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Introduction

In the world, scientific research on the study of
the problem of wave propagation in structures
consisting of long bodies of variable thickness with
elastic and viscoelastic properties is carried out in
more than one hundred research institutes [1, 2, and
3]. Many parts of modern moving vehicles operate
with the risk of resonance caused by vibration loads.
In order to ensure their durability and reduce the
stress-strain state, funds are spent annually in the
range of 3-5 billion US dollars. In order to ensure
permissible limits of stress and deformation, as well
as dynamic processes in viscoelastic plate and shell
bodies of variable thickness, which are an integral part
of such mechanisms, it is necessary to study the
process of wave propagation in them [4,5]. In this
direction in the USA, Germany, Russia, Israel, South
Korea, China and other industrially developed
countries in order to ensure the growth of durability
and efficiency of materials used in technology, to
ensure their comprehensive convenience, efficiency,

Doi: é&os¥ef https://dx.doi.org/10.15863/TAS.2024.11.139.22

special attention is paid to the development of design
solutions that increase their service life, the
introduction of economical and optimal technical and
technological designs consisting of viscoelastic plate
and shell bodies with variable thickness [6,7]. But,
despite this, there are a number of unresolved issues
in the study of wave propagation in waveguides with
a variable cross section, taking into account the
rheological properties of the material, as well as the
presence of various cracks. In addition, the scientific
basis for wave propagation in dissipative
inhomogeneous bodies consisting of flat parallel
layers has not been developed [8,9]. The problem of
developing a methodology and programs for studying
wave propagation in dissipative inhomogeneous long
bodies, as well as solving new problems has not been
solved [10,11]. A number of such problems also
include: the choice of the relaxation kernel and its
parameters, which represent the viscoelastic
properties of waveguides, as well as the comparison
and application of various existing theories
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(approximate and exact), based on the analysis of
dispersion relations; the introduction and justification
of a value representing the attenuation of a wave, the
creation of a unified methodology and program that
solves the tasks set, the study of the influence of
geometric parameters on various modes of phase
velocities.

Statement of the problem and basic
relationships. There are many underground tunnels of
various shapes located in seismically active areas that
need to be protected from seismic impacts. The paper
considers the impact of harmonic waves on a
cylindrical shell located in a viscoelastic half-plane.
The main objective of the study is to determine the
stress-strain state of the cylindrical shell under the
influence of harmonic waves. The main equation of
viscoelasticity  in  displacements  with  the
corresponding boundary conditions is obtained. The
problem is solved in mixed potentials that satisfy the
wave equation with complex parameters. The solution
is expressed through special Bessel and Hankel
functions. As a result of multiple reflection, a system
of algebraic equations with complex coefficients is
obtained. In the future, this system is solved by the
Gauss method with the allocation of the main element.
The analytical solution is obtained in infinite series,
the convergence of which is studied numerically.
Numerical results are obtained on the MATLAB
software package. The reliability of the obtained
research results is confirmed by good agreement with
theoretical and experimental results and those
obtained by other authors [12]

2~

(4, +2;)grad (div (0,)) — rot(rot(d,)) +b, = p,

where ljand U (j=12...... N, - relate to the

environment, - to the layer) are the operator elastic
moduli[13]

ES

bj— vector of the density of volumetric forces

(b;=0); f()— some function; , — material
densities, Rf,”(t_f) and R£i>(t_,)-relaxation kernel,
Aoy Mo -instantaneous elastic moduli of the

0j
viscoelastic material, i (u,,u,) -displacement
vector, which depends on r, g,t. At pressures up to

100 MPa, the motion of the liquid is satisfactorily
described by wave potentials for the velocity of liquid
particles [12]

A, =— : @)

Where ,_9d° , d = d
dr®  rdr r?de®’

speed of sound in the liquid. The potential ¢, and the

Co - is the acoustic

liquid velocity vector are related by the dependence
V= gradg,. The liquid pressure is determined using

r=R, the linearized Cauchy-Lagrange integral

P=-p,C, ztﬂ- the liquid pressure on the wall of the

cylindrical layer and p, is the liquid density. Under the
condition of continuous flow of the liquid, the normal
component of the liquid velocity and the layer on the
surface of their contact r = Roshould be equal

0, _ouy

- 3)
or ot

r=Ry r=R,

where u,,— displacements of the layer along the

normal. At the contact of two bodies r = R;, the
equality of displacements and stresses is fulfilled
(rigid contact condition)

Uj =Uriys O = Ore(ju)

Uy =Ug(jiys Org = Org(jsny ° (4)

wvvvuvllikurrvll!

