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DIFFUSOELASTICITY OF PERIODICALLY STRATIFIED BODIES

The diffusion phenomen is often observed in nature as well as it is util-
ized in material technology (for example the thin — film technique). The con-
struction of waste dumps have to take into consideration the diffusion proc-
esses. The penetration of diffused substance in solids can lead to strains and
stresses. The problem of modelling of interactions between diffusion and de-
formation of homogeneous bodies were considered in many papers (see, for
instance [1—3]). In this paper we consider an elastic nonhomogeneous body
which in a natural (underformed) configuration is composed of periodically
repeated two different isotropic homogeneous layers (see Figure). Let hy, hs
be the layer thicknesses, and
h=h;+ hy be the thickness of
X each basic unit of the body. Let

the axis x3 be normal to the
{ layering. Let A®, p®, r=1,2,
( denote Lame’ constants, D
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denote the diffusion coeffi-
cients, ¥ and y.") denote the
\ hy coupling coefficients of diffu-
/ sion and stresses of the subse-
r.h2 x; quent layers, respectively. By
> gy =1, 2 §,j=1, 2, 3, we
denote the components of

The scheme of periodically elastic dody. stress tensor and let 0" be the
components of diffusion fluxes
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in the layer of r-th kind.

As a basic of consideration the following constitutive relations in the
layer of r-th kind are taken into account [5]:

crﬁ(r) = 2“")81‘3’ + (l{"’akk - yc(ﬂc)ﬁij "
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where u(x, t) = (u;, ug, uz) (%,1t) denotes the displacement vector, ¢ =c(x, t) de-
notes the concentration of the diffusing substance, and t denotes time. The
equations of coupled diffusoelasticity take the form:

ol + 6%, = o,

M +o=¢, (2)

where p{") denotes the mass densities, X = (X;, X, X3) is the body force vector,
o =0(x, t) is the internal source of substance, B, is the part of the region oc-
cupied by the material of the r-th kind. The equations (2) should be consid-
ered together with adequate initial and boundary conditions.

If the body is composed of sufficiently large number of repeated layers
then it seemes to be useful to apply of homogenized procedure with microlo-
cal parameters [4]. Let an approximate solution of diffusoelasticity for microp-
eriodic two-layered bodies be given in the form:

ui(x! t) = Ut(x$ t) + M}(Xﬂ—ﬂ!
c(x, t) = C(x, t) + alxs) G(x, 1), (3)

where o(:): R—> R is the known a priori shape function satisfying the condi-
tions

a(x3+ h) = a(xs),
x3+h
!a(y) dy =0, |a(a:3)l < h, Vx,eR (4)

*3

and it is given as follows:

x, —05h,, for 0<x; <h,
0'.(-733) — 1&_0.5}11 +_hL’ for hl < x3 Sh, (5)
1-y 1=y .
where
. ®

The functions U;(-), C(-) are unknown functions interpreted as components
of macrodisplacements and macroconcentration, respectively. The functions

W;(-), G(-) are extra unknowns called the kinematical and diffusional microlo-
cal parameters. They are related with the microperiodic structure of the body.

Since |a(x3)|<h for every x3e R, then for small h the underlined terms in
Eqgs. (3) are small and will be neglected. However, the derivative a'(-) is not

small and the terms involving a'(-) cannot be neglected. After some calcula-
tions [5], which here will be omitted, the following system of equations is ob-
tained

RUg; + (""-L +H ) Upi + ] W;;8;3 + WIWs + [A]Wy, -¥.C; +p X, - 6U; =0, (7)
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DCy; +[D]Gy —C+0 = { Uppss —[X] Wy = 0
and
-{l4] Uy +Usgy)+[A] Uk'kaia} + [Yc] Cdyy=pW, + (l + ﬁ) W, 6,5,

[DIC; + DG - [x]Upps = AWas = 0, (8
where the material parameters in Egs. (7), (8) can be expressed in the form:

F=fO-a-nr2,

[A=v(f - 72),

} — f(l}], g I_Tj_yf(Z] : (9)

for an arbitrary h-periodic function f() taking a constant valve f(* in a layer
of r-th kind (the material parameters can be obtained by substituting for a

functions f(-) the h-periodic functions A, u, %, p, Yo, D). The equations (8) con-
stitute a system of four linear algebraic equations for the microlocal parame-
ters W; and G. The microlocal parameters W;, G can be elimated from Egs. (7).

The stresses 0;{" and the diffusion fluxes n,” in a layer of r-th kind are
expressed in the form

qg) =-D"Cyg + x(")(Uk.kﬁ + o' Wy ),

g’ = -DCy + &' G) + YUy + &' Wyg),

o) = W (U, +U)+ (0 (U, + ' W) =98 Cls, ,
of) = p(Uy, + Uyg + ' Wy),

o5 = 2u" Uy, + o' W) + A7 (U, + o' W) - yIC, (10)

r=1, 2, B,y=1, 2,
where
' 1 for r=1,
. ={——1—, for r=2
T |

It can be shown that the obtained components of diffusion fluxes n3™
and stress tensors o3, r=1,2; i=1, 2, 3, satisfy conditions of continuity on
interfaces.

The presented model of diffusoelasticity in periodic two-layered bodies
can be treated as a basis of theory and a starting point for applications in en-
vironmental engineering, composite materials.

Assuming that the considered body is homogeneous, so p(!)=p(2)
AD =22, yD=p@ 5D =5@ DO =D@) y M=y the presented equations of
homogenized model reduce to the relations for homogenized bodies [3].
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Cranicaas Marucak, Pagociaas MelmkoBchKMit
IUPYIINHI IPOIECU B IIEPIOAUYHO INAPYBATUX MPYIKHUX TIJAX

V pobomi npedcmasaeno zomozenizoeany modeas dudysii 8 npyHHUT mixponepio-
Juunuxr wapysamux cepedosuwax. Pose’asxu nobydosant 6 pamrxax AiHIUHOL 36'13aHO1
meopii mexanodugpysii [1—3] Ha ocHosl npoyedypu 2om0zeHI3aUIL 3 MIKPOAOKANLHUMU
napamempamu [4). Pisnannsa zomozenizosanoi modeni eupaxcaromses 3a 0onomozow He-
sidomux MaxKponepemiujersb, MAKPOKOHYEHMPAYTE MA MIKPOAOKANLHUT NAPAMEMPIE.
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