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Planning construction sites involves determining the layout of temporary facilities on the site
and significantly impacts the safety and efficiency of construction activities. However, such planning is
a complex combinatorial problem that encompasses multiple objectives and becomes more challenging
with an increasing number of objects and constraints on work execution conditions. To reduce the
complexity of creating such solutions, the use of intelligent design systems is facilitated.

The study analyzed existing information modeling technologies for finding optimal solutions
based on adopted efficiency criteria and identified drawbacks in such systems. Through theoretical
research, the conclusion was drawn that current information technologies for optimizing construction
site planning address issues only in isolated aspects, such as minimizing the areas of administrative or
storage facilities or reducing costs for unproductive resource movements.

Key words: construction site; construction master plan; schedule plan; information modeling
technologies; decision search algorithm; optimal planning.

Introduction

The planning of construction sites involves determining the composition of temporary objects and
significantly influences the safety and efficiency of construction activities. Rational planning of a construction
site allows (Anumba C., 1997; Ushatskyi S., 2007; Dorosh A., 2011; Hryhorovskyi P., 2010; Gaido A., 2017,
Chary S., 2004; Kumar S., 2015; Whitlock K., 2018; Sadeghpour F., 2015; Papadaki I., 2015):

— reduce production costs

— minimize the movement time of labor, materials, and equipment on the site

— improve construction productivity

— enhance the safety and quality of work execution

Optimizing the planning of a construction site can be achieved by reducing the required resource
areas on the construction site and minimizing the distance or eliminating unnecessary movement of
resources using proper material handling methods (Shawki K., 2014).

It is known that optimizing the planning of various activities on the construction site contributes to
increased operational efficiency, reduces waste by 20—40 %, and allows for cost reduction up to 80 %
(Shawki K., 2014). The sorting of recyclable and reusable materials on-site can also reduce operational
costs.

An analysis of scientific research (Muralidhar P., 2018; Xu M., 2022; Ioanna N., 2016; Zavari M.,
2022; Yi W., 2018; Schwabe K., 2019; Zolfagharian S., 2014) aimed at reducing construction costs
through the optimization of decisions made during the design of construction master plans reveals the
existence of two main directions:

I. Minimization of the required areas of construction site elements through the optimization of
resource utilization, including:

a) reducing the maximum number of workers (redistribution) involved in the work, thereby
decreasing the necessary areas for sanitary and administrative facilities;

b) decreasing the required storage areas by adjusting the material usage period through refining the
adopted construction method (e. g., transitioning from on-site assembly to assembly using “wheels”).

II. Rational planning of the construction master plan (operational efficiency) by minimizing the
distances for resource movement within the construction site.
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Analysis of parameters of construction facilities (Mudryy 1., 2023) in the design of construction
master plans reveals a complex interdependence among them. Consequently, most scientific works are
focused on finding optimal solutions in the context of schedule planning. The optimization of schedule
planning allows for the indirect minimization of the areas of administrative and domestic premises by
reducing the number of workers simultaneously involved. However, optimization of schedule planning is
typically aimed at reducing resource peaks (R_peak — min) and involves the following:

1) determining the resource peak in the standard construction plan;

2) using load leveling procedures before the standard construction plan;

3) identifying the tasks causing the resource peak;

4) evaluating the resource peak in the work schedule;

5) adjusting (revising) resource profiles.

Reducing peak loads allows for minimizing the areas of sanitary and domestic premises and
decreases the costs of organizing construction camps. The methodology for minimizing resource peaks
requires the use of interactive information technologies, particularly MS Project. When leveling peak
loads, MS Project selects processes that need to be delayed or shifted, taking into account time reserves,
task priorities, constraints, directive deadlines, etc. However, applying this methodology in practice is
only possible at the stage of developing work execution projects, with known organizational and
technological solutions for construction.

Thus, optimizing a construction site is a complex and resource-intensive task that increases design
costs. Reducing the number of options is facilitated by the use of intelligent design systems. However, in
practice, optimal planning of a construction site, considering comprehensive management of health,
safety, and environmental issues, especially with the assistance of intelligent technologies, receives little
attention. In domestic practice, decisions regarding construction site planning are typically made by the
project engineer based on existing regulations and personal experience. Therefore, it is advisable to define
the main criteria for searching for an optimal solution in the planning of a construction site using
information technologies.

