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Green-Lindsay thermoelasticity for double
porous materials
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Abstract

The main purpose of this paper is to obtain new results in the ther-
moelasticity for double porous materials, starting from the classical the-
ory of Green-Lindsay’s elasticity. The novelty of the proposed method
consists in proving a reciprocal theorem and obtaining the energy equa-
tion in the context of Green-Lindsay’s thermoelasticity for double porous
materials. The added value in this article is the result regarding the
uniqueness of the solution of the problem with mixed data for bodies
with double porosity.

1 Introduction

In the last years many researchers have shown their interest into the theory
of Green and Lindsay due to the fact that it takes into consideration also the
temperature rate as a constitutive variable and it permits the propagation
of the waves at finite speeds. This type of theory was approached from the
point of view of classical thermoelasticity [Green(1972)], thermoviscoelasticity
[Aouadi(2019)], thermoelastic solid [Nieto(2018)], thermoelasticity of dipolar
bodies [Marin and Craciun(2020)]. Our study uses this theory in the context
of double porous thermoelastic materials.

The concept of double porosity was introduced for the first time by Baren-
blatt in [Barenblatt(1960)], [Barenblatt(1963)]. The materials with double
porosity structure have a large number of applications in many fields as:

Key Words: double porous materials, thermoelasticity, unicity, Green-Lindsay.

2010 Mathematics Subject Classification: Primary 74B05, 74B10; Secondary 37D35.
Received: 16.05.2022

Accepted: 31.07.2022

97



GREEN-LINDSAY THERMOELASTICITY FOR DOUBLE POROUS
MATERIALS 98

biomechanics [Svanadze(2013)],[Scarpetta(2014)], seismology, geomagnetism
and geodesy, [Wilson(1982)], energy production [Kumar(2016)] and also
petroleum engineering [Bai(1994)], [Masters(2000)].

In the last years materials with double porosity structure were approached
using various theories. Some studies have been published for the backward in
time problems of these type of materials [Florea(2019)]. The asymptotic be-
havior was studied in [Bazarra(2019)], the theory of Moore-Gibson-Thompson
was approached in the context of bodies with double porosity in [Florea(2021)],
vibrations problems in the case of thermoelasticity for double porous bodies
ware published in [Florea(2019)], [Svanadze(2020)]. The uniqueness theories
for the thermoelastic bodies with porosity were studied in the last decays by
many scholars i.e. [Svanadze(2014)].

The present study is structured as follows. In Section 2 the behavior of a
body with double porosity structure using Green-Lindsay theory is described.
The main results of the present study are highlighted in Section 3. Here is
proved a Betti type result that establishes a reciprocity relation between two
systems of external loadings. This reciprocity relation is useful in order to
obtain the uniqueness results regarding the considered mixed with initial and
boundary data problem in the context of double porous materials using the
Green Lindsay function and the Biot’s energy function.

2 Basic equations

The behavior of a body with double porosity structure using Green-Lindsay
thermoelasticity is described by the following variables: w;(¢,z) the displace-
ment components, ¢(t,x), ¥(t,x) the fractional volume fields corresponding
to the pores and cracks, respectively and 6(t, z) the temperature.

The internal energy denoted by ¥ depends on the deformation tensors.
By adding the temperature and its derivative as an independent variable,
is obtained the Helmholtz energy or the so-called free energy noted by w,
which depends on the internal energy W, the temperature 6 and the entropy
n: w=Y—0n.

Based on the Green-Lindsay theory the heat flux components are expressed
by:

Qi = —0p(bi0 + K50 ;). (1)

Knowing that in the case of linear theory the temperature difference from
some basic temperature is very small, 6y is a constant temperature.
A material with two porosities is governed by the following equations of
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motion:
pu; = tjij + pfi, (2)
the balances of the equilibrated forces:

Kig=o0j;+p+pG,
KQ?Z) ZTjJ‘ —|—T’+pL,

and by the energy equation:
pbon = ijj + ph. (4)

The constitutive equations are functions of the strain tensors and some
constants of materials:

tij = Cijriur + Bijo + Dijth — Bi (0 + ab) = o,
0 = aijp,j + bty = g,

01 = bijp,5 + 0iy = Fpe

p=—Bijui; — arp — az + (0 + af) = 52, (5)
r = —Dijum- — Q3P — 0421/1 + ’)/2(9 =+ OLG) = %’
= Bijuij + 710 + 21 + (0 + ab) = —8(9(?:19),

Qi = —0o(bif + K50 ;) = -
Based on the above relations (5) we will obtain the quadratic form of the

Helmholtz energy:

w = 5Cijunuig + Bijouij + Dijui g — Bijui (0 + ab)+
301,105 + bijp i j + 3050, 5 + 3019”4 e+

. . 6
tazpy =90 +af) — 129(0 + af)+ )
+ie(0 4 af)? + 10000 ; + $00K;;0.40 ;.

