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An attempt to improve the analytical method for determining the criteria for the risk degree in the construction industry was
presented in this paper. The risk management process as a set of actions that is part of the overall business management was
analyzed. Features of systemic occupational safety risk management were identified. The stages of an occupational safety
management system design based on hazard identification were presented. The main objectives of the risk-oriented approach
to ensuring the systems’ reliability based on the acceptable risk concept were formulated. A method for determining the criteria
by which the risk degree of an accident or an injury is assessed, for the possibility of planning supervisory activities at the
enterprise was proposed
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V naniit po6oTi HaBeneHa crpoba YAOCKOHAICHHSI aHATITHIHOTO METOy BU3HAYCHHS KPUTEPIiB CTYIICHs pH3UKY Ha 00’ eKTax
OyniBenbHOI ramy3i. [IpoBeneno anani3 o6cTaBUHY Ta NPUYMHH HEIIIACHUX BUITAJIKiB Ha MiAIpHEMCTBAX OyIiBeIbHOI ramysi ta
BUpPOOHUIITBA OyAiBeNbHUX MaTepianiB. Bu3HaueHo mapaMeTpH Ha sSKMX [MOBHHHA IPYHTYBATHUCS OLiHKA PH3HKIB aBapiii, He-
[IACHUX BUIAJKIB 1 HAA3BUYaWHMX CHTYallill HA MOTEHIIHHO HeOe3rneuHnX 00’ €KTIB, a MOJIEIIIOBAHHSI BIAMOBIAHUX HeOe3meu-
HHX HOJiH Ta cuTyalii, X BIUIMB Ha 310pOB’s HaceseHHs. [IpoaHai30BaHO MPOLIEC YIPABIiHHS PU3UKOM, SIK KOMIUICKC [,
[0 € YaCTHHOIO 3arajbHOro YNpaBliHHA Oi3HecoM. Bu3HaueHO 0COONMBOCTI CHCTEMHOTO YIPaBIHHS PU3UKaMH O€3IEKH
npati. Po3pobieno i HaBeneHO cTafii MpoeKTyBaHH, BIPOBAIKEHHS KOHTPOJIIO 1 KOPETYBaHHS CUCTEMH YIPABIIiHHS Oe3me-
KOIO Iparli Ha OCHOBI ifeHTH(diKalii HeGe3nek, sska 0a3yeThCs HAa PU3UK-OPIEHTOBAHOMY IIJXOJI 1 BIATIOBINA€ Cy9acHUM TCH-
JCHIISIM 1 BUMOraM HopMatuBHOI 6a3u Ykpainu. CHopMynb0BaHO OCHOBHI 3aB/IaHHS PU3UK-OPIEHTOBAHOTO MiX01y 3a0e3re-
YeHHs HaiHHOCTI CKJIAJHUX TEXHIYHUX CHCTEM UIsl O€3MeKH JIFoeH 1 JOBKI/UIA, PO3IIISTHYTO METOM OLIHIOBAHHS CTYICHS
HeOe3MeKH MPOMHCIOBUX 00'€KTIB Ta HAYKOBHUX 3acaj KOHIEILIT TPUHHIATHOTO pU3UKy. BU3HAa4eHO OL[iHOYHMII TOKA3HHUK, 32
SIKUM BUJI eKOHOMIYHOT JisJIbHOCTI Cy0’€KTa rOCIIOIapIOBaHHs 3 MUTaHb OE3MEeKH Mpalli BiTHOCHTHCS 0 OJHOTO 3 TPHOX CTY-
NCHIB PHU3UKY (BHCOKHMii, CepeiHili, He3HAYHHI), a TAKOX PO3IVISIHYTO MHUTAHHS BCTAHOBICHHS IPUHHITHOTO PH3UKY Ha
00’exTax Oy/iBelbHOI ramysi. 3anmpornoHOBAaHO METOANKY BH3HAUCHHS KPHUTEPIiB HA OCHOBI PU3HK-OPIEHTOBAHOI MOJEMI, 3a
SIKUMH OLIHIOETBCSL CTYIiIHb PU3MKY BUHHKHEHHS aBapii a00 HELIACHOTO BHIIAJKY IJIs MOXKJIMBOCTI IUIaHYBaHHs HArJISIOBOT
JISUTBHOCTI Ha MPOMHUCIOBOMY IianpueMcTBi. Ha ocHOBI aHaii3y CTATHCTHYHUX JAHUX IPO TPaBMAaTH3M Ha IiAMPHUEMCTBAX
OyniBenbHOI rany3i Oyau BU3HAUCHI BUIM €KOHOMIYHOI AiSUTEHOCTI 3 BUCOKHM CTYIIGHEM PH3HKY

