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THE JUSTIFICATION OF A WAY FOR IMPROVING THE PROTECTION OF
SPECIAL BUILDINGS FROM SHOCK EFFECT OF THE PROJECTILE

To increase the protection of engineering structures from the impact of projectiles, it is proposed to use an
elastic reinforcement of the outer surface of the coating. It is shown that its use significantly reduces the dynamic
deflection of the structure, and, on the contrary, its protective properties. The results are based on an analytical
analysis of the constructed mathematical model of dynamics of an elastically reinforced upper part of the protective
structure under the condition of a shock effect on it of the projectile. The results obtained simultaneously, under
certain constraints, may be the basis for studying the dynamics of the specified structure from the action of a shock

wave or a series of strikes of projectiles.

Key words: engineering structure, system of elastic reinforcement, bending oscillations.

The statement of the problem

For the protection of personnel, military equipment
against the impact of explosive waves and the impact of
projectile used various protective structures (dugouts,
trenches, etc.). If the effect of an explosive wave on a
protective structure extends, as a rule, along its entire
surface, then the projectile - is of a point nature. Despite
the fact that the duration of action on the protective
structure of these factors is negligible, in many cases it
leads to its destruction [1, 2]. Therefore, there is a
problem of increasing the protective capacity of these
structures. It can be solved by various means, for
example, to increase the thickness of the coating; use for
its manufacture materials with increased strength
characteristics; to make structural changes in its
arrangement. If the first two methods are not always
acceptable, the latter, in some cases, may prove even
more economically advantageous. That is why this work
is devoted to the use of the system of adding elastic
reinforcement of the outer part of the covering of the
protective structure. For this aim, the protective coating
is modeled by an elastic body (beam), and in order to
reduce the dynamic effect on it, the projectile has been
offered an external part of it to elastically tuck up. To
justify this in a paper it is constructed a corresponding
mathematical model of the dynamics of such a
modernized construction taking into account the
instantaneous effect of the force factor. Then based on
the analytical solution, it has been shown that for a
reinforced protective structure, the dynamic deflection
can be several times smaller, and from that, the
protective ability is greater.
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Analysis of basic research and publications

The impact of an explosive wave or projectile on a
protective structure, at best, is characterized by a
significant deformation [3]. Determine it, and from this,
assess the protective ability can be based on the
relationships that describe the dynamic deflection of the
protective structure [4]. It is described mathematically
by boundary-value problems for partial differential
equations (systems) [5]. Analytically find it for the
simplest physical models of protective structures in the
case of a continuous distribution of external load using
asymptotic methods of nonlinear mechanics [5, 6]. As
for the development of the system-reactive system for
instantaneous action, such studies were considered only
in individual cases (see, for example, [7-11]) for
limitations that are too rigid to analyze the impact of
impulse impact of the projectile. In connection with the
above mentioned, an attempt was made to obtain
analytical dependencies that would be basic for
choosing the basic strength characteristics of the
reinforcement system of the outer part of the protective
structure.

Presenting of the main results

As noted above, in many cases the outer part of the
protective structure can be considered as one-
dimensional elastic bodies (elastic beams). To increase
their protective ability, it is proposed to support them
with an elastic layer. The latter are modeled by a system
of linearly elastic elements with rigidity c.

For simplicity, it is assumed that the ends of the
latter are hinged. For the physical model of the object
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under study we assume that due to the dynamic effect
on it of the shock impulse its mass of the unit of length
p, the cross-sectional area S, the modulus of
elasticity of the material E and moment of inertia of
the cross-section J remain unchanged. The central axis
of it receives only movement in the direction
perpendicular to the undeformed axis. This
displacement for a section with a Cartesian coordinate

2
pa u(x,t)+ £

x at any given time twe denote by the function
u(x,t).