If we take into account (1) and (5)¢ then the energy equation becomes:
pﬁijum' + py1o+ p72¢ + pa@ + ,OCOéG + 519,1 + KijQJ'j — % = 0. (7)

We consider a three dimensional space B C R? that is filled up by the double
porous body. The boundary of the considered domain is denoted by 0B and
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the normal at the domain surface has the components n;. Therefore we may
define the expression of the surface couple («, ), the force traction (¢;) and
also the flow (Q).

ti =tijng, a=omn;, B=7n; Q=Qin. (8)

The boundary conditions are:

u; =u? on 9B x[0,00), t; =t on 9Bf x [0,00),
e=¢" on OBy x[0,00), a=a’ on OB x [0,), (9)
p=1" on OBsx[0,00), B=pA" on OBSx[0,00),
=6 on OBy x[0,0), Q=Q% on 9B x [0,0),

where u?, ©°, ¥t 0° 12 b B° QP are known functions. The boundary of the

considered domain &B is divided into four subsurfaces noted by B;,i = 1,4
with their complements Bf,i = 1,4 that fulfill the following conditions:

dB;UB{ =0B, 0B;,NB;=®, i=14. (10)
We consider that at the initial moment ¢y we have the initial conditions:

ui(oam) = ut(ov 33) =0, (p(o,l‘) = @(Oa Z‘) =0,

¥(0,2) = (0,2) =0, 6(0,z) = 6(0,z) = 0. (11)

The mixed data problem for bodies with double porosity consists of equations
(2), (3), (4), (5), with the initial conditions (11) and the boundary conditions
(9).

The solution (u;, p, 1, 6) of the problem with mixed data for bodies with
double porosity is represented by the response of a system at the external
actions. This system of external actions is defined by:

H = (fi, G, L, hyui, " 4", 0%, 17, 0%, 87, Q).
and it generates a thermoelastic state defined by:

S = (ui, 0,,0,€i5, Xijs tij, 0i, Tis D, 7, Qi ).
The thermoelastic states corresponding to the two systems are:

S(a) = (uga)7 So(a)a 1;[}((1)5 a(a), 67(,';'1)? XE;) t(a) U(a) T(’l)’p(a)7 T(a)v an)a W(a))7

vV 2 Yd 0 g
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Let us consider two function m and n. The convolution product is defined as
follows:

t
(mxn)(t.2) = [mlt = o) (G, o) de.
0
respectively,

(m % 7)(t, 7) /m C(Q z) dC.

0

3 Main results

The following section contains the main results of the present study. Therefore
the first theorem is a result of Betti type that establishes a reciprocity relation
between the two systems of external loadings. This theorem is very useful in
order to obtain the next uniqueness results regarding the mixed problem for
the double porous materials using the Green-Lindsay function and also the
energy function of Biot.

Theorem 1. The following reciprocal relationship occurs:
= oA ® = £ D) v+
_,_IP GaW 4 (,0 yalt) *( A(l) dv + fP LM 4 1/}(2 L3 4 zﬁ(l)) AV +
+ f (t) af(2> £« a)Myn; dA + @D s al® — 2@ oMy gay

8B aB¢

+ [ (0% @"® — 6P " Dyn; dA+ [ (aPD 5 9@ — ob@ 5 M) dA+
8Bs aBg

+ (T](l) * h?2) — TJ@) « PP Nns dA+ [ (5D « @ — 2@ x p (D) dA =
8B; 8BS

=5 [ p(hV % 6@ —p® 500 v 4 & fp (A 5@ — B 5 Wy gV +
B
+%f QP x0 — QM %0y dv + & f @50 - QM %07 av -
f (Q(Z) * P Q(l) * 91’(2))71 dA f (Qf) x 6P _ le) * éb@))ni dA—
By 8

