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Ocobauei ymosu peanizayii npoexmie 3 0yoienuymea mpanc-
nopmHux cnopyo noxasyiomv, w0 Ynpaesinna cobdieapmicmio
podim eumazae 6i0noeionoi onmumizauii opeamizauiiinux ma
mexnonoziunux piuens. Pospodaeno xomn’romepuy modeavb ma
Memooury ubopy oNMUMAILHO20 YNPAGIHHA O MiHIMIZAUTT
cobisapmocmi Gyoisenviux pobim. Moodenv noxasye opeanisa-
UIIHY MA MEXHOI02IUHY 3MIHHICMb NIONPUEMCIMEA, XapaKmepHy
0 mpancnopmmozo 6yodienuymea. Memoouxa 00360J151€ nPoGo-
Jumu eapianmme mM00e106aHNH, 3A AKUM CKAAOAIOMBCS 3AKO-
HoMipHoCcmi 3minu cobieapmocmi Oyoisenvnux pobim, cnieeio-
HOWEHHS NPAMUX 1 3A2AIbHOBUPOOHUMUX 6UMPAMNi0 6NIUBOM
Hacmynnux axmopis: cepednsa mpydomicmiicmo cyxyniocmi
npoexmie, cepedns eidcmamnv nepeda3yeanus, HANEHCHICMD
pecypcis, indycmpianizauis 6UKOPUCMAHUX Plutetb.

IIposedeni uucenvni excnepumenmanvui 00CaiIONCEHHS
KIIbKICHO 006esU, WO Opeani3auilini ma mexHoJo2iuni piuen-
Hsl, Xapaxmepui 6 yiomy 0N niOnpuemMcmea, 6nauUGaONs Ha
pluenns okpemux npoexmie 6yoienuymea mpancnopmHux cno-
pyo. A came, 6usGaeHO, WO NPU 3MeHUEHHI CepeOHbOi mpy-
domicmrocmi cykynnocmi npoexmie eénaue inoycmpianisa-
uii BUKOPUCMAHUX piuleHb 3MIHIOEMBCA HA NPOMUTEHCHUT ma
novunae nidsuuyeamu coovieapmicmo poéim.

3unaildene nailimenwe 3navenns 3minu cobieapmocmi
(-13,6 %), wo 6idnosidac naiidinvw edpexmusHumu opzamiza-
UIHHUMYU A MEXHON0ZIMHUMU PIMEHHAMU: CePeOHst mpyoomicm-
xicmv cyxynnocmi npoexmie X;=2,2 muc. 1100.-200., cepeons
giocmans nepedasysanns Xo=100 xm., uxopucmanus minoku
saacnux mexuixu ma mpyoosux pecypcie (X3=0 %), minimano-
Ha indycmpianizayis euxopucmanux pimens (X;=0 %).

Busieneno, wo niopsoni opeanizauii, wo 3600mv 6i0HOCHO
Mani mpancnopmui cnopyou, Maromes SUKOPUCMOBYEAMU MPa-
Quuyitini memoodu eupoonuymea podim. Taxoxc ecmanoeneno
eKoHOMIuHY epexmusHicmy piuets, 32i0H0 3 AKUMU NIONPUEM-
cmea 3 GyoieHUUMEA MEPUMOPIANLHO PO3OCEPEOHCEHUX CNO-
PYO0 Maiomv 6UKOPUCMOBYEamu niOPsiOHi Pecypcu i3 Micuesoro
Mamepianvho-mexniunoro 6a3o10

Kmouosi caosa: 6yoienuymeo mpancnopmuux o6'exmie,
OpeaHizayitini ma MmexHoJI02ivHi PIlleHHs, MUCETIbHA ONMUMI3A-
uisi, MOOe0BanHs eumpam

| =,
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1. Introduction

The relevance of management of construction costs by op-
timizing organizational and technological solutions of trans-
port construction is due to the main three reasons. Namely:

1) large volumes of transport construction;

2) organizational and technological features of construc-
tion of such facilities;

3) available reserves for reducing the cost of construction
of transport infrastructure.

First, the ever-increasing volume of transport construc-
tion indicates the importance of research in this industry.
The importance of transport infrastructure construction is
evidenced by the fact that in different countries the share
of the transport sector varies by 8—10 % of gross domestic
product. In some of these countries, up to 7 % of the total
employed population works in this area. Many elements of
transport infrastructure (roads, bridges, piers, etc.) need
repair or reconstruction. In Ukraine, for example, this
category includes state importance roads with a length

Copyright © 2020, O. Meneylyuk, A. Nikiforov, I. Meneylyuk
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

of 49,117.4 km. These roads are to become highways, but the
construction is being postponed for various reasons.

Secondly, the peculiarity of the organization of transport
construction is the production scale and geographical dis-
persion of facilities under construction. Technological fea-
tures: availability of different methods of certain construc-
tion works (different degrees of mechanization of works,
structures consolidation, etc.).

