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ABSTRACT. In this paper, the anisotropic linear damage mechanics is pre-
sented starting from the principle of strain equivalence. The authors have
previously derived damage tensor components in terms of elastic parameters
of undamaged (virgin) material in closed form solution. Here, making use of
this paper, we derived elasticity tensor as a function of damage tensor also in
closed form. The procedure we present here was applied for several crystal
classes which are subjected to hexagonal, orthotropic, tetragonal, cubic and
isotropic damage. As an example isotropic system is considered in order to
present some possibility to evaluate its damage parameters.

1. Introduction

In continuum damage mechanics, usually a phenomenological approach is
adopted. In this approach, the most important concept is that of the Representative
Volume Element (RVE). The discontinuous and discrete elements of damage are
not considered within the RVE; rather their combined effects are lumped together
through the use of a macroscopic internal variable. In this way, the formulation
may be derived consistently using sound mechanical and thermodynamic principles.

In most of the existing damage theories, the damaged elastic strain-stress (or
stress-strain) response is formulated by using the notion of effective stress (strain)
and the hypothesis of strain (stress) equivalence or stress-energy (strain-energy)
equivalence [2,3,8-10,13].

The damage variable (or tensor), based on the effective stress concept, repre-
sents average material degradation which reflects the various types of damage at the
micro-scale level like nucleation and growth of voids, cracks, cavities, micro-cracks,
and other microscopic defects.

In order to make the paper self-sufficient we present the main ideas of the
principles of strain equivalence used by [3].
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Let o be the second-rank Cauchy stress tensor and & be the corresponding
effective stress tensor. The effective stress tensor & is the stress applied to a ficti-
tious state of the material which is totaly undamaged, i.e., all damage in this state
has been removed. This fictitious state is assumed to be mechanically equivalent
to the actual damage state of the material.

The effective stress o is the stress tensor to be applied to a virgin representative
volume element in order to obtain the same elastic strain tensor, €€, produced by
applying the actual stress tensor o, to the damage volume element. Because the
same elastic strain is considered in both damaged and undamaged materials, that
strain is considered to be the equivalent strain.

By definition, often called the principle of strain equivalence, the actual stress
and effective stress satisfy the equations:

(1.1) 0ij = Cijrichs
(1.2) 0ij = Eijriciy,
where

E;jki is elastic modulus tensor of the virgin material,
Cijirt is elasticity tensor of the damaged material.
In the virgin state, even in the most general case of anisotropy, there are only
21 independent elements of the fourth-order elastic modulus tensor E as a result of
general symmetry requirements

(1.3) Eijkt = Ejire = Eijik = Eguig,

where the first three result from the symmetry of the stress and strain tensors and
the last one from the existence of a strain energy function. The symmetry of E in
equation (1.3), applied to C as well, and dictates a maximum of 21 independent
elements.

Following [1] it can be shown that

(1.4) oij = Rijkioni,

where the fourth-order tensor R possesses symmetry in successive pairs of indices.
It can be shown that R can be written in the form

(1.5) R=1I-D,
where I is the unit tensor, for the set of tensors with the symmetry of R, given by
(1.6) Lijkr = 5 (0ikdj1 + 0udjn)-

The fourth-order tensor D is known as damage tensor.
From equations (1.1)—(1.5) [1] it is obtained

(1.7) C=E —-DE,
or
(1.8) Cijrt = Eijrr — DyjpgEpgri-

We note that
Dk = Dy = Dy
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and, in general, Dz, # Dy, ie., the fourth-order tensor ID does not possess the
major symmetry and therefore not the full symmetry of the elastic modulus tensors
E and C. Thus, the damage tensor D has at most 36 components.

But, the symmetries in the elements of C and E imply the following 15 con-
straint equations on the elements of D

(1~9) Diququkl - Dklpquqij =0.

Therefore, tensor D can not possess more than 21 independent components.