%

4
9; (Qb@) 0 — QM) « 9(2)) dA — % f (Qb(Q) x 01 — QP() 9(2)) dA.
9B§ OB§

Proof. We apply the Laplace transform to the equations (1) - (4) and (7):

Lft)(6) = Fssa) [ fta) e
0
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We will use the derivation property of the original and take into account the
null initial conditions (11):
Llii;(t,2)](s) = s%t;(s,2) — 5 - u;(0,2) — 1 (0, z) = s%@;(s, ),
L[Qo(tvx)](s) = S2¢(57I) - S 90(03 I) - 90(05 :L') = 52@(37:6)3

ij(tﬂ :E)](S) = 5212)(5,1') — S 1/1(0, 1‘) - 1/)(0793) = 52@(571)-

Thus the equations that govern the body with double porosity structure (2),
(3) can be written:

psQfLEa) = fgi)J + ,Dfi(a),
K1826@ =5\ 1 5@ 4 pG@),  a=1,2. (12)

Fos2)@ = 7% 4 7@ 4 pL(@),

The energy equation (7) through the Laplace transform will have the following
form:

a ~ 7 N nla n(a E(a)
P85t + py153 @ + prast @ + peas®d@ + bs0® + 6,0 — 2 5 =0
(13)
The constitutive equations (5) through the Laplace transform become:
#9) = Cyma] + By @@ + Dijh@ — B (0 + ash@),
5. = aij@f;) + bijibff),
7 = bz‘j@,(?) + 5ijw7(]('1)a
5(a) (@) %(a) J(a) g(a) g(a) (14)
PV = —Biu; ) — a1\ — azp' + 91 (0'Y + asf' V),
@) = —Dijﬁl(.flj) — 30 — (@ + 4,5 (0® 4 asf(@),
7 = B + 1P +29@ + c(8@ + ash@).
The image of the heat flux (1) through the Laplace transform will be:
QEG) = —Oo(bisQ(“) + K”@E]a)), a=1,2. (15)

The image of the boundary conditions (9) through the Laplace transform will
be:

ﬂga) = ﬂf(a) on 9B; x [0,00), t; = 2@ on dB§ x [0, 0),

@) = @tla) on 9By x [0, c0), =ab@ on 0BS x [0, 00)
@ = @ on 9Bs x [0,00), B¥a) on 9B x [0,00),

6() = 9> on 9B, x [0,00), =Q"® on ABS x [0,00), a=1,2,

i
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where with b higher index was noted the value on the boundary. The relation
(12); for the two systems of loads is written as follows:

ps2aVa® = ) 5@ 4 pF0H)
U; 7,7 U;

720 _ @) 20 +pf ()~ (1)

,OSU U jl]l

Performing the subtraction between the last two relations and integrating on
B we have:

fp FOa® _ Oy gy = [EDED _ a0 dV+ft<2 i) — {05 av,
B
(17)

For the first integral of (17) we apply the divergence theorem and for the
second integral of (17) we take into account the constitutive equations (14).
We obtain:

zg ji zj

— f [ ijlukl + B”<p(2 + D; d) 2) +ﬁzj(9(2 + asf® )] (}J)
- [cijklué |+ By + Dy + 5500 + asem)} iy AV =
— f (B ) Lp(l)u( )) (w(z)u(l ¢(1)u )

5<<2>+as9<2>> )+ By (0 + asf V)i’ av.
(18)

Therefore, the relationship (17) becomes:
Jp(fVa? = Pt av =
B
= [ (@@ D@V da+ [ @V - PaV) dA+
8B, dB¢
(2)u ) eWq (2) D (2)u(1 (1)u
+[1Bis(? 7) + Dij(v — W)

~Bii(1 + as)(0@a) —Wal)] av.
(19)

We will proceed in an analogous way for the relation (12), for the two systems
of loads. Performing the subtraction between the two obtained relations and
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integrating on B we have:
fp(é(1)¢(2) — Gy qv =
? = [{( U (p(l) 5(,1)@(2)) 'dV+f(6§1)¢52) ~(2) )dV+
B B
+ [P M) — pM &2 qv.
’ (20)

