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Appendix A

1. Einstein summation convention
If an index occurs twice in any one term, summation is taken from 1 to 3. For
instance,
Cijri€ra=Cijun + Cijoi€21 + Cijzi€a
:(Cij11€11 + Ciji26 + Cij13€13)
*Cij21€21 * Cijaz€az + Cija3€as
+Cij31831 + Cijz2€32 + Cij33€s3

0ijj = Oi1,1 + 0i22 + 033

2. Kronecker delta

812 = 033 = 031 = 831 =03, =6;3=0

3. Permutation tensor

1 for the even permutation of 1,2, 3,
€ijk =41 for the odd permuatation of 1,2, 3.
0 for other cases.

€123 = €231 = €312 = 1,
€132 = €213 = €321 = —1,
€112 = €23 = €333 =+ = 0.

€ijk = €imn = 6jm6kn - 6jn6km
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Appendix B
q1 — q4 and Ty

41 = C11(Caakyq + efs)

Gz = —Cisky1 + C11(Cazkyy + Caakss + 2e15€33) — 2C13(Caakiyy + €fs)
— e31(2C13€15 — Cyq€31)

qs = C33Ca4kyy — (Ciskyy — C11C33 + 2C13C4a) K33 + Ca3(eqs + €31)?
— e33(2C13€15 — Ciy€33) — 2(Cy3 + Cyg)ezie33

qs = Caa(Ca3k33 + €33°)

n - _ Cll - C12 q
111 Cll 1

M1z = —2q
M1z = —(Ci1 — C12)(Cazk1 + Caakzz + 2€15€33) — 2C44(Cagkiys + €75)
Ni1a = —24q3

M1s = —(C11 — C12)(Ca3ksz + €53) — 2C44(Ca3k11 + Caakizz + 2€15€33)

Mi1e = —2q3
M17 = —2q,
_C11+Cyp
N121 = C—‘h
11

M2z = (Ci1 + C12)(Cszkyy + Caakzs + 2e55€33) — 2k11(Ci3 + Cag)?
— 2(e15 — €31)[2C 315 + Cualers — €31)]
Mi23 = (C11 + C12)(Cazkrr + €33) — 2k33(Crs + Cua)?
+2C33(e1s + €31) — 4es3(Crs + Cag)(ers + €31)
M1 = (Ci3 + Caadicry + (€15 + €31)e€15

M3z = (Ci3 + Cae)kz3 + (€15 + e31)e33
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N1 = Cize15 — Cage3q
Naz = —C33(egs + €31) + e33(Ci3 + Cyq)

N221 = =241 = N112
Ci1—Cy2

N222 = C—llql =N111

N223 = =242 = N114
N224 = N113
N225 = —243 = N116
N226 = M115

N227 = —2q44 = N117

M231 = N131

M232 = N132

N241 = N1a1

N242 = N142

N331 = —C11K11

N3zz = —Caakcyq — Ci1k33 — (€15 + 331)2
N333 = —C4qK33

N341 = —Cy1€15

N34z = C13(e1s5 + €31) + Cye€31 — Crp€33
N343 = —Cyqe33

Naa1 = C11Cyq

Nasz = —C11C33 — Cf3 — 2C13C44

M43 = C33C44
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Appendix C
1. The values of constants I;, m;, I; and m; ( i ranges from 1 to 5):
A= (1= Jo)c] + Jorem A, = (1= Jvp)cl + o C,
As = (1= fv7)CLy + JvpCly
By = (1= o)(Ci3~Cl,) . Bo = C1, B; = Cf3
By = (1— Jvr)(ef —ef,) . Bs = (1= Jor)(C3 — C3) , Bs =
€33
By = (1= /o) (e —el;) . Bs = (1~ /vy) (B3 — B12) .
By = (1~ /v;) (B35 — BL)

B1A3—Bs4; ByA3—B3A; B3A3—BeAz
ll = 2 lZ = 2 > 13 = 2
Ay Az—AZ Ay Ay—AZ A Ay—AZ
_ ByA3—BA, _ BgA3—BoA,
l4 - 2 l5 - 2
A Ag—AZ Ay Ay—AZ
_ BiAy—BsA; _ ByA,—B3A,  B3A,—BgA,
m; = 2_ s 1102 — 2_ s 1183 — 2_ 5
AZ—A1A3 AZ—A, A3 A2—A1 A,
_ ByAy—ByA; _ BgAy—BoA;
T Tz a4 0 T Taziaa
5—A143 7—A143

l’_ﬁl ll_(\/v—flz_l) ll_\/v—f l’_\/ﬁlzl,,l’_

1_1_\/17—)(1’2_ 1—\/17—/‘ ’3_1_Ml3’4_1_ 5
I
1—17f5
v vrmy—1 v
m£=‘/—fm1,m§=(\/—fz )’mé:\/—fmg’
- o7 - o7 - o7
v v
my = ~Lm, mf =L
f N
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Electroelastic Eshelby tensors for long fibers
For circular cylindrical inclusion (a3 = o, a = a,/a,,a = 1), the Eshelby
tensor S in a transversely isotropic matrix in which axis of symmetry being x3-

axis is given as

[S1111 S1122 S1133 0 0 0 0 0 S1143]
S2211 S2222  S2233 0 0 0 0 0 S2243

CH CH CH 0 0 0 0 0 0

0 0 0 255323 0 0 0 0 0

S=] 0 0 0 0 253131 0 0 0 0

0 0 0 0 0 251512 0 0 0

0 0 0 0 0 0 S4141 0 0

0 0 0 0 0 0 0 S4242 0

L 0 0 0 0 0 0 0 0 0

The non-zero components of the Eshelby tensor are explicitly obtained as

a 2C11+Cq5 a+2 a (2+a)Cq2
Sy = e (e 07 g (et
1111 7 5@+12 L ¢4y a 271122 7 5+1)2 U acy, ’
C e Ci3

S — 13 S — 31 S —
1133 (a+1)Cq1 > +~1143 (a+1)611’ 1133 (@+1)C1q ’

e3q a (1+20()612
1143 2243 2C11 192211 2(a+1)2 aCyy »
a 3C11+Cq2 aCy3
S. = _{ 4 ——= 9 - —
2222 2(a+1)2 C11 » 22233 (a+1)Cq1

2
a  fa?+a+l  Cqp
S =S =S =S ———{ —_}
1212 1221 2112 2121 T 30502 U« Nk

aeszq
(@+1)C11’

S3343 =

1
1313 1331 3131 3113 2(a+1)

a

Sona =S =5 = Sae = —F
2323 2332 3232 3223 2(a+1) 5

1 a
S4141 = m: Saz42 = m

All other components are zero.
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