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INTRODUCTION

In the last decade, the volume of construction of underground structures, in particular of a
cylindrical type, in seismically active regions has been continuously increasing, therefore,
the issues of ensuring the strength and reliability of underground structures under seismic
influences remain relevant. Underground structures (tunnels, culverts, tanks, bunkers,
cylindrical missile silos and

Belong to very important objects, and their specific volume is especially large in seismic
regions. The complex of problems of ensuring the seismic resistance of structures can be, as
is known, conditionally divided into three main groups: 1) determination of seismic loads, 2)
determination of an earthquake-resistant state, and 3) taking into account the seismic-stressed
state in the calculations and during the practical implementation of antiseismic measures.
Methods for accounting for seismic loads in the design of underground structures [1-4]
revealed the need for more careful consideration of the seismic factor in the design.

66 | Page


mailto:safarov54@mail.ru
mailto:almuratovsh@tersu.uz
mailto:esanov-7373@mail.ru

Proceedings of Online International Conference on Technological Developments in Systematic Research (ICTDSR-2020)
Organized by Novateur Publications, Pune, Maharashtra, India

International Journal of Innovations in Engineering Research and Technology [IJIERT]

ISSN: 2394-3696, Website: ijiert.org, August 14", 2020.

Pastonization of the Problem and Methods of Solution Consider the steady-state oscillations
of a rigid inclusion. The equations of motion for the environment and the cylindrical body

are

92U . '
pi5m = WV + (4 +u)) grad divU;, j=12,..,n+1 (1)

Where A;, u;-are the operators of the Lamé coefficients, which have the form
Kot = 4 o) — [} Ryt —Do@dt|, ()

t

wo® = u; o0 - j Ry (t — D@z

A, u;- instantaneous Lameé coefficients; Ry;, R,; - relaxation nuclei; ¢ (t) - an arbitrary
function of time; - material density; Uj{Urj,Ugj,UZj}' vector of displacements of the

environment.
We represent the displacement Uj in the form

Uj = grade; +rote;, ¢;(0,¥1;,%2;) (3)
Substituting (3) into (1), for ¢; and ¢;we obtain integro-differential equations in the form

t 1 az(p

Vo; — [ |Raj(t =) + 2R, (t — D] Vgdt = ==, (4)
pj

t 1 0%¢;
Vo, — [ [Ruj(t = T)| Vo;dr = z L

2 _ A2y, 2 _ My, : :
Where Cp =T Cs =50 V- the Laplace operator in coordinates r, 0, z. For an

] ]

elastic medium Ry; = R,,; = 0.

The cylindrical body 0 can be absolutely rigid, then we obtain the linear inclusion equations
from Newton's law, which has the following form:

2U(t) 9%6(t)
Fyea EF(t), I o~ M(t), (5)
Where F(t) = §, [0 + 0] nas;  (6)

M(t) = §, r[o® +0©] nds;  (7)

n-unit normal vector to C; r - radius vector from the center of mass to the surface C of the
rigid inclusion; U and Q - translational and rotational motion of a rigid inclusion,
respectively; m is the mass of the inclusion; I is the moment of integration with respect to the
main axes passing through the center of mass. The boundary conditions in C will be:

[U® + U(S)]C =U(t) +6(t) *r, (8)
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Where U®) u UG- the vector of displacements of the incident and reflected waves, U and 0
depend on the incident and reflected fields. If the inclusion is motionless,
To U(t) =0(t) =0, [UP + U<5>]C =0

cd® = feilax—ot) = yo E,i?*J,(ar) cos(nf)e®t (9)

rane EO =1; En=2; n > 1;A = const; Jn — Bessel function.

The general solution of wave equations (4) representing reflected waves (their potentials
satisfying the conditions for studying Sommerfeld as n — ) has the form

dp@Y _ E AnH(l)(ar) cos(nH))
(¢(q)) a <BnHT(ll)(Br)sm(n6) €1 (10)
n=0

Here An and Bn are undefined coefficients; H,(ll) is the Hankel function of the first kind.
Consider the following tasks.
Let the inclusion move translationally together with the environment, then the boundary
condition (8) has the form Ur = Ucos(0), U6 = Usin(6), for o =r.. If M is the inclusion
mass, then U is determined from Newton's equation of motion.
MU = fOZN[Grr cos(0) — S, sin(0)] adlb,

Where M =znpBa2; pB- inclusion density.
Ambient stresses at r = o; looks like:

