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1. Introduction

The development of modern cities is characterized by 
high population density, a shortage of land plots for the 
construction of the sites for different functional purposes, 

which, in turn, raises the cost of vacant sites in cities. It 
causes an increase in the number of stories in buildings and 
density of the city development, and in combination with 
measures of the economy, caused by the increasing scale of 
construction of buildings, makes high-rise buildings a viable 
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Розроблено пiдхiд до вибору рацiонального управлiння 
проектами спорудження висотних будiвель, який забезпечує 
ефективне використання ресурсiв. Такий пiдхiд спрямований 
на забезпечення економiчностi, енергоощадностi, якостi, 
безпечностi та екологiчностi висотних будiвель.

Запропоновано вирiшувати такi завдання на основi 
пошуку рацiональних рiшень, що найбiльше вiдповiдають 
бажаним (заданим) технiко-економiчним характеристи-
кам (показникам), на основi застосування статистично-
го моделювання проектiв як керованих процесiв. Разом iз 
цим доцiльно враховувати вплив визначальних органiзацiй-
но-технологiчних, технiчних та управлiнських факторiв. 
Для оцiнювання рiшень вiдносно цих факторiв необхiдно 
вiдшукати рацiональне значення критерiю ефективностi 
управлiння. З позицiї замовника (iнвестора) в якостi одного з 
таких критерiїв доцiльно розглядати мiнiмум вартостi спо-
рудження висотних будiвель.

Запропоновано враховувати вплив факторiв якостi, без-
печностi, енергоефективностi, екологiчностi, оптимальної 
експлуатацiї висотної будiвлi. Достатнiсть i суттєвiсть 
впливу цих факторiв на прийняття рацiональних рiшень при 
управлiннi проектами висотного будiвництва обґрунтовано 
результатами експертного опитування.

Отримано математичнi моделi, якi заснованi на враху-
ваннi системного впливу визначальних факторiв. Цi моделi 
надають можливiсть кiлькiсного оцiнювання рiвня досяг-
нення заданого результату, зокрема за критерiєм вартостi 
спорудження висотних будiвель, на рiзних етапах управлiн-
ня проектом.

Одержанi результати є актуальними, оскiльки дозво-
ляють досягати рацiональних значень бажаних показникiв 
у конкретних умовах виконання будiвельно-монтажних 
робiт та в межах заданих ресурсних обмежень. Оперуючи 
прогнозованими оцiнками очiкуваних результатiв, iнвесто-
ри мають можливiсть вiдкоригувати свої цiлi та обрати 
найбiльш рацiональний варiант реалiзацiї iнвестицiйно-бу-
дiвельного проекту

Ключовi слова: проект, рацiональне управлiння проек-
том, критерiй ефективностi управлiння, висотне будiвни-
цтво, ефективне використання ресурсiв, органiзацiйно-тех-
нологiчнi, технiчнi та управлiнськi фактори
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alternative to modern development. Along with this, there 
arises the problem of finding territorial reserves for con-
struction. In most major cities, these reserves can include de-
graded industrial zones, during the reconstruction of which 
with the change of their functional purpose, one can obtain 
modern buildings [1–3].

The modern concepts of sustainable development and 
compact cities determine the tendencies of a further in-
crease in the number of floors in buildings [4].

Management of the project of high-rise building con-
struction can be considered as the process of transition 
from the initial state (the state of unsatisfied needs in 
the premises for a certain functional purpose with spe-
cific quantitative and qualitative characteristics) to the 
final state (the state of satisfied needs regarding quan-
tity and quality) under conditions of assigned resource  
restrictions.

In this case, a project of high-rise building construction 
as an object of control is under the following actions and 
influences:

– requirements for results, as well as the ways to achie- 
ve them;

– conditions of project implementation;
– resource restrictions;
– risks;
– external influences;
– internal influences.
Taking into account the specific features of high-rise 

building construction, planning, and implementation of such 
projects takes place under conditions of a changeable exter-
nal environment, the impact of which on the state of projects 
complicates rational decision making.

2. Literature review and problem statement

Management of high-rise building construction proj-
ects involves making rational decisions aimed at reduc-
ing the cost of high-rise building construction. This is 
achieved by increasing the efficiency of resource use while 
meeting the requirements for efficiency, energy saving, 
safety, quality, and ecological friendliness of high-rise 
construction.

Paper [5] focuses on designing and constructing high-
rise buildings. The city construction and architectural- 
structural aspects of designing high-rise buildings were 
considered. The effect of the functional purpose and the 
multi-story factor on the choice of the form and the struc-
ture of a high-rise building was determined. However, the 
author did not study the problem of organization and man-
agement of high-rise building construction projects.

The research, covered in paper [6], deals with the theory 
and practice of sustainable design of high-rise buildings, but 
considers mainly architectural and technological compo-
nents of high-rise building construction, leaving the man-
agement processes beyond consideration.

