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Abstract. During the Joint Forces (anti-terrorist operation) operation in Donetsk and Luhansk
oblasts, civilians and the Armed Forces suffered significanted losses.

As a result, we have needed to study impact various weapons on structure roof of buildings
which built of different materials to improve protective properties is becoming relevant.

Therefore, in modern conditions, design of structures and their elements is not possible
without taking into account impact of shells. When designing and constructing structures, it is
always necessary to take into account resistance of structural elements to impact of damaging
factors, both explosion in general and destructive explosion in particular, which will help avoid
future possible human losses.

The article presents model of calculation shell penetration into soil thickness covered shelter,
consisting of scattering, mattress, distribution layer, load-bearing structure and impact of shells,
mines and air bombs to penetrate the thickness of closed structures.

The purpose article is to highlight main provisions scientific and methodological approach to
calculation multilayer underground protective structures and studies impact of projectiles on
multilayer underground protective structure.

Our research shows that to determine protective thickness mattress of structure, during
penetration of ammunition, first of all, should take into account resistance to scattering, and to
determine thickness distribution layer resistance of mattress.

Depth of penetration projectile into thickness floor structure will depend on: mass, diameter,
shape of main part projectile, as well speed and angle at meeting of projectile with the floor
structure.

Key words: floor, protective structure, mattress, scattering, distribution layer, soil thickness,
projectile, impact action.
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Introduction. Recently, issues of civil protection have become one of
priority issues modern world. Ever-increasing threat terrorist acts and high
probability military conflicts (as an example fighting in eastern Ukraine, which
is supported by the Russian Federation) require a more detailed study security
of buildings.

Unlike open structures (trenches, trenches, etc.), closed structures protect
personnel and equipment from fire. Therefore, the roof structures are
monolithic and multilayer (wood, soil, sand, metal), which assume the main
impact and high-explosive action of striking elements warheads artillery shells,
mortar mines and aerial bombs from the air [1-2].

During from construction structures, the obligatory element work is to
determine the depth penetration warhead projectile material covered structures,
puncture coating made of brittle materials, ricochet warhead projectile from the
coating, as well as its destruction due to impact. These calculations are
performed in order to determine the required level of security building during
hostilities. According to results calculations, we obtain the required thickness
coating layers (soil, sand, wood, wave steel, concrete, reinforced concrete, etc.).

One of mains materials for construction protective structures is concrete
and reinforced concrete, which are an integral part of modern structures.
According to building codes and regulations, structures are designed for
totality all loads that can affect structure [3-4].

Analysis of research and publications has shown [5-8] that the study impact
explosion on buildings is given sufficient attention. However, due to the rapid
growth impact of modern means of destruction, existing scientific and
methodological approaches need to be improved, as they do not fully take into
account a number of important parameters, neglect of which leads to errors in
calculations of protective coating thickness, probability it’s punching or
destruction, and, as a result, to the death of personnel and damage equipment.

The above necessitates a more in-depth study impact of projectile
penetration into the depth protective structure to calculate the stability
structures structure. Therefore, the aim article is to study the impact of
projectiles on the multilayer underground protective structure.

The main material article. Protective structures are widespread in the
general defense system of many states. First of all, due to high strength and
durability of such structures [9].

In the modern development of weapons for various purposes, one main
issues, which throughout development of mankind is essential, is effectiveness
of certain structures, including directly concrete and reinforced concrete [10].

When the warhead projectile falls into the coating of buildings, it
penetrates into its material to a certain depth and after spending energy to
overcome the resistance of this material, it stops, this phenomenon is called
penetration [1-2].

Therefore, when arranging a multilayer coating, it is necessary to determine
the depth of penetration warhead projectile into the soil thickness.
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1. Calculation of shell penetration into the soil. The coating of layered
structure consists of a scattering, mattress, distribution layer and bearing
structure (Figure 1). There is no mattress in light type constructions [11].
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Fig. 1. Scheme for calculating coverage of layered structure

Sprinkling is used to mask structure and to reduce the spread of fragments
when a projectile or air bomb explodes.

Smallest thickness of scattering is accepted 0, 25 - 0, 30 m.

Mattress is designed to prevent the projectile from penetrating deep into
protective layer and cause it to explode at a safe distance from the interior. If
possible, the mattress should be made of such materials that have the best
impact resistance to shells and air bombs masonry, beams or rails, stacked in
rows, concrete, reinforced concrete, etc.). Thickness of the mattress is
determined by Zabudskys formula:

Hy =nh,,, (1)
where # is the coefficient taken according to table 1.
Table 1
The value of the coefficient n
Material n

Soil 1.5

Tree 1.3

Reinforced concrete with flexible anti-splinter reinforcement 1.7

Reinforced concrete with rigid anti-splinter reinforcement 1.5

Reinforced concrete slab on the ground 1.25

Mattress made of concrete or masonry 1.4
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If Thickness of mattress is taken into account when determining thickness
of mattress against impact, value nh,,, should be reduced by a value

equivalent to the resistance scattering; thickness of mattress in this case is
determined by the formula:
K7
Hyp=nh),, —H,—5"-. 2)
pen.

