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ON THERMODYRANMIC FOURDATIOES OF VISCOPLASTICITY %)

INTRODUCTION

In sgreement with J.Meixner s well founded opinion

[1] three different approsches to & thermodynamic theory
‘of continuum cen be diétinguished. These approsches differ
fror esch other by the foundamentsl postulates, on which.
the theory is based._ill of them &are cheracterized by the
same foundemental requirement that the results should be
obteined witiiout having recourge to statistiocasl or kinetic
theories. None of these epproaches is concerned with the
atomic siructure of the meteriel, Therefore, they repre-
sent e pufe phenomenclogical spproech.

The principsl postulatee of the firsti spprosch,
initinted by Onssger s works &nd usually called the cles-
sical tharmodynamice'ot irreversible proceeses, are as
fallows (cf. S.R.De Groot and P.Mazur [2] ): 1. The prin-
ciple of locel etete ie assumed to be valid. 2. The Gibbs’
relation ie setisfied. 3. The equetion of eniropy balance
'is gssumed to involve & term expreseing the entropy pro-
duction which ocan be represented as a sum of products of

fluxes end forces. This term ie zero for & state of equi~
‘librium end poeitive for er irreversible process. 4, The
fluxes ere function of foroes, not necessarily linear.
However, the Onesager=-Cesimir reciprocity relations concern
only coefficiente of the lineer terms of the series expan=
sicns, Using methode of this spprosch, & thermodynamic
description of elastie, rheoclogic and plastie-ﬁste:ials
was obtained. Let us mention the works by M.A.Biot [3],
D.C.Drucker [4], E.ziegler [5-14] , A.A.Vakulenko [15,16],

¥) Thie paﬁe_r'has been- pfeparod for Symposium on the Mecha-
niosl Behavior of Materisls under Dynamic Loads, Septem=
ber 6 - 8, 1967 ,San Antonio, Texas, USA.
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A.E.Green end J.E.Adkins [17], O.W.Dillon [18], G.A.Klui-
tenberg (19-25], S.L.Koh and A.C.Eringen [26], J.Kestin
{27] and J.7.Besseling [28]. _

The second approach, called the thermodynamic theory
of materiegls with memory, waas initiated by the work of
B.D.Ooleman and W.Noll {29]. The foundamental postulates
of this approach are as follows: 1. The temperature and
entropy functlons are assumed to exist for non-squilibrium
_states. 2. The prinocipal restriction imposed on ths con-
atitutive equations is the Clausius-Duhem inequslity.

3. The notion of the thermodynamic state is modified by
assuming that the state of a given particle at time | is
characterized, in general, by the time history of the lo-
cal configuration of that partiocle. It should be emphasis-
ed, however, that in particular cases the history of the
locel configuration of a particle can be determinsd by
glving the mctual values of this configuration and its
time derivatives (cf., for instance, B.D.Coleman and V.J.
‘Mizel (30] ). 4. No linitations are introduced for the
processes considered. The sonstitutive equations are in
general nonlinear, Within the frame-work of this approaoch,
thermodynamic foundations of rheologic materials were
establishsd of. B,D.Ccleman [31,32] , B.D.Coleman and
V.JT.Mizel [30] , C.Truesdell and W.Noll {33] and R.Chri-
stensen and P.M.Naghdi {34]. The same was done for plastic
materisls also (of. A.E.Creen and P.M.Naghdi [35,36] and
C.W.Dillen (37] ).

The third epproach has besn developed by J.Meixner
[38-30] and is called the thermodymemic theory of passive
systems, 'It 1s based on the following postulates: 4. The
introduction of the notion of entropy is avolded for non-
equilibrium states and the prineciple of loocal state is
not assumed. 2. The Clausius-Duhem inequality is replaced
by an inequality expressing the fundamental property of
passivity. This inequality follows from the mecond law of
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thermodynamios and the condition of thermodynamic stabili-
ty. Further the inequality is known to have sense only for
states of equilibrium. 3. The femperature is assumed to
exist for rion-equilibrium states, 4. As & consequence of
the foundamental inequality the class of processes under
coneideration is limited to processes in which deviations
from the equilibrium conditions are small. This enables
full linesrization of the constitutive egquations. An im-
portent festure of this epproach is the cleer physical in-
terpretation of all the guantities introduced.