Third, one of the available reserves of management
efficiency is the adoption of rational organizational and
technological solutions based on the criteria of construction
cost. An unused reserve for efficiency improvement is the
optimization of organizational and technological solutions
of individual construction projects in the context of the or-
ganization as a whole.

The need to implement various transport construction
projects encourages cost management by searching for the
most effective organizational and technological solutions for
such construction. Therefore, research on this topic should
be considered relevant for the modern development of the



science of management processes, in particular, methods of
management of the enterprises of the construction industry
and its material and technical base.

2. Literature review and problem statement

Construction of transport facilities has a number of fea-
tures that significantly distinguish it from other branches
of construction. Naturally, the development of numerical
methods of cost estimation for the construction of transport
infrastructure is still relevant. All these methods include esti-
mation of construction cost [1, 2]. The studied works [1, 2] do
not contain the results of research on the impact of organiza-
tional and technological solutions of transport construction
on cost indicators. The available research does not take into
account the specifics of organizational and technological
features of transport construction. Most of the analyzed
works [1-6] contain studies of the efficiency of transport
construction by the impact on the development of industry
and tourism (Ukraine, Poland, Belgium, the United States),
but are not aimed at managing the construction cost. The lit-
erature review proves that transport infrastructure facilities
can be extended in length and located in different places [7].
This shows that the construction of such facilities requires
organizational and technological solutions that meet these
specifics. The size of the country plays an important role in the
functionality and types of infrastructure facilities to be [3, 4].
Thus, the development of transport infrastructure requires
the construction of specialized transport facilities, which can
mainly be characterized by different geographical dispersion
and volumes of work necessary for their construction. The
main works on the organization of the construction process
prove that there is a correlation between the development
of organizational and technological solutions related to the
whole organization and those related to individual construc-
tion projects [8, 9]. At the same time, no special methods have
been developed to study numerical relationships between or-
ganizational and technological construction solutions related
to the enterprise constructing transport facilities in general,
and solutions related only to such construction projects.

When modeling [10—-12], it is advisable to divide the cost
into direct and general production costs according to account-
ing standards. It is desirable to use modeling to improve the
operational activity of construction [13]. However, the search
did not reveal the methods of variant optimization modeling
of construction solutions adapted to transport construction.
Although some optimization studies provide rational solutions
for enterprises when using network model analysis [14], their
use is too time-consuming. Alternative methods (including
Petri nets, fuzzy data optimization methods) cannot be used
for a low number of experimental points [15, 16]. The analysis
of the works on the optimization of organizational and techno-
logical solutions for construction and reconstruction [53, 6, 17]
suggests that the use of experimental statistical modeling is
an effective way to solve such problems. Such modeling can
be used for modeling and managing the cost of enterprises
constructing transport facilities. Numerical modeling and
optimization of organizational and technological solutions of
construction and reconstruction are discussed in [5, 6, 17].
These works prove that the key to effective optimization is
the reliability of computer models of the facility under con-
sideration. Optimization methods using experimental statis-
tical modeling are considered in [18-21]. These works allow

adapting the methods of experimental statistical modeling
to the specifics of transport construction. The application of
experimental statistical modeling for optimization is discussed
in [22]. In order to create a model of the operational activity of
a construction organization, it is recommended [5, 6, 17] to use
specialized project management software.

The analysis of the given information shows that transport
construction is implemented in special organizational and
technological conditions that require numerical research and
development of rational management tools. To do this, it is
advisable to use cost indicators of construction works in the
construction of transport facilities and methods of variant
modeling, in particular experimental statistical modeling.

3. The aim and objectives of the study

The aim of the study is to determine the patterns of
construction cost management by selecting rational organi-
zational and technological solutions for the construction of
transport facilities. This will reduce the cost of construction
of transport facilities and streamline the ratio of direct and
general production costs.

To achieve this aim, the following objectives were set:

— to select and justify organizational and technological,
mathematical methods of modeling;

—to obtain the results of experimental statistical mod-
eling of organizational and technological solutions for the
construction of transport facilities;

— to analyze alternatives when selecting a rational man-
agement option for different organizational and technologi-
cal conditions.

4. Materials and methods of cost management when
selecting organizational and technological solutions of
the enterprise constructing transport facilities

It is proposed to use the theory of experimental statistical
modeling for efficiency evaluation and selection of optimal
organizational and technological solutions in the management
of the enterprise constructing transport facilities. The essence
of this modeling is to observe the investigated system by re-
cording the values of the initial indicators when determining
the levels of input factors. At the same time, the system is
presented in this study as a computer model of organizational
and technological solutions of the enterprise. The method for
identifying cost management patterns when selecting organi-
zational and technological solutions of the enterprise under
consideration is shown in Fig. 1.

