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Abstract. This article discusses the safety problems during the rapid evacuation of people
from industrial buildings, in case of the occurrence and spread of fire in buildings and structures.
The parameters and factors influencing the evacuation process are being investigated. Based on the
analysis of safe evacuation, a graphical dependence of the traffic intensity on the density of the
human flow is made. On the basis of regulatory documents, the determination of the parameters of
the length of evacuation routes for industrial buildings is shown.

It is concluded that it is necessary to comply with regulatory requirements, as well as that
when some evacuation parameters change, how does the calculated data change.
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To ensure the safety of people in buildings and structures, first of all, it is necessary
to take into account safe zones, as well as the necessary conditions for rapid evacuation.
Here it is necessary to take into account all the factors and parameters affecting the
evacuation process. It cannot be said that these conditions of movement during evacuation
were not studied, scientists from near and far abroad such as Roitman M.Ya,
Kholshchevnikov V.V., Samoshin D.A. and others dealt with these problems. But
nevertheless, there are a lot of questions about the evacuation of people in case of fires. First
of all, this is non-compliance with regulatory requirements and fire safety rules during the
operation of buildings and structures.

The study of the evacuation process has shown that safe evacuation from a building
or premises primarily depends on the space-planning solution, which must comply with the
regulatory requirements of fire safety. In addition, it is necessary to take into account other
measures, such as ergonomic, constructive, engineering and technical measures,
organizational [1]. When making space-planning decisions, it is necessary to take into
account a number of factors: the shortest distances to evacuation exits, their sufficient
width, isolation of evacuation routes from fire and explosive premises, the possibility of
movement to several evacuation exits, etc. [2]. Currently, there are two principles of
rationing evacuation routes, exits and the length of evacuation routes [3]. In the first
principle, we will determine the size and length by calculation according to the set of rules
of the Joint Venture of the Republic of Kazakhstan 3.02-127-2019 "Production buildings" of
the Republic of Kazakhstan.

The second principle consists in ready-made standards in the form of figures in regulatory
documents.

At the same time, it should be noted that according to the general requirements of fire
safety to ensure the safe evacuation of people should be:
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- the required number, dimensions and appropriate design of evacuation routes and
evacuation exits have been installed;

- unhindered movement of people along evacuation routes and through evacuation
exits is ensured;

-notification and control of the movement of people along evacuation routes
(including the use of light signs, sound and speech alerts) are organized.

Let's consider the basic concepts defining fire safety during evacuation, according to
the definition of the technical regulations "General fire safety requirements”

Evacuation path (evacuation path) - is the path of movement and (or) movement of
people leading directly outside [4].

An evacuation exit - is a path of movement and (or) movement of people leading
directly outside [4].

Human flow — people walking along a common section of the path in one direction. It
is described by the following parameters: D — the density of the human flow, people / m?, V
— the speed of movement, m /min, q — the intensity of movement, people / min) (or m?
/min), P — the magnitude of the human flow, people / min (or m?min). Q — the capacity of
the track section, person/min (or m%/min).

The ways of movement should provide the required level of comfort of movement of people
in the process of work, life, recreation and the possibility of timely safe evacuation in
emergency situations.

According to the Code of Rules of the Republic of Kazakhstan JV RK 3.02-127-2019
"Industrial buildings" p.4.2.2.9 The density of the human flow (D;) is defined as the ratio of
the number of people evacuating (N;) along the common passage (S;) having a width of b;
and a length of ;.

Di=N; / b; I people/m®

The density of the human flow is an important initial characteristic that allows you to
determine the speed and intensity of movement. The speed of movement in the stream
depends on the type of path and the density of the human flow, Figure 1.
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Figure 1 — Graph of the dependence of velocity on density
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The practice of designing various types of buildings and structures shows that the
dimensions of communication paths are determined in most cases precisely by the
requirements for the safe evacuation of people, i.e. the requirements imposed on them as
evacuation routes. These requirements are also the most stringent among the requirements
of other functional processes affecting the structure of buildings. Therefore, the rationing of
evacuation routes actually determines the geometric boundaries within which the space-
planning solution of buildings and structures can be carried out. With insufficient
justification, it becomes an obstacle to progressive solutions. Thus, the rationing of
evacuation routes combines the solution of two major problems: social - improving the
safety of people - and increasing the technical, economic and architectural level of design
solutions.

