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The destruction of buildings and structures takes place as a result of calamities, accidents of
various nature, and terrorist attacks which often include explosions. In armed conflicts, the
destruction of buildings and constructions happens as a result of munitions completely penetrating
structural floors or walls, after which the round explodes inside the construction, followed by the
destructive impact of explosion product kinetic energy and the shock wave.

The impact of shock wave on buildings and constructions is characterized by complex
pressure: excessive pressure, reflective pressure, dynamic pressure, flowing pressure, seismic
wave pressure.

Ensuring the preservation and restoration of buildings and structures includes measures to
assess the possible degree of destruction of buildings and structures. Therefore, in modern
conditions, the design of buildings, structures and their elements is not possible without taking
into account the dynamic effects. When designing and constructing buildings and structures, it is
always necessary to take into account the resistance of structural elements to the action of
damaging factors, both the explosion in general and the shock wave of the explosion in particular,
which will help avoid future possible human losses.

Considering the aforementioned, this article describes the basic characteristics of the air
shock wave and building interaction processes, the panel construction rupture time calculation
method, and the general characteristics of an explosion’s air shock wave that penetrates buildings,
constructions that have doors, windows, and openings which appeared due to damage to flooring
or wall structures.

© Shyshanov M.O., Maliuha V.G., Koval V.V., Mirnenko V.1., Fil V.M., Hannenko S.O.,
Duzhyi R.V.
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Studies show that structural loads depend on the characteristics of the wave that penetrates
through openings in constructions and through openings created by wall damage; while comparing
calculations with experiment data shows a decent level of similarity between them.

Key words: air shock wave, dynamic load, reflection pressure, breach pressure, developed
pressure, cover pressure, rupture time.

Introduction. The current climate change on Earth is followed by techno
genic and natural calamities, while international relations are bare terrorist
attacks and armed conflicts. Consequently, the need arises to study emerging
threats and to predict possible building/construction rupture in order to apply
preventive measures that reduce possible material losses and save human lives
[1,2].

Natural disasters, accidents, modern weapon employment often result in
explosions. Depending on the type and yield strength of an explosion, as well
as distance, design and size of elements of a building, explosion orientation,
location of buildings and constructions, the impact of an air shock wave is
going to vary. Thus, data characterizing explosions is needed in order to enable
decision making on air shock wave protection for buildings and constructions,
as well as to ensure explosion protection measures.

The most reliable information about the explosion can be obtained by
conducting an experiment. However, this approach cannot always be applied.
For that reason the most common calculation methods to determine the values
of the parameters that characterize the explosions.

The aforementioned requires a more in-depth study of explosion process
result impact and resilience of buildings and constructions calculation.

Analysis of research and publications has shown [1-7] that the study of the
impact of the explosion on buildings and structures is given sufficient
attention. At the same time, the issues of the impact of the shock wave on the
structural elements of buildings and structures need additional study in order to
solve the current scientific and practical problem of determining ways to
improve the protective properties of reinforced concrete, concrete and brick
structural elements of buildings and structures.

An air shock wave is a zone of strong air compression that propagates in all
directions from the center of the explosion at high speed [8 -11]. The defeat is
primarily caused by the occurrence of high excess pressure, which almost
instantly compresses the human body or other object, causing damage and
destruction. Along with this, the impact causes high-speed pressure, having a
strong metallic ability. In addition to the direct impact of the shock wave,
damage can be caused by fragments of elements of buildings, structures or
other objects.

Considering everything mentioned above, the purpose of this article will be
to determine the parameters of the shock wave of the explosion penetrating the
building, structure and the parameters of the dynamic loads on their structures.

The main material of the article. The pressure on the internal structures
of buildings depend on the parameters of the wave that flows through the
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openings and holes that are formed during the destruction of the walls of the
building [3, 9].

The frontal wall is initially affected by the pressure of reflection AP, , at
the edges of the wall and its holes there are waves of rarefaction, the outspread
of which leads to a decrease in pressure on the structure over time £ ,, to the
value of the flow pressure AP ,, (Fig. 1).

The time ¢,,, , during which the pressure at the frontal obstacle decreases
to the flow pressure is taken depending on the smaller of the two values S=#h
or B/2 by the formula (1)

38
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where 4 — is a distance from the the ground to the window or the height of the
building (when the front wall without windows); B — is the width of the
building.
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Fig. 1. Estimated pressure graph in the middle of a building with window openings. The dotted
line shows the change in pressure inside the room with a smaller capacity 10%

At the same time, the shock wave outspread through holes in the walls of
the building. Assume that the measurement of pressure over time inside the
building has the form shown in Figure 1.