Distribution layer is made of sand or local soil. It is designed to weaken
action of blast wave. Thickness of distribution layer must be such that the
load-bearing structure is not damaged during explosion. This requires that the
load-bearing structure does not fall into the sphere of destruction.

It should be borne in mind that if projectile explodes in mattress, then part
of explosive action is perceived by mattress material, so when determining
thickness of distribution layer, it is necessary to subtract from radius of
fracture sphere calculated for material of distribution layer.

K

Hpczrrpc—l KT , (3)

.
where ¢ — is thickness of mattress below the center of charge, ie distance from
center of charge to bottom of mattress.

The value of ¢, as can be seen from drawing, is equal to:

t=(n—1)H, +%cos a, )
where n — is the coefficient in Zabudskys formula.

The coating of layered structure can be arranged without a mattress, with
soil or stone scattering, which protects against penetrating radiation, mines,
and sometimes whole shells, and with a load-bearing structure in the form of a
continuous row of logs, corrugated steel, reinforced concrete elements, etc.
The coating, calculated on action of fragmentation mines, equipped with
detonators of instantaneous action, must have a thickness of scattering, which
is determined by the formula:

Hozrro—de,Q/E—%cosa, )

0

where 7. — is the radius of sphere destruction in scattering material; K, —

coefficient of susceptibility to destruction scattering material; C — weight of mine
charge in kg; % — half-length mine without a stabilizer; « — meeting angle.

The coating, calculated on combined effect of impact and explosion of
shells or high-explosive minutes, must have a scattering, thickness of which is
determined by the formula:

Hy=h,, +mK,3/C-d, (6)

where m — clogging ratio; d =%cos o; | — projectile length (mines); K, —

coefficient susceptibility destruction of scattering material.
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Such coatings require a large deepening of structure into the ground, and
therefore in many cases their use is impractical.

Protection hull of recessed structures on sides, is possible due to the fact,
that mattress is arranged wider than structure itself, so that projectile
penetrating the edge of mattress, exploded at a safe distance from hull.
Mattress must intercept the shells without letting them into dangerous places
for construction.

Mattress removal, or distance in horizontal direction from edge of frame to
edge of mattress (Figure 2), is determined by the formula:

B= Rsafe + Z’ (7)

where R,,, — smallest distance between center of charge and hull (wall) at

which explosion will be safe for construction; this distance is called safe break
distance, or safe radius; Z — horizontal projection of projectile path under the
mattress.

The safety gap distance R, is usually determined without taking into

account strength of wall by formula:

Rsafe:rr = mKr%’ (8)
where m — clogging ratio; K, — coefficient of susceptibility soil to
destruction; C — charge weight in kg.
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Fig. 2. Scheme for determining the removal of the mattress

The removal mattress is most convenient determine graphically, after some
calculations.

After calculating distance safe gap, postpone scale of its value in horizontal
direction from the wall of structure. A vertical line 4 is drawn through the
obtained point. This line marks boundary beyond which projectile (charge
center) cannot be allowed. Then, realizing the depth penetration of projectile
into the ground put it on a scale from the ground down. From obtained point
(a) draw a line at angle meeting a. This line will be extreme trajectory



164 ISSN2410-2547
Omip MatepianiB i Teopis cropyx/StrengthofMaterialsandTheoryofStructures. 2021. Ne 107

projectile, which must be intercepted by a mattress. The end of mattress is
carried out as shown in Figure 2.
The removal mattress can also be determined by formula:

B=(h%;, —Hy—Hp)tgo+ R, 9)

pen.
where B — mattress removal; H, — scattering thickness; H; — mattress
thickness; o — angle projectile; R,,,, — safe radius.

The removal mattress towards flanks of structure is equal to 0.6-0.7 of
amount removal mattress towards the enemy. The removal mattress rear is
determined by the condition of protecting rear wall from howitzer shells or air
bombs.

To protect the walls from air bombs, mattress is usually arranged
horizontally. To protect against shells, mattress can be arranged in a broken
pattern.

2. Calculation impact of shells mines and air bombs on penetration
into the thickness floor of closed fortifications. In contrast of open, the
closed fortifications, of their overlap, protect personnel, weapons and military
equipment and logistics from artillery fire, which is especially important troops
conducting hostilities at advanced positions [12].

