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Abstract

This paper deals with the complete constitutive relations of elastoplastic deform-
ation process theory, based on Ilyushin’s postulate of isotropy and hypotheses of
local determinancy and complanarity in plastic stage with complex loading. The
formulation of the boundary value problem is given and existence and uniqueness
theorems are considered.

Introduction

The analysis of stress-strain states or the stability of components or structures
subjected to various complex loading beyond limits of elasticity requires a plas-
ticity theory which can describe complex elastoplastic processes of deformation.
The theory of elastoplastic deformation processes, based on Ilyushin’s postulate
of isotropy, satisfies this requirement. But up to now the stress-strain relation-
ship has contained undetermined functionals. In recent years many papers have
been published concerned with particular processes such as: simple loading
process and process with small curvature; formulation and analysis of boundary
value problems of these theories are studied. The general case is still open.
Assuming some approximation (hypothesis), we have constructed a com-
plete stress-strain relationship of the local theory of elastoplastic deformation
processes [4], based on Ilyushin’s postulate of isotropy [5] and hypotheses of
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local determinancy {1, 3, 6, 7, 10] and complanarity [8]. These results can be
applied to more general processes. The relationship for simple loading process,
process with small and average curvature, unloading process and Prandtl - Reuss
relations are considered as particular cases of this theory.

The formulation of the boundary value problem and analysis of the uniqueness
theorem for plane deformation process are given in [3].

The aim of this paper is to analyse the stress-stain relationship and the solvab-
ility of the boundary value problem of local theory of elastoplastic deformation
processes in general cases.

1. Constitutive relations of local theory of elastoplastic deformation
processes

We shall employ the following notation:

u; = displacement,

u; = increment of displacement,

g;j = strain tensor,

e;j = &; — e€b,, = strain deviator,

e = %ekk = mean longitudinal strain,
&;; = strain increment tensor,

é;; = strain increment deviator,

&, = (%eijeij)l/z = strain intensity,

SN V7 .. . .
Uy = (%e,jei,-) / = strain increment intensity,

t
s = / v,dt = arc length of strain trajectory,
0

0ij = stress tensor,
Sij = o0;; — 08;; = stress deviator,
o = mean normal stress,

Sij = stress increment deviator,

172 s .
o, = (35, 5,) ’? = stress intensity,

S..é o
6 = arccos——~ = angle between stress vector and tangent to strain trajectory,
au Ull

G = torsion modulus of elasticity,
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K = compressive volume modulus of elasticity,
f(o., 0, s), ¥ (08, s) = material functions,

d . . .
d'(s) = d_¢ = instantaneous slope of stress versus strain characteristic,
S

o, = uniaxial yield stress,

F; = applied external surface force,

p K; = applied external volume force,
¢; = given surface displacement,

t = loading process parameter,

x = radius vector of body’s point,

S = body surface,

2 = body volume.

According to Ilyushin’s postulate of isotropy [5] and hypotheses of local
determinancy [1, 3, 6, 7, 10] and complanarity of the stress vector, the stress
increment vector and the strain increment vector [8], constitutive relations of
the elastoplastic deformation process theory are of the form [4]:

. 20,f . ) uf \ Smnbmn
ol = T3 ij N Si 3
S, 3s1n()ej (cose + sme) oz oV w1
6 = 3Ke,
where
1 3G _ a
K o, s
! ~f1—cosf b
WE¢(9,s)=¢(s)cos0—(3G_¢)( : ) , (1.2)

a>1, B>1, 0<6<m.

a and B are constants, depending upon the material being used.

It is significant that f and v can be applied for all active and passive deform-
ation processes, i.e. the stress-strain relationship (1.1) - (1.2) can describe all
deformation processes with complex loading (not only loading, but unloading
as well). Material functions f and v, depending upon the materials used, are
approximated analytically in the form (1.2) based on experimental data (4, 2].
The stress-strain relations for plane deformation process have been considered
in{1,3, 11].

https://doi.org/10.1017/50334270000009589 Published online by Cambridge University Press


https://doi.org/10.1017/S0334270000009589

[4] A boundary value problem of elastoplastic deformation process theory 509

Particular cases:
A. SIMPLE LOADING PROCESS
For this process 8 = 0,

fo_ 1 e
Ol—%m__;’ gﬂvf—¢(3),

the relations (1.1) - (1.2) become

& Oy . ’ u St'
Si=132ey+ (¢ - 2) v, (1.3)
s s/ oy
Otherwise, according to the small elastoplastic deformation theory for simple
loading
2%
S,'j = ‘Saeij, (14)
we obtain 1d
o _ 2 Oy . 2 Oy Ou\ .
S,' = 5;:8,‘] + 3 (; d{;‘u - g) Eu€ij.
Substituting e,; from (1.4) gives
§ 20u . dO’u Oy S,'j .
S,j = S's—ue,j + (dsu - Z‘:) U—MEM. (15)
Since a simple loading process always gives
.. do, do, ,
=&y, =&, = R = = ;
s=¢ 5 U, de. ~ ds @'(s)

relation (1.5) reduces to (1.3).

