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Abstract. We consider the interaction of non-
stationary of waves, reinforced holes (cylindrical
shells). Are considered infinitely long circular
cylindrical shells are in infinitely elastic medium.
Shell Manual- falls flat longitudinal wave voltages.
With the help of the integral Laplace transform
and Fourier An analytical expression of stress
numerical results.

Introduction. Investigation of the propagation
explosive of non-stationary of waves in a piecewise-
homogeneous of elastic and viscoelastic media
represents a significant scientific and practical
interest. This is due to necessity of studying the of
possible damage of elements of underground
constructions during the passage through them of the
voltage pulse and with a variety of technological
applications [1, 2, 3]. In particular, the stress waves
are used for measuring of elastic constants the
material cracks and detection of information
transmission. Necessary to note that if the stress-
strain state of elements of designs under static and
guasi-static loading can be calculated using the well-
established methods, the analysis of non-stationary of
waves propagation in structures is a complex math
problem [4]. In this paper we consider the problem of
the dynamic behavior of cylindrical shells under the
influence of non-stationary loads.

Statement of the problem and solution
methods. Method of integral transforms built an
approximate analytical solution of the problem on
interaction of thin cylindrical shell with unpaved
(elastic) environment at influence on seismic non-flat
(of non-stationary) waves. The decision allows
defining circumferential and longitudinal strain (and
effort) shell.

In a flat statement of a similar problem was solved
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coeﬁicientsﬂ,, M, accumulates at an angle ) to the

axis of the shell is flat longitudinal wave Manual-
voltage

q(r.0,z,t)=qoH(t) . (1)

Where (p - the amplitude of rolling wave; H -
Heaviside function;

_t r(cos@sinr +sin @)+ zcosr |
C1

Having constructed solution of the problem for
waves speed (1), using the Duhamel integral is easy
to construct solution for non-stationary wave with an
arbitrary time dependence. Timing is produced from
the instant when rolling wave front (1) leads to the

cross section of the shellZ=0.
In the absence of static of mass forces vector
— T . . .
system U = [Ur,UQ,UZ] in an elastic medium is
determined by the equations

(2+2u)grad dir -  rotrotii = ple%i /6?) )

Lame by the displacement vector is expressed
through the scalar l/7 and vector potentials:

u=grad o+roty

Where ¢ - potential of longitudinal waves;

1?(1//”1//,9,1//)() - potentials of transverse

waves. Potentials of functions in cylindrical
coordinates satisfy the following wave equations

in [1, 2] - conditions of for hard contact shell and 2 1 az(p
environment, and in [4] - to slippage conditions. The \% T =2 — Y
design scheme task is presented in Figure 1. A Cs ot
circular the cylindrical shell with a radius R and wall 1 0%y (3)
thickness h of the material has a densitySo, Vzl//x - Zx =0;
Poisson’s ratio V' and Young modulus E, located in Cs ot
an elastic medium with a density o, and Lame
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Where =(A+2w)l p; ¢ =ulp;

velocity respectively of propagation of longitudinal and
transverse waves.

The displacement vector, of deformations and
displacement potentials of in cylindrical coordinates
are expressed in the form [1]:

_9p 10y, Oy,
" or r 060 oz '
u 19 oy. oy,
° ree oz or

u 92 %, W, 10vy..
9z or r r o060
2f 2
vt 0 (rﬂ}Liz—a 5 +—a : ,
rar or r< oo Oox

Where f — arbitrary function of time.
The equation for the displacement vector shell
= [u, % @] received as

c
<)

LT, = R{@ZUO Jat? + Igl(poh)}/cz,

? = E, /po(l—vz),
Or in expanded form

o%u 1 v, 0% +1+v0 a.9
o 2R? 007 2R oxd0
Vv, OW 1—1/0 d%u

R ox  Egh, at2

—-+P._=0

1+v, 0%u L= v, 09 i62V+
2R 5X5(9 2 ox* R? 00 @
i@_l vO 0? 19+sz0

R206 Ezh, " ot
voou 1 08 h? aw 2 o'w
-t = —+ ( +
Rox R’ 06 12 ox' R’ ox200°
2 o'w, 1-v¢ &’w

R 06" En, P ot

+P =0

here R - the radius of the middle surface of the
shell; hg - the thickness of the shell; Ey; - Young's
modulus; [o- Poisson's ratio; po- the density of the
shell material; 8 — angle reckoned from the initial

=N

generator; P = [P Pg,Pr] — vector of the surface
forces.
Px 2 O,y
P 1-v;
= (o}
0 0
P Eyhy r

r rr

The initial conditions for the half-space accept the
null; and the boundary conditions at r—> given rolling
wave (1), at r—>oo zero. On the surface of the shell full
slippage conditions are formulated:

- Continuity of normal stress components at ' = R

P, :—qo[( 17)sin? y cos 0+77]A—
pohc’ Ha 0, 1op

R? o> R or

2 3
+ i a l//r + a l//é
R 060 orofoz

2 2 2
s L0000, 00 10V
R? ot* oz° or’ R? 00

- The absence of shear stresses at = R

P, =q,A(l—17)sin® ysin @ cos 6 —
pohc® (2 % 1oy, Oy,

R? Roro® R or  or?

