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a b s t r a c t

For cracks in functionally graded materials under pure mode three loading, this work
makes use of J-integral in domain form to determine KIII. This is done as a post-processing
stage in the finite element context. Numerical computations are carried out for penny-
shaped and circumferential cracks. For each crack, a sensitivity analysis is done to demon-
strate the trend of KIII with respect to the gradation indexes for modulus of elasticity and
Poisson’s ratio. It is realized that for a given geometry and boundary condition, KIII depends
on gradation of both modulus of elasticity and Poisson’s ratio.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

To assess the integrity of a cracked structure against fracture, a procedure has to be carried out to determine acceptable
crack size. A crucial step in assessing the integrity of a structure is to determine the tendency to fracture. For linear elastic
fracture mechanics, this is characterized by stress intensity factors [1].

Functionally graded materials (FGMs) which the distribution of two constituents, e.g. metal and ceramic, are spatially
varying with space, are being considered for various applications to maximize the strength and integrity of engineering com-
ponents [2]. These materials occupy a broad range of application including transport systems, biomaterials, piezoelectric and
thermoelectric devices, nuclear fusion, energy conversion and cutting tools [2].

Demands for application of FGMs in modern engineering structures, necessitate the understanding of failure behavior of
these materials. One of the challenging issue concerning failures of these materials is failure introduced by fracture. The frac-
ture behavior and near tip crack fields was formerly studied by Eischen [3]. He pointed out that the same form of asymptotic
crack tip fields in homogeneous materials is applicable in FGMs. In particular, the material gradation does manifest its influ-
ence in the stress intensity factors.

In literature, many numerical works analyzed two-dimensional (2D) cracks in FGMs, see for instance the following works
[4–6]. The fracture behavior of 3D cracks in FGMs is still improving. Walters et al. [7] employed the J-integral in domain form
as well as the DCT to compute the mode one stress intensity factor of semi-elliptical surface cracks in FGM plates. Yildirim
et al. [8] studied the behavior of a semi-elliptical crack in a FGM coating using the DCT in conjunction with 3D finite element
models. Walters et al. [9] employed the interaction energy integral to evaluate mixed mode stress intensity factors. Pure
mode III stress intensity factor of a penny-shaped crack in solid cylinder under pure torsion was studied in their work. Ayhan
[10,11] proposed an approach based on the use of special enriched finite elements to compute mixed-mode SIFs in 3D planar
. All rights reserved.
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cracks in FGMs. They investigated different crack geometry imbedded in plates. Yu et al. [12] derived an interaction integral
for the computation of mixed-mode SIFs in 3D nonhomogeneous materials, with continuous or discontinuous properties.
Zhang et al. [13] applied a boundary-domain integral equation formulation [14,15] to analyze cracks in 3D planar crack
in nonhomogeneous material.

For linear elastic materials, the J-integral is identical to energy release rate corresponding to the extension of crack [7].
Due to the potential source of inaccuracy for the evaluation of the crack tip contour integrals in numerical studies, the con-
tour integral is recast into domain integral [16]. As a consequence of using domain integral, it is not required to capture pre-
cisely the details of the singular fields near the crack tip. In particular, the need to have a refined mesh near crack front and
singular elements incident at crack tip are removed in this approach.

It is worth noting that in all the above mentioned works relating to 3D cracks in FGMs, for the sake of simplicity, the Pois-
son’s ratio was kept constant. And regarding the problem geometry, merely few works studied pure mode III of fracture.
Regarding the former point, it should be pointed out that for 2D cracks in FGMs, Paulino and Kim [17] demonstrated that
the effect of Poisson’s ratio on SIFs can be non-negligible. This is dominated by crack geometry and the scale of
nonhomogeneity.

Therefore this work is aimed to explore the influence of graded elastic properties, particularly graded Poisson’s ratio, on
mode III of fracture in FGMs. To this aim, the domain form of J-integral is employed in a post-processing step in the finite
element formulation. Penny-shaped and circumferential cracks under pure torsion are investigated herein to demonstrate
the sensitivity of KIII with respect to material gradation. Numerical results are compared against the reference solutions
available in literature for homogeneous and graded materials.