Fig. 1. Calculation scheme of layered cylindrical bodies located in a deformable medium
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Note that in the case of sliding contact of the soil
along the surface of the pipe, the last equation in (4)
takes the form [13]: O =0, where, g0V and &) are

the radial and tangential stresses in the j-th
viscoelastic body; and are the radial and tangential
displacements of the j - th body.

A plane longitudinal wave with potential falls

¢( Pon a cylindrical shell with radius R, the
frequency and amplitude of the incident waves are in
@, the form

where I =r(cosé,i +sind,]),

a=al(cosy,l +siny,j),a=wlc,, ¢-is the
angle of the cylindrical shell in 3, the main
coordinate system, is T,] the angle of inclination of
the incident loads, are unit vectors along the x and y
axes, respectively (Fig. 1). Further, ¢(p) the incident
wave in cylindrical coordinates has the form [14]

¢(p) _ ¢Oeia1rcos;/0+imt i Jn(aLlr)ein(9+;/0)_ (6)

PP, N=—o0
¢(P) — ¢Oel(a~r*wl),l//(r)) =0 (5)

The scattering of a wave of order m can be
expressed through the Hankel functions of the first
kind of the nth order of the complex argument

¢1(sm) Z I:AlsmH(l) (aLlr) n AsmH(Z) (aL r):l in(6—»)- Ifot @
N=—c0

Wi = 3 [BIHD (B + BIH P (Byir) [,

n—_nn

Here 4o and B:" are the complex scattering
coefficients of order m, are the Hankel functions of the
first kind of the n-th order of the complex argument.
The coefficients Ajm,ZnS”‘, B:", |§nsm, are determined

from the boundary conditions, which in the case under
consideration have the form:

(k)

rrm

(k+1)
rmm !

(k) _ _(k+1)
0, Orom = Orom 1 (8)

u(k) u(k+1) u(k) u(k+1)_

=0,

Similarly, for each incident and scattering

{9 = Z [CserED (a,r) + D" HP (aLzr)]ein(0077)7im‘v 9)

n=—

VO = 3 [LOHE (Byr) + MEHD () |7,

where Cc", D" =", M " are the expansion

coefficients, which are determined by the
corresponding boundary conditions
Hrgl)(aLz”)aHrEZ) (a,r) Hrgl)(ﬂM o) and

@ . .
harmonic wave, the Somerfield radiation conditions an (Buor) are, respectively, the Hankel function of
are satisfied. the 1st and 2nd kind of the nth order
. . . . HrSZ)(ar):In(ar)_iNn(ar)'
The solution of equation (1), for cylindrical
shells, is expressed through the Hankel functions of
the first and second kind of the nth order:
o, 0% 1owi. _104 v,
or r 06 r o6 or
ou,, 10u, 4 Y 1. 10u, augk U gy (10)
] = ] = +— 3
Fme =g Fon = o e = 5 g )
~ - | 0%, 104
=A V4 +2 ——k |,
AV ”k[ar ar[r aeﬂ
~ . 1,04, 18¢k 1 10y R
= AV +2 (== e £ S k
Fooc = ANV ”{[r( r 202 v G20 “areo) |
16?2 10
A0 = 20, (I L OOy
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where are ¢ _,¢&,,,&,, the elements of the strain
tensor; are the elements of &

10y Oy T, thE stress
tensor.

Results and discussions. Let us consider the
problem of wave scattering on an elastic half-plane

1,6

from circular shells. We assume that the tunnel
structure is a steel shell with a radius
R =175R,=20, h=0.25, 6,=0", H/R=2.0. The
R(t):Ae*ﬂ‘/tlfa three-parameter Koltunov-
Rzhanitsyn relaxation kernel was used in the
calculations: A=0,048; 8=0,05;0 =0,1: with parameters:

16

Figure 2. Diagrams of contour stresses of the shell at different frequencies:
1.w=20Hz; 2. w=40Hz; 3.0#=80Hz.