In the elastic stage, the material displays elastic behaviour until yield occurs
0. < o;. The stress versus strain characteristic is a straight line with slope 3G,
so that 0,,/s = 3G, ¢’ = 3G. Hence the relations (1.3) or (1.5) reduces to a
simple Hookean relationship of the form

S =2Gé;;. (1.6)
B. UNLOADING PROCESS
The unloading process occurs when 8 = m, i.e. the direction of the tan-
gent to the continuing deformation trajectory is opposite to the stress vector at
considered point. Since

lim — = ——, li = -3G,
ol—TrsinB oy 91_{51’1// G
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(1.1) - (1.2) become

S,'j = 2G€,J (1.7)

C. DEFORMATION PROCESS WITH AVERAGE CURVATURE
For this process the value of angle 8 is small. Restricting to the second-order
small values we obtain, from (1.2),

0
f=-——snf ~——,
s

s
¥ =¢ cosd =~ ¢'(1 —6%/2).
Substituting into (1.1) - (1.2) gives

. o, . ’ gy Smnémn
Sij = %;eu + (¢ - ?) 0—3511- (1.8)

The relation (1.8) is a generalization of Prandtl-Reuss relation for perfectly
plastic material and Prager relations for plastic strain-hardening material.

2. Boundary value problem of local theory of elastoplastic deformation
processes

Let K, (x, t) and F;(x, t) be external volume and surface forces that act on the
body and let ¢;(x, t) be displacement on the body’s surface. It is necessary to
find displacements u;(x,t) € C2(Q)NC 1(Q), strain tensor ¢; ;(x, t) and stress
tensor 0;; (x, 1) € C'(Q) N C%Q), where @ = QUS, t € [0, T], that satisfy the
following equations:

do;;
U4 pki=0 xeq @.1)

axj

1 au,- 3u_,- —
L ] &, 2.2
i 2(8x,-+8x,~) € @2
H 2 qu . w qu Smnémn =
S," = — o ——-€;; N S,' Q, 23
! 3s1n9€j+<cos9+sm0) o2 Y € 23)
o =3Ke, 24
and the boundary conditions

o, =F  x¢€b&,, 2.5)
ui = (pl X € Su, (2'6)

SeUS, =8, SsNS,=¢ tel0,T]
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A boundary problem formulated in this way is called a ‘global’ problem. The
problem now can be formulated also ‘in small’, i.e. with displacement, strain
and stress increments at any fixed ¢t = ¢,,.

Let K (x,t,), F (x, t,) be given increments of external forces and let ¢; (x, ¢,)
denote the increment of displacement on the body’s surface. It is necessary to
find increments

u;(x, ), &ij(x, ), 0ij(x, t,)

that satisfy the following equations:

a .i' s bo ,
09y 0) | bR )=0 xeq, @7
ax,
dui(x,t,)  ou;(x,t,) -
j L Q, 2.8
Eij(x, 1) = 2( 5%, + ox, ) X € (2.8)
2 Uuofo(auoa 90’ so)
i to - -4 i
Siy(x, 1) = 3 sin6, € (%, o)
(] 00’ [/ uoJo Smn ’tO ‘mn ’tO
 (Yelorso) | o) Sty L)omXito) ¢y (2 9)
cos 6, siné, o2
o(x,t,) =3Ke(x,t,) xeQ, (2.10)
and the boundary conditions
Gij(x, t)n; = Fi(x,t,)  x €5, (2.11)
ll,'(X, to) = ¢1 (x’ to) X € Su, (212)

where

Sij (x1 to)éu (-x1 to)
6, = arccos )
UMOUMO

Ouo = O'u(x, to) - [ S’J (x tO)SU(x t")]l/2

Uyo = Uu(xv to) = [Seij (X, to)elj (x, to)]

Combining (2.8) - (2.10) we can express o;; as functions of u,, or shortly
0;j(u). Substituting into (2.7) gives
a0;; .
8050 |k, =o0. (2.13)
an
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Let v be any smooth vector function such that
v = {vi(x, t,)} and vi(x,t,) =0 on S,.