Obviously, the number of independent elements of tensor D and their values
are determined by the value of tensors E and C. We investigate that assuming that
E is always given, and considering equation (1.8) as a linear equation with respect
to C and . Then, in order to determine, or equivalently to find the solution of
(1.7), one of them has to be known.

First. Assume that we want to find C for given ID. Then D cannot be given
arbitrarily in order to find C since we assume that C possesses major symmetry.
In that case D must satisfy conditions equation (1.9), or

(1.10) DE = ED”.

Second. We consider that E, C are given and we want to find tensor D. Since
E is positive definite there is always E~! such that EE~' = I. Thus
(1.11) D=I-CE

PROPOSITION 1.1. Damage tensor D, given by equation (1.11), always satisfies
the constraint equation (1.10).

Starting with isotropic E [1]
(1.12) E=A®I+ 2ul

and general C, considered damage tensor for the special case of the hypothesis of
elastic strain equivalence. Here and further A and p are Lamés constants, and T is
identity tensor of second order, i.e.,
I=n; ®n,;.
In this case, the following proposition holds

PROPOSITION 1.2. The corresponding isotropy groups of tensors C and D are
the same [6].

The proofs of these propositions are given in [7].

REMARK 1.1. It is important to point out that Proposition 1.2 can be stated
in a more general form when isotropic group gg C O(3), and gc,gp C gr. In
application, it is more restrictive since only gg = O(3) contains all g, all isotropic
groups g of crystals.
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2. Elasticity tensor of damage

This work is practically a continuation of work [7] to which we refer.

The anisotropic linear damage mechanics is presented starting from the prin-
ciple of strain equivalence. In the above paper, the damage tensor components are
derived in terms of elastic parameters of undamaged (virgin) material in closed form
solution. Here, making use of the results of the same paper, we derived elasticity
tensor as a function of damage tensor also in closed form. The procedure is applied
for several symmetries that are important for applications. Here we assumed that
undamaged material is isotropic, i.e., tensor E is given by (1.12). Then, from (1.7)
we have

C=E-ADI®I-2uD,
and from (1.10)
(2.1) ADI®I)* 4+ 2uD* =0
From the last two expressions we obtain that
(2.2) C=E-\DI®I)°®—2uD°.

Here a and s represent skew-symmetric and symmetric part of tensors of fourth
order, respectively.

The basic ideas are given below. Notations, mathematical preliminaries and
basic terms are contained in [7].

To simplify notation we shell denote by d the parameters of damage tensor D.
The values of parameters, and their numbers, depend on crystal classes we inves-
tigate. Likewise elasticity damage tensor will be denoted by C and its coefficient
by A. By the same reason, the values of coefficients, and their numbers, depend on
crystal classes.

It is very important to note that the tensor of elasticity of damaged material
can be determined in two ways. In both cases, we use the resulting expressions for
damage tensors. The approaches are algebraically one and generally simple.

The logical question is: Are the expressions of anisotropic elasticity damage
tensor the same when we derived it making use of these two approaches?

In the first case, using the expression the parameters of damage tensor, given
as a functions of coefficients of corresponding elasticity damage tensor, we find the
expressions of coefficients of elasticity damage tensor as functions of parameters of
damage tensor. In the second case, we use the expression (1.7) or (1.8) to derive
elasticity damage tensor. We shall call the second approach direct one. For some
crystal classes we shall simultaneously apply both of them. The purpose to do this
is twofold:

a) to compare these approaches and
b) to show that our results are consistent.

We shall start with hexagonal crystal class.