The polynomial experimental statistical model (ES mod-
el) was chosen in this study to solve optimization problems.
Equation (1) represents it in the general form:

Y=b+bX,+b, X +b,X, X, +b,X, X, +
+b, X, X, +b,X, +b,, X7 +b,, X, X, + b, X, X, +
+b, X, + by, X2 + by X, X, +0,X, +b,X]. 6))

A numerical experiment was conducted to observe
changes in the indicators of the enterprise under study by
changing the selected factors, for which a plan of experi-
ments was specially selected. The selection was carried out
in the following sequence:



1) determination of characteristics
of variable factors: independent, quan-
titative, varying at three levels, total

Table 1

Characteristics of the considered experimental plans

number — 4; Number p Plan r(l;lmber
2) selection of characteristics of the No-1 o points | Ca G €Q | x| [pma Note acco[r2ér]1g to
ES model: a free-term quadratic model, ,
including direct and quadratic influ- Composite,
.. . 1 24 0.966 | 0.872 [ 0.647 [ 0.913 | 18.5 | 0.26 | symmetrical, 60
ences and their interaction; three-level
3) selection of an experimental plan Composite
that corresponds to the characteristics | 5 | 95 | 0627 | 0643 | 0.49 |0.737| 665 | 0.47 | symmetrical, 61
of the variable factors and the selected orthogonal
ES model in accordance with [22]. Ta- 737197 {0979 [ 0.862 | 0575 | 0826 | - | 033 | Three-level 63
ble 1 contains the main characteristics Composite
of the considered plans (where ep, ea, | 4 | 42 |0979| 09 |0475| 082 | 182 | 051 | symmetrical, 65
eg, eg — values of the corresponding three-level

optimality criteria; dp,x — normalized
estimate of the model, i. e. a maximum
in the planning area; |py.x] — maximum
modulus of correlation of coefficients of
indicator estimates);

4) selection of an experimental plan based on the analysis
of the characteristics and values of optimality criteria.

Plan 4 is immediately rejected by comparing the char-
acteristics of the plans listed in Table 1, even though the
values of the optimality criteria are very high. This was
due to the large number of observations in the plan (42).
Plans 1-3 remain. None are optimal, despite the fact that the
values of the optimality criteria of plans 1 and 3 are quite
high. Plan 1 has the largest values of the optimality criteria.
It was decided to adopt it as an experimental plan and add
the X;=X,=X3=X,=0 point, taking into account the experi-
mental conditions.

Regression coefficients were calculated according to stan-
dard formulas using the COMPEX dialog system. Regression
coefficients are statistical estimates of the true coefficients
of a polynomial model, so the coefficients must be tested
for significance. That is, whether the estimates of the ex-
perimental coefficients of the statistical model are nonzero.
This test was performed at a bilateral risk of 10 % (a=0.1),
according to the Student’s criterion with normal distribu-
tion law. After removing the considered coefficients that do
not differ from zero according to the test results, the experi-
mental statistical model with all significant estimates of the
coefficients was tested for adequacy by Fisher’s test. If this
criterion was less critical for the risk, given the number of
degrees of freedom obtained, F,<F, (a, f,4, /), the model was
considered adequate for engineering analysis.

The transition to the coded levels of factors was carried
out according to the standard formula (2):

X + X imin

i max
X, — S Siain
PO @
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where x;is a given level of the factor in normalized form, X; is
a given level of the factor in normal form, X; .y is the maxi-
mum level of the factor in normal form, Xj i, is the minimum
level of the factor in normal form.

5. Selection and substantiation of organizational and
technological, mathematical methods of modeling

According to item 1 of the method in Fig. 2, the most
significant indicators were considered:

—cost change (Y;) — percentage change in the cost
of construction works depending on management actions
through the influence of organizational and technological
factors. As a basic model, the cost change of which is zero,
a model was adopted that reflects the most typical organi-
zational and technological solutions of the enterprise con-
structing transport facilities. In this study, such a model is
observed at the average levels of the considered factors. The
cost of construction works is the sum of direct and general
production costs. General production costs include: costs
for maintenance of engineering and technical staff, relo-
cation of construction equipment, construction of tempo-
rary buildings, utilities, warehouses, etc. Direct

1) Selection of the most significant indicators of the operating activity of the
enterprise and organizational and technological factors affecting them.

’ costs include: wages and business trips; cost of
consumables; equipment operation; operation of

——

construction machines and mechanisms; basic

2) Development of transport construction models based on project drawings.

materials; subcontracted services;

—

— the ratio of direct and general production

[ 3) Modeling of the operating activity of the enterprise according to the developed] costs (Y3) — percentage ratio of general produc-

plan of numerical experiment.

tion costs to the amount of direct costs for the

—<

project totality.

‘ 4) Construction of experimental statistical models of indicator patterns under the

influence of factors using specialized software.

Variable organizational and technological
factors and their numerical characteristics are

—

presented in Table 2. The computer model of or-

[ 5) Graphical interpretation and quantitative analysis of numerical experiment

results.

ganizational and technological solutions for the

Fig. 1. Method of identifying cost management patterns when selecting
rational organizational and technological solutions for the construction of

transport facilities

construction of transport facilities was chosen
as the system under study. The graph-analyti-
cal form of the model is shown in Fig. 2. Fig. 3
presents a method of modeling the cost change



and the ratio of direct and general production costs for the
construction of transport facilities.

