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Evaluation of gabions usage effectiveness for industrial facilities protection
against damage

Purpose. In the extreme situations at industrial sites, various damaging factors may appear, such as the spread of
toxic substances in the air, the creation of a fireball, etc., which pose a threat to the lives of workers and have
a significant negative impact on the environment. That is why today, special attention is being paid to the problems
associated with the spread of debris during a drone attack. At an industrial site where oil product storage facilities are
located, the debris generated during an explosion can damage the tank building and cause a fire. In this regard, the
main objective of the study is to evaluate the effectiveness of using gabion to reduce the risk of damage to the oil
storage facility during the movement of drone debris. Methodology. To achieve this goal, the paper considers the
problem of flying debris in the event of a drone explosion at an industrial site where oil storage facilities are located.
The use of gabion with sand is proposed to protect the tank building from the throwing effect of debris. It is proposed
to develop a mathematical model of the movement of a fragment in the path of which the gabion is located. The effect
of gabion as a protective screen on reducing the air temperature near a neighboring oil storage facility in the event of
a fire at an industrial site is also considered. A model of the dynamics of a point motion (Newton's second law) was
used to mathematically describe the movement of the debris. Numerical integration of the modeling equations was
performed using the Euler's method. The energy equation was used to model the process of thermal air pollution at an
industrial site during a fire. Findings. In this work, the numerical model was programmed and a computer code was
created. The programming language is FORTRAN. The code provides information on the speed of the fragment
movement in different parts of each zone. On the basis of the constructed numerical model and the created code,
parametric studies were carried out to determine the effectiveness of using gabion with sand to protect the oil storage
facility from the effects of fragment. As an approximation, the case when the fragment after the explosion moves
horizontally in the direction of the object was considered. The influence of the gabion height on the heating level of
the wall of the oil storage facility located at an industrial site was analyzed. Originality. An effective mathematical
model has been developed to evaluate the effectiveness of using gabion to protect the oil storage facility from damage
by drone fragment. The proposed model allows determining the rational dimensions of the gabion to reduce the risk
of damage to the tank wall. An effective computer model of thermal air pollution at an industrial site in the event of
a fire at an oil storage facility is presented. Practical value. On the basis of the constructed mathematical model,
a computer code was created to conduct a computational experiment to determine the effectiveness of using protective
barriers (gabions) on the territory of an industrial site.

Key words: risk of damage; dynamics of fragment movement; gabion; mathematical modeling; thermal contamination

Introduction at industrial sites, various shocking factors may ap-
pear, for example, the appearance of toxic sub-
stances in the air, the creation of a fireball, etc. [1].
In the event of explosions at an industrial site, there
is a scattering of fragment that creates a risk of dam-
age to personnel and facilities due to the movement

Extreme situations on the territory of industrial
facilities and transport pose a threat to the lives of
workers and have a significant negative impact on
the environment [1, 7, 10, 11]. In extreme situations
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of fragment at a high speed. The problem of risk
analysis in the event of extreme situations involves
solving two important tasks - determining the areas
of damage and developing protective methods to re-
duce the consequences of an extreme situation

It should be noted that in the future, special at-
tention will be paid to the problems associated with
the dispersal of fragment during drone attacks. If
there is such an extreme situation at an industrial
site where oil storage facilities are located, the frag-
ment generated by the explosion may damage the
oil storage facility's building. This will lead to the
release of fire products at the industrial site, the re-
lease of fire products into the atmosphere and the
appearance of thermal pollution of the environment.
Thus, it is very important to develop means of pro-
tecting oil storage facilities in the event of flying
fragment from drone explosions.

It should be noted that to solve this problem, it is
possible to use gabions as obstacles to the movement
of fragment. These structures are widely used in the
world to form the landscape of parks, to build roads,
to strengthen slopes as retaining walls or as elements
of culverts [5, 6, 8, 9]. The advantage of gabions is
that they are filled with materials that do not require
significant funds. These structures can have different
shapes and sizes, which is very important for their
practical use. The most important thing is that local
materials can be used to fill them. It is clear that such
structures have found their place in the military to
protect against damage (Fig. 1, Fig. 2).