Multiplying (2.13) by v; and integrating over the entire volume 2 of the body,

we obtain
a [ a .i' { ‘
/( aj(u)+pK) idQ=/[M Gij(u ) ]dQ+/pK,v,dQ
Q axj Q 3Xj
=0.
Using the divergence theorem and the boundary conditions (2.11), (2.12) we
have:
0, (W)é;(LV)dQ = f pKiu,dS2 +/ FudS
./g ! ! Q S (2.14)
Yu:v = {yl, vls, =0,
where

& (v) = ay, + dv,
(U —}.
J 2 ax, 9x;

The equation (2.14) can be written in the form

/ S, (Wé;(v)dQ+3 / o)ew)dR = / pK,udQ + f Fu,ds,
Q Q Q So
VU, UlS,, =0.
(2.15)
The boundary value problem can be formulated either in the form (2.7) -
(2.13), or in the form (2.15).

3. Existence and uniqueness theorems for the boundary value problem

The vector function u is to be called a generalized solution of the boundary
value problem (2.7) - (2.12), if u satisfies (2.8), constitutive relations (2.9),
(2.10) and identity (2.15) for all v such that v|s, = 0. The function v is not
required to be smooth. If the generalized solution is smooth enough, then it is a
classical solution of the problem (2.7) - (2.12).

We shall consider the function u as an element of the functional space H (£2)

with the norm 3 9
e |l? =f|u|2dQ+ 2 2.
Q Q@ 0x; 0dx;
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Since 3 3
/ wpde <c, | 2. 2240,  C, = const,
q 0x; dx;

f gxl, aixu_,d Cz‘/;2 (g—: + %Z—:) (g—% + 3—12) dQ, C, = const,
the norm becomes:
ul? = /Qé,-,(u)éi,-(u)dfz = /s;é,-,-(u)e'ij(u)dQ + 3‘/;2 (u)dQ. @G.D
Now consider the functional
I(u,v) = /Qd,-j(u)éu(v)dﬂ. 3.2)

The functional / is linear because of the linearity of ¢;;(v) with respect to v.
In order to prove the continuity of /, it is necessary to show that

f 6, (W (V)R < Mlululvle, M < +oo.
Q

In fact we have

/ G (e (AR = | 8, e, (L)AL +3 f & (W)é(v)dR
Q Q

Q

172 1/2
< ( / s',~,~(u>s'.,<u)dsz) ( / e',-,-<u)é,-,~(v)dsz)
Q Q

172 1/2
+9K (/ é2(u)d§2) (/ éz(v)dQ) .
Q Q
According to (2.9), we have

Sij(u)Sij(u) = [—%a.m)foéxj(u) + ( Yo + a"ofo) Snémn S,,]

3siné, cosf, siné,

2 Uuofo - Guafo mnemn
x [_gsineoe"(u) + <cos¢9 sin 6, ) Si ]

= §é.,(u)é.-,-(u) (o2 2+ v2).
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Hence
172 1/2
f 61 (W), (VA < ( f (02 f24y7) éij(u>é.,(u)dsz) ( f 6o )é, (u)dsz)
? ? 1/2 ? 172
+3K ( / 3é2(u)dsz) ( / 3e'2(v)dQ)
Q Q
172 1/2
< M|: ( f é,.,(u)é,.,(u)dsz) ( / é,.,(u)é,-,-(v)dsz)
Q Q
172 1/2
+( / 3é2(u)dsz) ( / 3é2(u)d§2) ]
Q Q

172

where

M =max {2 (2 12+ v2)"; 3K | < +oo. (3.3)

Applying the Cauchy-Schwarz inequality, we can rewrite the above as fol-
lows:

172
/ 6, (W), (V)R < M ( / €y (e (u)dS2 + / 3é2(u>dsz)
Q Q Q

1/2
( / ¢, (L)é;, (V)AL + / 3é2(u)dQ)
Q Q
= Mlullxllvlla.

