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AHoranig. Y cTarTi pO3rJISHYTO TEOPETHYHI Ta IIPAKTUYHI ACTIEKTH POy OIIHKY Ta PO3PAXYHKIiB €KOJIO-
riYHMUX PU3KKIB OyAiBHUIITBA. BU3HAYEHO MOHSITTSI «CTYIIHD €KOJIOTTYHOTO PU3NKY», i1 CKJIa/l Ta 0COOIMBOCTI
owinoBanHs. [IpoaHaiizoBano cTad Ta nMpobJaeME YIPABIIHHS €KOJOTIYHUMU PUBUKAME TIPK OYAiBHUITBI
00’eKTiB Ta HOpMATUBHE 3a0e311eUCHHS IIUX IIPOIIELYP. BCTaHOB/IEHO, 1110 HOPMATHBIB I110/10 BUSHAYCHHS CTY-
IeHs €KOJIOTTYHUX PU3UKIB Y BiZIIIOBIZIHOCTI /10 Mi>KHAPO/IHUX JIOKYMEHTIB B YKpaiHi Hemae. 3arnporoHoBaHi
PeKOMeH/IaITi1 110/I0 Ti/IBUIIIEHHS SIKOCTI PO3PaXyHKOBHX IIPOIIEAYP €KOJIOTIYHNX PU3NKIB HA OCHOBI KOMILJIEKC-
HOTO iH(hOpMaIiTHOrO 3a0e31eUeHH s, SIKE 03BOJISIE MIOB’A3aTH MixK 0000 Pi3HI aClIeKTH NPUITHATTS yIpaB-
JIIHCHKUX PIllIeHb, & TAKOXK /A€ MOKJINBICTh BUKOPUCTAHHS SIK TUIIOBOTO, TaK i M(EPEHIiIOBAHOTO MiAX0LY
JIO YIPABJIiHHST €KOJIOTTYHUMH PUSHKAMK OYliBHUIITBA.

Kii040Bi ctoBa: eKoJIOTiuHIiT PU3HK, YIPaBIiHHA 6€3EK0T0, PO3paxyHKOBa OIliHKa PU3NKY, Kiacudikaris
€KOJIOTYHO HebGe3euHnX 06 €KTiB, eKOHOMIUHI 30UTKH.
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AHHOTa].lI/Iﬂ. B crarpe PACCMOTPEHBI TEOPETUYECKUE U TIPAKTUYECKUE aCIIEKThI ITPOIEAYP OLEHKU U paCi€TOB
9KOJIOTUYECKUX PUCKOB CTPOUTEBCTBA. Onpeaeﬂeno TIOHATHE «CTEIEHDb 9KOJIOTUYECKOT'0 PUCKa», €I0 COCTaB-
Jidomuye n 0c0OEHHOCTI OI[€EHKH. HpOaIIa]II/ISI/IpOBaIII)I COCTOAHME U HpO6JIeMI)I yupaJeHUA IKOJTOT'NYECKUMU
pUCKaMU ITPpU CTPOUTEJILCTBE 00BEKTOB U HOpMaTUBHOE obecrieuerre THUX npoueayp. yCTaIIOB.HeIIO, 4TO HOP-
MAaTHUBOB 110 OITPpE/IEJICHUIO CTEIIEHN 9KOJIOTHYECKUX PUCKOB B COOTBETCTBUU C MEKYyHAPO/IHBIMU JIOKYMEHTA~
MU B YKpaI/IIIe HET. Hpe[[]lO)KeIII)I PEKOMEH/IAIIMN OTHOCUTEJIBHO ITOBBIMIEHWA Ka4eCTBa PACYETHDBIX ITPOIE/AYD
9KOJIOTUYECKUX PUCKOB Ha OCHOBE KOMITJIEKCHOI'O I/IIId[')OpMaIlI/IOIIIIOI‘O 06ecneqem/m, KOTOPOE ITO3BOJIAET yBA-
3aTb MEXK/Y coboit pasjindHble aClleKTU NPUHATHA YIIPaBJIEHYECKUX pe].HeHHI?I, a TaKyKe JlaeT BO3SMOKHOCTb
HCIIOJIb30BaHMA KaK TUIIOBOI'O, TaK 1 Z[I/I(bepeIIL[I/IPOBaIIIIOI‘O 110X0/la K YIIpaBJIEHUIO 9KOJIOTUYECKUMU PUCKaA-
MU CTPOUTEJIbCTBA.