Table 2

Variable factors

Factor Variable characteristic

Arithmetic mean of the complexity of
construction works of the project totality,
thousand hours

X4 — average com-
plexity of the project
totality

Arithmetic mean of resource relocation
distances between any two projects of the
whole totality, km

X, — average relocaa
tion distance

Percentage of own resources in the total
resource use

X3 — attribution of
resources

Percentage of using industrial methods in
the total volume of works

X, — industrialization
of applied solutions

A
|y
Hierarchical structure of the operating
activity of the construction enterprise
> 7 AN
4 N\
X Hierarchical structure of an individual
! construction/reconstruction project
Y, )X o\ . <
Y> X3 . . . )
X, Construction and installation works of’
individual projects projects
J
[ Individual resources required for work
. J \ /

Fig. 2. Graph-analytical form of the computer model
of organizational and technological solutions for the
construction of transport facilities

— Xy — average complexity of the project totality (orga-
nizational factor). The project totality should be consistent
with the required variation characteristic — the arithmetic
mean of the complexity of construction work on the facilities
of the totality;

— Xy — average relocation distance (organizational fac-
tor). The variation characteristic of this factor is the arith-
metic mean of resource relocation distances between any
two facilities of the selected totality. It was used as input
data in calculating the cost of relocation of household prem-
ises, vehicles, machinery and construction equipment as part
of general production costs. The initial data for calculating
general production costs are given in Table 3, their composi-
tion — in Table 4;

— X3 — attribution of resources (organizational fac-
tor). The difference in the use of subcontracted resources
compared to own was calculated as follows: the unit cost
of contracted resources (labor, machinery or equipment)
is 18 % higher, which is justified by the market situation.
However, the cost of relocation of industrial and domestic
premises, vehicles, machinery and construction equipment
will be lower, as the involvement of subcontractors is desir-
able when their material and technical base is closer to the
construction site. The study assumes that the subcontrac-
tor’s expenditures for resource relocation are 2 times less.
This change is introduced together with the variation of
the X, factor;

— X4 — industrialization of applied solutions (technologi-
cal factor). This factor had a complex impact on the methods
of construction of transport facilities. The use of the follow-
ing industrial methods was modeled: high-performance con-
struction equipment, consolidated products and structures;
mainstreaming of production operations; mechanization.
Modeling of this factor was carried out by adjusting the
resource assignments of the respective works.

1) Analysis of project documentation and collection of physical volumes of Table 3
construction works. L . .
—— Initial data for calculating general production
| . | | . | . costs
2) Calculation of direct costs of construction projects by multiplying physical
volumes by actual calculated standards of resource consumption for works and Cost item Unit
market-based rates:
— when changing the resource rate in accordance with the “attribution of Number of teams (10 people) teams
resources” factor;
— when changing the resource consumption rate in accordance with the “average Distance to construction site km
complexity of the project totality”, “industrialization of applied solutions” factors
- / Planned completion period months
— 11—
3) Calculation of general production costs of construction projects by multiplying Number of relocated pieces of equipment pieces
the initial data by the actual prices by cost items:
— when changing the initial data in accordance with the “average complexity of the Number of relocated sets of construction .
project totality”, “average relocation distance” factors. equipment se
— 1 —
4) Fixation of cash costs for construction object totalities according to the plan of Number of foremen people
experiments.
[ —— Number of geodesists people
5) Calculation of values of th@ cost cI}?pgq , “ratio of direct and general Number of storekeepers people
production costs” indicators .

Fig. 3. Methods of modeling the cost change and the ratio of direct and
general production costs for the construction of transport facilities

The presented computer model (Fig. 2) was variable, as
the levels of its input parameters (factors) varied in the nu-
merical experiment. The variability of the computer model
was possible under the influence of each factor:

The developed auxiliary components of mod-
eling methods (Fig. 2,3, Tables3,4) allow to
conduct a numerical study of the cost of con-
struction of transport facilities, and the selected
factors (Table 1) characterize the features of
organizational and technological solutions under
consideration.



Table 4

Composition of general production costs in the construction
of transport facilities

No. Item Unit
1 ETS wages (including taxes)

1.1 foreman people
1.2 geodesist people
1.3 storekeeper people
2 ETS travel costs

2.1 foreman people

2.2 geodesist people

2.3 storekeeper people
3 Communication

3.1 Internet people

3.2 mobile people

Personal protective equipment, medicines,
4 b office sttllpprfies supply
5 Protection of construction site service
6 Certification of labor protection people
7 Repair service
8 Relocation of construction equipment cu/km
9 Transportation of technical and household cu/km
premises

10 Transportation of construction equipment cu/km
11 Arrangement of temporary water supply service
12 Arrangement of temporary power supply service
13 Temporary fencing service
14 Temporary warehouse service

6. Results of experimental statistical modeling of
organizational and technological solutions for
the construction of transport facilities

According to item 2 of the method in Fig. 1, a set of
transport construction models was developed, which are
different in complexity and location. The models are not
included in the paper, as their development is a technical
rather than a scientific task. Then, in accordance with
item 3 of the algorithm in Fig. 1 and the method in Fig. 3, of
all models those were selected corresponding to the levels of
the variable factors Xy (“average complexity of the project
totality”) and X, (“average relocation distance”) according
to the plan of experiments (Table 5, columns 2—3). After that,
the set of models was transformed according to the action of
the X3 (“attribution of resources”) and X, (“industrializa-
tion of applied solutions”) factors according to the method
in Fig. 3 and the experimental plan (Table 5, columns 4-5).