Each of the three approaches above has its weak-
nesses and none is commonly aooapted’). The first is sub-
ject to excessive limitetions in the form of the assumpt-
ions of the Onsager-Casimir relatioms. Its present develop-
ment does not appear to be promising for the overcoming of-
the diffioulties that are encountered in nonlinear mecha-
nics™) . The second epproseh is criticized principally
from the point of view of physicel foundations (ef. J.Meix-
ner [1]) . Indeed, we must agree with the opiniom, that.
the problem of physicsel interpretation of quantities such
es the temperature or entropy has not found a detailed
treatment within the frame-work of this approach, The ad-
vantages of the smecond epproech are. the mathematioal
foundations whioh are very well developed and offer a pos-
sibility of analysis of meny interesting proocesses. They
can also be used for the description of nonlinesr mater-
ials. It is also-worth mentioning that the theories of

%) This fmct waé pointed out by a detalled discussion at
the IUTAM Symposium on Irreversible Aspects of Continu-
um Mechanics in Vienns, June 1966 (of. J.Meixner (1]
and C,Truesdell [41]).

=¥) A detailod criticsl anslysis of this approach can be
found in the monograph of C.Truesdell and R.Toupin [32].



elestic and viscoelastic materials can be obtained as parti-
cular cases of the theory of materials with memory (cf.B.D.
Coleman [31,32]) . This theory enablea the description of
many important mechaniocal phenomena, such &s elastic insta~
bility and pnenomena accompanying wave propagation ( eof. .
C.Truesdell {41]) . The applicability of the methode of
the third approach is, on the other hand, limited to linear
problems. It does not seem likely that further generalizat-
ion to nonlinear problems is possible within the frame-
work of the assumptions of this approach. The results
obtained concern problems of linear visho_nl&st’icity only
(of, T.Meixner [38-40,43]).

It is worth mentionin; that recent works concerned
with exiomatic foundations of continuum thermodynamios
have shown in a clear manner the correctness of the con=
ception of the second appr-oaeh,’) « Although they have not
removed the objections against the physical foundations
of the theory, they have formulated in & mathematicelly
acourate manner the epplicsbility conditions of the methods
of rational thermodynamios.

The eim of the present paper is to discusa the ther-
modynamic foundations of the theory of visecoplastiocity.The
eusential feature of which is the simmltaneous description
of rheologic and plastic effects of a material. The neces~
sity of simultaneocus consideration of ﬁscoaldsii_a and
plastic properties of a materisl is indicated by the re-
sults of experimental investigations of dynamic loads.
These investigations show clearly that during dynamic load-

2) The axiomatic foundations of continuum thermodynamics
bave bean presented in the papers. by M.E.Gurtin and '
W.0.Williams [#4,45]. They are a generalization to ther-
modynamiocs problems of the earlier conceptions of W.Noll
{46,47] concerning the purely mechanical theory of
& continuum,
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ing of a test piece the plastic and visccslastic effects
are coupled and play roles equal importanoa*). The viscous
properties of the materiel introduce & time dependence of
the states of stress and strain, The plastiec properties,
on the other hand, make these states depend on the deform-
etion path. Different results will be obtained far differ-
ent deformation paths end for different time durations of
the prodess.

It appears that by investigating thermodynamic pro-
cesses in viscoplastic materials, characterized by a non-
lirearity resulting from dependence on the time snd the
path, their description can be obtained within the mssumpt-
ions of the second spproach. We shall try to show that the
methods of thermodynamics of materials with memory cen be
used for the establishment of the thermodynemic foundet-
ions of viscoplasticity.

‘It will be proposed to describe a visooplastic mater-
ial as & meterial with memory, for which the history of
the loosl configuration depends on the time as well as
the path. Viscoplestic materimls of the rate type, for
which the path~-dependency is charascterized by different
sets of constitutive equations, for the loading and un-
loeding prooess, will be discussed in more detail. As
& particular case of an elastic-viscoplestic material of
the rate type, a rate sensitive plastic material will be
discussed.