The calculation results are shown in Figure 2 and
Figure 3 for the effect of transverse waves. The
»€[19,30]Hz maximum contour stresses in the shell

were obtained at frequency values . Figure 2 shows

6,~=90°

~ .
- -

. /\ 6°=0°

that the effect of the source proximity consists of
moving the maximum value to the point where the
straight line drawn from the source touches the cavity
boundary.

6 =45°

Fig. 3. Diagrams of (;E)ﬁf()—L—Jr stresses of the shell at different frequencies:
1. w=20Hz; 2. w=40Hz; 3. w=80Hz.

For stress concentration coefficients, we will
use the absolute value of the complex quantity

Conclusions
1. The problem of harmonic wave diffraction in
a cylindrical body is solved in displacement

potentials. Displacement potentials are determined
from solutions of the Helmholtz equation. Arbitrary
constants are determined from the boundary
conditions that are set between the bodies. As a result,
the problem is reduced to a system of inhomogeneous
algebraic equations with complex coefficients that are
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solved by the Gauss method with the selection of the
main element.

2. Contour stresses ¢060 on the free surface of
cylindrical bodies reach their maximum value of 900-

when exposed to longitudinal waves, and 450-when
exposed to transverse waves. Contour stresses c60
when exposed to transverse harmonic waves are 15-
20% greater than when exposed to longitudinal waves.

References:

Guz, A.N,, Kubenko, V.D., & Cherevko, M.A.
(1978). Diffraction of elastic waves. (p.307).
Kyiv: Naukova Dumka.

Safarov, I.1., & Umarov, A.O. (2014). Effect of
longitudinal and transverse waves on cylindrical
layers with liquid. Bulletin of Perm University.
Mathematics. Mechanics. Computer Science
2014 Issue 3 (26), pp. 69-75.

Ishmamatov, M.R., Kulmuratov, N.R., Avezov,
A.X., Ruziyev, T.R., & Boltayev, Z.1. (2021).
Propagation of Natural Waves on a Multilayer
Viscoelastic Cylindrical Body Containing the
Surface of a Weakened Mechanical Contact.
Journal of Physics: Conference Series (2021)
01212710P Publishing, pp. 1-14, 15.
Ishmamatov, M.R., Safarov, U.l., Kulmuratov,
N.R., Khalilov, Sh.F.,, & Akhmedov, N.B.
(2022). Vibrations of Burned Pipes Insulated
with Soft Soil under Exposure to Seismic Loads.
AIP Conferense Proceedings 16.06.2022y.
030123/1-030123/6 p.

Ishmamatov, M., Kulmuratov, N., Ahmedov, N.,
Halilov, Sh., & Ablakulov, Sh. (2021). Natural
Vibrations of the Reinforced Tapered Shell with
Taking into Account the Viscoelastic Properties
of the Material. E3S Web of Conferences 264,
01011 (2021) Publishing, pp. 1-12, 16.
Rashidov, T.R., Khozhimatov, G.Kh.,
Mardonov, B.M. (1975). Oscillations

&
of

10.

11.

12.

13.

structures interacting with the ground. (p.174).
Tashkent: Fan.

Rashidov, T.R., Sagdiev, H., et al. (1989). On
two main methods of studying the seismic stress
state of underground structures under the

influence of seismic waves. (pp.13-17).
Tashkent: DAN. Ne 6.

Muborakov, Ya.N., & Safarov, I.I. (1988).
Assessment of seismic stress state of

underground structures by wave dynamics
method. Seismodynamics of buildings and
structures. (pp.114-122). Tashkent: Fan.
Muborakov, Ya.N. (1987). Seismodynamics of
underground shell-type structures. (p.192).
Tashkent: Fan.

Rashidov, T.R. (1973). Dynamic theory of
seismic resistance of complex systems of
underground structures. (p.182). Tashkent: Fan.
Koltunov, M.A. (1976). Creep and relaxation.
(p.277). Moscow: Higher school.

Safarov, I.1. (1992). Oscillations and waves in
dissipative non-carbon environments and
structures. (p.250). Tashkent: Fan.

Ishmamatov, M. R., Kulmuratov, N.R.,
Khalilov, Sh., & Akhmedov, N. (2021).
Dynamic vibration extinguished on a viscously
elastic base. ). Int. J. of Applied Mechanics and
Engineering, 2021, vol.26, No.2, pp.1-10.

Philadelphia, USA

189

2 Clarivate
Analytics indexed



