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In the modern world, with the active development of computer equipment and In the modern
world with the active development of computer technology and information technologies, there
is a need to improve the calculation methods used to assess the safety of people during an air
raid or during shelling or fire. Therefore, this necessitates the development of algorithms for
modeling the evacuation process using information systems, which are critically important for
effective planning of evacuation measures in emergency situations, as they help collect, analyze
and exchange data in real time, which contributes to quick decision-making and coordination
of actions. In this case, it is possible to model various scenarios of events, determine optimal
evacuation routes, taking into account various factors such as the number of people, the presence
of obstacles, etc. In addition, information systems provide timely notification of the population
about the threat and coordinate the actions of various services involved in the evacuation, which
increases the efficiency and safety of evacuation measures.

The article examines the principles of evacuating people from dangerous areas in the event
of an emergency, analyzes the methods of calculating the evacuation time from structures and
buildings. The authors found that the most suitable method for automating the subject area under
consideration is the use of calculation based on human flows, which is based on calculating the
density and intensity of movement of groups of people through areas of various types (horizontal
paths, stairs, doorways). The practical value of such a method is to increase the speed of the
evacuation process from a public building in the event of an emergency by automating the
preliminary calculation of the evacuation time and the ways of carrying out evacuation measures.
The use of such an approach will allow developing a clearer strategy for the behavior of rescuers
when evacuating people from potentially dangerous areas.

dK;zy words: evacuation, evacuation methods, evacuation time, emergency, mathematical
model.

Heueonooa JI. B., Kpukynenko K. M. 3acmocyeanns mamemamuynux memoodie ma
iHpopmauiitnux mexHonozil 01 PO3PAXYHKY UAcy esakyauii niooei 3 2poMaodcbKux
npumiuiens ¢ Ha036UYANHUX CUMYAUIAX

YV cyuacnomy ceimi 3 axmuenum po3eumkom Komn romeproi mexHiku ma iHopmMayiiHux
mexHono2il cmae nompeda y 600CKOHANEHHI PO3PAXYHKOGUX MEMOOi6, 6KIA0EHUX 8 OYIHKY be3-
nexu ooetl nio uac nogimpsanoi mpugoau abo npu oobcmpini yu nosicexci. Tomy ye 3ymosnioe
HeOOXIOHICMb PO3GUMKY ANIOPUMMIE MOOENIOBAHHS NPOYeCy e8axyayii 3a 00nomMo2ow iHpop-
Mayitinux cucmem, AKi € KPUMUYHO 8ANCTUBUMYU OIS eeKMUBHO20 NAAHYBAHHA eBAKYAYIUHUX
3ax00i8 Y HAO3GUUAUHUX CUMYAYIAX, OCKIIbKU 60HU 00NOMA2alomy 30upamu, ananizyeamu ma
OOMIHIOBAMUCA OAHUMU 8 PENCUMI PeabHO20 YACY, WO CHPUSE WBUOKOMY NPULIHAMMIO PilieHb
ma Kkoopounayii Oiti. Ilpu yvomy modicna modeniosamu pisii cyenapii po3eumxy nooiii, eusna-
uamu ONMUMATbHI MAPWPYMU e8axyayii, epaxoeyouu pisni @axmopu, maxi sK KilbKicmb
mooetl, HaasHicmy nepewkod mowjo. Kpim mozo, ingopmayitini cucmemu 3abe3neuyoms c6o-
€YacHe onosiweHHs HAceleH s PO 3a2po3y Mma KOOPOUHyeamu Oii pisHuX CIyiHco, 3anyueHux 0o
nposedeH s esaKyayii, uwjo niosuwye egheKmusHicms ma be3nexy e8axKyayiiHux 3axo0is.
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B cmammi docniosceno npunyunu npogedents egaxyayii iodei 3 Hebe3neyHux OLIAHOK npu
BUHUKHEHHI HA036UYAaliHOi cumyayii, NPOaHanNi308aH0 MemoOuKU pPO3PAXYHKY Hacy e8akyayii
30 cnopyd ma Oyoieens. Aemopamu 6y10 3’C08aHO, WO HAUOLIbUWL NIOXOOAUUM MeMOOOM OJis
asmomamuzayil po3ensHymoi npeomemnoi obnacmi € GUKOPUCMANHSL PO3PAXYHKY HA niOcmasi
JHOOCLKUX NOMOKIB, WO IPYHMYEMbC HA 0OYUCLEHHT WITbHOCMI Ma IHMEeHCUBHOCMI PYXY 2pYn
o0ell OLIbHUYSAMU PISHUX 6UOI8 (2OPU3OHMANbHI WLISAXU, CX0OU, 08epHi omeopu). TIpakxmuuna
YiHHICMb MaKoi MemoOuKy Nosieae y niOSUWeHHs WEUOKOCmI npoyecy esaxyayii irodet iz epo-
MAOCbK020 OVOUHKY V pasi 6UHUKHEHHS HAO36UYAUHOI cumyayii 3a paxyHox agmomamusayii
NONepeoHbo20 PO3PAXYHKY YACY e8aKyayii ma wiisaxie npoeederHs esaxkyayiuHux 3axo0is. 3acmo-
CYB8AHHI MAKO20 NiOX00Y 00360UMb PO3POOUMU OibUL YIMKY CIpamezito NO8eOIHKU PAMY6dlb-
HUKI8 npu esaxyayii 1tooetl 3 NOMeHYitiHo Hebe3NeyHUX OLNAHOK.