The results of the numerical experiment are presented
in Table 5. This table summarizes the results of calculations
(columns 6-7) according to the method shown in Fig. 3.
They cannot be more fully disclosed due to the limited vol-
ume of the paper.

As aresult of experimental statistical modeling using the
COMPEX program (item 4 of the method in Fig. 1), the fol-
lowing equations (3), (4) of changes in the studied indicators
under the influence of variable factors were obtained.

Hereinafter, the coefficients that are considered close to
zero according to the assessment of their significance by the
Student’s criterion are not shown. For the convenience of
engineering calculations, the dependences were transformed
using formula (1), which allowed the use of full-scale values

of factor levels in the calculation of indicators Y; (“cost
change” — formula 3), Y, (“ratio of direct and general pro-
duction costs” — formula 4).

Y, =—13.083+0.557X, —0.006 X —

—2x107 X, X, +8x107" XX, —

~0.002X,X, +0.018X, - 4x10° X2 —

-5x107° X, X, +0.06X, +0.037X,, 3)

Y, =9.281-3.746 X, + 2.469X” — 2.839X X, +
+1.3X,X, +3.745X, - 1.466 X,X, —1.99X,. 4)

The most convenient graphical representation of the
change in the indicator from four factors is the “squares on a
square” scheme. This scheme reflects the pattern of changes
in the indicator from two factors within the nine “small”
squares, which are located on the “large” square, reflecting
nine combinations of the values of the other two factors.
When constructing diagrams of this type, it is advisable to
divide the factors into two pairs, each of which has its own
meaning in terms of studying a given system.

Table 5
Results of experimental statistical modeling
No|chousnd| Xo [ X | X ot GO
hours ’ duction costs, Yy
1 37 1,000 | 100 | 100 | —0.222 % 8.20 %
2 37 1,000 | 100 | 0 5.223 % 7.75%
3 37 1,000 0 |[100| —4.647 % 10.68 %
4 37 1,000 0O 0 0.373 % 10.09 %
5 37 100 | 100 | 100 | —1.691 % 6.61%
6 37 100 | 100 | © 3.753 % 6.24 %
7 37 100 0 |100| -7.587 % 727 %
8 37 100 0 0 | —2.566 % 727 %
9 2.2 1,000 | 100 | 100 | 2.301 % 16.13 %
10 2.2 1,000 100 | 0 | —1.015% 16.76 %
11 2.2 1,000 0 |100| 3.225% 27.84 %
12 2.2 1,000 0 0 0.333% 28.87 %
13 2.2 100 | 100 | 100 | —5.141 % 7.69 %
14 2.2 100 | 100 | 0 | —8.457% 7.99 %
15 2.2 100 0 [100]| -11.658 % 9.41 %
16 2.2 100 0 0 | —14.550 % 9.76 %
17 37 550 | 50 | 50 | —-0.967 % 7.93 %
18 2.2 5350 | 50 | 50 | —2.274 % 15.02 %
19 19.6 1,000 | 50 | 50 0.895 % 10.98 %
20 19.6 100 | 50 | 50 | —-2.125% 7.65%
21 19.6 550 | 100 | 50 1.896 % 8.35%
22 19.6 550 | 50 [100| 0.063% 9.25%
23 19.6 550 0 | 50| -3127% 10.35 %
24 19.6 550 | 50 0 1.742 % 9.08 %
25 19.6 550 | 50 | 50 | -0.615% 9.31%

Table 5 allows constructing experimental statistical de-
pendences of the studied indicators on variable factors
by processing the presented data with the help of modern
software.



7. Analysis of alternatives in the management of cost
indicators by selecting organizational and technological
solutions

In this study, the factors X; and X, reflect the organiza-
tional solutions that characterize the operating activity of the
construction enterprise as a whole; the factors X3 and X; —
organizational and technological solutions within a separate
construction project. Further in this section, the graphical
interpretation and quantitative analysis of patterns 3 and 4
according to item 5 of the algorithm in Fig. 1 are presented.

Consider Fig. 4. The figure shows graphically the pattern
of cost change (Y;) from the attribution of resources (X3)
and industrialization of applied solutions (X;) with nine
combinations of levels of average complexity of the project
totality (X;) and average relocation distance (X5).

Hereinafter, the extremes of the indicators within the
two-factor diagrams are highlighted in bold, and within the
entire four-factor diagram — underlined.

The “cost change” indicator (Y1) reflects the relative
financial efficiency of management under various organiza-
tional and technological solutions. As can be seen in Fig. 3,
such efficiency differs in certain organizational and techno-
logical solutions at facilities for different levels of organiza-
tional and technological factors that generally characterize
the operating activity of the enterprise under consideration.
In addition, the influence of such solutions (i. e., the influ-
ence of the X3 and X factors) differs depending on the levels
of the Xy and X factors.