KurouoBi ciioBa: Oy/iBHULITBO, TpaBMaTHU3M, CTYIIHb | KpUTEPil pU3UKY, PH3UK-OPi€EHTOBAHUIT iaXix
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Introduction

Analyzing the circumstances and causes of accidents
at the construction site, it was found that the vast ma-
jority of them occur due to falls from a height during
the construction of buildings with a monolithic-frame
method. Mistakes of various kinds can cost lives, dete-
riorating health, and cause significant material loss. In
practice, it is not possible to achieve absolute safety,
there is always a certain excess risk.

Risk, according to the Law of Ukraine High-risk ob-
jects", is the probability degree of a certain negative
event that may occur at a certain time under certain cir-
cumstances [1]. This is the possibility of any event that
contributes to the emergence of negative results in hu-
man activities. In the life safety theory, the risk is un-
derstood as the negative action results of any factor or
their complexity.

Risk is a term that has universal meaning, it refers to
an action that can or should occur with uncertainty.

Risk is a chance at which something unforeseen and
undesirable can happen. Risk is the probability of neg-
ative action in the area of human presence.

Risk is a quantitative characteristic of the impact of
hazards created by human activities, i.e. the number of
deaths, morbidity, disability caused by exposure to a
particular hazard. Risk is directly related to the concept
of damage, i.e. with the probability of death or damage
to the object, the less studied the risks, the more dam-
age. In this regard, there is a need for information accu-
mulation and analysis on various adverse events in or-
der to clarify the general trends and patterns of events
manifestation.

Construction, in comparison with the coal, chemical,
socio-cultural sphere and trade, transport, etc., belongs
to one of those industries which are characterized by
the probability of a significant number of risks. In ad-
dition, an important role is given to financial risks in
the construction industry, which arises due to unpre-
dictable changes in legislation or the economy, given
the construction process investment and capital inten-
sity duration. These risks may adversely affect the re-
sults.

The main measures to reduce construction risk levels
include the development of plans. Such plans should
include the following tasks: risk management and mo-
tivational regulation.

In the construction industry, the level of risk can in-
crease from insignificant to unacceptable. Reducing the
risk level depends on the personal qualities of the em-
ployee involved in the work process, as well as on
measures to reduce it.

Determination of accident risk assessments should be
based on the results of monitoring the technical condi-
tion of potentially dangerous objects, statistical data on
accidents and emergencies of man-made nature, com-
prehensive monitoring of dangerous geological and hy-
drometeorological processes, the state of natural com-
plexes, and modeling of relevant dangerous events and
situations. their impact on public health.

The application of risk assessment methodology al-
lows the development of mechanisms and strategies of
various regulatory measures to improve the safety of

industrial facilities; establish limits on the variability of
risk values and uncertainties associated with limited in-
itial data or unresolved scientific problems.

Review of the research sources and publications.

The essence of risk management and its place in the
activities of enterprises are revealed in the works of
N. Vnukova, M. Golovanenko, T. Golovach, L. Do-
nets, O. Dubrova, 1. Ivchenko, O. Kuzmin,
V. Kravchenko, V. Lukyanova, E. Stanislavchyk,
A. Starostina, D. Stefanych, and others.

The analysis of well-known publications [5...9]
showed that although today there are some studies in
the field of theory and practice of risk assessment, but
there are still methodological implementing problems
of risk-oriented approach to risk assessment.

Definition of unsolved aspects of the problem

The methodology of analysis and assessment of acci-
dent risk at industrial facilities has been actively devel-
oping, so the development of new and improvement of
existing approaches, models, and methods of accident
risk assessment and their computer implementation re-
main an urgent task for our country.

Problem statement

The main purpose of this article is to improve the an-
alytical methods for determining the criteria for the risk
degree in the construction industry.

Basic material and results

An effective risk management process cannot be a set
of fragmented actions, as it must be formed into a set of
actions that is part of the overall business management.
Features of systemic occupational safety risk manage-
ment are:

— a continuous process that covers the entire organiza-
tion;

— carried out by employees of all levels of the organi-
zation;

— used during the strategy development and formation;
— is used by the whole organization, at each level, and
by each unit and includes risk portfolio analysis at the
organization level;

— aimed at identifying events that may affect the com-
pany and managing risks so that they do not exceed the
risk appetite;

— provides management with reasonable guarantees of
goals achievement.