2. Domain integral for graded materials

According to Fig. 1a consider a generally curved planar crack. The pointwise J-integral at point s along crack front is given
as [16]:
Fig
JðsÞ ¼
Z

CðsÞ
clHljnjdC ð1Þ
where C(s) refers to a contour enclosing crack tip on the plane normal to crack front at point s, see Fig. 1a. The components of
unit normal to contour C(s) is indicated by nj and crack extension direction is denoted by cl. The tensor Hlj denotes the
Eshebly’s energy–momentum tensor given by:
Hlj ¼Wdlj � rijui;l with W ¼ 1
2
rmnemn; m;n ¼ 1;2;3 ð2Þ
Note that throughout the paper all the quantities are referred to the global Cartesian coordinate system.
In graded solids the J-integral and mode III stress intensity factor, in the absence of modes I and II, are related through the

following equation [9]:
JðsÞ ¼ 1þ mðsÞ
EðsÞ ðK IIIÞ2 ð3Þ
Consequently through numerical evaluation of Eq. (1), and then substituting in Eq. (3), KIII can be obtained. Note that
E(s) and m(s) are elastic properties taken from crack front location s. To facilitate the numerical computation of J-integral,
the contour integral is recast to the domain integral. To this aim, Ĵ(s) is defined as follows:
ĴðsÞ ¼
Z

Lc

Z
CðsÞ

clDaðsÞHljnjdCds ð4Þ
with Lc referring to a small length along crack front, Fig. 1b. In Eq. (4), Da(s) is the amplitude of the crack advance along seg-
ment Lc. Its value is set zero at each end of segment Lc and unity at point s. The area of integration of Eq. (4) is a tubular
(a) (b) (c)
. 1. (a) Planar crack with contour definition at point s, (b) domain representation of contour integral, (c) smooth test function within domain.
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surface, Si, obtained by sweeping contour C(s) along segment Lc. Assuming Lc be small enough to neglect the variation of
J-integral in this segment, Eq. (4) can be rewritten as:Z
ĴðsÞ ¼ JðsÞ
Lc

DaðsÞds ð5Þ
and then
JðsÞ ¼ 1
c

ĴðsÞ with c ¼
Z

Lc

DaðsÞds ð6Þ
To go further with developing the domain integral, the domain of integration, V, is now defined. The domain V is obtained
by sweeping contours C(s) and C0(s) along segment Lc, see Fig. 1b. A tubular domain is obtained where it is enclosed by inner
and outer surfaces Si and So and two lateral surfaces A1 and A2. The inner surface is characterized by Le in which refers to the
size of the smallest element incident at crack front. The size of the domain is dominated by the size of contour C0(s).

Introducing a sufficiently smooth test function, q, within the domain V as shown in Fig. 1c:
ql ¼
DaðsÞcl Si

0 A1;A2; So

8><
>: ð7Þ
The Eq. (4) is rewritten as:
ĴðsÞ ¼ �
Z

SiþSoþA1þA2

qlHljmjdA ð8Þ
with mj being the components of unit outward normal to the surface of domain V. In this work the q function follows the
plateau variation described in [16]. Employing the divergence theorem, the integral in Eq. (8) is recast into domain form
as follows:
ĴðsÞ ¼ �
Z

V

1
2
rmnemndlj � rijui;l

� �
ql;j þ CmnpqðXÞlepqemn

� �
ql

� �
dV ð9Þ
Consequently Eq. (6) can be written as:
JðsÞ ¼ �1
c

Z
V

1
2
rmnemndlj � rijui;l

� �
ql;j þ CmnpqðXÞlepqemn

� �
ql

� �
dV ð10Þ
3. Numerical computation of domain integral

In the present study, the finite element solutions for FGMs are obtained by ABAQUS through the user subroutine UMAT
[18]. Herein, 20-noded brick elements with 2 � 2 � 2 gauss integration points are employed. The gradation in elastic prop-
erties is modeled by selecting the material properties following the functional form at integration points.

In the finite element context, the domain V is a ring of elements, composing one or two element(s) along crack front and
number of elements, depending on domain size indicated by C0(s), in radial direction.

