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Oleg Gavrysh (Ukraine), Valeriia Melnykova (Ukraine)

PROJECT RISK MANAGEMENT
OF THE CONSTRUCTION
INDUSTRY ENTERPRISES BASED
ON FUZZY SET THEORY

Abstract

The construction industry is a crucially important element of the Ukrainian economy,
since its development and performance affect other industries. The economic recession

consequences and the unforeseen recent events, caused by different types of risks, have

adversely affected the construction industry development and necessitated the search
for modern methods of risk management. The study is based on a sample of five proj-
ects from five construction industry enterprises and covered the period of 2010-2018.
A set of project risks, investigated by the group of experts, was analyzed based on fuzzy
set theory, and included seven phases of the fuzzy set model construction to assess

project risks of construction industry enterprises. Based on the identified elements of
a fuzzy set model and a set of significant project risks, a value classifier of significant
project risks for construction industry enterprises was developed. This allowed to esti-
mate the current values of project risk indicators and to identify them by levels of their
fuzzy subset membership. Besides, a classifier for the quantitative assessment of the to-
tal project risks level for investment projects was developed, which allowed estimating

the value of the aggregate indicator. In order to improve the existed methodology, the

study suggested introducing probabilistic values for the risk of project failure depend-
ing on the significance of the overall project risks. Accordingly, the paper identifies

the probability of significant project risks simultaneous occurring during the project

implementation. However, the higher the likelihood of risk, the higher the probability
of investment project failure.

Keywords risks, management, fuzzy sets, quantitative assessment,
construction industry
JEL Classification  G32,D81,174

INTRODUCTION

The construction sector has always played a key role in the structure
of the entire Ukrainian industry. In the context of current economic
volatility, the riskiness of construction companies increases due to the
lack of their readiness to operate in the changing market conditions.
This is also complicated by the transformation of the country’s econ-
omy and the system change in legislative and technical regulation of
the Ukrainian construction industry.

The market conditions, where the construction industry operates, set
many factors that can simultaneously cause a complex number of di-
verse and various-directional risks. This makes it difficult to develop
a method for aggregate and discrete estimation of project risks based
on the theory of classical statistics, since it is not possible to obtain
a sample of statistically homogeneous data/events from their general
population under constant external observation conditions. In such
cases, the experts consider the data totality distribution laws as fuzzy
and classify the samples using linguistic means, which allows gener-
ating information that is important for decision making. The use of
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fuzzy set theory allows to obtain more accurate expert judgment data, which are complex and almost
inestimable. In addition, as the number of risk factors increases, the inaccuracy degree grows, which is
fundamental in using this theory in project risk management.

1. LITERATURE REVIEW

Many scholars address a wide range of risk man-
agement issues. Among them are Williams et
al. (1989), Holton (2003), Barton et al. (2003),
Ilyashenko (2006), and Dukhanina (2014). Shenhar
et al. (2010), Ward et al. (2003), and Perminova et
al. (2008) pointed to the need for project risk man-
agement under uncertainty.

Bakker et al. (2012) stress the importance of the
risk identification process, followed by a project
risk report, registration, distribution, analysis and
control of risks. According to Besner and Hobbs
(2006), the exchange of project risk information
with project stakeholders is an important man-
agement practice.

Pinto (2017) pointed to the role and significance
of project risks and concluded that project financ-
ing is the main tool for project risk management,
since it creates value by reducing financing costs,
establishing financial flexibility of sponsors, in-
creasing leverage ratios, avoiding environmen-
tal risk, reducing corporate taxes, improving risk
management, and reducing costs for market de-
viations. Kolodiziev et al. (2017) investigated the
main components of project risk management and
came up with a logical justification for an efficient
and balanced risk sharing between public and pri-
vate partners, which is important for effective pro-
ject risk management. Ostapiuk et al. (2017) pro-
posed a series of actions and methods aimed at de-
veloping effective tools to identify risk factors and
monitor the effectiveness of investment projects.

Akintoye and Macleod (1997), Kaplinski (2013),
Igbal et al. (2015), Taylan et al. (2014), Serpella et
al. (2014), Wang et al. (2004), and Hassanein et
al. (2007) stressed the importance of project risk
management in the construction industry.

Zadeh (1976), Kovalev (1997), Alekseev (1979), and
Nedosekin (2003) reflected the necessity of form-
ing a qualitative methodology for project risk man-
agement. Beginning in the late 1970s, methods of
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fuzzy set theory began to be applied in econom-
ics. The following prominent scientists should be
mentioned here: Buckley (1992), Bojadziev (1997),
Kaufmann et al. (1991), Couturier et al. (2002),
and Zimmerman (2001). They developed new de-
scriptions of fuzzy set theory and simultaneously
built mathematical models to solve real-world fi-
nancial problems.