The shock impulse is characterized by the
magnitude Fand point of applicationxy, and for

simplicity, it begins to operate from the initial moment
of time. In this case, the differential equation of the
bending vibrations of the physical model of the upper
layer of the protective structure takes the form

+eu(x,t)= Bluy(x, )2+ F

at?

where the first term of the right-hand side characterizes
the real existing resistance forces that accompany the
dynamic process of the protective structure (the strength
of the resistance is proportional to the velocity in the
degree 2r +1 of displacement, where r is an arbitrary
number, g - the coefficient of proportionality), and the
second — the shock effect of the projectile. For the latter
we will assume that Py, = Fod(x — o)t —to ) where

t=tg

5(...) is the Delta Dirac function, Fy — the maximum

value of the indicated force, xq— characterizes the point
of impact of the force, and t;— moment of time.

As is known, the dynamical process of systems in
addition to external and internal factors is determined
additionally by the boundary (initial) conditions,
therefore, to the equation (1) we attach boundary
conditions that coincide with the fixing of the ends of
the outer part of the protective structure, and for
simplicity we consider it as fixed cylindrical hinges. In
this case, the latter become a form

o2u(x,t)
aXZ |x=0;1

where |- the distance between the reference points of
the protective structure.

Thus, the problem was reduced to the construction
and analysis of the solution of the differential equation
(1) under the boundary conditions (2). Taken together,
this allows us to use the general ideas of perturbation
methods to construct the resulting mathematical model
of the process dynamics. Therefore, first, we construct a
solution of the so-called unbounded boundary value
problem, that is, the equation

2 4
pa u(;(’t)+EJ d u(i,t)
ot OX
under boundary conditions (2).

We will look for it in the form [12, 13]
u(x,t)= Cy sin(xx + at + pg )+ Co sin(kx — wt +yq), 4)

U(X!t)‘x:o;l = =0, ()

+eu(xt)=0 3)

where C;, C,, @q,yq - are steady (the amplitudes and
the initial phases of the direct and reflected waves), and

their wave number k and frequency o are connected
by the dispersion relation
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o*u(x,t)
OX

X=Xp, (1)
t=tg

pa)2 —EJ*-c=0. (5)

By satisfying the boundary conditions (2), for the
beginning of the protective structure we obtain:
C,=Cy, @g=-yq. Similarly, from the boundary
conditions for the end of the considered construction,

k
we have K:Tﬂ, and from the dispersion relation (5)

we find our own frequency of the dynamic process of
the undisturbed motion of an elastically reinforced
protective structure

o2 () 2, ©)

Taken together, it is possible to describe a large
frequency dynamic process of undisturbed motion as a
dependence

U (x,t)=

Zak [sin(ka+a)kt+(p0k)+sin(1<kx—a>kt—g00k )], ()
k=1
where the parameters a,, @g, can be found from the
initial conditions. Such a task may be the subject of
individual research.

The foregoing allows us to proceed to determine
the effect on the oscillations of the reinforced part of the
protective structure from the impact of the projectile.
The basis for finding this action is the principle of one-
frequency oscillations in nonlinear systems with
distributed parameters [8] and the propagation of the
basic ideas of asymptotic methods of nonlinear
mechanics. Consequently, the single-frequency dynamic
process of the reinforced part of the structure in the
form close to the first form of "dynamic equilibrium" is
described by the dependence

u(x,t)= a(t [sin(cyx + ¢ 1))+ sin(yx - # (1)}
9(t)= ot +4(t).
The laws of changing parameters a(t) and ¢ (t) define
the impact of the projectile, the force of viscous internal
friction in the protective structure and its application
point. That is the subject of further research.

