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DIGITAL TRANSFORMATION
OF RESOURCE LOGISTICS
AND ORGANIZATIONAL AND STRUCTURAL
SUPPORT OF CONSTRUCTION

Introduction. Compliance of timing of construction works and supply of resources to the site with the works program is
an urgent need, because any failure to supply or mismatch of schedules of works and the movement of materials and tech-
nical resources may have serious negative consequences for the construction process.

Problem Statement. It is necessary to minimize deviations of actual construction terms from those specified in the de-
sign documents by creating tools for managing the organization of the construction process based on operational data,
their mathematical processing, identification of trends and remedy of deviations based on current information on the course
of construction.

Purpose. To improve tools and means of the resource logistics and organizational and structural support of construction
in order to minimize deviations of the actual terms of the supply of resources to the site from those specified in the design
documents at the stage of design works and preparation of CSOS (construction site organization scheme) and SWEP ( site
work execution program) with seasonal factors taken into consideration.

Materials and Methods. The research uses methods of expert estimations, seasonal decomposition of time series, and
comparative analysis.

Results. The analysis of modern software for the construction of construction, the scheme of organization of the const-
ruction project has been established, it is proved that seasonality is a factor that performs moderate influence on the terms
of construction and supply of resources, created models of forecasting deviations of the course of the building process tak-
ing into account seasonality.

Conclusions. The existing methods for forecasting deviations, which are used in the Microsoft Project, OpenPlan, Spi-
der Project, SureTrek Project Manager, Primavera Project Planner, and other software should be added with models de-
signed to predict realistic timelines with seasonal factors taken into consideration.

Keywords: construction, seasonal fluctuations, construction organization, and term of works.

In the present-day economic conditions, the | any of the materials or their surplus, or interrup-
problem of compliance of the actual terms of con- | tion in deliveries, mismatch of works program
struction works and the time of delivery of re- | and supplies of resources can have serious nega-
sources to construction sites with the scheduled | tive consequences for the construction process.
ones is particularly urgent, as either the lack of In view of this, one of the main tasks of re-
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tion of tools that help minimize deviations from
the planned indicators and can be the basis for
the formation, development, and effective use of
resources. This problem can be solved at a new
quality level through replacing the conventional
processes of interaction between the parties in-
volved in the realization of construction works
contract by digital ones, using the state-of-the-
art information technologies.

Soon, all significant construction projects in
Ukraine will be created using Building Informa-
tion Modeling (BIM) technology at every stage
of the construction life cycle, in particular, at the
stage of survey and operation, which is one of the
main trends in the development of domestic con-
struction. industry. The use of information mo-
dels for optimization of resource, logistical, orga-
nizational, and structural support of construction
works requires digital transformation of business
processes of the parties involved in the realiza-
tion of construction works contracts, abandon-
ment of outdated technologies, and changes in
the organizational and technological structure of
the project, which now has to be oriented towards
speeding up the processes that provide informa-
tion exchange within the information model of
the project. Therefore, it is necessary to compre-
hensively study the processes of resource, logisti-
cal, organizational, and structural support of con-
struction, given their transformation.

Among those who have been studying the prob-
lems related to minimization of construction time,
increase in the efficiency of organization of con-
struction processes, economic justification of so-
lutions for their optimization there are 1.V. Bagro-
va, V. Bansal, J. Bellman, M.S. Budnikov, A.F. Goi-
ko, A. Ebner, A.D. Esipenko, K.V. Izmailova, V. Cook,
O.M. Livinsky, V.O. Pokolenko, A.V. Radkevich,
V.I.Sadovsky, V.I. Torkatyuk, O.A. Tugay, R.B. Tian,
S.A. Ushatskiy, O.V. Fedosova, V.K. Chernenko,
F. Holt, and others. They have laid foundations
for further research in the field of construction
organization and created the preconditions for
identifying the main factors and reasons for de-
viations of actual terms from those of works prog-
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ram and the theoretical basis for developing a
mechanism to minimize these deviations and for
creating appropriate tools for digital transforma-
tion of construction processes.

Digital transformation of construction is, abo-
ve all, a process that requires fundamental chan-
ges in technology, organizational decisions and
engineering solutions and principles of construc-
tion works, which minimize deviations of the ac-
tual terms from the scheduled ones by means of
creating tools for managing the processes of con-
struction works organization, monitoring the
supply of resources, analyzing the existing defi-
ciencies and divergences of the construction pro-
cess, managing construction resources based on
the available data and their mathematical pro-
cessing, identifying trends and removing devia-
tions based on real-time information on the prog-
ress of construction works rather than a mere in-
tegration of digital technologies in all aspects of
the activity of construction corporations or in-
troduction of information modeling technology
in the design of construction projects.

