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Relevance. The military aggression of the Russian Federation against Ukraine, through the use of
the entire range of enemy air attack means not only against military targets, but also against critical
infrastructure facilities (hereinafter - CIF) [1, 2] and other civilian facilities, has brought significant
changes in the construction of defensive structures and civil defense structures. Current regulatory
documents [3] were developed on the premise of a single nuclear explosion at a considerable distance
from the facility, which is why the calculations of building structures were performed without taking
into account other damage factors [4]. The realities of the war have shown that the enemy's use of
high-precision weapons in the form of unmanned aerial vehicles (hereinafter - UAVs) - kamikazes
and many types of missiles, require immediate consideration by developing unified approaches to the
construction of modern defensive and fortification structures of high reliability.

Today, the concept of “Fortress Country” is being actively implemented in Ukraine, approved by a
resolution of the Cabinet of Ministers of Ukraine, according to which integrated protection of CIF and
other objects of strategic importance is provided, which involves the organization of echeloned air
defense similar to the defense systems of Israel, the USA and other countries, combined with complex
measures of civil and engineering defense, electronic warfare systems, the establishment of false
targets, camouflage, the transition from the creation of large objects of strategic importance to smaller
ones dispersed among themselves, as well as the transition to natural energy sources, which should
significantly increase the country's resistance to external threats of martial law. In fact, a regulatory
framework should be developed in Ukraine, according to which the latest threats of enemy air attack
should be taken into account when designing fortifications, engineering defense structures of CIF and
other critical objects.

Purpose of the work

The purpose of this work is to review the existing methods of engineering and analytical calculations
for determining the main characteristics of the explosive shock wave (hereinafter - ESW) from enemy air
attack means. The importance of choosing the correct calculation method for different types of threats
and materials of protective barriers is a very important task for the correct design of fortification and
protective structures.

In the works [5-7] it is noted that the main types of enemy means for air destruction of CIF are air-
launched, ground-launched and guided missiles, as well as UAVs of the “barrage ammunition” type. And
the main factors of destruction in this case are fragmentation (fragmentation) and ESW.

The calculation of ESW parameters remains relevant even now, although a fairly large number of
publications are devoted to it [8-10]. In this work we will try to summarize and present the main existing
methods for determining ESW parameters.

Summary of the main material

Military operations in Ukraine have led to an urgent need to erect a large number of fortifications
and defensive structures of various purposes and structural forms, which, in addition to the usual loads
and impacts according to [11], must also take into account special impacts associated with the threat of
enemy attack. Such impacts include: the action of ESW, fragmentation damage, partial or complete
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penetration of ammunition into the body of the protective structure, which may be accompanied by a
subsequent explosion, temperature, etc.

To describe the explosion (detonation) of an industrial explosive charge, a point explosion scheme
is used. During an explosion above the surface (air explosion), a spherical blast wave first appears, and
in the case of an explosion on the ground (ground explosion), a hemispherical wave.

During the explosion of a TNT charge with a mass of m,,in the air, the excess pressure at the shock
wave front can be calculated using the empirical formula of M.O. Sadovsky [12] (named after its
inventor, Mikhail Alexandrovich Sadovsky):

3m, m,? m
p =0,084"2 10273 072 (1)
s R R2

R’

where p, — excess pressure of the explosive shock wave, MPa; m, =k, nm, — equivalent of the
explosive substance, which depends on the mass of the explosive substance, TNT equivalent and type
of explosion, kg; R — distance from the point where the explosion occurs to the place where the excess
pressure from the explosive shock wave is determined, m. The coefficient k. takes into account the
type of explosive substance, and 7 takes into account the type of explosion.

For TNT — k., =1; hexogen — 1.31; TNT — 1.39; octogen — 1.28; amotol-80/20 — 0.98; smoke
powder — 0.66; pentolite-50/50 — 1.13; oxyliquids — 0.9-1. For an explosion in air # = 1. For dense
loams and clays # = 1.6. The maximum pressure at the earth's surface during an explosion in the air
depends on the height. However, for a small height, less than R, the above formula remains valid. Then
the shock wave moves along the earth's surface with a vertical front.

