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ABSTRACT

The article is devoted to a comprehensive study of methods for risk assessment of investment and
construction project. The absence of a universal method of evaluation determined the relevance of the work. The
task was to explore the types of risks ICP and methods of evaluation, especially to explore methods of
guantitative risk analysis. The object of the study was a construction of unique buildings and structures.

The main types of risks inherent in all investment projects and in particular the building have been
identified. Special attention to the quantitative methods of risk assessment was given. Some of them were
analyzed by the example in relation to investment and construction projects.

Selection of the normal distribution to describe the accidental changing of settings was justified in the
article. It was concluded that the formation representative samples for study may be effected by the Monte Carlo
method.
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1. Introduction

The objective trend of modern city planning is the construction of unique buildings and structures. This
improves the appearance of the modern city, and this enables you to meet new challenges facing society and
industry.

It is well known that the realization of the projects of construction of buildings and structures is
characterized by a high degree of uncertainty. A large number of negative factors of different physical nature act
on these projects. So, the risks are great enough to implement them.

2. Literature review

A quite number of researches are dedicated to the analysis of the theoretical premises of sources of risk in
the investment industry, and on this basis to develop practical recommendations. Fundamental work [1] refers to
them. Modern legislation of risk management is presented by international standards [2], [3]. The influence of
various factors, evaluation methods and risk management are enough researched by foreign economists [4-9]. In
work [10] proved a new classification of risks and explains the various ways of their evaluation. Various aspects of
this topic in terms of the application are also discussed in detail in work [11]. The influence of various factors,
methods of risk assessment and management are investigated and foreign authors [12], [13], [14], etc.

However, these studies did not consider specific risks of construction industry.
Risks of construction and installation works deeply and comprehensively described in the works [15], [16].

They are viewed through the prism of insurance activities. In addition, the characteristics of the construction
of production unique buildings and structures are not considered. The problem of estimating the risk management
of real estate in St. Petersburg in sufficient detail is disclosed in the work [17]. Identification of risks in investment
and construction projects plays a major role in them, and therefore must be repeatedly during the construction
period [17].

Unigue buildings and structures (UBS) occupy a special place among the entire set of objects of capital
construction. This is explained by a higher degree of risk and severity of accidents. So, they are subject to more
stringent safety requirements [18]. This results to the necessity of more detailed study of project risks UBS. The
multi-consideration of the issues presented, for example, in work [19]. However, the theory of the risks of design
and construction these structures and buildings in general, is not yet sufficiently developed.

Individuality and complexity of each individual project of this type, as well as its application in the
construction of the new technologies that do not waste on a large scale, greatly complicates the analysis of
processes of manifestation risks. Therefore, the construction of unique buildings and structures related to one of
the riskiest investment projects.

Components of risk in order to minimize its impact (or neutralization) at all stages of the investment and
construction of the project (hereinafter COP) it is important to determine the correct and timely in a process of
building production. Depending on what kind of impact the project's risks may have on the course of its realization
depends on the correctness of the mechanism for the prevention of these risks. In such a manner, the insufficient
development of methods for estimating the risk of investment and construction projects, determine the relevance
of this work.

3. Problem definition

The purpose of this paper is to conduct a comparative analysis of existing methods for estimating the risk
of investment and construction projects and the rationale for choosing the most effective among them for use for
the construction of unique buildings and structures. To achieve this goal, following objectives are formulated here:

— to review the specifics of the unique construction buildings and structures;
— to analyze the types of risks and COP methods of assessment;

— to carry out the comparison of the methods of quantitative risk analysis.

4. Description of the research

The realization process of construction project of unique buildings and structures is the object of study in
this article. Unique buildings and structures are individual class of design objects in urban planning [20]. These
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are the objects of capital construction, in project documentation which at least one of the following indicators is
provided:

— height of over 100 meters;
— span more than 100 meters;
— availability of consoles more than 20 meters;

— embedment of the underground part (fully or partially) below the ground elevation of the planning
more than 15 meters.

Unique buildings and structures also include entertainment, sports, religious buildings, exhibition halls,
multi-office, shopping malls, etc. with a maximum estimated stay more than 1 000 people inside the facility or
more than 10 000 people near the object [20].

According to the normative document [21] the term "investment-construction project” should be understood
in two meanings:

— set of documents containing the formulation of objective of future activities and definition of a set of
actions aimed at its achieving;

— set of required actions (work, services, management operations, acquisitions and decisions), aimed
at achieving of stated objective, i.e. as documentation and as an activity.