Kiouesbie c0Ba: 5KOJIOMMUCCKUN PUCK, YIIPABJIeHUE OE30TIACHOCTBIO, PACUETHASE OIIEHKA PHCKA,
KJaccuUKAIUs SKOJIOTHIECKH OMACHBIX 00BEKTOB, 9KOHOMUUYECKUI yiepo.



56

Natal’ya Rubek, Elena Shelikhova, Elena Gladkaya

DEVELOPMENT OF THE CALCULATION PROCEDURES OF
CONSTRUCTION ENVIRONMENTAL RISKS

Natal’ya Rubek, Elena Shelikhova, Elena Gladkaya
Donbas National Academy of Civil Engineering and Architecture,
2, Derzhavina Str., Makiyivka, Donetsk Region, Ukraine, 86123.
E-mail: manage nasa@mail.ru

Received 10Decemder 2013, accepted 21 February 2014.

Abstract. The article deals with the theoretical and practical aspects of the construction environmental
risk assessment and calculation. There is given a definition of the concept «degree of environmental risk»; its
components and peculiarities of assessment are determined. The present state and problems of the
environmental risk management in the construction of projects as well as the normative support of these
procedures were analyzed. It has been found that in Ukraine there are no standards to determine the degree
of environmental risks which are in agreement with the international documents. There are proposed the
recommendations on improving the management of environmental risks basing on the complex informational
support which allows coordinating different aspects of making management decisions and makes it possible
to apply both the typical and differential approaches to the management of the construction environmental

risks.

Keywords: environmental risk, safety management, calculation assessment of risk, classification of

environmentally hazardous projects, economic damage.

Introduction

The last one and a half decades in Ukraine a greater
attention has been paid to the solution of problems
of environmental safety in Ukraine. This is condi-
tioned by the changed nature of environmental
threats and scales of their impact on a human being
vital activity and by a necessity of further develop-
ment of legal and economic mechanisms which would
stimulate the development of environmentally safe
technologies and projects, effective methods of ma-
nagement and control of how the environmental le-
gislation is observed by business subjects.

The legal bases and demands on the ensuring of
environmental safety in the allocation, design, con-
struction, reconstruction, putting into operation and
operation of enterprises, structures and other ob-
jects are stated in the Laws of Ukraine «On the En-
vironmental Protection», «On the National Secu-
rity», «On the Environmental Expertise», «On the
Environmental Audit», «On the Protection of Peo-
ple and Territories of Anthropogenic and Natural
Emergency Conditions», «On the Hyper-dangerous
Objects», «On Insurance», «On the Town Planning
Control» as well as in the Decision of the Cabinet
of Ministers of Ukraine No. 554 of 27.07.95 «On
the List of Activities and Environmentally Dange-
rous Objects», «On the Public Building Specifica-

tions» and in other standard legal acts, sanitary re-
gulations and building acts and standards.

Thus, anew conception of environmental safety
as a component of the national security of the state
is being legislatively formed in Ukraine.

The purpose of the article

The purpose of the article is the development of re-
commendations to improve the design estimation
procedures and the systems of environmental risk
management in construction on the base of the sta-
tic data on the environmentally meaningful events:
accidents, failures, catastrophes.

The significance of the research material

The effectiveness of the legislation as to the techno-
geneous and environmental safety is conditioned by
the development of the system technique of analy-
zing environmental situations. In this connection the
modern methodology of risk analysis used in many
countries as a dominating mechanism of developing
and substantiating the optimal forms of safety ma-
nagement assumes a special topicality [1-3].