Knrwowuogi cnosa: esaxyayis, memoou esaxyayii, uac esaxyayii, HA036U4AUHUI CMax, mame-
MaAmMuyHa Mooeny.

Introduction. Today, the number of people who die in fires in Ukraine is extremely
high — more than 5 thousand people annually. It is known that most of them die in resi-
dential buildings with a height of up to 5 floors and with III-V degrees of fire resistance
of the building itself (i.e., in buildings that are the least structurally protected from fire).
The reason for their death is an underestimation of the danger of fire and unpreparedness
to act in the event of its occurrence. In other words, the death of people is facilitated by
the lack of the necessary planning of measures and the inability to perform the actions
necessary to ensure safety [1].

The need to improve calculation methods aimed at assessing the safety of people
during a fire necessitates the development of algorithms for modeling the evacuation
process, which, in turn, requires a large amount of factual material and its statistical
processing.

Thus, an analysis of the state of the above problems leads to the need to clarify the
existing methodology for the safe evacuation of people. In the modern world with the
active development of computer technology and information technologies, solving prob-
lems in many areas of activity can be solved by automating various processes. Modern
information systems can also be actively used in the field of occupational health and safety.

Analysis of recent research and publications. Domestic and foreign authors con-
sider various aspects of modeling the evacuation of people from buildings, from math-
ematical modeling of human flow to the development of software tools and analysis of
specific cases of evacuation from buildings of various types.

In his work, Emelyanenko A. [1] considers both classical mathematical models and
modern software products that allow for detailed modeling of evacuation processes,
taking into account various factors, such as the geometry of the room, the number of
people, their physical characteristics, etc.

Khlevnoy D. [2] the author considers a comprehensive approach to calculating the
time of evacuation of people from public premises. He proposes to use for this purpose a
combination of mathematical methods for modeling the movement of human flows and
modern information technologies, such as computer modeling systems and geographic
information systems. The author notes that such an approach allows for more accurate
and realistic results.

The authors of the book on computer modeling of fires and evacuation of buildings
[3] consider various modeling methods, such as fluid flow models, agent-oriented mod-
els and hybrid models. They also discuss the verification and validation of the models,
as well as their application to building design and evacuation planning.

In [4], the authors propose an agent-based model for modeling the evacuation of large
crowds in complex buildings. They show that this model can be used to study the influ-
ence of various factors, such as building layout and human behavior, on evacuation times.
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Thus, the scientific literature has devoted much attention to the problem of human
evacuation and approaches to its solution. However, the use of these approaches for cal-
culating evacuation times still requires methodological development and modification.

The aim of research. The purpose of the study is to develop a methodology for
calculating the evacuation time of people from a public building in the event of an emer-
gency for its application in an information system.

Methods, subject and object of research. The object of the study is the process of
calculating the evacuation time of people from public buildings.

The subject of the study is modern mathematical methods for calculating the evacu-
ation time of people in the event of an emergency.