The results of research into the used schemes of imple-
mentation of investment-construction processes are report-
ed in paper [7]. The inconsistency of many solutions, some 
violation of technology, and organization of production 
works, safety, a significant excess of the actual cost, and 
time indicators of investment projects over the planned ones 
were revealed. The reason for this may be the poor quality 
of pre-project research and surveys. That is why it is expe-

dient to improve methodological approaches to the design 
and operation of the system of managerial decision-making 
regarding the construction of high-rise buildings with a 
high-reliability level.

The application of a systemic approach to the devel-
opment and implementation of construction projects is 
presented in article [8] in the context of the complexity of 
managing the projects related to stakeholders, and projects’ 
sustainability in the context of resource supply. A new look 
at effective project management is given in study [9], which 
focuses on the principles of green construction and ecologi-
cally friendly buildings.

Article [10] deals with the substantiation of organiza-
tional and managerial decisions under conditions of the 
changeable external environment, taking into consideration 
the risk of a project. The difference of the proposed approach 
is refusal from a priori assumptions about the stochasticity 
of the studied processes and magnitudes, as well as in the ap-
plication of the measurement theory. However, this approach 
involves the use of sufficiently complex analytical models, 
which do not exclude the subjectivity factor. That is why it 
is necessary to apply other approaches to the substantiation 
and the choice of managerial decisions, in particular, statis-
tical modeling.

Paper [11] presents the author’s approach to project man-
agement, which is based on the development of appropriate 
tools for the conditions of specific design-oriented enter-
prise. It is aimed at ensuring obtaining maximum results of 
a project under certain resource restrictions. Attention is 
paid to the management of influences in order to minimize 
their possible negative effect on a project. It is proposed to 
apply expert estimates to the assessment of priority param-
eters of a project (temporal, cost, qualitative). However, it is 
necessary to expand the set, taking into account the impact 
factor. In addition, determining the project quality requires 
specification.

The approach to the evaluation of the managerial im-
plementation of the calendar plans of construction sites 
projects, taking into consideration the probabilistic nature 
of impact factors was formed in study [12]. However, only 
the organizational and technological processes of construc-
tion of residential facilities, which influence the level of 
managerial implementation of calendar plans, are taken into 
consideration. The systemic impact of determining factors in 
the management of project costs and resources is not taken 
into account.

Paper [13] proposed the methodological principles 
of the formation, evaluation, substantiation, and selec-
tion of organizational and technological decisions for 
the construction of high-rise multifunctional complexes 
under conditions of compacted urban areas. The impact 
of the factors of the building height, design complexity, 
construction, and management of investment and con-
struction projects was taken into consideration in the 
substantiation of decisions in terms of costs and duration 
criteria. These decisions are aimed at ensuring the com-
missioning of facilities with the assigned technical and 
economic characteristics. However, the issues related to 
energy efficiency and environmental friendliness of high-
rise buildings remained unresolved.

Article [14] focuses on the development of the applied 
toolset of the organization of biosphere compatible construc-
tion, implemented in the format of modern construction de-
velopment based on the principles of environmental friend-
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liness and energy saving. The determining components of 
the organization of the biosphere compatible construction 
were identified. However, in article [14], the management 
object is sports and health complexes, which do not take into 
consideration the specific characteristics of high-rise build-
ings and peculiarities of their technology and construction 
organization. Accordingly, this approach requires further 
improvement.

Paper [15] considers the task of assessing the invest-
ment attractiveness of construction projects in terms of risk 
and uncertainty. It was proposed to apply the methods of 
mathematical statistics in determining the project efficien-
cy indicators. The possibility to evaluate the project effec-
tiveness under various scenarios of risky events was taken 
into account. However, the proposed approach does not 
make it possible to compare simultaneously the alternative 
options of a project at different values of its key parameters, 
in particular, such as cost-effectiveness, energy efficiency, 
and environmental friendliness.

In paper [16], the advantages and disadvantages of var-
ious methodological approaches to the assessment of the 
risk level, related to a construction project are analyzed. 
However, the considered approaches involve the use of the 
standard mathematical apparatus. Ensuring the rational 
management of high-rise building construction project is a 
complex problem, the solution of which requires a systemic 
approach, based on consideration of a set of impact factors 
with the appropriate substantiation of the methods for de-
termining quantitative values of these factors, in particular, 
by expert estimates.

Research [17] gives the analytical review of the studies 
of the selection of rational decisions in the field of civil en-
gineering using multi-criteria optimization. It was proposed 
to create an integrated decision-making system combining 
the advantages of both BIM-technologies and subject-ori-
ented design. Along with this, the issue of the relationship 
between different criteria at an increase in the number of 
criteria, setting the criteria hierarchy remains unresolved. 
The specific features of the management of high-rise build-
ing construction processes under conditions of uncertainty 
were not considered either.

Research [18] deals with the improvement of the green 
building assessment system. It was proposed to take into 
consideration the comprehensive influence of factors such 
as internal environment, materials, and intelligent systems 
when assessing the ecological friendliness of buildings. The 
interrelation of criteria, by which environmental friendliness 
of buildings is assessed, was taken into consideration. How-
ever, the obtained results are not balanced when it comes to 
the interests of all stakeholders.