The point of calculation impact artillery shells, mortar mines and aircraft
bombs (hereinafter - shells) on penetration into thickness floor closed
fortifications is that the projectile at time meeting with the floor rotates around
its axis. As a result, the projectile penetrates deeper into the floor of
fortification structure, which increases efficiency its destruction by the
explosion of explosive charge projectile and inflicts damage on personnel and
equipment in the fortifications.

Under these conditions, there is a need to calculate the depth of penetration
projectile into the floor fortification structure in order to create such a
thickness that will withstand the explosion projectile and protect personnel and
equipment.

According to [13] the depth of penetration projectile into the thickness
fortification structure depends shape of the main part projectile, the mass
projectile, its diameter, the velocity projectile at the time of its encounter with
the fortification structure, buildings. This value is determined by the following
formula:

P
Bpen, = Ak ?Vcos a, (10)

where 4 — coefficient that depends on the shape main part projectile; &, —

the coefficient of pliability floor material; P — projectile weight, kg; d —
projectile diameter, m; V' — projectile velocity at the time of meeting with the
floor, m/s; o — the angle projectile with the floor.

Value o depends on the slope floor surface fortification structure and the
angle of incidence projectile, or angle between the horizontal plane floor and
the axis projectile at point of their meeting.
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Thus, if the floor surface fortification is horizontal, the sum angles of
encounter and fall is 90° (Figure 3(a)).
For a vertical surface, the meeting angle is equal angle of incidence (Figure

3(b)).
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Fig. 3. Scheme of penetration projectile:
(a) into the horizontal barrier, (b) into the vertical barrier

If the projectile hits the floor fortification perpendicular to its surface, the
direction of movement projectile in the floor does not change, ie remains
straight. In this case, the meeting angle 0=0° cosa=1 and formula (10) takes
the following form:

P
hpen. =A’ern.?V‘ (11)

If the projectile enters the protective layer fortification structure at some
angle to its surface, the penetration into the floor due to the rotation projectile
actually takes place not in a straight line but in a curved trajectory, which is
directed with its convex side to the bottom (Figure 4).

Fig. 4. Scheme penetration projectile into protective layer the fortification structure
at an angle to its surface due to rotation of projectile
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Accordingly, the depth penetration of projectile into the floor of
fortification structure in a curved trajectory will be less than the depth of
penetration in a straight line. Therefore, if the projectile hits the floor of
fortification at an angle of encounter o, then at the end of such penetration,
angle between axis of projectile and perpendicular to the obstacle surface will
be greater than angle of encounter, for example, n times, ie will be equal to na.
Therefore, in formula (10) instead meeting angle «, should be substituted the
average value between o and na, which is equal to the half-sum of these
angles. The formula (10) will take following form:

By, = AK o d—Pchos%. (12)

The coefficient n is called the coefficient of reversal of projectile, value of
which in most cases is taken equal to one.

So, considering that the projectile penetrates into floor fortifications in a
straight line, without reversal, its necessary to increase his thickness, which is
a feature of calculation impact of shells, mines and bombs on penetration into
the floor of closed fortifications.

Conclusions. Our research shows that when penetrating ammunition into the
soil thickness to determine the thickness mattress against the impact action must

take into account the scattering resistance, the value of nh,,, must be reduced

by an amount equivalent to the scattering resistance. If the projectile explodes in
the mattress, then part explosive action is perceived by the mattress material, so
when determining the thickness distribution layer, it is necessary to subtract from
the radius fracture sphere calculated for the distribution layer material the
equivalent of explosive mattress resistance.

During the theoretical study impact of shells, mines and air bombs on the
penetration floor of closed fortifications, it was determined that the depth of
penetration projectile into the floor will depend on: the shape main part
projectile, its mass, diameter, velocity with the overlap structure and the angle
projectile with the overlap structure and the pliability material floor structure.
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HAYKOBO-METOIWYHUMI MIIXI/ {010 PO3PAXYHKY BATATOIIIAPOBOI
MIJ3EMHOI 3AXMCHOI CIIOPYIN

3a yac BemenHs omepauii O6’eqHAHMX CHJI (QHTHTEPOPUCTHYHOI oOrmepalii) Ha TepuTopil
JloHenpkoi Ta Jlyrancekoi obsacteit MupHe HaceneHHs Ta 3CY 3a3HaM 3HAYHUX BTpaT.

Crae akTyaJbHUM [UTaHHS 100 HEOOXIAHOCTI BHBYEHHS BIUIMBY Pi3HOMAaHITHOI 30poi Ha
KOHCTPYKIIi HMOKPHTTS CIOpPYH, SIKi MOOYJOBaHi 3 Pi3HUX MartepiaiiB ISl ITiJBHILICHHS 3aXMCHUX
BJIACTHBOCTEH.

