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INTRODUCTION

With eight order tensors we meet in the study of
behavior of anisotropic materials. The governing
equation in case of reversible processes is written
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The matrix presentation of forth Cijnm a

six C.

iinmpgq order tensors were presented 1IN papers

[1,2].
Further we will refer to matrix representation

of eight order tensor C..

ijnmpakl and will analyze the

number of independent components in function of
symmetry of stress, strain tensor and those
symmetry  elements  which  results  from
thermodynamic principles and material symmetry.

1. THE MATRIX REPRESENTATION
OF EIGHT ORDER TENSOR

Will pass from two indexes notations at one
single index after Voight convention, starting from
stress strain tensors symmetry [3]
11~122~233~323~4,13~5,12~6.

The eight order tensor will present like
composed matrix, adopting this convention

Cijnmqul - CKMFL J

were small letters have values 1,2,3, big letters
1,2,...,6. In base of thermodynamic principles can

be proved that composed matrix C,,,-, is total

symmetric

CKMFL = CMKFL CKMLF :CMKLF :CLFKM

=Clemk = Crm = Crimk = Cram =
Thus, the elasticity constants of third order

can be presented like composed matrix
CKMFL = (C KM )FL : (2)

The composed matrix (CKM) has 1296

FL

components. From symmetry

(C KM )FL = (CMK )FL‘ (3)

the number of independent constants is reduced at
756, but from symmetry

(C KM )FL = (C KM )LF , (4)

at441.
From that mentioned that composed matrix is
total symmetric one relation take place

(C KM )FL = (C FM )KL' Q)

The number of independent elasticity
constants is reduced under 125, which will
represent under column matrix — column 125x1. In
that case the matrix of elasticity constants as
developed will be (6)
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2. THE RATIONAL FORM OF
RELATION AMONG STRESS AND
STRAIN

t,=1,,t, =1, =t,; (8)

dl = d11’dz :dzz 1d3 = d33’

In base of matrix representation of tensor of
2,4,6,8 order the (1) expression can be presented

t, = AINdN +(BI)NMdeM +

d,=2d,,,d, =2d,,,d, =2d,,; (9

12

are

Matrixes Ay, (B, ) (Cic

expressed from:
e 21 of independent constants of elasticity

+(CIK)NMdeMdK’ (7)

were

t,=1,,1,=t,,t; =1,

a,,4a,,...,a,, of fourth order tensor 4,
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¢ 56 of independent constants of elasticity [(b, b, by b, b, b )]
b,,b, ,...,b, of six order tensor and b; bg by byy by

. .. blz b13 b14 b15
¢ 125 of independent constants of elasticity
b16 b17 b18
C,,C,,...,C, 55 of eight order tensor; byy Dy
b21
b2 b7 b8 b9 blO bll
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b39 b42 b44 b45
b48 b50 b51
b53 b54
b55
b6 b11 b15 b18 b20 b21
b26 b30 b33 b35 b36
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L 5 )1  (11)

The number of constants will describe, if
material has some symmetry elements. The law of
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components  transformation of system of

) R 100 0 0 O
coordinate’s rotation is written 010 0 0 0
!
CKMFL:RKI RMGRFTRLUCIGTU’ (12) 0O 0 1 0 0 0
N : . : R=
in which the R matrix expresses by rotation matrix 0O OO -1 0 O
141 000 0 1 0
7"2 1"2 1”2 nA ZEA n
121 12 ;.23 1213 1311 1112 O O 0 0 O _1
1 2 23 2 hdn hoi
R R A A ti I Biw | Taking into account those values in (12)
2ty iy Ui Ldwthdn Tefathln Talp Thly relation, we will describe the number of
Zifiy iy Uidis VlisThdis Bdithdis Tt independent constants of third order to 47.
Zify Uity Uidn Mlnthidn Gdnthifs fnthidn If the eight order tensor is total symmetric,
(13) the following relations take place

The rotation matrix has the following

C =C =C =C =C =C =C =
- . 1123 1144 1255 1244 1233 1234 1235
components if material has the symmetry plan

X1 X, = Cip36 = Ci366 = Crase = Cr3a4 = Cr3a6 = Crase = Craas =
1 _ _ _ _ _ _ _ _
0 0 = Crags = Craas = Coos5 = Cop6 = Cogss = Cogsg = Cossp =
r=/0 1 O
0 0 -1 = Coyss = Coass = Cosse = Cazes — Caase — Casee — Caeee —

For this case the rotation matrix will be _ _ _ _ _ _ _
= Cyzp6 = Caas5 = Caase = Casee = Casse = Cases — Cosee

100 0 0 O
0100 0 O In _that case the number_of elasticity
. 001 0 0 ol constant;e.fls retzluc_e:j t;) 33, (14) relatlo:. f
= material has one symmetry axes o
000 -10 0 . © Symmely
forth order the rotation matrix will be (15)
000 0 -10
000 O 0 1 A,
X3 | X2
Will establish that the number of
independent constants is reduced to 81 from the
values of R matrix in (12) express.
If material has one more X, X, symmetry P R
plan, that rotation matrix will be x4 X3
1 0 O ,
X1
r=10 -1 0}
0 0 1 M Figure 1.

We obtain the components of R matrix in
base of » matrix components and (13) express
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1 0
r=(0 0 1} (15)
-1 0

respectively R matrix

100 0 0 O
001 0 0 O
R |01 0 0 0 0 @
000 -10 0
000 0 0 -1
000 0 1 0

Taking into account the R matrix in (12)
relation deduce that, the number of elasticity
constants is reduced to 18. If material has two
symmetry axes of forth order, the number of
independent constants is reduced to 9.

3. CONCLUSIONS

The matrix representation of high order
tensors considerably simplifies the analyze of
nonlinear behavior of anisotropic materials. The
forth order tensors are expressed from 81 of
components, the six order tensors from 3°=729,
eight order tensor from 3 =6561 components.

The total number of components in calculus
ramain unchanged, althought the number of
independent components is reduced in base of
symmetry relations.

The matrix reprezentation is simplified
radically the posibilities of analyze of nonlinear
behavior of anisotropic materials being accessible
for engineers.

Was proved that eight order tensor can be
presented like composed matrix 6x6, each element
of which is represents the same a matrix 6x6. Was
shown, that in case of lake of central interaction and

material symmetry the number of independent
constants is 125. For orthotropic materials the
number of independent constants is reduced to 33.
If material has two symmetry axes of forth order
that number of independent constants is reduced to
9.
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