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Abstract

Introduction. Strategic planning is important for effectiveness of investment and construction projects. Complexity of
solving problems increases with growth of variables in calculations and constraints. For effective planning of construction
sites, many factors need to be taken into account, such as spatial constraints and distances between objects. To solve such
problems, it is possible to use a mathematical machine learning model — a genetic algorithm (GA) to optimize the place-
ment of objects on a construction site. The aim of this study is to improve the accuracy and flexibility of solutions in the
organization of the construction site, reduce complexity of calculations and minimize the amount of data.

Materials and Methods. The realization of this goal is possible by introducing the Systematic layout planning (SLP)
method into the planning process to optimize space on construction sites. To confirm the effectiveness of optimizing the
location of objects, the SLP method was applied in the organization of planning the construction site of an administrative
building. The planning took into account the stages of work, the required economic facilities, data on safety and environ-
mental safety of the construction site. The use of the Dynamo plugin for analysis made it possible to adjust the location
of objects taking into account the utilization factor of the territory.

Research Results. As a result of the modeling of the construction site plan, it was found that using the SLP method, the
process is adapted, taking into account the location of objects according to the established values of the relationship matrix
using automation and color coding to simplify analysis. Flexibility in making informed decisions is important for design-
ers, given the safety and intensity of the workflow. The SLP method reduces distances through optimization of logistics,
optimizes the location of objects on the construction site, taking into account restrictions. This hybrid approach increases
the efficiency of implementing machine learning models in the design process of building master plans of facilities. The
integration of the genetic algorithm and BIM technologies into the construction site organization process helps to optimize
solutions based on optimal distances, improves the visualization of decisions and problem correction.

Discussion and Conclusions. The results of the study contribute to decision-making efficiently and quickly, minimizing
the time required for analysis compared to some other approaches. The result of the research is the creation of a system
that is not only flexible and adaptable, but also overcomes the limitations typical of previous methods. The use of machine
learning technologies to predict optimal design decisions and automate the establishment of key relationships can signif-
icantly reduce the need for manual data entry, thereby simplifying and speeding up development processes. Adding new
examples of diverse plans and spatial constraints will strengthen the foundations of the concept and enrich its application
in a variety of investment and construction projects.

Keywords: construction organization, construction site, machine learning algorithms, artificial intelligence, end-to-end
technologies
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IIpumeHeHune Mo/1eJ1eil MAIIMHHOTO 00Y4YeHMs B IPOLECC OPTraHN3ANMHN CTPOUTEIHHON MJIOIIAIKH
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AHHOTAIIMA

Beeoenue. Ctparernieckoe IUIAHUPOBAHHE BAXKHO ISl 3((PEKTUBHOCTH HWHBECTHIIMOHHO-CTPOMTENBHBIX IIPOEKTOB.
CJ0)XKHOCTh pELIeHUs 3a/ad yBEJINYHUBACTCS C POCTOM IEPEMEHHBIX B pacuerax u orpanndeHuid. [[ns sddexrusaoro
IUTAHUPOBAHUS CTPOUTENBHBIX IIOIIAIOK HY’)KHO YYUTHIBATH MHOKECTBO (PAaKTOPOB, TAKMX KaK ITPOCTPaHCTBEHHBIE Orpa-
HUYEHUS U PACCTOSIHUS MEXy 0ObekTaMH. J{JIst pereHuns TakuX 3a/1a4 BO3MOXKHO IPUMEHEHNE MaTeMaTHYeCKOi Mo1esn
MAaIIMHHOTO 00y4YeHus1 — reHerudeckoro anropurma (GA) s oNTHMHU3AINN pa3MEIIeHNs! 00bEKTOB HA CTPOUTEIHFHOM
yuactke. Llenb maHHOTO MCClneoBaHN — YIyUIICHHE TOYHOCTH M TMOKOCTH PEIICHUH B OPraHU3alud CTPOUTEIBHON
IUTOIIAKH, YMEHBIICHHE CIOKXHOCTH BBIYUCICHIH M MUHUMHU3aLUs 00beMa JaHHBIX.

Mamepuansl u memoost. Peannzaiys 1eIn UCCIIeI0BaHI BO3MOXKHA C IIOMOIIBIO BHEAPEHHUS B IIPOIECC IUITAHUPOBAHUS
Mmeroza Systematic layout planning (SLP) st onrTHMH3AIHH IPOCTPAHCTBA Ha CTPOUTENBHBIX TUIOMAKaX. s moATBep-
KIeHus 3PpPEKTHBHOCTH ONTUMH3AIMH PACHIONOKEHUST 00beKTOB MeTo SLP Obu1 MpuMeHeH B OpraHu3aluy IIaHUpO-
BaHUs CTpOI/ITCJ’ILHOﬁ TJIOIAAKN aAMUHUCTPATUBHOT'O 31aHUA. B TJIaHUPOBAHUU YYUTBIBAJIN 3TAllbl IPOU3BOJACTBA pa-
00T, TpeOyeMble X035IICTBEHHBIE OOBEKTHI, IAHHBIE O TEXHUKE OE30IIaCHOCTH M DKOJIOTUUECKON 0€30aCHOCTH TEPPUTO-
puu cTpouTtenbeTBa. [Ipumenenue marnaa Dynamo 1yist aHann3a Mo3BOJIMIIO CKOPPEKTHPOBATh PacIoioKeHHe 00beK-
TOB C Yu4eTOM K03(h(HULIKEHTa HCTIOIB30BAHUS TEPPUTOPHUH.

