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DETERMINATION OF THE LIMITS OF THE APPLICATION OF
THE STATISTICAL METHOD FOR EVALUATION
INTEGRAL FIRE RISKS

Calculations of integral fire risks for the grouped regions of Ukraine and the
city of Kiev are carried out. The possibility of using a statistical method for
risk assessment is defined. In accordance with the statistical method,
calculations were made of the minimum number of people that should live in
the study area.
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Problem statement. The analysis of the array of accounting records for
fires for 2010-2017 years indicates an increase in the number of fires, which is
accompanied by an increase in the number of victims and those killed as a
result of these dangerous phenomena. For example, in 2017 there were 12%
more fires than in 2016, and the number of injured persons increased by 9,1%.
As the number of fires increases, this increases the risk of being in a fire R,

and die in a fire. R;. The concept of risk management [1] indicates the need to

implement the conceptual framework for managing the risks of emergencies
caused by the presence of dangerous factors of anthropogenic and natural
nature, including fires. Thus, the creation of a man-made and fire safety
management system based on a risk-oriented approach and European
standards for risk assessment is an actual scientific and applied problem. It
should be noted that the application of the risk-based approach is based on a
statistical evaluation of data, but the boundaries of the use of the
corresponding statistical methods have not been determined at present.
Analysis of recent researches and publications. Modern methods for
determining the integral risks of hazardous events are given, for example, in
papers [2, 3]. However, they assume that statistical methods for calculating
fire risks can be applied without restrictions. At the same time, the task [4]
solves the problem of assessing the boundaries of applying existing
approaches to the definition of occupational risk, whose results showed
limited statistical approach. A similar situation occurs in works [5, 6], where
the analysis of integrated fire risks on the territory of Ukraine was carried out
and the grouping of administrative-territorial units in accordance with the
levels of risks was carried out with the help of cluster analysis. In the United
States, the FEMA agency deals with the assessment and management of fire
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risk, with the results of its activities listed in [7, 8]. At the same time, these
works do not include calculations for determining the boundaries of the use of
the statistical method. A similar conclusion can be drawn in the analysis of
risk assessment methods in different countries of the world, as outlined in the
Global Concept for Building Fire Safety [9-11].

Statement of the problem and its solution. The purpose of this work is
to determine the boundaries of the application of the statistical method for the
investigation of integral fire risks R, and R,, in particular, the risk for a

person to be in a fire, as well as the risk of perishing during a fire per unit
time.

In the determination of the boundaries of the application of the
statistical method for estimating integral fire risks for the calculated clusters
(the grouped regions of Ukraine, see Table 1 [6]), the approach outlined in [4]
was used. This approach also made it possible to determine the accuracy of the
statistical assessments of these risks.

First of all, it was calculated the magnitude of the risk of being in a fire
and die from a fire per unit time using such expressions [12]:

N
Rl — fire : (1)
Npeople
Nvic ims
R; = N—t (2)

people

where N . —number of fires per unit time (in our case, a year); N — the

people

number of people living in the respective territory, N — number of fatal

fires per calculated unit of time (year).

Having received groups of administrative and territorial units of
Ukraine that are united into clusters, we will analyze the statistical data for
these clusters and the city of Kyiv, namely, we will make calculations on the
definition of risks and using the statistical information obtained during 2010-
2016. The summarized data and the obtained results are shown in the table 1.

victims

Tab. 1. The value of integral fire risks R, and R for the four clusters and the
city of Kyiv on the basis of statistical data over 7 years

Cluster Nﬁre Nvictims Npeople * 103 Rl * 10_3 R3 * 10_5
1 11171 456 6249,8 1,79 7,3
2 27325 959 16431,7 1,66 5,84
3 9951 229 7904.,4 1,26 2,9
4 7423 267 5697,7 1,3 4,69
c. Kyiv 4598 58 2831,1 1,63 2,01

To limit the maximum number of people living in the area, the
following restriction was used [4]
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N oopie = ———, 3)

where Z, — quantile of normal distribution of the level v; 8y  — relative risk

of error.

To implement the statistical method of estimating integral fire risk, it is
necessary to determine the minimum number of observations (the number of
persons residing in the studied territory). Let's calculate taking into account
the relative error of measurements 10%, which corresponds to the confidence
probability of 0.9 and quantile of normal distribution Z =1,282.