Having defined the finite domain V in the finite element context and following Gauss-quadrature rule, the integral in Eq.
(10) is expressed as:
JðsÞ ¼ 1
c
Xelems

V

Xgps

p

1
2
rmnemndlj � rijui;l

� �
ql;j

� �
p

det Jwp|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Jð1ÞðsÞ

þ1
c
Xelems

V

Xgps

p
½ðCmnpqðXÞ;lepqemnÞql�p det Jwp|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Jð2ÞðsÞ

ð11Þ
where the summation is done over eight integration points, gps, in each of elements included in domain V. Parameters wp

and det J denote the corresponding weight for integration points and determinant of the coordinate Jacobian matrix, respec-
tively. In Eq. (11), J(1)(s) represents the standard form of J-integral in domain form for homogeneous materials. However, the
terms J(2)(s) is introduced in the presence of material gradation. As a consequence of gradation in elastic properties, the
derivative of material constitutive tensor, Cmnpq(X)l, does not vanish. For isotropic elastic FGMs, the constitutive tensor is gi-
ven as [9]:
CmnpqðXÞ ¼ kðXÞdmndpq þ lðXÞðdmpdnq þ dmqdnpÞ ð12Þ
where dmn is the Kronecker delta, and l(X) and k(X) are spatially varying Lame0 constants given as follows:
kðXÞ ¼ EðXÞmðXÞ
ð1þ mðXÞÞð1� 2mðXÞÞ

lðXÞ ¼ EðXÞ
2ð1þ mðXÞÞ

ð13Þ
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E(X) and m(X) are varying elastic properties. In Cartesian coordinate system the derivative of the constitutive tensor is
given as:
Fig. 2.
ABAQU
@CmnpqðXÞ
@Xl

¼ @CmnpqðXÞ
@EðXÞ

@EðXÞ
@Xl

þ @CmnpqðXÞ
@mðXÞ

@mðXÞ
@Xl

ð14Þ
where
@CmnpqðXÞ
@EðXÞ ¼ 1

EðXÞCmnpqðXÞ

@CmnpqðXÞ
@mðXÞ ¼ EðXÞð1þ 2mðXÞ2Þ

ð1þ mðXÞÞð1� 2mðXÞÞ½ �2
dmndpq �

EðXÞ
2ð1þ mðXÞÞ2

ðdmpdnq þ dmqdnpÞ
ð15Þ
In the finite element formulation, the derivatives of material properties at integration points are computed using isopara-
metric interpolations [19]:
@EðXÞ
@Xl

¼
X20

I¼1

EI
@NI

@Xl
;

@mðXÞ
@Xl

¼
X20

I¼1

mI
@NI

@Xl

ð16Þ
where EI and mI are nodal values of modulus of elasticity and Poisson’s ratio, respectively, and NI are shape functions.
4. Numerical examples

4.1. Penny-shaped crack in a solid cylinder

In this example a penny-shaped crack embedded in a solid cylinder subjected to pure torsion is studied. The geometry is
characterized as R/rc = 5, H/R = 3, rc = 20 where rc, R and H refer to crack radius, cylinder radius and cylinder height, respec-
tively, see Fig. 2a. The finite element mesh employed here, comprises 11,384 elements and 48,662 nodes. The size of the
smallest element incident at crack front is Le = 0.4, see Fig. 2b.
Z
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( )E
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X
Y

T

T

Crack surface

Crack front

cr

R

H

(a) (b)
(a) Characteristic geometrical features of the penny-shaped crack, (b) corresponding finite element mesh for a quarter of the model developed in
S.
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Now let modulus of elasticity vary in axial direction as:
Table 2
Sensitiv
shown

g

0.0
0.0
0.0
0.0
�0.0
�0.0
�0.0
EðzÞ ¼

E1 z < H
2

E1eb0 z�H
2ð Þ H

2 6 z 6 H
2 þ h

E2 Z > H
2 þ h

8>>>><
>>>>:

; with b0 ¼ 1
h

ln
E2

E1

� �
ð17Þ
where b0 is the gradation index for modulus of elasticity. This variation is shown in Fig. 2b. Walters et al. [9] and Ozturk and
Erdogan [20] studied this crack, in particular for graded modulus of elasticity following Eq. (17) and constant Poisson’s ratio,
m = 0.3. They reported normalized mode III stress intensity factors, KIIIN, as:
K IIIN ¼
K III

so
ffiffiffiffiffiffiffiffi
prc
p ð18Þ
where No is the magnitude of crack face traction [9]. For the sake of comparison, results obtained from the present approach
are compared to the available results in literature assuming the same functional form employed in the references. The results
are tabulated in Table 1. From Table 1, it is obvious that the results obtained from the present approach match closely to
those of analytical solution [20].

