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Introduction

In current times buildings and facilities are exposed to various external negative effects arising from
utility equipment, industrial machinery, as well as transportation means (such as shallow-depth city railroad
systems, heavy trucks, railway trains, trams) that cause huge dynamic loads [1]. Vibration-absorbing barriers
placed between the vibration source and the object to be protected is one of the ways of protection of
foundations against ground vibrations [2, 3].

This paper is intended to study vibration-absorbing properties of a plate exposed to subsurface
spherical harmonic waves. In practice, such situation may correspond to vibrations caused by a point source
situated nearby the barrier.

1. Statement of problem

Let us consider an elastic plate surrounded from both sides by half-spaces “1”” and “2” filled with the
ground. The coordinate system Oxyz is of Cartesian type. It is assumed that the plane Oxy for the plate is a

median one and limited along axes Ox andOy ,having the size | x I . The beginning of the coordinates is
assumed to be situated in the upper right corner of the plate.

When undisturbed, the ground is considered to be undeformed. The obstacle is overrun by a harmonic
tensile wave of an normal stress amplitude p, at the front and frequency ® , coming from the negative Oz -

axis. The normal vector towards the front of the wave is in the plane Oxy .
The main purpose of this study is finding the resultant vector field of acceleration a (vibration
accelerations) in the second half-space as a function of the frequency ® and spatial coordinates X,y and z

depending on the parameters of the plate. The stated purpose of the problem solution is refined as follows. It
is necessary to find the coordinates of the vibration acceleration field

(1) a, =-0’u?, a, =-0’u,” a, = -o’w?

and the module

) a=4/a5+aj+af,

where ul(z) ,uz(z) are displacements of the medium “2” by coordinates X,y ; W”

is the normal displacement
of the second medium.

The mathematical statement of the problem includes setting the ingoing wave, equations of
displacements of the ground and plate, boundary conditions for the plate and ground, condition for infinity,
as well as a condition of the ground-to-obstacle contact where the adhesion of the plate to the ground is
ignored.

2. Equations of displacements of sandwich plate

The displacement of the plate is described by a system of Paymushin V.N. equations [4]. Two bearing
layers are of elastic isotropic type with the modulus of elasticity E , Poisson’s ratio v, and thickness of 2t .
The filler is orthotropic of a honeycomb configuration with the elasticity modulus E,, the Poisson’s ratio v,,

and thickness of 2h. The bearing layers are affected by normal outer stress loads p, and p,. Tangential
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displacements are indicated by u® and u{" along the axes Ox and Oy. w""’ is the normal displacement of

the bearing layer, ¢' and ¢° are transverse tangent lines of the stress in the filler by axes Ox and Oy. The
Paymushin V.N. equation system which describes the movement of the plate has the following form:

pi =L, (uf)+L12 (uzc), p iy =L, (u1 ) (u ),
p, i} —Lll(u1 )+le (uz )+2q p, iy =L, (u1 )+L 2(14 )+2q2,
3) pit, ~m AW, +p,, (4, +,)=-DAw +2k (¢ +4., )+ p, = pa.
P, —w = —DAZWM —2c,w, + p, + p,,
pLéj' _M =u —kw,, —k, (qle + qi_ ))X +k,q',
Poall’ —Pugriie, =15 —kiw,, —ky (¢ + 43, ) + kg’
where u; = ufl) +ufz),uf =ufl) —ul.(z) (i=12),w, = w4 w(z),wu =) —w,
The boundary conditions correspond to a hinge edge of the plate. All functions change harmonically.
The plate’s kinematic parameters are represented in the form of two-fold trigonometric series meeting
the boundary conditions. The amplitudes of ingoing and passed waves are expanded into series in a similar

way. The solution of an equation system consists in finding the values of the kinematic parameters
depending on amplitudes of wave pressure in mediums “1” and “2”.

2. Equations of ground displacements and ingoing wave

A homogeneous elastic isotropic medium is used as a model of the ground [5], which equals the
displacement equations (Lame equations) and the equations with respect to scalar potential ¢ and vector

potential y :(wl,\uz,\y3) of elastic displacements. As the area occupied by the ground is boundless, the

potentials of equation solutions must satisfy the Sommerfeld radiation conditions:
To set an ingoing spherical harmonic wave, a spherical wave is considered [5] which travels along the
positive direction of Oz axis.
The values of the potentials for the ingoing spherical harmonic wave are substituted into the

equations of motion of the elastic medium. Taking into account that 033| = p,, we will obtain the

t=0, z=0

formula of amplitudes of displacements, deformations and stresses in the ingoing wave.
3. Boundary problem of interaction of harmonic wave with plate in ground

The boundary conditions with respect to the coefficients of the series depend on the conditions of
contact between the plate and the ground To find the coefficients of the series corresponding to a disturbed
stress-strained condition in the media, let us plug the potentials expanded into two-fold trigonometrical
series. Introducing the constant values obtained from the contact conditions into the displacement
expressions, we obtain the coefficients of the expansion in the series of displacements in the medium
"2"Then it became possible to find the vibration acceleration module and its components.
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