2.1. Hexagonal elasticity damage tensor. a) First approach
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We consider the expression
A(SM?):\F_?_/\;M+ A1) — /\1} 0350k
+ (e — A2)(0irbji + 031djk) — A3 n3ingjnsens
— Aa(n3;nz;0k + Naknsidi;) — As(Nainardj + n3;nsdik
A\ + 30 + 45)
3A+2u

(2.3) 2p D =

+ n3inz i + n3jnspdi) + N3iN350k1-

which is derived under the known assumption
Cijir = M0ij0ks + A2(6ik6j1 + 0:1651) + Agnzinzjnapns + Aa(nzinz o
+ n3kn310i5) + As(n3inardj + n3jnaidin + n3insidjr + n3jnardi),

(see [7, equations 30 and 32]).
Making use of the following notations

A(BAL + 2X2 + \y)

2pdy = s b
2pdy = p— Ao
(2.4) 2pds = =
2udy = —Ay4
2uds = — X5
A(d3 + 3dy + 4d5)
2pds = — 3N+ 2u
we obtain
A= —BA+2u)d; + A1 —2dy — dy) = M1 — 3dy — 2da — dy) — 2ud;y
Az = (1-=2ds)p
(2.5) A3 = —2uds
Ay = —2udy
A5 = —2uds.

From relation (2.4)¢ it is obvious that dg is not an independent parameter. There-
fore, damage tensor ID;;,; has five independent parameters as elasticity tensor C;jxi,
as it should be [4]. This relation a consequence of conditions in [7, equation 15].
b) Second approach. Expression (2.3) (see also [1]) suggests that tensor D is

given by
(2.6) Djjkr = d16;50k1 + da(ikdji + 016 1) + dansins;nagna

+ da(nzinzjdm + ns3xnzdi;)

+ ds(n3inards + ns;nsidik + nainardie + n3;nspdy)

+ den3ingjok.
In order to determine tensor C, we have to use (1.8), i.e.,

Cijkt = Eijrt — DijpgEpgri-
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Having in mind that
(2.7) Eijr = Xijors + (05051 + 03101
we have that
Cijrt = Eijit — DijpgBpgrt = Aijort + p(dirdji + 6udjn) — ADijpplrr — 2uDij
Further, from (2.6) and
Dijpp = (3d1 + 2d2 + d4)di; + (ds + 3ds + 4ds + 3dg)nzins;,
we obtain, taking into account the symmetric parts of D;;p,0r; and Dz,
Ciji = M1 — 3dy — 2ds — da) — 2u)6,;64
+ (1 — 2d2) (8;x 051 + 0idjk)
— [A(d3 + 3ds + 4ds + 3ds) + 2pdgs)nsing; 0w
— 2udz nzinzjnagna — 2udy(n3in3;0x + naknzidi;)
— 2uds(n3insgd;; + najngidik + n3inzidjx + najnskdir)-

Now, obviously the coefficients of elasticity damage tensor, for hexagonal class,
are given by

)\1 = )\(1 - 3d1 - 2d2 - d4) - 2,U,d1

Az = p(l — 2dy)
A3 = —2uds
Ay = —2udy
As = —2uds,

and
)\(dg + 3dy + 4ds + 3d6) 4+ 2udg =0

which are identical with (2.5) and (2.4)g given in implicit form.

Comparing these two approaches we conclude that they are consistent, but in
b) approach we have obtained the coefficients of elasticity tensor directly. This is
the reason why we call b) approach direct one. Having in mind that these two
approaches are consistent in general, further on we shall apply the direct approach
to other crystal classes investigate here.

2.2. Orthotropic damage. In this case, from [7, equation 41], can be written
in a simple form
(2.8)  Dyjrr = d16ij0k1 + d2(dirdji + 03105k) + dzniinijnignu+
+ dangingjnogna; + ds(n1;n1;0k + Niknadi;)
+ dg(n2;n2j0k1 + noknadsj) + d7(ninjnognog + nignineing;)
+ dg(n1in1xdj; + n1inydje + nijnigdy + n1n1dix)
+ do(n2in2x 01 + N2in2idjx + nojnoxda + N2jn2dik)
+ dyoniin1 O + diinging;op,

which is more convenient for the calculation.
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In the same way, as for the hexagonal system, tensor C can be determined
from (2.2). Making use of (2.7) and (2.8), after simple, but lengthy calculation, we
obtained:

Cijrr = [AM1 —3dy — 2dy — d5 — dg) — 2p1d1]0:01
+ (1 — 2d2) (81051 + 0dji) — 2pdsniingjnigny
— 2pdangingnagnoy — 2pds(n11150k + nikn1di;)
— 2pde(n2in2;0k1 + narnadi;) — 2pudr(niingnagngg + Niknuneingg)
— 2udg(ni;nikds + niiniudie + ninieda + nijnidis)
— 2pudy(n2inakdji + n2inoidji + Najnokda + N2jNoidik).
From this expression it is obvious that coefficients of elasticity tensor are:
M o= A1 = 3d) — 2ds — ds — dg) — 2uds,
A2 = pu(1 = 2dy), A3 = —2uds, Ay = —2pudy, As = —2uds,
A = —2udg, A7 = —2udy, As = —2uds, Ag = —2udg.

In order to complete our calculation, next we consider (2.1). Then the following
relations are obtained:

A(ds + 3ds + d7 + 4ds) + (83X + 2p)d10 = 0,
Ady + 3dg + d7 + 4dy) + (3XA 4+ 2u)d11 = 0,
which represent compatibility conditions which have to be satisfied by damage

tensor D.

2.3. Tetragonal system. This system is defined by class 4,4, 4/m, and crys-
tallographic directions n;, i = 1,2, 3, are orthonormal. One of them (say) nj is
a four-fold axis of rotation. Then n; — ns and ny — —n;. Invariance of these
changes results in the following form of D given in Voigt notation

D111 Diiz2 Diiss 0 0 0
D1122 Diiin Diiss 0 0 0
D= D3311 Dsz1n Dssss 0 0 0
0 0 0 Do3o3 0 0
0 0 0 0 D303 0
0 0 0 0 0 Di212

For further calculation we shell write damage tensor in explicit form, which is not
given in our paper (see [7]), in more detail. Then

(2.9) Dyjri = di(niinynignyg + neingjnagng) + da n3inzjngina
+ d3(niinijnogneg + nainginignag)
+ da(n1inajngrns +neingjnakns) +ds (Ngingjn1kn1 +nsing,NakNey)
+ dg(n2;n3jnorna + n3iNngjnokNar + N2iNajN3kN2r + N3iNaN3kEN2
+ n1NngN1ENa + N3N NEN3E + N1iNgN3kN1 + N3N N3kN1)

+ d7(n1ingjnignor + naininignar + N1 NokNay + NNt jNakN1y)
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where
di = D1111, d2 = D3333, d3 =D1122, dy = D33,
ds = D3311, deg = D233, dy =Di212

In this case we have to calculate (2.1) and (2.2) for D, given by (2.9). It is easy
to see that

(DX)sjpp = (di + d3 + ds)(n1in1; + no2ing;) + (do + 2ds)nzins;,
and from this
(2.10) (DI®I)im = (di + ds + da) X (n1zn1n1601 + N1iN1N2KN
+ n1iN1N3EN3 + N2iN2jN1EN 1L
+ n2iNg;jNakNe + N2iNajN3KN3L)
+ (d2 + 2d5)(n3inzjnigni + nsngjnokna + N3ingjn3Ena).
After simple calculation we find that
(2.11) ADI @ D)5y = 5A(dy + ds + dy — da — 2ds)
X (n1in1n3KN31 + N2iN2N3KNa1
— N3;N3jN1EpN1 — n3in3jn2kn2l)
and
(2.12) 2uDf;y = %2p(d4 —ds) X (n1;n1;n35N31 + N2iN2;N3EN31
— M3iN3N1EN — N3N3 N2k )-
Therefore, from (2.11), (2.12) and (2.1), i.e.,
ADI®I)* +2uD* =0,
it follows that
(2.13) 2N+ p)ds = Mdy +ds — da) + (M + 2p)dy.