As an alternative, the influence of material gradation in radial direction is now studied. The elastic properties are assumed
to vary according to the following form:
EðrÞ ¼ Eoebr ; mðrÞ ¼ moegr

withb ¼ 1
R

ln
ER

Eo

� �
; g ¼ 1

R
ln

mR

mo

� � ð19Þ
In Eq. (19) ER and mR represent material properties at r = R, where Eo and mo represent material properties at r = 0. Now a
sensitivity analysis is carried out to demonstrate the trend of KIIIN with respect to b and g. This is shown in Table 2. For better
clarity of the effect of Poisson’s ratio gradation on SIF, the percentage change in SIF due to change in g for a given b is also
shown in parenthesis in the relevant tables. It is observed that KIIIN depends on gradation of both modulus of elasticity and
Poisson’s ratio. On the other hand, it is obvious that the influence of gradation of Poisson’s ratio is considerable. For instance
for b = 0.03, difference between KIIIN for g = 0.015 and g = 0 is 21%. In this example for a given b, KIIIN increases by increasing
g. However, for a given g, KIIIN decreases by increasing b.

4.2. External circumferential crack in a hollow cylinder

According to Fig. 3a consider an external circumferential crack in a hollow cylinder subjected to pure torsion. The geom-
etry is characterized by inner radius ri = 1, outer radius ro = 2 and height H = 16. In the present work two crack geometries are
Table 1
Normalized stress intensity factor for a Penny-shaped crack in a solid cylinder under Torsion.

E2/E1 Results KIIIN % difference

1 Ozturk and Erdogan [18] 0.424 –
Walters et al. [9] 0.427 0.71
Present 0.425 0.24

0.1 Ozturk and Erdogan [18] 0.509 –
Walters et al. [9] 0.510 0.20
Present 0.508 �0.20

3 Ozturk and Erdogan [18] 0.395 –
Walters et al. [9] 0.398 0.76
Present 0.396 0.25

ity of KIIIN to gradation indexes b and g for the penny-shaped crack in a solid cylinder. (The percentage change in SIF due to change in g for a given b is
in parenthesis).

b

0.030 0.023 0.016 0.000 �0.016 �0.023 �0.030

15 0.0722 (21.1) 0.1149 (20.6) 0.1813 (19.9) 0.5026 (18.4) 1.2991 (16.4) 1.9048 (15.5) 2.7429 (14.5)
04 0.063 (5.7) 0.1006 (5.6) 0.1594 (5.4) 0.4463 (5.1) 1.1681 (14.7) 1.7231 (4.5) 2.4974 (4.2)
01 0.0603 (1.2) 0.0964 (1.2) 0.1528 (1.1) 0.429 (1.1) 1.1265 (1) 1.6645 (0.9) 2.4168 (0.9)
00 0.060 0.095 0.151 0.425 1.116 1.649 2.396
01 0.059 (�1) 0.0943 (�1) 0.1495 (�1.1) 0.4202 (�1) 1.1052 (�0.9) 1.6344 (�0.9) 2.3752 (�0.9)
04 0.0565 (�5.2) 0.0904 (�5.1) 0.1435 (�5.1) 0.404 (�4.8) 1.0654 (�4.5) 1.5777 (�4.3) 2.2963 (�4.2)
15 0.0499 (�16.3) 0.08 (�16.1) 0.1271 (�15.9) 0.3594 (�15.3) 0.9533 (�14.6) 1.4162 (�14.1) 2.0686 (�13.7)
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Fig. 3. (a) Characteristic geometrical features of the external circumferential crack in a hollow cylinder, (b) corresponding finite element mesh for a quarter
of the model developed in ABAQUS.
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considered as rc = 1.2 and rc = 1.6 , with rc being the crack radius. The finite element mesh for crack with rc = 1.2 comprises
8704 elements and 37,664 nodes while for crack with rc = 1.6 comprises 7168 elements and 30,944 nodes. The size of the
smallest element incident at crack front is Le = 0.02, see Fig. 3b.

Kazuyoshi et al. [21] studied this crack analytically in homogeneous material. For the sake of comparison, the solution for
KIII for elastic properties taken as E = 1 and m = 0.1 is tabulated in Table 3. It is inferred that a good agreement with reference
to analytical solution is obtained.