In [12], a variant of M.O. Sadovsky's formula for determining the excess pressure at the shock
wave front for calculating an explosion on the earth's surface is given, when the energy of a ground
explosion is distributed not over the entire sphere, but only over a hemisphere:

3m, m,’ m
. =0,095" 4039V 7 ;]3¢ ©)
s R R2

R’

where p; — excess pressure of the explosion-shock wave, MPa; m, — mass of explosive substance in
TNT equivalent, kg; R — distance from the point where the explosion occurs to the place where the
excess pressure from the explosion-shock wave is determined, m.

The duration of the compression phase in seconds can be calculated using the formula:

t,=1,5-107¢fm, R 3)

and the pressure pulse in the compression phase in Pa s:
3 ”12/
i, =126 4
s 2 “4)

The duration of the compression phase in seconds for a ground explosion can be calculated using

the formula:
t, =1,7-10"¢fm R, (5)

the pressure pulse in the compression phase in Pa s:
3m f2
i, =200—"—. 6
: - ©)

The value of the excessive pressure of the shock wave allows us to assess the degree of destruction
of certain objects.

In [13] a slightly different method for determining the parameters of the explosive shock wave is
given. The pressure from the air ESW is mainly determined depending on the mass of the explosive
charge, the distance from the center of the explosion and environmental conditions. Below is an
approximate method for calculating the parameters of the ESW. The effect of the air blast depends on
the given distance, m/kg"”:

R
Z= , (7)
3 My
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where R — is the distance of the explosion point from the object under investigation, m;
my =(1—€)-a-m, — is the effective mass of the explosive in TNT equivalent; me is the mass of the

explosive, kg; ¢ — is the fraction of the explosion energy spent on the formation of a crater (for rocks ¢
= 0.05; for soft soils ¢ = 0.2; if the explosion occurs in the air without the formation of a crater ¢ = 0); a
= k.is the ratio of the specific explosion energy of the explosive to the specific energy of TNT.

The excess pressure at the front of the explosive shock wave is equal, MPa:

(%+%+@)xm-1 at 12<7<17.8 m/kg"”
D= zZ Z Z

42-771% %107 at 17,8<Z <1000 m/kg">.

The above formulas are applicable for R>3 m. The formation of explosive shock wave is influenced
by whether the explosion is airborne or ground-based, the shape of the explosive charge, and its
immersion in the soil before the explosion.

The duration of the compression phase is, in seconds:

1.7-1073m,, [Z at 12<Z <10 mkg"
(= : ©)
6.594-107 3fm,, [1g(0.42)]"* at 10<Z <1000 m/kg"?
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3Im
is =3 5()_4 . (10) Fig. 1. Parameters of the detonation explosion shock wave

The distribution in the phase #, can be simplified to the triangular law. The negative phase 7, as a
rule, is less destructive for massive engineering 10
protective structures, so it can be ignored.

Based on the explosion parameters, we can talk
about the resistance of the structure to the action of
the shock wave. For reference, the nomogram for
assessing the damage to buildings from the pressure
and pulse of the explosive shock wave is shown in
Fig. 2.

Let us consider other known methods for
calculating the parameters of the explosion shock
wave.

Thus, in the work of Brode [14] and in later
works of other scientists [15], it was proposed to use
the following formula to determine the excess Fig. 2. Nomogram for assessing building damage:

1 — minimal damage limit; 2 — significant damage limit;
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(0.975 1.455 5.85
+ +

—-0.019 [x107"at 0.01< p, <1
7 2 3 ) s
Z Z (0

(%H)xw-l at p,>1

In formula (11) Z — the distance of the explosion point from the object is given, which should be
13

determined by formula (7), m/kg .
In work [16] the following formulas are proposed for determining the excess pressure of the
explosion shock wave, the duration of the compression phase and the value of the positive impulse.
The value of the excess pressure of the ESW is proposed to be determined from the condition,
MPa:

(14.072 5.540 0357 0.006
+ + +

. : . )xlO‘l at 0.05<Z<03
z  z z z

. (6-1294+0;§6+2-21§2)x10—1 at 03<Z<10 , (12)
0.662 4.05 3.288 4
t— 3 x10
VA 7 Z

where Z — the distance of the explosion point from the object is given, which should be determined by
formula (7), m/kg'”>.

The duration of the compression phase is, in seconds:
t, = 3m, (0.107+0.444- Z+0.264- 27 - 0.129- 2° +0.0335- 2*) - 10°. (13)
For formula (13), the following restriction is introduced: .