Finite deformations of & body during the general
thermodynsmic process will be considered. All the consti-
tutive equations obtained will be invariant under m change
of the reference frame.

%) A diseuaaioﬁ of the results of experimental investigat-
ione in the domain of dynamic loasds acting on metals
can be found in the peper [48].



PRELIMINARY CONSIDERATIONS

In genersal wolshall use & similar notation as in
monograph of C.Truesdell and W.Noll '[33]. The motion of the
body D with points X is desoribed by the squation

) x =% (LY,

where X denotes the spatial position occupied by the
material point E at time t ¥, The gradient F of
X with respect to X , i.e.,

(2) F o= 2%(, /X

is the deformation gradient at the pointa X relative to
the reference configuration. It is assumed that detF #0 .
By the polar decomposition of F , wiz.,

(3) F=RU

we define the orthogonal rotational tensor R  and posi-
tive definite and symmetric right stretch temsor U .
Similarly, the rslation

F =gt

- ~ 7

‘\,4:1 (; =

(S g ]

where ET denotes the transpose of F , defines the
~ight Canchy-Green tensor.

If F is replaced by the relative deformation gra-
dtent F(,) , then the motations Ry , Uy and Cgy
are used respectively for the corresponding relative rotat-
ion tensor relative stretch tensor, and relative Cauchy-
Green tensor. The expressions 1_?(1-)-@“,({:) and D(¥)=
Qm(t) define the spin and the stretching tensor, re-

®) We identify the material point X with its position
X 1in the reference configuration.



epectively.

Let us denote the Cauchy strese temsor by T(t) . We
shell introduce, after W.Noll {46], the following co-rota-
tionel stress rate:

) T=T-¥1-TV,

where W denotes spin.

4 thermodynemic process in B ie described by
eight functions {% T b, &,1, v,q, T} of X end time t .
The velues of these funciicns have the following pnysical
interpretation ( cf., B.D.Coleman end W.Noll (29]). The
tunction K (X,t) desoribes the motion of the body B
end is called the deformation functiom; T(X t) is the
symmetric strese temsor; b(X+t) is the body force per
unit mess; £ (X t) denotes specific internal energy per
unit mess; 7().(‘:{-) the epecific entropy amd V(X 1)
is the loczl ebsolute temperature; q (X 1t) is the heat
flnx vector and  + (X ’Jc) the heat supply per unit mass
end unit time.

The set of eight functions 11’ b & ",l,:)"’y rf is
called & thermodynamic process if, a.nﬁ only ii it is com=
patible with the condition for the balance of linesr mo=-
mentum (Cauchy’s first law of motion) 2)

(6) divT - g% = -gb,

and the law of balence of snergy (the first law of thermo=-
dynamiocs )

2

(?) tr}TLl - divg - c€ =-cr

where ¢ denotes the mass density, L = 92X X/X  end

¥) Cauchy e second lew of motion requires T = TT »
whioch we asssumed in advence. Couple stresses and body

couples are assumed to be absent.



the trece operator is denoted by tr .

In order to define a thermodynamic process, it suf-
fices to prescribe the six functions “‘.’ , L& 0, 3’) q} é
The two remaining functions b end r are then uni-
quely determined by 'Eqs.(6) and (7).

Two thermodynamic processes {1 T & v, v, q,% and
{7\: T* & S d Cf’} are equivalent if they are related
only by a cha.nge 0.1.‘ a reference frame,

We assume that ell constitutive equatioms describing
the physical properties of the material satisfy the follow-
ing principle of material frame-indifference (ef. W.Noll
{#6] and C,Truesdell and W.Noll {33]) :.If process
iLT T, g_)q‘ﬁ" qvi is compatible with a system of constitu-
tive equations, then all processes § 1% T &, q"'J"" *E
squivalent to it must be compatible with the same ayatem
of constitutive equations.

A thermodynamic process im B , ocompatible with
the constitutive equations at each point X of B and
for all time t , will be called an admissible process
in B .