Pezynomamut uccnedoganus. B pesynbrare NpoBeIeHHOTO MOECIHPOBAHHMS TUIaHA CTPOUTEIBHON TUIOMIAAKH YCTAaHOB-
JIEHO, YTO C MOMOIIBI0 MeToAa SLP nporiecc mpoucXoauT aganTHPOBaHO, yIUTHIBAS PACIIOI0KEHHE OOBEKTOB COTJIACHO
YCTaHOBJICHHBIM 3HAYCHUSM MaTPHUIIBI B3aHMOCBS3€H C TOMOIIBIO0 aBTOMATH3AIMH U [BETOBOM KOANPOBKH AJISI yTIPOIIE-
HUS aHanu3a. [ MOKOCTh B IPHHATHH 0OOCHOBAHHBIX PELICHUH BaXKHA JUISI TPOCKTUPOBIIMKOB, YIUTHIBas O€30IaCHOCTh
1 MHTEHCHBHOCTH padouero mnporecca. Metox SLP cokpamaer paccTosiHAS 4epe3 ONTHMHU3ANNIO0 JIOTHCTHKY, ONITHMHU3H-
PYET pacrmoiokeHHEe 00BEKTOB HA CTPOUTEIHHOM IUIOIIAKE C YIETOM OrpaHHYCHHA. DTOT THOPUIHBIA MOIXO. MOBBI-
maeT 3¢ GeKTUBHOCTH BHEAPESHUS MO/IENIEI MAIIMHHOTO O0YUESHHUS B IPOLIECC TPOSKTUPOBAHUS CTPOUTENLHBIX F'eHEpalIb-
HBIX [UTAHOB 00BEKTOB. HTErpaIyst TeHETHYESCKOTO aaroputMa 1 BIM-TeXHOIOTHiA B MPOIECC OPraHU3aluu CTPOUTEIb-
HOH TJIOHIAIKN IMOMOTA€T ONTUMU3UPOBATH PCHICHUA Ha OCHOBC ONITUMAJIBHBIX paCCTOHHHﬁ, COBCPIHICHCTBYET BU3YyaJIN-
3aIMI0 MPUHUMAEMBIX PEIICHUH U KOPPEKTUPOBKY Mpo0JIeM.

Oécyncoenue u 3akniouenue. Pe3ynbraTel IPOBEICHHON pabOTHI CIIOCOOCTBYIOT 3()(EKTUBHOMY M OBICTPOMY NPUHSTHIO
PELICHUH TP OpraHU3alnuy CTPOUTENIFHOH IIIOMIAAKH, MUHUMH3HPYS BpeMsi, HEOOX0JMMOe JUIsl aHaJIN3a, 110 CPAaBHEHUIO
C IpyTUMH HOAXOoAaMH. B pe3yibraTe McciaegoBaHus co31aHa CHCTEMa, KOTOpasi He TOJIBKO TMOKa M TOAJaeTCsl peryJiu-
POBKE, HO M IIPEOI0JIEBAET OrpaHNYEHHS, XapaKTepHbIe IS IPEIBIAYIINX MEeTO0B. [IpMeHeHe aIrOpUTMOB MaIlIH-
HOTO 00y4eHUs AJIsl IPOTHO3UPOBAHMS ONTHMAIBHBIX ITPOSKTHBIX PEIICHUH U aBTOMATH3aIM1 YCTAaHOBJICHHS KITOUEBBIX
CBSI3€¥ MOJKET 3HAYUTEIBHO YMEHbLUINTH HCO6XO)II/IMOCTI> BBO/JIa TAHHBIX BPYYHYIO, TEM CaMbIM YIIpOIas U YCKOPS IPO-
reccsl pa3pabotku. Jlo6aBieHre HOBBIX MPUMEPOB Pa3HOOOPA3HBIX IJIAHOB M IPOCTPAHCTBEHHBIX OIPAHUYEHHUH YKPETIUT
OCHOBBI KOHIICIIITUHU U O6OI‘aTI/IT €€ IPUMCHCHUE B pa3Hoo6pa3H1)1x HWHBCCTUIITMOHHO-CTPOUTCIIBHBIX ITPOCKTax.