The value of the specific impulse of the compression phase according to [16] should be determined
from the condition, Pa-s:

at 1.0<Z<10

(66.3— His, 829 1("(3’4j-10-1 at 0.4< Z<0.75

2
b= 21.1 ZZI6 8.01 (14
(—3.22+—' e j-m‘l at 0.75< Z<3
z 7z

In formulas (13) and (14), m,, — is the effective mass of the explosive in TNT equivalent.

The work devoted to the dynamics of the operation of building structures [17] contains the
following formulas for determining the parameters of the explosion shock wave.

The value of the excess pressure of the explosion shock wave is recommended to be determined

from the condition, MPa:
084 27 7.0 _
ps=(7+7+?)><10 1. (15)

The duration of the compression phase is recommended to be determined by the formula, s:

ty=1.5-gm, R 107 (16)

The value of the specific impulse of the compression phase according to [17] should be determined
from the condition, Pa-s:

3m2.
. of R

In formulas (15), (16) and (17): m, — effective mass of explosive in TNT equivalent, which
depends on the mass of explosive and type of explosion, kg; — the distance of the explosion point from
the object is given, which should be determined by formula (7), m/kg'"?; Z — the distance from the point
where the explosion occurs to the place where the excess pressure from the explosion shock wave is

determined, m.
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The formulas for determining the explosion parameters of Kinney and Graham (Kinney&Graham)
given in [18] have become quite widespread.

The excess pressure at the front of the ESW according to [18] is recommended to be determined by
the formula, kPa:

808(1+(2/4.5)’) o

Ps = Do
J1+(2/0.048) 1+ (2/032) 1+ (2/1.35)°
where Z — the distance of the explosion point from the object is given, which should be determined by
formula (7), m/kg"?; po — value of atmospheric pressure (101.3 kPa), kPa.
The negative value of the excess pressure is then determined by the formula, kPa:

p.=—Lrele) (19)
o
where a — is the shape coefficient, which should be determined by formula (20).
a=15-2"%, (20)

The positive specific impulse of the explosion shock wave is determined by the formula, kPa-s:

; _F0067,/1+ 7/0.23)" . o

2231+(z/1.55)

For values of the reduced distance Z > 2.8, a simplified formula can be used:

i, = 2'212R . (22)
The duration of the compression phase is, in seconds:
S P =

For more accurate calculations, dependencies are currently common, in particular those known as
the Kingery-Bulmash formulas [19, 20]. The authors used curve fitting methods to represent the data
with higher-order polynomial equations.

Y=CytC)-U+Cy-UPHC5-UP.....Cr U, (24)
where Y is the common logarithm of the residual pressure determination during an explosion (pressure
or impulse) in metric units of measurement; U=K+K; T, T is the common logarithm of the explosion
(pressure or impulse), m; Ko, K; are constants; Cp, Cy, C,, C3, ... C, are constants.

The radius of destructive action of an air shock wave is determined by the formula:

Roax = ayJmy (25)

where m, — is the mass of the detonating charge in TNT equivalent, kg; a — is the proportionality
coefficient, the value of which depends on the explosion conditions and the intensity of destruction.

The coefficient a for some cases can be determined by formulas, for example, damage to a wall
with a thickness of b, m:

when a crack appears in a brick wall: a =0, 6/ Jb;
with through-hole breaks in brick walls: a =0, 4/ \/Z ;
with through-hole breaks in concrete walls: a = 0,25/ «/Z ;

with through-hole breaks in reinforced concrete walls: a =0, 2/ Jb .

When an explosion occurs, the shock wave propagates in the form of a high-pressure front, moving
in all directions. When reaching the surface, the ESW collides with it, the air particles are sharply
slowed down and their kinetic energy is converted into pressure energy, which is superimposed,
forming the reflected ESW pressure. Thus, at the point of contact of the obstacle and the wave front, a
reflected pressure is created, which usually significantly exceeds the pressure in the shock wave itself
due to the additional superposition of the energy of the reflected wave on the initial one.

The value of the reflected pressure for an air explosion can be determined by the formula:
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2 =1 p
where p,. — value of reflected pressure of the explosion shock wave, MPa; p; — pressure in the
explosion shock wave front, MPa; y — adiabatic index of the medium (for air y ~1.4).

pfr=p0+ps’ (27)
where p, — is the value of atmospheric pressure, which is approximately equal to 101.3 kPa, MPa; p; is
the excess pressure of the explosion shock wave, MPa.