Differentiating (8) with respect to independent variables
we obtain

(8)
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au(t,x) _ dg(t)
ot dt
o%ut,x)  da
a2 dt

a_u

OX

otu

ox*

o [cos(ic x + @) —cos(icy x — 4 )|+ ay

day.. .
=a—Z[cos(k X+ ¢)— cos(ryx — )]+ E[S'“(le +¢)+sin(iex—¢)),

d¢

E[Sin(qu +)+sin(xyx—¢)],

= a(t)ey [cos(icyx + )+ cos{icyx ~ 6}

- = a(t)r<14 [sin(rclx + ¢)+ Sin(le - ¢)1

In the work, we assume that:

1. the impact of the projectile on the outer part of
the protective structure does not lead to its destruction
and from this the latter makes bending vibrations;

2. representation of the solution of perturbed
equations in the form (8) has the following basis: the
first mode of oscillation plays a dominant role in the

,99(t)
dt

If we substitute in the initial differential equation
(1) relations that are consistent with the dependences

dg

da d¢
dt

m o SiNkXSin ¢ + aay

The last differential equation together with the
restriction (10) to the derivatives of the desired

da_1
da 2p
d¢

dt 2p

However, in the obtained differential equations,
the right-hand sides depend on the linear variable that
holds for so-called "long systems™ [12], but we are
considering "short" reinforcements, and for him the
amplitude of the dynamic process varies only in time.
This is the basis for the averaging of the right-hand
sides of the obtained relationships. Before proceeding to
the averaging procedure for a linear variable, use the

following: a system of functions  {X (x)}= {sin kT”x}

that describes the forms of proper

) 2 2

da_ B [ rz(l' 2r+1)r2(§=2r+1](2 o s Fays nI&{COS(a{tOﬂZD),Hth—tO,

dt 2|qu

94 = a)—; Faysin—=
dt 2lpacy I

Below, in Fig. 1, the reaction of the reinforced
outer part of the protective structure (the law of
variation in the amplitude of its bending vibrations) for
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day. .
[cos(yx + ¢)— cos(xyx —¢)]+E[sm(1<1x +¢)+sin(rx—¢)]=0.

Sin kX COS ¢ = 2_—1[— 2amy Sin Ky Xsing
P

= +i{[— 2asinxkyxsin ¢! + Fos (x — xo o (t —to )}sinzclxcos 9.

X Sin(alt0+¢_b),npn t=tp,
0, npu 0<t<tyg—0i t>ty+0

study of nonlinear dynamic processes of systems with
distributed parameters.

3. when finding the second derivative in time for
the function u(t,x) it takes into account the fact that,

according to the Wan der Pol method [14], it is accepted

(10)

(5), (6), (8), (9), then after simple transformations we
obtain

]2r+1 —iF (11)

functions determines their laws of change in the form

[~ 2asin i xsin g P+ — Fos(x— x5t —to)}sin Ky Xsing,

(12)

oscillations of the protective structure has the property
of completeness and orthonormalism [15]. This allows
the effect of the shock force on the design to submit in
the form

k7Z'X0 kz

2 . .
Frexo = F05(t—t0)kZ_1Tsm—sm—x. (13)

Similarly, we transform the time action of the
shock impulse, and from this, after the procedure of
averaging equations (12), we have

0, mpu 0<t<tyg—0i t>ty+0
(14)

various values of the rigidity of the additional spring-
load and the various points of the projectile's contact
and structure is presented.
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Fig.1 Change in time of amplitudes of bending oscillations of the protective structure
at different points of impact of a projectile

The obtained results also serve to assess the basic geometric characteristics of its cross-section. Indeed,

stresses in the protective structure, which are due to the  the maximum stress in the section of the protective
shock action of the projectile, and thus, the choice of the  structure is determined according to the dependence
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Omax = maX(EMJ s (15)
W

axz
where W is the moment of resistance, which is
determined by the dependence W:Ly. Taking into

account the received law of bending oscillations of the
protective  structure, the given dependence is
r
|
determined according to differential equations (14).