% o .

Fig. 2. Axial gabion (https://cutt.ly/me61YClq)

For scientific substantiation of gabion parame-
ters, separate calculations are always required. An
analysis of existing scientific publications has
shown that they consider methods for calculating
the stability of gabions when used as retaining
walls, calculating the deformation of gabions, deter-
mining their dimensions and the amount of material
to be filled [5, 8, 9]. In the direction of studying the
effectiveness of using gabions for protection against
damage to oil storage facilities, we can identify
work [2], which considers the calculation of gabions
with different fillings — sawdust, oilcake, dry earth.
Also, the results of research in the field of protection
of oil storage facilities from damage are presented
in [3], where the effectiveness of using a metal plate
as an obstacle to the movement of a fragment is an-
alyzed. It should be noted that the range of scientific
works in this area is extremely limited. Thus, this
gives grounds for conducting scientific research to
improve the protection systems of oil storage facili-
ties at industrial sites in the event of drone explo-
sions.

Purpose

The purpose of this article is:

1. Evaluation of the effectiveness of using ga-
bion with sand to reduce the risk of damage to oil
storage facilities at industrial sites of mining enter-
prises during the movement of drone fragment.

2. Assessment of thermal damage zones at an in-
dustrial site in case of burning of a storage facility
with oil products.

Methodology

The paper considers the problem of flying frag-
ment in the event of a drone explosion at an indus-
trial site where oil storage facilities are located. The
use of gabion with sand is proposed to protect the
tank building from the throwing effect of the frag-
ment. The task is to develop a mathematical model
of the movement of a fragment in the path of which
the gabion is located.

The fragment generated by a drone explosion
has a different geometric shape, mass, and speed.
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Fig. 3. Location of the gabion on the industrial site:
1 —drone; 2 — explosion site; 3 — gabion;
4 — oil storage facility

In addition, these fragments can be formed at
different heights and move at different angles to the
object to be protected (hereinafter referred to as the
object). To build a mathematical model of the frag-
ment movement and its interaction with the protec-
tive barrier body (gabion), we make the following
assumptions:

1) the fragment has a cone shape;

2) the mass of the wreckage is known;

3) the speed and direction of the fragment from
the point of explosion are known;

4) the length from the fragment impact point to
the gabion and the object is known;

5) The angle of a the fragment relative to the
ground is known;

6) the density of the p., material of the protec-
tive barrier (gabion) is known.

The trajectory of the fragment from the explo-
sion site to the object is divided into three parts:

1) zone 1 - from the explosion site to the gabion;

2) zone 2 - movement of the fragment inside the
gabion with sand;

3) zone 3 - movement of the fragment from the
gabion to the object (if the fragment passes zone 2).

We will describe the dynamics of the fragment
movement in each zone using Newton's second law:

m(j(j—\fz—FR—Fg, Q)
where m is the mass of the fragment; V(u, v) is the
velocity vector of the fragment in the medium;

2
Fq=mg is the gravity; F =CX%S — the drag

force of the fragment; Cy — the drag coefficient of

the fragment; p, — the density of the medium; S —the
copper cross-sectional area of the fragment; t —time.

It should be noted that the value of the drag co-
efficient Cy for the second zone (movement of the
fragment in the sand) differs from the value of this
coefficient for the first and third zones (movement
of the fragment in the air).

For practical use of equation (1), let's write it in
the projection on the coordinate axis for each zone:

2
N ¢ P, )
dt 2
dv e
Yo P s mg, 3
o T g 3

where u, v are the projections of the fragment veloc-
ity vector on the coordinate axes; S is the area of the
midline section.

Note that the Y-axis is directed vertically
upward, and the X-axis is directed in the direction
of horizontal movement of the fragment.

Next, the numerical integration of equations (2)
and (3) is performed to determine the speed of the
fragment in each zone. The drag coefficient Cy for
the first and third zones is assumed to be 0.5, for the
second zone it is assumed to be 0.85 (Gerasimov
S.1., Erofeev V.I. and others).

The mathematical model uses the value of the
cross-sectional area S to calculate the drag force, so
the value of the parameter S is determined as fol-
lows. If the mass of the fragment is m, then this
mass can be determined as follows

m=pW

S )

ps — the density of the fragment material; W — the
volume of the fragment.