KiroueBrble cjioBa: opranu3anus CTpOUTEIbCTBA, CTPOUTEIbHAA TJIOHIaAKa, aJITOPUTMbI MAIITMHHOT O O6y‘l€HI/I$[, HCKYC-
CTBEHHBIN HUHTCJIIJICKT, CKBO3HBIC TCXHOJIOTHH

E.]IaFOIIapHOCTI/l. ABTOp BBIPAKACT 6Har0,£[apHOCTb peAaKnu U peUCH3CHTAM 34 BHUMATCIbHOC OTHOLICHUE K CTaThE U
YKa3aHHbIC 3aMC€YaHUs, KOTOPbIC MO3BOJIMJIN MMOBBICUTL €€ KaUCCTBO.

Jas nurupoBanus. Mamxkwiesckas C.E. [Ipumenenne MoJeneit MamMHHOTO 00y4YeHHS B TIPOIIECC OPTaHU3AIMU CTPO-
UTENBHOU IIomanku. CogpemerHbie meHOeHYUlU 8 CIPOUmMeIbCmee, 2padocmpoumenbCmee U NIAHUPOSKe Meppumopui.

2025;4(2):106-116. https://doi.org/10.23947/2949-1835-2025-4-2-106-116

Introduction. Strategic planning transforms a construction site into a highly organized mechanism where each ele-
ment yields to the logic of optimal use of space, time and material resources. Innovative design methods enable the design
of the most adaptive and efficient working environments [1].

The logistical efficiency of construction sites depends not only on the technical parameters, but also on the quality of
the preliminary planning. There might be economic losses due to improper organization of the workspace creating delays
and reducing the employees’ overall productivity.
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Construction site facilities are complex systems where every element — from access roads to internal infrastruc-
ture — has a key role to play in the overall concept of sustainable development. The major aspect is not just the
physical location of the facilities, but their integration into the overall resource optimization strategy in order to
minimize unforeseen costs [2]. It is essential to realize that the initial planning of a construction site might have a
dramatic impact on the final effectiveness of an investment and construction project, transforming investments into
either considerable savings or additional unplanned costs.

The efficiency of the project enhances due to the competent planning of the location of economic facilities. This
approach does not only serve to optimize working processes, but also creates a safe environment conducive to higher
productivity levels. Unhindered movement around the facility and uninterrupted operation become possible if the space
is thoroughly organized, which ultimately leads to a higher overall performance and maneuverability on the site.

According to the theory of algorithms, organization of space on a construction site belongs to the category of NP-
complete problems involving high computational complexity [3]. As the number of variables and constraints goes up,
complexity of solving such problems rises, making it more daunting to identify the optimal location due to the rapid
increase in the number of possible options. In particular, the development of effective plans for construction sites calls
for a whole host of factors to be accounted for, including spatial constraints and the need to maintain certain distances
between objects [4]. A variety of approaches can be employed in order to address such complex problems, including
mathematical modeling, computer algorithms, and approaches based on rules and knowledge, each offering unique ad-
vantages for organizing space on a construction site [5].

While methods yielding the best results call for a great deal of computational effort and time, particularly while ex-
panding tasks, heuristic approaches stand out for their ability to perform quick calculations and adaptability to new con-
ditions and problems [6]. In spite of this, the major problem with heuristic methods is their inconsistency in delivering
the best result, which might force one to have to strike a balance between speed and accuracy. In conditions where time
is a crucial factor, particularly while working with large and complex tasks, it is customary to compromise choosing
between the speed of calculations and the accuracy of the results [7].

As part of improving the efficiency of developing a construction site plan and optimal placement of facilities on it, it
is recommended thatadvanced mathematical optimization techniques, particularly the “genetic algorithm™ (GA), are used
[8]. This optimization method is considered most suitable for planning the location of facilities on construction sites [9].
The genetic algorithm, inspired by the Darwinian theory of evolution, effectively deals with problems similar to the
processes of natural selection and genetic changes making it possible to find the best options for space allocation [10].

What sets Algorithms based on genetics apart are their global search capability and efficiency in solving nonlinear
problems of high complexity. However, their implementation can be confusing, and they typically perform slower in the
search process [11]. This, in turn, increases the likelihood of algorithms reaching imperfect solutions even before a truly
optimal answer has been identified.

While developing construction master plans, time-tested approaches are commonly used and based on past experience,
as well as guided by specialized standards and regulations such as NOSTROI 2.33.52-20111 and SP 48.13330.20192
which contain construction sites standards instead of relying on mathematical methods. The implementation of innovative
planning strategies in construction typically faces obstacles due to a range of factors. Existing mathematical approaches
to planning offer only partial solutions that cannot adequately adapt to the changeable and unstable conditions typical of
construction projects.

One of the major problems is the need for significant time for data processing by algorithms in their quest to identify
ideal solutions, which becomes particularly pronounced as projects start growing in size and complexity. A tool for de-
veloping a construction site plan should be easy to use, capable of working with a limited amount of source data, and
readily adaptable to a variety of construction projects and land plots. It should help to obtain results as soon as possible,
while accounting for the key aspects such as the duration of transportation, safety of work and financial costs, minimizing
the need for in-depth analysis for a better outcome.