The world-recognized methodology of risk ana-
lysis was used in Russia when estimating the risk of
polluting chemicals impact on people’s health [4].
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Ukraine hasn’t still got such a normative docu-
ment which specifies environmental risks in accor-
dance with the international document. The national
legislative and normative base to protect the envi-
ronmental safety has the foundations laid for the
differentiation of the environmental risks when
studying and estimating their danger degree. Thus,
according to the Law of Ukraine «On the Hyper-
dangerous Objects» the risks are divided into an-
thropogenic (as to their impact on the personnel
and population) and environmental (as to their im-
pact on the environment). The Law of Ukraine «On
the Environmental Expertise» (Article 5) points out
that the main task of the environmental expertise is
the determination of the degree of an environmen-
tal risk and the safety of planned and carried out
activity. The State Building Standards DBN (SBS)
A.2.2.1 «Composition and content of the materials
to assess their impact on the environment in the de-
sign and construction of enterprises, buildings and
structures» contains the demands as to the determi-
nation of an environmental risk of the planned ac-
tivity and its impact on the conditions of a human
being’s vital activity.

At the same time, the order of classification and
accounting of environmentally dangerous objects
has not been determined, the procedure of identify-
ing environmental risks has not been specified, the
basic methodical principles of analysis and assess-
ment of environmental risks have not been drawn
up and the methodical support of estimating envi-
ronmental risks has not been worked out yet in
Ukraine. Besides there are no common approaches
to the procedures of environmental audit and ex-
pertise, no assessment of impact on the environment
and proclaiming safety of hyper-dangerous objects
by the assessment and analysis of environmental safe-
ty of different objects from the viewpoint of the
methodology of estimating risks.

Nowadays the basic normative-methodical docu-
ment for estimating impacts on the environment is
the Manual for estimating impacts on the environ-
ment (to DBN (SBS) A.2.2.1-2003) [5]. But this
Manual does not contain any guidelines on the as-
sessment of environmental risks, neither does the
«Technique of determining risks and their accep-
tance level for proclaiming safety of hyper-danger-
ous objects» [6] which was developed by the Gos-
promgornadzor (State Service of Supervision over
the Town Industry) of Ukraine.

Thus, the development of the methodical princi-
ples of estimating environmental risks and their ac-
ceptance level in the construction and operation of
objects, the improvement of the procedures of iden-
tifying environmental risks and calculation proce-
dures of environmental risks are more than usual
actual.

Nowadays, the procedure of estimating risks is
the only analyzing instrument which allows deter-
mining the impact of risk factors and their relation-
ship on people’s safety and, against this background,
evaluating the operation priorities to minimize the
risks. So, the management of risk provides the ana-
lysis of a risk situation, development and substanti-
ation of a management decision (often in the form of
anormative act) which is to minimize the risk.

On the whole the stages of environmental risk
assessment and management in the construction and
operation of objects and their content are given in
Table.

Completing the risk management process this
algorithm simultaneously unites the risk stages and
the stages of a risk assessment into a single decision-
making process, into a single conception of risk. A
model sequence a risk assessment is this: a primary
identification of a risk; description of the risk source
and the damage cause by this risk; the risk assess-
ment under the normal conditions of operation; the
risk assessment at the moment of hypothetical acci-
dents and object damages; a range of possible sce-
narios of an accident development; statistical assess-
ment and a probabilistic risk analysis.

An environmental risk assessment can be done
on the base of the available scientific and statistical
data of the environmentally meaningful events: ac-
cidents, damages, catastrophes and an environmen-
tal factor contribution to the sanitary and environ-
mental welfare of the population, influence of the
environmental pollution on the state of biocenoses
etc. The statistical assessment (on the base of the
experience obtained from the investigation of simi-
lar situations) or the expert judgment was general-
ly accepted [7, 8]. The statistical approach means
the use of the probability theory apparatus and this
approach is used when a meaningful experience of
realization of the projects of this kind was accumu-
lated.

Ifaproject is realized for the first time one should
use the expert assessment. The method of expert as-
sessment means that a group of experts (engineers,
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Table. Stages of environmental risk assessment and management in construction

Stages of risk assessment

Stage content

Detection of risks, determination of risk
sources and factors as well as the objects
of their potential impact, the basic forms of
such an impact.