Now let us consider elastic properties varying in radial direction through an exponential form as:
EðrÞ ¼ Eiebðr�riÞ; mðrÞ ¼ miegðr�riÞ with b ¼ 1
ro � ri

ln
Eo

Ei

� �
; g ¼ 1

ro � ri
ln

mo

mi

� �
ð20Þ
where b and g are gradation indexes for elastic properties. In Eq. (20) subscripts i and o denote elastic properties taken from
inner and outer radii, respectively. A sensitivity analysis of KIII with respect to gradation indexes are shown in Tables 4 and 5
for rc = 1.2 and rc = 1.6, respectively.

From Tables 4 and 5, it is inferred that both gradation indexes do affect KIII, However the sensitivity to b is superior. It
should be pointed out that for a given b, KIII decreases by increasing g. However, for a given b, KIII increases by increasing b.

4.3. External circumferential crack in a solid cylinder

In this example an external circumferential crack in a solid cylinder is investigated, see Fig. 4a. The geometry is described
by height H = 50, radius R = 10 and crack length a = 1. The finite element mesh, composing 2592 elements, 16,497 nodes and
the size of the smallest element incident at crack front as Le = 0.1 is shown in Fig. 4b. The analytical solution for this crack
geometry in homogeneous material is provided in [22].

Numerical solution for KIII extracted from J-integral for this crack geometry is 0.122 while the analytical solution is 0.123
[22], with elastic properties taken as E = 1 and m = 0.1. Now an exponential variation of elastic properties similar to the one in
Table 3
The solution for KIII in homogeneous material for external circumferential crack in a hollow cylinder.

rc Li and Zou [19] Present % Difference

1.2 0.341 0.337 �1.2
1.6 0.124 0.123 �0.8



Table 4
Sensitivity of KIII to gradation indexes b and g for the external circumferential crack in a hollow cylinder, rc = 1.2. (The percentage change in SIF due to change in
g for a given b is shown in parenthesis).

g b

2.303 1.099 0.000 �1.099 �2.303

1.386 0.381 (�0.8) 0.357 (�0.8) 0.333 (�1.2) 0.308 (�1.2) 0.278 (�1.8)
0.406 0.383 (�0.3) 0.359 (�0.3) 0.335 (�0.6) 0.31 (�0.6) 0.281 (�0.7)
0.000 0.384 0.360 0.337 0.312 0.283
�0.406 0.386 (0.5) 0.362 (0.6) 0.339 (0.6) 0.314 (0.6) 0.285 (0.7)
�1.386 0.39 (1.6) 0.367 (1.9) 0.344 (2.1) 0.319 (2.2) 0.29 (2.5)

Table 5
Sensitivity of KIII to gradation indexes b and g for the external circumferential crack in hollow cylinder, rc = 1.6. (The percentage change in SIF due to change in g
for a given b is shown in parenthesis).

g b

2.3026 1.0986 0.0000 �1.0986 �2.3026

1.3863 0.167 (�2.3) 0.142 (�3.4) 0.117 (�4.9) 0.092 (�5.2) 0.066 (�7)
0.4055 0.17 (�0.6) 0.145 (�1.4) 0.121 (�1.6) 0.095 (�2.1) 0.069 (�2.8)
0.0000 0.171 0.147 0.123 0.097 0.071
�0.4055 0.173 (1.2) 0.149 (1.4) 0.124 (0.8) 0.099 (2.1) 0.072 (1.4)
�1.3863 0.176 (2.9) 0.152 (3.4) 0.128 (4.1) 0.103 (6.2) 0.076 (7)

H

Z

r
a

R

T

T

Crack front

(a) (b)
Fig. 4. (a) Characteristic geometrical features of the external circumferential crack in a solid cylinder, (b) corresponding finite element mesh for a quarter of
the model developed in ABAQUS.
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Eq. (19) is considered herein. The results for KIII with respect to different gradation indexes is shown in Table 6. It is inferred
that the dependency of KIII to b is superior to that of g.

