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Introduction I1. Statement of the problem.

The study sewn construction in the form of rods
and shells is considered in [1, 2]. Calculation sewn
construction is often based on field and laboratory
experiments [3].

In this paper we consider the cylindrical
protective structures [4, 12]. Under dynamic stress in
the wall of the cylindrical protective structure
havingtransverse vibrations of bending. Explosive load
applied to the axis of symmetry of the cylindrical body.
The problem is reduced to the study of the bending of
the transverse oscillations relative to the element
sheath.

Fig. 1 shows an element with the current in it
internally. The figure shows the bending moments
along the generator shell M,., annular M,, normal ring
of force N, and transverse forces Q,, and the directions
of the axes of coordinates and transverse forces Q,, and
the directions of the axes of coordinates and the
corresponding displacement. The equilibrium equation
shell element is the sum of the projections of all efforts
on the axis Z. It can be written in the form

2w 00,
dx

madepdx Fra +

_do
dxad¢ + 2N¢dx sin -

= p(x,t)adpdx

Given, that
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_d¢ do £p = ——
sin— = —, ¢ To
2 2 have
Eh
have Np = —2-w (1.4)
00y, 0°M, Because of symmetry conditions can be seen that
Ox  0x2 the curvature of the circumference of the enclosure

We denote by o,k p u p circumferential
compressive stress, respectively, wall thickness,
density, and external pressure; then the equation of the
transverse vibrations can be written as:

2 2
mIZ+ T 2Ny = p(x, 1) 1.2)
Where N,, = N,,; the torqueses M,, = My, in

both sections are zero.

By the same reason, annular an effort M, and N,
must be the same along the entire perimeter shell; w -
transverse movements; M, - bending moment along the
generator shell; N,- normal ring force, m - mass per
unit length; p(x, t)- external load, which is attached
inside the cylindrical body; v - the Poisson coefficient

Eh
N, = ﬁ(sx +vey) =0, (1.2)
Eh
o= 12 (8¢ +vey) 1.3)

From (1.2) we obtain &, = —pueg; substituting
this into (1.3) and taking into account that

axis of symmetry
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- m,

should be constant. Then it follows from the theory of
plates, that:

ol WM¢ =V Mx
ox?

Substituting the expressions (1.4) and (1.5) into
equation (1.1), we obtain the equation of forced
vibrations of a closed cylindrical shell [4,5,6,7,8].

M. -D (1.5)

w + 4% + *w" = p(x,t)/D (1.6)
Where
gt = Eh 3(1—1/2); _ EW® 2 _vh
4R2D E2h2 12(1 —v?) gD
wt’ = 9*w/ax*; w' = 3%w/ot>.
D - Cylindrical rigidity; v - the Poisson
coefficient; R - radius of the middle surface; % -
thickness of the shell wall; g = 980 % - acceleration

of gravity; w - radial movement the shell wall.

X(u)

Fig.1. Settlement scheme elementary area of a closed cylindrical shell with transverse vibrations.

Equation (1.6) differs from equation shell
deformation under static loading [1] memberA?w”,
introduced to account for the inertial forces mass shell
wall at a dynamic pressure is applied. This equation, as
well as the equations studied [2], does not account for
the effect of the rotational inertia of the cross sections
and shear forces. Consider a finite shell length L
(Figure 2). Influence consolidate all shell will take into
account the appropriate boundary conditions.

As the origin of time t will take the start of the
deformation. Thus, the problem of deformation of the
cylindrical shell of the explosion is reduced to finding
the solution of equation (6) satisfying the zero initial
conditions and the corresponding boundary conditions.

The solution of this problem is reduced to the
determinationw(x, t), since the forces and stresses
after determining w(x, t) are located.
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Fig. 2. Settlement scheme of a cylindrical shell.

With all the variety of loads, resulting in the
explosion, the nature of deformation of the shell
provided with stiffening rings can be found by solving
for a single load instantly attached at a distance x = L,
(Fig. 2.a).

Let us find the solution, i.e., define the movement
of the shell wall at the instantaneous application of a
load of the form

1,npux =Ly

P(x,t) = {0, npux % Ly, (1.7)

The solution of equation (1.7) at the right side of
(1.8) in the form of a number of

w = Yi=1 B (Wi (Bix), (1.8)
Where  w(g,x) - fundamental functions
satisfying the equation
Wi (Bi, x) = BiWi(Bix) = 0 (19)

and appropriate boundary conditions; S,.(t) - unknown
coefficients to be determined. As is known, the
function U, for the boundary conditions W, = W = 0
at x =0 and x = L have the following form;

W, = sin B, x — shfx
sin i L — shBL
cosfLechfL
— Chfyx),

(cos By x

@

Where pB,- the roots of the transcendental
equation.