In order to optimize the planning of the construction site, it is necessary to apply a hybrid approach combining pro-
fessional experience, standards and strategies for optimizing space. Its aim is to improve the accuracy and flexibility of
solutions, reduce computational complexity, and minimize the need for large amounts of data to be entered. In the context
of streamlining work on construction sites, the hybrid mathematical optimization method Systematic layout planning
(SLP), which is widely used in the organization of space in manufacturing enterprises and in the field of services (Fig. 1),
acts as a logical optimization strategy [12].
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Fig. 1. Space optimization using the SLP method

The SLP method is unique as it allows the application of norms developed based on an in-depth analysis of the rela-
tionships between layout elements and their location. In turn, BIM technologies provide an opportunity to efficiently
organize the construction process. The SLP principles focus on an integrated approach to the development of construction
site plans, accounting for interactions of construction processes and optimal use of space. Using the Dynamo visual pro-
gramming environment and Python automates processes and improves planning quality. The use of the Dynamo plugin
in Revit enabled us to optimize layouts in a BIM environment providing real-time analysis.

Studies designed to analyze the effectiveness of SLP and GA methods demonstrate that hybrid approaches lead to
successful results, despite being faced with some problems [13, 14].

In all of the analyses a specially developed method of arranging space was employed where the objects were arranged
in an automated mode. The spatial volume rigidly corresponded to the needs for placing the simulated objects which were
identical in size and shape. These analytical works enrich the practice with new information on the synthesis of different
strategies for space organization, however, they indicate the need to increase the flexibility of planning processes.

The aim of this study is to improve the accuracy and flexibility of solutions in the organization of the construction
site, reduce the complexity of calculations and minimize the amount of data.

Research Results. The use of technology to optimize the location of objects on a construction site through SLP (con-
struction site layout optimization — CSLP) is key to effective expansion of available space by means of integrating elements
into unused areas while observing a set of unique and interrelated tasks and co+nstraints. This approach to planning does not
only increase the overall efficiency of land use, but also causes a reduction in design costs, reduces the need for transportation
of building materials and provides a higher level of accessibility and safety for the employees on the site.

For a more in-depth understanding of CSLP, it is necessary to become familiar with some key terms including h the
concepts of space, time and aspects of structuring occupy a special place. In the context of spatial analysis, special atten-
tion is paid to the three major methods of representing the work area. One involves the use of fixed locations, which
greatly simplifies the CSLP process transforming it into a process of distributing objects to predefined positions. Another
approach divides the territory into sections using a grid where each cell is equipped with a control point for effective use
of every square meter for placing the objects.

In a method that recognizes space as continuous, objects can be placed anywhere in a specific area representing a
continuous zone. However, this raises the complexity of the process, as it is necessary to make use of more complex
algorithms in order to avoid conflicts between objects, and calls for more time for data processing.

Shapes such as cylinders and rectangles are employed to display objects on a construction site, which allows one to
accurately determine the location and dimensions. This provides a clear idea of the available resources and facilities on
the site. During the construction process, as the building is ready, the need for certain objects and the space they occupy
changes, which directly affects how long they are used on the construction site.

In the context of temporary changes that might take place during construction, there are three modeling methods. One
is static, which provides for the constant presence of all the facilities throughout the entire duration of the project ignoring
any time fluctuations [15].

The use of a method that divides the construction production process into different periods and provides for the develop-
ment of separate options at each stage serves to assist in overcoming some limitations. In contrast, the method that adapts to
the actual time frame of each stage of construction and adjusts plans in accordance with current changes on the construction
site differs from the sequential approach, where certain elements of the project remain unchanged over a few stages.

Parameter improvement strategies for CSLP modeling can be classified as accurate, experience-based (heuristic), and
mixed methods.

Various approaches are used for the best results to be delivered. In the case of using methods based on precise calcu-
lations, objective functions are employed in order to identify ideal answers, but these are costly in terms of computing
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resources, which reduces their effectiveness in large-scale investment and construction projects. On the other hand, heu-
ristic approaches are able to offer solutions that are close to ideal ones with no need to devote significant resources to
identifying the absolute optimum. Combining these two approaches, hybrid methods use mathematical modeling and
algorithmic strategies to improving the effectiveness of solutions. Optimization problems are formulated based on math-
ematical models includinge various quantitative analysis methods such as linear programming, integer programming, and
mixed programming [16].

As the complexity of the task rises due to the increasing number of goals and constraints, the solution becomes sig-
nificantly more time-consuming due to the exponential increase in complexity. Instead of focusing only on specific opti-
mization goals, applying rules based on personal experience enables one to form guiding principles making the task easier
for designers to deal with. Algorithms, in turn, are focused on identifying the best or near-best solutions for those optimi-
zation problems that are inherently highly complex, particularly in the context of computational complexity theory [17].

The SLP principles establish an approach to developing spatial plans through an integrated approach, starting with
data analysis and ending with the selection of the optimal layout option. The methodology relies on the importance of
understanding the interactions between different activities, as well as the need to identify the volume, shape and type of
each allocated space. The effective combination of these facilities within the framework of the project allows achieving
better planning results. Fig. 2 shows the sequence of SLP procedures with the results achieved at each stage.

