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A construction on the basis of an asymptotic method is given in 1 and 2] for the two-dimen-
sional equations of the theory of thin elastic plates, where the elasticity theory equations

in terms of stresses and the Hooke’s law relationships are taken as initial [starting] equa-
tions. It was assumed in investigating the internal state of stress(*) in {1 and 2] that the
displacements and stresses have definite orders, which was confirmed by the case of ben-
ding and symmetric deformation of a homogeneous plate. But the state of stress in a relative~
ly weak elastic layer compressed between stiffer layers does not fit in within the framework
of this assumption. The need to investigate such states of stress arises in examining weak
layers in multilayer plates.

An investigation of the internal state of stress of a thin layer is conducted herein by the
method of asymptotic integration of the Lamé equations, whereby no assumptions are made
on the order of the surface loading, and it is just considered that the displacements in the
plane of the layer is an order less than the displacements out of its plane. This allows a
more general asymptotic solution of the equations of elasticity theory to be obtained for the
intemal state of stress than in [1 and 2], and in a form suitable to describe the behavior of
a homogeneous plate subjected to arbitrary surface loading, as well as the behavior of a
layer compressed by stiffer layers (weak layers in multilayer plates).

Let us note that a complete investigation of the intemal state of stress of a thin plate
provides for both the construction of the differential equations, and for the formulation of
the appropriate boundary conditions [3]. This latter is associated with the study of the sta-
tes of stress of boundary layers; they are not considered herein. Hence, the conducted in-
vestigations concern only the question of obtaining the differential equations of the internal
state of stress,

1. Let us assume that the coordinate plane a, R of an orthogonal curvilinear coordinate
system is parallel to the middle plane of the plate. We take the Lamé equations in a form
explicitly indicating that its coefficients are independent of the elastic modulus E are
expressed only in terms of the Poisson coefficient v.

1—v 1 9 1 a K2 ] du., _
T—ovH, 79‘&'{ H,H, [ o (Hgwa) + 35 (Hyug) | T Z5
1 8 1 9 8 ]
A “5'8‘{ H,Hy [‘a?ws“s)“‘ ap (Haka) }+ (1.1)
1 %ug 1 Fu.,
T3¢ T 2E, qaey =° (@)

*} This state of stress is called fundamental in {1 and 2]
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1—v 9 ( 1 [0 9 ] duyy
1—2\7_6_7_{11‘1[13 I:Fa—(Hﬁua)_l' 58 (Haug) | T 57

1 9 ou, Hy Ou, F dug H, du,
— s |Hoe= — 57 57 | T 38 | Ha 3¢ — 7 9 =0
2H  Hy | 0o B oy fH, oa aB a dy Hy 0B

Here u,, u g, u,, are components of the displacement vector, and H,, Hg are Lamé par-
ameters (*). The symbol (& B) means that there is another relationship obtained by inter-
changing the a. and 8.

Let us introduce the nondimensional quantities

uy uB

v el -
a=Tpe %= TR =g, E=T0 S

8 i
T t=7 (1.2)
Here 24 is the layer thickness, [ the characteristic dimension of the deformation. Let
us assume the relative layer thickness & = /[ to be small.
We seek the solution of the system of equations obtained from (1.1) by passing to the
nondimensional variables (1.2), as

-
v, = et Z e’ (ap), v, =g* Z a‘“v(Ys) (1.3)
5=0 $=0
If (1.3) is substituted into the Lamé equations transformed to nondimensional form, and
terms in identical powers of & are equated to zero, we then obtain the following Egs. to
determine v (%), ",3(.)’ v.y(') :

1 1 gsz(s) 1 aava(S)
2(1—2v) H, bEor 2 o0
1—v 1 9 1 [ 3
= — ) (5—2) —_— (5~2)
T—2v H, 9 \H,/, [aa (Hgva™ =)+ Gy (Hyvg )]}-i-
1 9 ( 1 [a § ? _
+ o, Fn'{ i, i, l_ﬁ (Haog ™) — 5o (oo, 2))}} (aB)
2, {(8)
1—v 0y 1 1 ° a*
— = — (s-2) - (-2 | —
T—2v o 20 —2v) H,H, [ae_‘,ag Heroa ™)+ Jyag (Havg )]

(s-2) (s-2)
1 o H, 9v o H, 0v
[ A ¢ e (1.4)