In paper [19], the approaches to a preliminary assess-
ment of investment-construction projects taking into ac-
count the stochastic nature of the processes were analyzed, 
which indicates the relevance of the task, considering the 
steady tendency towards an increase in the volume of 
high-rise construction. However, the issue of prediction 
and substantiation of the indicators of the effectiveness 
of organizational and technological solutions requires a 
systemic approach given a significant number of determin-
ing factors. Such factors are the magnitudes of different 
dimensionality, and that is why determining their influence 
requires a relevant mathematical apparatus. For this pur-
pose, it is possible to use, for example, the theory of expert 

estimates, which is used in cases of problem complexity, 
its novelty, insufficiency of the existing information, or 
impossibility of formalization of the decision-making pro-
cess. Thus, paper [20] gives an example of the application 
of the theory of expert estimates in determining the most 
expedient methods of repair and restoration of water supply 
networks. It seems also possible to spread the proposed ap-
proach to research into the choice of rational management 
of high-rise building construction projects. However, when 
applying the theory of expert estimates, it is advisable to 
consider the experience of the projects that are most suc-
cessful and similar by basic indicators.

Thus, today there is no unified approach to the se-
lection of the rational management of high-rise building 
construction, both in terms of consideration of impact fac-
tors, and in terms of the choice of management efficiency 
criterion. That is why it is proposed to consider a task of 
management of high-rise building construction as a task 
of searching for rational solutions, which best meet the 
desired (assigned) technical and economic characteristics 
(indicators), based on the application of statistical model-
ing of projects as manageable processes. At the same time, 
it is advisable to take into consideration the influence of 
determining organizational-technological, technical, and 
managerial factors in compliance with the requirements 
on cost-effectiveness, energy-saving, safety, quality, and 
ecological friendliness, when choosing a rational decision. 
To assess decisions regarding these factors, it is necessary 
to find a rational value of the management efficiency crite-
rion. It will characterize the quality of the made decision 
and represent the extreme value of the objective function, 
as well as serve to compare alternative options and the 
selection of the most rational of them. From the custom-
er’s (investor’s) position, it is appropriate to consider the 
minimum of the cost of high-rise building construction as 
one of the criteria.

3. The aim and objectives of the study

The aim of this study is to develop the approach to 
the selection of rational management of high-rise building 
construction, which ensures efficient use of resources. This 
approach is aimed at ensuring cost-effectiveness, ener-
gy-saving, quality, safety, and environmental friendliness of 
high-rise buildings.

To achieve the set aim, the following tasks have been 
solved:

– to systematize determining organizational-technologi-
cal, technical and managerial factors, which characterize the 
specific requirements to cost-effectiveness, energy efficiency, 
quality, safety and environmental friendliness of high-rise 
buildings during their life cycle (design, construction, and 
maintenance);

– to formalize the factors that exert a significant influ-
ence on making rational decisions in the management of 
high-rise building construction project;

– to develop mathematical models, which are based on 
taking into account the systemic influence of determining 
factors and are intended for quantitative estimation of the 
level of achievement of the assigned result, in particular, by 
the cost criterion of high-rise building construction, at dif-
ferent stages of project management.
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4. Materials and methods to study the rational 
management of high-rise building construction projects

25 projects were analyzed to research the rational 
management of high-rise building construction projects. 
Information about these projects was provided by the mu-
nicipal organization “Institute of General Plan of Kyiv”. 
The explored buildings of the height up to 150 m combine 
residential, entertaining, office, trade functions and are 
equipped with underground parking lots. These high-rise 
buildings belong to the frame ones, with the stiffness dia-
phragms and frame-tying, with monolithic reinforced con-
crete frames and brick non-bearing external walls, having 
a rectangular shape.

The following research methods were applied to solve 
the set tasks:

– a method of expert estimates – for the selection of 
factors that perform a determining influence on making 
rational decisions in the management of high-rise building 
construction projects;

– methods from the theory of probability and mathe-
matical statistics, correlation-regression analysis – to select, 
process and analyze the source data, development of mathe-
matical models that provide an opportunity to obtain quan-
titative estimates of the level of achievement of the assigned 
result, in particular, in terms of the cost of high-rise building 
construction, at various project management stages.

The appropriateness of the application of the method of 
expert estimates for making a reasonable decision on the 
selection from the composite list of determining factors is 
caused by the lack of statistical data on priority their impact 
on the studied indicators.

To identify the set of potential experts in the field of high-
rise building construction, it is advisable to apply the most 
common and effective “snowball” method. The “snowball” 
method is effective because it makes it possible to identify a 
rather wide range of specialists, contains rich latent informa-
tion, which can be detected as a result of additional analysis.