1 82lr//r 2 82!//9 2 a?’lr//r .
= _Z + £ -0
R? 00° R? 000z R orodez
P, =0,5Aq,(1-7)sin 2y cos @ —

2 2

pohcﬂzaﬂo_’_la'//r_'_ia‘//a_
2R oroz Rofoz R? or
_382‘//9_63‘//9 2 6!//9_

R o o' R 002 0
i53l//9 n Oy’ ,
R? oro6*  orof oz

The continuity of the displacement rates at r = R

W Gy a[a¢+1awr+azw,J
ot

or R 00 oroz )

Asinycosf ——
pC, ot

qozpclvn;vn :qolpcl;

where ]
v, =(q,/ pa)siny -cosd

Solution of the formulated problem by separating
variables. Are applicable to equations (3) - (4) of the
Laplace transform with respect to time, a finite cosine
- or sinus - Fourier transform by corner of 6 and the
Laplace transform in the coordinate z, write them in
the pictures
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Fig.1. The settlement scheme.
0.E
wit,0,z2,y)= ———
027) = s pe R (6)

2 2 2 cl LcL
(n Ire—s“+p =0 (5)
O*wllor® + oyl Iror -
(n2/r2 —s? 4 pzlyﬁ)//,‘,i =0,
Where m=1,2
d=LsL at m=1 d=LcL at m=2,
(S2 —n2alU't +nsbg“t + 1Bt =
A2 pzuLcL '
— bsnu ™ _(nz _as? )‘gLsL wke =
A2p219LCL ’
vsut™ +nut 4 [k(S? —n? )+ 1jwtet =

A2 pZWLCL

Gaplze ™™ )D(p.s.n 71,0, .17, M, N)
/[p/S + pcosy]

Where P, S — parameters of the Laplace transform

z
int a= E . n — Fourier transformation parametero;

I,(X) — modified cylindrical function indices n. In
equation (5) used the dimensionless variables
p=¢IR*, y, =y, IR t=Ct/R;r=
r/'R;q,=9,/pCZ u=ulh;
3=9/h; w=w/h.
Appeal images t performed using of Theorem of

delay. Function deflections o shell at v = 0,3 given in
divided of variables received in the form of:

[ﬂzsin2 7/cos¢9—%sin2 y(ﬂu —2,sin@sin® 9)}

B :(t_w1)3H(t_w1)_(t_a’z)gH(t_wz)+
Where 2~ 11(169A+cosy)  11(cosy —1,69A)
(t-oSH(t-0) (t-o)Hlt-,).

0,65(A+cosy)  0,65(cosy—A)

B :(t—a)4)4H(t—a)1)_(t—a)z)AH(t—a)z)+
‘" 11(L69A+cosy) 11(cosy —1,69A)
(t—a)s)AH(t—a)3) (t—a)4)4H(t—a)4)

0.65(A+cosy)  065(cosy—A)

o, , =siny(1-cos0)#169A I R; w;, =
sin y(1—cos @)+ Az/R.

With the help of Duhamel integral and (6) we can
construct a solution to the incident plane longitudinal
wave (1).

To assess the accuracy of the constructed solution
was calculated steel shells in an elastic medium on
the initial data

n=05m, h=0,014m,p, =78T I m,v =
0,3,E =21-10° ml1a,y =90°,1 = 0,35;

o =16T/x%,q=800m/c,C, =
400m/c,q, =16MIla,A=0,4

The dependence of the change in compressive of

the elastic loop voltage o » 1A at the points in time ¢
on the contour of free circular hole is shown in Fig.2.
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Fig.2. Changing the compression of the elastic loop voltages o x 1A at the points in time ¢ on the contour of
free round holes: 1 Results of analytical solutions when exposed to of a plane longitudinal of the elastic wave type

Heaviside certain functions; 2 the results present work p.

Thus the constructed solution allows to estimate a
first approximation of the parameter space of
movement and stress - strain state long (main) day
labor pipelines and tunnels to join the rock mass lining
when they overlap plane wave voltages.

Conclusions:

1. Analysis of the results shows that the
maximum value of stresses in the shell is achieved at
a certain time delay.

2. It was found that at the beginning of the hole
and backed by the time the wave passes around its
radius  becomes almost uniformly  uniform
compression, then comes a qualitatively new phase of
the movement, which outline voltages fed and
appeared noticeable bending stresses rapidly grow to
form a ring of five holes waves.

3. In contrast to the known solutions allows to
calculate the change in deformation and curvature of
the shell along the axis Oz, as well as longitudinal
forces and bending moments.
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