The leakage pressure AP, corresponds to the excess pressure at the front
of the shock wave that passed through the window openings, the second point
— the maximum value of the pressure in the flow wave AP,;". The pressure
AP, is determined from the graph (Fig.2) depending on AP, and the
perforation coefficient & equal to the ratio of the area of the holes to the area
of the obstacle. The pressure AP,,* is determined taking into account the
conditions that the leakage wave establishes an air flow of leakage, which
continues until the pressure inside the building reaches the pressure in front of

the hole APL=APt,,, . Practically APL, =APt,,, .

zat zat
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Fig. 2. The pressure depended AP, from parameters o and APy

To determine the parameters of the wave that flows into the building,
taking into account the destruction of the enclosing structures, you can use the
following prerequisites: the time of destruction of the building is equal to the
time of destruction of its front wall; deformation of the frame of the building
during the destruction of the walls is not taken into account, the dynamic load
is considered to be normally applied to the surface of the front wall; the load
on the front wall (from pressure AP, ) and its rear surface (from pressure

AP, ) act simultaneously.

1. Determining the time of destruction of prefabricated buildings. The
change in load P(f) on the front wall width » will be taken as the difference

between the loads P=FR—P, on the front and rear faces of the wall

B
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There may be different relationships between moments of time ¢

where _Potr:APé)tr’PobtzAPb P ZAPb ezztobt’APotrz

otr>* pr pro
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and time of destruction ¢,,, . However, regardless of the order of alternation of

these moments of time, the load will always have a linear shape, which leads
to the same type of formulas in dynamic calculations. You only need to follow
the necessary transitional conditions.

Thus, the first segment of the load over time can be represented as

P(t)=P~P,=P.(1-1). @)
where P, , 7, easy to express through load parameters £ , P, and
0<t<t,, <t or 0<t<t, <t 6)

At a—1AP,, — APy , that is, at values >0,5, AP, =APy .

Considering also that P.,;*=AP, , we get a stationary area of back pressure
for the function P(¢) can accept (4) if

T,= F0 . (6)

(Potr_(Pprg/tnar ))
Schematize the panel with a single-span hinged beam as an elastic-plastic
system with one degree of freedom. The termination of the flexible stage
marked as #, is due to the armature breakdown resulting in rupture. Rupture

time is ¢,,, =t +t, .

P, at O<t<t,,, . Since, T, »t

nar >

Let us write down the dependencies for a certain time ¢, is less or equals

t..:<t,, - In the flexible stage, the M resisting moment of spill beam 1 is:
1
M ()=gIPT;, - ™

The dynamic function 7 from the 7”+@” /() equation is

t
T (t)=Tocosa)t+T0’a)_] sinwt+a)j f(w)sinw(t—u)du, ®)
o

where — 7, , T, are the initial values of 7 and 7" ; @ — natural frequency;
f — dimentionless load, top dot indicates ¢ derivative.
Linear function f=1-#/7, where 7,=T,=0 is
Lt _ (sinax)
T(t)=1 - coswtH @) )
Incorporating (9) into (7) we get M (t,)=M, where M, is the boundary

flexible moment, and then find the value of ¢, .
Equation of motion panel in the plastic stage in continuation, what
M (t)=const at t>f, , has a pitchfork
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mPPe”=3P(t)I*24M,,, (10)
where — P and m — are the load and mass per unit of length; ¢ — is the
angular deflection of the beam as a system of two solid elements held together
by a flexible hinge

After we accept the time recording starting at # and introducing
8,=1-t,/ 7. and integrating (4) into (10), we get

st P4 12M

3Efor P | 12M, =
(p(t)—ml[ 3 6@] B LT e=E0, (11)

where — ¢ is the rotational speed and rotational angle where 1 =1' -0 .

The speed of ¢,(f,+0) is calculated considering the change in the
movement form of the beam suggesting constant motion. For the beam in
question, the speed at the t moment of time increases by 23%. The ¢, angle is
calculated using the following formula

0= o= (12
where — B is bend firm of the beam’s cross; y, is the flexible deflection.

The moment of time ¢,,, can be derived from (11) via the boundary value
of o(t,) = (p;, , corresponding to beam rupture.

