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The article presents the results of optimizing the construction duration of the object and the average monthly financing inten-
sity of the shopping center construction under organizational and financial constraints, namely: the work processes alignment
— 68-76%; the maximum monthly financing intensity — 40 million UAN; number of work brigades — 1-2; the maximum con-
struction duration — 360 days. There were developed the method for optimizing and the results of numerical modeling of or-
ganizational and financial decisions were obtained. The most efficient models of construction were identified by graphical
way under limited conditions of their implementation.

Keywords: organization of construction, civil engineering, trade and entertainment center, the duration, the intensity of the
funding.
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IIpexncrasiieHo pe3ysbTaT ONTHMI3aMil TPHBAIOCTI 3BeAEHHS 00'€KTa i CepeJHEOMICIIHOT IHTEHCUBHOCTI (piHAHCYBaHHS Oy-
JIBHUITBA TOPTOBENHFHO-PO3BAKAIBHOTO IIEHTPY B YMOBAX OpraHi3amiiiHO-(iHaHCOBHX 0OMEXeHb, a caMe: CyMICHICTh Ipo-
1eciB — 68-76%; MakcHUMaJlbHa MicsSYHA IHTEHCUBHICTD (piHaHCYBaHHS — 40 MIIH. TpH.; KiJIbKicTh Opuran — 1-2; MakcuManbHa
TpuBaiicTh pobIT — 360 mHIiB. AHami3 iHGOPMALITHUX HKEpes MOoKa3as, [I0 YMOBHU JKHTJIOBOTO OyIiBHUIITBA Haa3BHYAHO
MIHJIMBI, TOMY Ba)XXJIMBO JAOCTIJUTH BIUTHB 3MIHH OpraHi3auiiiHuX pillleHb Ha OCHOBHI MOKa3HHUKH, HacaMIiepe/] Ha TPUBAJIICTh
OyniBHMITBA Ta IHTEHCHBHICTH (piHaHCYBaHHs;. PO3po0iieHO METOAMKY ONTHMI3alil OopraHizaliiHUX pilleHb OyXiBHHLITBA
TOPTOBEIILHO-PO3BAXKAIBHOTO LEHTPY 13 BUKOPHCTAHHAM CyJacHHX MPOTPaMHHUX MPOAYKTIB 3 Taly3i yIpaBIiHHS IPOSKTAMH.
[InsxoMm opraHizaniiiHoro MoenoBaHHs y nporpami MS Project Ta eKOHOMiIKO-MaTeMaTHYHOTO MOJISIIOBAHHS y akeTi MS
Excel mobynoBani 1ocToBipHI Mozeni mporecy OymiBHHITBA. 3TiTHO INIaHY eKCHEPUMEHTY 3a(ikcoBaHI 3HaYEHHS HACTYII-
HUX IOKa3HUKIB: TPUBAIICTh BUKOHAHHS OyAiBEIIbHO-MOHTaKHHUX POOIT, MaKCHMaJbHa MicCsYHA IHTEHCHUBHICTH (piHAHCYBaH-
HsI TIPOEKTY Ta CepeIHbOMICSIYHA IHTCHCUBHICTh (piHAHCYBaHHS OyAiBenbHUX POOIT. ISl MOAANBIINX AOCTIKeHb Oyna BUO-
paHa moJiHOMiaJgbHa MOJIEIIb PYTOTo CTYIEHIO, 110 BiAMOBiAaE Iu1aHy ekcrepuMeHTiB. Ha 1iif ocHOBI mo0OynoBaHi ekcrepu-
MEHTAIbHO-CTATUCTHYHI MOJIETi 3MiHM MOKa3HUKIB BiZl (paKTOPIB, IO BapiOIOTHCS: IHTCHCUBHICTh BUKOPHCTAHHS pOOOYOTro
yacy, KinbKicTh pobounx Opuraj ta cymimieHHs poOit. ['padiunumM crocobom BH3HauYeHI HAWOINbII eeKTHBHI MoJemi Oymi-
BHHIITBA B 0OMEXEHHX yMOBaX IX peaiizalii: «TpUBaTiCTh BUKOHAHHS Oy/iBeTEHO-MOHTXHUX poOiT» nopiBHIOE 244 i (60
po6OUNX TOIVH y THXKIEHB, 2 pobodi Opuramy, cyMimeHHs pobiT 68%); «cepeaHbOMiCAYHA IHTEHCUBHICTH (DiHAHCYBAHH»
nopisHIoe 15000 tuc. rpH. (80 podounx roxuH Ha THXXAEHb, 1 poboya Opurana, cymimeHHs poOiT 68%).