Therefore I is linear and continuous on H (2). It follows from Riesz’s theorem
that there exists an operator A : H(2) — H*(R2), where H*(2) is the dual
functional space of H (£2), such that:

(Au,v)y = / oij(u)€;, (V)dS. 34
Q

The operator A is called a fundamental operator of the boundary value problem.
If
pKi e L,, p>6/5, F elL, q > 4/3,

then the expression at the right hand side of (2.15) is also a linear continuous
functional on H (€2), and there exists an operator L : H — H* such that:

f pKivdQ + / FudS = (L,v)y. (3.5)
Q

So
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The equation (2.15) reduces to an equivalent operator equation
Au=1L ue H(Q). 3.6)

A generalized solution of the boundary value problem (2.7) - (2.12) is also a
solution of the operator equation (3.6) and conversely.

In order to prove existence and uniqueness of the solution of the boundary
value problem we shall consider properties of the operator A.
a. OPERATOR A IS COERCIVE

(Au, W)y = yllully; y >0; Yu € H(Q2).

(Au, u)y = f [—%O:MOfoé[j(u) + ( Y, + Uuofo) Smn€mn (W) Sij] e,,(u)dQ
Q sin

3siné, sinf, siné, o2
+9K/ &2(u)dQ
Q
>y [ [ ewe,aan+3 [ é2(u)dsz]
Q Q
= yllully,
where
y = min {3K; (v, cos6, — 0, f,sinb,)},
or

2
5(% cosf, — 0., f,sin6,) > y > 0, 0<6,<m. 3.7

Hence, if condition (3.7) is satisfied, then the operator A is coercive. Later
condition (3.7) can be verified with fy, ¥, indicated in (1.2).

b. OPERATOR A IS STRICTLY MONOTONE
(Auy — Auz,uy —ux)y >0, Yu,, u; € H(S2).

Introducing the five-dimensional strain vector @ and stress vector o, with
components defined in the form
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1 2
D 9, = ey, D, = E(e“ + 2ex), 93 = 7—5612,
2 2
9, = —ﬁezs, s = 756312
|3|2 =99, = 83,
3 V3
o: o, = =S, 0y = (S +282), o3 = V38,

2 2
04 = \/5523, 05 = */5531;

|0'|2 = 0,0; =02

u?

we rewrite the expression at the left hand side in terms of stress and strain vectors
as

(Auy—Aus, uy—uy)y = /(61_62)(31_32)d9+9K/(él_éZ)ZdQ- (3.8)
Q Q

The stress-strain relation (2.9) now can be written in the form

o'uofog_’_ ( wo + Uuofo) - 80_

sin g, cosf, sing,) o2

G =-

Introducing the unit vector n, perpendicular to o/0,, and situated on the
plane containing vectors 0 /o, and 9, we can express the vector 9 as

D = u,, cosH,— = v, sinO,n, (3.9)

GM 0

i.e. n is apparently chosen to ensure a decomposition of the strain-rate vector.
The stress-strain relation (2.9) becomes

¢ = UuoWoUi + Uuovuofon- (3.10)

uo

Define k = o /o,, (Witht = 1,, k is fixed),

£ =vy,,cos0,, N = Uy Siné,,
P = Uuowo(eoa so) = P(f;', n, So),
Q = _Uuovuofo(go, Ouos so) = Q(&a N, Ouos so)

and rewrite (3.9), (3.10) in the form:

Dy =&kxmn & = P&, So)k £ Q& M,y Ouos So)
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and

92 =&kt mn, 02 = P(&, 02, 5,0k £ Q (&2, 12, Ouo, So)1;.

. Veptor k is fixed, but vector n is changed, depending on 91, 92. In general
9,, 9, do not lie on the same plane, containing k and n, so that two planes
(k, n)) and (k, n,) do not coincide.

Substituting into (3.8) gives
iy = Ay =) = [ 1P G 5) = P61 = )
Q

+ Q(Elv M5 Ouo,s Sa)7I1+Q(§2, N2, Oyo, So)772
—n-m[QE, M, .. I+ 0, n2, .. IM]}AR

+9K f (&) — €,)%dS2.
Q
Since n = v,,, sinf, > 0 and

1 3 0 1 - 00 ¢ .
Q = _Uuovuofo = —OuoVUyo [1 + ( Gs - 1) (_&) ]Slneo = 0
S,

o Ouo 2

for all 6,, where 0 < 6, < m; |n; - ny| < 1, so that

[P(El, m,...)— P, m,.. .)](51 - &)
+0E, i, .- dm+ Q2 m, . )M
—ny - m[ Q& M, .. I+ Q& may .. ]
= [P(S,:'l, m,...)— P&, m, .. .)](&'1 — &)
+[QEL m,..) — Q&M .. )] — m).