In the absence or lack of statistical data on risks in the
industrial enterprise, in particular, in the workplace,
when solving the problem of occupational safety risk
management, the risk manager should:

1. At the planning stage:

1. Identify hazards.

2. Identify possible danger and choose the damage

rate.

3. Identify the possible consequences of the danger.

4. Determine the damage probability (frequency).

5. Quantitatively or qualitatively assess (calculate)
the risk.
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1. At the implementation stage:

1. Have the skills and abilities to meet the require-
ments of functional responsibilities and authorities, re-
sources, and roles.

2. Conduct training, to determine competencies.

3. Inform about the order of communication, partici-
pation, and information.

4. Have the skills and abilities to manage documenta-
tion, operations, and determine compliance.

5. Develop the measures to prevent emergencies and
respond to them in case of occurrence.

1II. At the stage of verification:

1. The presence of internal audit.

2. Records management.

3. Determine the effectiveness.

4. Assess compliance with the law.

5. Investigate incidents, inconsistencies, corrective
and preventive actions.

1V. At the stage of adjustment:

1. Analysis by management.

2. Sources of information for hazard identification are:
— normative-legal and technical acts, scientific-tech-
nical literature, local normative acts, etc.;

— results of state sanitary and epidemiological supervi-
sion;

— the results of production control over compliance
with sanitary rules and the implementation of sanitary
and anti-epidemic (preventive) measures;

— results of workplaces certification;

— results of sanitary-epidemiological assessment;

— the results of monitoring the technological process,
production environment, workplace, the work of con-
tractors, external factors (roads, catering, climatic con-
ditions, etc.);

— results of analysis of questionnaires, forms, etc.;
—results of audit (survey) of colleagues and employees;
— practical experience.

September 15, 2015, a new version of the interna-
tional standard ISO 14001:2015 "Environmental Man-
agement Systems" was officially released.

March 12, 2018, a new version of the international
standard ISO 45001:2018 "Occupational Health and
Safety Management Systems" was released. The tran-
sition period to the new versions is 36 months (3 years)
[4, 5]. According to these normative documents, in the
specified terms, at each enterprise, the labor safety
management system on the basis of danger identifica-
tion which is based on the risk-oriented approach
should be created (corrected).

The risk-oriented approach (ROA) in the field of se-
curity is based on the position that any hazards (in the
industrial sphere, in everyday life), despite their diver-
sity, have the same nature of origin and the same logic
of events. The ROA's main tasks are to create a scien-
tific basis for ensuring the reliability of complex tech-
nical systems for human safety and the environment, to
develop methods for assessing the danger degree of in-
dustrial facilities, and the scientific basis of the accepta-
ble risk concept. Reducing the risk of danger requires
certain costs and involves investing in natural, man-
made, and social spheres. The dependence of the total

(technical plus socio-economic) risk on the society's to-
tal costs for security is described by a curve that has a
minimum in the case of achieving the optimal ratio be-
tween investments in the natural, technical and social
spheres. The acceptable risk area is within the total risk
minimum dependence of exposure to the society gen-
eral costs aimed at security. Risk management is the
search for a trade-off between the cost of reducing the
likelihood of a dangerous event or loss from it and the
benefits of using hazardous technologies, materials,
products, and so on.

There are three risk determining methods:

— apriori — the use of which allows determining the nu-
merical value of the risk in advance, regardless of ex-
perience, for example, in the case when a dangerous
event did not occur;

— a posteriori — the use of which allows determining the
numerical value of risk according to previous experi-
ence, for example, according to statistics;

— aesthetic — the use of which involves expert assess-
ment of processes and phenomena by experts, as well
as by conducting opinion polls of certain groups or the
general population.

In the a priori risk definition, the dangerous event
possibility is calculated as a classical interpretation of
probability. The dangerous event probability is defined
in this case as the ratio of the number of situations in
which this event occurs to the total number of situations
in which it can occur (provided that all situations are
equally possible and incompatible). The use of the apri-
ori calculation type is limited because situations that
can be described mathematically with the necessary ac-
curacy are rare in practice.

In a posteriori risk determination, the probability fre-
quency concept is used. Due to this concept, it is used
the real data on the dangerous event occurrence over a
fairly long time period and under the same observation
conditions. The probability calculation, in this case, is
reduced to the relative frequency occurrence calcula-
tion of a dangerous random event in the aggregate of all
possible random events. These calculations are based
on the law of large numbers and, due to the availability
and sufficient objectivity of statistical data, have wide
practical application.