KnrouoBi ciioBa: opranizauis OyAiBHUITBA, HMBLUIbHE OyIiBHULTBO, TOPTOBENBbHO-PO3BAKAIBHUN LIEHTp, TPUBAIICTh, IHTEH-
CHBHICTh (DiHAHCYBaHHSL.
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Introduction

The volume of civil construction in Ukraine was in-
creased by 3.4 times (from 19 659,1 million UAN to
66 791,6 million UAN) for the period 2010-18 years.
At the same time, the conditions of the civil construc-
tion are more complex than other types of construction
for two main reasons: complicated engineering facili-
ties as well as the instability of the financial situation
at the macro and microeconomic levels. In the exami-
nation of the regulatory and reference literature com-
prehensive systematic recommendations for the choice
of organizational and financial decisions on the topic
has not been found. Research topic is extremely rele-
vant, given the high social, economic and technical ef-
fect of solving the problem of rational selection of or-
ganizational solutions for civil construction.

Review of research sources and publications

Now there are 144 shopping centers in Ukraine with
the corresponding lease area of 2.5 million m® by
ICSC standards [1]. ICSC Ukraine Research Group
has identified a concept of "shopping center" — an ob-
ject of commercial real estate, which is planned, built
and operated as a single entity, including shops and
gross leasable area (GLA) of not less than 5000 m’.
According to the study, most of the retail space in the
largest cities of Ukraine is presented in the format of
"traditional/large" (27.9% of gross leasable area of
shopping centers), "traditional/average" (23.2%), and
the "traditional/small/with day to day — trade domi-
nant" (24.7%). Another 15.8% have a format of "spe-
cialized/thematic center/entertainment without domi-
nant" [2-3]. Shopping centers’ market development
has its own logic, and from year to year it is becoming
more diverse. Under these conditions, the study of or-
ganizational and financial decisions of new shopping
centers construction is relevant [4].

Analysis of works devoted to the optimization of or-
ganizational and technological solutions of construc-
tion and reconstruction [5-7] leads to the conclusion
that the use of experimental statistical modeling is an
effective way to solve such problems and can be used
for modeling and optimization of operating activity of
the construction companies. The papers [8-13] are de-

voted to optimization techniques applied by experi-
mental statistical modeling. It is expedient [5-7] to
create operating models of construction enterprise us-
ing specialized software for project management.

Definition of unsolved aspects of the problem

There is not considered the combined effect of a va-
riety of organizational factors on the performance of
the construction project in numerous studies aimed at
the selection of efficient organizational and techno-
logical solutions. The study task is proposed to be
solved by numerical simulation of construction proc-
esses and optimization of organizational solutions
considering existing constraints, using modern soft-
ware, theory of experiment planning and statistical
processing of experimental results.

Problem statement

Purpose of the article is to optimize the construction
duration and the average monthly financing intensity
of the shopping center construction under the organ-
izational and financial constraints. The following tasks
were set to achieve this goal:

— Development of optimization method of indicators
of shopping center construction project.

— Construction of experimental statistical dependen-
cies of construction duration and average monthly fi-
nancing intensity from the working time use intensity,
the number of work brigades and the work processes
alignment.

— Analysis and graphic interpretation of the numeri-
cal experiment's results.

Basic material and results

There was proposed to use experimental statistical
modeling for effectiveness evaluation of the organiza-
tional solutions of the shopping center construction.
The essence of this simulation is to monitor the sys-
tem under consideration by fixing the values of the
outgoing parameters when specifying input values pa-
rameters. Thus, in the present study, the system is rep-
resented as a time schedule. Experimental statistical
modeling algorithm is shown on Fig. 1.