The value of (p;, is determined via experiment and can be standardized by

the number n of flexible deflections y, with the help of the ratio (12).
Experiments with models building have shown 1:5 that, when loaded more
than panels can hold, support mounts rupture after the armature. At the
moment of concrete failure to the full height of the compressed zone, the
deflection is about 1/15 he span (the crack opening angle in beams with

reinforcement of class A-Ill @, =2¢, =0,27rad), and the ratio of the
ultimate deflection to elastic.

*

2(ppr 28y

After integrating ¢, or = TO into (11), we can find the ¢, from
28y, 35M,
F(tZ)z(ppr or F(t2)= ZO:TBO

Similarly, we can derive the variable dependencies with other ratios of time

variables: ..., .55 Loar -

In order to test the calculated dependencies, experiments were conducted
involving sir shock wave rupture front and back walls of a building model
scale 1:5 with U-sectioned frame and enclosing structures from armored
concrete panels size 0,096 m”. Outside dimensions of the model: height 1,7,
width 1,32, length 4 m.
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Panels were armored with symmetric welded steel frames class A-III with
8 mm in diameter (relative deformation in case of rupture: =~ 14%). Armoring
coefficient was 0,0027. Concrete class B50. Rupture time 0,2 sec.

Wall rupture time (Table 1) made of armored concrete panels 12 ¢m thick
and 1800 kg/m’® dense was calculated based on rupture time of wire indicators.
The results of experiments and calculations are fairly similar. Figure 3 shows
calculation results for the dependency of wall rupture time on pressure AP,
and the o« coefficient. Works for natural panels with the following

specifications: height 6 m, width 1,2 m, thickness 24 cm. Armoring coefficient
0,0015, armature class A-III, pored concrete class B25 density 750 kg/m3 .

Table 1
Experimental and calculated values of wall panel rupture time
AP, | 10° Pa .Rupture time, mil sec . Exp/ Cal
experiment calculation
0,63 30 28 1,07
1,13 19 25 0,76
1,45 17 19 0,89
bz
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Fig. 3. Dependency of concrete-paneled building wall rupture time on AP,

pressure and o coefficient. For 1100 kg/m® panels, t,.. time should be multiplied by 1,2

Calculation analysis shows that panel rupture time when «o=0,3
(penetration 30%), depending on AP, varies between 20 to 100 Msec, while,
if pressure increases, the penetration impacts on ¢,,, decreases. Rupture time
calculations for panels 1100 kg/m’ have shown that, if ¢, changes in a
similar way, its value will increase by approximately 20%.
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2. Parameters of the wave flowing into the panel and brick buildings
with openings (holes). Estimated loads on the elements of buildings,
structures are determined taking into account the change in pressure inside the
buildings [4]. To determine the main parameters that characterize the change
in pressure inside the building, taking into account the destruction,
experiments were conducted on a model of an industrial building on a scale of
1: 5. The walls of the model were obstacles with openings typical of buildings.
Under the influence of an air shock wave, the front and rear walls collapsed.
The change in pressure inside the model was recorded by membrane sensors.
A typical oscillogram of pressures in the flow wave is shown in Figs. 4a, 4b.

AP,.=0,03 mPa

'S

d

AP =0 (57 m-Pa o
(a)

Y

A Pr=0,09 mPa

Lﬂ\""‘“\—\ - T —

I I E—
0 20 40 60 m/sec

(b)
Fig. 4. Pressure change over time inside a building/construction model
with openings (a) and outside (b)

Figure 4 shows that at the initial moment the pressure increases by a jump,
then to the maximum value the pressure changes smoothly. Some pressure
fluctuations near the midline are caused by waves repeatedly reflected from
walls and debris. The change in pressure in the flow wave with sufficient

accuracy for practice can be approximated in the form of a graph shown in
Figure 1. Assume the maximum pressure AP~ is approximately equal to the
pressure AP .

It is defined that, if ¢, <?,, , the time of increase ¢,,. inside equals wall
rupture time. If the wave penetration ends by the time the wall collapses, then
the time ¢,,, =¢_,, .

The ¢,, is defined via graph shown in Figure 5, calculated based on

statistical analysis of wave penetration experiment results for buildings for
which the ratio of the area of the openings to the internal volume ¥ more
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Fig. 5. The dependence of the time of penetration of the wave into the first floors

of the building, structure on the ratio and pressure

The results of experiments and their comparison with the calculation are
shown in table 2. Comparison of calculated and experimental data indicates
their sufficient convergence.