According to world statistics, the share of evacuation routes accounts for a lot of
victims and material damage in fires. At the same time, the culprits of the "death",
apparently, of more than one project of a modern building were unreasonable restrictions on
the length of evacuation routes.

Thus, the object of research in this article will be the length of the evacuation route.
In order to calculate the length of evacuation routes from the premises of industrial
buildings, we need to use the regulatory document set of rules of the Republic of
Kazakhstan "Industrial buildings" clause 4.2.2.8, according to which we need to determine
the volume of the room, the density of the human flow, the degree of fire resistance, the
category of production [5]. The initial data for the calculations are given in Table 1. In the
code of rules of the Joint Venture of the Republic of Kazakhstan 3.02-127-2019 "Industrial
buildings", after all the values mentioned above, we determine the greatest distance from
any point of the room to the evacuation exit.

Table 1 [5] shows the values of the parameters of the most remote point of the room
from the evacuation exit from the code of rules of the Republic of Kazakhstan

Table 1 — Distance to the evacuation exit

The volume of Room The degree of Structural fire | Distance, m, with the density
the room, category | fire resistance of | hazard class of | of the human flow in the
thousand m* the building the building general passage, people/m?
uptol St.1 [St3
to 3 to 5
Upto 15 A, b I, II, IITa COo 40 25 15
B1-B3 L, IL, 111, Illa, Co 100 60 40
1116, TV Cl 70 40 30
IVa, V C2,C3 50 30 20
30 A, b I, 11, ITla CO 60 35 25
B1-B3 I, 11, I, Hla Co 145 85 60
Io, IV Cl 100 60 40
40 A, b I, II, IITa Co 80 50 35
B1-B3 L, IL, 111, Illa CO 160 95 65
1116, TV Cl 110 65 45
50 A, B L II, Illa Co 120 70 50
B1-B3 L, IL, 111, Illa Co 180 105 |75
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continuation table 1

60 or more A, b I, 11, IlTa COo 140 85 60
B1-B3 I, 11, III, IIa Co 200 110 85
80 or more B1-B3 I, II, III, IIla Co 240 140 100
Regardless of I, 1, 1 a Co Not limited to
the volume | B4, T, 160 95 65
o, IvVv C1
IVa, V C2,C3 120 70
I, 11, 11, Hla Co, C1 Not limited to
Too ji|
IV, IVa, V C2,C3

When determining the parameters of the most remote point of the room, as we
indicated above, the volume, category, degree of fire resistance of the room, as well as the
density of the human flow are determined. But here we must take into account that the
volume of the room does not always coincide with the tabular data, in these cases it is
necessary to make calculations using the interpolation method.

In turn, the accepted parameter values remain if the spill of flammable liquids does not
exceed 50 m? with larger values it increases by a factor of 50 divided by the area of a
possible spill.

Based on regulatory calculations, we can determine whether the evacuation exit is
located correctly in this facility, most importantly, it is important not to violate regulatory
requirements. The above-mentioned methodology for determining the length of evacuation
routes makes it possible to evacuate people in emergency situations in time. By examining
various fires, it is possible to come to a conclusion about how in this case time and path
affect the evacuation of people to a safe zone.

As a result of the study of the evacuation process, it is possible to observe
characteristic differences, the dependence of the parameters of movement and the density of
flows. The method of calculating the size of escape routes and exits from the premises of
industrial buildings, on the basis of which the tables are given in the design standards, are
based on the following basic prerequisites:

- The definitions of regulatory requirements for the distances of the most remote point
of the room to the evacuation exit are given, this is one of the indicators of fire safety.

In practice, this means that the parameters affecting safe evacuation must comply with
regulatory requirements, otherwise the building will not meet fire safety requirements. Thus,
the presence of only one violation of regulatory requirements will lead to a high probability
of loss of life in the event of a fire.

