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The authors regret that unfortunately an erroneous ver-
sion of the Appendix to their article was published.
Please find below the correct Appendix that should be
regarded by the reader as the final version

Appendix

Proof of existence of interaction integral for FGMMs

Equations 56, 60 and 64 contains the second integral
involving extra terms due to material nonhomogeneity.
The existence of the second integral in Eqs. 56, 60 and
64, as the limit r → 0 is proved below. Since, spatial
derivatives of the material properties, Ci jks, esi j , hsi j ,

κis, βis, γis , are bounded at the crack tip, i.e., Ci jks,1,
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esi j,1, hsi j,1, κis,1, βis,1 and γis,1 are O (rα) with α ≥
0, the second integral in Eqs. 56, 60 and 64 exists as
the limit r → 0. In the limit r → 0, Ci jks (r, θ) =
C∗

i jks, esi j (r, θ) = e∗
si j , hsi j (r, θ) = h∗

si j , κis (r, θ) =
κ∗

is, βis (r, θ) = β∗
is and γis (r, θ) = γ ∗

is in Eq. 7. Hence
in the limit r → 0, in constant constitutive tensor for-
mulation σ
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j H (1)
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in incompatibility formulation u(2)
i, j1 = ε

(2)
i j,1,φ

(2)
, j1 =

−E (2)
j,1, and ϕ(2)

, j1 = −H (2)
j,1 . Therefore, the integrand of

the second integral in Eq. 56 and the incompatibility
terms in the integrand of the second integral in Eq. 60
naturally vanish. Note that in incompatibility formula-
tion the auxiliary fields are compatible very near the
crack tip (asymptotically).

(i) In addition, since in constant constitutive tensor
formulation the auxiliary stress, electrical dis-
placement, and magnetic induction are related to
the auxiliary strain, electric and magnetic fields
through a constant constitutive tensor compris-
ing of elastic, piezoelectric, piezomagnetic, elec-
tromagnetic, dielectric permittivities and mag-
netic permeabilities, evaluated at the crack tip,
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s the terms in the second inte-
gral of Eq. 56 in the limit r → 0 becomes,

lim
r→0

∫

A

1

2

⎛
⎜⎜⎜⎝

σ
(1)
i j ε

(2)
i j,1 − σ

(1)
i j,1ε

(2)
i j + σ

(2)
i j ε

(1)
i j,1 − σ

(2)
i j,1ε

(1)
i j

−D(1)
j E(2)

j,1 + D(1)
j,1 E(2)

j − D(2)
j E(1)

j,1 + D(2)
j,1 E(1)

j

−B(1)
j H (2)

j,1 + B(1)
j,1 H (2)

j − B(2)
j H (1)

j,1 + B(2)
j,1 H (1)

j

⎞
⎟⎟⎟⎠q dA

= lim
r→0

∫

A

1

2

⎛
⎜⎜⎜⎝

σ
(1)
i j ε

(2)
i j,1 − σ

(1)
i j,1ε

(2)
i j + σ

(2)
i j ε

(1)
i j,1 − σ

(2)
i j,1ε

(1)
i j

−D(1)
j E(2)

j,1 + D(1)
j,1 E(2)

j − D(2)
j E(1)

j,1 + D(2)
j,1 E(1)

j

−B(1)
j H (2)

j,1 + B(1)
j,1 H (2)

j − B(2)
j H (1)

j,1 + B(2)
j,1 H (1)

j

⎞
⎟⎟⎟⎠ q rdrd θ

= lim
r→0

∫

θ

∫

r

(
O(r)O

(
r− 1

2

)
O

(
r− 3

2

)
− O

(
rα

)
O

(
r− 1

2

)
O

(
r− 1

2

))
q rdrd θ

= lim
r→0

O (r) = 0

(ii) Similarly the incompatibility terms in the second
integral of Eq. 60 in the limit r → 0 becomes,
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(iii) Rest of the terms in the second integral of Eq. 60
in the limit r → 0 becomes,
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(iv) Following similar procedure as given Paulino
and Kim 2003, in the limit r → 0 the nonequilib-
rium terms in the integrand of the second integral
in Eq. 64 becomes,
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In the limit r → 0, rest of the terms in the sec-
ond integral of Eq. 64 becomes as given in (iii). Thus
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all the proposed interaction integrals for non-homoge-
neous magnetoelectroelastic materials in Eqs. 56, 60
and 64 are well posed as the limit r → 0 exists.

It should be pointed out that the above changes in
appendix do not practically affect the results presented

in the paper, because the numerical results are based
on Eqs. 56, 60 and 64 and not on their proof of exis-
tence.
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