Zadeh (1965, 1971, 1976, 1978) is the founder of
fuzzy set theory; his follower Nedosekin (1999,
2003) improved the methodology by using a ma-
trix method of risk assessment. This matrix meth-
od classification resulted in a linguistic description
of the degree of risk and the degree of confidence
of an expert in a particular recognition result.

Gavrysh et al. (2017) critically analyzed the regula-
tory principles of project risk management, which
made it possible to build a regulatory and method-
ological mechanism for project risk management
that describes all stages of management, including
its assessment. Economic and statistical analysis
has confirmed/eliminated hypotheses that there
is a correlation between project risks, which were
separated according to expert judgment and pro-
ject performance parameters. Besides, the cluster
analysis made it possible to group the confirmed
correlations of the most significant risks accord-
ing to the specified performance parameters
(Melnykova, 2019), which enabled, according to
the results of qualitative and quantitative analysis
of the project risks, to develop models that reflect
their impact on the basic project parameters by se-
quential changes in the magnitudes of the main
risk factors. Also, according to the analysis results,
a system of indicators has been formed, the limit
values of which are indicators of the occurrence
of project threats, and thus a prerequisite for re-
sponding to project risks.

The expert estimation modeling is to adequate-
ly transform qualitative expert statements into
judgement-based determinations using assess-
ment boundaries or numerical segments. From
this perspective, fuzzy set theory provides a high-
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ly developed formalized apparatus to solve these
problems. This study substantiates the need for
fuzzy set theory to effectively manage project risks.

2. AIMS

The purpose of this study is to manage the project
risks of construction industry enterprises based
on fuzzy set theory, which results in the creation
of classifiers and matrix schemes for project risk
aggregation.

3. METHODS

The paper offers a quantification method to assess
project risks of construction industry enterprises.
Quantification assessment of project risks means a
system of quantitative and qualitative parameters
that allow identification of the degree of project
risks and threat to the investment project failure
based on an aggregate quantitative parameter.

The methodology of the project risk assessment
at construction industry enterprises is proposed
to ground on the basics of fuzzy sets theory and
matrix method proposed by Nedosekin (2013).
The above methodology consists of several specif-
ic phases in constructing a fuzzy model of pro-

Problems and Perspectives in Management, Volume 17, Issue 4, 2019

ject risk assessment of construction industry
enterprises.

Thus, the experts assign a sample of observations
from the general population, which is considered
insufficient to identify a classical probabilistic law
of distribution with well-defined parameters; the
certainty degree, however, is determined to be suf-
ficient to substantiate a distribution law, from any
given point of view, in probabilistic or any other
manner. Moreover, the parameters of this expert
law are set by these special rules to satisfy the nec-
essary reliability level in identifying the observa-
tion law.

To evaluate the project risks, according to the fuzzy
set theory, the expert group of the enterprise iden-
tified the linguistic variables of the fuzzy-set mod-
el in the first phase Q= {a),T(a)),U,G,M},

where @ is the variable name; T is a term-set of
values, that is, a set of its linguistic meanings; U

is a carrier; G is a syntactic rule that generates

term-sets of T; and M is a semantic rule, accord-
ing to which, each linguistic meaning of @ is as-
signed its meaning M (a))

Each value of a linguistic variable is assigned a
function of project risk level membership to any
given fuzzy subset. Common functions in this case
are trapezoidal membership functions (Figure 1).

Filx) Frylu)
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Figure 1. The system of trapezoidal membership functions F (x) on the 01 carrier
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The upper base of the trapezoid corresponds to the
expert’s complete confidence in the correctness of
his classification, and the lower one relates to the
belief that no other values of the interval (0,1) fall
into the selected fuzzy subset (Nedosekin, 2003).

The trapezoidal membership functions F,(x) are
described by the trapezoidal numbers of the form
of B (al, a,a, a4), where a, and a,are the abscissas
of the lower base of the trapezoid, and a , and a ,are
the abscissas of the upper base.

In the second phase, a set of individual project
risk indicators X={X} was introduced with a
total number of N, which, according to an an-
alyst, affect the project risk assessment on the
one hand, and, on the other hand, assess the dif-
ferent conditions for fulfilling the investment
project by a construction industry enterprise.
In the next phase, the importance of the signifi-
cant risk factor of X, was determined, for which
each indicator of X, project risk was compared
with r, — its significance level. To assess this lev-
el, all indicators were ranked in descending or-
der so that rule (1) was satisfied:

©)

If the indicator system is ranked in descending or-
der, then the significance of the i-th indicator of r,
is determined using the Fishburn rule (Fishburn,
1978), namely:

2-(N—i+1)

TSINIDN @

In the fourth phase, a classifier of indicator val-
ues of construction industry enterprises’ signif-
icant project risks was developed to normalize
the quantitative and qualitative values of these
indicators to a single quantification metric. As a
result, the indices of the significant project risks
of the construction industry enterprises were
evaluated according to a single quantification
metric.