It should be noted that the expediency of carrying out systematic studies of the
necessary distance to the evacuation exit from the building for various purposes is revealed.
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b. K. Paxmerynun, XK. K. Maxkepies, I1. B. MakcumoB

Kaszaxcman Pecnyonuxacor TXKM Moanix Faboyninun ameinoaser A3amammuviy Kopaay akaoemusicul,
Keoxwemay, Kazaxcman

HOPMATHUBTIK K¥>XKATTAP/IbIH KOMEI'TIMEH ©OHJZIIPICTIK FUIMAPATTAPIAH
OBAKYAIUAIIAY XKOJIJAPBIHBIH ¥3AKTBIFbIH AUKBIHIAY S AICTEMECI

Anoamna. byn Makanajga FuMapatTap MEH KYPBUIBICTapAa ©pT TybIHJaraH JKOHE TaparaH
Karjgaiiia agamaapAbl OHIIPICTIK FUMapaTrTapAaH Te3 OJBakyallusulay Ke3iHJeri Kayinci3mik
MoceJeniepi KapacThIpbUIaIbl. DBaKyallus MPOIECiHe dcep €TETiH mapaMerpiiep MeH (akTopiapra
3epTTeyiep Kyprizineai. Kayinci3 sBakyalusiHbl Tajnaay Heri3iHIe KO3FaJIbIC KapKbIHIbUIBIFBIHBIH
aJ1aM aFbIHBIHBIH THIFBI3IBIFBIHA TPAPUKATBIK TOYEIIUTIr Kacanaasl. HOpMATHBTIK Ky KaTTap IbIH
Heri3iHJe OHIIPICTIK FUMaparTap YIIH 5BaKyallys *OJIAPbIHBIH Y3BbIHIBIFBIHBIH MapaMeTpiepiH
aHBIKTAy KOPCETIUITEH.

HopMmatuBTik Tajmantapipl cakTay Ka>KeTTUIIr Typalsibl, COHJAAl-aK SBaKyallUsHBIH Keilbip
mapaMmeTpiiepi ©3repreH Kes3Je CeCeNTiK JepeKTepiae oe3repic Kajlal OOJaTBIHIBIFBI TYpPasbl
KOPBITBIH/IbI JKaCaJI/IbI.

Tyiiinoi co30ep: opT Kayilci3Airi, dBaKyalus, KO3FaJIbIC KAPKBIHBUIBIFBI, a/1aM aFbIHBIHBIH
TBIFBI3/IBIFBI, BAKYaIlUsl KOJIAPHI.

b. K. Paxmerynun, XK. K. Makumes, [1. B. MakcumoB

Axaodemus epadxcoanckou sauwumel umenu Manuxka I'aboynnuna MYC Pecnybauxku Kazaxcman,
Kokwemay, Kazaxcman

METOJVKA OITPEAEJIEHIA MTPOTSDKEHHOCTU ITYTEU DBAKYALMU U3
IMPON3BOJACTBEHHBIX 3JAHNUN C I[TOMOIIBIO HOPMATHUBHBIX JIOKYMEHTOB

Aunomayus. B nHaHHOM cTaThe paccMaTpUBAIOTCS MpoOJeMbl O€30MacCHOCTU MpH
MPOBEACHUH OBICTPO PBAKYAIIMH JIFOIEH M3 TPOU3BOACTBEHHBIX 3/IaHUM HA CITydail BOSHUKHOBEHUS
U pacipoCTpaHEHUs MoXkapa B 3JaHHUSIX U cOOpyxeHusax. [IpoBosTcs uccienoBanus napameTpoB U
(hakTOpOB, BIMSIONIMX Ha TpoIecc 3Bakyanuu. Ha ocHOBe aHanmm3a O€30MacHON HBaKyallud
caenaHa rpadudeckas 3aBUCHMOCTh WHTEHCUBHOCTH JIBHXKEHHS OT TUIOTHOCTH JIOACKOTO MOTOKA.
Ha ocHOBEe HOpMaTUBHBIX TOKYMEHTOB MTOKAa3aHbl OMPEECIECHUE MAPAMETPOB MPOTHKEHHOCTH ITyTEN
ABAKYallMH 17151 TPOU3BOJACTBEHHBIX 3AaHUI.

CnenaH BBIBOJI O HEOOXOIUMOCTH COOTIOJCHUSI HOPMAaTUBHBIX TPEOOBaHMIA, a TAKIKE O TOM,
YTO MPU U3MEHEHUH HEKOTOPBIX NapaMeTPOB dBaKyallMH KaK MPOUCXOJIUT U3MEHEHUE B PACUETHBIX
JTAHHBIX.

Kntouesvie cnosa: moxapHas 0€30MacHOCTb, SBaKyallusi, WHTCHCHBHOCTh JBUKCHUS,
IJTOTHOCTB JIFOJICKOTO MOTOKA, ITYyTH dBaKyalllH.
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