The volume of the fragment can be determined
experimentally, for example, using Archimedes' law
- that is, by measuring the volume of water that was
displaced from the container in which the fragment
was placed. Thus, the parameter W can be taken
known. However, if the model represents the shape
of the fragment as a cone, then the parameter W is
calculated as follows:

W =1nR2h,
3

where R — radius of the base of the cone; h — height
of the cone.
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The parameter h can be assumed to be known
based on the analysis of the shape of the fragment.
Then, the radius of the base of the cone will be de-
termined based on the following dependencies as
follows

R= [3M

pnh

The value of the area of the copper section will
be S =0.785(2R)?.

Numerical solution

Equations (2), (3) for each zone are solved nu-
merically using the Euler method [7]. The determi-
nation of the values of the components of the veloc-
ity of the fragment u, v on the new time layer «n+1»
is based on the following dependencies:

2
u
U™ =u" —at-c, Pt g 4
at-C, 28 @
n+l n pV2
V=V —at-C, —£—S-atg. %)
2m

To perform the calculation based on dependen-
cies (4) and (5), it is necessary to set the angle « of
the fragment departure, which makes it possible to
determine the projections of the fragment velocity
vector at the beginning of the calculation

The range Ax of the fragment for the time step
At is equal to:

Ax=At-u(t).

The distance of the fragment from the explosion
site is determined as follows:

X(t) =%, + D_AX,

where Xo is the coordinate of the fragment departure
location.

The numerical model was programmed and the
code «Drone-2» was created. The programming lan-
guage is FORTRAN. The code provides infor-
mation about the speed of the fragment in different
parts of each zone. It should be borne in mind that
this speed value allows us to determine the kinetic
energy of the fragment in each zone. Particular at-

tention should be paid to the value of the out-of-ob-
stacle velocity of the fragment, i.e., the velocity of
the fragment after passing the gabion «body», since
the main purpose of using gabion is to significantly
reduce the velocity of the fragment, which makes it
possible to reduce its kinetic energy.

At the second stage of this research area, a nu-
merical model was developed to assess the thermal
damage zones at an industrial site in the event of an
oil storage facility fire. To model the heating of air
at an industrial site, the energy equation was used:

ﬂ+@+@=div(agradT), (6)
ot ox oy

where T — temperature; u, v — components of the air
flow vector; a = (aX , ay) — thermal conductivity co-

efficients; x;, y, — Cartesian coordinates; t — time.

The boundary conditions for the energy equation
are as follows:

1. At the boundary where the air flow enters the
area:

T:Tiny

where Ti, — the background air temperature.
2. At the boundary where the air flow leaves the
calculation zone:

T; T;

i+1,j = ij?
whereT,,; ;
T, ; —temperature in the previous cell.

3. On the surface of objects, ground surface, up-
per boundary of the calculation area:

ar _
on

Initial condition (t=0): T=T,, where T, — air tem-
perature where the fire occurs, in the rest of the
computational domain the temperature is equal to
the background temperature

Since there are several storage facilities on an in-
dustrial site, it is necessary to take into account the
influence of these facilities on the airflow velocity
field. To solve this problem, we will use the follow-
ing equation:

—temperature in the last difference cell;

0.

0°P  0°P
o o "
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_p P
ox' oy
where P — velocity potential.

The boundary conditions for the aerodynamic
equation are:

1) g—: =0 —on hard borders;

u

, (8)

2) Z—P =V, — at the boundary where the flow en-
n

ters region, Vi» — known air velocity;

3) P=const — at the boundary where the flow ex-
its region.

On the basis of equation (7) and dependencies
(8), the deformation of the air flow velocity field in
the presence of objects at an industrial site is deter-
mined

For the numerical integration of equations (6)
and (7), finite-difference splitting schemes are used.
The code for the implementation of the numerical
model on a computer has been developed, the pro-
gramming language is FORTRAN.

Findings

At the first stage of calculations, parametric
studies were conducted to determine the effective-
ness of using gabion with sand to protect the tank
building from the effects of fragment (Fig. 1). As
a first approximation, we considered the case when
the fragment after the explosion moves horizontally
in the direction of the object (a=0).

