Convert from Cartesian to Voigt

(voigt) _ (cartesian) (voigt) _ (cartesian) (voigt) _ (cartesian)
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Material anisotropy
Symmetry can be represented by transformation matrix
Q - Qijei X e]-, such that Q_l = QT

The invariance of the stiffness tensor under these transformations (due to symmetry)
is:

E(mew) — Q- Q- E(old) . QT - QT

Due to symmetry the resulting tensor should be equivalent with the original one:
Emew) = [E(old)



Triclinic (no symmetry)

Y —
j/E/ Triclinic: no symmetry planes, fully anisotropic.
— a,B,7 <90
. Number of independent coefficients: 21
b ] - Symmetry transformation: None
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Monoclinic (one symmetry plane)

Monoclinic: one symmetry plane (zy).
J atb#c, B=~=090,a< 90
' Number of independent coefficients: 13
Symmetry transformation: reflection about z-axis
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Monoclinic (one symmetry plane)

For the case of Monoclinic:

1 0 O
Q=Qijei®e]'= 0 1 0
0O 0 -1

Let’s take a look at the invariance due to symmetry
EMew) = @ . Q - ECold . QT . QT

due to symmetry the resulting tensor should be equivalent with the original one:
Enew) = [E(old)

In its matrix form:

ld
IESIIZW) = QimanQklepEggno)p



monoclinic (one symmetry plane)

For the case of Monoclinic:

1 0 0]
Q:Qijei®ej: 0 1 0
0 0 -—1.
(old)

[Ef?kelW) — QimanQklepIEmnop
IE(Old)

gt
Ex: IEgiOlg ) = Eqp11 = Q1mQ1nQ10Q1pEmnop

If you look at the matrix form of symmetry operator Q in the above, only diagonal
components are non-zero. Therefore, Q;; = 0if i # j.

' ld ld
Eﬁmgt) = K111 = Q11Q11Q11Q11E§i11) = Egiu)

Therefore, ]Eﬁ‘)igt) = Eq111



monoclinic (one symmetry plane)

For the case of Monoclinic:

1 0 0]
Q:Qijei®ej: 0 1 0
0 0 -—1.

ld
ESe” = QimQjnQkoQipEvonsy

at ld
Ex: IE&Z”‘Q ) = Eq123 = Q1mQ1nQ20Q3pIE§r(ino) =

(old) _ (olg) . (old)
Q11Q11Q22Q33IE1123 _ 1X1X1X(_1)XE1123 - _IE1123
Therefore, in order to SatiSfy IE1123 = _]E1123, ]E1123 should be zero.

Which means IE&ZOigt) should be zero



Cubic: three mutually orthogonal planes of reflec-
tion symmetry plus 90° rotation symmetry with re-
spect to those planes. a =b=c, a=0=v=90
Number of independent coeflicients: 3

Symmetry transformations: reflections and 90° ro-
tations about all three orthogonal planes
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