The application of the risk determination aesthetic
method is mostly forced due to the lack of necessary
mathematical and statistical information about the
events, the probability of which must be assessed.
However, it should be borne in mind that expert evalu-
ation involves not only the use of objective materials
but also based on the experts' understanding of the real
situations patterns. Therefore, despite some limitations
of the esthetic method's effective capabilities, it is
widely used in practice.

The best results in predicting the risk magnitude give
a comprehensive, simultaneous application of all three
methods: apriori, a posteriori and aesthetic.

The theoretical and methodological basis of risk re-
search is created by risk theory. Its development takes
place in two main directions:

1) the practical application of a special part of applied
mathematics - mathematics of stochastic processes;
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2) the economy of probabilistic losses and identifying
ways to reduce or prevent them.

Quantitative hazard analysis always begins with a
preliminary study, the main purpose of which is to iden-
tify the hazard source. Danger sources identification,
danger development research, and its analysis are ob-
ligatory components of a technique called preliminary
analysis of dangers (PAD). PAD conducting in practi-
cal conditions is simplified and formalized through the
use of pre-prepared questionnaires, special question-
naires, tables, pre-analysis matrices, etc.

In order to quantify the accidents probability using
methods based on modeling random processes of acci-
dents occurrence and development, and to assess the
losses due to the implementation of adverse events of-
ten use deterministic methods. This comprehensive ap-
plication of deterministic and probabilistic methods
makes it possible to calculate the accidents risk at in-
dustrial facilities.

Among the most common quantitative methods in as-
sessing the risk of software accidents are logical and
probabilistic methods, including "event tree", "failure
tree", "minimum paths" and "minimum intersections",
as well as statistical methods of data processing on the
failure of technological systems. Statistical methods are
used with minimal assumptions, but require a large
amount of statistical information.

The combination of available statistical information
and additional information, including the knowledge
and experience of experts, allows reducing the require-
ments for the required volume of statistical data. Thus,
in the absence of statistics on accidents over a period of
time, such expert methods as the Delphi method, the
method of hierarchy analysis, morphological analysis,
fuzzy logic methods, etc. are used to assess the negative
event probability. In addition, the calculation of acci-
dent risk is also performed using the probabilistic
method, which is used to estimate the frequency or
probability of rare adverse events with severe conse-
quences, statistics on which are virtually absent.

Acceptable risk is the estimated indicator by which
the economic activity type of the business entity on oc-
cupational safety is one of the three risk levels (high,
medium, insignificant) is [2].

Criteria for the risk degree, based on the risk concept,
in our opinion, should be determined by assessing the
risk degree from economic activity and the value of the
maximum allowable level and depending on it to estab-
lish a gradation for high, medium, and low risks.

In the countries of Europe (Germany, France, Austria,
Ukraine) to assess production use:

1. Injury frequency rate (ks) (quantitative indicator),
ie the ratio of the accidents total number for the relevant
period Ny to the total number of employees p in this pe-
riod, which is per 1000 employees:

K;=(Ny/p)=x1000.

2. Integrated indicator of production occupational
risk (I,r). It is determined by the ratio of the costs for
the relevant period for compensation to the persons in-
jured at work (3 E..) to the actual labor costs (3 E;.) for
this period:

L=y E./(3 Eix100)
3. Severity traumatism rate (k;) (qualitative indicator),
ie the ratio of the total number of disability days D to
the number of accidents Ny:

Ki=D/Nj.

4. Disability rate (ks) determines the number of lost
working days per 1000 workers:

Ks=(D/p) x1000.

5. The risk of an accident (R) is defined as a quantita-
tive measure of danger, which takes into account the
probability of negative consequences (accidents) of
economic activity and the possible amount of losses
from them. The risk of danger realization is calculated
within the probability frequency concept according to
the formula of relative frequency occurrence of a dan-
gerous accidental event in the aggregate of all possible
accidental events:

R=n/N
where n is the number of events with undesirable con-
sequences over a period of time; N is the maximum pos-
sible number of similar events for the same time inter-
val.

But none of the above indicators take into account the
permanent loss of ability to work and death and there-
fore can not fully characterize the level of injuries.
This requires the use of at least one other indicator.
This indicator is the ratio of death and injuries (kz):

b N

1

100%,

0
where Ny — the number of accidents that resulted in
death and injury.