A matrix of membership levels for the carriers of
significant project risk indicators of construc-
tion enterprises was also developed by fuzzy
subsets of the linguistic variables of the project
risk term set.

206

The classifier for the quantitative assessment of
the total project risks for investment projects
is not specified enough in terms of sufficient
informativeness of its quantitative expression
metric. Therefore, this paper proposes to im-
prove the methodology outlined in Nedosekin
(2003), on the basis of which, the quantitative
assessment of project risks of construction in-
dustry enterprises is based. The improvement
is proposed by introducing probabilistic values
for the threat of failure to fulfill the investment
project depending on the value of the invest-
ment project risks AP.

For which number of simultaneous significant
project risks k realization the likelihood would
be highest, was determined according to the
Bernoulli scheme, namely by formulas (3) and (4):

P (k)=Ct-p*-(1-p)"™",

where P, (k) is the likelihood of simultaneous re-
alization of k significant project risks, C* is the
number of combinations from the n-total number
of possible events (study objects) by k-arbitrary
number of events in the total set, p is the given
probability of occurrence of each individual event
under equal conditions for all, n =22 is the num-
ber of significant project risks for the economic-
mathematical decision of this study objective:

3)

cf = n!

_— . 4
" k) k! @

According to the calculation data, a quantitative
system is built for parameter estimation to inter-
pret the level of threat of the investment project
failure; it is based on the classifier’s membership
functions of the total level of project risks for in-
vestment projects of the construction industry
enterprises.

In the sixth phase, the current values of significant
project risk indicators X, and the recognition of in-
dicators by their membership to fuzzy subsets {Bi}
were estimated, based on a set of indicators of the
construction industry enterprises’ significant pro-
ject risks according to the {Bi} set of an integrated
quantification metric. According to the fuzzy set
theory, indicators, by the levels of their belonging
to fuzzy subsets {Bi}, are calculated by formulas

http://dx.doi.org/10.21511/ppm.17(4).2019.17



(5)-(9). The results of calculations are presented in
Table 5.

1.0<x<0.15;
10(0.25-x),0.15 < x < 0.25;
0,025<x<1.

®)

0,0<x<0.15;
10(x—0.15),0.15< x <0.25;
1,0.25< x < 0.35;
10(0.45-x),0.35< x < 0.45;
0,045<x<1.

©6)

0,0 < x <0.35;
10(x~0.35),0.35 < x < 0.45;
1,0.45 < x <0.55;
10(0.65-x),0.55 < x < 0.65;
0,0.65<x<1.

@)

0,0 <x<0.55;
10(x—0.55),0.55 < x < 0.65;
1,0.65<x<0.75;
10(0.85—x),0.75 < x < 0.85;
0,0.85<x<1.

®)

0,0<x<0.75;
10(x—0.75),0.75 <x<0.85;
1,0.85<x<1.

F(x)= 9)

In the seventh phase, an aggregate indicator of the
quantitative assessment of aggregate project risks
threat of AP was calculated, according to the ma-
trix of baseline data and significance levels of pro-
ject risks, which is as follows:

5

22
AP=3 g3 11
EE——

where AP is the aggregate indicator of the quantita-
tive assessment of the level of aggregate project risks

(10)

http://dx.doi.org/10.21511/ppm.17(4).2019.17
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of construction industry enterprises, g; are the nod-
al points calculated by the following formula:

g;=09-02(/-1), (11)
J;; means that the carriers of significant project
risk indicators of construction industry enter-
prises belonging to fuzzy subsets of the linguistic
term-set variables of the project risks level {RPR }
are determined in accordance with the Table 5 da-

ta, » are levels of the project risk significance that
are calculated by formula (2).

The essence of formulas (10) and (11) is that the
internal summation in (10) is carried out by the
indicator’s value, and the external - by the nod-
al points of the standard location {0.1, 0.3, 0.5,
0.7, 0.9} in the fuzzy set theory of the project
risk degree 5-level classifier. Thus, the resultant
quantification assessment of the level of aggre-
gate project risks of construction industry AP
is defined as the weighted average of all signifi-
cant project risk indicators and of all qualitative
levels of these indicators.

4. RESULTS

In the analysis, the results of study on the sev-
en-phase quantification assessment of construc-
tion enterprises’ project risks are presented. In the
first phase, the following elements of the fuzzy set
model were identified:

A) The linguistic variable SIP, Investment Project
Status, with five meanings:

+  SIP, is a fuzzy subset of boundary non-perfor-
mance states;

SIP, is a fuzzy subset of non-performance
states;

SIP, is a fuzzy subset of medium performance
states;

SIP, is a fuzzy subset of sufficient performance
states; and

SIP, is a fuzzy subset of boundary perfor-
mance states.
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B) The linguistic variable PR (ie[l,S]) -
Aggregate Project Risk of the Investment
Project, which corresponds to the SIP variable:

PR is a fuzzy subset of boundary project risk;
PR, is a fuzzy subset of high risk;

PR, is a fuzzy subset of average project risk;
PR, is a fuzzy subset of low project risk; and

P'Rf; is a fuzzy subset of insignificant project
risk.