Stages of modelling a construction site using SLP

+—| Input data Iﬁ

Material resources | Construction processes |

\ﬂ Constructlon processes

Graph of the |nteract|on of the ob-
jects on a construction site

Objects

Required > Available
space < space

Spatial distribution of objects on a
construction site
Developing the options
of placing the objects

»la
»

< Normative constrains
v
Options for placing the objects
on a construction site
|
v
Choosing and evaluating the

planning of a construction site

General construction plan
of the area

Fig. 2. Stages of construction site modeling using SLP
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The SLP method is designed to optimize the building site space, which is not only functionally, but also rationally
organized — from the initial stage of data analysis to the final layout. The multi-step process enables the designer to
create balanced and thoughtful spatial concepts, building bridges between key objects to achieve the best results. At the
very initial stage, the interaction of resource flows in different areas and their impact on areas of activity is assessed using
preferred ways to visualize these relationships.

This method makes it easier to understand the connections between different objects by making it possible to design
diagrams visualizing these connections via activity. In the graphs (Fig. 2), each diamond-like element shows the level of
interconnection in numerical terms.

For SLP, certain designations of the levels of interrelation of objects were introduced: "A" — absolute, "S" — signif-
icant, "S" — standard, "A" — acceptable, "O" — optional and "U" — unacceptable. The number of lines between two
elements reflects the degree of significance of their relationship.

What the designer does first is collect and analyze the data to develop a diagram that shows how the objects will
interact with each other. This is followed by the second phase, where identifying the requirements for the area occupied
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by the object, the necessary equipment, mechanisms and the availability of free space to ensure optimal location is key.
The analysis then proceeds to a stage where potential design changes are evaluated to identify the level of their feasibility
and optimality, while taking into account costs, technical limitations and safety issues. The final stage of the design
process is to analyze alternative locations and select the most appropriate one looking at both their advantages and disad-
vantages.

This study employs a design approach known as Design Science Research (DSR) whose results are called artifacts
[18]. Design starts with a series of steps performed by a specialist designer with the aim of developing an artifact product.
Creating an artifact provides the researcher with a more nuanced understanding of the problem, which helps to improve
the design process by rethinking it. This evaluation and development process is commonly repeated multiple times until
the final design artifact is completed. These artifacts are also important for developing theoretical approaches. As part of
this project, a BIM technology-based platform was developed to optimize the planning of construction sites using SLP.

Fig. 3 shows the outline of the research project. The project is implemented in several stages: first, the issues are
identified followed by the stage of proposals as well as development, an assessment is then carried out with the outcome
at the final one. During each stage, specific steps were taken leading to the completion of the study, which ensures that
the idea is successfully implemented.

Stages Activity Results
o Identifying the research problem
{

Familiarization with the normative Svstematize the knowledae
guidelines for planning a construction y g

Identifying the problem site on p""‘””'!‘g o Iand_ plot .
! as a construction production using

Studying, comparing and training the SLP

in programming languages

Organizing the macrostages based on
Decision-making the genetic algorithms of SLP proce-
e dures and algorithms
{
Obtaining information from
e the normative documentation
!
Preliminary development
of the algorithm model

Structuring a computational tool

Developing a model based

Conducting research on the SLP method

Use of a mathematical model
in the study
{

Identifying the issues and constrains

e Correcting the solutions
!
Testing the efficiency
of a mathematical model

\

e SO 7S Research Identfying the theoretical and prac-

B S [EEEETE Results tical importance of the study
results

Optimization of the project
solutions

Evaluating
the research results

Fig. 3. Plan of the study implementation

The Dynamo visual programming environment, the Python programming language and the Revit 2023 software pack-
age were used for data processing providing automation of CSLP processes. The Dynamo environment served as a plat-
form for visual programming making it possible to create an information model for computing, thereby providing con-
venient and flexible management of software processes using a node system.

Python scripts were actively used in the processes of visual programming using the Dynamo environment for wider
modeling capabilities. They were also used for complex tasks, e.g., optimizing layouts using a genetic algorithm. This
approach in modeling allowed us to create lots of layout options, adjusting various parameters and selecting the most
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effective solutions. Interaction with the Revit software package through the Dynamo plugin provided a visual represen-
tation of optimized layouts in the BIM environment allowing for a thorough analysis and optimization of the planning
process in real time.

The information model for the analysis was refined step by step as the results were adjusted, which contributed to its
improvement and allowed for higher performance in the accuracy and efficiency. The meticulous study of the feedback
contributed to the improvement of the functionality of the model, including the ability to adapt to difficult construction
site conditions and develop optimal types of layouts. All of this resulted in a new, more reliable and flexible decision-
making model that integrated SLP approaches and provided handy tools for assessing the degree of interconnection and
importance of various elements and objects on the site.