SH,I, | %8 H, o0& | o H, o

The right sides of these equations are expressed in terms of the (s — 2)-th approxima-
tion, which should be considered known in determining the s-th approximation. Egs. (1.4)
can be integrated with respect to £, resulting in the solution

r+1 r
v,V= 2 o (), 2,0 = E Qk”w(s) (1.5)
k=0 k=0
where
s , if s — is even
r={s—-—1, if s—isodd (1.6)

The quantities v&:), v)é'h)., and ”';’)Z are functions just of £, 7; the subscript & on these

quantities indicates the power of £, for which this quantity is a factor in (1.5). The coef-
ficients of £* in (1.5) are connected by differential dependences which can be obtained if
(1.5) is substituted into (1.4) and terms with identical powers of { are equated to zero. These
dependences are

fork>1

*) In[2] cited above, the H, Hﬂ denote quantities reciprocal to the Lamé parameters.
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3—2v 1 0 f 1 [0 . oy,
vﬁf,’a+z= (k+1)(k-§-2) {“’ 2(1—v) H, % \ H.H, [ag (Hgr ™)+

1 s
+ /Ifavﬁ§s~2)) ]} + = Hg an { 153 Ha [aa (HB”Bk ).. 57] ava(ks 27 ]}+

o

1 1 1 8
T rEE AL ) o ()

o

fotk),O

- ! - ! -
Uy ke = Tk A-1) (k F 2) { 2(1—w) (k+1) H,Hy %

8 1—2v
X {—5{(}18% ) +6n (H g, m)] A= vz;é{s—-z)}
We moreover obtain
) _ {e—v» 1 @ { 1

*2 T 1—2v H, JE | H Hy [ 9F (Hgvgg §B)+ (Ha. aos—z»]}-k (1.8)
1 9 1 1 g o
= - o {s—2 — Y1

2H, on { H,Hy [ el = )]} TA—2) H, 0%

The relationships (1.7) are of recurrent nature; they permit determination of v{$, ”é’c)
(for k 3, 3) and v&), (for & > 2) in terms of the {s ~ 2)-th approximation,

v

2. Let us determine the stresses corresponding to the displacements (1.3). If expres-
sions for the strain components are substituted in the Hooke’s law relationship, and the
transformation is made to nondimensional quantities (1.2), we then obtain

1 v 1 18 ]
—E'caar-e{ (A1+v(1—2v) HH, L“éé'(ffg?’a)“?‘ “EE(Havg)] +
1 § Ouy 1 6Ha )} v aUY
Ty (“Ej‘a? Y e )t A= 0 @0

t 1 [Hp0 (7o Ha b v
'gf’aga:ezajw){ﬂu ag(HB) H, (HJ
1

1 1 Oo, 1 8y,
la memar et e )
Foax=C3 v H, 96 ' I(15v) o

1 v 1 2 a {—w ov,
O = U (I — ) HLH, g Heva) + H‘Ha”a)] TATVA—) %

Substituting the expansions (1.3) into these relationships, and collecting terms with
identical powers of &, we have

| 1 ;
% Oaaq =& 2‘ 5, (ap), B Cap = &2 D} &%, (2.2)
s=0
1 1
F Say = g*tl 2 886[!?(8) (a3}, F S = 8x+22 SSGYY(S) (2.3)
8=0 8=0
where
v 1 "o 8
— ) i {8} e
5 =TT A=) 7., Lag (Hare®) + 5 (H¢v3<s>)] +
1 ava(s) _ 1 aHa . " v avY(sm) - 4
Ty | ', o H,H, o ° AFvd—2v) & 8 (24)
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CP HB o (%" _f._[ii.%_m
a3 2AFv) | H, Hg o\ H,
. 1 __1_ 8”7(8) n 3va(s) "

Say = 2(1+4v) \ H, 08 3t (

v 1 9 a
= Ay a =2 HH, [35 (Hy,®) + 5y (Hava(s))] +

avY(S+2)

1—w
T o= o

Let us substitute (1.5) in the obtained relationships, and let us combine terms in iden-
tical powers of {. We hence obtain

rd4-1 r41
Gaa(S) = Z Ck saa(lf) (28}, G&B(S) = Z deaﬁng) (2.5)
k=0 k=0
r r+1
ca.{(s) — 2 ¢ SM%Q (28). cw(s) = Z e Csw’(S_s) (2.6)
h=0 k=0