At the initial stage they make a comparative analysis of risks to
determine the priorities and risk level (harmfulness).

Estimation of object susceptibility to
impact, i. e. estimation of a real impact of
a risk factor on a human being and
environment.

Determination of risk acceptance. A risk is compared with
some social and economic factors (benefits of an object
operation; losses conditioned by the restraint of the object
operation; availability and possibilities of regulating measures
for decreasing a negative impact on the environment and
population health).

Analysis of risk factor impact on the

of a human being resistance to the impact
of a definite destabilizing factor.

Determination of the management proportions means a choice
population and environment, determination | of one of the «standard» models of estimating a risk.

qualitative and quantitative parameters.

A full risk characteristic with the use of the | Making a controlling decision, i. e. specification of the
normative acts (laws, decisions and guidelines) and their
conditions corresponding to the realization of that «standard»
model which was determined for the previous stage.

specialists in the sphere of the environmental pro-
tection) makes up a list of possible accidents. Engi-
neers pass their independent opinions about acci-
dent risks and then these opinions are averaged. In
the same way expert-ecologists suggest their opi-
nions on the cost to remove consequences of each
accident impact on the environment. An environ-
mental risk is calculated as a net current value of the
losses caused when removing consequences of a pos-
sible accident impact on the environment.

Let’s dwell on the essence of the statistical me-
thod of estimating a risk degree, the assessment be-
ing based on the probability theory of random dis-
tribution. Here, to calculate the degree of a definite
risk one should know the law of its distribution, i. e.
one should know under what conditions this law
can be realized, how its realization will impact the
economic activities of a developer.

The mathematical expectation of an environmen-
tal risk is a sum of the products of all its possible
values and probability of their occurrence:

M(X)=XP+X,P,+..+X,P,, (1)
where M (X) are a risk mathematical expectation;
X, X,, X arethevaluesa parameter under study can
accept depending on the concrete conditions; P, P,
P are probabilities of accepting these values.

Thus, a probability meaning of the mathemati-
cal expectation of a special parameter of environ-

mental accidents occurrence is that it is approxi-
mately equal to the arithmetic mean of its observed
(possible) values. But a mathematical expectation
is not a complete characteristic of a random quanti-
ty. To get its more complete characteristic, one should
also use the parameters of diffusion of the values of
the parameter chosen from its average predicted
value (i. e. of the mathematical expectation), i. e.
dispersion. According to the probability theory dis-
persion is as mathematical expectation of the squared
deviation.

D (X)=M (X)-[M(X)]. @

Thus, from the viewpoint of the risk theory the eco-
nomical idea of the mean square deviation is that it
is a characteristic of a concrete risk to show the
maximum possible variation of a definite parameter
from its mean-expected value. This statement al-
lows using the mean square deviation as a risk index
from the viewpoint of its realization probability.

Noteworthy also is a definite complexity of the
estimation of the mathematical expectation and en-
vironmental risk dispersion. The authors suggest
using the essentials of the fuzzy-set theory.

Thanks to the investigations by the fuzzy-set
theory [9, 10] it was found out that for the values of
fuzzy functions close to some constant parameter
(for example, a normative or allowed value) the
membership function is close to the Gaussian curve
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describing the normal distribution of continuous
random quantity.

2
1 _(x—a)
Y

where xis a continuous random quantity; a is a math-
ematical expectation of the continuous random
quantity; ois a root-mean-square deviation (stan-
dard) of quantity x.

Strict statistical data being absent, equation (3)
allows determining the grade of membership of the
parameter under study in the admitted region. To
proceed to the dimensionless relative value of the
differential function, let’s find out its maximum va-
lue. If x=a; ¢’=1, then

F(x)=

1
F - -
(x)max o- m . (4)
If the admitted region is described by interval [0; 1],
then the grade of membership of the parameter is
determined by the ration:
TFG) eXp 2 . (5)

/(x)

The risk level is a relative value of this or that key
parameter deviation from the normative or accep-
ted value. Then, the grade of membership of each
key parameter in the admitted region will look like:

F(x) (x—a)

(u,-u,)

PP
f(u) =exp 2(tjim ) , (6)
where u is a real value of the key parameter at the
risk assessment; u is the key parameter value deter-
mined in accordance with the requirements of the
normative documents; %, is the limit value of the
key parameter, its overriding leading to an environ-

mental accident.
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In (6), the value of u,as well as the mathemati-
cal expectation, is the center of the distribution of
random values of the key parameter when structural
imperfections appear; the value of u, isaccepted as
the mean square deviation.