The PR set carrier is an indicator of the project risk
degree g that takes the value from 0 to 1 (standard
01 carrier) as defined by the fuzzy set theory above.

C) The indicator of significant project risk X,
which may threaten the investment project
of the construction company, is set as the lin-
guistic variable RPR, Project Risk Level X, on
the following term-set of values:

RPR isa subset of very low X
RPR,isa subset of low X
RPR,isa subset of the medium X
RPR,isa subset of high X

RPR is a subset of very high X..

In the second and third phases, a set of individu-
al project risk indicators were introduced (Table
1), which allowed, according to the Fishburn’s
rule, establishing a term for the lack of informa-
tion regarding the indicators’ significance level,
except those that are in Table 1. Then, the esti-
mate (see Table 2) corresponds to the maximum
entropy of the available information uncertainty
about the study object, that is, it allows the ex-
perts to make the best evaluation decisions in the
worst information situation (Trukhaev, 1978).

Then, a classifier of indicators of the construc-
tion enterprises’ project risks was developed.
According to the basic provisions of the fuzzy
set theory, in the cells of Table 2, based on ex-
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pert analysis, trapezoidal numbers are select-
ed, which characterize the corresponding mem-
bership functions of F,(x) and the correspond-
ing nodal points g (see Figure 1). For example,
when classifying the level of indicator X , an ex-
pert, hesitating to differentiate the level to “medi-
um” and “high”, can determine the range of their
uncertainty within the interval of 0.5, 0.65, etc.

Table 1. Indicators of the construction
companies’ significant project risks according
to the reduced impact degree on investment
projects

Source: Developed by the authors.

Index . L
i Sub-category code, project risk index name
symbol :
X 1. Obtaining permits and Iicenses

‘7. 6 Current debt on long- term Ilabllltles in the T

: construction industry
X5 7.7, Credit debts """"""
X6 " 23 Costoverruns
X7 o, Delaym completrbn """

8. Private partner financial capauty (business
H solvency)

i works

e
N

x|

Hr
™

x|

H
s

x:

-
o

>

=
‘o

>

L
9

x:

e
it

x

e
‘b

>~

Y
H

2.6. Risks of environmental |mpact

X

~

In the next phase, a classifier for the quantitative
assessment of the level of the overall project risks
was constructed (Table 3). According to the fuzzy
set theory outlined above, this classifier is a stand-
ard five-level classifier on a 01 carrier, where the
AR values are in the range of ¢, - nodal points be-
longing to the set {0.9, 0.7, 0.5, . 3, 0.1} and are in-
verted from the standard location {0.1, 0.3, 0.5, 0.7,
0.9} in the quantification estimate classifier.
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Table 2. The classifier of indicator values for significant project risks )(ij of construction industry
enterprises according to a single quantification metric

Source: Developed by the authors based on expert estimates.

T-figures for the {Bi} set for the linguistic variable values of the term-set of project risks {RPRi}

Index
symbol * RpR_ = Very low RPR, = Low RPR, = Medium RPR, = High RPR, = Very high

X, (0,0,0.1,0.2) (0.1,0.2,0.25,0.3) (0.25,0.3,0.5,0.65) (0.5,0.65,0.7,0.8) (0.7,0.8,1,)
X2 (0,0,0:i;O.Z) - .'."('6.1,0.2',‘0.25,0:3) (0.25,0.3,0.5,0.65) H ("0.5,0.6"5,0.7,0.”8) 070811)
X, (00015025 = (015025035045 (035045055065  (0.550.650750.85) (07508511
X, (0001015) (01,0150250.35)  (0.25035045055) (045055065075 (06507511
X, 0001015) 01,0150.250.35)  (0.25035045055)  (0.450.55065075) (06507511
XE (0,0,0.5[;:0.25) L .('6‘.&5,0.25”,0.35,(5.45) (0.35,0.45,0.55,0.65)" (0.'55,0.65”,0.75,6‘485) (0750.851,1)
X7 (0,0,0.ig,‘O.ZS) L .('6‘.“15,0.25”,0.35,0".45) (0.35,0.45,0.55,0.65)" (0."55,0.65”,0.75,(;.85) (0750.851,1)
X, (0001025 = (0.1,0.250304) (0304055065 (0.550.6507,0.85) 0708511)
X, (0001025 (01,0.250304) (0304055065  (0.550.65070.85) (0708511)
X, (00015025 (015025035045  (0.35045055065)  (0.550.650750.85 (07508511
X11 (0,0,0.2]:5",0.3) ........ '(‘(5.15,0.5"‘,0.35,6‘.4) (0.35,0.4,0.5,0.6) H iO.S,O.é,O.ZO.é) 070811)
X, (0001503 (0.150304,05) (0.4,0.506065) (0.6,0.65,07,08) 070811
X, 000304) | (0.3,04,05,06) (050606507 (0.6507,0750.85) (07508511)
X, 000304) | (0.3,04,05,06) (050606507 (0.6507,0750.85) (075,08511)
X, (00015025 (015025035045  (0.35045055065)  (0.550.650750.85) (07508511
X;(; (0,0,0.5[;;0.25) L .('6‘.“15,0.25”,0.35,6‘.45) (0.35,0.45,0.55,0.65)" (0."55,0.65”,0.75,(;.85) (0750.851,1)
X, (00015025 = (015025035045  (0.35045055065)  (0.550.650750.85) (07508511
X, H (0304055065  (0.550.6507,0.85) 0708511)
X, (00015025 (015025035045  (0.35045055065)  (0.550.650750.85 (07508511
X;(; (0,0,0.5[;:0.25) L .('6‘.';l5,0.25”,0.35,(5‘.45) (0.35,0.45,0.55,0‘65)“ (0."55,0.65”,0.75,6‘.85) (0750.851,1)
X, 000304) | (0.3,04,05,06) (0506055065 (055065075085 | (07508511)