First and foremost, a strategy was developed for plans for the territory of the building site based on design experience
and regulatory documentation. Next, the connections were assessed between the various objects necessary for the location
on the construction site, noting the importance of their mutual location, which generally made it possible to develop an
optimal model for the location of objects on the construction site. Using the Dynamo software, an estimation tool was
implemented that calculated the total length of paths between objects, accounting for the optimal distances and relative
positions of these objects. Using genetic algorithms, the optimal location of the objects was selected after the program
had automatically generated a reference plan. The progress was assessed using the DSR (Design Science Research)
method. The differences between the initial and optimized plan were revealed due to the territory utilization coefficient,
which indicated the degree of progress achieved by applying a reduced list of object interconnection levels in the SLP to
four to assess the degree of significance of the connections where the model were encoded under the symbols "H" — high
level, "M" — medium importance, "L" — low level of importance, and "U" is an undesirable interaction. The assessment
of facility interactions took into account factors such as operational activities, safety, and management preferences, which
may include, for example, management's desire to place temporary buildings near the entrance to the construction site to
facilitate access. In the procedure for assessing the level of interrelation between objects, each degree of significance of
the relationship was assessed on a scale with four levels: 0 — absent, 1 — minimal, 2 — medium and 3 — high. Com-
bining these estimates resulted in a proximity index ranging from 0 (no need for interaction) to 3 (high need for interac-
tion). The matrix of interrelations of objects is shown in Fig. 4.
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Fig. 4. Matrix of interrelationships of objects on the construction site

Through the course of the study, the CSLP method was tested during the planning of the construction site. The site
was modeled in order to compare the initial and optimized site plan, as a result of which the optimization efficiency was
evaluated. The object of the study was a plot of 300 m? with a building area of 158 m? designed for construction of an
administrative building.
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At the initial stage of the development of the plan, special attention was paid to the consideration of structures under
construction. Basic elements such as the workers’ entry points and transportation of materials, as well as the distribution
of the road network influenced the initial setup of the platform. In addition, an important and unchanging part of the
planning was the mounting crane whose location required significant computing resources exceeding the capabilities of
the algorithm used. In order to form a single space on the building site, 14 new facilities were added to the existing ones.
These have a variety of dimensions limited by the minimum dimensions established by the design documentation. The
compactness of the organization was prioritized making it possible to create a tightly connected matrix of relationships
as seen in Fig. 5.
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Fig. 5. Matrix of the interrelationships of objects on the construction site of an administrative building

Fig. 6 shows the initially designed plan of the construction site and the plan optimized by means of the CSLP method
where various functional areas are highlighted in different colors: green — stationary facilities, red — production and
warehouse facilities, yellow — temporary buildings.
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Fig. 6. Construction site layout: 1 — initial plan; 2 — optimized plan

The use of built-in Dynamo functions for analysis enabled the evaluation and adjustment of the location of the objects
accounting for the territory utilization rate. Table 1 shows the calculation results and a comparison of the final values of
the building coefficient for the two variants.
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Table 1
Indicators of the construction site layout

Construction site planning Coefficient of the area use

Initial 1.04

Optimized using the SLP method 1.2

Research Results. It was important for the CSLP process to adapt SLP procedures to better match the dynamics in
the planning of construction sites that differ from static layouts. During the manufacturing process, SLP combines both
stationary and mobile facilities, while temporary facilities in construction are moved during the course of work. CLP
allows one to improve the SLP relationship matrix, making it more convenient and intuitive by automating and using
colors to simplify relationship analysis. CSLP also accounts for the intensity of the workflow and safety aspects while
determining the interconnection of facilities, which contributes to more efficient layouts accounting for the progress of
the construction production.

Flexibility in making informed decisions is key for designers, as this enables them to consider the key factors such as
safety and workflow intensity. The main goal of the SLP method is to reduce unnecessary distances through logistics
optimization achieved by means of decision-making processes.

What makes the CSLP method different is that it allows optimization of the location of the objects on the construction
site for any area in compliance with the restrictions. This hybrid approach reflects the designer's choice during planning
and increases confidence in the tool, unlike the strict criteria of pre-established standards.

The integration of the genetic algorithm into the layout process makes it possible to implement a variety of solutions
and optimizes them based on optimal distances significantly expanding the possibilities of layout. BIM technologies have
a key role to play by providing visualization that improves the identification of problems and their subsequent correction.
The combination of SLP with BIM technologies and genetic algorithms enables one to maintain the optimization logic
adapting it to the layout of the construction site. Although real-time layout changes at various stages of construction
production are not yet accounted for in the design standards, this approach significantly increases work efficiency and
minimizes unnecessary movements.

Discussion and Conclusion. This paper presents an innovative approach to designing a collaborative computing en-
vironment that combines elements of strategic logistics planning (SLP) with the functionality of a BIM platform forming
aunique hybrid system. The key advantage of the system is the visualization of the design process, focusing on the optimal
organization of space for temporary facilities, accounting for such important aspects as workflow efficiency, safety and
consideration of management preferences. The innovation of this approach is integration of decision-making mechanisms
into the process of territorial distribution of administrative and economic facilities at the construction site, which ensures
improved labor productivity through the competent organization of logistics at the facility. This hybrid model is able to
combine machine learning algorithms with the involvement of expert experience, making it possible to efficiently gener-
ate various layout options with minimal requirements for source data, thereby speeding up the development process.