Thus, the prinociple of material frame-indifference
states, that if a thermodynamic process i%:Tp»ﬁ,‘})V,‘}}
is admissible in B , then also all thermodynamic pro=-
cesses L T & n, v, CE,E mist be admissible in B .
The physical msaning of this prineciple is simply that the
material properties of a body should not depend on the
observer, irrespeciive of how he moves,

We agsume the following postulate: For every admis-
gible thermodynamic process in & body » the production
of entropy must be nonnegative.

Under suitable smoothness assumptions we ocan write

(8 ~¥+ER{ETEL -7~ 59 ged V30,



where = £ - 3':} is the specific free energy function. .
This is a local form of Clausius-Duhem inequality which is
a mathematical statement of the second law of themonm’l

TIME AND PATH DEPENDENT MATERIALS

The non-linear meteriel with memary. is defined by
a system of conmstitutive equations (cf. B.D.Coleman 31,32,
‘C.Truesdell end W.Noll {33] and C.-C.Wang and R.M.Bowen

[49])
: t
(9) TG =F (T,

Tz-o0

in which N (f} represents the actual values of some state
funotions such ae the stress temsor T , the specifie
free snergy Vv , the heet flux ¢ end the specific eni-
ropy rl} . '\Ir{j) ig a functiuvn whichﬁrepresants the hiptory
of the local configuration of & material. It is sasumed

that the history of the local configurstion (T} can

be cherscterized by the history of the loocal deformstion

gradient . F (1) witk T€{-%,t] ; the history of the

local temperature 7 (T) with Te(->.1] , end
. A

the local temperature gredient, grad v :!,' Thug we

bave

(10} T =§TW), win, gl .nM)fs

(11) Y@ =§E), Y, grad Vi Te(-wo,t].

The response of the material is characterized by the funo-
tionel T , called the constitutive functionel. The func-
tional ¥ must gatisfy an inverienoce requiremeni rela=

¥) For the disocussgion of the conditions under which & lo=-
cal form of the Clausius-Duhem inequality [8] is valid
cee M.E.Curtin and W.0.Williems [35],

®x)Different assumptions have been discussed by M.E.Gurtin {50k
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4ive to a change of the observer, asome reqniromnnts”of the
symmetry and special smoothness requirements (of. B.D.Cole-
~ man [31,32]). |

We shall now concern ourselves with simultaneous des-

~ eoription of the elastic, rheologic and plastic properties
of a material, To this end, let us accurately define ths .
meaning of the plastic behaviour of a material. Unloading
is an important feature which distinguishes the behaviour
of a plastic material from that of a nonlinear material
with memory. We shall introduce the distinction between
/unloading, neutral state, and loading phenomena.

In inviscid plastioity, it is assured that ths mater-
ial deforms elastiocally until the state of what is called
.an initial yield surface or thes loading surface is reached.
Unloading neutral state and loading in this theory are de-
fined as follows (of. A.E.Green and P.M.Naghdi {35]) . An
‘unloading process has taken place if the dsformation from -
an existing elastig-plastioc state takes place alastically
go that the stress point lies-inside the yield surface.
Reutral state has taken place if no additional plastic
strain is produced when the stress point lies on the yileld
surface. Similarly a loading process has taken place, if
due to additionsl deformation the stress point reaches
a subsequent yield asurface. '

The determination of the yield condition for a none-
linear materisl with memory at finite deformations is very
difficult end has not yet been achieved. Thus, in the for-
mulation of the gensral constitutive equations of an elast=-
io-visooplastic material, we do not use the yield conditim.
We shall assume that the materisl of a body B will show
'plastic effects from the initial configuration %to
This initial configuration Eto will be called the con-
figuration of yielding.