Table 6 reflects the relative efficiency of management
through organizational and technological solutions that gen-
erally relate to the activities of the construction enterprise
under consideration. The estimates presented in Table 6
were calculated by finding the difference between the max-
imum and minimum cost change (Y;) for each of the nine
“small” squares in Fig. 4.

It can be noted that the efficiency of the necessary orga-
nizational and technological solutions for a particular object
increases with increasing average complexity of the project
totality (Xy—max) and decreases with increasing average
relocation distance (X;—max).

The level of the Xy and X5 factors also affects how the
X3 and X, factors affect the value of Yy. At low values of the
Y, factor, the increase of industrialization of applied solu-
tions (X4) increases construction costs (at X,=100 km —
by 2.1 %, at X5=550 km — by 3.05 %, at X5=1,000 km —
from 3.1 %). At high — decreases (at X,=100 km -
by 5.4 %, at X5=550 km — by 5.07 %, at X,=1,000 km —
by 4.9 %). In other words, the use of highly efficient con-
struction and installation methods is desirable at large
facilities. Analyzing the angle of inclination of the isolines
to the axis of the “attribution of resources” factor (X3), we
can come to the following conclusion. An increase in the
level of the X, factor reduces the effect of the X3 factor
on the indicator. In other words, the use of subcontracted
resources is more appropriate when facilities are far apart.
However, the use of own labor resources, machines and
mechanisms for the construction of transport facilities is
more profitable than attracting them from the outside in
any case.

The minimum value of the “cost change” indicator (Yy),
equal to 13.6 %, is observed at the average complexity of
the project totality X;=2.2 thousand hours, the average re-

location distance X»,=100 km, X3=0 %, industrialization of
applied solutions X;=0 %.

Fig. 5 contains a graphical representation of the impact of
attribution of resources (X3) and industrialization of applied
solutions (X4) on the ratio of direct and general production
costs (Y3) with nine options of the average complexity of the
project totality (X1) and average relocation distance (X5).
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Fig. 4. Cost management (Y1) by selecting attribution of
resources (X3) and industrialization of applied solutions (X;)
for different levels of the “average complexity of the project
totality” (X4) and “average relocation distance” (X;) factors

Table 6

Relative management efficiency (%) when selecting
organizational and technological solutions for different levels
of the “average complexity of the project totality” (X;) and
“average relocation” (X;) factors

Level of X, Level of X; factor, thousand hours

factor, km 2.2 19.6 37
1,000 3.51 3 8.56
550 5.73 5.22 10.79
100 7.96 7.45 13.02

The influence of attribution of resources (X3) on the
ratio of direct and general production costs (Y5) remains
unchanged at all points of the factor space. Increasing the
use of subcontracted resources reduces general production
costs and increases the share of direct costs. In the general
case, this leads to a decrease in Y5.

The influence of the X and X factors depending on the
degree of influence of the X3 factor on the indicator should
be noted. Table 7 estimates the impact of attribution of re-
sources (X3) on the ratio of direct and general production
costs (Y5). The estimates presented in the table are calcu-
lated by finding the difference between the maximum and
minimum ratio of direct and general production costs (Y5)
for each of the nine “small” squares in Fig. 5. The influence
of the X3 factor on Y, decreases with increasing average com-
plexity of the project totality (X;—max) and increases with
increasing average relocation distance (X;—max).



of transport facilities (Fig. 2). The computer mod-
X el demonstrates organizational and technological
z X, X, X, variability of transport construction, which is
100 T 1] 100 1] 100 ‘ Inodel.ed by a set of .auxiliary components of the
2% | 6 1 | 10 modeling method (Fig. 3, Tables 3, 4) and experi-
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0 50 100X 0 50 100X; 0 50 100 X The main innovations resulting from the stu-
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22 19,6 37 X, — method of developing patterns of cost man-
agement of transport construction by selecting

Fig. 5. Management of the ratio of direct and general production costs

(Y>) by selecting the attribution of resources (X3) and industrialization

of applied solutions (X,) for different levels of the “average complexity
of the project totality” (X4) and “average relocation distance” (X;)

factors
Table 7

Changes in the ratio of direct and general production
costs (%) for various organizational and technological
solutions of transport construction

Level of X, Level of X; factor, thousand hours
factor, km 2.2 19.6 37
1,000 3.51 3 8.56
550 5.73 5.22 10.79
100 7.96 7.45 13.02

The study shows that effective organizational and
technological solutions for the construction of transport
facilities can reduce the cost of works and streamline the
cost structure. In addition, the connection between orga-
nizational and technological solutions in the management
of the transport construction enterprise as a whole and in
the management of the construction of individual transport
facilities is proved.