This platform makes use of modeling techniques that allow objects to occupy space with no reference to rigid coordi-
nates or predefined grids. This enables the optimization of the use of each square meter by automatically calculating the
optimal size of objects and their placement so that unnecessary occupied space is avoided. Effective adaptation and opti-
mization of space directly affects the increase in labor productivity on the construction site, minimizing the occupied
space on the building site and thereby financial costs.

The results of the work contribute to efficient and rapid decision-making, minimizing the time required for analysis
unlike some other approaches. The result of the work is a system that is not only flexible and adaptable, but also overcomes
the limitations found in previous methods. Unlike standard approaches that relied on standards or predefined templates,
the suggested system operates within the framework of a model of unlimited space, which makes it possible to freely
place elements. This approach provides designers with an unusually high level of control over setting constraints, selecting
available space, and identifying access points.

The analysis conducted using CSLP to improve the layout of the land for the construction of an administrative building
revealed that the possibilities for reducing inefficiently used space with no increasing costs vary depending on the size of
the project and its complexity.

Depending on the complexity of the conditions for planning a construction site, a range of factors such as area re-
strictions, the variety and characteristics of facilities, the need for a specific location, fixed locations of some facilities,
multi-level placement and non-standard shapes of sites might affect the ability of the platform to reduce unnecessary
distances. Despite these challenges, the CSLP method can significantly improve performance in both simple and more
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complex environments. However, the effectiveness of this tool is limited by the quality of the source data and designer’s
active involvement in the process of identifying the relationships.

For successful design, it is necessary for developers to gain experience to help prevent possible miscalculations from
occurring. However, it should be remembered that their personal views might unconsciously influence the final product,
particularly in aspects related to establishing connections and interactions in the system.

In the future, the introduction of machine learning models into the design process can be significantly transformed by
introducing optimization algorithms. They are designed to achieve a rational balance between speed and accuracy of data
processing, which is critical for complex tasks. Using machine learning algorithms in order to predict optimal design
decisions and automate the establishment of the key relationships can considerably reduce the need for manual data entry,
thereby simplifying and speeding up development processes. Adding new examples of diverse plans and spatial con-
straints will strengthen the foundations of the concept and enrich its application in a whole range of investment and
construction projects.

References

1. XuM, MeiZ, Luo S, TanY Optimization Algorithms for Construction Site Layout Planning: A Systematic
Literature  Review. Engineering, Construction and Architectural Management. 2020;27:1913-1938.
https://doi.org/10.1108/ECAM-08-2019-0457

2. Al Hawarneh A, Bendak S, Ghanim F Dynamic Facilities Planning Model for Large Scale Construction Projects.
Automation in Construction. 2019;98:72—-89. https://doi.org/10.1016/j.autcon.2018.11.021

3. Succar B Building Information Modelling Framework: A Research and Delivery Foundation for Industry
Stakeholders. Automation in Construction. 2009;18(3):357-375. https://doi.org/10.1016/j.autcon.2008.10.003

4. Kaveh A, Vazirnia Y Construction Site Layout Planning Problem Using Metaheuristic Algorithms: A Comparative
Study. Iranian Journal of Science and Technology, Transactions of Civil Engineering. 2019;43:105-115.
https://doi.org/10.1007/s40996-018-0148-6

5. Jaafar K, Elbarkouky R, Kennedy J Construction Site Layout Optimization Model Considering Cost and Safety in a
Dynamic Environment. Asian Journal of Civil Engineering. 2021;22:297-312. https://doi.org/10.1007/s42107-020-00314-3

6. Prayogo D, Cheng M-Y, Wu Y-W, Redi AANP, Yu VF, Persada SF atal. A Novel Hybrid Metaheuristic
Algorithm for Optimization of Construction Management Site Layout Planning. Algorithms. 2020;13:117.
https://doi.org/10.3390/213050117

7.Yang B, Fang T, Luo X, LiuB, DongM A BIM-Based Approach to Automated Prefabricated Building
Construction ~ Site  Layout Planning. KSCE Journal of Civil Engineering. 2021;26:1535-1552.
https://doi.org/10.1007/s12205-021-0746-x

8. Papadaki IN, Chassiakos AP Multi-Objective Construction Site Layout Planning Using Genetic Algorithms.
Procedia Engineering. 2016;164:20-27. https://doi.org/10.1016/j.proeng.2016.11.587

9. Salah M, Elbeltagi E, Elsheikh A Optimization of Construction Site Layout Using BIM Generative Design.
International Journal of Construction Management. 2024;24:314-322. https://doi.org/10.1080/15623599.2023.2222997

10. Chemim L, Sotsek N, Kleina M Layout Optimization Methods and Tools: A Systematic Literature Review.
Gestdo da Produgdo, Operagoes e Sistemas. 2021;16(4):59-81. https://doi.org/10.15675/gepros.v16i4.2806