Hence, the number of independent parameters of tensor D is six.
Next we calculate

(2.14) C=E- A\DI®I)* — 2uD*,
or, in componential form,
Cijkt = Eijr — ADI @ D)7, — 2uD7;.
Now, from (2.10) and (2.9), we find that
ADI @ )i = Mdy + ds + da)(niinijnigny + niinagnagng + neing;nign+
+ ngingjnornar) + A(dz + 2ds)nzingjnspng +
+ A(dy + d3 + dy + dy + 2d5) X (n1inynsens + neingnagns),

and

207y = 2pdy (nyingnignag + nainojnagnar) + 2uda n3insinagns

+ 2uds(n1;n1,n2kM2; + NN N1ENL)

+ 2u(dy + ds)(n1inijngkna + noingjnagrna)®
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+ 2pds (n2insjnornar + N3Nz Narna; + N2iNaiNakNar + N3iN2jN3kN2l
+ n1ingN1ENa + NgiMjN1EN3L + N1iN3jNakN1L + 3N jNakN1;)
+ 2ud7 (n1inginignar + NeifaNikNgy + N1iNajNakn1y + NN jNekN).
Substituting these relations and
Eijrr = (A4 2p) (n1inynignag + neinginagng) + (X + 2p) (nsinzjnsrna)
S
+ A(n1inijnorna + noingjnigna) + 2X(niinnsens; + nging;nagnag)
+ p(nginzinogng + N3iNo;NokNar + No2iNg;N3kNe + NaiNaN3KNy
+ n1iNgN1ENe + NgiM1j kN3 + N1iNejNakN1 + N3N jNakN1;)

+ p(n1ingjnigner + noinajnigNar + N1iNng;NagNay + N jNagkNir)

in (2.14), we obtain
Cijri = Eijrr — [Mdy + d3 + dy) + 2pedi](niingjnignug + naingjnagno)
— [A(da + 2d5) + 2u ds)(n3ingjnsing) — [A(di + ds + da) + 2pds)
X (n1in1jnokNnar + NaiNajniknig)
— [Mdy + d3 + dg + do + 2d5) + 2p(ds + ds))
X (n1gn1nsgng + naingjnagns)®
— 20 dg(n2inzjNakns; + N3iNajNakNs + N2iN3;N3ENar + N3N N3ENay
+ n1ingjniEngr + N3N N1ENsr + N1iNg;N3EN + NgiM;N3kE1L)
— 2pdr(niingjniknar + NaiMijnignar + N1iNaNakNi + NNt jNakNy)-
After some calculation we obtain
Cijir = [M 421 — A(ds + da) — (A +2p)d1] X (n1inijnigni + neiNejnokng)
+ A+ 2p — (A +2p)da — 2Xds](nsins;nsena)
+ A= (A +2p)ds — M(dy + da)] X (n1innagneg + neing;nignig)
+ A= Ad1 +d3) — (A +2u)ds] X (n1in1ngkns; + nsinsjneknag)
+ (1 — 2dg) (noinajnakng; + NaiNejNakng + NoiN3;NagNar + N3 N2 N3EN2l
+ nynzjniEnar + N3N NEN3E + NN N3ENL + N3N N3kN1)
+ p(1 — 2d7)(n1ingjnieng + noinynikna + N1ingjNokN + N2iN1jN2kNy).
From the last expression we obtain the values \ of elastic coefficients of elasticity
damage tensor in the following forms:
A= (A4 2u) — A(dy +ds + dg) — 2udy, A2 = A= Ady +ds +dy) — 2uds,
Az = (A +2u) — Mda + 2d5) — 2pda, A= A= Ady +d3) — (A +2p)dy,
As = (1 — 2ds), Ae = p(1 — 2dz).
Note that in the further calculation we have to use compatibility condition
(2.13) in As.
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Finally, we write tensor C in the Voigt notation

