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ABSTRACT

This paper presents author's investigations on accumulation
of plastic ncomgatibilities and related internal stress in a
material being plastically deformed. Macroscopic effects of
the factors pointed have been analized such as resistance to
plastic defoming. gxll'edispoaition to fracture of heterogeneous
material deformed, ternal stress energy decomgosing over
multiple structural levels and influence of elastic uniso-
tropy of structural elements on elastic deformation of hetero-
geneous body with plastic incompatibilities.
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INTRODUCTION

Internal plastic incompatibilities accumulated in a media been
deformed and related internal microstress are the main factors
"situated” within the ga between mechanics mhysics of
plasticity. There is a global reason for an acc ation pro-
cess mentioned 1n heterogeneous materials. This 18 a dilfe-
rence of structural elemenis in their compliances in a course
of deformation. A clear idea pointed above is a good base
for a quite rigorous sructural-micromechanical theory to be
worked out that would descript macroscopical effects of
internal micro-scale incompatibilities of plastic deformation.
The most simple variant of a similar approach was realized by
authors (1985,1986,1990) ITor heterogeneous materials where
a plece-uniform approximation is a quife good one.

Let's consider the aggregate of continuously jointed structu-
ral elements (8 = 1,2,...) which are denoted by the following
terms: = R &
modulus of elasticity- c_, elastic- z—::lA o1 and plastic- . E_
deformation, superfluous elastic- &S and plastic—&s
deformation:
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Ry ~el ~el A
a e = _ e 2 2
) & E_ < eSS, b) ES =€ -<¢€ >y (1)

where <...> gimbol means the average value » V 18 macrovo-

lume of the gate In the 1
ag%re . ramework of =
approximation the Iragment's proper stress, mgéfggllﬂggm
and macrostress have, accordingly. forms o

8) 0, =<0 >, = o, &' by Gints g, = g= 2)
c) 0= ¢ 5, >So s
Tiy conattion "Iom2,T, ihe ragnent ave & simpian;COhiim-
L+ =0 (3)

in accordance with Zzig
following equations are'“?;gg?d Rybin (1986). Also the

sel " A
8) <CE >= < E>,=0 by < o™= 0 . (4)
One may show from (1)-(4) that

~ext  ~ ~el ~ .
g = e - .0
CeeE <AceE >, , (5)
where ~el ~el
fel_ - ~ A 2 = ~
< EST Dy /_\cS =c, ¢, ¢ =<c >y (6)

i.e. violation of the mixture rule fo
T el
take place 1f plastic Incompatibilities accgrlingligg}.r R

Internal stress as defined are "supe

TTluous"
one, therefore former values may be easilllg egﬁgsgleagrct)glc‘gpic
superfluous deformations. It followes from (2) and (5) that

Sint ~ ~ A &
= - L oo el o 7
E c. 63 + A C - € + <A c** 5s>v . (7)

First term in (7) descripts  the siz
, e misma
Becond one- modulus effect and third - supe tggiﬂ’ggc;i bgg

The s

obviouig]:liﬁcation of (7) for elastically uniform material is
Aint_ _ ~ "" o~ ’\el A PN
OB = CB ES = CBD- E‘S . (:’B = CO . (8)

Thus we have obtained the Principal te
Tms and r
structural micromechanics. For tgey to be ap ugcllaf%orilghrilggegf

sary only to find the superfluous plastic
related internal stress of elementg and tgggom;céogaﬁ;g
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the structure dependent macroscopic effects. At first we shall
consider the laiter problem. Decision of the former one 1is
strongly dependent of concrete materials nature and will be
discussed in conclusion of a present paper.

RESISTANCE TO DEFORMING
A specific work on glastic deformation increment Ge as 1t was
shown by Rybin and Zisman (1990) 1is equel to
0A=0"%08E=0Q+6T +05 Wt 9)

int
~int %€l - g nt, 8%
Sw = <O"; ..6&5 >V = =< S'.GES>V '

where 5Q, O I' and OW ‘" are specific increments of energies
dissipated, related to lattice defects (dislocation nuclei,
interfaces ect.) and internal stress correspondingly. It
followes Irom (9) that a deforming macrostress 1is

R ~ R R 3Q
oext= O_eff + o.* . Oet‘f?_x ’ (10)
3 e
. 8T oW ar % at
0= — + —-— = — - <o ", = >y e
8 as 3¢ g€

where o' is ~, the conventional characteristic of plasticity
mechanics and ¢ 1s an additional resistance related with tra-
nsfer of the bringed mechanical energy into a latent form. In
other words the latter is the athermal component of stress.

One may see that o tensor with neglecting of @ I'/9e 1s de-
Iined by plastic Iincompatibilities accumlation rate and
accord y by the rate ol internal stress increasing. So. ..
for the tensor considered to be evaluated one need to know £
dependence on macroscopic plastic deformation only. Natural-
ly there are other kinds sources of long- stress in a bo-
dy deformed. They ive the conventional athermal resistance
to deforming - "o " that is related with lattice dislocations
long-range elastic inter-action . Unlike one the value consi-
dered 18 due directly to the heterogeneous (polycrystal,
multy-phase ect.) structure.

SPECIFIC ENERGY OF INTERNAL STRESS
AS DAMAGE FACTOR

Let's comgare the plastic deformation work 8A of continuously
Jointed structural elements' aggregate with the same defor-
mation work OA of the same elements which are in disconnected

state. ® The latter is equel to
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accordance with

L . (11)

In accordance with (3) and (9)
OA, =6Q +s5T

and, comparing with (9), find

we'll obtain

(12)

SA - GAo =38 'int.