11. Said H, El-Rayes K Optimizing Material Procurement and Storage on Construction Sites. Journal of Construction
Engineering and Management. 2011;137:421-431. https://doi.org/10.1061/(ASCE)C0.1943-7862.0000307

12. Maghfiroh MFN, Redi AANP, Ong J, Fikri MR Cuckoo Search Algorithm for Construction Site Layout Planning.
IAES International Journal of Artificial Intelligence. 2023;12:851. https://doi.org/10.11591/ijai. v12.i2.pp851-860

13. Schwabe K, Teizer J, Konig M Applying Rule-Based Model-Checking to Construction Site Layout Planning
Tasks. Automation in Construction. 2019;97:205-219. https://doi.org/10.1016/j.autcon.2018.10.012

14. Le PL, Dao TM, Chaabane A BIM-Based Framework for Temporary Facility Layout Planning in Construction
Site: A Hybrid Approach. Construction Innovation. 2019;19:424-464. https://doi.org/10.1108/CI-06-2018-0052

15. Petroutsatou K, Apostolidis N, Zarkada A, Ntokou A Dynamic Planning of Construction Site for Linear Projects.
Infrastructures. 2021;6:21. https://doi.org/10.3390/infrastructures6020021

16. Dienstknecht M A Branch and Bound Approach for the Tower Crane Selection and Positioning Problem with
Respect to Mutual Interference. 40R. 2022;21:105-123. https://doi.org/10.1007/s10288-022-00503-7

17. Karmakar A, Singh AR, Kumar Delhi VS Automated Route Planning for Construction Site Utilizing Building
Information ~ Modeling.  Journal  of Information  Technology in  Construction.  2022;27:827-844.
https://doi.org/10.36680/j.itcon.2022.040

18. Lacerda DP, Dresch A, Proenga A, Antunes Jinior JAV Design Science Research: Método de Pesquisa para a
Engenharia de Produgdo. Gestdo & Produgdo. 2013;20(4):741-761. https://doi.org/10.1590/S0104-530X2013005000014

Technology and organization of construction

115


https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-08-2019-0457
https://doi.org/10.1016/j.autcon.2018.11.021
https://doi.org/10.1016/j.autcon.2008.10.003
https://doi.org/10.1007/s40996-018-0148-6
https://doi.org/10.1007/s42107-020-00314-3
https://doi.org/10.3390/a13050117
https://doi.org/10.1007/s12205-021-0746-x
https://doi.org/10.1016/j.proeng.2016.11.587
https://doi.org/10.1080/15623599.2023.2222997
https://doi.org/10.15675/gepros.v16i4.2806
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000307
https://doi.org/10.11591/ijai.%20v12.i2.pp851-860
https://doi.org/10.1016/j.autcon.2018.10.012
https://doi.org/10.1108/CI-06-2018-0052
https://doi.org/10.3390/infrastructures6020021
https://doi.org/10.1007/s10288-022-00503-7
https://doi.org/10.36680/j.itcon.2022.040
https://doi.org/10.1590/S0104-530X2013005000014

Modern Trends in Construction, Urban and Territorial Planning. 2025;4(2):106—-116. eISSN 2949-1835

About the Author:
Svetlana E. Manzhilevskaya, Cand.Sci. (Eng.), Associate Professor of the Construction Management Department, Don
State Technical University (1, Gagarin Sg., Rostov-on-Don, 344003, RF), ScopusID, ORCID, smanzhilevskaya@yandex.ru

Conflict of interest statement: the author does not have any conflict of interest.
The author has read and approved the final manuscript.

06 asmope:

Caetsiana EBrenbeBHa MankuiieBcKasi, KaHIUAAT TEXHUYECKUX HAYK, JOIEHT Kadeapbl OpraHu3alu CTPOUTENb-
ctBa JIOHCKOTO TOCYJIapCTBEHHOrO TexHUUYeckoro yHuepcuteTa (344003, PO, r. PoctoB-Ha-/lony, mi. [arapuna, 1)
ORCID, ScopusID, smanzhilevskaya@yandex.ru

Kongnuxkm unmepecos: aBTop 3asBJisieT 00 OTCYTCTBHU KOH(DJIMKTA HHTEPECOB.
Aemop npouuman u 0006pun OKOHUAMENLHBLI GAPUAHM PYKORUCU.

Received / Ilocrynuiaa B pexakuuio 17.02.2025
Reviewed / IlocTynuaa nocJie penensuposanus 12.03.2025
Accepted / IlpunsaTa k nyoiaukanuu 28.03.2025

https://www.stsg-donstu.ru

116


https://www.scopus.com/authid/detail.uri?authorId=57194619278
https://orcid.org/0000-0001-7065-3726
mailto:smanzhilevskaya@yandex.ru
https://orcid.org/0000-0001-7065-3726
https://www.scopus.com/authid/detail.uri?authorId=57194619278
mailto:smanzhilevskaya@yandex.ru

