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When applying the dynamic theory of 

seismic resistance, the interaction is taken into 
account by a system of coefficients that reflect 
the resistance of soils to the movement of a 
structure under the action of various loads. The 
repulse of the medium is reduced to an 
additional interaction force due to the relative 
displacement of the shell surface. 
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где    U,V,W - shell movement 
          U0,V0,W0  - ground movements 
          K  , Kn, Kr - coefficients of 

interaction between the shell and the soil in the 
directions of the axes. 

Seismic accelerations of the soil cause in 
the underground shell a time-varying inertial 
load from the attached mass of the soil, which 
oscillates together with the shell as a whole. 
Therefore, the components of the resulting 
inertia force corresponding to the relative 
displacements of the oscillating structure-soil 
system will be 
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Deriving the equations of oscillations of 
a spherical shell in the same way. As in the 
general theory of shells (2), external forces are 
replaced by interaction forces 
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Here, the third equation of the system is 

neglected, since for thin shells the cutting force 
is several orders of magnitude smaller than the 
others. This term is also neglected in the two 
remaining equations. 

Let us introduce the following 
dimensionless variables ( the prime means 

dimensionless variable) 
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где 


E
a =   velocity of wave 

propagation in the rod. R is the radius of the 
middle surface of the shell. 

To solve the system of equations (1), we 
use the method of incomplete separation of 
variables. Displacement components U and W, 
as well as stresses, are presented in the form of 
series in Legendre polynomials (in terms of the 
angular coordinate). 
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Also, to simplify the problem in 
spherical coordinates, we use the exponential 
Fourier transform in t (expansion in Legendre 
functions). 

Then: 
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так как  
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Здесь      - conversion parameter 
               jn - spherical Bessel functions of 

the nth order 
                Pn - Legendre polynomials 
Expanding (1) in the form of series (2), 

taking into account (3), we obtain 
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As can be seen from the equations of soil 

displacement, they are determined by the 
parameters of the incident wave. The 
coefficients an, bn depend on the elastic 
characteristics of the medium and the shell and 
the geometric dimensions of the latter. 

Formula (2) allows finding Fourier 
images of all parameters of the stress-strain 
state. For a complete solution of the problem, 
we sum the series (2). In this case, the question 
arises about the rate of convergence of these 
series. To improve the rate of convergence of 
these series, he resorts to various summation 
methods. In this case, the method of 
summation by a number of Cesaro means (1) 
was used. In this case, a formula was used that 
connects the subsequent and previous 
arithmetic averages 
j n  и   j n-1                          j n = (nj n-1 + S n ) / (n+1) 
 
где  S n is the sequence of partial sums of the 
series 
            j n – sequence of arithmetic averages. 

Comparison of ordinary sums with 
Cesaro sums showed the advantages of 
Cesaro's method (2). In (2) it is shown that j n 
obtained using the Cesaro method for n=6:7 
quite satisfactorily describes the function. 
Starting from these numbers (n=6, n=7), the 
subsequent values of the function differ little 
from the previous ones. The paper also found 
the number n, starting from which the value of 
the function changes little. This number for the 
above-described variants of the characteristics 
of the medium and the shell ranges from 6 to 8. 
Therefore, the number of terms in the series is 
limited to these numbers in the work. 

As a result of the calculations, the 
dependences of the ratios of stress modules on 
α r were obtained, where α is the wave 
number, R is the radius. The figure shows this 
dependence for various ratios of velocities a/c1 
and densities ρ/ at θ = 0 (at the frontal point). 
It can be seen that there are some resonant 
frequencies at which there is a significant 
increase in the voltage modulus. 
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In the case of a steel shell in soil 1 
(a/c1=2.8, ρ'=3.4) and a reinforced concrete 
shell in soil 2 (a/c1=1.2, ρ'=1.6), these stress 
peaks belong to the region αr<1. It can be seen 
that in the first case, the stresses reach their 
maximum at αr=0.5, and in the second case, at 

αr=0.4. For values of αr>1, such significant 
stress surges are not observed. Both of these 
cases are in good agreement with the 
previously obtained solutions to the problems 
of diffraction of a nonstationary wave by 
spherical elastic shells. 
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