In [13] the following formulas are proposed for determining the reflected pressure of the explosion
shock wave provided that the wave front moves perpendicular to the front (frontal) wall of the
structure, MPa:

provided that the area of the openings in the wall of the structure is less than 10%

pr=&(2+—7”-ﬁj, (26)

6(p,)’
=2p +——— 28
P T, 02 ()
provided that the area of openings in the wall of the structure is more than 10%
2.5(p,)’
Pre e, o @)

Here, the first term is the actual reflected pressure, and the second is the air velocity pressure. The
pressure gain due to reflection is characterized by the value of the reflection coefficient k= p, /p, ,

which in formula (28) is equal to 2.

In real conditions, the wave interacts with a structure of limited dimensions. In this case,
simultaneously with the reflection of the wave, a flow-around process called diffraction occurs. At the
moment when the explosion shock wave front reaches the front wall, simultaneously with the
reflection at the edges of the wall, a rarefaction wave appears, the propagation of which leads to a drop
in pressure on the front wall.

The explosion shock wave front moves with a speed ¥, which depends on the pressure on the front

pfin MPa:
V,=340\1+83p, , m/s. (30)

To determine the reflected pressure of the explosion shock wave, provided that the wave front
moves perpendicular to the front (frontal) wall of the structure, the formula, MPa, can also be used:

8p, +14
pr=ps.u_ 31)
Py +7p0

Equation (31) is valid in the case of reflection of the ESW along the normal, i.e. with an angle
between the direction of movement of the ESW and the obstacle surface a = 90°. Other variants of

angles a between the direction of movement of the explosion shock wave and the obstacle surface can
be taken into account by the formula:

Pro = PoCOS” 0+ (1 +cos ot —2cos’ a) . (32)

Formula (32) does not take into account all variants of the angles of the direction of the explosion
shock wave movement to the obstacle. And in the case of angles of the direction of the explosion
shock wave movement to the obstacle a > 40°, the fronts of the incident and reflected waves merge,
which leads to the formation of the so-called main wave, or the “Mach effect”.

To choose the appropriate method, one should be guided by considerations from the most complete
nomenclature of the determined explosion shock wave parameters. In table 1 we present the results of
calculating the main explosion shock wave parameters according to the above methods for a ground
explosion at a distance from the epicenter of 5 m, an explosive of 34 kg in TNT equivalent.

In the table 2 we present the results of the calculation of the main parameters of ESW according to
the above methods for a ground explosion at a distance of 15 m from the epicenter, 718 kg of explosive
substance in TNT equivalent.
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Table 1

Values of calculated parameters of the explosive shock wave for a ground explosion at a distance

of 5 m from the epicenter, explosive substance 34 kg in TNT equivalent

Source of | Overpressu Duration of Specific Reflected Reflected Reflected
the pressure pressure pressure
methodolo | re value p,, . . Ise i pressure .
KPa compressio | 1mpulse i, (26), kPa (28), (29), Kinney,
gy n phase ¢, s Pa-s ’ kPa kPa
[12] 578,88 0,006 264,48 2619,40 2024,27 2718,79
[13] 454,00 0,007 684,82 2119,92 1587,22 1971,30
[14] 259,24 1321,97 905,54 934,89
[16] 280,39 0,004 1090,83 1399,53 979,57 1037,50
[17] 329,57 0,006 782,66 1579,84 1151,68 1286,55
[18] 350,38 0,003 309,57 1656,16 1224,53 1396,00
[19] 516,00 0,003 558,51 2320,00
Table 2

Values of calculated parameters of the explosive shock wave for a ground explosion at a distance of 15
m from the epicenter, explosive substance 718 kg in TNT equivalent

Source of | Overpressu Duration of | Specific Reflected Reflected Reflected
the pressure pressure pressure
methodolo | re value p;, . . . pressure .
KPa compressio | impulse i, (26), kPa (28), (29), Kinney,
gy n phase ¢, s Pa-s ’ kPa kPa
[12] 472,26 0,017 673,54 2192,94 1651,11 2077,26
[13] 372,25 0,019 1744,03 1792,90 1301,08 1513,37
[14] 214,64 1158,44 749,44 728,51
[16] 235,65 0,011 2852,58 1235,48 822,98 823,97
[17] 272,13 0,017 1993,18 1369,26 950,68 997,11
[18] 289,60 0,009 817,68 1433,31 1011,82 1083,08
[19] 427,00 0,011 1427,58 1808,00

Some of the above methods are presented and analyzed in [21].