AM A N 0 0 O

A2 A1 A 0O 0 O

M A A3 0 0 O
0 0 0 X 0 O
0 0 0 0 X O
0 0 0 0 0 X

2.4. Cubic damage. In this case, (see [7, equation 35]), we have
Dsjk1 = d1030k + do(0ik0j1 + 651dk)
+ ds(n1imajnagny + neifejNokNoy + NaiNajNakNs]).
In the same way as before we obtain
Cijrr = Eijrr — ADyjppont — 2Dy
= [A1 — 3dy — 2d2 — 3d3) — 2p4d1]6;0k1 + (1 — 2d2) (8ix 051 + 64djk)
— 2pdz(nyingjnigny + noingjnekna + N3inzjnakna),

so that

A1 = A1 —3d; — 2dy — 3d3) — 2udy, Ao = p(l — 2dy), A3 = —2uds.
Notice that compatibility conditions (1.9) are here satisfied identically.

2.5. Isotropic damage. This is the simplest case and it is obtained from
cubic damage when we take d3 = 0. Then
Cijri = M0ij0kt + Ma(0i0j1 + 0i10;1),
where

(2.15) /\1 = /\(1 - 3d1 - 2d2) - 2/,(,d1, /\2 = /,L(l - ng).

3. An evaluation of damage parameters for isotropic damage

There remains also the quantitative evaluation of damage parameters from
actual tests. This is an endeavor that can be done by the present work by means of
the physically meaningful damage parameters that are given in terms of the basic
elements of D.

We shall demonstrate it for isotropic systems. It is known (see [11, p. 550, eq.
8.4.10]), for other crystal systems see [12] that the velocities of wave propagation
for isotropic elastic material (undamage material) have the following expressions

A+ 2u\1/2
v = ( + M) , - longitudinal velocity
o
p1/2
v = (f) , - transversal velocity.
0

We now apply it to isotropic damage materials. In this case the corresponding
quantities are

A=A =M1 =3dy —2ds) — 2pdy = 04 (V3 — 2027),
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on—r Ay = M(l — 2d2) = Qd’l}gT.
Also, we denoted by subindex d the corresponding density and velocities of
isotropic damaged materials, i.e.,

0 — 0d, VL — V4L, VT —> V4T
Then
A1 = 0a(v3y — 2v3p), A2 = 04V,
and hence
0d A+ 2p 1 0d
dl = 73)\ T 2M (UrziL — 7[}] U(%T)? d2 = 5 (1 — ;U2T>

In principle, the same approach can be applied to the other crystal classes.
It is also possible to estimate values of damage parameters d; and ds making
use of the expression for Poasson’s ratio v in classical linear elasticity, i.e.,

A
v 2(A+ )
(see [11, p.294, eq. 6.2.41]). Then
-l<v<1/2.

As the above, identifying the corresponding quantities for linear isotropic dam-
age materials, we have

— M
Vg = ————,
d 2()\1 + )\2)
and N
l<yg= —— < 1/2.
v 2(A1 4+ A2) /
Further,

A+ A2 = A — (BN +2u)d; — 2Ads.
The above inequality is satisfied when
201 <2(M1+A2) = A >0,
Ao=p(l—2d2) >0 = dp<3
and
—2(A01+ X)) <A1 = 3A 42X\ >0,
3A1 + 223 = 3A\(1 — 3dy — 2d3) + 2u(1 — 3dy — 22) > 0,
3di + 2dy < 1.
The graph of these two inequalities
dy <3,  3di+2dp<1

is given in Fig. 1.
In Fig. 1 the region of possible values of parameters d; and ds is given, i.e.,

0<dy <1/3,
0<dy<1/2.
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4. Discussion

Let us assume that homogeneous isotropic (virgin) material is subjected to an
isotropic damage such that Lame’s coefficients of damage and virgin materials are
proportional, i.e.,