Thus, analysis of an environmental risk for each
object is a comparison of design, real and limit va-
lues of key parameters. Such an approach makes it
possible to increase the reliability of a risk assess-
ment if there are not enough statistical data.

Conclusions

The quality of the environmental expertise of
projects is also important as the systems of integra-
ted assessment of all probable environmental and
social and economic consequences of the project im-
plementation of the construction and reconstruc-
tion of large objects as this expertise is to prevent
the negative influence of these consequences on the
environment and to solve the assigned tasks at the
least expenditure of resources and minimum unwan-
ted consequences.

A further development of the calculation proce-
dure of risk assessment will make it possible to im-
prove the environmental expertise for the benefit of
the present and future generations to insure protec-
tion, scientifically substantiated rational use of land
and itsinterior, water resources, flora and fauna, to
keep air and water clean, to reproduce natural re-
sources and to improve the human environment. The
similar procedures allow detecting and eliminating
errors in the nature management and protection and
decreasing economies losses when eliminating the
consequences of risk situations at the stage of ob-
ject planning and design.
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PyGex Haramisi AutonoBHa — acucrent kadenpu ekoHoMmiku mignpuemcts Jonbachkoi HallioHa bHOI akageMii Oy-
JiBHUIITBA i apXiTekTypu. HayKoBHIT HATIPSIMOK: PO3BUTOK BUPOOHNYO-TOCTIOAAPCHKIX KOMIIIEKCIB MicTa.

Illenxixosa Osena BikTopiBHa — K.1.11., 1011eHT Kadeapn eKoHOMiKkK mignpuemcTs JJonbachbKoi HamionaabHoil akagemil
OyniBHUITBA i apxiTekTypu. HayKoBuil HANpsIMOK: MiZIBUIIIEHHSI €KOHOMIYHOI e(DEKTHMBHOCTI IHKEHEPHUX PillleHb B
Oy/IiBHUIITBI.

Inaaka Osena JMutpiiBHa — acucTeHT Kadeapn eKOHOMIKH mianpreMcT JJonb6achKoi HallioHaIbHOT akazemii Oy 1iB-
HUITBa i apxiTekTypu. HayKoBuil HAPSMOK: T ABUIIEHHS e(eKTHBHOCTI BAKOPUCTAHHS PECYPCiB B Oy BHUIITBI.

PyGex Haranba AutoHoBHa — accucteHT Kadeapbl 9KOHOMUKK HpeanpusaTuii Jon6acckoil HalMoHaIbHO aKae-
MUH CTPOUTEJNBCTBA M aPXUTEKTYPBL. HayuHoe Hampasiienne: pa3BuTHe TPOU3BOACTBEHHO-X03STHCTBEHHBIX KOMILIEK-
COB ropojia.

IllesixoBa Enena BukropoBHa — K.T.H., JOHEHT Kaeapbl 9KOHOMUKHK npeanpusaTuii JJonbacckoil HanmonaabHOR
aKaJIeMUU CTPOUTEJIBCTBA M apXUTEKTYypbl. HayuHoe HanpasiieHue: TOBBIIIEHUE 9KOHOMUYECKOil ahdekTnBrocTn
WHKEHEPHBIX PEIIeHN B CTPOUTELCTBE.

Inankas Enena JImurpueBHa — accuctenT kadeapbl 9KOHOMUKY HpeanpusaTuii JJon6acckoil HalnoHaabHON akajie-
MUY CTPOUTEJNBCTBA U apXUTeKTYpbl. HayuHoe narpassienne: moBblenne ahGekTHBHOCTH UCTIOJIB30BAHI PECYPCOB
B CTPOMTEJILCTBE.
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