The method for assessing professional competence based 
on questionnaire self-assessment is rather productive to as-
sess the competence of specialists. According to this method, 
the competence of experts is evaluated by the competence 
coefficient, calculated based on the subjective judgment of 
an expert about the degree of awareness about the problem 
solved and specification of the typical sources of reasoning 
of their ideas [21, 22].

To be able to use the results of problem-solving confi-
dently, one must have reliable source data. The only way to 
obtain information in such cases is to collect the necessary 
data on other similar sites and their treatment by the meth-
ods of mathematical statistics.

The estimation and substantiation of authenticity, the 
uniformity of collected information and its obedience to the 
law of normal distribution are carried out by means of the 
root mean square deviation, variation factor, asymmetry 
index, and excess indicator.

The most difficult issue when creating mathematical mod-
els is to choose a communication form, that is, an analytical 
function that connects the elements of the explored system.

To model the relationships between the factor and re-
sultant features, that is the selection of the appropriate re-
gression equation, the systematized factors are subjected to 
correlation-regression analysis after their presenting in the 
form of paired and of multifactor models.

In order to assess the quality (reliability) of the chosen 
regression equation, the Fischer criterion [23] and the deter-
mination coefficient [23] are used.

5. Results of the systematization of influence factors 
in the rational management of high-rise building 

construction projects

In making rational decisions on the management of high-
rise building construction, aimed at ensuring the efficient 
use of resources, it is necessary to take into account such 
factors as the space lack of a construction site, methods for 
construction organization, availability of storage areas for 
structures, reliability of organizational-technological solu-
tions, and technological design solutions. That is why these 
factors were not considered in the study.

When forming the list of determining factors, the spe-
cific features of the design, construction, and maintenance 
of high-rise buildings and the fact that high-rise buildings 
belong to the sites with the increased level of responsibility 
were taken into account. The topical concepts of sustainable 
development of settlements, green construction, and compact 
cities were considered, literary sources were studied [24–28],  
and design and executive construction documentation of 
several high-rise facilities were analyzed. Based on the 
above, we formed the list of organizational-technological, 
technical and managerial factors, which to a large extent 
determine the character of high-rise construction and influ-
ence making rational decisions in the management of high-
rise building construction projects:

1) organizational-technological factors:
– reliability of a construction organization (fr);
– quality of a high-rise building (fq);
2) technical factors:
– safety of a high-rise building (fs);
– the energy efficiency of a high-rise building (fen);
– ecological friendliness of a high-rise building (fec);
– labor productivity (flp);
– harmonization of a high-rise building with the envi-

ronment (fhe);
– rational urban land use (flu);
3) managerial factors:
– qualification of construction personnel (fqp);
– competence of administrative and management  

staff (fc);
– staff motivation (fsm);
– optimal maintenance of a high-rise building (fom).
In this study, the reliability of the construction organi-

zation implies the possibility of realizing the interests of the 
participants of high-rise construction.

The quality of a high-rise building is determined by its 
reliability, durability, technological efficiency, utility, and 
aesthetics.

The safety of a high-rise building implies its capacity not 
to pose threats to life and health of people, as well as for the 
environment during its maintenance.

The energy efficiency of a high-rise building is its prop-
erty that is characterized by the amount of energy needed to 
ensure normal vital activity of people.

The ecological friendliness of a high-rise building implies 
minimizing its impacts on the environment.

Labor productivity is characterized by the ratio of the vol-
ume of works and the amount of labor spent to execute them.
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Harmonization of a high-rise building with the envi-
ronment implies that the building should not destroy the 
environment, but rather improve it.

Rational urban land use means effective, safe, invest-
ment-attractive, and sustainable land use, taking into con-
sideration the value of urban areas.

Qualification of construction personnel is determined by 
the average tariff coefficient of brigades involved in high-rise 
building construction.

Competence of administrative and managerial staff is 
determined by the existence of communication skills, cre-
ativity, innovativeness, result-based orientation, flexibility, 
adaptability, availability of work experience, professional-
ism, leadership, organization and control over activity, moti-
vation, and development of personnel.

Staff motivation is the impact on workers to form the 
need for high-performance work, increased interest in im-
proving the final performance. It can be done by material, 
labor, and status motivation.

Optimum maintenance of a high-rise building involves 
minimizing capital investments and current costs for its 
maintenance.

20 experts were involved in the expert estimation of the 
degree of influence of the above-mentioned factors on the 
level of achievement of the assigned result of a project by 
the chosen criterion of management efficiency. The experts 
included scientists of higher education institutions of the 
construction profile and specialists of design and construc-
tion organizations. The number of experts was determined 
according to the recommendations [21, 22].

The results of the expert survey are consolidated in 
Table 1.

Based on the data of Table 1, we determined the coeffi-
cient of concordance of experts’ opinions, which equals 0.75, 
which indicates a high concordance of experts’ opinions.

To assess the significance of the concordance coefficient, 
we apply Pierson criterion (χ2-criterion), which is equal  
to χ2=165.