Here r is determined in conformity with (1.6). For the quantities with subscript & in (2.5)
and (2.6) we have

v

s 1 7] s 0 s .
Saay) = T3 wA—2v)\ H,H, [6—2 (Hsvagc ))‘F?ﬁ(fla” ¢ ))] + (k4 1)vf(’+,?lrl} +

1 1 Ovyy 1 0H,
: A - _ ) ‘
T [ H, 0% T, "o e | @

() 1 [115 3 ka(s) H, 9 vak(S)]

H, 06 Hy +HBW H,

2.7

ot 1 @ (s)
g N S
Savk' =21 +v) | H, (k4 12, 51y (=B)

a < k) .
b = TN =) Hh; | e )t g (g™ | +

1—
T A5 (1 avy (k+ 0 o048,
There are the following dependences
1 F) o . 0Hg oH
L, [(,—E(Hﬁcm&f)wr T (H (Sash”) — 3¢ Sk + - Sast | T
+ (k1) 05, 31D = (aB) (2.8)

&Y, h+1

1
Hly [ Hsel?) iy (o) |+ G )5,y =0 (2.9

between the quantities 0o 4% » 0 885" 1 T aBl™ Ty ¥ Oay i and o g, {°

functions of £ and 7.
These dependences are easily obtained if the equilibrium equations in the stresses are

), which are

used
1 3 5 3113 0H 86
'T{:E‘ﬁ‘ [—(;)ECHSGWI)—*— éTg(HaGas) — 3% Sgg -+ —aB Sap + - 6T =0 (ap) (2.10)
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1 ) ] 5.y
Tty [ o+ 3500 | + 57 =0

If we transform to the nondimensional variables £, 7 and { in these equations, and take
account of (2.2), (2.5) and (2.6), we then obtain (2.8) and (2.9). Let us note that if all the
quantities in (2.8) and (2.9) are replaced by their expressions (2.7), it is easy to see that
these relationships are satisfied identically.

3. Let us consider a homogeneous plate subjected to an arbitrary surface loading. The
boundary conditions on the upper ({= £ ,) and lower (= { ) planes are
Say =TT (0, B)  (ap), Sy =T, 5 (@ B for §=0, (3.1}
Conditions (3.1) should be satisfied for the first nonzero members of the expansion {2.3)
which we shall denote by 8g i.e., for t:= é:t we have the conditions
Ee*itog, (=g £ (gp), Ee¥s¥tag (o) g X (3.2)

GaY(zB) =0 (ap), GYY(S> =0 for s>s¢ (3.3)
Let us show that 55 = 2, i.e., the first two members in (2.3) vanish.
Let us assume first that s, = 0, and let us elucidate the possibility of satisfying condi-

tions (3.2). From (1.3), (1.5), (2.2), (2.3), (2.5), (2.6) it follows that for sy = 0 in zero~th
approximation

20 =0 (O g”«x(o) (@3), 2,0 = @YO(O) (3.4}
0 0 0 0
Gaa(O) = Gaa((;)) + Cﬁaa(l) («B), GaB( )= 613(() ) + €6¢3(1 )
0 0 0 0)
GaY(o) = cayl(} b (e, GYY( )= Syvo Y+ CGYY§ (3.3)

Six arbitrary functions v&gm, vﬁg’), Vo 0(0), aa.),go)

(3.4) and (3.5). The quantities 0 5§%, 0Ryd® and 0y,
lationship (2.9) with & = 0.
Hence, the boundary conditions (3.2) may be satisfied only if the conditions

T, =1 (aB) (3.6)

@

. a}g,,g‘” , and O'y*ysm enter into
{9 are connected by means of re-

1 8 i} 1
H Hy (57 e+ 3 Uwsh | = = g (v =)
are imposed on the surface loading.

But by assumption the loading acting on the plate is arbitrary. Eliminating from consid-
eration the particular case of a surface loading subjected to the conditions (3.6), we arrive
at the deduction that it is impossible to satisfy the conditions (3.2) for s, = 0. Moreover,
the v44(%, ”,Bo(o) and v.,,(%) remain andetermined. On this basis we conclude that sq #0,
i.e., the first members in (2.3) should vanish.