1) Analysis of the information available on the construction project.

e ——

2) Sclection of the most significant indicators and factors affecting them. Development of the
plan of experiments.

—

3) simulation of construction processes in accordance with the experiment plan.

—

4y Construction of experimental statistical models showing the dependences of indicators on
factors.

Y

5) Graphic processing of the results of a numerical experiment.

Y

6) Opimization of the indicators under constrains.

Figure 1 — Research algorithm
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The key indicators are as follows:

— Y, — construction duration — the number of calen-
dar time from the start of the first work until the end
of the last work at all sections considering the sched-
ule of construction works.

— Y, — maximum monthly financing intensity — the
maximum amount of the monthly financing for the en-
tire period of construction. It is defined as follows:
construction of the work schedule with a cash distribu-
tion equal to month period; the resulting financing
schedule is analyzed and month with a maximum
funding is selected.

— Y3 — average monthly financing intensity — the
funds allocated for the construction of a facility are
deleted on the duration of the construction work, ex-
pressed in months.

The selected indicators are most affected by the fol-
lowing factors:

— X; — working time use intensity — there was pro-
vided the following in the development of the experi-
mental design: 40, 60, 80 hours per week;

— X, — number of work brigades —there was consid-
ered embodiment of the workflow involving
1, 2 or 3 brigades simultaneously;

— X; — work processes alignment — the ratio of the
length of the construction period T, to the total value
of the working time of all the processes on all work
sections £V, =V, ¢, (formula 1).

The transition to the coded factor levels was per-
formed according to the standard formula 2, where:

— x; — predetermined level of factor in its normalized
form;

— X; — predetermined level of factor in its natural
form;

- )(1 max
form,;

— X mwin — minimum level of factor in its natural form.

maximum level of factor in its natural

Yi=bo+ b X, + by Xi* + b Xy Xo + by X, X;

The polynomial experimental statistical model was
selected to solve the problems of the present study. It
is general form presented in formula 3. Numerical re-
sults of the experiment are shown in table 1.
The results of the experimental statistical models cal-
culation for the selected indicators are shown in for-
mulas 4-6.

One of the tasks set by the customer was to deter-
mine the minimum duration of the construction work.
The following restrictions were imposed while solving
this problem:

— Work processes alignment — 68-76%;

—Maximum monthly financing intensity —
40 million UAN
T.

K=yl ; (1)

DIRSIITS

X. — Xi~max +Xi~min
' 2
. = . 2
i Xi-max + X[»min ( )
2

The restrictions are shown on the diagram by
shading of following isosurfaces of construction
duration and maximum monthly financing intensity
values (Fig. 2). It enables to analyze these restrictions.

The effective value of the indicator "construction
duration", equal to C jmiy = 244 days, was found after
examining the diagram with restrictions. This model is
possible at: X; = 60 hours per week, X, = 2 working
brigades, X3 = 68%. The indicator reduces by the
increasing of the working time use intensity (X;), the
number of work brigades (X;) and the work processes
alignment (X3).

+ by Xy + by Xy + b3 X0 X; (3)
+ by X + b33 Xy
Y, =243,64 - 733 X, + 35,94 X2+ 47 X, X, +19.5 X, X,
+121,3 X, + 57,94 X,° +31 XX 4)
+63,8X; +9,56X;°
Y, =36692,83 + 5619,81 X; — 2047,95 X2 + 618,65 X, X, + 1407,68 X, X;
+11427,04 X, — 1998,13 X,2 +2043,24 X, X, (5)
+6450,97 X5 + 209,38 X3°
Yy =20377,52 +3106,2 X, — 1812,37 X2 — 282,55 X; X, + 23,64 X, X3
+6104,18 X, — 1470,06 X,* +438,58 X, X3 (6)

+3227,25 X5+ 1575,09 X3°
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Table 1 — The results of a numerical experiment

Working time | Number of Work processes | Construction Maximum Average

use intensity, work brigades, | alignment, % duration, days, | monthly financ- | monthly fi-
# | hours a week (X2) (X3) ) ing intensity, nancing inten-

X)) thsd. UAH, (Y,) | sity, thsd.

