ON A MICROPOLAR TIIEORY ¥FOR BENDING OF PLATES
BY
AUREL IDELOVICI

1. Introduction. In reeent vears, methods of asviptotic expansion
have viclded a consisicnt way of obtaining plate and shell theortes from
the three-dimenstonal equations of classical elasticity (see, for example
[17, [3], [4]). Similar methods were used for micropolar theory [5], |7].

In what follows, we consider a derivation ol two-dimensional plate
theory from the three-dimensional equations of the finear theory of micro-
polar” clasticity, by means of the same asymptotic approach which has
heen used in [3]. In the system of stress-strain relations, the coelficients
involving the effect of couple stresses are assumed o be of order £ with
regard Lo the coellicients of classical clasticity, where 20 is the plate
thickness. The investigation is based on the well-known concepl of  parti-
tion of the stale of stress into an inlerior stale of stress and a boundary-
layer. Integrals of the differential cquations of the theory of clasticily
may be devclopped by using three iterative processes. The one, correspon-
ding to the interior state of stress will be defined as the basic process, and
the first approximation in this process is equivalent to Love-Kirch-
ko ff theory of classical elasticity. Neither estimation of the formal asymp-
totic errors, nor proof of asymptotic convergence of the iterative processes
are given (cf. the related works).

2. Basic Equations. The Three-Dimensional Problem. According to
references [1], [8] the equations of equilibrium of micropolar clasticity
are given by :

Gpap T+ Caas — Os e A (6,0 — 65,) =0,
Tan T Cag = Poan T ags T 55, 5, — O
where 6; and py; (5,7 =1, 2, 3) arc respectively stress lensor components

and couple stress components; for Lhe sake of simplicity, volume forces
and moments are assumed to be absent. Throughout {his paper. we employ
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the rectangular coordinales vy, w0y We use Lhe wsual summalion con-
vention for repeated indices. Greek indices run over the ranee (1. 2), and
Intin ones over the range (1, 2. 3). Indices following o comma indieale
parlial differentiation with respeet Lo r{i =1,2,3). Finally. s, is the alter-
naling symbol in two dimensions.

The constitutive cquations ave:

& N [T 1Y~ Ve fd
T — "ghhbij R 't"'lr"‘--f 'j'!)l"i]-
f R} Pppes LT I .
Wi — r"?nhsij SYPan T =Pl

where the coclficients », p, =, B, v, & e clastic constinds appropriate
to the theory. The symbols () and |} denote the synunctric, vespectively
the skew-syvimnetrie part of a lensor. The strain and micropolar stram tensor
are respectively given by

W 3 o - ;

(2.3) D= i — S@®r Pa— @i

where 1, o, arc respectively the displacement and microrotalion compo-
nents @ 20 (6, J, k=1, 2, 8) is the permutation symbol.

A form of the constitutive cquations which s convenient in con-
neclion with the application ol the proposed procedure, is the folowing

Y 14853, gy B
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% - 2w 8+ 2v
v . 2 )

Ous = Gay Oap ; — [ty A+ (1= v)tam)s
= — i

(2-4) opap = 2#{Ujpa) = Zab Pa);
Giy3) — #(”:,3 - “3,:)3 Glad] — Mgy = Mz + Y Q;.):

tap = Blors + 20.0) dug T (¥ — D) 9ag + (v T 290
bay = (¥ — Spuy + (¥ + 2) P
oy = (7 — 2)pga + (¥ + 2) Tay
Consider a thin plate of constant thickness 2/, hounded by the pla-

nes @y h. Fqualions (23). {(2.1) are further complemented by six
Boundary conditions for cach ol The two fuces of the plate :

- ) {
(2.5) oy = 00 Gy L i) tax = f: Cotay — O (0 SN

where poand ¢ are functions of .y and 2, onlv. We suppose LThat surface
siresses are prescribed on The edge surface S,
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In the following sections we employ the foregoing equations to de-
velop a theory of bending (or flexural) of the plate, assuming that wy, .,
Fagy Oyre thagy g WC cven functions of v wnd ta, 9. Gus, Tag sy aa ATC
eubd funetions of oy

3. The Interior Bomuin Problem. We mtroduce a new thickness va-
piable 7 defined by

(3.1 Yime T,

and we assume that all displacements. mierorolations., siresses and couple
stresses in (2.1 and (2.4) ean he expanded in powers of hoin the form

{(3.2) (\! — L7 s |(\2

where § is any of the quaniitics mentioned above. We have imtroduced
the scaling factor A7 where

g—— 38 for u; and ¢ :

g=—21dor v, 2.« aned
(3.3} ) S o

q = —1 {m Sy Togr b and [TI

qg= 0 for oy and p,. .