2
transformed to a form ooy :%Za[ j , which a is

General conclusions

The obtained theoretical results and the graphic
dependences constructed on their basis show:

firstly, an additional elastic reinforcement of the
upper part of the protective structure increases the
frequency of its own oscillations;

secondly, the value of the deflection of the
reinforced part due to the impact action of the projectile
assumes the maximum value provided that the point of
impact of the projectile on the protective structure is in
its middle;

third, in order to increase the protection of special
structures, the rigidity of additional reinforcements
should be taken more for greater distances from the
reference points.

fourth, the dynamic deflection of the reinforced
structure is smaller for a greater value of the stiffness of
the elastic reinforcement.

It should be noted that the above results can serve
as the basis for calculating the protective structure from
the impact of a shock wave or other instant force and
these methods may be understanded in cases of more
complex constructions.
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PeneH3eHT: KaHAWAAT TEXHIYHMX HAyK, CTapIIUA
HaykoBuil cmiBpoOiTHuK B.I. Kpusiyn, Hamionanpaa
aKaJgeMis CyXONyTHHX Biichk iMeHi rerbMana llerpa
Caraiinaunoro, JIbBiB.

OBIPYHTYBAHHS CITOCOBY MIIBUILEHHS 3AXUIIIEHOCTI CHEL[IAJIbHUX CIIOPY I BIJL YV IAPHOI J1i
CHAPSIJIA

A.L. Aanpyxis, B.I. Cokin, M.B. Cokin, H.M. I'yzuk

Jloceio gedenns socuHux onepayiti NOKA3ye icHy0Yi npoO.iemu NIOGUWeHHs 3aXUWeHOCMT IHJICEHEPHUX CROPYO Mda MEeXHIKU
610 Oii yOaHux Xeunv yu cHapsaoie. Bupiwumu ii 0151 THIICEHEPHUX CROPYO MOJNCHA PIZHUMU CROCOOAMU, HANPUKAAO, 30LTbuumu
MOBWUHY NOKPUMMS, BUKOpUcmamu Ons il 6UcOMoseieHHs Mmamepiany i3 NiOBUWEHUMU MIYHIWUMU XAPAKMEPUCTNUKAMU,
3podumu KOHCMpYKYiini 3minu npu it oonawmyeanti. fxuo nepuii 06a cnocodu € He 3a824c0U NPULTHAMHUMU, MO OCMAHHIU V