Using the mean value theorem we obtain

[P(El, Mm,...)— P&, m,.. -)](51 - &)
+HQE, m,...) = Q& 2, - )] (m — m2)

aP
_|E‘.n‘(El - 52)2

%
P 30
[ Gplen+ 5

IE“,n“] & =&)X —n)

a0 5
+ on lgve e (M1 — M2)7,
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where E*y S** € [El’ §2]9 n*7 n** € [nl’ 7’2]-
This expression must be positive, i.e. the quadratic form must be positive
definite, so that

AP(E*, 1", s,)

0,
PP ~
43P(E*, n*.50) 0QE™, 0™, Guo, So)
a& an
aP *’ *1 o **, **9 uos Yo 2
B (¢ nS)+3Q(§ "™, 0w So) |°
an a&
With the quantities P and Q as shown above, these conditions become
0v,(6;,5,) .
Yo(8), 5,) cos B, — l/,—;e"i) sing; > 0,

0Y,(6;, 5,)
4 o Lo’ “
” [ 39,
0fo(0)*, 0uo, 55)
x ——
20,

o 9*9 (4] .
- [(% cos 8, + ¥,(6,, s,) sin 9;)

8fo(83*, 0uo, So)
+ O ( 30,

sin@; — v¥,(0,, s,) cos 0;:]

cos 0, + f,(6)", 0us, S,) Sin 0;‘*]

2
sin@)* — f,(6)*, 0u,, S,) COS 90**)] > 0.
vV 0<6,, 6 <m. 3.11)

If (3.11) is satisfied, then the operator A is strictly monotone.

c. OPERATOR A IS CONTINUOUS BY LIPSCHITZ
We show that the operator A has a continuous Gateau differential, i.e.

(DAu, h), v}y <m@)||Allgllvlla, 0<m < +oo.

By definition
d af
Dff{a,b} = — 0= —by.
fla, b} d,g_f(a+'§b)|; 0= B,
Applying to the operator A
2 uoJo . Sij
(Au, v)y =/ ——a.—fe,-,-(u)+(¢o+0uofacot90)—’vuo(u) €;; (V)dQ
ol 3sing, Ouo
+9K/é(u)e'(u)d$2,
Q
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we get:
2Uuofo Uuofo
DA N h N = ajma'n - i
(DA, B). V) ,/S;I: 3sing, "’ 339 (smo ) 8e,,,,,e’(u)
o Si'
+ 8—0'('900 + Uuofo C0t9 )a - ujo vuo(u)
Si' 3 uo . .
+(¢0+0’uofo C0t90) d av ]emn(h)elj(v)dQ
+9Kfé(h)é(v)d$2.
Q
Since
AUy, _ 2 5 a6, _ 1 Smn 2 cosd éL"
emn  3Uup mn  SiN6, \ Oy 3 ‘v )’
we have:
u, yV)H = o 3s1n9 mm%jn

2 0, 0 fo 2 €mn(U)
+35ing, 59, (sine,,) @ (1 )(ouov.w 3000 vl )
1 3 S Smn 2 ‘mn

(wo‘l‘ 0'uof0 cot 6, )0' ( — 7 €08 Qoe (u))

Sln 6 89 Ouo 3 Uuo

2 S‘ mn . -
+(Wo + Ouo f> cot 6 )3 i ¢ (u)] - mn(h)eé;; (VAR
+9K [ é(h)é(v)df
Q
Uuofo fo
1 + cos 6] |2
5/9{ sing, | T T eos " 030(sm0)

1
1 00 T A A o uoJo
+ |1 4 cos I‘ 9800// + Ouo f.

+ (¥, + Ouo fo cOL G| }vuo(h)vuo(v)dg

+9K [ e(h)e(v)dS2
Q

<m [ / 2 o () Vo (V)R + 3 / é(h)é(u)dsz],
Q 3 Q
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where
2 uoJo
m = max { - a.f + ¥ + 0uo f, cot 6,
u 3\ |siné,
Ouw O Jo
1 6, —_—
i+ cosbol |2 56, (sineo)
a
1 o o uoJo 0 ; K .
+ |1+ cosé,| sin9,,80,,(w + 0., f,coth,) ) 3 ]
Thus

3 172 3 12
@atw o <n| ([ Siz0am)” ([ Sizwn)
Q 2 Q 2
172 1/2
+ ( f 3é2(h)dS2) ( / 3é2(v)dQ) ]
Q Q