In the integrals from the relation (20) we apply the divergence theorem and
take into account the constitutive equations. Therefore the relation (20) will
have the following form:

fp G(l (2 _ G(2)¢(1)) dV =

_ f a2 5 1)70[( @(2 dA+f (2) b() (1) b )n dA+
dBg 632

+fbu ¢(2 (1 dV—i—f u( )w(l) (1)@(2))
ﬂmwﬂwm—w“w@»+mu+a@@ 02— g@40)] av.
(21)

For the third equation from (12) we perform the subtraction between the
relations of the two loading systems and by integration on B we obtain:

fp — L@9pW) av =
_ g(@(z)ﬁj(n _ %;1)77]}(2)),]_ dv +B[(%](1)1;7(]2) _ %3(2)1[)7(;)) dV +
+f(f(2)1;(1) — 7M@) qv.
B
(22)

Using the divergence theorem and considering the constitutive equations the
relation (22) becomes:

fp(i(l)/l/;(Z) 2 1/) ) dV =
B
= [ (BP0 — pWOG@) gA+ [ (FOGO — DG dA+
0B§ B3

“rszj ’(/}7(]2) ~(2)w(1 dV+fDZ] ,(/)(2) 5_?1;(1))4'_

+ﬂxw”w2—@”w“>+wu+a$wmm2—w®@%dv
(23)

The last step into obtaining the results of the theorem 1 is to write the energy
equation (13) for the two loads and to repeat the same procedure as above
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using the subtraction of the two relations written for both loading systems
and by integration on B we obtain:

gpgijs (ag}j)g@) _ af}g(l)) ¥ pyas (1[,0)5(2) _ 1;,(2)9(1)) i
P (@(1)9'(2) _ ¢<2>g<1>) Fbis (gfi1>g<2> — @)
K (0102 = 0760) — £ (RVFA) — R0 av —o.
(24)

We apply the divergence theorem and take into account the boundary condi-
tions (16) and the equation (15). The relation (24) becomes:

gpgijs (ag}j)g(z) . agim(l)) + oyis <¢<1>§<2> _ @2)5(1)) _
—£ (;;(1)9(2) _ 5(2)5(1)) + pyas (@(Ué(?) - 1L<2>9~<1>) dV+

+%6L(@9Qm@_§mémn)dA+é%£ @“”Q?”—ﬁukxn>mdA—

7904‘( (1)Q(2) (3)@51)) dV = 0.

(25)
We notice that in (25) there are terms from (19), (21) and (23).
Thus, from (19) we obtain:
52~ 5(1)~(2
gpﬁijs (9(2)%(_,],) - 9(1)u§7j>> AV =
L[ (@O iP5 W) 0y das [ BV -5Pa0) das
9B, oB (26)

+£{ (90(2)”(1) <p(1)u(2)) +Dijl(1;(2)al(}j) _@(1)121(_72;)} dv—
_i[p(fiu)ﬂz(z) _fi(z)ﬂz(l)) av)- 2

From (21) we obtain:
[ pns (¢<1>§<2> - ¢<2)§<1>) dv =
= [fp(é“)gb(?) —é<2>¢<1>) dvﬁagc (6@ g0 — GME®) dA-
_ f ( (2) 5b(1) 5§1)¢b<2>> n; dA—fbj-j (1;’(;)@’(]2) ¢<2> (1) av+

Jrg |:Bij (u;j)@(l) - ﬂz('}j)sam)) + ag (IZJ( 90(1 77[1(1 )] dV] 1+om

(27)
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From (23) we obtain:

[ pyas (@(1)9(2) _ 1;,(2)5(1)) AV =
B
= L ~L av — — dA—
[ p( (1)4(2) *(2)@,(1)) V- <5b<2>1;<1> gbu)z/;@))
B oBg§

- (0 ) 0y 4~ b ($D0 - EP5P) av
|

_g SDU (111(}])1;<2> —afj’lﬁ(l)) + s (so<”w<2> (@) )} V]

(28)
By replacing the relations (26)-(28) in the relation (25), we obtain:

s 1) ~b(2 7(2) ~b(1 70(1) ~ b(2)
LS (FDa® - 250 n, dA+a£c (F0a® - D) dat
1

+f {Bij (¢<2>ﬁ§}j> — Mg <2>> + Dy (1;(2)@1(,1} - 1[,(1>g<.2.>> -
’ p (702~ FOR] v+
)