The calculation is based on the following data:
the explosion occurs at a distance of 40 meters from
the oil storage facility, the protective barrier is lo-
cated at a distance of 15 meters from the oil storage
facility. The height of the fragment ejection is 3 m,
the mass of the fragment is 50 grams. Two scenarios
were considered. The first scenario: p=1 600 kg/m?
— sand density in gabion (dry sand); the initial ve-
locity of the fragment varies: 300 m/s; 450 m/s;
600 m/s. The density of the fragment material is
7 700 kg/m3, the diameter of the base of the frag-
ment «cone» is 2 cm. It is assumed that the protec-
tive function of the gabion is fulfilled if the speed of
theVy obstructing the fragment (i.e., the speed be-
hind the gabion) is about 0.2 m/s, i.e., at this speed
the kinetic energy of the fragment is not sufficient
to damage the surface of the oil storage facility. The
task is to determine the required width of the gabion.

The calculation results for these parameters are
shown in Table 1.

Table 1

Values of the out-of-bounds velocity of the fragment
(Scenario 1)

ofhe igment | speed s | Gabon thickness
300 m/s 0.15 m/s 1.86m
450 m/s 0.16 m/s 1.95m
600 m/s 0.16 m/s 201m

According to the results shown in Table 1, it can
be argued that with a gabion thickness of about 2 m,
for the given parameters of the problem, the gabion
will be effective.

Second scenario: initial fragment velocity
700 m/s; sand density in the gabion varies:
p=1 600 kg/m*® (dry sand); p=1 920 kg/m® (wet
sand); p=2 080 kg/m?® (wet, compressed sand).

The calculation results for the second scenario
are shown in Table 2.

Table 2

Values of the out-of-bounds velocity of the fragment
(Scenario 2)

Type of _sand in Out-of-bounds Gabion thickness
gabion speed Vb
dry sand 0.16 m/s 2.03m
wet sand 0.14 m/s 1.72m
wet, compacted 0.14 m/s 1.58'm
sand

According to the results shown in Table 2, it can
be argued that when wet, compressed sand is used
in the gabion body, its thickness can be reduced by
about 20 %.

Note that the calculation time is 1 second.

The following are the results of a computational
experiment to calculate the area of thermal pollution
at an industrial site (model problem) when the oil
storage facility is damaged by fragment and a burn-
ing spill zone appears. The temperature at the fire
site is 1 300 °C. The effect of a protective screen (ga-
bion) at an industrial site on reducing the air tem-
perature near the wall of a tank with oil products lo-
cated near the burning area is analyzed.
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The simulation was performed at a wind speed
of 7 m/s and an initial air temperature of 20 °C. Three
scenarios were considered:

Scenario Nel — no protective screen (gabion)
near the spill area;

Scenario Ne2 — with protective screen (gabion),
height 4 m;

Scenario Ne3 — with protective screen (gabion),
height 8 m.

The temperature field at the industrial site for
each scenario is shown in Figs. 4-6.

YA

E 1170-1300 °C
W [040-1170 °C
0 910-1040 °C
® 780-910 °C
@ 650-780 °C
H 520-650 °C
0 390-520 °C
O 260-390 °C
| 130-260 °C
@ 0-130 °C

, X

Fig. 4. Heat contamination zone (Scenario Nel)
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Fig. 5. Heat contamination zone (Scenario Ne2)
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Fig. 6. Heat contamination zone (Scenario Ne3)

From the above figures, it can be seen that the
air temperature on the windward wall of the storage
facility, in the absence of a screen, varies from
663 °C (in the lower part) to 390 °C (in the upper
part). In the presence of a 4 m high shield, the tem-
perature varies from 442 °C (in the lower part) to
364 °C (in the upper part). In the presence of
a screen that has a height of 8 m, the temperature
varies from 234 °C (in the lower part) to 325 °C (in
the upper part). Thus, the screen effectively reduces
the temperature in the lower part of the repository
wall under the considered scenarios.

Note that the calculation time for each scenario
is 3 seconds.