In order to maximize the efficient use of new
technologies and their rapid implementation in
all activities, the corporations need to change
processes and models of their operation. Digital
transformation is the framework for new qualita-
tive transformations of the construction proces-
ses. However, it requires developing a method-
ological framework for the economic aspects and
the organization of construction works, revision
and optimization of the existing tools. As a result,
the creation of new management principles, mo-
dels, and methods, taking into consideration the
digital transformation of construction processes is
an important problem to be urgently addressed.

The purpose of this research is to improve tools
and means of the resource logistics and organiza-
tional and structural support of construction
works for contractors (at the level of contractor
corporations, project managers, construction pro-
cesses, construction site, section, etc.) in order to
minimize deviations of the actual terms of the
supply of resources to the site from those speci-
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fied in the design documents at the stage of de-
sign works and preparation of CSOS (construc-
tion site organization scheme) and SWEP (site
work execution program), using modern informa-
tion technologies.

To address this problem, it is necessary to solve
many interrelated problems, in particular: to des-
cribe the organization of the processes of con-
struction of a particular object; to identify the
causes of disruption of the construction progress
and the supply of materials and technical resour-
ces to the construction site; to outlook advanced
software for making decisions on construction
works organization; to identify the seasonal ef-
fects on the deviation of the actual terms of works
from the planned ones, and to create appropriate
models that may be used as methodological fra-
mework for digital transformation of construction.

Pursuant to the Law of Ukraine on Innovation
Activity [3], innovation is newly created (applied)
and/or modernized competitive technology, pro-
duct or service, and/or organizational and engi-
neering solution of production, administrative,
commercial or other nature, which significantly
improve the structure and quality of production
and (or) social sphere.

Improvement of organizational and engineer-
ing solutions which can significantly improve the
structure and quality of construction works and
to reduce deviations from the schedule of resour-
ce supply depends on the quality of information
exchange between all parts to the construction
process, the organizational structure of construc-
tion works, accurate prediction of divergence of
the actual terms of resources supply from the
scheduled ones and adequate measures for pre-
vention such divergences. Therefore, the system
of resource and logistic support of construction
projects shall be improved in two interrelated di-
rections: improvement of information exchange
within the organizational and structural support
of the project and more accurate prediction of di-
vergences of the actual terms of delivery from the
scheduled ones, based on the resource and logis-
tic system of the project.
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According to the Government Construction
Standards (DBN) Organization of Construction Pro-
duction [ 4], the processes of construction works or-
ganization shall be planned at the stage of develo-
ping the design documentation that includes con-
struction site organization scheme, CSOS, (works
schedule and bill of quantities for plants, materials,
and machinery linked to the construction phases)
and site works execution program, SWEP, (works
program that establishes the sequence and timing
of works with the maximum possible combina-
tion of them, schedules of delivery of plants, ma-
terials and machinery/equipment to the site, comp-
leting units details, chart of workmanship and
machinery flows on the site), which further is as a
basis for organizing construction works on the si-
te and for monitoring the progress of the const-
ruction process.

The main purpose of the system for resource
logistics and organizational and structural sup-
port of construction projects is to fulfill the con-
ditions for performing construction works of a re-
quired quality, within the project budget and terms.
Building an effective formalization of the const-
ruction organization processes results in the for-
mation of relationships between the necessary
structural parties, in particular: the contracting
organization (the client), the general contractor,
the subcontractors, the general designer and oth-
er design organizations involved in the construc-
tion and engineering works.

The process of creating an effective system of
resource logistics and organizational-structural
support for the construction of facilities is quite
complicated, involves changes in the quality of
the resource provision of individual construction
participants, is subject to many external and in-
ternal factors, contains certain organizational and
management measures that are carried out sequen-
tially or at the same time (Fig. 1).

The actual construction conditions (delays and
interruptions in supply of materials, malfunction
of equipment, unfavorable weather and climatic
conditions, etc.) lead to the need for adjusting
and revising the construction works and the re-
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Purpose is to create construction products of required quality,
within established budget and time
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sources supply schedules. The frequency of revi-
sion of the planned indicators depends on the pe-
riod of construction and on how significant the
divergences are, as well as on the possibility of
online adjustments (for minor divergences).
Today, effective decision-making on the con-
struction organization and management cannot be
realized without the use of special software, becau-
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se software is the only means that enables to take
into account the stochasticity of construction pro-
cesses with proper accuracy and to process sig-
nificant amounts of information on deviations in
the terms of execution of works and supply of re-
sources during the project construction phase.
The construction organization and manage-
ment software is based on calendar (grid or li-
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near) models enabling to calculate the timing of
individual works or the entire project by the crit-
ical path method.