8. Discussion of the results of modeling organizational
and technological solutions for cost management of
transport construction

Summing up the study, we can emphasize the following.
The problem of optimal cost management of transport con-
struction can be solved by selecting rational organizational
and technological solutions for transport construction.
This is confirmed by the definition of patterns for cost
management (Fig. 1) and the computer model of organi-
zational and technological solutions for the construction

rational organizational and technological solutions
(Fig. 1);

— experimental statistical patterns of changes in
the cost and ratio of direct and general production
costs of transport construction under the influence
of organizational and technological factors — formu-
las (3) and (4).

In addition, for transport construction, the analysis
of patterns showed that for facilities of different scales
and dispersion (located at different distances from each
other), different solutions on the attribution of resources
and industrialization of applied solutions may be rational.
For example, for large facilities it is more efficient to use
powerful mechanical means, consolidated structures, etc.,
and for small — less efficient. Similarly, for dispersed fa-
cilities it is more effective to use the involved equipment,
for closely located — own. Due to obtaining numerical pat-
terns, this result is qualitatively new compared to previous
studies [8,9]. Thus, the knowledge about the correlation
between organizational and technological solutions that
apply to the entire organization and those related to indi-
vidual construction projects was further developed.

The obtained experimental statistical dependences al-
low managing organizational and technological solutions
of transport construction by selecting rational values of
average complexity of the project totality, average relo-
cation distance of equipment and temporary premises,
equipment ownership (own or involved) and industrial-
ization of applied solutions (use of powerful mechanical
means, structures consolidation, etc.). In comparison
with [1-6], these results allow to reduce the cost of con-
struction works and to rationalize the ratio of direct and
general production costs.

The reliability of the presented results is substantiated
by the following:

— using the theory of experimental planning;

— developing numerical models of organizational and
technological solutions of transport construction using real
construction projects;



— using the methods of mathematical statistics in the
processing of experimental results.

The obtained patterns of changes in the cost of work
and the ratio of direct and general production costs, as well
as the results of their analysis, can be used only for trans-
port construction enterprises, as the basis for a numerical
experiment are models of transport construction processes.
In addition, the nature of changes in the studied indicators
may differ beyond the variation of the “average complexity
of the project totality” (X;=[2.2; 37] thousand hours) and
“average relocation distance” (X,=[100; 1,000] km) factors.
The consistency of the simulation results is ensured by the
statistical compliance of labor cost standards and resource
prices relative to those used in the development of models of
transport construction processes.

These limitations determine the two directions of fur-
ther research on the topic. First, it is the development of a
mathematical apparatus of cost management when selecting
organizational and technological solutions for other types of
construction: industrial, civil, and so on. Secondly, it is the
development of a mathematical apparatus for managing other
indicators of the enterprise (profit, income, etc.) when select-
ing the current factors of economic, organizational and tech-
nological nature. Both directions can be implemented using an
approach similar to the method of developing patterns (Fig. 1).

9. Conclusions

1. The use of experimental statistical modeling and meth-
ods of developing patterns allows with a given error (5 %) to
manage the cost of transport construction by selecting ratio-
nal organizational and technological solutions.

2. The most effective cost values are:

—“cost change” Yi=—13.6 %, observed at the average
complexity of the project totality X;=2.2 thousand hours,
average relocation distance X5=100km, using only own
equipment and labor resources (X3=0 %), minimal industri-
alization of applied solutions (X;=0 %).

— “ratio of direct and general production costs” Y,=4.99 %,
observed at the average complexity of the project totality
X1=37 thousand hours, average relocation distance X5=100 km,
only attracted equipment and labor resources (X3=100 %), and
any degree of industrialization of applied solutions (Xy).

3. For transport construction, it is proved that:

—for large facilities, the use of powerful mechanical
means, consolidated structures, etc. is less costly (cost re-
duction by 5.39-5.58 %) and for small — more costly (cost
increase by 2.91-3.36 %);

— for dispersed facilities, the use of attracted equipment
is less costly (cost reduction by 0.6—3.17 %), for closely lo-
cated — own (cost reduction by 4.6-7.58 %).
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yu] =,

Po3spobaeno nioxio do eubopy pauionanviozo Ynpasuinns
npoexmamu cnopyoxcenns eucommnux 6yoisenv, axuii 3abesneuye
epexmuene suxopucmanns pecypcie. Taxuii nioxio cnpamosanuii
Ha 3a6e3newenns exoHOMiMHOCMI, eHepz00waoHocmi, sKOCHi,
Oe3neunocmi ma exonoziunocmi eucomnux 6yoisens.