ChfByLcosBr L =1 (1.10)

Several numerical values of the solutions of

equations (1.10):
BiL = 4,73; B,L = 7,8542; B5L = 10,9956
Atk > 3,
_ 2k+1
l=— TT.

For the boundary conditions W, = Wl =0 at
x=0and x=1L
km

szsink%xyﬁk =% k=123,..

We expand the unit load (1.1) in a series of
fundamental functionsWW,.. To do this, we will consider
it as the ultimate load (Fig. 2)

0 Wi (Bxe
PO =51 AW, A =50 (L1D)

To find the unknown coefficients A; series (1.8),
in the form we are looking for solution of the problem,
put the number as well as the expression (1.11) in
equation (1.1). As a result of this substitution, taking
into account the equality (1.11) we obtain the following
differential equation forB,

B +4B* Ay

B+HZEB -Z5=0 (112

Fig.3. Settlement scheme. Cylindrical protective structure.
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A solution of these equations for zero initial conditions
the following
_ C,(1 —cosqt)

‘T (BE+4pHD
Bé+aprx

2
Thus, the solution of equation (1.1) we have the
following form:

Wi(B)(1—sin q)

W =3k DIF Wrdx(Bitap?) Wi (Brex). (1.13)

Wake assumes that t = T load removed. Solution for

t>Tg we find the principle of superposition,

suggesting that at the time t, applied to the system unit

load directed in the opposite direction. In this case the

decision is determined by the formula

Wi (BxLo) sinqkzt1 sin qk(t—g)
D(BE+ap*) [ WZdx

Where Q.=

W =235 Ur (Bix)

(1.14)
The last formula can be obtained movement caused by
the instantaneous unit impulse, i.e. when t; - OPT =
1

W, (eg, x,t) = Z

k=1

Wi (BiLo) g sin qi Yy (Biex)
DB +48%) [, Widx

Now consider the load P(t) as a set of pulses. The
action of the force F(t) at time T for a short time
interval dt can be considered as a pulse R(t)dT.
Moving the shell wall at time t(t > T), caused by this
pulse is equal to

aw

_ Z Wi (Breo)aqx sin gy (t — T)p(T)AT Wy (Bix)
o D(Bi +4B%) [,  Ukdx

W=ys_, Wi(Brad)Wiay J;  p(T) sin Qk(t—T)dC. (1.15)

D(BE+4B%) [} whax
Thus, we obtain a formula for finding the moving wall
of the sheath when the load is applied at the point X =
l,, varies according to an arbitrary law P(t). Formula
(13), (14) and (15) can be used for constructing
solutions in all cases, with the explosion of the shell of
loading.

Let us consider some particular cases:

1. PressureP(t) = P = const. Pressure is applied
instantaneously, and act on the membrane for a time ¢;.
At the time t, pressure instantaneously is removed. We
find the solution for the given case load applied to the
sheath having boundary conditions W =W'= 0 at
x=0andx = 1.

For time interval 0 < t;, using (1.13) we obtain

P(Lo)Wi(BrLo)eo(1 — cos qi )Wy (Byex)

w=> Jy
k=1

° 4P at k=13,5,....
_[ P(L)W, (B, Ly)de, = 1 B,
0 0 at k=2, 4,...

e 2 __ ShBgt—sin ByL
fo Wicdx = ShBjL+sin BiL
and hence,
4p (1 —sinQt)
=— W’Ikwk(ﬁkx)
k=1,3,5,.. k 1

Att < T. Introduced here the notation
ShBL + sin B L
ﬁl = ﬂk“l-' Ny = — or .
shB L —sinf, L
Accordingly at t > t,, Using (1.14) we obtain

o QMW (x)
W=P — -
' 1235 Bk LBy

Where Q(t) = sin(q,T/2) sin qy (t - g)
2. The pressure
P(x) = 0,084x + 0,72x% + 0,7x3 is applied to the
shell and is valid within the time time interval T. For
0 =+ T using (14) we obtain
Q2 (O Wk (Bkx)
L DB [ Widx

Where.

D(Bi +4B%) [,  Widx

L
Q.(t) = (0;084J xWy (BxLo)

0
L

+ 0,72f xZWK(ﬁKLO)
0
L

+ 0,67f x3WK(BKLO)>
0

3. The pressure P(x) =Y 1 P, sin“x applied

instantaneously and is valid for the time 0 + T. Attime
T, pressure instantaneously withdrawn. We find the
solution for the given case load, taking boundary
conditionsW = W" =0 at x = 0and x = L. For the
data the boundary conditionsat N = 1:

™2, 4 pa(eT
W 2Py sin (%)4+4B4%sinwsin%x

4
D[(’—If) +4/34]
I1l. The numerical results and their analysis are
given below.
When calculating take the following initial data:

Ro — 20:v=10,25E=21- 1053’%

hqy

Some solutions of particular problems identified
natural frequencies, which are listed in Table 1. The
results of calculations are compared with the results
presented in [4,10,11]. The discrepancy between the
results of up to 20%. Calculation of cylindrical shell on
the effect of dynamic load.
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061 p l\..."_.— _—— ___‘.h_,'__ ——— .~
1.2

1 — N,— Annular of force 7 = 0,05 and 0,1
2-M, - moments 7 = 0,05 and 0,1
Fig. 4. Cross-chain and bending stresses in the shell.