Proposed mathematical model. Let consider the methodology for determining the
estimated time of evacuation of people from premises and buildings.

The estimated time of evacuation of people tp from premises and buildings is estab-
lished by calculating the time of movement of one or more human flows through evacu-
ation exits from the most remote places of accommodation of people. When calculating,
the entire path of movement of the human flow is divided into sections (passage, cor-
ridor, doorway, staircase, vestibule) with a length and width 6i. The initial sections are
passages between workplaces, equipment, rows of chairs, etc. [5-8].

When determining the estimated time, the length and width of each section of the
evacuation route are taken according to the project. The length of the path along stair-
cases, as well as ramps, is measured along the length of the march. The length of the
path in the doorway is taken equal to zero. An opening located in a wall with a thickness
of more than 0.7 m, as well as a vestibule, should be considered as independent sections
of the horizontal path, having a finite length /.

Estimated evacuation time ¢, should be defined as the sum of the time of movement
of the human flow along individual sections of the path 7, according to the formula (1):

e (1)

where ¢, — time of movement of the human flow in the first (initial) section, min;

L S time of movement of the human flow on each subsequent section of
the path after the first, min.

The time of movement of the human flow in the first section #, min, is calculated by

the formula (2):
tl = (2)

where /, — length of the first section of the path, m;

v, — speed of movement of the human flow along the horizontal path in the first sec-
tion, m/min (determined according to Table 1 depending on the density D).

The density of human flow on the first section of the path D, is calculated by the
formula (3):

p =Nt
-9,
where N, — number of people in the first area, people;
f— the average area of the horizontal projection of a person, m?, which is taken to be

equal to 0.100 — an adult in home clothes; 0.125 — an adult in winter clothes;
0, — width of the first section of the path, m.

)
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Table 1
Intensity and speed of human flow at different points
on evacuation routes depending on density

Flow Horizontal path | Doorway, Stairs down Stairs up
density D, | Velocity | Intensity | Intensity ¢, | Velocity | Intensity | Velocity | Intensity
m*m’ |y, m/min |g, m/min| m/min |y, m/min g, m/min | v, m/min | ¢, m/min
0,01 100 1,0 1,0 100 1,0 60 0,6
0,05 100 5,0 5,0 100 5,0 60 3,0
0,10 80 8,0 8,7 95 9,5 53 5,3
0,20 60 12,0 13,4 68 13,6 40 8,0
0,30 47 14,1 16,5 52 16,6 32 9,6
0,40 40 16,0 18,4 40 16,0 26 10,4
0,50 33 16,5 19,6 31 15,6 22 11,0
0,60 28 16,3 19,05 24,5 14,1 18,5 10,75
0,70 23 16,1 18,5 18 12,6 15 10,5
0,80 19 15,2 17,3 13 10,4 13 10,4
0,90 u 15 13,5 8.5 8 72 1 9,9
OinpIe

The speed v, of the human flow on the sections of the path following the first one
is taken according to Table 1, depending on the intensity of the human flow on each
of these sections of the path, which is calculated for all sections of the path, including
doorways, by the formula (4):

9y - Siy

G=""5 > “4)

where J, 6, — width of the analyzed i-th and previous section of the path, m;

g, q,, — intensity of human flow movement on the analyzed i-th and previous sec-
tions of the path, m/min (the intensity of human flow movement on the first section of
the path ¢ =¢_, is determined according to Table 1 by the value of D, which is calcu-
lated by the formula (3)).

If the value of g, which is determined by formula (4), is less than or equal to q, _,
then the time of movement along the track section ¢, min, is equal to:

U - (%)

In this case, the value of ¢ _(m/min) should be taken equal to:

— 16.5 — for horizontal paths;

— 19.6 — for doorways;

— 16.0 — for stairs down;

— 11.0 — for stairs up.

If the value of g, which is determined by formula (4), is greater than g, , then the
width ¢ of a given section of the path should be increased by such a value that the con-
dition is met

49,54, (6)

If condition (6) cannot be fulfilled, the intensity and speed of human flow through
the area are determined according to the table with a value of D = 0.9 and more. In this
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case, the delay time of people’s movement due to the resulting crowding should be taken

into account.