The table value of χ2-criterion for P(χ2)=0.05 and the 
number of degrees of freedom d.f.=12–1=11 is 2 19.68.tabχ =

According to Table 1, the diagram of the total ranks of 
the studied factors was plotted (Fig. 1).

Fig.	1.	Diagram	of	the	total	ranks	of	the	studied	factors	by	
the	results	of	expert	estimation

According to the data in Fig. 1, taking into consideration 
the value of the average rank, which is equal to 130, we con-
cluded that the factors that exerted determining influence 
on the level of achievement of the given project result by 
the criterion of costs of construction of high-rise buildings. 
From the studied 12 factors, the greatest influence on the 
cost of construction of high-rise buildings was made by 
factors fq, fs, fen, fec, fom, since the total ranks of these factors 
are minimal.

Table	1

Results	of	the	expert	survey	regarding	the	influence	of	systematized	factors	on	the	level	of	achievement	of	the	assigned	
project	result

Experts
Factors

Total
fs fen fq fec fhe flu fom fqp fc flp fsm fr

1 1 4 2 3 12 5 9 7 8 11 10 6 78

2 1 3 2 5 10 7 8 12 6 9 11 4 78

3 3 2 1 6 7 4 8 9 11 10 12 5 78

4 1 3 2 4 12 9 8 5 6 11 10 7 78

5 4 3 1 2 11 12 7 6 8 10 9 5 78

6 2 4 1 3 12 7 6 9 8 10 11 5 78

7 5 2 1 3 11 4 6 8 7 12 10 9 78

8 5 1 2 4 12 8 3 6 9 7 11 10 78

9 5 2 1 3 7 12 4 9 10 6 11 8 78

10 3 4 1 2 12 10 5 9 6 11 8 7 78

11 1 4 2 3 10 12 7 6 9 11 8 5 78

12 2 4 1 3 11 9 8 7 10 6 12 5 78

13 1 3 2 4 11 6 5 7 8 10 12 9 78

14 2 1 4 3 6 5 7 8 9 10 12 11 78

15 1 2 3 6 11 12 5 10 9 7 8 4 78

16 1 2 3 4 6 7 5 12 11 8 10 9 78

17 1 3 2 5 11 8 9 7 6 10 12 4 78

18 1 3 4 2 11 7 5 8 9 10 12 6 78

19 2 3 1 6 11 9 4 7 10 8 12 5 78

20 1 3 2 6 7 4 5 9 11 10 12 8 78

tj 43 56 38 77 201 157 124 161 171 187 213 132 1,560

Δj –87 –74 –92 –53 71 27 –6 31 41 57 83 2 0

∆2
j 7,569 5,476 8,464 2,809 5,041 729 36 961 1,681 3,249 6,889 4 42,908
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Thus, organizational-technological, technical and man-
agerial factors that have a decisive influence on the cost of 
construction of high-rise buildings are: among the organi-
zational-technological factors – the quality of a high-rise 
building (fq), among technical factors – the safety of a 
high-rise building (fs), the energy efficiency of a high-rise 
building (fen), the environmental friendliness of a high-rise 
building (fec), among the management factors – the optimal 
maintenance of a high-rise building (fom).

6. Results of the formalization of influence factors in  
the rational management of high-rise building 

construction projects

For quantitative estimation of the above factors, it is 
advisable to use dimensionless factors, the values of which 
vary from 0 to 1.

With this regard, the factors that exert a decisive influ-
ence on the cost of high-rise construction were formalized.

Thus, the cost of high-rise building construction (C) de-
pends on the quality, safety, energy efficiency, environmental 
friendliness, optimal maintenance of a high-rise building:

( ), , , , ,q s en ec omC f f f f f f=  (1)

where fq is the factor of quality of a high-rise building; fs is 
the factor of safety of a high-rise building; fen is the factor of 
energy efficiency of a high-rise building; fec is the factor of 
environmental friendliness of a high-rise building; fom is the 
factor of ensuring the optimal maintenance of a high-rise 
building.

These characteristics are formed and consumed through-
out all stages of the life cycle of high-rise buildings.

Determining the values of each of the factors (quality, 
safety, energy efficiency, environmental friendliness, optimal 
maintenance) throughout the entire life cycle (designing, 
construction, operation) of a high-rise building is carried out 
using the method of expert estimates.

The quality of a high-rise building is determined from 
the following formula:

1 ,
j

m

q
j

q

f

f
m

==
∑

 (2)

where 
jqf  is the j-th component of the factor of quality of a 

high-rise building (Fig. 2); m is the number of components of 
the factor of the quality of a high-rise building.

Fig.	2.	Components	of	the	factor	of	quality	of		
a	high-rise	building

Safety of a high-rise building is determined from the 
following formula:

= ⋅ + ⋅ ,
t t b bs s s s sf f w f w  (3)

where ,
tsf  

bsf  are the components of the territory safety and 
safety of a building itself, respectively; ,

tsw , 
bsw  are the weight 

coefficients of the components of territory safety and safety 
of a building itself, respectively.