x, 000304) | (0.3,04,05,06) (0506055065 (055065075085 & (07508511)

Table 3. The classifier of the aggregate project risk quantification assessment for investment projects
at the construction industry enterprises

Source: Developed by the authors.

The range of aggregate parameter :
(AP) values of the aggregate

Classes of the aggregate project
risk of an investment project

The value of trapezoidal membership
functions in the degree of expert

project risks confidence
0<AP<0.15 PR, 1
PR =10x (0.25 - AP,
0.15 < AP <0.25 AT M, ( )
,‘ER“ 1-u=n,
0.25<AP<0.35 PR, 1
: PR =10 x (0.45 - AP,
0.35<AP<0.45 L M, ( )
PR, I-p,= K,
PR, 1
PR =10 x (0.65 — AP,
0.55< AP < 0.65 3 M, ( )
0.65<AP<0.75 PR, 1
PR =10x (0.85— AP
0.75 <AP < 0.85 L2 M, ( )
PR, 1-p,=p,
0.85< AP < 1. PR, 1

http://dx.doi.org/10.21511/ppm.17(4).2019.17
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This classifier (see Table 3) is not adequately spec-
ified in terms of sufficient informativeness of the
metric of its quantitative expression. Therefore,
the paper proposes to improve the methodolo-
gy by means of introducing probabilistic values
for the threat that investment project may not be
completed, depending on the value of the aggre-
gate project risks AP.

Thus, the economic and mathematical setting is
limited to the following: during the investment
project implementation of construction enter-
prises, there is a threat of 22 types of signifi-
cant project risks (see Table 2). It is essential to
determine the P(X)) probability that k types of
significant project risks will be realized simul-
taneously during the project implementation.
However, the higher the likelihood of manifest-
ing k risks, the higher the probability of invest-
ment project failure.

The above task in this work was solved using the
MSExcel spreadsheet.

According to Table 4, if the value of the linguis-
tic variable “Aggregate Project Risk” falls into the
class of boundary project risk and the limit values
have eleven significant project risks from the total
list of 22 risks (see Table 2), then the probability
of investment project failure is 16.8%. If six of the

first 11 of the most significant project risks are in-
cluded in this class, then the probability of the in-
vestment project failure is 22.6%.

If the value of the linguistic variable of “Aggregate
Project Risk” (see Table 3) falls into the “high
risk” class, and the high values have 12 or 10 sig-
nificant project risks of the total list of 22 risks
in Table 2, then the probability of the investment
project failure is 15.4%. If seven of the first 11
rated most significant project risks fall into this
class, then the probability of the investment pro-
ject failure is 16.1%.

If the value of the linguistic variable “Aggregate
Project Risk” (see Table 3) falls into the “middle
level of project risk” class, and 13 or nine signif-
icant project risks of the total list of 22 risks in
Table 2 are relevant, then the probability of the in-
vestment project failure is 11.8%. If four of the first
11 of the most significant project risks are included
in this class, then the probability of failure of the
investment project also equals 16.1%.

In the sixth phase, the current values of the sig-
nificant project risks of X were evaluated and the
indicators were identified by their membership
levels as to fuzzy subsets {B}. The result of classi-
fication by subsets B of values x; is made for one
of the enterprises under study, the Kyivmiskbud

Table 4. A quantification system for assessing the level of threat of the investment project failure

of construction industry enterprises

Source: Developed by the authors.