In what follows, we examine only the ease when the micropolar
coctficients ave of the following order of magnitude :

(3.4 (2. B, 7. z) = O35, uh)
[
{1.5) wo=htx, B=ht8, v =hiy, ==k,

where a. 8. vy, 8 are of the same order of magnitude as x, w.

- Inserting the expansions (3.2) into equations (2.1) and (2.4), ta-
king into account (3.1) and (3.3), and cquating the coefficients of the same
powers of h, we obtain :

() 1 g = I R TR . 5
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g n 4+ 2 i B4 2y

13 — Analeic Universitdti, fasc. 1, MATEMATICA
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where, for convenicnee. we have onptted the superposed bars on the quan- .
2 - ; . . 2 n
littes 2, B, =+, 8. Also, the subseript 3 Tollowing a connna now denotes par- i T o P':lx:m,u‘
tial differentiation with respeet to 20 Here and further on we consider LA
: 2 B ilies s s ()"'.\'- . 2 . . . L : .
that the quantitics & by [, . : We can obiain a particular solution of the system (3.6) in the form
The svstems (ih‘] (s = 1. 2...) define the basie iterative process. In
finding the quantities QT we sppose QUL @ to be known. To E ) pr =
solve the system (3.6) for o wiven s we set: e 1 (alr 4 — ,”(.‘—n)rlc ek L_L S L + ol
- Lo " 7. - f..z ' H = v -
{3.7) - Q- Qe 7 ‘,L_L; s
where QU salisly the Jhomogencous™ systen oblained from (3.6) by dis. 1 -
* N o Y = pld =32y e §—14}
arding the terms with superseripts Jess than s, and @& 1 a particular ) == . \(U-;a’ e 2yql M,
sabtion of the system (3.6). when the quantities with superseripts less =
than s are considered to be known.
The homogencous syslem ¢an be integrated casily : 1
' " o5 * bl
ey — R bl 2w di.
(5FF — gpis) = [ — i) : R % 34 3,1
”:ii Qe [a’i]: 0 u‘zfsl -J'::,m- N =)
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T U 153 : . a8 = g Mol 20 — ) - D 0, P,
where el Qo0 bt oule ave funetions of «, independent of I, and ol 32 X EX ay Th
T —— E. [vael) 3 1 — v)qeo ) e 17 i) _—_Q WL S ) ¥ (e
il 1 — o2 s Cap =il — ")“",ﬂ]! A= — Ao W T T Poan T S Ooa
it
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0
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sl = G w_(nfal Eog, W),
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Here the stared quanlities are functions of o and 7: the ones with-
ont slars and with superseripls less than s are supposed to be known.
Sinee Q=0 fors 1.1 follows casily that 0 = Q'@ = 0. For > 2,
(' are somne polynomials 1 <, given by the reeurrence formulace (3.1())’.
Using (3.2), (3.3). (3.7} and (3.8), the boundary conditions (2.5) give

§=2(als) L ol o gt =
=2 (ol + a5 7 5 Je==i.

1
e | [ ot =¥ (8) Y= -
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Ir ( ECTEN oy ) “ "I.—; )
A2 faple) Ao 4 flRNY ==
h (t}‘sau (e ) 0,
where pith = p i (5) —= glf] or s - 1.
1w ‘,u IR [ N 7 0 for ¢ .1
From (3.11.) we mmediately have
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Using (3.12). the relations (3.7) lead to a system of three partial

differential equations for three unknowns w and 4, which for s =1 ecan
he written as o

I
ANt ) — paf{Aneth = 2 LNy = P
(3]3) T - v LI 3 2 ?
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where we have put (ef. [6])

(3.14) IR k| I
et e + )

These equations have heen derived without explicitly  using the

conditions which define the applied stresses and couple stresses acting
over the edge surface of the plate.

4. The Boundary-Layer Problem. We wish o examine the houndary-
layer equations in the neighbourhood of o normal seetion S of the plate
(the edge surface) through a curve ¢ in the middle surface of the plate,
where € is sufficiently smooth so that sharp corners arc excluded.

More precisely, we assume that the curve ¢ is given by, = 0. If
nol, a procedure mentioned in [2], [4] Iead immediately to sueh a form.
1t the domain of the plate be given by &, =< 0.