(13)
In other words w int

value characterizes an expendit
%ge;eg%rali):inged to the sample for the mteriallgeing gﬁogﬁed
N int continuity. Inte retation pointed ermits to
onsider value as a suitab

material

Really the material wil] not be
able to
energy and, at the Bame time, retain cont:trii

T
int & dwint .
= —=_. e d ST,

e c C
general analysis of heterogeneony bol® ‘erégm“ge? 8tate for

Gt ae

:!alfm B i8 the total deformation,reaches a certain critical

ter}leelces er + The 1last ig determined by stre of 1in-

s and -their specific area. A coarse est te of W cr
oo =T +79° - T )/ D (15)

where 7' angq '’

coutacZing elgmeng? $pec1nc energies of free surfaces of

i8 one of  int
the typical size ot '® structural element. c 4D 1is

Naturally Tormulated discontinuit
Y criterion is t hard
};mcr:orres onds with a materia] “crumbling” to parggcles agén e
s €8 out of an account the crack Propagation as affec-
of externa] stress. However the W't Ty

ratio 18 the
%g o t'_ui’lgtml.lre of a deformed material " predisposition

within every level ointed us 1
h in thgi.r compliances. Let's gnumerate 1evgﬁ irn

’ begining from most lar e-scali
one. For eralization i
har&?:n o .
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igest the br ed
ufty 1f the égfue

ous deformations:

~eldgd . = el 7eldq _ celCq _ SelCg-1>
1) € = <& >ch) b) 3 = g E_ (16)
s
gy = $Cad  _ ACqd | ~cg-1d
) £ = <E >v(q3 b) & < = g € . (17)
s
“) &
v’ E“j ;iﬂ
£ ) —
r ) .L}
. ;"‘[
o) X A
v, € /

Fig.1. On definition of structural levels and related
parameters.

The sense of definitions made are illustrated on the Fig.1.
Beside that we'll define proper siress of corresponding ele-

ments and relative internal stress (generalization of above
defined internal one):

~Cqd> _
a) o_7" =

= Q) A
< O >ch) b) Ao s = 02
S

Correlation between such terms and above mentioned ones 1s
trivial:

= Cg=1)
-0 9771 (s8)

Q Q
8) 0."=3% AP b) Pz P (19)

g=1 q=1
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and allowes to decompose oW "“value over structural levels:

int Q intdqgd intCqg ~Cq> (g
a) OwW = 2 OW b) oW = —<Ao_e+ E_ > . (20)
q=1 v

We used (9) for (20) to be obtained and took in account
'E?g)origir(l?%)'ortogonality condition” that follows from
an :

<g'd (@
< Ao e £ >v=0 if qQ=q . 21)
<qd
Decompos obtained permits definition of groper values W
on every structural level and provides the terms for in- °©
(liepeildent analysis of a fracture probability on different
evels.

EFFECTS OF ELASTIC UNISOTROPY OF STRUCTURAL
ELEMENTS IN MATERIAL PLASTICALLY DEFORMED

Let's e%l?te an external load to nought and find, having in

a view » the residual stress within structural elements:
A A AF1 ~ ~ “
o‘; =C_ s (C e Acsngs>V - &) . (22)

As one may see 1internal stress of elastically non-uniform
material will redistribute when external stress disappear
after plastic deformation finishing.

There 18 another interesting result followed from (5):

~el ~el ~-1 -~ 2

€ = < €7 >, = C_ se < AC_ee gs >y s 23)
It means that residual elastic deformation of an elastically
non-uniform body is not zero on the ave . In this one

differs from the residual internal stress, that are, natural-
ly, self-balanced :

P
<o > =0 . (24)

Essentially the effect is that for a stress field to be
self-balanced after external unloading the high-modulus
garticles have to be subjected to less value of elastic
eformations then the low modulus ones must ( equel volume
p?rttisngi)both phases are suggested for such qualitative ex-
plan .

It seems that results (22) and (23) are quite useful for two
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ortant applications at least. The first 18 rela- ._ .
ted with thermal expansion of heterogeneous bodies when ¢~ =0
and . "stress-free" . (pseudo-plastic) deformations

£_ and € are thermal ones:
2th >th ~th
a) & =g - < g >V ’ (25)

by e =a I (T -T, ),

=

where I is8 the double rank unit tensor, a = thermal expan-
sion coefficient of s-th element and To - ~initial (stress-
free) temperature. Using equations (25) and above results one
may evaluate the residual microstress appeared during heating
or cooling of the heterogeneous body.

The second application 18 related with the X-ray tenso-
metry of polycrystals, where elastic unisotropy of crystal-
lites misoriented are usually neglected in a practice. The
matter of a problem is that residual stress are measured in
fact ~_, through the ellastic deformation and considered
addition 3 . when not eccounted, may result in a serious
mistake.

CONCLUSION

For the . Tesults obtained to be apgliecl one have to know
parameters ¢_ and their evolution in media being deformed.

A similar problem was analized for polycrystals, Rybin
and Zisman (1985). Let's consider one for two-phase composite
with reinforcing degree - p. It 18 clear that

~al A

P Eh../é:l+ (1-p) Em (X Sm =Q ext' (26)

where m - index is connected with matrix and h-one with rein-
forcing phase. If a hard phase is subjected to elastic defor-
ming only one may find with (3) and (26) that

Cemg
A ~ c ~ ~ ~
a) £ =& -_" L, (0" -pc &) @7)
1-p
b) € = (1-p) e -¢le (0™ ~po &)

and then obtain
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4 ~T pc ~ext A ~T
8) ¢ =pe - _{_’_"_p,,( 0% - pc el (28)
®) & = (p-1)&f s .l (0 p .. 2Ty,

where the sum e” = &% 4 5 . g°l, 3 18 a total macrodefor-

mation of the body. S
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