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0eAKUX 6UNAOKAX MOJICe BUABUMUCL HABIMb eKOHOMIYHO eucioniwum. Came OOIPYHMYSEAHHIO GUKOPUCMAHHA CUCHEMU
000amK08020 NPYHCHO20 NIOKPINIEHHA 308HIUHBbOI YACUHU NOKPUMMSA 3AXUCHOT CROPYOU npucesdena oana poboma. 30kpema,
6i0 yOapHoi 0ii cHapsAdié 3anponoOHOBAHO BUKOPUCTIOBYBAMU 000AMKO8e NPYICHEe NIOKPINIeHHsA 308HIUHbOI Yacmunu 00 ckma.
s 6unaoky 000amKo8020 NIOKPINIeHHA Yy Uil NPYHCHUX OAIOK N0OYO0BAHO MAMEMAMUYHY MOOelb OUHAMIKU 3AXUCHOL
KOHCMPYKYIT i3 yPaxy8anHam OUHAMIYHOL Oii Ha Hel 8 008inbHOMY Micyi yOapHOi cunu cHapada. Mamemamuyna mooensv a6
€000 Kpaiiogy 3a0auy 0Nl HENIHIIHO20 OUPePeHYiaNbHO20 PIGHAHHA 3 YACMUHHUMYU NOXIOHUMU. 3a Qi3udHO 0OIDYHMOBAHUX
00MedHCeHb WOO0 OCHOBHUX 306HIWHIX | GHYMPIWHIX YUHMHUKIG, AKI XAPAKMepUu3yioms 00 '€Km 3axucmy, HOKA3aHO, Wo Ols
no6Y008U AHATIMUYHO20 PO38 SA3KY 6KAZAHOI MAMEMAMUYHOT MOOeNi MONMCHA BUKOPUCMAMU OCHO8HI i0ei memodig 36ypeHy,
mouHiule Kaxicyyu, aCUMRMOMUYHI MemoOU HENIHIIHOI MeXaHiKu y NOCOHAHHI i3 NPUHYUNOM OOHOYACMOMHOCMI KONUBAHb )
HeniHiinux cucmemax. I3 ix euxkopucmanHAM OMpUMAHO AHANIMUYHI 3ANENHCHOCMI, WO ONUCYIOMb GUIHAYANLHI napamempu
3CUHANILHUX  KOMUBAHb 308HIWHBOI 4ACMUHU 3aXUCHOI KOHCmpYKYii. Bcmanoeneno: Ounamiynuil npoeun  niokpinieHoi
KOHCMPYKYIL € MeHuUM 0151 OLIbUUX GEUYUH JCOPCMKOCTIE NPYICHO2O NIOKPINACHHS; GeIUYUHA NPOSUHY NIOKPINJIEeHOT YaCmuHu,
3yMOBIeHa YOapHOI OI€I0 CHAPAOA, NPUIMAE MAKCUMATbHE 3HAYEHHA 3a YMOSU, KONU MOYKA yOapy CHapsaoa 00 3axXucHy
KOHCMPYKYIIO0 3HAX00UmbCsl y il cepeduni. 3 ocmannb020 GUNIUGAE, WO 3 MEMOIO NIOGUUEHHSL 3aXUWEHOCE CREeYLaLbHUX CHOPYO
JACOPCMKICMB  000amK06020 NIOKpinaenHss mpeba oOpamu 6inbwiolo 01 Oinbwux eiodanei 6i0 onopuux mouok. Tpeba
6I03HAYUMU, WO OCHOBHA [0esi pobomu Modce Oymu GUKOPUCMAHA NIO 4ac pO3PAXYHKY, d 6IOMAK, HAOAHHS NPAKMUYHUX
pexomenoayiil wooo noby006uU IHIHCEHEPHUX CROPYO 3 MEMOIO 3aXucmy ix 6io Oii yOaHoi xeui.