Now, we introduce a scaling of the co-ordinates which is suilable
for our discussion of boundarv-layer eguations.

Let be:
P x
(+) s, 12D
b I
Next, for all displacement, microrotation. ' ros and couple stress

components we assume two expansions of tvpe (3.2) where. in the case of :
Problem [

g = — 2 for ¢p. 93 Gin Furs Tu Tu2
(+2) g = — 1 for ty, 9, Oppy %an O33 Taz T g Mg Pam Page Bans
g = 0 for g fyo, Pors e thae

Problem 1T

g = — 1 for 9, 6510 Tan: i Om
(13 g= 0 for wg Hy 9 93 T O -Trp Ta Pyoe Hopy Hog Hge 't
g = 1 for wy s, e Ban i Bar

Now we consider each problem in detail.

Problem |
Inserting the expansions (3.2) into (2.1) and (2.4), taking inlo account
(11 and (+2). and equating the cocfficients of the same powers of

froowe wel
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(4.5) . K
G{‘:Jz ) 4 B ST g8 —— (-, E
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s = (7. + 2l - 1) 4 : ) 4
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;I\'h(::!‘(:..ll(‘)\\' the subscripts 1 and 8 following a comma denote partial dit-
crentiation with respect to £ and €, respectively

n .

To solve the systems (d.4), (4.5) we set:

(+.6) R = Ri5 4 }{*I(s)

: Iere R stands for anv unknown in (4.4) and (+.5); k¢ denotes

the general solulic [ yus” ad (.

g g m of the ,homogencous™ systems i 5

he genera gaubion of | geneous” systems {+.4) and (+.5),

the sys s without {he lerms with superseripts less than s: IR7® de-
beaca RTINS R 0 . - 1

notes a parficnlar solulion of those systems. In fael, it is casy to show that,

without loss in generality, we can consider : -

i sl gl gl (<} (s} ) -
wrr G4 [+3 4) . ot
) pert Mot Vaepr Vagy? '1!2! PL”J “[131 . va;i)l 5 [J.s,“ “’21 f(s. . 95:11

~— the gencral <clution of the homogencous system (l 4);

(L) () Pt 1) s )
> o3 sl | a9 (s)  g0a) 08} 08} i) . -
) e Tlap S Sagre Gaegy MY W i B Sa% P’tzai:)r D5y
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— a particular solution ol (B3], where we have replaced all the

ather unksowns by the guantities with the subseripts 1

~T(F) ,_J‘-x.

3 ity

— o particular solution of G4 H. where the terms with superseripts

Men s are considered o be Lnown :

[
~ %) AL
ETE R 1

—a parlienlar solution of (+.3). where we have replaced all the other

anknowns by the stared quantities with the subseript L
Sinee R — 0 for s = 1. 20 one ean sel W= R

The main system s (1)
pruhilem of ]HI'\HI(!U( bar, having r-axis as s axis
f hets pmhl('m .quasi-lovsion”

The cqualions (44} are fallilled by

7 0.

which resembles the one for the Lorsiao
We therelore el

{4} o A7) T ELRE At 1) — i
('12[ I 1 '-"‘1!: ) 1.;%:;‘ il’:m - ! [RTE
sl = Prle) N &) G l8) — o JIS)
‘o 1 Jg17 Hla =F EREY i‘l':(s:?l Y Ll
gl =) | f
a1 NEE ) = Vo (F0). — 1 ).
(%) =A%) T a4y Y o
(L5} Gl |=‘m, =\ T
1 oy B B FT BRI
=", =
21 1 b (8 - <)
e sy L a0 2o ) JE
VFR - G+ )
=
’ bz

Lere the funclions %7, f"'-{" and FE must satisfy the equations

AFC =0,

(+3) bz(l — ) Al r — {1 — 2y} | FiE =0,
) _{(‘] AL ‘J') ) FAA

where now the Greek indices take the values 1.3, Af = L+ Ly and
we used (311},

We ean take as o particular solution of (+.3)
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(4.10

(+.11)

An analogous procedure  gives

st 4 gls—2) 1 T — :

:l;l O T % =0 P*ﬁi,’: e+ P-yz)a"'2"fg)=th

Gl (5—2) (#) 2z !

i O O, = 0, pft = (v — )o{t7 ¥ + (v +<)oi)
h ] B ! 2’ 7

5 = (s} E .