Variant design of a construction site requires the creation of various planning models, increasing
design costs. Construction sites have different shapes, and elements placed in open spaces have their own
shapes, which may not always allow for their placement, especially in constrained construction
conditions. To reduce the complexity of these processes, creating information models of construction sites
in a common project model (Project Information Model — PIM) can be utilized. The use of information
technologies in the design practice allows (Trach R., 2018; Mudryy 1., 2020, 2021):

— reduce the cost of design documentation by 10 %;

— shorten project implementation timelines by 7-15 %;

— increase the accuracy of cost estimates by 3 %;

— reduce the development time of design documentation by 80 %;

— decrease waste and defects in construction production by 30 %.

To analyze existing information technologies for optimizing construction site planning to minimize
resource costs.

Materials and methods

The analysis of the construction site planning (for residential and public buildings with a building
area up to 700 m?), considering all elements of the construction infrastructure depicted in Fig. 1, reveals
the following:

— areas occupied by engineering elements of the construction site and utilized in the technological
process of construction, including temporary roads, administrative and domestic structures, and
warehouses, account for less than 18 % of the total construction site area (varying within the range of 12
to 17 %).

— the areas “not occupied” on the construction site are proportional to the areas occupied by the
planned structures;

— the “not occupied” areas (44—56 %) are conditional, as they partially include hazardous zones
during work execution.
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The provided analysis indicates that approximately 50 % of the area on the construction site is not
involved in the technological process and may be allocated for various reasons, including:

— security zones for engineering networks and infrastructure objects;

— areas formed by the configuration of the land plot;

— opportunities for organizing access to the site;

— terrain relief.
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Fig. 1. Distribution of areas of construction infrastructure elements on the construction master plan for the sample
objects: 1 — “not occupied” areas; 2 — an area of planned structures; 3 — an area of temporary storage yards;
4 — an area of temporary roads on the construction site; 5 — an area of temporary sanitary and domestic facilities

The analyzed construction sites were formed without implementing optimization measures to
minimize costs for their organization and were designed by adhering to the existing regulatory
requirements. The areas of engineering infrastructure elements (administrative and domestic premises and
storage yards), which are typically subject to optimization (Fig. 1), account for up to 10 % of the total
construction site area. The “not occupied” areas will affect the distances of unproductive movements
within the site.

When optimizing temporary roads, two parameters are considered:

— the construction of the temporary road, which depends on the weight of the machinery used and
the intensity of vehicle traffic;

— the area of the temporary road, which depends on the organizational and technological scheme
of construction and the conditions of internal compactness of the construction site.

The search for optimal planning of temporary roads is a multivariate problem, as it requires
decisions not only from the perspective of planning the construction site but also from the choice of an
efficient construction technology. Additionally, minimizing costs for setting up temporary roads may not
necessarily result in a reduction of overall construction expenses.

Results and discussion

The tasks of construction site planning typically involve the placement of a list of temporary
engineering objects in specific locations within the construction site, simultaneously optimizing the
overall planning goals and meeting existing health and safety constraints. Optimal construction site
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planning is crucial for project management as a whole, as it reduces transportation time within the site,
enhances productivity, and improves safety conditions. The planning tasks for a construction site usually
include determining the list of temporary objects necessary to support construction work, defining their
sizes, shapes, and optimal placement in unoccupied areas within the construction site.

The issue of Construction Site Layout Planning (CSLP) with the application of information
technologies is receiving attention in international construction practices (Xu M., 2022; Ioanna N., 2016;
Marzouk M., 2016). This is because it contributes to enhancing the efficiency and quality of real-time on-
site management. Planning is typically a complex combinatorial optimization problem involving multiple
objectives, further complicated by an increasing number of objects and constraints on work execution
conditions. Additionally, the process of information planning for construction site layout is practically
complex, and its modeling using optimization methods does not guarantee the creation of an optimal
solution. Optimization methods do not consider various operational factors, such as interdependencies
between individual elements of the construction site, resource allocation, production speed, and downtime
of construction equipment.