1/2
<m ( / &, ()é;; (h)dQ + 3 / e'z(h)dQ)
Q Q

1/2
x ( f &, (V)é;, (V)R + / 3é2(v)d52) :
Q Q

(DA(u’ h)7 U)H =< m”h"H"U"Ha

‘We obtain

with the condition:

Ouo fo Oy 0 fo
O 0o uoJo teo 1 90 . .
= sinf, 1V + 0w focotbol +[1 + cos 6| sind, 36, (sm@,,)
1 a
+ |1 +cosb,| | ——— W, + 0uo frcot8,)| < 400,
sin@, 96,
0<6,=<m. (3.12)

Finally, if the conditions (3.3), (3.7), (3.11) and (3.12) are satisfied, then the
operator A exists and has the following properties: coercivity, strict monoton-
icity and Lipschitz continuity. According to the Minty-Browder theorem (9],
the operator equation (3.6) has a unique solution.

THEOREM. If the material functions f,, ¥, satisfy the conditions (3.3), (3.7),
(3.11), (3.12), then there exists a unique solution of the boundary value problem
of the local theory of elastoplastic deformation processes (2.7) - (2.12).
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4. Verification of the conditions (3.3), (3.7), (3.11) and (3.12)

According to (1.2) material functions are of the form

! 3Gs, 1 —cosd,\
fo(6,., Ouo, ) = ——siné, [1 + ( =~ 1) (_C—OS_) ] ,
So Ouo 2

- B
%@J0=WWN%%—GG—WWD(L%$&);

a>1, B=>1, 0<6, <m.

These functions f, and ¥, describe vectorial and scalar behaviours of materials
under complex loading [2], the function f expresses a local instantaneous turning
rate of the stress vector in the direction of tangent to the strain trajectory and
the function ¢ an increment of the stress intensity. Consider some of their

properties:
Ouo, S, are fixed and limited;
0, >0, s5,>0;
0< ¢I(so) < 3G, Uuo/so > ¢l(sa);
fo <0 forall 6,
0<6,<m and |f,)] <C; < +oc0.
Since
fo | 3Gs, 1 —cosé,\*
=—]1 -1} —
sinég, S, + Cuo 2
and

0 fo \ _ asinb, (3Gs, : 1 —cos6,\*"
36, \sinb,/  2s, Ouo 2 '

afo
a0,

we obtain

< C; < 4o0;

1 3 ( f
sin@, 96, \ sind,
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Similarly
mzomm05@5@<%
¥, <0 6,<6,<m;
|¢o| S Ml < +OO;
v, 1—cosb,\*™'
a‘gg = —sin, [cb’(so) + g(sc — () (%) ] .
Hence 3y oy
l<M , ’l<Mm .
‘a@ = Mo <00 sing, ag, | = 3 =T
Consequently, (3.3) and (3.12) are completely satisfied. Now consider (3.7)
obtaining

B = vy,cos6, —0,,f,sinf,

- B
= ¢/(s,) cos 6, — (3G — ¢/(s,)) cos, (lﬂ‘i)

2
uo . 3 o 1" 90 *
49 51n290[1+( Gs _1) _)]
S, Ouo 2

(
1-x>ﬂ

B(X) = ¢'(s,)X*> — (3G — ¢'(so)) X (—-
+ Uuo(1 _ X2) [1 + (3Gso _ 1) (ﬂ)a] :
So Oyuo 2

We can show that B(X) > Ofor —1 < X <1 and
{ng(n 1 B(X) = BQ1) = ¢'(s,) > 0.

Put X = cos@,; rewrite

Hence B > ¢’(s,) > 0. The conditions (3.11) can be verified similarly.

We also verify previous conditions by graphic consideration, based on exper-
imental data of certain materials.

In particular cases, these conditions reduce to simpler form. For example, in
the process of average curvature,

1
fo = - Sinem wa = ¢,(so) Ccos 9,,,

So
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and the previous conditions reduce to
1/s, > 0, ¢'(s,) > 0.

Naturally, the first condition is satisfied, since arc length of the deformation
trajectory is positive and the second condition means that the material must be
plastic strain-hardening. For perfectly plastic material there can be different
strain states respected to one stress state.

5. Conclusions

1. The complete form of constitutive relations of the local theory of elastoplastic
deformation processes is given. Material functions have been shown in
(1.2). This stress-strain relationship is adequate to describe various complex
deformation processes in the body.

2. The boundary value problem of local theory of elastoplastic deformation
processes has a unique solution. The material functions satisfy the required
conditions of the theorem.
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