As we can see, from the calculations of the parameters of the explosion-shock wave using different
methods, the values differ quite significantly, which confirms the need for further research and the
development of a single methodology for the further design of fortification and protective structures
for various purposes.

Currently, several methods are used to calculate building structures for the action of the explosion-
shock wave, which are discussed in more detail below.

The quasi-static calculation method is based on considering the building frame as a system with
one degree of freedom and the hypothesis that the largest dynamic displacement is proportional to the
static displacement under the action of the maximum load. Such assumptions make it possible to
establish dynamic coefficients and perform all further calculations on equivalent quasi-static loads. In
this case, equivalent quasi-static loads are established, which are taken from the experience of
designing and calculating structures for shock waves of various means of attack. The use of this
method gives satisfactory results in the case of preliminary calculation of building frames and
structures by more accurate methods.

The adequacy of replacing the dynamic load with a static one is determined by the correctness of
determining the dynamic coefficient for each specific case [13].
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Calculation by the quasi-static method assumes the following prerequisites when forming the
calculation scheme: equivalent static loads are assumed to be uniformly distributed with a maximum
value of the corresponding sign; equivalent static distributed loads are applied perpendicular to the
surface of the structure.

Shock impulse method. The essence of this method is to use the momentum conservation theorem
to determine the strength and vibrations of the supporting frame of a building or structure. The main
parameters for which the calculation is performed using the shock impulse method include excess
pressure and the time of action of the load from the explosive shock wave. In the explosive shock wave
front, the reflected pressure should be taken, the values of which can significantly exceed the values of
the excess pressure. For individual specific scenarios and cases, they can be determined depending on
the main parameters, or taken as constant, for example, for buildings of a certain structural scheme
with given parameters of the supporting structures. In this case, the pressure of both signs can be taken
into account. Simplified, for most calculation schemes, the load is taken as a shock impulse of the
compression phase with a triangular distribution.

The shock impulse method can be used both for calculating the frame of the entire building or
structure and for its individual structural elements.

The method of direct integration of equations of motion. This method consists in the dynamic
calculation of the structure on the actual laws of changes in loads over time. This method is the most
accurate. This method can take into account the operation of reinforced concrete structures of buildings
and structures with cracks.

When calculating with this method, it is necessary to obtain all the parameters of dynamic effects
(graphs of changes in excess pressures of explosion-shock waves) and perform their approximation. This
approach will allow you to obtain all the necessary parameters of changes in loads at equal time intervals.

The method of direct integration of equations of motion also allows you to take into account various
combinations of graphs of changes in excess pressure along the front of explosion-shock waves. The
calculation results are set at the appropriate moments that coincide with the integration points.

Conclusions. Scientific novelty and practical significance of the results

The paper considers existing global methods for determining the parameters of the explosive shock
wave.

The issue of the need to develop a clear engineering methodology for calculating building
structures for the action of the explosive shock wave in different scenarios of damage by various
means of attack is raised.

Methods for calculating the parameters of the explosive shock wave required for further calculation
of building structures and structures in general are presented.

The prospect of further research is to improve the methodology for calculating the parameters of
the explosive shock wave of all probable damage elements required for further calculation of building
structures and structures.

The development of modern calculation methods with awareness of existing threats of wartime will
allow the most effective construction of engineering protective and fortification structures, which will
help to implement the concept of the “Fortress Country” as much as possible.
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Muxaiinoscekuii /I.B., Cknapos 1.0., Komap O.A.
AHAJII3 METOJIUK PO3PAXYHKY ITAPAMETPIB BUBYXOBO-YJIAPHOI XBUJII JJIA PO3PAXYHKY
KOHCTPYKIIII 3AXUCHUX CITOPY ]|