Algorithms applied in Construction Site Layout Planning (CSLP) optimization technology can
generally be classified as Artificial Intelligence (Al), Evolutionary Algorithms (EA), and Swarm
Intelligence (SI) methods. All these algorithms focus on finding solutions to the given problem but may
not necessarily develop practical data for real-world application, as they often do not consider all
conditions of actual production (often simplifying them). They prioritize finding compromise results
between site organization costs and safety requirements.

In general, Construction Site Layout Planning (CSLP) models involve the zoning of construction
facilities on the site with the aim of minimizing overall construction costs. However, in practice, the
placement of these elements may depend on other factors. For instance, positioning meeting rooms close
to the entrance of the construction site for minimal movement within the area and quick evacuation in
case of emergencies. Additionally, such models often do not consider the time parameter associated with
changes in organizational and technological schemes and work execution conditions, such as altering
access zones to the site and the subsequent measures involved (relocating gates, roads, changing traffic
organization, etc.).

Research on the efficiency of construction site planning, achieved through reducing inefficient
resource movements between construction facility elements, demonstrates a decrease in operational costs
by up to 23 % (Mudryy 1., 2020). The “CRAFT” algorithm was utilized to find optimal site planning.
Based on the initial layout of the construction site, this algorithm systematically replaces the locations of
elements to minimize transportation costs. Essentially, a new project is formed based on the initial
(existing) solution of the construction master plan. Although the algorithm allows consideration of
whether elements can be located together (adjacency based on safety, environmental considerations,
accessibility, etc.), it only facilitates planning in conditions of simple sites using rectangular-shaped
facility elements, forming a solution based on minimizing resource movement costs.

Conclusions

Existing information technologies for optimizing construction site planning address issues only in
specific aspects, such as minimizing the area of administrative or residential buildings or warehouse
yards, or reducing costs related to non-productive movements. Consequently, there is a need to develop
an algorithm for finding an optimal solution that considers all these aspects collectively. In general, the
search for optimal construction site plannlng should be based on the condition:

ZS'MC +ZS'”C +ZL C —>mm

C,, — is the cost of organizing the construction site; S, — represents the area of administrative and
residential premises for variants 1 to n; C, — is the cost per unit area of administrative and residential
premises; Sc denotes the area of warehouse yards for variants 1 to n; C. — is the cost per unit area of
warehouse yards; L, — is the distance of movement between construction site objects for variants 1 to #;
C —is the cost of movement per unit distance.
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The development of enhanced information modeling technologies for the creation of construction
master plans will necessitate the introduction of new requirements:

— the formation of a construction master plan should be carried out according to the sequence or
stages of constructing individual parts (sections) of complexes at specific points in time (aligned with the
construction schedule);

— the placement of warehouse yards (areas) should vary depending on the adopted organizational
and technological scheme of construction;

— implementation of dynamic constraints on work execution conditions (constraints on areas not
involved in production), the positioning of work zones (areas for work execution) in space and time;

— optimization of decisions regarding construction master plan planning (based on a baseline
solution), with the aim of minimizing expenses for construction.

Further research is needed to develop a comprehensive methodology for optimizing the planning of
construction sites based on the criterion of minimizing construction costs.
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I. B. Mynpwuii
Hanionanshuii yHiBepcuret “JIbBiBChKa MoOMiTEXHIKA”,
kadeapa OyaiBETBHOTO BUPOOHHUIITBA