UAH, (Y3)

1 40 1 61 710 15171,713 7247, 944
2 40 1 76 445 20 788 647 11487 308
3 40 3 61 278 32012, 947 18 039 328
4 80 1 61 395 21591 218 12 817,417
5 40 3 76 190 43 728 903 25907, 546
6 80 1 76 261 30 764, 955 19 025, 854
7 80 3 61 204 38 833 149 24 353,094
8 80 3 76 141 58253 785 30 441 367
9 80 2 68 224 44 725 436 22139 176
10 | 40 2 68 335 26 268 165 15032 774
11| 60 3 68 194 50 425 694 25367 806
12 | 60 1 68 409 20 667, 557 12 488, 766
13 | 60 2 76 190 47 045 372 25907, 546
14 | 60 2 61 278 28 462 916 18 039 328
15 | 60 2 68 244 33285173 20 294 245

A=40000

Figure 2 — Optimization of the construction
duration under limitations of the work
processes alignment and the maximum

monthly financing intensity

Next task, set by the customer, was to determine the
minimum of the average monthly financing intensity.
The restrictions for this task were:

— the number of work brigades — 1-2;

— the maximum construction duration — 360 working
days.

These restrictions were shown on the diagram of the
average monthly financing intensity (Fig. 3).

The minimal value of the indicator
monthly financing intensity", equal to C; i = 15,000
thsd. UAN was found after considering the
limitations. This model is available when X; = 80
hours per week, X, = 1 operating brigade, X; = 68%.
The average monthly financing intensity reduces with
increasing levels of working time use intensity (X)),
the number of work brigades (X;) and the work
processes alignment (Xj3).

"average

H ;‘;\\é |I“]_|-r -'+"|

=5

Figure 3 — Optimization of the average monthly
financing intensity under limitations
of the number of work brigades
and the maximum construction duration

Conclusions

1. The developed methodology and the obtained
results confirm the possibility of using the proposed
approach to the optimization of the construction
duration and average monthly financing intensity for
the facilities under consideration.

2. The efficient construction model into the
investigated range of the factors has the following
parameters: duration of construction — 244 days, the
maximum monthly financing intensity — 40 million
UAN, the average monthly financing intensity — 15
million UAN. These rates are achieved at 60 working
hours a week, using two working brigades, with work
processes alignment equal to 68% under constraints
(work processes alignment — 68-76%; maximum
monthly financing intensity — 40 million USD;
number of working brigades no more than 2;
construction duration — 360 working days).

208

Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (52) 2019.




References

1. Oguyuaneneiii caitm opeanuzayuu «ICSC: Interna-
tional Council of Shopping Centers». (2019).

Bs3sT0 3 https://www.icsc.org.

2. ICSC: uccneoosanue pvinka mopaoso HeO8UNCUMOCNU
Yxpaunwi. (2019).

B3sro 3 https://commercialproperty.ua.

3. ICSC npedcmasun knaccugurayuio mopeoguix yeHmpos
Vrpauner. (2019).

B3sro 3 https://commercialproperty.ua.

4. Opuyuanvuviii catim Gagarinn Plaza. (2019).

Bs3sto 3 http://gagarinnplaza.com/

5. Jlobakosa, JI.B. (2016). Opeanizayiiine mooentoganns
pexoncmpykyii’ 6ydigens npu ix nepenpoginosanti. (ABTO-
ped. muc. kaHI. TexH. HayK). Onecbka AepikaBHA aKameMis
OyniBHHMIITBA Ta apXiTekTypH, Oxeca.

6. Meneiumok, A.W., Epmos, M.H., Huxudopos, A.JI.,
Memneiimok, U.A. (2016). Onmumusayus opeanuzayuonno-
MEXHONOSUYECKUX ~PpeuleHull PeKOHCMPYKYUU  BbICOMHbIX
unocenepHuvix coopyorcenuil. Onecca: IHTepcepBuc.