The values of weight coefficients of the components of 
the territory safety ( )

tsw  and safety of a building itself ( )
bsw  

are determined by the methods of expert estimates, in this 
case 1.

t bs sw w+ =
The components of territory safety and safety of a 

building itself are shown in Fig. 3 are determined from the 
following formulas:

1 ,
ti

t

n

s
i

s

f
f

n
==
∑

 (4)

where 
ti

sf  is the і-th component of safety of the territory of 
a high-rise building; n is the number of components of the 
safety of the territory of a high-rise building.

1 ,
bz

b

w

s
z

s

f
f

w
==

∑
 (5)

where 
bz

sf  is the z-th component of a high-rise building 
itself; w is the number of components of the safety of a high-
rise building itself.

Fig.	3.	Components	of	the	safety	factor	of		
a	high-rise	building

To calculate the factor of energy efficiency of a high-rise 
building, the formula is proposed:

1 1 2 2
,en en en en enf f w f w= ⋅ + ⋅  (6)

where 
1enf  is the component of the energy efficiency factor 

that characterizes the improvement of thermotechnical indi-
cators of enclosing structures (Fig. 4); 

2enf  is the component 
of the energy efficiency factor that characterizes consump-
tion of power resources by engineering systems (Fig. 4);  

1enw  is the weight factor of the component of the energy 
efficiency factor that characterizes the improvement of ther-
motechnical indicators of enclosing structures; 

2enw  is the 
weight factor of the component of the energy efficiency fac-
tor that characterizes the consumption of power resources by 
engineering systems.

The values of weight factors of the components of the 
energy efficiency factor are determined by the method of 
expert estimates, in this case 

1 2
1.en enw w+ =
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Fig.	4.	Components	of	the	energy	efficiency	factor	of		
a	high-rise	building

The value of the component of the energy efficiency 
factor, which characterizes the improvement of thermotech-
nical indicators of enclosing structures, is calculated from 
the following formula:

1

1

1 ,
k

l

en
k

en

f
f

l
==

∑
 (7)

where 
1k

enf  is the k-th element of the component of the ener- 
gy efficiency factor, which characterizes the improve-
ment of thermotechnical indicators of enclosing structu- 
res (Fig. 4); l is the number of elements of the components 
of the energy efficiency factor, which characterizes the 
improvement of thermotechnical indicators of enclosing 
structures.

The value of the component of the energy efficiency fac-
tor, which characterizes the consumption of energy resourc-
es by engineering systems, is calculated from the following 
formula:

2

2

1 ,
g

h

en
g

en

f

f
h

==
∑

 (8)

where 
2g

enf  is the g-th element of the component of the energy 
efficiency factor, which characterizes consumption of power 
resources by engineering systems (Fig. 4); h is the number 
of elements of the component of the energy efficiency factor, 
which characterizes consumption of power resources by en-
gineering systems.

It is proposed to determine the environmental friendli-
ness of a high-rise building as follows:

1 1 2 2
,ec ec ec ec ecf f w f w= ⋅ + ⋅  (9)

where 
1ecf  is the component of the factor of environmen-

tal friendliness of a high-rise building exterior (Fig. 5);  

2ecf  is the component of the factor of environmental 
friendliness of a high-rise building interior (Fig. 5); 

1
,ecw  

2ecw  are the weight factors of components of the factor of 

environmental friendliness of a high-rise building exterior 
of interior.

The values of weight factors of the components of the 
factor of environmental friendliness of a high-rise building 
exterior ( )

1ecw  and interior ( )
2ecw  are determined by the 

method of expert evaluation, in this case 

1 2
1.ec ecw w+ =

Fig.	5.	Components	of	the	factor	of	environmental	
friendliness	of	a	high-rise	building

The value of the component of the factor of environ-
mental friendliness of the exterior of a high-rise building is 
calculated from the following formula:

1

1

1 ,
p

q

ec
p

ec

f

f
q

==
∑

 (10)

where 
1p

ecf  is the p-th element of the component of the factor 
of the environmental friendliness of a high-rise building 
exterior; q is the number of elements of the component of 
the factor of the environmental friendliness of the high-rise 
building exterior.

The value of the component of the factor of the envi-
ronmental friendliness of the high-rise building interior is 
calculated from the formula that is similar to formula (10).

The factor of ensuring the optimal maintenance of 
a high-rise building is calculated from the following  
formula:

1 ,
u

v

om
u

om

f
f

v
==

∑
 (11)

where 
uomf  is the u-th component of the factor of ensuring the 

optimal maintenance of a high-rise building (Fig. 6); v is the 
number of components of the factor of ensuring the optimal 
maintenance of a high-rise building.

These factors should be taken into consideration during 
rational management of the high-rise building construction 
projects.
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Fig.	6.	Components	of	the	group	of		
factors	for	ensuring	efficient	maintenance	of		

a	high-rise	building

7. Results of development of the mathematical models 
for the rational management of high-rise building 

construction projects

As a result of collecting and evaluating the source infor-
mation, it was established that the value of the cost of high-
rise building construction and determining factors changed 
within the following range (Table 2).