It is proposed to calculate the risk assessment in the
construction industry for harm to the health of workers
during economic activity by multiplying the one acci-
dent probability during the year by the probability of
losing one worker during the year the corresponding
number of working days due to the accident. To do this,
use the following indicators:

— the average annual number of accidents (accidents
with temporary disability and fatal accidents) for the
last three years;

— the average number of employees in the construction
and construction materials industry for the last three
years;

— the average annual number of lost working days due
to disability for work due to accidents at work for the
last three years.

This study proposes the following procedure for as-
sessing the level of safety in the construction industry
and the building materials industry:

— the frequency of accidents in the relevant case of
economic activity is calculated by the formula:

L4 = Nuov/( E&yx240),

where L4 — frequency of accidents per year; N, — the
average annual number of accidents in the last three
years; E,, — the average number of employees for the
last three years; 240 — the average number of working
days per year, including vacation.
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Nav = (Na\;]""NavZ)XlOOO,

where N,,;— the average annual number of accidents in
the last three years, excluding fatal accidents; N, — the
average annual number of fatal accidents in the last
three years; 1000 — the coefficient that transforms the
number of fatal accidents into the number of accidents
with temporary disability. According to the Interna-
tional Labor Organization (ILO), the average ratio of
fatal and total accidents at work in Western Europe is
1:1000.

The probability that an accident may occur during a
year is calculated by the formula:

Pys=1- el
where P4— the probability of an accident during a year;
¢t — interval equal to one year.
The disability rate in the relevant type of economic
activity is calculated by the formula:

Lp = Du/( Eswx240),

where Lp — disability rate; D,, — the average number of
working days lost due to accidents at work.

The loss probability by one employee during the year
of the working days' corresponding number due to an
accident (Rp) is calculated by the following dependence

Ps =]-etP

Thus, the occurrence of an accident during the year

can be calculated by the formula:
R =P, % Pp.

Acceptable risk, in relation to which the degree of risk
will be divided into three indicators — high, medium,
insignificant — can be considered the risk of an accident
in Ukraine, calculated on the arithmetic mean, taken
over the past three years (Ra).

According to the International Regulated Scale of
Mortality Risks, several benchmarks are distinguished

according to the degree of acceptability: the risk is ne-
glected, the risk is acceptable, the risk is extremely ac-
ceptable, the risk is excessive.

With neglected risk, the probability of a dangerous
event is so small that it does not exceed the natural
(background) level.

With an acceptable risk, the probability of a danger-
ous event is considered acceptable by society (accepta-
ble), based on the achieved levels of life, economic and
socio-political development, as well as the state of sci-
ence and technology.

The numerical value of the minimum risk of fatal haz-
ards corresponds to the average risk on the International
orderly scale of mortal hazards (R; =ax10°).

Thus, the following criteria can be used to assess the
risk: high risk is a risk that exceeds R., the medium risk
is equal to or less than R,,, but more than R, insignifi-
cant is equal to or less than R;.

The application of these indicators will make it pos-
sible to determine the criteria by which the risk degree
of an accident is assessed for the possibility of planning
supervisory activities.

If the conditionally acceptable risk is 2x107, then the
assessment of the risk degree is carried out on the basis
of the data shown in table 1.

Table 1 - Risk assessment criteria

Risk level Risk degree
>2x107% High
2x103 -1,01x10° Average
<10° Insignificant

Based on the analysis of statistical data on injuries at
industrial enterprises, high-risk economic activities
were identified. For enterprises in the construction in-
dustry, the data are shown in table 2.

Table 2 - Types of economic activity in Ukraine with a high-risk degree (construction industry)

Ne Types of economic activity Py Pp Rx107 Risk degree
1. Erection of metal structures 0,223 0,000934 21
2. Other special construction works 0,205 0,00097 19,9
3. Construction of main pipelines, communi- 0,251 0,000537 13,5
cation lines, and power supply
4. Production of precast concrete and rein- 0,178 0,000722 12,8 Bucokuii
forced concrete products
5. General construction 0,181 0,000424 7,68
6. Installation of heating, ventilation, and air 0,1508 0,00033 4,98
conditioning systems

Conclusions

The authors of the article are convinced that the intro-
duction of an international system of occupational
safety risk-oriented management in industrial enter-
prise activities allows to identify hazards and assess oc-
cupational risks. The proposed method of preventing
hazards or dangerous situations allows to ensure the
stability of development, increase the level of security,
through the implementation of all activities in con-
trolled conditions.

The considered indicators provide an opportunity to
determine the criteria by which the risk degree of an is
assessed in order to be able to plan measures to improve
working conditions.
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