Originality and Practical value

An effective mathematical model has been de-
veloped to evaluate the effectiveness of using ga-
bion to protect the oil storage facility from damage
by drone fragment. The constructed mathematical
model is based on the numerical integration of the
equation of unsteady motion of a material point in
airspace and in the body of the gabion to determine
the obstructive speed of the fragment.

The proposed model makes it possible to deter-
mine the rational dimensions of the gabion to reduce
the risk of damage to the tank wall.

An effective computer model of thermal air pol-
lution at an industrial site in the event of a fire at an
oil storage facility is presented. The model makes it
possible to carry out an express assessment of the
risk of thermal damage to humans at an industrial
site in the event of a fire.

Conclusions

1. A multivariate mathematical model of the
fragment movement in the air and in the gabion
«body» with different contents was created.

2.0n the basis of the constructed mathematical
model, a computer code was created to conduct
a computational experiment to determine the effec-
tiveness of the use of protective barriers (gabions)
on the territory of an industrial site. This code can
be useful at the «form sketchy stage of the

3. A computational experiment was carried out,
which made it possible to determine the rational
thickness of the gabion for filling which sand was
used.
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4. The risk of thermal damage to humans at an 5. The considered numerical models belong to
industrial site in the event of an oil storage facility the class of «screening models» used for engineer-
fire was assessed. ing estimates.
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OuinoBanHs eeKTUBHOCTI BAUKOPUCTAHHS ra0ioHIiB I 3aXMCTY BiJ
YPa:KeHHsI IPOMHUCJIOBHX 00’ €KTIB