G, 148} (6~2] .
= T o TR e = (= el (v eet
(81— {7 ¢
Gll= (A 4 2uhuis (4 :
= (ot 2upefg i Sul), el =y —eely Y o+ (v o+ o)l
(8) —x : '

o = el + uf). g = (v — Yo + (v +e)o ¥
- » by 32

0"(1‘:)‘] == gfn

(8-2) — -2 —9;
3,1 . "gf:; ]+2CP«? ),

6%): - G+ E_ (vul® 4ule-2)
iy 1 —v 33 11—t LI 30 .
ot + ol T g =0, ufih el T p0, = 20 = 0,
ofiy = W - uh), i, e, + iy, + 20 =0,
off) = wugTP—uH =200 =7),  ulf = (B4 2y)oft] + Blef) + o),
ol = Bl Uk A= (8 2)2 + Blol? + o),
ol =a{ulss = g2,y =y — el (el

pf)= (v = o) + (v +edolt,
wpl = (B + 2v)el, + Blol + i),
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(4.12) R = R&s}}+ R;g*i (1{;1(1) e R;?’ = 0).

The system (4.10) defines a problem that we call ..quasiplane-strain*

(in the &, C-plane).

Using a similar notation to the onc we have introduced in the pre-
vious section, the general solution of (4.10) and a particular solution of
(4.11) can be writlen, respectively, as

ol = "fozga ' V“g)n = Gm g
= (s -
Gggu - Gg'l)n e (pE:m’ p':‘1‘,2)11 - Gsl‘; ?
) — _Y—E
oty = O it = T268
(4.18) o) = y(Ow 4 Dul) W =T g
L o T A 133ty Fraan ‘_;r Te ;
u(l*'l)l . J—=v- q)(,,; V(] +‘ V) (D(;l ] CP!;[)[“": 1 G(:l.
E & E v 4 e
i PV o dr —~ () bl
ay 1l E 137
5l == (1 — V)DL — v 0 —— 2 g
2 ,332 212 Bty — e 2
@) = (1 — v)Ou), — v ulel 2 Gl
Gan 332 NitY oy = vt
ofgh =— P, = O
(1.14) B : ) :
'Jé;)u - (l),(ixz's : 1"’.!5‘1)11 - GS;:;’
uf), = R S Prer df— M U, pl) = — Y — % G,
5 ) : 5 R e
1
e — o G
1 ¥ s EG,2 N
P O
The functions ® and G fulfil the equations
{4.15) AAQES = 0, AG =0,
where

AAD®) = tbf;gn 4L edE 4 D) AGE = GE;{ + Gy

1139 3333 °
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3. Edge Conditions. In this way we have constructed two auxiliary
iteralive processes In section 3, equations for the Linterior™ problem were
obtained for plate theory in which the conditions on the faces vy — &
were satisfied, bul the equalions were not. in general, uniformly valid
on to the surface S Now we seck solutions of the three-dimensional cqu-
ations of clasticity which, together with the cquations of the seetion 3,
cnable us to salisfy arbitvary edge conditions over . Since the basie
cquations are lincar in the dependent variables, solutions of different
tvpes may be added and it is suffreient. to seck boundary laver evuations,
which give zero applied stresses on the smifaces vy = 2 L, that is homo
gencous conditions (2.5) are satislicd. Moreover, we require boundary-laver
solutions which are such that the sum of the interior and boundary-laver
slresses and couple stresses rapidiy reduce to the interior ones as we go
away from 8. Hencee, for a given ry < 0, we require boundary-taver stress
and couple stresses to be simall as 2o lends {0 zero. Sinee o) = B3I we
therefore look for solutions of the three-dimensional equations which are
such that boundary-layver stresses and couple stresses vanish as £ —
{so called ydecereasing conditions™ at infinity).

IF R 6F amd R are chosen inosueh a way as to satisfy for cvery s
the  homogencous  conditions {23} and the decreasing  conditions as

-
-

¢ = —oo . the solutions B and R mnst fulfil the same conditions and,
in addition, maintain certain arbitvariness in order to salisly the cdge
conditions on the boundary surface 5. In fact, we have to solve lwo sys.
tems, (£8) and (L1353} in a semi-infinite sbrip given by 2 <0, — 1 o
= L€ 1. Therefore, besides the homogencous conditions on Lhe faees and
the decreasing conditions, we impose for hoth R and RE three con-

ditions of the type:

(5.1) JE = & for f=o0 ({k

I

1.2.3),
where /i are Timear homogeneons funetions of the quantitices REY and l£5‘| :
respectively . and f5 are arbitrary funetions of y. 7

From (4.7) and (4.9} H 1s obvious that the homogencous conditions
(2.3} will be salisficd by the adequale quantities RyAE we impose
{5.2) Wit e o, for ¥ = 1 {=z=1.3).