In this article the term «investment-construction project» will be used in the second meaning. The risk for
this type of project is a complex socio-economic concept [22]. Risk can be defined as the occurrence possibility of
an adverse event in the design and construction operations of unique building or structure that entails various
types of losses (loss of resources, revenue, etc.). Depending on the consequences, project risks can be divided
into two groups which are technical and economic. Economic risks are defined as a measure of material loss
when a risk of event appears [23]. Technical risks are caused by deficiencies of design, construction and
installation works, irregularities in the operation, etc. The construction industry, like all industries of economics, is
in the general system of strategic risks, such as social, political, economic, natural and industrial, scientific and
technical. The main types of risks in construction projects are:

1. risk of increased interest rates;

risk due to the actions of competitors in this segment of the market;
the risk of non-viability of the project;

tax risk;

the risk of non-payment of debts;

the risk of non-completion of construction;

business risk;

the risk of failure to meet contractual obligations by the investor;

© © N o g A~ w DN

the risk of a wrongful act on the part of the owner;
10. the risk of non-realization.
The main causes (factors) of risks of investment-construction projects are:
— errors in the design estimate documentation;
— under qualification of experts, wares, technological processes or production;
—  force majeure circumstances;
— delays in delivery;
—  poor quality of raw materials, components, technological processes or production.
To conduct a comparative analysis of methods for estimating the project risks of the construction of a

unique building (structure) it is required to determine the extent to which the methods allow to take into account
these risk factors and consequences of their actions. Let us examine this question.
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Risk assessment can be realized by two mutually complementary methods: qualitative and quantitative.
The main task of qualitative analysis is forming a plurality of risk factors acting on the project, the identification of
potential risks and their classification, and also evaluation of the significance of each of the considered factors.
Currently, the most widely used methods of qualitative risk analysis are [24]:

— method of expert evaluation (Delphi method) is questionnaire of specialists with extensive
experience in project activities;

— SWOT-analysis is method which involves identifying the factors of external and internal
environment of the organization and dividing them into four categories: Strengths, Weaknesses,
Opportunities and Threats [25];

— spiral (“rose”) of risks is illustrated ranking of risks on the basis of qualitative assessments of risk
factors;

— analog method is analysis of cumulative experience with analog-projects.

Map of project risks is a result of a qualitative analysis. On it in summary form the risks are presented at
each stage of the project realization of a unique building (structure). The main disadvantage of using qualitative
risk analysis is that its results do not provide information about possible casualties or their probabilities. However,
the obtained resulting data provide the basis for quantitative analysis of risks.

Quantitative methods for risk assessment of investment-construction project of UBS allow obtaining
numerical values of the risk levels of individual stages and of the project risk as a whole. A mathematical tool of
guantitative methods of risk analysis is the theory of probability and mathematical statistics, theory of operations
research, game theory, etc. The process of quantitative risk analysis includes the following steps:

— the creation of a mathematical model of the project risk;
— determination of the risk variables;

— determination of the probability distribution of selected variables and the definition of the range of
possible values for each of them;

— determination of the existence or absence of correlations among the variables of risk;

— runs of the obtained models with different sets of input data to determine the level of influence of
each variable on the negative outcome of the project;

— analysis of the results (the levels of risk).

Risk variables are the parameters of the mathematical model of risk, which are critical to the actual
implementation of the project. For their identification is necessary to conduct a study on how their biases (even
small) from the calculated values have a negative impact on the project. In this formulation of the problem for the
selection of these variables sensitivity theory can be successfully applied [26, 27]. In the study the reactions of the
project results to changes in design variables are measured with using the method of sensitivity analysis.

However, this method has significant disadvantage — when you use it you cannot take into account the
occurrence probability of variable changes, i.e. the current uncertainty in the practice of design. How to get rid of
this disadvantage.

Since for the project of a unique building (construction) it is not possible to select a representative sample
for the construction of distribution graph with values of each of the risk variables, it should use their momentum
characteristics: the expectation, variance, mean square (standard) deviation, and others [28]. To apply this
approach to the project of a unique building (structure) it is proposed to use the normal distribution of the values
of the variables in each of the phases of the project. This distribution is the limit in cases when the information
about the object of study is severely limited. It was also found that many of the phenomena in the economy
subject to the normal distribution law. Using modeling it must also use the assumption that the investigated
factors are independent of each other. This is because the presence of correlated variables in the risk design
assessment model leads to serious distortions of the analysis results.

Under the above assumptions it is very convenient to use Monte Carlo method in the simulation [29]. In this
case, it is necessary to conduct a series of simulation tests for each of the factors, and to determine estimate of
the desired risk parameter using shaped samples.
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Thus, a risk analysis is divided into two mutually complementary types: qualitative, which main task is to
identify risk factors and circumstances that lead to risky situations, and quantitative, which allows to calculate the
dimensions of certain risks and risk of the project as a whole by means of a mathematical model.

The expectation of a possible profit is calculated by the formula (1):

M :F)I -Ci 1)

P; - the probability of risk; ci- the value of estimated damage.

If the expectation is the same in both cases, the risk assessment is carried out on the dispersion.

The dispersion of the possible profit is calculated as follows:

N

D:ZPi'(Ci_mi)z 2)

i=1

The standard deviation of possible profit (o) is the square root of the variance:

o=~D 3)

Dividing the standard deviation of possible returns by the expectation of possible profit is the coefficient of
variation of possible profit:
Koy = (4)
Intervals of monetary values are calculated using the formula (5):
[m—30,m+30] )
According to the most common point of view, the measure of risk should be considered as the standard
deviation (the positive square root of the variance).