Among the software used to organize the con-
struction of various types of objects, the most wi-
despread are Microsoft Project, OpenPlan, Spider
Project, SureTrek Project Manager, and Primavera
Project Planner, Megaplane [5—9], and so on. All
of them are based on organizational and techno-
logical model of construction. Each program enab-
les to create and to adjust construction works sche-
dules and resource management models and has a
set of templates for creating an organizational
model of resource logistics.

Microsoft Project |5] enables to plan and to
control the resources and timing of works, the ac-
tivities of contractors, to promptly respond to chan-
ges in the works or the resources supply schedule.
Its disadvantage is the lack of means for manage-
ment and control of resources.

Spider Project |6] is designed to build construc-
tion works schedules. The program can determine
the duration of a particular process depending on
the quantities of works and available resources.
Its advantage is the possibility to create structu-
res that do not cover all works, or even structures
that do not relate to work at all (for example, to
create a model of resource support). The risks are
assessed by analyzing the productivity of labor re-
sources, machines, and mechanisms, with a conc-
lusion on possible divergences from deadlines for-
mulated. The disadvantage is that the Spider Pro-
ject does not enable to simultaneously work with
data for several users, so changes are usually made
by project manager, which often delay decision-
making. Other users have a limited access right
(to view or to do a limited range of operations).

Primavera Project Planner 7] is used to mana-
ge medium and large construction projects and
other projects. The program contains a standard
list of works. Primavera Project Planner enables to
revise work schedules when specifying the earliest
possible end date, or the latest commencement
date. The program provides a limited number of
tools for organizing the resource management.
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OpenPlan [8] is characterized by powerful re-
source and budget planning tools. It is based on a
grid model. The program not only selects the deg-
ree of detail in the planning and analysis of the
resource, but also manages the changes in the cost
of resources, taking into account their limita-
tions, as well as regulates the load of the resource
indicating an increase in intensity at the begin-
ning, in the middle or at the end of works. Also,
the software package enables to compare the avai-
lability of resources with the plan for need in
them. The risks of failure to comply with the terms
of the works or of the entire project in the prog-
ram assessed based on optimistic and pessimistic
estimates of the project works or the Monte Carlo
method used for estimating the divergence of the
works completion date from the scheduled one,
budget overruns, and other consequences.

Megaplane [9] is a program for construction
and related projects. Information on the progress
of works, terms of completion, available resour-
ces, etc. can be accessed online from any work-
place. The functions of the program, in addition
to scheduling, are project administration, making
of contracts, appointment of meetings, prepara-
tion of reports, timing control, etc.

Each analyzed software complex allows users
to compose, to match up in terms of different cont-
ractors and suppliers, as well as to adjust the
schedule of works, to meet the project terms of
works, to specify quantities, terms of delivery of re-
sources, their optimal distribution according to
the project (CSOS and SWEP). Based on the ac-
tual data on the execution of the construction
project and the allocation of resources during the
construction works, project organizational and
technological measures are taken to neutralize the
effects of adverse factors, to take into account and
to enhance the favorable effects.

In order to identify the reasons for divergence
of the actual terms of construction works from
the scheduled ones, scholarly research works on
the subject of research has been reviewed and
based on their analysis a list of factors has been
determined and a questionnaire has been prepa-
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red for the survey of construction corporations
regarding the reasons for deviations from the plan-
ned terms of works.

One of the significant factors influencing the
timing and cost of construction works is the lack
of rapid information exchange between the dif-
ferent levels of management. Yu.V. Isayenko [1]
states, “... existing developments do not fully ad-
dress the need of construction corporations in
constant improvement of their competitiveness
by implementing organizational approaches aim-
ing at identifying and utilizing the potential and
resources of production systems, since organiza-
tional and technological solutions are developed,
implemented and rationalized at different inde-
pendent organizational levels, which slows down
information exchange between them...”. The rea-
sons for this are both the remoteness of the line
staff from the top management and the disrup-
tion of information exchange between them.