Lakewise, from (£.10) and (L1313 one can see that the swie conditions
will be satisfied by the corresponding quantities Ko it

(3.3 L e 0 for 7 1.

Hocan be shown that the systems (6.8) and (£13) have wnigee co-
futions which satisfy (3700 (3.23 or (3.8} 1espeetively, and e sueh Lhat

alb components of stress vanish os 1= = 20 in 2 nmumner to be spe-
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cified Jater, if some extra compatibility conditions are fullilled. We ln(:-
tice that ihe variable iy oecurs in these systems merely as @ ])indnu, :

With the help of the homogenous cquilibrium <-q_u§11|uns)1-ml.Ln ¢l
mito (14) and (L10). as well as the homogencons condilions (2.5} we can
prove that

1

(5.4) \p._‘ﬁ-! d =0 for I=0.
5 !

(3.3 \(I?;\ Gl{l,i‘l d7 -0 \ -':c:'!-;'” d7 =0 lor = 0,

PR 5

| }
1363 \dt\ci;:ud: =0 or \a;;iu dZ =0 for = =0

do !

I.
v =

15.7) \ S (d7> =0 for z==0,

o e o o g 10
ovide al s vanish wmformly wilh respeet
provided that p{8) ; : e
* as f o — oo, At this point it s usclul to remark that other analogow
as oz ao

rebations ean as well be obtained, but in onr “prm'cduro. they will lﬁ‘:}ﬂ
to relations that cither will be identically .s:ltlsl)lcd, l(’l;"f"(\ﬁlil mpose

N 'y 1 3 I3 110w Alx o - |l
cxtra conditions in finding the quantities BIG and fig

i) oin [s1
Srinr % M

: . » £y el a4 4 ( l‘ -
We suppose now that surface stresses :md couple sll(_.s.s(:\ 1‘;({1%%)(12].
eribed on the boundary surface S(E = 0). I'or convenience we con

i adine is assumed on 8¢
the case of the free edge, hence the zero applied loading 1s assumed on

=1

(5'5) &y = G2 = O3 = B ™ e — Mg 0 for

o 2 . - n
] = b ]. an l)( ‘\]1““ 11 thd' lh(. (U“d[tl() bl
.\N Gl \.lllh]an on oo ll (&1

(5.9 Go=0,,=0 for =0

are equuvalent lo

{5.10) Gy =0, TE G — I oy =0 for 2 -0
6. The Matching Procedure. V¢ shall consider thal every shess ;;ml
' i ) ) ¥ L » I . v . Y 13
couple stress component consists ot o sum ol three tetms u.;!;.cs} millccllluli__
lo the basie ileralive process wnd, respeetively, the two auilinry im.“
live processes. Hence for these stress components we have expans
uf tvpe
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S=Mnm 2 R (R - QU0) 4 he Zj I 3RO - R0

gl

(6.1} o = .
F ke 2 R - R,
Here S stands for the system of all stresses and couple stresses, and g,

g', g” take the adequate values. A similur expansion is obtained for -
from (5.10). With the help of (4.7) to (4.9) we can show that

(6.2) = o — o0, =0

We shall also use the notations

(6.8) 20 = of

Y - glE) ] oo tE) L gt
[ =Tl - - 612.2 015,3'

Inserting the expansions (6.1) into boundary conditions (5.8), taking
into account (5.9) and (5.10), and cquating the coefficients of the same
powers of h. we get

(1} (2) | (1 (1)
:ﬁ'm = 0, ";Gm soant b anp = 0,
LCE ) (3) *(3) 2) 2)
Lol b et - ain 4 ol = 0,
1t 1 2) 2
) Lol - oy = 0, Lol - sl =0,
{6+ D) ) . t o
- 1 2 3 (3
~,T|2)| + o2 0’1(2} + G 4 G = 0, ...
(¢}] 1 12) 12}
Iy’ — Ui:nn,a =0, {7 — ;g =0,
(6.4 c) ) ) *(3) () *(3) (3
[ A B T - ("Tuin o ""131!).3 -+ G2 = UL
(n n (2) 02
. e ¢ B = 00 pitg + sy = 0,
(61 d) 3) ) (a) (3 1)
¢ *3 3 3
ulth 4wl o) + 0y - ulih =0,
: 1) 2, (1) (1) 2 el 2) 2)
(64¢) wigh=0, wib- wih -+ wm =0, ply w4 pfl) sl =00
e . 1) i {2y 1N {3 AY (1}
(0-1' 1) ii(izu = 0, wy b ogin = 00wy o -+ Hiag = Wgapg ..