Thus, as a result of simultanecus consideration of
rheologic and plastic properties of = material a desoript-
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.ion of the actual state funotions involvu the histor:r of
the local oonriguration oxprussed as a runction of time
and -of path. To make this idea oclear, let us inxroduco
the: definition ot path in the tenrﬂim-nsional space of de-

formation and tcnpa:atur- as follows® =
- e G &
(12) s(t) = | [t (EET) + V) g,

 We ehall mtrocuaa the histnry of the loocal confi~
~ guration ,JCT $) in the rallowing form

(13) =(1,9) =.W€‘v)-, 5. ne(-w €1,
: ' : ) 5 el[o,btt)]._

The constitutive equations for time and path depend-
‘ent material can be defined by the system of the form

(12) () =g (Z(r,s)

Te(-oo,t), 5€[0,5)]

ELASTIO-VISCOPLASTIC MATERIAL OF THE. RATE TYPE

Unloaﬁing from an elastio-viscoplastic state rollor-
a path in the deformation and tamparatnre space different
Irom that of loaﬂing. We assume the following definition.

A thsrmodynemic¢ prooess represents unloading if the
condition
(15) %—’:r_{‘_ljia} -V <0
ia.aa:ipri-d, i.e., if the rate of work of the generalized
stress is nagutivo.'mhp.oguc

(16) -%frgzg}_-'qkzo

:)T.his idea is similar to that of A.C. Pipkin and R.S.Riv=-
[51]- '
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is called neutral state, whereas the positive rate of work
of the generalized stress

(17) %fr{fg}-q5‘>0

deta&minaa the loading procass!).

Let us introduce the following definitiom.

A non-linear material has plastic properties if its
behaviour is described by different constitutive equations
for loading and unloading,

This formal definitiom éhcws that the loading and
unloading phenomena for the sams material are characteriz=
ed by differsent fedtures.

We shall not bother to introduce the aistinction
between elastic, viscous and plastic deformations. Total
deformation will be treated as a combined result of elast-
io, rheologic and plastic effects. '

We now intend to obtain, on the basis of the thermoe
dynamic theory of the rate types material, the general con-
stitutive eguations of an elastio-viscoplastics maﬁnﬂdfa)
We shall use only the first order differential squations,
This, of course, implies soms restrictions concerning the
memory of & material. We assume following definition,

An elastio-visooplastic material is a simple mater-
ial of the rate type of the first order which is charac-
terized by different properiies during the laading and une
loadina proocesses,

2) During the isothermzl process, the criteria of unload-
ing, neutral state and loading taks the respective
torms triTL} 2:0 ", i.e., they coincide with those
tirst introduced by A.E.Green [52] .

=%) Cf. the previous papers of the euthor [53,54] .
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~ Thus, in the thermodynamic process in a body 3B ,
whioch robreaants loading i.e., the condition (1?) is
satisfied, we postulate for an elastic-viscoplastio mater-
ial the following system of the constitutive equations

(18) X = LW, V), )
with initial values

(19) R(t) = {¥ (L), qlte), T(), 9 o)}

For thg-thermodynamio process in a body B , whioch is
unloading i.e., satisfying the conditiom (15), we assume
the following system of the constitutive equations

- A i r o
00 W) = (X, ), FW).
The response functions % and + must satisfy the follow=
ing condition for a nsutral state

@) F-1 4 wimi-qv=o

This condition 18 the continuity conditiom for the first
derivatives ~, 9, T and q . Additionally, we have
to assume the ocontinuity condition for ths functions <,

9, T and g . This assumption determines the imitial

values for ths system (20).

It is worth noting, that the path dependence in the
constitutive equations of an elastis-viscoplastic material
of the rate type is expressed by the following fact. The
properties of this material are described by a differsnt
system of equations for the loading and for the unloading
path, ;
After gatisfying the principle of material frame-
indifference, we can write the systems of constitutive
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equations {18) and (20) respectively in the following re-
duoced and oxpliozt form

N =PH, D*, U, ¥, 3 R*gro,ct«?),

9 =h(q, 0T, ¥ Y Rgrad),
@ ferr,p 0T ),
T4 =3 (€q,0",0, 7, ¥, qd?),
e «yﬂ ’,BUVDL T ¥ R ged V),
. =§( q)g*’: v ¥ Rchrad'&),
@) T (T ot v ¥ ¥ Lgadd),
_T&,=§"L_T%,E;,’:>“‘T 5” llcirad.-u),

where Tr-RTR , Tr=R"TR and D*=RTDR

Ve assume

that the constitutive equations of an
elastio~viscoplastic material in both the loading and the
unlioading ranges satisfy the tharhodynamin postulate,