In this example it is of interest to examine the domain independency of J-integral. To this aim, the J-integral and its com-
ponents, introduced in Eq. (11), are evaluated for different domains and different scale of nonhomogeneity. This is shown in



Table 6
Sensitivity of KIII to gradation indexes b and g for the external circumferential crack in solid cylinder. (The percentage change in SIF due to change in g for a
given b is shown in parenthesis).

g b

0.340 0.230 0.161 0.000 �0.161 �0.230 �0.340

0.1386 0.178 (�2.7) 0.159 (�3.0) 0.146 (�3.9) 0.116 (�4.9) 0.086 (�6.5) 0.074 (�7.5) 0.056 (�8.2)
0.0405 0.182 (�0.5) 0.163 (�0.6) 0.15 (�1.3) 0.12 (�1.6) 0.091 (�1.1) 0.078 (�2.5) 0.06 (�1.6)
0 0.183 0.164 0.152 0.122 0.092 0.080 0.061
�0.0405 0.185 (1.1) 0.166 (1.2) 0.153 (0.7) 0.123 (0.8) 0.093 (1.1) 0.081 (1.3) 0.062 (1.6)
�0.1386 0.186 (1.6) 0.167 (1.8) 0.155 (2) 0.125 (2.5) 0.095 (3.3) 0.083 (3.8) 0.064 (4.9)

Table 7
Contribution of terms in J-integral for different domain sizes and scale of nonhomogeneities.

Material gradation Contribution Domain#1 Domain#2 Domain#3 Domain#4

E2=E1 ¼ 1 J(1)(s) 16.3077 16.3303 16.3311 16.3327
m2=m1 ¼ 1 J(2)(s) 0.0000 0.0000 0.0000 0.0000
m1 ¼ 0:1 J(s) 16.3077 16.3303 16.3311 16.3327
E2=E1 ¼ 30 J(1)(s) 1.7071 1.6532 1.6008 1.5510
m2=m1 ¼ 1 J(2)(s) 0.0300 0.0866 0.1391 0.1892
m1 ¼ 0:1 J(s) 1.7371 1.7398 1.7399 1.7402
E2=E1 ¼ 30 J(1)(s) 1.9688 1.9136 1.8592 1.8072
m2=m1 ¼ 4 J(2)(s) 0.0310 0.0895 0.1441 0.1964
m1 ¼ 0:1 J(s) 1.9997 2.0031 2.0033 2.0036
E2=E1 ¼ 1=30 J(1)(s) 91.6840 95.3495 98.9385 102.6757
m2=m1 ¼ 0:25 J(2)(s) �1.7714 �5.3065 �8.8878 �12.6114
m1 ¼ 0:4 J(s) 89.9126 90.0430 90.0506 90.0643
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Table 7. It is concluded that, in the presence of gradation in elastic properties, the term J(2)(s) should be included to assure the
domain independency of the results. And the contribution of J(2)(s) is superior when the material gradation increases. It is
clear that despite existing material nonhomogeneity, the J-integral is domain independent.
5. Conclusion

In the present work, the mode III stress intensity factor in FGMs considering gradation on elastic properties has been
numerically investigated. To this aim the J-integral in domain form was employed, in particular it was modified to account
for gradation of Poisson’s ratio. To assess the accuracy of the present numerical scheme, benchmark solutions from literature
available for homogeneous material and FGMs were studied. It was observed that accurate results are obtained compared to
the reference solutions. Further, to investigate the influence of elastic properties on the mode III SIF, different scale of gra-
dation for both modulus of elasticity and Poisson’s ratio were considered. It was observed that generally gradation of mod-
ulus of elasticity has more influence on KIII. However its influence is altered for different crack geometries and gradation
index g. Percentage change in KIII due to change in g for a given b were drawn in relevant tables for better clarity of the effect
of gradation of Poisson’s ratio. It was concluded that the influence of gradation of Poisson’s ratio can be non-negligible and
has to be taken into account, e.g. penny-shaped crack in a solid cylinder. Percentage change in KIII depends on the crack
geometry and gradation indexes g and b. Generally, it is inferred that accurate estimation of mode III SIF requires a numerical
scheme to account for gradation of modulus of elasticity and Poisson’s ratio, as well. Domain integral formulation, including
the term to reflect the influence of material gradation, showed to yield accurate and domain independent results. With the
help of domain integral, the need to have refined mesh near crack front is removed. As a consequence, accurate results are
obtained despite using coarser mesh.
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