Mera. V pa3i eKCTpeMaTbHUX CHTYyaliil Ha MPOMHCIOBUX MalIaHYWKaX MOXKIIMBA IIOSBA PI3HAX YpaXKaIbHUX
(akTopiB, HATIPHUKIIA/, TOMIMNPEHHS B TIOBITPI TOKCHYHUX PEYOBHH, CTBOPEHHS BOTHSHOI KYJIi TOIIO, SIKi CTAHOBJIATH
3arpo3y JKHATTIO MPALiBHUKIB Ta MAOTh 3HAYHUI HETaTHBHHUU BIUTMB Ha JOBKUDIL. ToMy ChOTOAHI OCOOJMBY yBary
MIPUBEPTAIOTH 3aJadi, OB S3aHi 3 PO3JIITAHHAM YIIAMKIB ITiJ] 9ac aTaky ApoHiB. Ha mpoMucioBoMy MaiijaHIuKy, e
pO3TamIoBaHi CXOBHUINA HAPTONPOIYKTIB, YIAMKH, III0 YTBOPHIIUCS TiJ 9ac BUOYXY, MOXKYTh MOMIKOAUTH KOPITYC Ha-
(TOCXOBHINA Ta CIPUUMHHUTH MOXKEXKY. Y 3B’53KY 3 IUM OCHOBHA MeTa pOOOTH MOJISTaE B OLIHIOBAHHI €()eKTUBHOCTI
BUKOPHUCTaHHS ralioHy mJIsl 3HW)KEHHS pPH3UKY YypaKeHHs Ha(TOCXOBHINA Il dYac pyxXy YJaMKiB JpoOHa.
Metoauka. J{1si JOCSITHEHHSI MTOCTAaBJICHOI METH B POOOTI PO3IIISTHYTO 3a]auy PO3JIITaHHS YNaMKIB y pa3i BUOYXY
JIpOHA Ha ITPOMMUCIIOBOMY MaliIaHUMKy, € po3TauioBaHi Hadgrocxosumia. /s 3aXUcTy KOpIycy HaTOCXOBHIIA Bif
METaIbHOI Aii yJlaMKiB 3allpOIIOHOBAHO BHKOpHCTaHHS TabioHy 3 mickoM. IlependadeHo po3poOMTH MaTeMaTHYHY
MOJIETIb PYXY YJIaMKa, Ha IUISAXY SIKOTO po3TanioBaHui rabioH. Takox po3risiHyTO BIUIUB TabiOHY SIK 3aXHCHOTO €K-
paHa Ha 3HIKCHHS TeMIIepaTyPH MOBITPsI OIS CYCiAHBOTO CXOBUINA HA(TOMPOAYKTIB y pa3i BHHUKHCHHS TOXKEXKi Ha
MIPOMHUCIIOBOMY MaiJaH4IMKy. {15l MaTeMaTHIHOTO OIUCY PYXY ylaMKa BUKOPHCTAHO MOJIENb ANHAMIKU PYXY TOUKH
(mpyruit 3akoH Herotona). UncenpHe iHTErpyBaHHS MOJCIIOBAIBHAX PIBHSHB 3HiHCHEHO 3a MeTonoM Efmepa. Jlns
MO/JIETIFOBAHHS MIPOLIECY TEPMIYHOTO 3a0py/THEHHS MOBITPS HAa IIPOMHCIOBOMY MaiIaHUHMKY i/l Yac MOXKEXKi BUKOPH-
CTaHO piBHAHHA eHeprii. Pe3yabpratH. Y po0OoTi 37ificHEHO MporpamMyBaHHS YHCENFHOI MOZETI Ta CTBOPEHO
KoM 'toTepHuit ko1. Mosa nporpamyBanas — FORTRAN. Kon nae indopmariro mpo mMBHIKICT PYXY yIaMKa B pi3-
HUX YacTHHaX KOKHOI 30HU. Ha 0a3i moOynoBaHOi 4ncebHOT MOJIeNTi Ta CTBOPEHOTO KOy OyJI0 MPOBENCHO mapame-
TPHUYHI JOCIIKCHHS 3 BU3HAYCHHS ¢()eKTHUBHOCTI BUKOPUCTAHHS rabioHy 3 MCKOM JJIs 3aXHCTY KOPITyCy HadTOCXO-
BHIIIA Bifl [i1 yiaMKiB. SIk HAOIMIKCHHS PO3TJITHYTO BUIAIOK, KOJIA YJIAMOK MiCiIsl BUOYXY PyXa€ThCsl TOPU30HTAILHO
B HaNpsIMKy 00’€kTa. 3iiiCHEHO aHasli3 BIUIMBY BUCOTH rabiOHy Ha piBEeHb HarpiBaHHS CTIHKM CXOBHIA Ha()TOMpO-
JIYKTiB, PO3TAIIOBAHOTO Ha IPOMHCIOBOMY Maiiianuuky. HaykoBa HoBH3HA. P03po0ieHO e)eKTUBHY MaTeMaTHuHy
MOJICJIb OI[iHIOBaHHS ¢(PEKTUBHOCTI BUKOPHCTAHHS Ta0ioHY IS 3aXHCTy KOPIYCY HaQTOCXOBHMIIA BiJl yparKCHHS yIia-
MKaMH JIpOHA. 3alporoHOBaHa MOJENb JIO3BOJISIE BU3HAYATH PalliOHAIBHI pO3MipH rabioHy Ui 3HIKECHHS PU3HKY
TIOIIKO/KEHHS CTiIHKK HaTocxoBUIa. HaBeneHo epeKTHBHY KOMIT FOTEpHY MOENb TEPMIYHOTO 3a0pyIHEHHS MOBI-
Tps HA IPOMHUCIIOBOMY MalJaHUUKY y BUTIAIKY MOKeXi Ha Hagrocxopwmli. [IpakTuyna 3HaunmicTs. Ha 6a3i mo0y-
JIOBaHOT MAaTeMaTHYHOI MOJENI CTBOPEHO KOMIT FOTEPHUH KOJ ISl TIPOBEACHHSA OOYMCIIIOBAIBHOTO €KCIIEPUMEHTY
3 METOIO BU3HAUCHHSI €)EKTHBHOCTI BHKOPHUCTAHHS 3aXUCHHX IIEPEIIKO/ (Ta0l0HIB) HA TEPUTOPIi IPOMHUCIOBOTO Maii-
JIAaHYHKA.

Knrouosi cnosa: pu3MK ypaxeHHs; TUHAMIKa pyXy yjlamKka, rabioH; MaTeMaTH4YHE MOJICNIIOBaHHS, TepMidHe 3a-
OpyIHEHHS
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