The smaller the dispersion (variance) of the decision, project is the more advantageous, that is more
predictable, with less risk.

If the variation (variance) is 0, then the risk is completely absent.
The example.
The task:

Two risky projects are offered to the stock company. On the first project with probability 0.2 receipts could
reach 50 million rubles, with a probability of 0.6 this project will provide a profit of 60 million rubles, but with a
probability of 0.2 that profit could reach 70 million rubles.

0.4 receipts will not be for the second project with probability. You can make a profit of 120 million with
probability 0.2 income at $ 60 min. rubles, and with probability 0.4.

Which project the shareholders should choose?
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Solution:
Table 1. Input data on investment projects
Number of an investment project
Name of a Number of the Project 1 Project 2
source of profit | source of profit i i
P P Probability of | D€ POSsible 1 p 1 obility of | Thepossible
: amount of : amount of
the profit from . the profit from .
profit from the profit from the
the source the source
source source
source 1 1 0,2 50,0 0,4 0,0
source 2 2 0,6 60,0 0,2 60,0
source 3 3 0,2 70,0 0,4 120,0
Table 2. The calculated data on the project risks
Number of an investment project
Settlement indicators Project 1 Project 2
The expectation of possible profit 60,00 60,00
The dispersion of possible profit 40,00 2880,00
The standard deV|a}t|on of possible 6.32 53,67
profit
The coefficient of variation of
possible profit 0,105 0,894
Table 3. Evaluation of the boundaries the most possible project profit
Number of an investment project
Settlement indicators Project 1 Project 2
The upper limit qf the possible 41,026 -100,997
profit
The lower limit of possible profit 78,974 220,997
More clearly the boundaries of possible profit can be seen in the Figure 2.
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Figure 1. Distribution function of the magnitude of possible profit

Calculation example of possible profit shows that the second project is more risky than the first.
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Figure 2. Probability distribution of possible profit
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5. Conclusions

Therefore, this article is justified advantage of the application of quantitative methods to evaluate the risks
of the project unique buildings and structures. Selection of the normal distribution to describe the random
variation of each of the parameters analyzed risk to the greatest extent corresponds to the peculiarities of the
Russian market of construction products, characterized by subjectivity and dependence on non-economic factors
and the high degree of uncertainty. Formation of representative (representative) samples for the study can be
done under the assumptions made by the Monte Carlo method.
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CpaBHMTeﬂbeIVI aHalIn3 mMeToaoB oLleHNBaHUA PUCKOB NMPOEKTOB
YHUKaAJNIbHbIX 30aHUN N COOpY)KeHMFI

T.H. Conpatenko', H0.B. BbikoBa®, E.M. I3boHuk’, A.C. duapukona’
@rb60Y Bl0O CaHkm-lNemepbypackuli 2ocydapcmeeHHbIl nonumexHudyeckul yHueepcumem, 195251, Poccus,

CaHkm-lNemepbype, lNonumexHuyeckas, 29.

MHOPOPMALIUA O CTATbE UcTtopusa KnoueBble cnoBa

YK 69.003.12 MopaHa B pepakumio 24 oktabpsa 2013 WHBECTULNOHHO-CTPOUTENbHbIV NPOEKT;
Odopmnena 31 mapTta 2014 YHUKanbHbIE 34aHUS;
CornacosaHa 31 mapTta 2014 pUCKM;

METO/, OLIEHKMU;
KONMNYECTBEHHbIN aHann3 pUCKOB;
BEPOATHOCTHOE pacnpenenexHue;
meTtog MoHTe-Kapno;

AHHOTALINA

Cratbsl noOCBsiLLeHa KOMMIIEKCHOMY WCCRefoBaHWi0 METOAOB OUEHKM PUCKOB  MHBECTMLMOHHO-
cTpouTenbHoro npoekta. OTCyTCTBME YHUBEPCANbHOIO MEeToda UX OLEHKU ONpeaenuno akTyanbHOCTb paboThl.
Bbina noctaeneHa 3agada udyuntb Buabl puckoB NCIT M meToabl MX OUEHKM, B OCOOEHHOCTU uccrenoBaTb
MeTOAbl KONMMYECTBEHHOrO aHanmsa puckoB. OO6bEKTOM MCCNefoBaHUSA SIBNSAOCH CTPOUTENBCTBO YHMKANbHbIX
30aHuA N coopyxXeHun. OnpegeneHbl OCHOBHbIE BUObI PUCKOB, CBOMCTBEHHbBIX BCEM MHBECTULIMOHHBIM NMPOEKTaM
N cTpouTenbHbIM B 4YacTHocTu. Ocoboe BHMMaHWe yOerneHoO KONMMYECTBEHHbIM MeTO4aM OLEHKM PUCKOB.
HekoTopble 13 HUX Ha NpumMepe GbinNn pa3obpaHbl MPUMEHUTENBHO K UHBECTULIMOHHO-CTPOUTENBHBIM NPOEKTaM.
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