By (8) we have the following insqualities:

I . *,- . * r= "It-'.‘"r
"~241' Hb\ilg Gy X '\‘;L:

. > A T_' ,.‘: = \ = -a>0
%faq."‘v }"' —: h‘{ ,L} ! c‘ﬁ'%j‘a‘d -v-
fo.!.‘

(25
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for
(27) . ke iTL} - v <0

The inequalities (24) = (27) represent the basis restriot=
ions imposed on. the constitutive equations for an elastic-
visooplastic material.

BATE. SENSITIVE PLASTIC MATERIAL

Recent theoretical and experimental research in the
. domain of the dynamical properties of materiasis has shown
the significant sensitivity of some materials to the rate’
of deformation. This effedt is disregarded in the inviscid
‘theory of plasticity. The influence of strain rate may,
however, be taken into account, within the fremework of
agsumptions of an elastic-viscoplastic material of rate
type. ' '

~ EZvery meterial displays more or lsss definite viscons
properties. For many materials, however, thess properties
are more pronounced after the plastic stats has besn reach-
ed. In these cases it may be assumed that material displays
viscous properties in the plastic .range only,

General foundations for the siudy of problams con-
‘nected with rate sensitive plastic material were given by
K.Hohenemser and W.Prager [55]. Further development of this
idea is ocontained in the papers {48,56 - 61]. '

' The basic assumption in the theory of rate sensitive

plastic materials is the additivity of the slastic and in-

elastic parts of the rate of Jeformation tensor

(28) D= -

-

where 'QQ and LQ are the aslastio and inelastic
parts of the stretching tensor, respeciively.

To obtain the slastic response from rates type mater-
ial we should assume that the constitutive equation (223



is inverient under & change of time-scele and is independ-
ent on the stretch tensor Q « Thus, the constitutive
equation of & rate type for elastic response has form
gimiler to that of hyposlesstic materiel

@) T =H (TR,

After substituting (28) into this equation we have
following result

o) T = H(TN[p-D)w (TN

3ince the material has mno viscous properties in the
elastic region, the choice of an adsguate yield criterion
will be much simpler than in the czse of en elastioc-visco-
plastic materisl. The initiel yield condition, which will
be called the static yield criterion, will not differ fronx
the known condition of the inviscid theory of plasticity
at finite streins.

In order %o keep our considerstions sufficiently
general, we now introduce a static yield function in the
form

*(Ii:-‘g’ '?.)

9 F(TEY) - — -
(.j J _*'(‘-Ei’tg ’_3/) 4

where the function f(E*,LE,S) depends on the state of
stress T eand the state of inelastic strain 't and
temperature v . The strein tensor E is defined by
the relation 2E=(C-41 and it is assumed that

‘ E:“’g +:g '). The work-hardening parameter % 1is de-
fined by the expression (cf. A.E.Creen and P.E.Kaghdi[BBE

=) We understand this assumption as a very restrictive
" postulate, '
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(32) % =k iN(T* E, V) ‘D

where N is a tensor function. The flow surface, J = Q,
in the ten-diemensional stress and temperaturs space is
assumed regular and convex.

We propose for ths inelastic part of the rate of da~
formation tensor the equation

33) D =ree@H NI, T,

where the tensor funstion M satisfies the relation

-
\}

(3%) M = M

]

¥(¥) deénotes a viscosity coefficient and the symbol
(T is defined as follows:

—
4
4

s

0

7

l 0 , for
(35) Lep(H)> =

L 2(3) for ¥ >0

The function ¢ (%) may be chosen to represent the re-
-gults. of %tests on the behaviour of metals under dynamic
loading. ‘The proper choice of &(%) at the same time
enables a desoription of the influence of the rate of de=-
formation and the temperature on the yield limit of the
material,