We find the minimum number of people who must live in the regions of
regions that have fallen into the corresponding clusters to assess the risk of a
person to be in a fire. The results of the calculation are shown in the table 2.

Tab. 2. The value of the minimum population to be resettled in the area under
study for the assessment of the integral fire risk R,

Cluster R, * 1073 N[I}elople %103
1 1,79 92
2 1,66 99
3 1,26 130
4 1,3 126,4
Kyiv 1,63 100,7
Rl

The comparison of calculated population figures N with statistical

people

indicators N (see table 1) suggests that the use of the statistical method

people
for the mvestigation of fire risk R, 1s correct both for the obtained clusters and
for the city of Kyiv.

Find the minimum number of people to live in the investigated clusters
and in the city of Kiev for the correct assessment of the risk of a person to die
in a fire. The results of the calculation are shown in the table 3.

Tab. 3. The value of the minimum population to be resettled in the area under
study for the assessment of the integral fire risk R,

Cluster R, %1073 Nllfesople %109
1 7,3 2,26
2 5,84 2,2
3 2,9 5,67
4 4,69 3,5
Kyiv 2,01 8,18
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From table 3 it follows that the use of the statistical method for
determining the fire risk is correct only for clusters, since the value of the
minimum required population in the city of Kiev should be more than
8 million people, and in fact, live less than 3 million.

Conclusions. In this paper, for four clusters (groups of oblasts of
Ukraine), calculations of integrated fire risks were conducted, namely, the risk
for a person to be in a fire (R,) and the risk for a person to die during a fire

per unit time (R;). According to the statistical method with an error of 10%,

calculations were made of the minimum population that should be inhabited in
the study area. It was found that the use of the statistical method for
calculating the fire risk is correct both for clusters and for the city of Kiev, and
the calculation of fire risk is correct only for clusters. Thus, the use of
statistical estimation to determine the integral fire risk for a person to perish
during a fire per unit time is correct only for large areas with a population of
more than 3 million people. Further research will be aimed at developing a
method for managing integral fire risk, which is supposed to be applied for
each group of regions (clusters).

REFERENCES

l.Order Order of the Cabinet of Ministers of Ukraine
[Rozporiadzhennia Kabinetu Ministriv Ukrainy] (2014). On Approval of the
Concept of Management of the Risks of Emergencies of Man-made and
Natural Characteristics [Pro skhvalennia Kontseptsii upravlinnia ryzykamy
vynyknennia nadzvychainykh sytuatsii tekhnohennoho ta pryrodnoho
kharakteru]. Retrieved from http://zakon(.rada.gov.ua/laws/show/37-2014-p
[in Ukrainian] .

2. Brushlinskii N.N., Sokolov S.V., Klepko E.A. (2012) Fundamentals
of the theory of fire risks and its applications [Osnovy teorii pozharnykh
riskov 1 ee prilozheniia]. Moskov: Academy SFS MES of Russia [in Russian].

3. Guide for the Evaluation of Fire Risk Assessments Retrieved from
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-
codes-and-standards/detail?’code=551.

4. Predko V.O., Mishenina O.S., Strilets V.M. (2014) Delimitation of
the use of existing methods for calculating the occupational risk [Opredelenie
granitc ispolzovaniia sushchestvuiushchikh metodov rascheta
professionalnogo riska]. Problems of Emergencies [Problemy nadzvychainykh
sytuatsii], 19, 98-107. Retrieved from http://nuczu.edu.ua/
sciencearchive/ProblemsOfEmergencies/vol19/14.pdf [in Ukrainian].

5. Kravtsiv S.Ya., Sobol’ O.M., Maksimov A.V. (2016). The analysis of
integral risks on the territory of Ukraine. Problems of Emergencies [Problemy
nadzvychainykh sytuatsii], 23, 53-60. Retrieved from
http://repositsc.nuczu.edu.ua/bitstream/123456789/2031/1/Kravtsiv.pdf.

6. Kravtsiv S.Ya., Sobol’ O.M. (2017). Grouping of administrative-
territorial units of Ukraine on the level of integral fire risk by means of cluster

50




[TpoGnemu Hag3BUYANHUX CUTYAIIH ISSN 2524-0226

analysis [Hrupuvannia administratyvno-terytorialnykh odynyts Ukrainy po
rivniu intehralnoho pozhezhnoho ryzyku za dopomohoiu klasternoho analizu].
Problems of Emergencies [Problemy nadzvychainykh sytuatsii], 26, 79-86.
Retrieved  from  http://repositsc.nuczu.edu.ua/bitstream/123456789/6410/
1/kravtsiv.pdf [in Ukrainian].