3anpononosano eupiwyeamu maxi 3a60aHHA HA OCHOGI
nowyKy pauionanvhux piuenv, wo Haibitvuwe 6ionosidaromo
baxcanum (3a0aHUM) MEXHIKO-EKOHOMIMHUM XAPAKMEPUCHU-
xam (noxasnuxam), Ha OCHOGI 3ACMOCYBAHHI CMAMUCMUUHO-
20 MoOenosanHs npoexmie sk Kepoganux npouecie. Pazom i3
UUM OOUIILHO BPAX0BYBAMU BNIUE GUSHAUATILHUX OP2AHI3AUIH-
HO-MEXHON0IMHUX, MEXHIMHUX MA YNPAGIIHCOKUX (arkmopia.
Jlna ouinroeanmns piwmenv 6i0HOCHO uux daxmopie neo6xioHo
gidwyKkamu pauionaivie 3HAMEHHA Kpumepio edexmuenocmi
ynpaeainna. 3 no3uuii 3amosnura (ineecmopa) 6 saxocmi 00H020 3
Maxux Kpumepiie 0OUiIbHO PO32a10aMmU MiHIMYM 6aPMOCHI CNO-
PYOdHCceHHA sucomnux 0yoieenn.

3anpononoeano epaxosyeamu enaue Qpaxmopis axocmi, 6es-
neunocmi, enepezoepexmueHocmi, eKo02iMHOCMI, ONMUMATLHOT
excnayamauii eucomnoi 6yodieni. JJocmamuicmv i cymmegicmo
enausy uux paxmopie Ha NpuliHAMMA PAYIOHANLHUX PllleHb NPU
YNPasIiHHi NPpoexmamu UCoOmH020 6yoisHuYmMEa o6TPYHMOBAHO
pe3yavmamamu eKcnepmnoz0 OnumyeanHsi.

Ompumano mamemamuuni Mooei, SKi 3ACHOBAHI HA 8PAXY-
BaHHI cUCMeMH020 6nAUGY BusHaMaIHUX paxmopie. IIi modeni
HAoaoMmv MONCAUBICMY KINOKICHO20 OUIHIOBAHHS PIBHSL 00Csie-
HeHHs 3a0aH020 pe3yomamy, 30Kpema 3a Kpumepiem eapmocmi
cnopyoxcenns eucommnux 6yoieeav, Ha Pi3HUX emanax ynpasin-
HSL NPOEKMOM.

Odepoicani pesynomamu € aKmyarbHUMU, OCKLIbKU 00360-
AA0Mb 00CA2AMU PAUIOHATDHUX 3HAUEHD OANCAHUX NOKAZHUKIG
Y KOHKpemHUX YMOB8AX GUKOHAHHA 0Y0i6eNbHO-MOHMANCHUX
pobim ma 6 mexcax 3aoanux pecypchux oomedxncenn. Onepyronu
NPOZHO308AHUMU OUIHKAMU OUIKYBAHUX Pe3YyTbmamie, iHgecmo-
PU Maiomv Mojcausicmv 6ioxopuzyeamu ceoi uiai ma oopamu
Haubiw payionanvnuil eapianm peanizauii iHeecmuuiiino-6y-
digenvro20 npoexny

Kmiouosi cnoea: npoexm, pauionanvhe ynpaeiinns npoex-
mom, Kpumepiii epexmuenocmi ynpasainus, eucomiue 0yoieHu-
umeo, ehexmuere UKOPUCMAHHS PECYPCi6, OP2aHI3AUIUHO-Mex-
HOJI02IUHI, MeXHIMHI Ma YNpasaincoKi pakxmopu
u =,
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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,

Copyright © 2020, T. Kravchunovska, Ye. Zaiats, V. Kovalov, D. Nechepurenko, K. Kirnos

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by/4.0)

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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Special conditions of implementation of construction projects
of transport facilities show that cost management requires appropri-
ate optimization of organizational and technological solutions. The
computer model and method for selecting optimal management by
the criterion of construction cost minimization are developed. The
model shows the organizational and technological variability of the
enterprise, characteristic of transport construction. The method al-
lows to carry out variant modeling, according to which the patterns
of changes in the construction cost, the ratio of direct and general
production costs are compiled under the influence of the following
factors: average complexity of the project totality, average reloca-
tion distance, attribution of resources, industrialization of applied
solutions.

The numerical experimental studies quantitatively proved that
organizational and technological solutions characteristic of the
enterprise as a whole affect the solutions of individual construction
projects of transport facilities. In particular, it was found that with a
decrease in the average complexity of the project totality, the influ-
ence of industrialization of applied solutions is reversed and begins
to increase the cost of works.

The lowest value of cost change (—13.6 %) was found, character-
ized by the most effective organizational and technological solutions:
the average complexity of the project totality X;=2.2 thousand
hours, the average relocation distance X,=100 km, using only own
equipment and labor resources (X3=0 %), minimal industrialization
of applied solutions (X;=0 %).

It was revealed that contracting organizations building relative-
ly small transport facilities should use traditional methods of work.
The cost efficiency of solutions, according to which enterprises con-
structing geographically dispersed facilities should use contracted
resources with local material and technical base was also determined.
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The approach to the choice of rational management of high-rise
building construction, which ensures the effective use of resources,
was developed. This approach is aimed at ensuring cost-effectiveness,
energy-saving, quality, safety, and environmental friendliness of
high-rise buildings.

It was proposed to solve such tasks based on the search for ratio-
nal decisions that correspond most to desirable (assigned) technical
and economic characteristics (indicators), based on the application
of statistical modeling 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. To assess decisions regarding these factors, it is necessary to
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