Using the compatibility  conditions (5.0 —(3.7) in (6.4 a), (6.4 ).
{6.bd) and (G.4e) it follows that

1

L K E]

(6:38)  —oip=0. —uiy =0, —29-’155_\(14?'13' iy = i) D=0,
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15
1 . L .
. C L [ I W D L
sl =0, —- o -'\ T A% = 0. 3 i \,(cr“
(6.5 1) ) N —1
'7(::* I =)
. 9 2 T 3
e 0. —- AP0 — \ff-\("" i
330 3 3 . o
[G.50) . (|
; 1
ﬂl’:‘a)“.'-. - “1"1!.2)dt = 0.
l d
X ) o1 20 gv
6.5 ) - 0. —Zuim— \m-‘:}[ AT =0, —2uin — \(P-IZ o) 3= 0,
(6. g 0 <yt v R

: ]

]

Tn this wav the functions " and JL] can be d(‘f(ﬁ}‘l)]ihﬂl ‘h}' sol-
g a w-\t.(-m Gimilar to (3.13) with the houndary conditions (6.5 a) —
VINY ¢ h ‘ i ) -

4 i i o etions L RO and FYYOoare determined by sol-
6.5 d). Likewise the functions UL f47 ar g ‘ v sol-
I."'.J-‘dt)h(* gystem {.8) in our semi-infinite strip with the hon.ndar}‘condltmm
'\f;n;l;) ((‘i.t d) and (6.+c). and ® and GG are  determined from (4.]15)
I\\'i'th t..hc boundary conditions (6.4 a). (6. 4¢) ;m(l __(6.4-’['). ‘1f‘, nr?ﬁgﬁ?egl,
the appropriate conditions on L= =1 and at 2 - o ..u%_t. f :
With recard to the system (3.13). this involves some extra conditions tor

i-2e -

p and g, namely:

1G.6) Rpric = \qgfc S g rpda = 0.
p » :

where P is the initial interior domain of the plate.

7. Relation with the Classical Theory. T.et us introduce the notations

h

h
My =0 “R:a';g, dz. oy = h-‘*ﬂ i dz
.h —~h
h
e plhe h"_zga;;} dz, FLY = B
—-h

18

Wi = B

Using (3.1). (3.8), (8.9) and {3.12), one gets
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. v O B
Mg o 2ER

”'.!:I Rxg i (l — ‘;) I"{_x:,,;"
31 —+%)

§

h
. 2EF e i Do) e
Vi e S Wl e s (04 e ) e o3
31 A
(7.2) -
apts) 2, 23‘( S N -y o o7 48)
Mgy == 2h e (955 Ay - (v — 2) P 4 (0 4 2) Fon | —
B4 2y
h
L & ST
—_ h PR {!-
B 2y )
h
as well the equations
5 Ve = it
.
( At N Pl e . ML he-1
Slaay T Ean Vo LPAELES ST = N .
For s = 1, il we denole
i 1) =ith o, T
.I-L) l1 ---l., rl»,.
where
o .y 2F M . — . Al _
(7.5) | A ey | 3 S i R P | LA L

3(1 — »%)
one can write (7.3) in a form that generalizes the wellkuown cquations
of the classical theory :

i B T Al 7l
{7-"] -Wlu..).p 1 l;f..l = =71, *nl"‘lz.}. T Yl ;)..). = e
Finally, from (6.5 a) to (6.5d), (6.3) and (7.2} onc can obtain the
boundary conditions in the case of the free edge, which also generalize
the classieal resulfs :

MY =0, MU, L0
! e ’ t} on &y, = 0.

Al =0 @mi=o0 |

(7.%)
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Rezumal

Folosind un proceden asemanator cehui utilizat in [3], s¢ constriieste
o teoric a placilor plane, cu ajntorul integrarn asimplotiee a ccuatiiloy
ridimensionade ale teoriel  liniare  a elasticitatii micropolare.