Table 2
The value of the parameters of the wave flowing into the brick buildings
Wall o APT™ 5
AP ol 4 om ., 10°Pa
l()SPF ’ f/V’ coefficient 10°Pa nar » TIV/SEC b
a
1/m front | rear | Exper. |Exper. | Calc. |Exper. | Calc.
0,60 | 0,055 0,2 0 0,46 18 21 0,22 0.23
0,93 | 0,055 0,2 0 0,66 16 15 0,27 0,34
0,74 | 1,109| 04 0 0,73 15 17 0,39 0,43
0,90 0,109 0,2 0,2 0,70 16 15,7 0,34 0,33
0,77 | 0,109| 04 0,4 0,63 15 14 0,40 0,46
1,06 | 0,218] 04 0 0,85 14 14 0,61 0,60

Conclusion. Studying the parameter of an explosion shock wave that
penetrates buildings have shown that building-mount construction loads
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depend on the parameters of the wave that penetrates openings of a building or
construction.

In order to determine the parameters of a wave that penetrates a building,
considering that its enclosing structures have been ruptured, we accepted the
following pre-conditions: building rupture time equals the rupture time of its
front wall; building frame deformation was not considered, dynamic load was
considered standardly applied to the front wall surface; front wall load (from
AP, ) and its rear surface (from AP, ) are considered simultancously

applied.

Determination of the time of destruction of panel structures on building
models on a scale of 1:5 showed that under loads that are an order of
magnitude or more exceeding the load-bearing capacity of the panels, the
support fasteners are destroyed after the break of the reinforcement. At the
moment of rupture of the concrete, at the full height of the compressed zone,

the deflection is about 1/15 the span, the crack opening angle
(p;, = 2(p;, =0,27rad . Calculation analysis shows that panel rupture time for

o =0,3 (notch 30%), depending on AP, varies between 20 to 100 Msec,
while pressure increase causes opening impact decrease for ¢, . Rupture time
calculations for 1100 kg/m3 panels have shown that, if the value of ¢,

changes under similar pattern, its value will increase by approximately 20%.

Under air shock wave impact, the front and rear walls of the construction
were ruptured. During the parameter calculation for waves penetrating a
building through an opening, experimental and calculated data showed an
acceptable level of concordance.
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Uluwanos M.O., Manioea B.I'., Koséanv B.B., Mipuenko B.1., @ine B.M., I'annenxo C.O.,
Jyorcuii P.B.
BILJIUB MMOBITPSIHOT YIAPHOI XBHJII HA BYIBJII I CIIOPY T

PyiinyBanHs OyxiBenb Ta cropyn BinOyBaeThcsi BHACTIZOK CTHXIHHHUX JIMX, aBapiil pi3HOro
XapakTepy Ta TEPOPHCTUYHUX AKTIB, IO B OaraTbOX BHIAJKAaX CYHNPOBOKYIOTHECS BHOyxamu. B
X0Z1 BemeHHs 30pOMHHMX KOH(IIKTIB pyHHYyBaHHs OyaiBesb, CIOPY/ BiIOyBa€TbCsl y pe3yJibTati
HACKPI3HOTro MPOOMBAHHS 3aC00aMH YPaXKCHHs MEPEKPHUTTS a00 CTiH 3 MOAANBLIOI JCTOHALIEI0
Goenpunacy BCepeuHI CIOPYAH, BUHMKHEHHSIM PYHHIBHOI Ail KIHETHYHOI €Heprii MpoayKTiB
BHOYXY Ta yAapHOI XBHJIL.

Jis ymapHoi xBuiai Ha OyxiBii, CHOpyaM XapaKTEpH3YEThCsl CKJIAJHHM KOMILJIEKCOM
HABAaHTA)KCHb: HA/UIMIIKOBUM THCKOM, THCKOM BiIOMBaHHS, THCKOM MLIBHIKICHOTO Hamopy,
THUCKOM 3aTiKaHHsI, HABAHTAKCHHSIM BiJ| CEHCMIYHMX XBHJIb.

3abe3neucHHs 30CpeKEHHs. i BIAHOBIICHHs OyiBeab 1 CHOPYA BKIIIOYAE 3aXOAU OLIHKH
MOXJIMBHX CTYIEHIB pyHHyBaHHs OyaiBesb i copyd. ToMy y CydacHHX yMOBaX MPOEKTYBaHHS
OyniBenb, CIOpyx Ta iX €JIEMEHTIB He MOXJIMBE 0€3 ypaxyBaHHs JMHAMIYHMX BIUIMBIB. Ilpu
IPOCKTYBaHHI Ta OyayBaHHI OyXiBenb, CIOPYH 3aBXKIM IOTPIOHO BpaxOBYBAaTH CTIHKICTh
€IIEMEHTIB KOHCTPYKLIH 10 Ail Bpakaounx (akTopis, sk BHOYXy B LIIOMY Tak i yJapHOI XBHII
BHOYXY 30KpeMa, L0 JOIOMOXE YHUKHYTH MaiOyTHIX MOXKJIMBHX JIFOJCBKHX BTPAT.

