnh AN AHEE 71AS A EF SHYXE Table 3o veh}

Aok AL oY FFHAY ol T NAY Rt AE F$(Orthotropic ¥t 2 A%

(Orthotropic #2)8& xejsl Hokoh =3 &9t 4 Alole Ad)E HIANA 7HEA, S35

vlAle 4%E A wilth

-283-



-—r .
P — b
B
-~ 2a ™
-— _——

0

o, A O,
-] D
P o d
Hhy,
-— / R AR |l
——d ‘] 7 | ——
X

-] puERas |-
— I
-] ——

Fig. 6. Geometry of a crack and an orthotropic cylindrical inclusion in an infinite isotropic medium
subjected to remote stress.

Table 3. Material properties of the isotropic matrix and the orthotropic inclusion.

Inclusion
(Unit: GPa) Isotropic Matrix
Orthotropic #1 Orthotropic #2
cil 143.10 55.80 279.08
C12 67.34 : 1.56 7.80
c22 143.10 6.12 30.56.
Ce6 37.88 236 11.80
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Table 4. The normalized mode 1 stress intensity factor for a crack near an orthotropic
cylindrical inclusion in an infinite isotropic medium subjected to remote stress. [VIEM]

Ki(A) Ki(B)
d/R |(d+2a)/R - - - —
Orthotropic #1 Orthotropic #2 Orthotropic #1 Orthotropic #2
11 2.1 1.333 0.751 1.106 0.920
1.2 2.2 1.223 0.816 1.084 0928
15 25 1.099 0.907 1.048 0.950
2.0 30 1.039 0.959 1.008 0.970
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