+[p (@m@(z) _ @<2>¢<1>) AV — [ (@@g0 — G0E@)
B B3

_8£ (5§2)¢b(1) _ 5§1)¢b(2)> n; dA _gbij (¢(1> ~(2) w(?) J)) AV +
2 +J£ [Bz—j (gz(??@(l) _ ag};@(z)) ¥ as (w( )50 1/)(1)90(2))} dV+
+[p (050 —EOG0) av — [ (B0 —F05) da-
- I (#2590 — 29550, da —g;—j (4052 - 6230 av-
S_g [Dij (gE}M@) - @E?J?q;(l)) +as (¢<1>1;<2> - (;7(2)1;(1))} V] =
_ g 2 (iL(l)é@) _ ;L<2>g<1>) av — %agc ( (MGH) _ G Gh) ) dA—
—& [ (P0QP — QN ) n; dA + £ 3| (09QP —62Q") av.
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which leads to:
- o (B2~ FPR) av + (6050 - g

+fp (L<1>7,z;<2 L %(1)) v+

b (RO @80 g da+ |

9B 8BC

+ [ ( (1) zb(2) _ ~§2)¢b(1)) n;dA+ [ (@@ - @@sn
B> OB

n f (%](1)%1317(2) _ %;2)1;1)(1)) n; dA +8£C (51;(1)1/;(2) _ Bb(?)qzj(l)) dA] =
= (1 as) - 1] 0 (K002 B9 ) av 4 ] (500 07017 av-
— (gb 1>Q§2> — g 2>Q§1)) nidA— [ <9<1 Qv — é<2>()b<1>) dA].
0By 0B§
(29)

We will apply the inverse Laplace transform to the relation (29) and we will
take into account the convolution product. We will also take into account:

~ ~ (2)
Sfi(l)a§2) = fi(l) TS U ( ‘=1 [f( )} L |:81;2 ] = fz'(l) *a§2)7

@
where u(2) = 075; . The result of Theorem 1 is obtained immediately. O

In order to obtain a uniqueness result for the mixed problem with initial
values and boundary values considered above, we will use the generalized free
energy function, w, proposed by Biot as follows:

w =Y —nby, (30)
which leads to the fact that the internal energy, ¥, has the following expression:
U = w + nby.

Green and Lindsay introduce the scalar function:
¢=60+6+aé+699+%w¢2,

and the expression of the energy function is:

) 1.
§=\If—n¢=w+n90—n9o—nﬁ—naﬁ—nﬂ%—§n792~ (31)
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Taking into account the constitutive equations the energy function can be
written in the following form:

& = 3Cimunti; + Bijouij + Dijhus j + 5ai50.:0,5 + bije it j+
+50i0,0 5 + 3019 + Faah? + azpw) + bi0000 ; + 500K;0 0 ;—
—a(f + af) — £0% — eff — f02 — ¢f0260 — caphb? — 50799'2 - %ca’yé?’,
(32)

where:

a = 2(Biui; + 1P+ 729),
e = (Bijuij +Me +129)B +ca =L +ca,

2 a ¢ 2
= Bijuig +me+129)F + %5 = T+ %

Taking into account the initial conditions, the quadratic form of the energy
function is obtained according to Biot:

w = 3 Cijrunui + Bijouij + Dijhu j + 5aij0.00.5 + bije it j+
+%5ijw,iw,j + %algOZ —+ %0[21b2 + 0[3()0’1/1 + b29009,2 + %GOKZ-]-H,ZHJ—l— (33)
—&—%c@z + cabf + %2‘292
Theorem 2. The energy equation in the context of Green-Lindsay thermoe-
lasticity for double porosity bodies has the following form:

%f(fc“f‘w) av =
B

:pé(fm,-+ng+L1/}+%(9+aé)> av+

. 34
+ f (tjidi—i-djgb-i-quﬁ) n; dA+ ( )
. 8B . ..
+L [ [ (0+a8) +Qif] ni dA+ [ biodin; da.
dB oB
Proof. We consider the kinetic energy of the body with double porosity:
1. 1 _ 1 NE:
€= 5plul®) + S K1 [P + K2 (1)) (35)
2 2 2
whose derivative in relation to time is:
d¢. s s .
= pii ()i (1) + K1p(t)p(t) + Kap ()1 (1). (36)

dt
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Multiplying by ;(t), ¢(t) and ¢)(t) the equations (2) , (3); and (3)2, respec-
tively, we have:

Pl = tj; 45U + pfitl,
Ki$pp = 0, + pb + pG, (37)
Ko =75 b + rip 4 pLap.