7. Yepnos, 1.C. (2013). Bubip egpexmusnux modeneii 3ge-
Oenns orcumaosux 6yoieenv npu ginancoeoi cumyayii, wjo
sminoembesa. (ABToped. Auc. KaHA. TexH. Hayk). Onecbka
JeprkaBHA akazeMist OyIiBHUITBA Ta apXiTekTypu, Oneca.

8. 3agrenunze, U.I'. (1976). Ilnanuposanue sxcnepumen-
ma 0ns ucciedo8anus MHO2OKOMNOHeHMHbIX cucmem. Moc-
kBa: Hayka.

9. Anderson, M.J. & Whitcomb, P.J. (2010). Design of
Experiments. Kirk-Othmer Encyclopedia of Chemical Tech-
nology. New York: John Wiley & Sons.

https://doi.org/10.1002/0471238961.0405190908010814.a
01.pub3

10. Hammos, B.B., I'omukosa, T.M. (1980). Jloeuueckue
ocHoeanust nianuposanus sxcnepumenma. Mocksa: Merta-
JUTYpTHSL.

11. Kumar, R. & Vrat, P. (1989). Using computer models
in corporate planning. Long Range Planning, 22, 114-120.

https://doi.org/10.1016/0024-6301(89)90130-1

12. ®unny, 1. (1970). Bgedenue 6 meoputo naanuposanus
sxcnepumenmog. Mocksa: Hayka.

13. Kempthorne, O. (1952). The Design and Analysis of
Experiments. N New York: John Wiley & Sons.

https://doi.org/10.1111/j.1469-1809.1952.tb02500.x

1. The official website of the organization «ICSC:
International Council of Shopping Centersy. (2019).

Retrieved from https://www.icsc.org

2. ICSC: Study of the Ukrainian real estate market.
(2019).

Retrieved from https://commercialproperty.ua.

3. ICSC presented the classification of shopping centers in
Ukraine. (2019).

Retrieved from https://commercialproperty.ua.

4. The official website of Gagarinn Plaza. (2019).

Retrieved from http://gagarinnplaza.com/

5. Lobakova, L. (2016). Organizational modeling of
buildings reconstruction during their redevelopment
(Master’s thesis). Odessa State Academy of Civil
Engineering and Architecture, Odessa.

6. Menejljuk, A., Ershov, M., Nikiforov, A., &
Menejljuk, I. (2016). Optimization of organizational and
technological solutions of high-rise engineering structures
reconstruction. Odessa: Interservis.

7. Chernov, 1. (2013). Choice of effective models of
residential buildings construction at the changing financial
situation. (Master’s thesis). Odessa State Academy of Civil
Engineering and Architecture, Odessa.

8. Zadgenidze, 1. G. (1976). Planning the experiment for
the study of polycomponent  systems. Moscow:
Nauka.

9. Anderson, M.J. & Whitcomb, P.J. (2010). Design of
Experiments. Kirk-Othmer Encyclopedia of Chemical Tech-
nology. New York: John Wiley & Sons.

https://doi.org/10.1002/0471238961.0405190908010814.a

01.pub3

10. Nalimov, V.V. & Golikova, T.I. (1980). The logical
base  for the design of experiment. Moscow:
Metallurgija.

11. Kumar, R. & Vrat, P. (1989). Using computer models
in corporate planning. Long Range Planning, 22, 114-120.

https://doi.org/10.1016/0024-6301(89)90130-1

12. Finni, D. (1970). Introduction to design of
experiments. Moscow: Nauka.

13. Kempthorne, O. (1952). The Design and Analysis of
Experiments. N New York: John Wiley & Sons.

https://doi.org/10.1111/j.1469-1809.1952.tb02500.x

36ipHuK HayKoBHX Tpats. Cepist: ['anmy3eBe MammHoOy1yBaHHs, OyaiBHunTBo. — 1 (52)' 2019.

209