Table 1. The eigenvalues.

Ne Thepaper [4] our Thediffe
theresults rence
1.0 0,97394 0,97103 0,29
1,47003 1,46996 0,007
1,83890 1,83792 0,0068
2.0 2,89321 2,89436 | 0,00111
3,14526 3,14627 | 0,00101
3,76525 3,76423 | 0,00102

Consider a cylindrical shell (Fig. 3) clamped
around the edges made of reinforced concrete and
having the following dimensions and physical

On the inner cylinder acts uniformly distributed load,
time-varying linearly (Fig. 2). Figure 4 shows the chain
and bending stresses in the shell when exposed to

constants: D = 4m, the height h = 4m,; elastic
modulus E =2,1- 1059';—92,17 =0,25; volumetric

weight of the material of the dome y = 2,1-103 S’%.

pulsed loads as P(x,¢,t) =ce /" ( D =4m -
amplitude load).

m-10°

307

0,001 0,002 0.003 0,004 0.005 0,006 0.007 0,008 0.009 0.0

t(cer

Figure 5. Change the greatest moment in time.

From Figure 5 it is clear that the time reaches its
maximum value at the initial time, and then gradually
decreases.

4. Dynamic stress-strain state of an infinitely long
cylindrical shell when exposed to explosive load.

Moving wall infinitely long cylindrical shell with
instant annexed thereto unit load found by solving for
the ultimate shell passing to the limit [ — c. Form this
case, the solution (2.14) takes the form

2 Clarivate
Analytics "
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1 cosyx; 1 This expression coincides with the expression
W= )y O +4BHD <1 oSy 4 t) obtained [5] with the cosine - Fourier transformation

Table 2. Estimated efforts in the wall.

X./ X W, MM )'e Mx, KH.
H M/M
0 0 0 -11,011 -1030,68
0,1 1,773 0,063 -7,294 -682,76
0,2 | 6,136 0,216 -3,661 -342,69
0,3 | 11,856 0,419 -0,296 -27,71
04 | 17,706 0,625 2,582 241,69
0,5 | 22,635 0,779 4,727 442 47
06 | 25,88 0,914 5,934 555,45
0,7 | 27,029 0,964 6,072 568,37
0,8 | 26,024 0,919 5,083 475,79
X./ | Mpkn. | Nexu/m X" Qx KH/M
H M/M
0 171,78 0 6,192 0
0,1 | 113,79 318,8 6,15 575,67
0,2 | 57,11 1093,1 5,885 550,87
0,3 4,62 2120,4 5,267 493,02
04 | 40,28 30162,9 4,24 396,89
05 | 73,75 4043,5 2,835 265,37
06 | 9258 4625,5 1,138 106,52
0,7 | 94,73 48279 -0,705 -65,99
0,8 79,3 4650,8 -2,555 -239,16
0,9 | 47,24 4149,8 -4,27 -399,69
1 0 3456,5 -5,75 -538,23
If the applied load instantaneously after time T L1
will be chargsdp, the decision in this case?/was found by 1 (= COSYXLSIM ﬁ«]yll + 48Ty, (B)
a superposition, will have the following form W= ;J D
0 1
Kp
1 -
1 ]
14 - 3
ya
0.7 ,,-’ - __-___""'---.._ \;
] '/2/1 5 75 9 PR

1-¢=00L 2-&=005 3-a=04; 5-a=06
Fig. 6. Schedule to determine the values of the dynamic coefficients At t < T where

K0) = sing 37 + 467 (¢~ 3)

D, =D(y* + 48"
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-Oas ! ?

0,35

o 2 4

Fig. 7. Stresses in cylindrical body with a pulse Speed and load.

Figure 5 and 6 shows the stress in the cylindrical
body by the action of impulse and step load.
Subsequent waves effects are less and less energy, so

for practical purposes is sufficient to apply no more
than two - three waves. Calculated efforts shell wall are
given in Table 5.

1-2,0, =25;2—-2,06 =10
Fig. 8 Change displacement versus time.

In view of the required accuracy of the results of
calculations are presented in Figure 3.8, with
kg h
v=0,25E=2,1-10°——-=0,1
sm*R
R=1;2;3.N=10"%1,2,3...5
At N =5 and N = 6 value w differs from the
previous fifth decimal place. Change w depending on
t shown in Figure 8
It can be seen that with increasing time (t> 0,03
sec) movement reaches its maximum value, and then
approaches zero. There sultsare presented in Figure 8.
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