. Probability of the investment
i project failure, provided that the :

Probability of the investment
project failure, provided that the

Interpretation of risk quantification parameters validity of k risks from the general validity of k risks from the total of

list of significant project risks
(Table 2) is confirmed

the first 11 significant project risks
: (Table 2) is confirmed

The value of The number of - The number of -
L U A i The probability : . L i The probability
The value of the linguistic the linguistic | likely significant : . ¢ likely significant : .
. . . : . . i of the invest- . . i of the invest-
variable S/Pi, The Status of variable, project risks . i projectrisks .
. . { ment project . . ment project
the Investment Project |  Aggregate | (k) acting . failure, P(X ) (k) acting . failure, P(X
i Project Risk, PRi | simultaneously »P(X,) i simultaneously ! /
SIP, = boundary non-perfor- PR1.= bogndary 11 0.168 6; 0.226
NANCR e L PTOICCEFISK e = e
SIP,= non-performance PR, = high risk ﬁ)’ 0.154 7 0.161
SIP. = middle performance PR, = middle : 13; 0.118 4 0.161
T ; project risk : 2 B

i PR, = low project

SIP, = sufficient f -
S 1

PR, = insignificant

SIP, = boundary performance project risk
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Table 5. The membership level matrix of indicator carriers of construction enterprises’ significant
project risks in fuzzy subsets of linguistic variable values of the project risk {RPR } term-set

Identification results according to subsets of B, of the current values

Indicator symbol
v B B Bj Bi Bj
1 2 3 4 5
X, f11 f12 f13 f14 f15
X, f21 f22 23 : f24 f25
X, fnl fn2 fn3 fna fn5

Holding Company. The values of significant pro-
ject risks X, construction industry enterprises
were classified for two periods within the term of
the enterprise investment project (2017-2018).

According to the fuzzy sets theory, indicators are
identified by the membership levels as to fuzzy
subsets {B } by formulas (5)-(9), and the results of
the calculations are proposed to be presented in
matrix form (Table 5).

The calculations for the recognition of significant
project risks by the fuzzy subset membership
{B} levels are made for Kyivmiskbud-1 (Housing
Complex Urlivskyi-1), one of the enterprises
of the Kyivmiskbud Holding Company under
study. The calculations according to formulas (5)-
(9) were also performed over two periods within
the term of the enterprise’s investment project
(2016-2017-2018).

In the seventh phase, an integrated indicator of
the quantitative assessment of the aggregate pro-
ject risks AR of construction industry enterpris-
es was calculated by formula (10). The initial data

for the calculation were formed by way of a matrix
(see Table 5).

The aggregate AR index for Kyivmiskbud-1 was
calculated using the MSExcel spreadsheet.

The obtained value of the aggregate AR indi-
cator is identified based on the quantitative as-
sessment classifier of aggregate project risks for
investment projects of the construction indus-
try enterprises (see Table 3). Therefore, the clas-
sification results in the linguistic description of
the aggregate indicator of the quantitative as-
sessment of the construction industry enterpris-
es’ aggregate project risks, the degree of expert
confidence in the result of recognition, an indi-
cator of the probability level of the investment
project failure influenced by the cumulative ef-
fect of k-significant project risks.

Table 6 presents the obtained values of the calcula-
tion results for Kyivmiskbud-1.

Table 6 allows concluding that aggregate pro-
ject risks in the second period of the invest-

Table 6. Quantification estimate results for the level of integrated project risks for Kyivmiskbud-1s

investment projects

Source: Developed by the authors.

The probability

Period of the Aggregate Linguistic description of The linguistic The degree of the investment
investment ¢ indicator of | the aggregate indicator variable ofexpert | project failure
roiect : thelevel of : of the quantitative “Investment | confidence ! influenced by the
__prol . i total project i  assessment of total Project Status”, | resulting from : cumulative effect
implementation | : . . : e L
i risks, AR project risks sip : the recognition ;| of k-significant
: project risks
| 0.34 PR4 = low project risk SIP4 = sufficient 1 -
BT B T SO .14 L0L N SO SO
H PR3 = medium project risk SIP3 = medium ; 0.24 H 0.161 (k=4)
: performance H H
“ 0.374 SIP4_fﬁt 44444444
PR4 = low project risk = sumcien 0.76 -
performance
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ment project implementation at Kyivmiskbud-1
increased, because the aggregate AR indicator
increased from 0.34 in the first period to 0.374.
Thus, if in the first period experts with 100%
certainty rated the aggregate risk level as low
and the status of the investment project was ex-
pected to be sufficient to reach the planned NPV
value, then in the second period the aggregate
project risks already had boundary values of the
linguistic description between low and medium
project risks. This also corresponds to bounda-
ry investment project performance as medium
and sufficient. Despite the fact that the degree
of expert confidence in recognition results in
only 24 percent of the average aggregate risk (as

opposed to 76% of confidence in assessing pro-
ject risk as low), but the four most significant
risks are among the 11 most influential, which
translates the investment project implementa-
tion status to medium with a 16.1% probability.

Thus, the degree of project risk can be assessed as a
complex indicator that characterizes the financial,
macroeconomic and microeconomic positions of
the construction company, as well as the quality of
management of the enterprise and the investment
project, which leads to the combination of qual-
itative and quantitative estimates of project risks
within the same model. This method is possible
to implement based on so-called matrix methods.