The intensity of movement in a doorway with a flow density of 0.9 and more, which is
equal to 8.5 m/min, is set for a doorway with a width of 1.6 m and more, and for a doorway
with a smaller width 9, the intensity of movement should be determined by the formula (7):

When two or more human flows merge at the beginning of section i (Figure 1), the

g=25+375-9

traffic intensity ¢, m/min, is calculated by the formula (8):

0,

-1

q; =

Loslgr  OFexTH  Axants Ta marpass
BAXIGHI QAM
Enbpate 00'CeT
PONA, 27 xopnyc, 3 Noadx -
31 cxassan

NP AAME MedsA MNAe Thn ginea

: Aymaropin FogwsonTameesh wNRx
P Ayamrops TOpeIonTAMRreet B NAX
3 Aygaropin Fopwucn T ameest winx
4 AYRATONA FOpMAcHT A BNAx
S AYAATORA TopmionTaR44 NAX
6 Ayamropis TogeuonTansesh gARx
4 Ayamrogia ToRwesoHTAmALE: BNax
s Ayparogia FopmionTa et 8K
9 Aypprogin Togascn T amassh w e
» Ayparopia FopeonTanues: mnax
in Aypprogin Togescrcramnmennt @nae
2 Ayparopia TopsnonTanaesi wnsx
0 Ayamropin Togaucortamensh wnae
1 AYpropia TOMICHT A Moo WK
e AYJATORS FopwonTammes wnax
w Ayprogia Toguescrtanses gnar
7 Ayptogin Togeesomtatasesh @ nie
<

anont 3 Excel Poapaesars
PE3YNLTATHA
Saranuums vac esaxyaui

Kirpric e cxosio ¥ Gioni
@01

Aosxoms Lbving  Kitos Te MORSA

qu'

)

where ¢, — intensity of human traffic flows merging at the beginning of section i, m/min;
., — width of the merging path section, m;
d,— width of the road section under consideration, m.
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If the value of qi determined by the formula (7) is greater than g, , then the width o,
of this section of the path should be increased by such a value that condition (6) is met.
In this case, the travel time along section i is determined by the formula (5).

Based on the mathematical model, a software product has been developed that allows
solving the problem of calculating the time of people from any building.

Let us consider an example of calculating the evacuation time of people from 3 floors
of the second building of the DSMA. The developed software product allows solving
the calculation problem under different conditions:

1. using the central staircase, assuming that the others are inaccessible;

2. using the side staircase, assuming that the central staircase is inaccessible;

3. using all three staircases available in the building (the human flow is divided into
proportional sections).

For calculations, the database already contains the necessary reference data, which
reflect the dependence of the speed and intensity of people’s movement in different sections
depending on the density of the human flow at the initial level of movement. For the
calculation, it is necessary to fill in the list of available sections along the evacuation route.

Figure 2 shows the calculation of additional values, which involves recalculating
the intensity of human traffic depending on the presence/absence of doorways, and also
takes into account their width in accordance with established safety standards.
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Fig. 2. Calculation of baseline values
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After performing the necessary calculations, the user can view the resulting
evacuation diagram with the indicated color markers for each of the studied areas. The
performed calculation can be exported to an Excel file.

A similar calculation is performed for the evacuation options using the side stairs,
assuming that the central stairs are inaccessible, as well as for the option using all three
stairs available in the building (the human flow is divided into proportional sections).

After entering the data into the database, an analysis of the evacuation time depending
on the number of stairs used can be performed. Figure 3 presents the results.

The resulting diagram shows that the fastest evacuation option is possible using
three staircases.

Fig. 3. Analysis of evacuation time depending on the number of staircases

Conclusions. Research into the principles of evacuation and analysis of methods for
calculating evacuation time from buildings have shown that the most effective approach
to automating this area is to use the human flow method. This method is based on
calculating the density and intensity of movement of groups of people in various areas,
such as horizontal paths, stairs and doorways, which allows taking into account the real
conditions of people’s movement during evacuation. The use of mathematical methods
and information technologies to calculate evacuation time helps to increase the accuracy
and efficiency of forecasting, which is critically important for making informed decisions
on evacuation management and minimizing the possible consequences of emergencies.
Further research in this direction can be aimed at developing more complex models
that take into account additional factors, such as the psychological state of people, the
presence of obstacles, and others.
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