According to the data given in Table 2, we can conclude 
that the source information is reliable and homogeneous, it 
obeys the law of normal distribution and can be used in the 
process of modeling the relations between the factor and 
resulting features.

According to the results of all types of dependences of 
the cost of high-rise building construction on the determin-
ing factors, the models, which rank first by the quality of ex-
perimental research approximation, were selected (Table 3).

With the purpose of clarification of obtaining the paired 
models and taking into consideration the mutual complex in-
fluence of determining organizational-technological, techni-
cal, and managerial factors on the level of achievement of the 
assigned result according to the cost of high-rise building 
construction, the multifactor models were analyzed.

Table	3

Paired	models	for	rational	management	of		
the	high-rise	building	construction	projects

Type of dependence R R2, %

Value of the Fisher 
criterion

actual 
value, 

Fact

tabular 
value, 

Ftab

= − 7,649.99
11,182.0

q

C
f –0.83 69.99 53.64 4.28

2,823.06 8,983.46 ln sC f= + ⋅ 0.906 82.15 105.86 4.28

3,120.57 7,508.6 ln enС f= + ⋅ 0.935 87.51 161.22 4.28

3,263.66 5,596.55 ln ecC f= + ⋅ 0.923 85.25 132.92 4.28

= + ⋅3,868.41 7,817.21 ln omС f 0.875 76.6 75.28 4.28

Note: R is the correlation factor; R2 is the determination factor

According to the results of the analysis of all types of 
dependences of costs of high-rise building construction of 
the organizational-technological, technical, and managerial 
factors, the models which rank first place by the quality of the 
experimental research approximation were selected (Table 4).

The proposed mathematical models are based 
on taking into account the systemic influence of 
determining factors and give an opportunity for 
quantitative evaluation of the level of achievement 
of the assigned result, in particular, by the criterion 
of the cost of high-rise building construction, by the 
information existing at a certain stage project man-
agement stage.

Upon receipt of additional information, in partic-
ular, concerning the conditions of high-rise building 
construction and resource restrictions, the expected 
costs may be specified at the following stages of high-
rise building construction.

For example, in the case of a change in the invest-
ment dynamics, resource supply conditions, market 
conditions, etc., there can be corrective influences, in 
particular, in the form of changes in the duration of 
stages, which, in turn, will affect the cost of high-rise 
building construction.

Table	4

Multifactor	models	for	rational	management	of	high-
rise	building	construction	projects

Type of dependence R2, % Fact Ftab

= − + ⋅ + ⋅7,225 6,861.5 3,767.81s omС f f 84.63 60.6 3.44

1,095.94 6,617.37 10,766.8q ecС f f= − − ⋅ + ⋅ 85.59 65.3 3.44

= − + ⋅ −
− ⋅ + ⋅

4,028.38 8,933.98

9,579.04 8,006.39
en

q om

С f

f f
88.4 53.2 3.07

= − − ⋅ +

+ ⋅ + ⋅

298.872 15,532.8

9,409.18 9,799.58
q

ec om

С f

f f
88.4 53.3 3.07

= − + ⋅ −
− ⋅ + ⋅

5,000.55 8,418.66

15,423.7 15,455.7
s

q om

С f

f f
89.8 61.7 3.07

= − + ⋅ − ⋅ +

+ ⋅ + ⋅

2,657.5 5,556.65 16,886.1

4,897.17 12,373
s q

ec om

С f f

f f
91.6 54.6 2.87
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Table	2

Statistical	characteristics	of	the	studied	indicators	and	determining	
factors

Statistical char-
acteristics

Name of indicators and factors

С,  
USD/m2 fq fs fen fec fom

Minimal value 900 0.79 0.85 0.78 0.7 0.72

Maximal value 2.400 0.9 0.94 0.91 0.88 0.86

Mean value 1,869.2 0.822 0.9 0.847 0.781 0.775

Root mean 
square deviation

356.757 0.027 0.032 0.038 0.046 0.031

Variation  
coefficient

19.086 3.3087 3.579 4.435 5.908 4.063

Asymmetry 
indicator

–1.177 1.134 –0.298 –0.027 0.25 1.029

Excess indicator 0.948 1.412 –1.59 –0.778 –0.566 1.678

А/ma –2.4 2.315 –0.609 –0.055 0.51 2.101

E/me 0.96787 1.441 –1.623 –0.794 –0.578 1.713

Note: А is the asymmetry indicator, Е is the excess indicator, ma is the asymme-
try error, me is the excess error
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8. Discussion of results regarding the selection of the 
rational management of high-rise building construction 

projects

According to the research results, the approach to 
the selection of rational management of high-rise building 
construction, which ensures effective use of resources, was 
developed.