Knrouosi cnosa: indcenepna cnopyoa, cucmema npysHcHo20 RIOKPINIeHHs, 32UHHI KOTUBAHHSL.

OBOCHOBAHUE CIIOCOBA ITOBBILIEHWS 3AIUIIEHHOCTH CHELMAJILHBIX COOPY/KEHHIA OT
YJIAPHOT'O BO3JENCTBHSI CHAPSIJIA

AMN. Auppyxus, b.1. Cokui, M.b. Cokui, H.H. I'y3b1k

Onvim 8edeHUst 6OCHHBIX ONEPaYULl NOKA3LIBACN CYWECmEYIoujie npobiembl NOBLIUCHUS 3AUULEHHOCU UHICEHEPHBIX
COOPYIHCEHULI U MEXHUKY OeliCMBUs 8 OAHHBIX B0IH WIU CHAPAO08. Pewumsb ee 015 UHICEHEPHBIX COOPYICEHUL MOICHO PASHBIMU
cnocobamu, Hanpumep, Y8eauuums moauury noKpblmusl; UCNONb306aMb OJisl ee U320MOGLeHUS MAMEPUATbl C NOBLIUCHHbIMU
6osee MOWHBIMU XAPAKMEPUCIUKAMU; COeLamb KOHCMPYKYUOHHble U3MeHeHust npu ee obycmpoticmse. Eciu nepevie 06a
cnocoba A6IsOMes He 6ce20a NPUEeMAEMbIMU, MO NOCIeOHUL 8 HEKOMOPLIX CIYUASX MOJICEN OKA3ambCsl 0adice IKOHOMUUECKU
6b1200HbIM. HIMEHHO 000CHOBAHUIO UCNONL308AHUSI CUCEMbL OONOIHUMEILHO20 YNPY2020 NOOKPENIeHUs. GHewHell Yacmu
NOKPLIMUSL 3AUUMHO20 COOPYICEHUsT nocesiyena Oannas paboma. B uacmmocmu, om yoapHo2o 6030€icmeusi CHApsoo8
npeoiodtceHo UCNONb3068AMb OONOIHUMENbHOE YNpy2oe NOOKpenienus eHeulnell yacmu obvekma. /[ ciyuas 0OnoIHUmMenIbHO20
nooKpenienust 8 guoe ynpyeux 6anox nocmpoena MamemMamuyeckas Mooeib OUHAMUKU 02PAdCOqiowelt KOHCMPYKYUY ¢ y4emom
OUHAMUYECKO20 B030€liCMEUsl HA Hee 6 NPOU3BOIbHOM Mecme YOApHOU cuivl cHapsioa. Mamemamuueckas mooennb
npedcmaensem cobou Kpaesyio 3a0ayy Ol HEIUHEUHO020 OuppepenyuanbHoco ypagHenus 8 YacmHbiX Npou3gooHvix. Ilo
Qusuuecku 060CHOBAHHBIM OZPAHUYEHUSM OMHOCUMENbHO OCHOBHLIX GHEUHUX U GHYMPEHHUX (DaKmopos, Xapakmepusyiouux
06vexm 3auumsl, NOKA3aHO, YMO OJsl NOCMPOEHUs. AHAIUMUYECKUX PeuleHUll YKA3aHHOU MAmeMamuieckot MoOeiu MOICHO
UCNONIL306AMb OCHOBHbIE UOEU MEMO008 803MYWEHULL, MOYHee 2080Psl, ACUMNMOMUYECKUe Memoobl HETUHEUHOU MEXaHUKU 8
couemanuy ¢ NPUHYUNOM O0OHOYACMOmHOCMU Konebanuti @ Henunelinvix cucmemax. C ux ucnonvzoganuem noOJIyYeHbl
ananumuyeckue 3A6UCUMOCMU, ORUCHIBAIOWIe Onpedensiowue napamempsbl U32UOHbLIX KoaeOanull GHewHel yYyacmu
ozpadicoarowell KOHCMPYKYuU. Ycmanoeneno:. OuHamMuyeckuii npocud noOKpPenienHol KOHCMPYKYUU AGIAemcs MeHbWUM Osl
OONLUUX BEUYUH ICECMKOCIU YNPY2020 NOOKDPENIeHUS, 6eUYUHA Npo2uba NOOKPEennienHol 4acmu, 0OVCI06/1eHa YOapHbIM
delicmeuem CcHaApsod, NPUHUMAEM MAKCUMAIbHOE 3HAYeHue Npu YCA08UU, YMO MOYKA yo0apa CcHApaod O 3auumuyio
KOHCIMPYKYUIO HAXooumcs 6 ee cepedute. M3 nocieonezo ciedyem, umo ¢ yeavlo NOBbIUEHUS 3AUUWEHHOCU CReYUaTbHbIX
COOPYICEHUTL IHCECMKOCTb OONOIHUMENbHO20 NOOKPENIeHUs HA0o bpamb Oonvbuie 015 OONLUWUX PACCMOSHUL OM ONOPHBIX
mouex. Hado ommemumy, umo ocHosnas udes pabomsl Modicem Oblmb UCHONIL308AHA NPU pacieme, UMAK, NPeoocmagieHue
NPAKMUYECKUX PEKOMEHOAYUL N0 NOCIPOEHUIO UHIHCEHEPHBIX COOPYICEHULL C YETbIO 3auunbl UX om 0elucmeust y OAHHOU 80IHYL.

Kniouegvie cnosa: undiceneproe coopyaicenue, Cucmema ynpy2020 NOOKpenieHus, useubHule Koneoanus.
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