)\1 = k)\, )\2 = k‘p,,
where k # 0 is the coefficient of proportionality. But from (2.15) we have
A =kA= A1 —-3d; —2d3) —2udy = M1 —2d3) — (3 4 2u) dy,
Ao = kp = u(l — 2dy),

which are satisfied when d; = 0 and dy = (1 —k)/2. We may go further to estimate
possible values of k having in mind that 0 < do < 1/2. Then it follows that
0<k<l

Therefore, we conclude that we need only one damage parameter to explain
such particular kind of damage. An example of such damage can be illustrated by
homogeneous elastic ball which preserves its shape after isotropic elastic damage.
This suggests a correlation damage parameter do with the change in the volume of
material damage.

More generally, we may state the following

PROPOSITION 4.1.
di1 =0 if and only if ﬁ = é
A2 p

The proof is straightforward.

At this point, concerning the number of damage parameters we need to ex-
plain isotropic damage of isotropic virgin material, in general, it is worth to refer
to [5, chapter 12.5] (A Model with Two Damage Quantities. The Unilateral Phe-
nomenon) (see p.(321)) where he wrote: “... When damage is produced, microcracks
appear in the zones where extensions exist. When changing the sign of the prin-
cipal deformations by changing the sign of the loading, these microcracks close.
On the macroscopic level, the initial stiffness is then recovered: it is the unilateral
phenomenon... To take it into account, the model is completed by introducing two
damage quantities instead of a single one... they are ; for extension and S, for
contraction. ...”
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In the same chapter his plot of the possible values of these parameters (see [5,
fig. 12.2, p. 322]) in some sense resembles our Fig. 1.

5. Conclusion

In the present paper the anisotropic elasticity damage mechanics is investigated
within the framework of the classical theory of elasticity.

Starting from the principle of strain equivalence, elasticity tensor components
are derived in terms of damage parameters in close form.

We show that the tensor of elasticity of damaged material can be determined
in two ways. In both cases, we use the resulting expressions for damage tensors. In
the case of hexagonal elasticity damage tensor we used both approaches in order
to compare them. We show that the derived results are equivalent.

The approaches are algebraically the same and generally simple.

The procedure we present here was applied to several crystal classes which are
subjected to hexagonal, orthotropic, tetragonal, cubic and isotropic damage. We
underline that this procedure can be applied to all crystal systems.

Finally, we propose a possible procedure to determine damage parameters of
isotropic damage, and evaluate them.
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O TEH30PY OIINITEREIHA ¥V JINHEAPHOJ
AHMN30TPOITHOJ EJIACTUYHOCTU

PE3UME. VY oBoM pajiy pa3marpa ce aHHO30TPOIIHA JINHEAPHA MEXaHIKa OIITe-
hema KopucTehu NPUHINAN €KBUBAJEHTHE JedopMariuje. ¥ IPETXOJHOM PaJy ay-
TOPU Cy OJIPEJININ KOMIIOHEHTe TeH30pa omrehema y 3aTBOPEHOM OOJIUKY IIPEKO
wWIaHOBA e€JACTUYHUX apemerapa neomrehienor marepujaia. Kopucrehn pesyi-
TaTe MPETXOIHOT PaJa, U3BOIH Ce eJIACTUYIHU TEH30D Takohe y 3aTBOpeHOM O0JIUKY,
Kao ¢yHKIMja Ten3opa omrehema. [locTymak,Koju ce oBie u3iaxke, IpUMembyje ce
Ha KPHUCTAJHUM KJjacaMa KOje Cy IIOJIBPrHyTe XeKCArOHAJIHOM, OPTOTPOITHOM, Te-
TparoHajHOM, KyOHOM ¥ m30TponHoM ornrehermy. [TocebHO ce pasmarpa n30TpOIIaH
CHCTEM Kao IIPUMepP YKa3nuBama Ha HeKe MOryNHOCTH U3padyHaBarkba mapaMeTeTapa
merosor omrrehema.
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