Yu.T. Borovik [2] distinguishes the following
factors that might result in unpredictable failure
of construction production: the climatic (snow-
fall, ice, wind over six balls, rain, frost below —25
°C), the financial and economic (inflation, sharp
decline in investment, rise in prices for materials,
structures, parts, machines, mechanisms, fuel, elect-
ricity), the social (strikes, absenteeism or delay in
attendance, non-performance of job instructions,
low skills of the contractor, deliberate damage or
theft of materials, tools, equipment), the organi-
zational (untimely provision of design and cost
estimate documentation, breach of the agreed
terms of works, lack of materials, products, semi-
finished products, equipment, lack of workman-
ship having required skills, experience, and quali-
fication, drawbacks of operational planning and
management, lack or failure of communication fa-
cilities, breach of the terms of preparation of the
construction site, change in plans for commis-
sioning of the object), the technological (remedy
of defects, remedy of consequences of poor quality
works, change in the planned sequence of works,
breach of the rules of labor protection and safety,
unforeseen works, drawbacks of the design or const-
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Table 1
Weights of Influence of Various Factors
on the Construction Process
Average
Factors score
(0-100)
Climatic (snowfall, ice, rainstorm, frost or extre-| 22
mely hot weather)
Financial and economic:
inflation; 31
sharp decline in investment; 53
rise in prices for materials, worsening of quality
of resources; 52
breach of the terms of payment for works 73
Social:
strikes; 15
absenteeism or delay in attendance; 11
non-performance of job instructions; 10
deliberate damage or theft of materials, tools,
equipment 18
The organizational :
untimely provision of design and cost estimate
documentation; 15
breach of the agreed terms of works; 21
breach of the terms of works by subcontractors; | 34
untimely handover of site for construction
works ; 36
lack of materials, products, semi-finished pro-
ducts, equipment, lack of workmanship having
required skills, experience, and qualification; 29
breach of the terms of preparation of the const-
ruction site; 28
drawbacks of operational planning and mana-
gement, lack or failure of communication fa-
cilities; 16
poor quality of software 6
Technological:
remedy of defects, remedy of consequences of
poor quality work; 21
change in the planned sequence of works; 11
drawbacks of the design or construction 3
technology; 14
unforeseen works
Technical:
malfunction of machines, mechanisms, vehicles; 21
poor quality of materials, parts, structures,
equipment; 62
failure of energy and water supply, access roads; | 30
changes in the design solutions in the course of
the construction works 15
Force majeure (natural disasters, hostilities, etc. 6
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Stages of the development of a model for forecasting the
influence of seasonality (natural-climatic conditions) on
the construction terms

v

Step 1. Construction of time series of deviations of the
actual terms of construction from the scheduled ones

+

Step 2. Smoothing of the series using the moving average
method

v

Step 3. Averaging of the neighboring values of smoothed
parameters (to determine the seasonal adjustment)

+

Step 4. Calculation of the trend line parameters using
the least squares method for the smoothed and centered

series
-

Step 5. Calculation of the seasonal adjustment as diffe-
rence between the values of the actual and the smoothed

centered series

Step 6. Modification of the model by seasonal adjustment

-

Step 7. Verification of model approximation level

+

Step 8. Practical use of the model

Fig. 2. Sequence of determination of influence of seasonal
factors on the construction terms

ruction technology, breach of works schedule by
subcontractors), the technical (malfunction of mac-
hines, mechanisms, vehicles, poor quality of mate-
rials, parts, structures, equipment, failure of ener-
gy and water supply, access roads, changes in the
design solutions in the course of the construction
works) and force majeure (natural disasters, hos-
tilities, etc.).

Despite a considerable progress of researchers
in the field of the forecasting of divergences, the
organization of supplies, the resources flows on
the construction site, the formation and assess-
ment of organizational structures in order to imp-
rove information exchange between the parties in

the construction process, certain tasks related,
above all, to the identification of causes of devia-
tions in terms of the delivery of resources, the for-
mation of methodological framework for analysis,
evaluation and forecasting of construction terms
at all stages of implementation of construction
projects, need to be further studied.

In order to identify the factors that have the
most significant impact on failure to perform and
deviations from the planned resource support of
construction, a survey of employees of various
construction corporations involved in the const-
ruction of public, commercial, and industrial ob-
jects in Ukraine (Table 1) has been conducted. In
total, 78 representatives from 53 construction
companies took part in the survey aiming at as-
sessing the influence of individual factors, based
on a 100-point scale, where “100 points” is the
highest degree of influence, “0 points” means no
influence.

The survey results indicate a high percentage
of organizational, technological, and financial-
economic factors that influence the resource sys-
tem of construction. The “financial” and “organi-
zational” factors are the most often mentioned by
the respondents. Therefore, eliminating the influ-
ence of these factors, including the latter, is an
urgent task to solve the problem as a whole.

The purpose of the system of resource logistics
and organizational and structural support for the
construction projects is to quickly respond to di-
vergences of the actual terms from the scheduled
ones, to revise the works program so that to prompt-
ly remedy consequences of delays, disruptions of
the construction process, and divergences.

The survey results have shown that the influ-
ence of climatic factors on the terms of the works
is estimated by the construction managers at 22
points, which is characterized as an average inf-
luence. In addition, the quantities of construction
works are highly dependent on weather and cli-
matic conditions, since many construction works
are carried out in open, unprotected space.