CONCLUSION

The analysis of the Kyivmiskbud-1’s investment project makes it possible to conclude that the aggregate
project risks in the second period increased by 3.4% compared to the first period. In the first period, the
experts assessed the risk as low with 100% certainty, and the investment project’s status was expected to
be sufficient to reach the planned NPV. In the second period, the investment project execution bound-
ary was between medium and sufficient levels. Overall, despite the fact that experts’ confidence in the
second period was 24% relative to the average level of aggregate risk exposure, four significant risks
were among the most influential. In turn, the probability of the investment failure project was negligible,
which indicates the feasibility of implementing the planned project.

In general, the use of fuzzy set theory in project risk management has numerous advantages. In particu-
lar, it allows: analyzing many of linguistic parameters and building a holistic view of project risk man-
agement; developing classifiers and matrix schemes of aggregation of enterprises’ project risks; assessing
the level of aggregate risk exposure; and identifying the probability of risks that may arise at the same
time as the project is implemented. Thus, the use of fuzzy set theory is appropriate and promising for
further studies of project risk management.

REFERENCES

Akintoye, A. S., & Macleod, M. J.
(1997). Risk analysis and manage-
ment in Construction. International
Journal of Project Management,
15(1), 1-38. https://doi.org/10.1016/
$0263-7863(96)00035-X

Alekseev, A. V. (1979).
Interpretation and definition of
membership functions of fuzzy
sets. Decision Methods and Systems,
42-50.

Barton, T. L., Shenkir, W. G.,

& Walker, P. L. (2003). Making
enterprise risk management pay off.
Financial Executives Research Foun-

212

dation, 215. Retrieved from https://
dl.acm.org/citation.cfm?id=1238030

Besner, C., & Hobbs, B. (2006).
The perceived value and po-
tential contribution of project
management practices to project
success. Project Management
Journal, 37(3), 37-48. https://doi.
0rg/10.1177/875697280603700305

Bojadziev, G. (1997). Fuzzy
Logic for Business, Finance and
Management. Advances in Fuzzy
Systems, 12, 252. https://doi.
org/10.1142/3312

BucKley, J. (1992). Solving fuzzy
equations in economics and finance.

Fuzzy Sets & Systems, 48, 289-296.
https://doi.org/10.1016/0165-
0114(92)90344-4

Couturier, A., & Fioleau, B. (2002).
Debt Level and Company Efficien-
cy: Independence or Implication?
An Evaluation of Fuzzy Implica-
tion. European Journal of Economic
and Social Systems, 14(1), 17-25.
Retrieved from https://pdfs.seman-
ticscholar.org/6c5e/94fa5fba2847f5¢
€567111dcf71405d0fe25.pdf

De Bakker, K., Boonstra, A., &
Wortmann, H. (2010). Does risk
management contribute to IT proj-
ect success? A metaanalysis of em-

http://dx.doi.org/10.21511/ppm.17(4).2019.17



10.

11.

12.

13.

14.

15.

16.

17.

pirical evidence. International Jour-
nal of Project Management, 28(5),
493-503. https://doi.org/10.1016/j.
ijproman.2009.07.002

Dukhanina, E. V., & Chudaykina,
T.N. (2014). The main forming of
identifying risks investment com-
panies - building complex (on the
example of Penza). Retrieved from
https://www.science-education.ru/
pdf/2014/5/787.pdf

Fishburn, P. C. (1978). Utility
theory for decision making. Re-
trieved from https://apps.dtic.mil/
dtic/tr/fulltext/u2/708563.pdf

Gavrysh, O. A., & Kavun, V. A.
(2017). Critical analysis of regula-
tory framework of project risks
management. Economic Bulletin
of National Technical Univer-

sity of Ukraine “Kyiv Polytechni-
cal Institute”, 14. Retrieved from
http://ev.fmm.kpi.ua/article/
view/108781/103724

Hassanein, A. A., & Afify, H.

M. (2007). A risk identifica-

tion procedure for construction
contracts — a case study of power
station projects in Egypt. Civil
Engineering and Environmental
Systems, 24, 3-14. https://doi.
0rg/10.1080/10286600600910104

Holton, G. A. (2003). Value-at-Risk.
Theory and Practice. Academic
Press, 297. Retrieved from https://
www.value-at-risk.net/

Ilyashenko, S. M. (2006). Manage-
ment of innovative development,
234.

Igbal, S., Choudhry, R. M., Holsche-
macher, K., Alj, A., & Tamosaitiené,
J. (2015). Risk management in con-
struction projects. Technological and
Economic Development of Economy,
21, 65-78. https://doi.org/10.3846/20
294913.2014.994582

Joao M. Pinto (2017). What is proj-
ect finance? Investment Management
and Financial Innovations, 14(1-1),
200-210. https://doi.org/10.21511/
imfi.14(1-1).2017.06

Kaplinski, O. (2013). Risk Manage-
ment of Construction Works by
Means of the Utility Theory: A Case
Study. Procedia Engineering, 57,
533-539. https://doi.org/10.1016/j.
proeng.2013.04.068

http://dx.doi.org/10.21511/ppm.17(4).2019.17

18.