Now, let us assume that s, = 1. Then the quantities of the zero-th approximation are:

0 , {6 G 0 0) - 0 1 1
vct( )9 LS( )’ v\'( ): Gaa{ ): GBB( )’ uaﬁ( )’ GaY( )’ 53‘(( and GYY(I)

As before, (3.4) holds for the first six of these, and we have for the last three

1
5@_{(1) =Gay!  (ad), 8 =00+ Lo 3.7,
Six arbitrary functions
1
2)&0(0), 930{0)’ ”‘VO(O) 0';1’)0’ Ggil)ma_nd Gi’{gﬂ

are contained in (3.4) and (3.7). The guantity 0'.(),1.;,1 is connected to a&l,)),o and o l,)),o by re-

lationship (2.9) with & = 0. Hence, the boundary conditions (3.2) may be satisfied again only
if the surface loading is subject to conditions (3.6). For s; = 1 the vaog ’ vé%) and v.(;g

also remain uncertain. On the basis of all this it is clear that sq # 1, i.e., the second mem-
bers in (2.3) also vanish.
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Now let us show that arbitrary conditions with {= C:t may be satisfied by setting s, = 2.
The quantities

0, (0 , (0 0 0
2, 97, 2,9, 6,9, 6560, 6,4, 5, P, 65, Pang 5,,®

. B
refer to the zero-th approximation for s, = 2. As before, we have (3.4) for the first six quan-
tities, and for the last three

2 g 2 A
6&7(2) — dgﬂ({?) o} ccaw( ) + 2o, ( 3 (@)

G‘YY(2)= s (2) + é’d (2) + C‘ZG (2) 4 QSGYY('&Z) (38)
Six arbitrary functions v&og sV at)) , vu(;)o) y aé_?o, A and 0’5'?}0 enter (3.4} and (3.8).

Substituting (3.8) into (3.2), we obtain six equations in six arbitrary functions. We can elim-
inate oéz)o, 05(.% and 0770 from these equations and obtain three differential equations in
v&og, v % and v( We consider this in greater detail in the next Section, but we note here
that if v&oo), /éo and v(o) are taken as the solution of the mentioned differential equations
then conditions {3.2) can be satisfied for s5 = 2. Therefore, 55 = 2; this means that the ex-
pansions {(2.3) start with the terms

eta 0.;27)’ e*t3 U(B?’ %4 and 02{2?)

respectively, and the previous terms of the expansions vanish, that is

Gowm) = Gav{l) =0 (e, 57*{(0) = G'n'u) =0 (3.9)
If (2.7) is taken into account and also the relationship (2.9) with & = 0, it then follows

from (3.9) that fors =0, 1

1 B,
H, g T ”ax(” =0 (a8) (3.10)
v 1 3
0 O = e (Hﬁvmo(s)) b (H g 2g0™) (3.11)
T—v HH, |5 a

The relationships (3.10) are equivalent to compliance with the Kirchheff-Love hypothe-
sis in the zero~th and first approximations.

4. Let us now obtain the dxfferenual equations for v, (0) » Y80 (@) "70( ), Let us insert
(2.6) for aa_ 05 (2 ay-y into conditions (3.2), and then let us eliminate Ua.')$o)-
aﬁ.%), 077(,0) . We hence obtain three relationships

— G2t De Y — 2@~ 1Y, =

o2

= “Eﬁm‘ {(rﬁ —t,7) 4 H:HB [( ’ (h;g;) + ? ([2::;) ) L —
sy T
) S = BN = (T ) 8 “2)

It follows from (1.7), {1.8), {2.7), (3.10), (3.11) that

1 12 g oy 2 (o)]
Sys) = Z(1 -v‘l>v{ﬂa”a LGE(HB“*O )+ g Havpo™)

1
P — (0) .
GYY(32) s 6(1 — 'V"") v\vUYO (4_5)
@ © . O s 1 1 9. o
sa‘(l = _L(Z‘a(} t 2’3 ) (a8, ayz 2(1 _"3) .Ha 3E
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where the operator L(va_o(o), vﬁo(o)) is
1 1 9 1 io a
0 , oyt 1 9f 1 10 o, 2 (0)] —
Ltrad®, 2 = = a1y 72\ Ty |28 (oo™ 7 s |
1 1 9 1 ) ] ]
—_—— e = 0y _ — (0)
20U v Hy on { Hot, [ag(HB”ao )= %q (Havao ) } CONCS
Substituting (4.3) into (4.1) and (4.2), we obtain three differential equations in vf,,og, v,g(:z
v (g). When the coordinate plane is disposed arbitrarily, all the unknowns enter into each of
Eqs. (4.1) and (4.2). If the coordinate plane a 3 coincides with the middle plane of the plate
then the bending and the generalized glane stress problems are separated. This is connec-
ted with the fact that the quantity {42 — £_2 vanishes in this case, only one unknown v,ﬁ%)
will remain in (4.1), and only the unknowns 0} and Vﬁ((;’)in (4.2).
Henceforth, in considering a homogeneous plate we shall always assume that the coor-
dinate plane & 8 coincides with its middle plane. In a zero-th approximation the bending eq-
uations are