AKTyajbHicTh. [loBHOMacmITabHe BTOPrHeHHs pd B YKpaiHy BHABHMJIO JOCHTb BEIMKY KUIBKICTh IWTaHb, B TOMY YMCII i
TIOB’SI3aHMX 31 3BEJICHHAM 3aXUCHMX Ta (opThdikaliiHuX cropyd. Sk BUSABWIOCH, Lied HANpPSAMOK B Hali KpaiHi (akTUYHO He
po3BuBaBcs. BiacyTHs HopMaTHBHA 0a3a 1010 ypaxyBaHHs 0araThox crielu(ivHuX (aKTOpiB, TAKMX SK BUOYXOBO-yIdapHa XBHIIS,
npoOuBaHHg Ooenpunacamu Ta ockoiakamu (yiaamkamu). OkpeMo ciiji Bif3Ha4MTH TOH (hakT, 1m0 3aco00M Hamany IMOCTIHHO
PO3BUBAIOTHCS Ta YJOCKOHAIIOIOTBCS, 1 L[E BHMArae MOCTIHHOIO Y[OCKOHAJIGHHS NpOTHAil HuM. Ll cTaTTs mpucBsdeHa OrIsimy
HasBHUX METOJIMK, SKI MOXKYTb OYTH 3aCTOCOBaHI P BU3HAUEHHI NapaMeTpiB BUOYXOBO-yJapHOT XBHJI, SIKi CJIiJ] 32CTOCOBYBATH TIPU
pO3paxyHKy OyJiBeIbHMX KOHCTPYKIiH 1 cropyn. Bubip npaBuiibHOI METONMKM A PO3PAXyHKY [JO3BOJMTBH BiANPALIOBATH
METOIMYHUI MiAXiy 40 npoekTyBaHHS (oOpTUdIKALIHHUX, CIOPYJ IHXEHEPHOro 3aXMCTy KPUTHYHOI iH(PacTpyKTypH, CHOpPYA
LUBUIBHOTO 3aXUCTY, a II€ € JY)KE BaXIMBOIO 1 aKTyaJIbHOIO 3anauero. Lled miaxix B mopaibmioMy Moxe OyTH BKIIOUEHHH B
crienialtizoBaHi HOPMaTHBHI JIOKYMEHTH LIOJ0 PO3PaxyHKY Ta IPOEKTYBAHHS 3aXMCHUX Ta (HOpTUdIKALIHHUX CrIopy/, 10 3HAYHO O
MOKPALIMJIIO 1X SIKICTh Ta HAAIMHICTh 3 ypaxXyBaHHSM Cy4YaCHHUX 3arpo3 BOEHHOTO 4yacy. MeToro poGoTH € Oriisij iCHyI0UMX METOAUK
IHKEHEPHO-aHATITHYHUX PO3PAXyHKIB MapaMeTpiB BUOYXOBO-YIAPHUX XBHJIb Ta Oy/iBEJIbHUX KOHCTPYKIIHM i CIOPY/] HAa ypaskeHHS
3aco0amu Hamajy MPOTUBHUKA. BaximBicTs BUOOPY MPaBUIIBHOI METOAMKN PO3PaxyHKY JUISl PI3HUX BUJIB 3arpo3, € 1YK€ BasKIMBOIO
3a/[a4€et0 Il MPaBHIIBHOTO NMPOEKTYBaHHS (opTudikauiifHuX Ta 3aXMCHUX cropyd. Pe3yiabrarH. Y poOoTi po3risHYTO iCHYHOUi
CBITOBI METOJMKH BH3HAYEHHS IapaMeTpiB BUOYXOBO-yJApHUX XBWJIb JUISl PO3PAXyHKIB Oy/iBENbHMX KOHCTPYKLIH i cropyx Ha
YpakeHHs 3ac00aMu Haraay MpOTHBHUKA. [TiAHATO NMUTAHHSA HEOOXiZHOCTI pO3pOOIEHHS YiTKOI IH)KEHEPHOI METOIMKH PO3PaxyHKy
Oy1iBEeNIbHUX KOHCTPYKIIiH 1 cropyz Ha Jit0 BUOYXOBO-yiapHOi XBuJ. HaBeseHO anropuTMu BH3HAUCHHs MapaMeTpiB BUOYXOBO-
YAApPHUX XBWJIb Ta MOJAJBIIOrO PO3PaxXyHKY OYIIBEIBHUX KOHCTPYKLiH (opTH(diKalifHUX Ta IHKEHEPHUX 3aXMCHUX CIIOpYJ Ha
ypakeHHs1 3aco0aMu Hara/Ly POTHBHUKA.