The results of research into the systematization of the 
influencing factors, presented in Table 1, show that accord-
ing to the results of the expert survey, the factors of quality, 
safety, energy efficiency, environmental friendliness, and op-
timal maintenance of a high-rise building have the decisive 
influence. Such results are explained by the orientation of 
design and construction organizations to the greening of the 
investment and construction projects and energy-efficient 
construction.

These results caused the need to continue research, spe-
cifically, those that focus on formalization of determining 
influence factors under rational management of high-rise 
building construction projects, shown in Fig. 2–6 and in for-
mulas (2) to (11). Their existence makes it possible to obtain 
quantitative values of influence factors, which is a prerequi-
site of their application in statistical modeling.

According to the results of modeling of the relations be-
tween the factorial and resulting features, the most statistical-
ly reliable paired (Table 3) and multifactor models (Table 4) 
for the rational management of high-rise building construc-
tion projects were established. Assessment of the established 
dependences of costs of high-rise building construction on the 
determining factors by Fischer criterion, as well as practical 
approbation in the design and construction organizations 
proved their adequacy of the actual process of management of 
high-rise building construction projects. The developed mod-
els, thanks to taking into consideration of the systemic influ-
ence of determining factors, enable quantitative assessment of 
the level of achievement of the assigned result, in particular, 
by the criterion of costs of high-rise building construction. 
This is explained by the fact that cost is a manageable pa-
rameter, by which the ultimate results are estimated from the 
point of view of the compliance of the actual state of a project 
with the planned one, the compliance of the obtained result of 
a project with the investor’s requirements.

The main feature of the developed approach is that con-
trolling the changes in the values of influence factors within 
given resource restrictions, we obtain different variants of 
solutions with corresponding values of the cost of high-rise 
building construction. A customer (investor) will choose the 
most rational solution from the obtained variants, depending 
on the possibilities and desires.

A controversial issue of the conducted study is a change 
in the cost over time, however, this drawback can be elimi-
nated by the application of the coefficient determined based 
on the indicators of the indirect cost of housing in the re-
gions; inflation indices; changes in the cost of construction 
and mounting works.

Restrictions on the application of this research results 
lie in the fact that they relate only to the frame buildings 
with stiffness diaphragms and frame-tying buildings with 
a monolithic reinforced concrete frame of 150 m in height.

The development of the above-mentioned research im-
plies the expansion of the set of the considered influence fac-
tors, based on which decisions on the choice of the rational 
management of high-rise building construction, are formed.

9. Conclusions

1. To choose the rational management of the high-rise 
building construction projects, it is proposed to apply 
the approach based on the search for solutions that best 
correspond to the desired (assigned) technical and eco-
nomic characteristics (indicators), based on the use of 
statistical modeling of projects as manageable processes. 
At the same time, when choosing a rational decision, it 
is advisable to take into consideration the influence of 
determining organizational-technological, technical, and 
managerial factors in compliance with the requirements 
on cost-effectiveness, energy-saving, safety, quality, and 
environmental friendliness. The structure of the orga-
nizational and technological factors include: reliability 
of a construction organization, the quality of a high-rise 
building. The examined technical factors include: the 
safety of a high-rise building, energy efficiency of a high-
rise building, environmental friendliness of a high-rise 
building, labor productivity, harmonization of a high-rise 
building with the external environment, rational urban 
land use. The management factors included: qualification 
of construction personnel, the competence of adminis-
trative and managerial staff, staff motivation, optimal 
maintenance of a high-rise building. The assessment of 
decisions concerning these factors requires the search for 
the rational value of the management efficiency criterion. 
It will characterize the quality of the taken decision and 
will represent the extreme value of the objective function, 
as well as will serve to compare alternative options and 
choose the most rational of them. From the customer’s 
(investor’s) position, it is advisable to consider the min-
imum cost of high-rise building construction as one of 
these criteria.

2. Using the methods of expert estimates, we selected a 
set of factors that characterize the specific features of the 
process of high-rise building construction and significant-
ly affect the level of achievement of the assigned project 
result, in particular, by the cost criterion. The factors that 
make the greatest influence on the cost of construction of 
high-rise buildings were formalized: the quality of a high-
rise building, safety of a high-rise building, energy efficien-
cy of a high-rise building, environmental friendliness of a 
high-rise building, and optimal maintenance of a high-rise 
building.

3. According to the results of modeling, the statistical-
ly reliable models, based on consideration of the systemic 
influence of the influence factors and provide quantitative 
estimates of the level of achievement of the assigned result 
at different stages of project management, were obtained. 
These models do not contradict to regulatory procedures for 
the development and approval of the project documentation. 
They create the preconditions for the formation of design 
decisions, determining the direction of the achievement of 
the set goal, and if there are alternative variants, they are 
scientifically substantiated toolset for choosing among them 
of the rational one using the cost criterion. The application 
of the developed approach makes it possible to reach rational 
values of predicted indicators under specific conditions of 
execution of construction and mounting works within the 
specified resource restrictions. By operating predictive esti-
mates of the expected results, investors have the opportunity 
to adjust their goals and choose the most rational variant of 
project implementation.
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