19.

20.

21.

22.

23.

24.

25.

26.

Problems and Perspectives in Management, Volume 17, Issue 4, 2019

Kaufmann, A., & Gupta, M.

(1991). Introduction to Fuzzy
Arithmetic: Theory and Applications.
Van Nostrand Reinhold, ASIN:
0442008996.

Kolodiziev, O., Tyschenko, V., &
Azizova, K. (2017). Project finance
risk management for public-

private partnership. Investment
Management and Financial
Innovations, 14(4), 171-180. https://
doi.org/10.21511/imf1.14(4).2017.14

Kovalev, V. V. (1997. Sbornik zadach
po finansovomu analizy

[A book of financial analysis
problems] (128 p.). Moscow:
Finance and Statistics (in Russian).

Melnykova, V. A. (2019). Cluster
analysis of project risks of enterpris-
es in the construction industry. East

European Science Journal, 9(49), 4-9.

Retrieved from https://eesa-journal.
com/wp-content/uploads/EESA_
september_part_4.pdf

Nedosekin, A. O. (2003).
Metodologicheskie osnovy mod-
elirovaniya finansovoy deyatelnosti s
ispolzovaniyem nechetko-mnozhest-
vennykh opisaniy [Methodological
foundations of modeling financial
activities using fuzzy set descrip-
tions] (Doctoral Dissertation)(in
Russian). Retrieved from https://
www.dissercat.com/content/
metodologicheskie-osnovy-mode-
lirovaniya-finansovoi-deyatelnosti-
s-ispolzovaniem-nechetko-mno

Nedosekin, A. O., & Maksimov, O.
B. (1999). Application of the fuzzy
sets theory to the financial analysis
of enterprises.

Perminova, O., Gustafsson, M.,
& Wikstrom, K. (2008). Defining
uncertainty in projects — a new
perspective. International Journal
of Project Management, 26, 73-79.
https://doi.org/10.1016/j.ijpro-
man.2007.08.005

Serpella, A. E, Ferrada, X., Howard,
R., & Rubio, L. (2014). Risk man-
agement in construction projects:

a knowledge-based approach.
Procedia - Social and Behavioral
Sciences, 119, 653-62. https://doi.
org/10.1016/.sbspro.2014.03.073

Shenhar, A. J., & Dvir, D. (2010).
Reinventando gerenciamento de
projetos - A abordagem diamante ao
crescimento e inovagdo bem-sucedi-

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

dos. Sdo Paulo: M. Books, Harvard
Business School Press.

SIGEF Association official website.
Retrieved from http://gandalf.fcee.
urv.es/sigef/english/frame.html

Taylan, O., Bafail, A. O., Abdulaal,
R. M., & Kabli, M. R. (2014). Con-
struction projects selection and risk
assessment by fuzzy AHP and fuzzy
TOPSIS methodologies. Applied Soft
Computing, 17, 105-16. https://doi.
org/10.1016/j.as0c.2014.01.003

Trukhaev, R. (1981). Decision
making models in the face of
uncertainty, 258.

Wang, S. Q,, Dulaimi, M. F, & Agu-
ria, M. Y. (2004). Risk management
framework for construction projects
in developing countries. Construc-
tion Management and Economics,
22, 237-52. https://doi.org/10.1080/0
144619032000124689

Ward, S., & Chapman, C. (2003).
Transforming project risk man-
agement into project uncertainty
management. International Journal
of Project Management, 21(2), 97-
105. https://doi.org/10.1016/S0263-
7863(01)00080-1

Williams, C. A., & Heins, R. M.
(1989). Risk Management and Insur-
ance (6th ed.) 836 p.

Zadeh, L. A. (1965). Fuzzy sets.
Information and Control, 3, 338-353.
https://doi.org/10.1016/S0019-
9958(65)90241-X

Zadeh, L. A. (1971). Quantita-

tive fuzzy semantics. Information
Sciences, 3, 159-176. https://doi.
0rg/10.1016/50020-0255(71)80004-
X

Zadeh, L. A. (1976). The concept of a
linguistic variable and its application
to making approximate decisions (pp.
199-249).

Zadeh, L. A. (1978). Fuzzy Sets as
a Basis for a Theory of Possibil-
ity. Fuzzy Sets and Systems, 1(1).
https://doi.org/10.1016/50165-
0114(99)80004-9

Zimmerman, H. J. (2001). Fuzzy
Sets Theory - and Its Applications.
Kluwer Academic Publishers, 514.
https://doi.org/10.1007/978-94-
010-0646-0

213



	“Project risk management of the construction industry enterprises based on fuzzy set theory”