ToMy B Cy4acHHMX YMOBAaX IPOCKTYBAHHS CIIOPYZ Ta iX €IEMEHTIB He MOXJIMBE 0€3 ypaxyBaHHs
yaapHoi ail cHapsniB. Ilpu mpoekTyBaHHI Ta OyayBaHHI CIOPYZA 3aBXXIH HOTPIOHO BPaxoBYBaTH
CTIHKICTh €NIEeMEHTIB KOHCTPYKLIH 10 Ail Bpakarouux (axTopis, sk BUOYXY B LIIIOMY Tak i yaapHOI
XBUJI BUOYXY 30KpeMa, 1110 JOMOMOXKE YHHKHYTH MaiiOyTHIX MOMKIIMBHX JIOACBKHX BTPAT.

B crarTi mpencTaBieHO PO3PaxyHOK MPOHHUKHEHHS CHAPSAIB B TOBILY IPYyHTY HEPEKPUTOrO
YKPHUTTS, IO CKIANAETHCS 3 OOCHIAHHS, TIO(SKA, PO3MOIIIBYOro IIapy, HeCydol KOHCTPYKLii Ta
yaapHoi fii cHapsiaiB, MiH i aBiaGoMO Ha HPOHUKHEHHS! Y TOBIILY NEPEKPUTTS 3aKPUTUX CIIOPYA.

MeToro CTaTTi € BHCBITJICHHS OCHOBHHUX IIOJIOKCHb HAYKOBO-METOJMYHOIO ITAXOAY IIOI0
pO3paxyHKy OaraTomiapoBoi MiA3eMHOI 3aXMCHOI CIIOPYAM Ta AOCITIMIKEHb BIUIMBY yaapHOi Aii
CHapsIIiB Ha 6araToIIApOBY ITi3EMHY 3aXUCHY CLOPYLY.

[IpoBeneHe MOCTIMKEHHS MOKA3ye, 10 AJs1 BU3HAYCHHS 3aXUCHOI TOBIIMHU TIO(SKA CIOPYIH,
iJ Yac NMPOHHMKHEHHs OOempumacis, B IEPIIy 4Yepry, CIiJ BPaXxOBYBaTH OIIp OOCHHAHHSI, a UL
BU3HAYCHHSI TOBILMHY PO3MOALILHOrO LIApPy OIip TIO(SKA.

I'mubrHa NPOHHKHEHHs CHApSAy y TOBLIY IEPEKPHTTS CHOpyaH Oyde 3ajexaTd Bix: Macu,
niamerpy, (OpMH TOJOBHOI YaCTHHH CHApsiIy, a TAaKOXK BiI IIBHAKOCTI PyXy Ta KyTa y MOMEHT
3yCTpivi CHaps/Ia 3 IEPEKPUTTSIM CIIOPYIH.

Key words: nepekputTsi, 3aXHcHa CIOpyZAa, TIO(QSK, OOCHIIAHHS, PO3MOALIBYMH IIap, TOBIIA
IPYHTY, CHapsiA, yAapHa JisL.
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METHODOLOGICAL AND SCIENTIFIC APPROACH INTO THE PROCESS OF
CALCULATION A MULTILAYER UNDERGROUND PROTECTIVE STRUCTURE

During the Joint Forces (anti-terrorist operation) operation in Donetsk and Luhansk oblasts,
civilians and the Armed Forces suffered significanted losses.
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As a result, we have needed to study impact various weapons on structure roof of buildings
which built of different materials to improve protective properties is becoming relevant.

Therefore, in modern conditions, design of structures and their elements is not possible without
taking into account impact of shells. When designing and constructing structures, it is always
necessary to take into account resistance of structural elements to impact of damaging factors, both
explosion in general and destructive explosion in particular, which will help avoid future possible
human losses.

The article presents model of calculation shell penetration into soil thickness covered shelter,
consisting of scattering, mattress, distribution layer, load-bearing structure and impact of shells, mines
and air bombs to penetrate the thickness of closed structures.

The purpose article is to highlight main provisions scientific and methodological approach to
calculation multilayer underground protective structures and studies impact of projectiles on
multilayer underground protective structure.

Our research shows that to determine protective thickness mattress of structure, during
penetration of ammunition, first of all, should take into account resistance to scattering, and to
determine thickness distribution layer resistance of mattress.

Depth of penetration projectile into thickness floor structure will depend on: mass, diameter,
shape of main part projectile, as well speed and angle at meeting of projectile with the floor structure.

Key words: floor, protective structure, mattress, scattering, distribution layer, soil thickness,
projectile, impact action.
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