O.Yu. Bielienkova [10] proposes an approach
to forecasting the need for working assets depen-
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Fig. 3. Input data for analysis of influence of seasonal factor on the construction terms

ding on seasonal variations and some factors of
the internal environment. I.V. Antokhonova [11]
states that while forecasting the seasonal phe-
nomena, each level of the time series can be repre-
sented as result of evolutionary, annual, seasonal,
and random variables:

Y= /() +s(t) + et

where f(¢) is evolutionary component (describ-
ing the trend); s(¢) is seasonal component; & is
random component showing the influence of un-
predictable factors that are not taken into consi-
deration explicitly while doing forecast, but may
cause an error.

Taking into account the influence of the seaso-
nal factor on the terms of construction, we consi-
der it expedient, while planning and supervising,
to use the algorithm for developing a model of
economic indicators forecast, as shown in Fig. 2.

Multifunctional logistics complex in the vil-
lage of Chaiky (16, Chaikai St.), a typical site in
the region (Kyiv Oblast) is selected as proxy ob-
ject. The technical and economic indicators of
the object correspond to the average technical
level of similar objects and have similar resource
and technological models, configurational and
design solutions that meet the modern design re-
quirements, the development of the technical and
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technological base of construction corporations
and organizations of the region; its design docu-
mentation is elaborated in accordance with appli-
cable regulations. The mentioned object has got a
favorable opinion of the government expert re-
view, and its resource and technological model
most completely meets the structural, technical,
technological, and organizational decisions typi-
cal for this type of objects.

Its configuration is based on the warehouse
buildings, the nine-store administrative office buil-
ding and the equipment support structure with
dock levelers and technical premises. The main
characteristics of the complex are given in Table 2.

Table 2
The Facilities of the Studied Object
and Their Parameters
Complex facilities
Technical . Raised
and economic Wareh Administrative | engineering
parameters Arehouses | fice building | and utility
services rooms
84 x 72+
Dimensions, m |+ 84 x 42/2 +
+ 18 %12 52 x 16 273 x 11,7
Area, m? 9051 8416.6 1313
Gross building
volume, m? 93526.2 29947.3 19919.4
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Fig. 4. Results of modeling of divergences of the actual terms of construction works from the
scheduled ones, with linear trends and seasonal adjustments taken into consideration

According to DSTU B A.3.1-22: 2013 “Deter-
mination of construction duration” [62], the con-
struction of administrative and office premises
shall last 312 days, including the main period of
273 days (9.11 months); the duration of warehouse
construction is 456 days, including 387 workdays
(for six-day work week); the duration of the main
period is 395 days. The construction of enginee-
ring and utility services premises lasts 197 days;
the duration of the main period is 172.8 days.

The construction of the logistics complex is ba-
sed on the general contracting system.

The effect of seasonal fluctuations on the ti-
ming of works by the example of warehouse con-
struction (Fig. 3) was studied from May 2015 to
January 2017 according to the method [12].

The initial visual analysis of the schedule (Fig. 3)
makes it possible to detect periodic, with a lag of
about three months, divergence of the actual
terms of works from the planned ones. The ap-
proximation of the divergence dynamics using
the linear trend model was unsuccessful because
the solid trend line shows the general tendency
towards increase in the timing of divergences
that does not correspond to the actual dynamics.
This means, if the construction is long-term, then
the model accuracy decreases with each month,
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and the coefficient of approximation confiden-
ce is quite low (R? = 0.1417). That is, the linear
trend model explains the variation in the diver-
gence of the time of resources delivery for 14.22%.
The 5th order polynomial trend (dashed line) ex-
plains the variation in cash flows much better, for
68% (R? = 0.6836), but the dashed line does not
reproduce the peak divergences with a period of
about three months. In addition, despite a rela-
tively high level of input sampling approxima-
tion, the polynomial trend models are not accept-
able even for short-term forecasting due to the
systematic overestimation of results. Therefore,
to improve the accuracy of forecasting and to
control the divergences of the actual terms of
construction works and delivery of resources
from the scheduled ones, it is necessary to use
models with a seasonal component.

The parameters of this model calculated using
the algorithm (Fig. 2) are given in Table 3. Also,
the Table contains theoretical results calculated
using the linear and polynomial trend models.

Based on the quarterly differences between the
actual and the centered smoothed divergences of
the actual construction time from the design ones,
the seasonal adjustments have been calculated as
follows:

ISSN 2409-9066. Sci. innov., 2019, 15(5)
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6
ation the seasonal factor are better approximated

) =-0.333 days.

The indicators that do not take into consider-

by the linear trend model, as evidenced by the
relatively small deviations of the broken line of
the actual data from the straight trend line in Fig. 4.
The confidence factor of the approximation in
this diagram is R? = 0.797. That is, the straight
line explains the variation of indicator without
the seasonal component for almost 80%; the share
of unexplained variation decreases significantly
due to the smoothing and centering of the dyna-
mic series.