Kimouosi ciioBa: criopyau imxeHepHoro 3axucry, Goprudikauiiini criopyau, o6’ ekt KpUTH4HOI iH(pacTpyKTypH, dakropu
ypa)keHHs1, BUOYXOBO-yJapHa XBUJIsl, OYAiBEJIbHI KOHCTPYKLIT.
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Mpykhailovskyi D.V., Skliarov 1.0., Komar O.A.
ANALYSIS OF CALCULATION METHODS FOR EXPLOSION SHOCK WAVE PARAMETERS IN THE DESIGN
OF PROTECTIVE STRUCTURES

Relevance. The full-scale invasion of the Russian into Ukraine revealed a fairly large number of issues, including those related to
the construction of defensive and fortification structures. As it turned out, this direction in our country has not actually developed.
There is no regulatory framework for taking into account many specific factors, such as the blast shock wave, penetration by
ammunition and fragments (fragments). It should be noted separately that the means of attack are constantly developing and
improving, and this requires constant improvement in countering them. This article is devoted to a review of existing methods that can
be used to determine the parameters of the blast shock wave, which should be used when calculating building structures and structures.
Choosing the right method for the calculation will allow you to work out a methodical approach to the design of fortifications,
structures for engineering protection of critical infrastructure, and civil defense structures, and this is a very important and relevant
task. This approach can later be included in specialized regulatory documents for the calculation and design of defensive and
fortification structures, which would significantly improve their quality and reliability, taking into account modern wartime threats.
The aim of the work is to review existing methods of engineering and analytical calculations of parameters of explosive shock waves
and building structures and structures for damage by enemy attack means. The importance of choosing the correct calculation method
for different types of threats is a very important task for the correct design of fortification and protective structures. Results. The paper
considers existing global methods for determining the parameters of explosive shock waves for calculating building structures and
structures for damage by enemy attack means. The issue of the need to develop a clear engineering method for calculating building
structures and structures for the action of an explosive shock wave is raised. Algorithms for determining the parameters of explosive
shock waves and further calculating building structures of fortifications and engineering protective structures for damage by enemy
attack means are presented.

Keywords: engineering defense structures, fortification structures, critical infrastructure objects, damage factors, explosive shock
wave, building structures.
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Muxaiinoscokuii /I.B., Cknapos 1.0., Komap O.A. AHani3 MeTOAMK PO3PaxyHKy mapaMeTpiB BHOYXOBO-yIapHOI XBWIi aJist
PO3PaxyHKY KOHCTPYKLii 3axucHUX cnopya / Omnip Martepiaiis i Teopist crniopy: Hayk.-tex. 30ipH. — K.: KHYBA, 2025. — Bun.
114.—C. 173-182. — Anru.

YV pobomi pozenanymo icnyroui céimosi Memoouku 6usHaveHHs napamempis 6UuOYXo80-yoapHux Xeuib O PO3PAXYHKIE OyOieenbHUX
KOHCMPYKYill I Cnopyo0 Ha ypagiceHHs 3acobamu Hanady npomueHuxa. ITionamo numanHa HeoOXiOmocmi po3poOneHHs uimxol
IHOHCEHEPHOT MemoOuKU pPOo3PAXYHKY 6yOieenbHUX KOHCMpPYKYil i cnopyd Ha Oito eubyxoso-yoapnoi xeuni. Hasedeno ancopummu
BUSHAYEHHA NAPAMEmpIie 6UOYX080-YOAPHUX X6UTb MA NOOAILUIO20 PO3PAXYHKY OVOiselbHUX KOHCMpPYKYill opmuikayitinux ma
HIICEHEPHUX 3AXUCHUX CNOPYO HA YPAdHCEHHS 3ac00amu Hanaoy npomueHuKd.

Tabu. 2. In. 2. bibaiorp. 21 Ha3B.
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Mpykhailovskyi D.V., Skliarov 1.0., Komar O.A. Analysis of calculation methods for explosion shock wave parameters in the
design of protective structures / Strength of materials and theory of structures: scientific and technical collection - Kyiv: KNUBA,
2025. - Issue 114. - P. 173-182.

The paper examines existing global methodologies for determining explosion shock wave parameters in the structural analysis of
buildings and facilities under enemy attack. The necessity of developing a clear engineering methodology for calculating building
structures and facilities subjected to explosion shock waves is emphasized. Algorithms for determining explosion shock wave
parameters and subsequent calculations of structural elements in fortification and protective engineering structures under enemy
attack are presented.

Tabl. 2. Fig. 2. Ref. 21.
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