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Abstract

This article examines the effect of a normal load on an infinite piecewise-
homogeneous two-layer plate, when the materials of the upper and lower layers
of the plate are elastic. The transverse displacement of points of the contact plane
of a two-layer plate is determined, which satisfies the approximate equation
obtained in [1], replacing only the viscoelastic operators with the elastic Lamé
coefficients, respectively.
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Introduction

The huge scope of construction in our country leads to the need to improve the
provisions of building science, which do not adequately meet the increased
requirements of building practice. One of these issues is the development of the
theory of calculation of multilayer structures (in particular, piecewise
homogeneous plates).Plates are one of the main elements of many technical and
building structures.In many cases, the plates are not uniform in thickness, in
particular, they are piecewise homogeneous (two-layer, etc.) [1,2,3,4,5].

Let us consider the case of forced vibrations of a rectangular two-layer piecewise-
homogeneous plate of constant thickness, when both layers of the piecewise-
homogeneous two-layer plate are elastic. In real structures, the destruction of their
elements is usually accompanied by impact loads.In this work, a solution is
constructed for the vibrations of an infinite two-layer plate under the action of a
normal load applied to the surface of a two-layer plate[2,3,4,5,6].
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The problem is reduced to solving an approximate equation for the transverse
displacement W of points in the contact plane of a two-layer plate of constant
thickness, obtained in [1,7,8,9,10,11,12].

oW 92w , oW
Ql<at4>+02(am>+03(a W)+Q4<at6>+

*w L O2W ,
+Q5 A at4,>+Q6<A at2>+Q7(A W)ZF(x,y,t),

where coefficientsQ; are determined by the formula obtained in the work [2].

(1

Counting loadF (x,y,t) even in (x, y), the transverse displacement W will be
sought in the form of Fourier integrals

W= Joo jooWO cos(kx) cos(qy)dkdq (2)
o Jo

Substituting (2) into equations (1), for Wy we obtain an ordinary differential
equation
WOVI +A1W01V +A2W0" +A3WO = Fo(k, q, t), (3)

where coefficientsA; and Fy (k, g, t) are equal:

G -vQ , _v(Q-yQ) , _v'(Q—vQ)
QG G Q

A1 = AZ

Fy(k,q,t) = j ) j ooF (x,y,t) cos(kx) cos(qy)dxdy,
o Jo
and the coefﬁcientsQ]’- are determined by the formulas
Q1 = PZ(1+ hp)?;
Q5 = —2P§(2(PyDy + hD1)(1 + hp) +
+(P, = D((1 + h) = (Do + hD1p))); 4)

Qé - 4(P2 - 1)(P2D0 + h2D1 + 2hP2D0),

1
Qi = =2 P7(Bh*p* + (1 + 4hp))(2 — Do) +
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+h?P,(3 + hp(hp + 4))(2 — D;));
Qi = —%PZ((2P2(4D0(1 — Do)+ 1)+ (P, — 1)(4—D3)) —
—P,h*p?(2(4D% — 4D, — 1) — (P, — 1)D;(2 — D)) +
+6h%(p(4(P;Dy + Dy) + (P, — 1)(2P,(1 — Dg) — P,D1(2 — D) +
+D;(1+ Dy))) + P,(1 + p?) + +2h(2P,p(2 + 4Dy — D§) — 4)
—h%*(2P, — P,D; + 5D, — D)) + (P, — 1)(4 — 3Dy) +

+2D,(4 — Dy)) + 2P,hp?Dy(4 — D,));

and vy is determined by the formula
y? = h§(k? + q),
and introduced dimensionless parameters:

hy P1 b Ho 1 1
h=—;p=—;b=—; P,=—; Dy=———; D) = ——.
ho Po by % o ° 2(1 —vy) ! 2(1—vy)
For &, from equation (3) we obtain the frequency equation
§6+A1§4+A252+A3=0 (5)

Frequency equation (5) has purely imaginary roots, i.e. frequencies of natural
oscillations. Then, the general solution of the homogeneous differential equation
(4) 1s equal to

Wog = €1 cos(§1t) + C; sin(§1t) + C5 cos(§,t) + ©)
+C, sin(&,t) + Cs cos(é3t) + Cg sin(é3t).

We write a particular solution of the differential equation (3) in the form

1 §5-8% (t -
W = Fy(k —
(512—522)(522—53?)(55—512){ & Jo Folk, q,¢) sin[&,(t = Old¢ +

B 1 §2 — &3
Ve e-oa-oe-o' &
+

jo Fo(k, 4, ) sin[ & (t — {)1dg
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§ -8 .
L Fo(k,q,¢) sin[ $5(t — {)]d¢ + (7
0
§ -8 .
+ , Fo(k,q, ) sin[ &3(t — ¢)]d{}
0
Satisfying the zero initial condition, i.e.,
ow, 9*w, 9°W,
— — — = = 8
Wo=——=—7=-=—55 =0, (8)
we find that C{ = C; =...= C¢ = 0. Then, the solution of the problem for the

displacement W has the form

—E-0E-D. &
x j Fo(k, 4, ) sin[ & (¢ — {)]d{ +

0
& - &
$2
§ — &4
$3

L2t cos(kmycos(ay) & -
W‘fo fo @ .
t

)
_I_

jo Fo(k, 4, ) sin[ &(¢ — {)1d{ +

_|_

j Fo(k,q,¢) sin[ §3(t — {)]d{}dkdq

Letif F(x,y,t) = 0,0(x)6(y)6(2),
where 0, — constant, voltage dimensions;
6({) — delta is the Dirac function.
Then, the solution of the problem can be written in the form

2 2
W e g [ (©__costeycos@y) -8 oo
ol by Taa-aa-ola snant

o i (10)
$3 41 sin(§,;t) + =4 + sin(§3t)]dkdq
52 53

+

Conclusions

From the analytical solution of the problem of the impact of a normal load on the
surface of a two-layer plate, it follows that the deflection depends on the
geometric and mechanical characteristics of the plate material, and also allows
you to accurately describe the stress-strain state of the plate at any point over
time.
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