According to the calculations (Table 3), the
following models that take into account quarterly
seasonal changes have been developed:

Table 3

Effect of Seasonal Factor on the Terms of Works *

Divergence of the actual terms
of constructions works from the Theoretical results
N scheduled ones, days Season
/1 Period N Averaged Centered adJL::}I,I;enty Lir'lear model Liri(ear model - Eglggggn 1;1 ing 32139 o
ctual 1y 3 months| UPt0 with scason | (= 74095 | " y796. 04 2.0138 2 +
Y 1 month adjustments | +0.3091 - ¢)
+3.4529 - t + 4.4401)
1] May 0 — — — 5.219 7.7186 27421
2 | June 6 — — — 8.944 8.0277 3.6247
3| July 9 — — — 9.170 8.3368 5.9227
4 | August 10 8.333 9.000 1.000 9.479 8.6459 8.7565
5| September 10 9.667 10.167 —0.167 8.622 8.955 11.5081
6 | October 12 10.667 10.333 1.667 9.236 9.2641 13.7971
7 | November 8 10.000 11.000 —3.000 9.545 9.5732 15.4567
8 | December 16 12.000 13.167 2.833 12.049 9.8823 16.5097
9 | January 19 14.333 16.000 3.000 12.414 10.1914 71445
10 | February 18 17.667 17.333 0.667 12.723 10.5005 17.6911
11 | March 14 17.000 15.333 —1.333 8.254 10.8096 18.5971
12 | April 9 13.667 11.333 —2.333 8.563 11.1187 20.4037
13 | May 4 9.000 7.833 —3.833 8.872 11.4278 20.7217
14 | June 7 6.667 7.333 —0.333 12.570 11.7369 9.2075
15 | July 13 8.000 8.833 4.167 12.879 12.046 7.5391
16 | August 9 9.667 10.167 —1.167 13.188 12.3551 9.3921
17 | September 10 10.667 10.333 —0.333 12.636 12.6642 6.4157
18 | October 11 10.000 10.500 0.500 12.946 12.9733 8.2087
19 | November 12 11.000 12.667 —0.667 13.255 13.2824 11.2955
20 | December 20 14.333 16.167 3.833 15.814 13.5915 14.1021
21 | January 18 18.000 — — — 13.9006 18.9321
Approximation coefficients 0.031 0.195 415

* Developed by the authors.
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December—February: y =9.5764 + 0.3091 - ¢; (1)
March—May: y=4.8535+0.3091-¢; (2)
June—August: y=28.2425+0.3091 - £; (3)
September—November: y =7.0765 + 0.3091 - £. (4)

The analysis of deviations is important for as-
sessing the plan realization and the production
dynamics, determining the impact of factors on
the change in the indicators and, accordingly, de-
veloping measures to improve the organization
and management of construction works.

Thus, the given results expand the scholarly
research base of construction organization by
creating tools for resource logistics and organiza-
tional and structural support of construction
projects, organization of information space for
contractors by combining widespread and proven
methods for estimating deviations of the time pa-
rameters of construction projects with elements
of operational management.

The practical value of the research is that the
results are recommended to be used by general
contractors and contracting organizations for crea-
ting a system of organization of the construction
project, which enables estimating and minimi-
zing divergences of the actual indicators from the
scheduled ones.

The climatic conditions have been proved to
have a moderate influence on the construction ti-

me as seasonal fluctuations in the divergences of
the actual construction process or the supply of
resources from the planned ones. Models that ta-
ke into consideration the seasonal component ha-
ve been developed.

The results enable to formulate directions of
further research, in particular: the development
of an integrated scheme for controlling divergen-
ces of the construction process, which combines
the tools of resource logistics and organizational
and structural support of construction project,
the system for cost management and quality of
construction works, and the development of re-
levant software. The currently available methods
for estimating resources supply risks [15, 16] pro-
vided by Microsoft Project, OpenPlan, Spider Pro-
ject, SureTrek Project Manager, Primavera Project
Planner and others shall be complemented by the
models designed to forecast the actual terms of
works and resources supply to the construction
site, their deviations from the scheduled ones, to
minimize such deviations, etc. Unlike the stan-
dard methods used in the abovementioned soft-
ware for risk assessment, the appropriate models
shall not only consider the stochasticity of the
construction process, but also be able to choose
the optimal method depending on the nature of
deviations and the behavior of the time series.
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IV OPOBA TPAHCOOPMAILIA [TPOITECIB PECYPCHO-JIOTICTMYHOTO
TA OPTAHIBAIIIMHO-CTPYKTYPHOTO 3ABE3IEYEHHS BY/IIBHUIITBA