IVIAHYBAHHS BYIIBEJIbHUX MAJTAHYUKIB 3 BUKOPUCTAHHSIM
IHOOPMALINHUX TEXHOJIOI' T
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[TnanyBanHs OyniBeNbHUX MalIaHUYMKIB rependavac BU3HAYCHHS CKJIaly THMYacoBUX OO €KTIB Ha
MaliIJaHYMKy Ta iCTOTHO BIUIMBA€E Ha Oe3reKy Ta e(eKTUBHICTh BUKOHAHHS Oy/iBenbHUX poOiT. [InanyBanHs
OyIiBENPHOrO MalJaH4YMKa MOXKHA ONTHUMI3yBaTH 32 PaxyHOK: 3MEHIICHHS HEOOXiTHHX IUIOLI PEecypCiB,
po3MileHux Ha OyAiBHHUIITBI, Ta MiHIMI3allii OUIAXY, TOOTO YHHMKHEHHS HENOTPIOHOTrO IepeMilleHHs
pecypciB y Mexax HOro TepurTopii. AJie TaKHid MpOIeC TUIAaHYBAaHHS € CKJIaJHOI KOMOIHATOPHONO 3aaucto,
IO OXOIUTIOE KiNbKa IJIeH 1 YCKJIQJAHIOETHCS 31 301IbMICHHSIM KiJBKOCTI 00’€KTiB i OOMEXEHb Ha yYMOBH
BUKOHAHHSI POOIT. 3MEHIIMTH TPYAOMICTKICTh CTBOPEHHS TaKUX pIlIeHb Ja€ 3MOTy BHUKOPHCTaHHS
IHTEJIEeKTYalbHIX CHUCTEM TMpOEKTyBaHHA. ONTHManbHOMY IUIaHYBaHHIO OYNiBENFHOrO MaiJaHUYWKa, 3
ypaxyBaHHSM KOMIUIEKCHOT'O YIIPaBJIiHHS IUTAaHHAMH OXOPOHU 3JI0pOB’sl, O€3MEeKH Ta HABKOJIHIIHBOTO
cepeloBHUINa, OCOOJIMBO 3a JOMOMOTOI0 IHTENEKTYaJbHUX TEXHOJNOTIH, NPUIULIIOTh Majo yBaru. Y
BITYM3HSHIA TMPaKTUIl PpIlIEHHS LIONO IUIAHYBaHHS OyAiBENFHOrO MalJaH4MKa, SK IMPaBHIO, MpHAMae
IH)KEHep-NPOEKTAHT Ha MiJICTaBi YNHHUX HOPMATHUBIB Ta BIACHOTO JIOCBIAY.

Y po06oTi mpoaHai3oBaHO TEXHOJOTIT iHQOPMAIITHOr0 MOJICIIOBAHHS OO MOIIYKY ONTHMAaIbHOIO
pillleHHs TUTaHyBaHHS OyIiBENFHOrO MaWIaHYWKa, BIANIOBIIHO 1O TNPHHHITUX KPHUTEPIiiB e(EeKTHBHOCTI,
MPOaHaJIi30BaHO HEJIOJIIKU TAKUX CHCTEM.

Ha ocHOBI TeopeTMUHHX [OCIHiIPKEHb 3pO0JIEHO BHCHOBOK: BHKOPHCTOBYBaHI iH(opMariiiHi
TEXHOJOTIT onTUMi3alii MIaHyBaHHS Oy/iBEIbHOTO MaiIaHYMKa PO3IJISIJA0Th MHUTAHHS JIUIIE B OKPEMHUX
YacTHHAX: MiHIMI3allisl IUION aJAMiHICTPaTHBHO-IIOOYTOBHX NPHMIlleHh ab0 CKJIAACPKUX MaiIaH4YHMKIB YH
3HW)KEHHS BUTpPAT Ha HENpOJYKTHBHE IepeMilieHHs pecypciB. OOrpyHTOBaHO TOTpeOy B CTBOpEHi
aITOPUTMY TOIIYKY ONTHMAIBHOTO PillIeHHs], sIKMH O BpaxoByBaB yci 1ii nutaHHs. C(hOpMOBaHO J10JaTKOBI
BUMOTH J10 (hOpMYyBaHHsI OyAiBEIbHUX TeHEepaJbHUX IUIaHIB B YMOBaxX iH(poOpManiiHOro MO/ICITIOBAHHSI.

KirouoBi cioBa: OyniBejbHHIl MaiiiaHuyuk; OydiBelbHUH reHepaJbHMIl NUIaH; KaJeHAapHU
miaH; iHdopManiiiHi TexHosorii MoIeJI0BaHHA; AJrOPUTM MOIIYKY pillleHHA; ONTHMAJIbHE
IUIAaHYBaHHA.