7. Risk Management Practices in the Fire Service. Retrieved from
https://apps.usfa.fema.gov/publications/display?id=1071.

8. State fire death rates and relative risk. Retrieved from
https://www.usfa.fema.gov/data/statistics/fire_death rates.html.

9. Global Concepts In Residential Fire Safety: Part 1 — Best Practices
from England, Scotland, Sweden, and Norway, CDC, prepared by TriData
Corporation (2007).

10. Global Concepts in Residential Fire Safety: Part 2 - Australia, New
Zealand, and Japan, CDC, prepared by TriData Corporation (2008).

11. Global Concepts In Residential Fire Safety: Part 3 — Best Practices
from Canada, Puerto Rico, Mexico, and Dominican Republic, CDC, prepared
by TriData Corporation (2009).

12. Kravtsiv S.Ya., Sobol” O.M. (2016). Integral fire risk analysis in the
districts of Kharkiv region [Analiz intehralnoho pozhezhnoho ryzyku na
terytorii raioniv Kharkivskoi oblasti]. Scientific Works of Kharkiv National
Air Force University [Zbirnyk naukovykh prats Kharkivskoho natsionalnoho
universytetu Povitrianykh Syl], 4 (49), 177-179 Retrieved from
http://repositsc.nuczu.edu.ua/bitstream/123456789/2042/1/zhups_2016 4 37.
pdf /in Ukrainian].

Received by editorial Board 14.03.2018

C.4. Kpasuis, O.M. Co6oib, T.S. Caminis

Bu3HavyeHHsI TpaHUIb 3aCTOCYBAHHS CTAaTHYHOIO MeTOAY /Js OWIHKH
IHTerpajJbHMX MOKEKHUX PU3UKIB

[IpoBeneHo pO3paxyHKU IHTETPANbHUX TOXEKHUX PHU3HKIB Ui TPYHOBAHHUX
obnacteil Ykpainu ta micra Kuesa. BusHaueHO MOXIIHMBICTh BUKOPUCTAHHS CTATUCTUYHOTO
METOJy JJisi OIHKH pHU3HKIB. BiAMoOBITHO 10 CTaTHCTUYHOTO METOAY IPOBEICHO
pPO3paxyHKH MiHIMAILHOT KUIBKOCTI HACENeHHs, 10 T[OBHHHA TMPOXHUBATH Ha
JOCIIJKYBaHiil TEPUTOPIi.

Knro4oBi ci10Ba: iHTErpaqbHUMA MOXEKHUNA PU3UK, CTATUCTUYHUNA METOJ, KUIbKICTh
CIIOCTEPEKEHb, BITHOCHA TTOXUOKA.

C.A. KpaBuus, A.H. Co6omnsb, T.5. Camunus

Omnpenenenne rpaHull NPUMEHEHUS] CTATHCTHYECKOI0 MeTOJAa Il OLEHKH
HHTErpajbHbIX MOKAPHBIX PHCKOB

[IpoBeneHbl pacueTsl HWHTErPajbHBIX MOXKAPHBIX PHUCKOB MAJISi TPYNIHUPOBAHHBIX
obnmacteit VYkpamnbel u rTopoaa Kwuesa. OmpeneneHa BO3MOXXHOCTh HCIOJIb30BaHUS
CTaTHUCTUYECKOTO METOoJa MJii OLEHKH PHUCKOB. B COOTBETCTBMM CO CTaTUCTHUYECKUM
METOJIOM TPOBEIEHbI pacuyeThl MUHUMAJIbLHOTO KOJMYECTBA HAaCENeHUs, KOTOPOE JOJKHO
MIPOXKUBATh Ha UCCIIETYeMOU TEPPUTOPHUH.

KarwueBbie cii0Ba: MHTErpajbHbIA MOMXAPHBIA PHUCK, CTATUCTUYECKUH METO/I,
KOJIMYECTBO HAOIIOACHUN, OTHOCUTENIbHAS TIOTPEUTHOCTb.

51