Beryn. BignosinHicTs TepMiHiB BUKOHAHHS OyIiBeIbHUX POOIT i ocTayaHHs pecypciB Ha 06’eKTax Oy/IiBHUIITBA ILJIAHO-
BUM [IOKa3HMKaM € HaraJbHOIO IOTPe6OI0, a/7Ke MOPYLIEHHS] PUTMIYHOCTI HaAXOIKEeHH S MaTepiasiiB, HeBiAMoBiAHICTh rpadi-
KiB BUKOHaHHsI POOIT Ta PyXy MaTepiajlbHO-TEXHIYHUX PECYPCIB MOKYTb CHPUUMHUTU CEPIO3HI HEraTUBHI HACJIIKYU JJIs
BCHOTO IIpoItecy OyiiBHUIITBA.

IIpoGaemaruka. [cHye norpeba B MiHiMIzaILlii BiAXIIEHD pealbHUX TEPMIiHIB OyIiBHUITBA Bijl IPOEKTHUX IIJISIXOM CTBOPEH-
HsT IHCTPYMEHTIB yIIpaBIiHHA MpollecaMy Opramizaiiii Oy iBHUITBA 06’ €KTY Ha OCHOBI OIIEPaTUBHUX JAHUX, IX MATEMaTUYHOI
00pOOKH, BUSIBJIEHHSI TEHIEHIIIN Ta KOPeryBaHHs BiAXUIEHb Ha OCHOBI OTOYHOI iH(opMaltii 11010 Xoay Oy/1iBHUIITBA.

Mera. YI0CKOHAJIEHHS IHCTPYMEHTAPit0 PeCy PCHO-JIOTiCTUYHOTO Ta OPTaHi3alliiHO-CTPYKTYPHOTO 3abe31ieueHHst 00'eKTiB
OyMiBHUIITBA, CIIPSIMOBAHOTO Ha MiHIMI3aIlito BiAXUIEHD PEAbHUX TEPMiHiB OCTAYaHHsI PeCyPCiB Ha 06’€KT BiJl IPOEKTOBA-
HUX, sIKi BUBHAYEHO Ha eTarli (CTaiil) po3poOKK IIPOEKTHO-TEXHOJIOTTYHOI JOKYMeHTallii (IIPoeKTy opraHisaiiii OyAiBHUIITBA
(ITOB), npoekry Bukonauus podit (IIBP)), 3 ypaxyBaHHAM CE30HHOI CKIAA0BO.

Marepianu il MeTOIU. 32CTOCOBAHO METO/IM EKCIIEPTHUX OI[IHOK, CE30HHOT IEKOMIIO3UILii YaCOBUX PSI/IiB, TIOPiBHSIIBHOTO
aHaJ3Yy.

Pesyasratu. [IpoBesieHo anasi3 cy4acHOro MporpaMHoro 3abesnedeH s opranisaiiii 6y[iBHUIITBA, CTBOPEHO CXEMY Opra-
Hizawil npoitecis OyaiBHUIITBA 00’€KTY, I0BEIECHO, 110 CE30HHICTD € (DAKTOPOM, SIKUil YNHUTH HAa TePMiHU OyIiBHUIITBA i 110-
CTayaHHs PeCyPCiB OMIPHUIT BILIUB, CTBOPEHO MOZIEJI IIPOTHO3YBAHHS BIZIXUJIEHD X0y OY/1iBEJIbHOTO TIPOIIECY 3 YPaXyBaH-
HSIM CE€30HHOCTI.

BucHoBku. HasBHi Ha cbOro/iHi MeTO/U IIPOTHO3YBAHHS BI/IXUJIEHD, 1110 BUKOPUCTOBYIOTh B IIPOIPAMHUX KOMILJIEKCaX
Microsoft Project, OpenPlan, Spider Project, SureTrek Project Manager i Primavera Project Planner ta inummx, go1iasHo 6yJo 6
JIOTIOBHUTU MOJIEJISIMH, 1[0 PU3HAYEH] JIJIsl IPOrHO3YBAHHS PeaIbHUX TEPMiHIB BUKOHAHHS POOIT 3 ypaxyBaHHIM CE30HHOI
KOMIIOHEHTH.