3 1
VWiy =5 (1 = V) oy {(TY+ -0+

1 O (Hgvy') | 9(H,Tg") d(Hgt,”)  8(Hgvg)
+e H,H, [( 3 T am ) + ( L )] (4.9)

and the equations of generalized plane stress are of the form:

1 1 _
L (244", 0p0") = — oo 3 (%" — 7)) (@) (4.6)

We have homogeneous boundary conditions with {= % 1 for the first approximation. Hence,
the bending and generalized plane stress equations are also homogeneous, i.e.

VWOV =0 (4.7)
L oM, vgM) =0 (22) (4.8)

To obtain the bending and generalized plane stress equations in an s-th approximation,

it is necgssary to use "hi boundary conditions for this approximation with {= 11, to elimin-
s T 2), (s+2) (8 ¥2) s ses : cs .

ate Ogyg 1 08yp 19 yypr and to express the remaining quantities in these conditions in
terms of vt(:g , vé;), "'(y.o) and in terms of values of the preceding approximations (which we
consider known).

In an arbitrary orthogonal curvilinear coordinate system the bending problem in each ap-
proximation reduces to the solution of a biharmonic equation of the form:

Al b fo
VV”YO(S) _ Pv(s) _ { (a5q1 +- byge) T even s 4.9)
0 for oad s
where
L,
Y
= E8K+: + g3
. . (4.10)
tam 1 1 {B[HB(f, +7)] | A[H (v )]}
2= Tpox+s H, H, oF an

Here V#/2 denotes the polyhamonic operator of order s/2. Values of a,, b, have been
obtained for s = 0, 2, 4 and 6. They are

Go="3 (1 +v) (1 —v), by=0
Ga=—a (1 4+ %) (8—3), ba=1s (1 +v) (2—)
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@y = — Ysgoo {1 + v) (227—157 %), by= 13 (1 + ) (1 — V) (4.11)
g = —/ge0000 (1 + V) (26—791 W), bg == =~ Yo {1 -+ v) (16 4 19v)
Values of a,, b, for s = 0, 2 had been obtained earlier [al.

The problem of the generalized plane stress reduces in each approximation to integra-
tion of the system of equations

L (vau(“. vﬁo(s)) = Pa(s) (aB) (4.12)

The right sides of these equations have been obtained for the first four approximations.
They are of the form:

1 1 _
%43 9 (Tm+ — Ty ) (2B)

W
e Py {aB)

pa(O) TS e

P =—

3 BlHg (1" —v )] 9[H, {1y —75"
{ 1 [[g(f To ) [d, (g 173)}}}+ A3

X O\, f, at + an

{ s | 1 [0lH,(t,S T 8lH, <r3+—rﬂ-n]
H,H, an - £ («B)

t

P, =0 )

5. The states of stress for which the expansions (2.2) and (2.3) hold correspond to the
asymptotic solution {1.3) of the Lamé equations. Hence, these states of stress are possible
in a thin elastic layer. It has been shown above that a state of stress arises in a plate sub-
ject to an arbitrary surface loading, for which the expansions (2.2) will hold while the first
two terms in the expansions (2.3) will vanish, in other words, the expansions (2.2) and (2.3)
will hold for s, = 2. But in addition to such a state of stress, states of stress are possible
in a thin layer for which there will hold: (a) expansions (2.2) and (2.3) with s, = 1 and (b)
expansions {2.2) and (2.3) with s5 = 0. Let us analyze each of the mentioned states of stress.

For the state of stress A to which the expansions (2.2) and (2.3) with s, = 2 correspond,
it is characteristic that

1) The Kirchhoff-Love hypothesis is satisfied in the zero-th and first approximations;

2) The stresses 0gq, O34 Ta g are the largest; the stresses 0qy, 08y are one order,
and the nomal stresses Gy tWO orders less than the fundamental stresses;

3) In a zero approximation the bending problem reduces to solving the customary equation
of classical plate bending theory and determination of vy, v g, reduces to the solution of
the customary equations of the generalized plane state of stress.