BpaxoByroun Ij¢ B CTAaTTi PO3MIHYTO 3arajbHy XapaKTePUCTHKY IpoOLeEciB B3aeMomii
HOBITPSIHOI yAapHOi XBHJI 3 Oy/IiBIICI0, METOJ PO3PAXyHKY 4acy pPyHHYBaHHS MaHEIbHHX CIIOPY.
Ta OCHOBHI IapaMeTpy MOBITPSHOI yIapHOI XBWII, sika 3aTikae y pe3ynibraTi BUOyXy B OyxiBui,
CIOpYIH 3 BIKOHHUMH, ABEPHHMH HPOPi3aMH, SKi BAHHKIN B HACTIZOK PyHHYBaHHS KOHCTPYKLIiH
HEePEeKPUTTs ab0 CTiH.

JlocaifkeHHsT MOKa3yloTh, IO HABAaHTA)XCHHS HAa KOHCTPYKLII 3aiexaTh Bif HapaMeTpiB
XBUJI, sIKa 3aTiKae 4yepe3 MPOpi3u B CIOPYIH, SIKi YTBOPIOIOTHCS NPHU pyHHYBaHHI CTiH OymiBii,
3iCTaBJICHHS PO3PAXYHKOBHX 1 €KCIIEPUMEHTAIbHUX JaHUX CBIIYUTH MPO IX JOCTATHIO 301KHICTh.

Kiaro4oBi ciioBa: noBiTpsiHa yapHa XBHJIS, IMHAMIYHE HABAHTAXKEHHS, TUCK BIJAOUTTS, THCK
HPOPUBY, THCK HAPOCTAHHS, THCK OOTIKAHHS, YaC PYHHYBaHHS.
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Shyshanov M.O., Maliuha V.G., Koval V.V., Mirnenko V.1, Fil V.M., Hannenko S.0., Duzhyi R.V.
INFLUENCE OF AIR SHOCK WANE ON BUILDINGS AND STRUCTURES

The destruction of buildings and structures occurs as a result of natural disasters, accidents, or
terorist attactacts which in many cases are accompanied by explosions.

The action of an air shock wave on a building is characterized by a complex set of loads:
excess pressure, reflection pressure, velocity pressure, leakage pressure, load from seismic waves.

Ensuring the preservation and restoration of buildings and structures includes measures to
assess the possible degree of destruction of buildings and structures. Therefore, in modern
conditions, the design of buildings, structures and their elements is not possible without taking
into account the dynamic effects. When designing and constructing buildings and structures, it is
always necessary to take into account the resistance of structural elements to the action of
damaging factors, both the explosion in general and the shock wave of the explosion in particular,
which will help avoid future possible human losses.

Therefore, the article considers the general characteristics of the processes of interaction of
the air shock wave with the building, the method of calculating the time of destruction of
prefabricated buildings and the main parameters of the air shock wave which flows as a result of
an explosion in a building, structure with windows, doorways and openings, which arose as a
result of the destruction of floor structures or walls.

Studies have shown that the load on the structure depends on the parameters of the wave that
flows through the holes in the buildings and through the holes formed by the destruction of the
walls of the building, the comparison of calculated and experimental data indicates their sufficient
convergence.

Key words: air shock wave, dynamic loading, reflection pressure, breakthrough pressure,
growth pressure, flow pressure, fracture time.
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B cmammi posensinymo 3a2anvHy Xapakmepucmuxy npoyecie 63acmooii nosimpsanoi yoapnoi
xeuni 3 Oyoienelo, MemoO pPO3PAXYHKY 4acy pYUHYEaHHA NAHETbHUX CHOpYO Ma OCHOGHI
napamempu nosimpsinoi yoapHoi xeui.

Tabun. 2. Puc. 5. bi6umiorp. 11 Ha3s.
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Article considers the general characteristics of the processes of interaction of the air shock
wave with the building, the method of calculating the time of destruction of prefabricated
buildings and the main parameters of the air shock wave.

Tabl. 2. Fig. 5. Ref. 11.
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