Kuawuoei ciosa: GyIiBHUIITBO, CE30HH] KOJMBAHHSI, OpraHizailisi OyiBHUIITBA, TEPMiHU BUKOHAHHS POOIT.
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MUOPOBAA TPAHCOOPMAIMA ITPOILIECCOB PECYPCHO-JIOTUCTMYECKOTO
N OPTAHN3AIITMMOHHO-CTPYKTYPHOI'O OBECIIEYEHI CTPOUTE/JBCTBA

Beenenne. CooTBETCTBIE CPOKOB BBITIOJHEHSI CTPOUTEJBHBIX PabOT U MMOCTABKU PECYPCOB Ha 00BEKTAX CTPOUTENBCTBA
ILTAHOBBIM [IOKA3aTEJISIM SIBJISIETCS] HACYIHOM HEOOXOIMMOCTDIO, Bejib HAPYIIIEHMsI PUTMIYHOCTHU [TOCTABOK MATEPUAJIOB, He-
cooTBeTcTBUE TPAbUKOB BBIIOJIHEHNS] PAOOT U JIBIKEHUS] MaTEPUATbHO-TEXHIYECKUX PECYPCOB MOTYT UMETH JIJISI CTPOU-
TEJILHOTO MPOTIecCa Cephe3HbIe HEraTUBHbBIE TIOCECTBHS.

IIpo6aemaTuka. CyiecTByer noTpeGHOCTh B MUHUMU3AIIMT OTKJIOHEHU T PEaibHBIX CPOKOB CTPOUTENBCTBA OT IIPOEKTHHIX
[IyTeM CO3[aHVsI HHCTPYMEHTOB YIIPABJIEHUS POIECCAMU OPraHU3aI[iK CTPOUTENBCTBA OOBEKTA Ha OCHOBE OIEPATHBHBIX
JIAHHBIX, MX MaTEMaTH4eCKO 06pabOTKH, BBISIBJIEHMs TEHJAECHIINIT 1 KOPPEKTUPOBKH OTKJIOHEHUIN HAa OCHOBE TEKYIIEH HH-
opmarnm o xozie CTPONTETHCTBA.

Ilesns. CoBepieHCTBOBAHIE HWHCTPYMEHTAPHSI PECYPCHO-JIOTHCTHIECKOTO U OPraHU3aIl[MOHHO-CTPYKTYPHOTO obeciiede-
HUSI CTPOMTENBCTBA OGBEKTOB CTPOUTENBCTBA, HAIIPABJIEHHOTO HA MITHUMU3AIMIO OTKJIOHEHUI PEAIbHBIX CPOKOB MTOCTABKU
DEeCypCoB Ha OOBEKT OT IIPOEKTHBIX, OTPEIETEHHBIX Ha aTare (CTajnun ) pa3paboTKH MPOEKTHO-TEXHOJIOTUYECKOU IOKYMEHTA-
1 (mpoekTta opranuzaiy crpoutensera (ITOC), mpoexrta poussozcTBa pabot (ITITP)), ¢ y4eTom ce30HHOI COCTaBIISIONIEN.

Marepuassl 1 MeTObI. [1CII0/1b30BAHBI METO/IBI KCIIEPTHBIX OI[EHOK, CE30HHOM JIEKOMITO3UITUY BPEMEHHBIX PSIZIOB, CPaB-
HUTEJBHOTO AaHAJH3A.

Pesyabrarel. [IpoBeieH aHanin3 cOBPEMEHHOTO ITPOrPAMMHOTO 00€eCIeYeH sl 110 OPraHU3aIMU CTPOUTENBCTBA, CO3/IaHa
cXeMa OpraHHU3aIiy TIPOIECCOB CTPOUTENBCTBA 06BbeKTa. [[0Ka3aHO, YTO CE30HHOCTD SIBJISIETCST (DAKTOPOM, KOTOPBIIT OKA3bI-
BaeT Ha CPOKHU CTPOUTETHCTBA U IIOCTABKU PECYPCOB YMEPEHHOE BIIHMSTHIE, CO3/[AaHbI MOJIEJIU ITPOTHO3UPOBAHUS OTKIOHEHUN
XOJIa CTPOUTELHOTO TIPOIECCA C YYETOM CE30HHOCTH.

BeiBozpl. CyIiecTByIoIMe B HACTOSIIIEE BPEMST METO/IbI IIPOTHO3UPOBAHNUST OTKJIOHEHMI, NCIIOIb3YeMbIe B TIPOrPAMMHBIX
komIiekcax Microsoft Project, OpenPlan, Spider Project, SureTrek Project Manager w Primavera Project Planner n npyrux,
11e71ec000Pa3HO OBLIO GBI IOTTOIHUTH MOIEJISIMI, TTPEHASHAYEHHBIMH JIJISI IPOTHO3MPOBAHISI PEATIbHBIX CDOKOB BBITIOJTHEH ST
paboT € y4ETOM Ce30HHOI KOMITOHEHTBL.

Kniwoueswvie cnosa: CTPOUTEJIBCTBO, CE30HHDbIE KO]Ie6aHI/I9[, Opranmn3anusda CTPOUTEbCTBA, CPDOKH BBITTOJTHEHUA pa60T.

46 ISSN 2409-9066. Sci. innov., 2019, 15(5)