The state of stress B which corresponds to the expansions (2.2) and (2.3) with s, = 1,
has the following properties:

1) The Kirchhoff-Love hypothesis is satisfied only in a first approximations;

2) The stresses 0q ., 0 gy are of the same order as 0, 4, 033, Uq g and the stresses Oy
are an order less;

3) In a zero-th approximation the former stresses are constant over the layer thickness.

The state of stress C corresponding to the expansions (2.2} and (2.3) with sq = 0 is

characterized by the fact that:
1) The Kirchhoff-Love hypothesis does not hold even in the zero-th approximation;

2) The stresses Oqy: Oy are the largest; the remaining stresses 0y 4 088+ 0q B Oyry

are of an order less;
3) In the zero-th and first approximations the former stresses are constant over the layer

thickness. This means that the Reissner hypothesis [4] is satisfied in the zero-th and first
approximations for the considered state of stress.
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The last two states of stress differ radically from the state of stress originating in a
homogeneous plate subjected to arbitrary loading. It turns out that these states of stress in
weak layers of laminated plates for which the ratio between the elastic moduli of the weak
and stiff layers is commensurate with the relative thickness of the plate or with its square.
Let us illustrate this by the example of a sandwich plate.

Let us first consider a sandwich plate for which the ratio between the elastic modulus
of the filler E; and the elastic modulus of the stiff layers E, is commensurate with the re-
lative thickness of the plate. The solution of the Lamé equations in both the domain occu-
pied by the filler and the domains occupied by the stiff layers will be sought in the form
(1.3).

Analyzing the possibility of complying with the boundary conditions on the upper and
lower planes of the laminated plate, and with the static conditions of the combination of
layers, we arrive at the deduction that the state of stress A corresponding to expansions
(2.2) and (2.3) with s, = 2 originates in the stiff layers, and the state of stress B corres-
ponding to (2.2) and (2.3) with sg = 1 in the filler. This means that the same asymptotic be-
havior holds in the stiff layers as has been considered in Sections 3 and 4, and an essen-
tially different state of stress is produced in the filler. Let us analyze the state of stress
in the filler in greater detail. Among the zero-th approximation quantities are the following

0 (1] 0 1] 0 0 1 1 1
2.®, 2,®, 1. O, 5, @, 500, 5, O, 5, D, 5, D, 5 D

for which (3.4) and (3.7) with the six arbitrary functions:

(] aQ 0 1 1 1
R A A 0 S W G.1)

hold.
Six geometric and six static matching conditions should be satisfied on the contact

planes between the filler and the stiff layers. From these conditions we obtain twe lve mat-
ching conditions for each approximation.

First we consider the zero-th approximation. Eliminating the six arbitrary functions (5.1)
from the twelve matching conditions, we obtain six relationships between the zero-th appro-
ximation quantities for the stiff layers. We designate these relationships the compatibility
conditions of the stiff layers in the zero~th approximation. The compatibility conditions of
the stiff layers for the successive approximations are similarly obtained.

Let us now consider a sandwich plate for which the ratio E; /E, is commensurate with
the square of the relative thickness. Elucidating the possibility of complying with the boun-
dary conditions on the upper and lower planes of a laminated plate and with the static con-
ditions of the compatibility of layers, we arrive at the deduction that the state of stress A
corresponding to (2.2) and (2.3) with s, = 2 holds, as before, in the stiff layers, while the
state of stress C corresponding to (2.2} and (2.3) with sy = 0 holds in the filler. Hence, the
following quantities:

(0) 0) [ 0 0 0 0 0 0
v, "B( . vy ), sz( ), GBB( ), GaB( ), s“( )' GB$ ), Gw( ),

for which (3.4) and (3.5) containing the six arbitrary functions

vao(())’ 2’80(0)’ vYO(O)’ cwf((f)’ Gﬁﬁgg)’ GY*{i}O)
hold, refer to the zero-th approximation for the filler.

Eliminating these arbitrary functions from the twe lve compatibility conditions for the
layers in the zero-th approximation, we obtain six matching conditions for the stiff layers
in the zero-th approximation.

In the problem of deformation of a sandwich plate, the matching conditions of the stiff
layers permit elimination of the filler from the considerations. After the states of stress and
strain in the stiff layers have been constructed, the determination of the displacements and
stresses in the filler is associated only with the performance of algebraic operations and
differentiation {without solving the differential equations).
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