By (30) end (33) we have

(36) T =H,(T" N[ D-F Lo FIoH (T 3]« ¥y (T*.1) Y.
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Thie conetifutive equation involves ths sasumption that
the inalastic part of ithe rate of deformetion tensor is
a funotion of excese stresses above the statie yield cri-
terion, Tkis function of mtress sbove the static yield
criterion generaies the inelsetic rate of deformetion
tensor according to & viscosity law of the Maxwell type.
It can easily be seen that the conmstitutive equate
icn L3°; iemds to the following dynsmic yield eonditian

A Dz'h 1

M2) 2.
LY i J}

This reletion determines the change of the motual yield
surfece Guring the inelsstic deformztion process. This
change is caused by isotropic aend anisdtropic work-harden=
ing effecta gnd by influence of the rete of deformastion
tensor ané tempereture on the yield point of the material.

_ ‘The full system of oconstitutive equations fcr s rate
sensitive pleetic meterisl has beer postulated in the fol-
lawing'rcrm’}

(37) 4T D=% (T e

'\:!/::bl"\v

¥)A different appfcacn for estsblishing the constitutive
ecueations for a rate sensitive plaat;n material has
been recently presented in the paper [d1].
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with initial wvalues

(39) Y (t) | ), Tl , 9 (t):

-

The oconstitutive equations must satisfy the thermo-
dynamio postulate

b, (45 ¥) te D - C(NLeGFI>M(T* FER - b, (v )

(#0)

it e v 20,
qﬁ'% Tad

After aasuming the infinitesimal deformations (cf.
the definition in the monograph by C.Truesdeli and R.Toupin
{42]) and perfeotly plastic material with Huber-Mises ini-
tial yield condition we obtain from {58)5 and Li&}s the
conastitutive equations for a temperature and rete sensitive
plastic material which were discussed in the paper (59] .

In that paper a detailed anslysis of some particular cases
.0of the constitutive equations and a comperison of theoretio-
al and experimental results for metals can be fcund. Refa=-
rence {591 elso presents a complete discussiom of the
problem of an appropriate sslaction of the temperature de-
pendent coefficients (cf. also the review paper [48]).
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Sireszozenie

Termodynamiczne podstml 1opkopiu_tyo:noéci

Celem obecnej pracy jest dyskusja termodynamioczne
metody jednoozesnego traktowania zjawisk reologicznych
i plastycznych orgz konstrukcojs termodynamicznej teorii
nieliniowych materisidéw lepkoplastyczaych, ktéra moze byé
uzyta do opisu zmchowania gig metali pod obocipzeniami dy-
namicznymi. _ : '

W pierwszej ozedci pracy przed&slmtamo trzy rdine
podejéoia tomdajnmiozﬁu do ofrodke ciagiego. Wykazano,
ze termodynamiczne podstawy 1opkop_llstycz.nos'ed mogg byd
zbudowane w ramach koncepcji materiaiéw z pamigcis. Hieli-
niowy materiei z pamigeij jest zdefiniowany za pomocy
ukiadu réwnad konstytutywnych, w ktérym pewne funkcje sta-
nu takis jak temsor naprezenia, energia wewngtrzna, stru-
mied ociepias itd. =4 okredlone prze:z funkcjonalty zaleins od
funkoji, ktdére reprezentuje historie lokalnej konfiguracji
materialnej ozgsteczki. Jako rezultat jednoczesnego uwzgled-
nieuia sprezystych, lepkich i plastyczmych wiadociwodci ma-
terisiu opis tunkoji sktualnego stamu wprowadza historig
lokalnej konfiguracji materialnej czasteczki jako funkoje
czasu i drogi.

Zostaly zanalizowane ograniczenia jakie nakiada dru-
gle prawo termodynamiki oraz zasada obiekiywnosei,

¥ drugiej ozesci pracy przedyskutowano pewne szoze-
gélne przypadki réwnaf konstytutywnyoh. Miedzy innymi zo-
stat zbadany materiat lepkoplastyczny typu predkodoiowego
i materiat wrazliwy na predkoéé odksztaicenia.