S,, = 2_“2 0 (Eni"(pogﬁ) + A,ed + ang)) cos() e-iot
n=

a2

Sro _2—‘;2; (Eni"poey + Anefy + Bnely) sin(0) e-iot , (11)
Sgg = —’;zw (E i" (poez(i) + Anez(i) + Bneg)) cos(0) e-iot
rz[eell = (n +n— —) Jn (aa) — aa JIn-1 (aw);

e = (n? + n—=X) Hn(1) (o) ~ o H-1(1) (o)

e = n(n+1) Hn(l) (Bar) — Po HN-1(1) (Bav);

ey = n[(n )y (ae) — o]y, (c)];

sfl) =-n[(n+) HNn(1) (aa) - ao HN-1(1) (aa)];

ey = (n? +n— £~ ) Hn(1) (Bo) — po HN-1(1) (Boo):

el =— (n? +n - X — 2a?) (o) — aa,_, (a@) ;

ey = — (n? +n— 25— a2a2) Hn(1) (a0) - oo HN-1(1) (o),

3 = —n[(n-1)Hn(1) (Be) — Ba HN-1(1) (Boy)].
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Substituting (10) into (9) and integrating and from the resulting differential equation, we find
the displacement of the rigid inclusion

= (% [2iA1]1(aq) + A1H1(aq) + B1H1(ao)] .

where
{ =pc/pB; pc , pB - density of the environment and inclusion.
Taking into account the boundary conditions (2.1.8), Al and B1 can be determined in the
form:
2iA

Al = ™ [-4¢ Jl(aa) H1(1)(Ba) + (14+¢) I1(Ba)fa HOPBa) + (14+¢) oo
JO(aa)H1(1)(Ba) — af202 JO (aa) HO(Ba)] .

B1="2(1-(),

4, =47 H1(1)(ao) H1(1)(Bo) - (1~¢) J1(Ba)Ba HO(1)(Bo) H1(1)(arer)-

-(1—¢) aa HO(1)(aa) H1(1)(Bar) + apa2 HO(1)(aa) HO(1)(Bar) .

For { = 0, we obtain a solution for a fixed inclusion. Then the expressions for displacement
and stress on the surface of a rigid inclusion have the form:

Ur = —7=¢ [2H1(1)(Ba) — B HO(1)(Ba) cos(0) ,
U6 = 2~ ¢[2H1(1)(Beo) — por HO(L)(Bex) sin(®) .
v = = uAB2 { i [ @ H1(1)(ac)]-1 -2[(1+¢) H1(1)(B) - Ba HO(1)(Bo)] +

0 W
ELON E ﬁ“HAl—(B“) s(0)}, (2.1.13)
1
n=0

Sy = ZuAB2A2 (1) HL(1)(Bw) =72 + Z i1 0 ED )}, Gp = (1 -
n=0

2 % ) G
Consider some limiting cases when the wave number /ae/ — 0 and /ao/ >> 1. We use the
asymptotic expression for the Hankel function of small and large arguments when /aa/<<I -

U* (aa) — %?2 [ 2 (C
@ =¢ (1-v) / (1-2v); U* = U/ i$0a. for /aa/ — 0, To U* (aa) — 1. The (aa) >>1 U* (aa)

2
~2\[;§(

are shown in Figures 1. It can be seen that with an increase in the density of a rigid inclusion,
the real and imaginary parts of the natural frequencies smoothly increase. When { =1, i.e. pC
= pB, there is only one natural frequency. As can be seen in Figures 1 and 2, when the
frequency of forced disturbances coincides with the intrinsic one QR = wa / Cp, a resonance

z)zEXp(-iaa+cot-3/4n). At (o) — oo, we have U * — 0. The calculation results
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occurs, but the resonance has a finite peak. The second natural frequency has almost no
effect on the amplitude value, i.e. the second natural frequency accompanies a large energy
damping. Similar results were obtained for viscoelastic problems, when a = 0.048 of low
viscosity was compared with elastic cases. Resonance peaks in the viscoelastic problem
decrease by 15-20% and shift to the left. Indeed radial and tangential stresses on the rigid
body of the field | aa | -> 0 ( # 0):

2

2

Sy =1+ = cos(20) ,S; =1+ eez+1cos(20) :
* 2 *
699 =1- ; Orr,
% 1 « 1
= = e A — - -
For Z 0, n 1 ] 61‘1‘ (1—%2)(1(1 1 6T9 (l_wz)aa
These results are the same as static results.
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fig. 1. Frequency dependences of mixing.
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fig. 2. Frequency dependences of voltages
The distribution of radial normal pressure on a rigid circular cylinder is shown in Fig. 2. at v
= 0.2; aa = 0.1. Similar results were obtained for the case when the environment is
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viscoelastic, at low and high viscosities. With an increase in viscosity, the resonant type fits
15-20%.
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