We replace (36) in (37) and we have:

G = tiigi + i+ 03,4+ pp + pGp + 7y b+ b+ pLp =
= pfiti; + pGp 4 pLap + pp + 1o + (L) j — tjats j+ (38)

+(0j9),j —0jp, + (T39),5 — T35

We will integrate (38) on the domain B and apply the divergence theorem:

g & av=[ (pfiﬁi + pGp + pLp + pp + m/}) dv—
B B
-/ (tjz‘ﬂi,j TP+ Tjw,j> dv+
B .
+ [ tjitin; dA+ [ ojpni dA+ [ Tyem; dA =
OB oB OB .
=/ (Pfﬂli + pGy + pr> dV+
B
+ [1=Bijui @ — a1 — azpp + 7 (0 + aé) H—
B
*Dijuz}j?/} — 3P — P + 2 (0 + a@) h—
—Cijritn,1%;,5 — Bijot j — Dty j + Bij (9 + aé) i j—

=05, — bij Y. — bij@,jlb,j - 51‘]"(/)73'@,?} dV+
+ [ tjting dA+ [ ojon; dA+ [ Tim; dA.
OB OB OB

(39)

We derive (33) in relation to time:

Fw = Cijrug 1 j + Bijoti j + Bijpui j + Dijtu j + Dijipi; j+
+aij i, + bij it + 0¥t + cnpd + axp + azpp+ (40)
510000 ; + b:0060.; + 00K ;0.0 ; + c06 + mb? + MmO + mabd,

where: m = ca.
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We will add (39) to (40) and we obtain:
L[ (€+w) av = [ (pfis +pGp+ pLib) dV+
B B
+ [ (7@ + yoth + Bz‘jm,j) (9 + Ozé) dvV+
. .. B . . . . P
+ f b1909071 —+ blgoggﬂ —+ GOK”HJ-GJ- + 699 + 60[02 + ca09 + ca290 dV—|-
B

+ f tj,-mni dA+ f ajgbm dA+ f Tji/}’fli dA.
OB OB OB

(41)
We take into account (1) and we obtain:
00 (b0 + Kij0,:) 6,5 = ~Qif;. (42)
From (7) we obtain:
Bijti; + M@ + 720 = % —ch — cal) — %blﬁz - %Kij&ij. (43)

From the above relations (41)-(43) we have:
& [ (€etw) aV =p [ (fiini+ G+ L+ & (0+ad)) av+
B B
oB 9B .
OB oB

Theorem 3. The mized problem for double porous bodies admits a unique
solution if the energy function of Biot, w, from (2.5) is positively defined.

Proof. We consider that the mixed problem admits two solutions: S; =
(ugl)’w(l),@[,(l)?g(l)) and Sy = (UZ(Q)’w(?),@/](?)’g(?)),

The difference between the two solutions is also a solution of the mixed
p(rO)blem for double porous bodies: S; = (ugl)—ugz), M @) (1) _g(2) g(1)
62)).

We notice that this difference leads to zero loads: f; =0, G=0, L =0.

If we take into account the zero conditions on the boundary then the energy
equation (2.15) is reduced to:

4
dt
B

(€ +w) dV = / ( Qi (9 + aé) LYy biGOGéni> dA.
P po p
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We take into account (1) and we have: % [ (& +w) dV <0 for Vt > 0.
B

If we take into account the initial conditions (11) at the moment ¢ = 0 we
have: £, =w = 0.
But as €. and w are positively defined it follows that {, = w = 0,Vt > 0.
From this we deduce that the difference S is zero, so the problem admits
a unique solution.
O

4 Conclusions

The first main result of this paper is a reciprocity relation between two sys-
tems of external loadings. This reciprocal theorem is a very important Betty-
type result. Another useful result is the energy equation in the context of
Green-Lindsay thermoelasticity for double porous materials. Both the recip-
rocal relation and the energy equation are used, along with the Green-Lindsay
function and Biots energy function, to prove the uniqueness of the solution of
the considered mixed with initial and boundary values problem in the context
of materials with double porosity structure.
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