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OPTIMIZATION OF THE CONFIGURATION OF PREFABRICATED
ELEMENTS FOR THE RAPID ASSEMBLY OF LOW-RISE
BUILDINGS

The article investigates the complex problem of optimizing the configuration
and logistics of prefabricated elements used for the rapid assembly of low-rise
buildings (in particular, using modular and prefab construction technologies).
The relevance of the topic is determined by the need to accelerate the pace of
construction of residential and infrastructure buildings in the context of
Ukraine's post-war reconstruction, as well as global trends in the transition to
industrial construction methods. The essence and differences of the concepts of
"modular construction” and "prefab structures™ are analyzed, and their key
advantages over traditional construction methods are highlighted.

Special attention is paid to the logistics aspect, as transportation costs can
account for up to 35% of the total estimated cost of construction. The paper
presents calculations of the weighted average transport distance and a
comparative analysis of pendulum, circular, and one-way transport schemes. It
is proved that the choice of an optimal supply scheme from the manufacturing
plant (for example, a plant of reinforced concrete or metal structures) directly to
the construction site can reduce transportation costs by more than 40%.

The article presents a comparative analysis of the Life Cycle Cost (LCC) of
traditional and innovative (energy-efficient) modular buildings, confirming the
long-term economic benefits of the optimized configuration of high-tech
prefabricated elements. Recommendations are developed for organizing
rhythmic construction flows (with a step of 1-3 days) to ensure continuous and
efficient assembly. The study results are of high practical significance for
contractors, developers, and logistics operators seeking to minimize costs and
shorten construction times while maintaining the highest levels of quality and
safety.

Keywords: modular construction, prefab structures, construction logistics,
technologies, construction logistics, transport schemes, rapid assembly, BIM
technologies, energy efficiency, logistics, modular construction, quality,
digitalization, digital transformation, construction parameters, resource
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Introduction. The dynamic development of science and technology, as well
as the need for prompt resolution of socio-economic challenaes, contribute to the
introduction of modern efficient structures in the construction industry [8]. The
search for ways to accelerate the construction of buildings is a leading issue in
the construction industry of Ukraine, which is particularly acute in the conditions
of martial law, large-scale destruction of the housing stock, and the need to
provide internally displaced persons with temporary and permanent housing [3,
6].

Traditional construction methods, although providing high indicators of
reliability and durability, are sianificantly inferior to industrial (modular and
prefabricated) technoloagies in terms of speed, resource efficiency, and cost
optimization [6]. Transforming the construction site into an assembly site, where
structures with a high degree of factory readiness (up to 90%) are assembled,
allows for a radical change in the approach to organizing construction production
[6, 81. In this context, optimizing the confiquration of prefabricated elements and
managing transport and logistics flows becomes a key success factor. Logistics
and efficient supply directly affect the total estimated cost of the facility, as
transportation costs can account for a significant portion of the budget [2].

Relevance is determined by the need to accelerate the construction of
residential and infrastructure facilities in the context of Ukraine’s post-war
reconstruction and the global shift toward industrial construction methods
(modular and prefabricated technologies). The topic is also akryansna because
logistics directly affects overall project cost and schedule; transportation
expenses may form a significant share of the construction budget, and inefficient
supply schemes lead to additional costs and delays.

Problem statement. The purpose of the article is to develop a comprehensive
approach to optimizing the configuration and supply of prefabricated elements
to ensure the rapid assembly of low-rise buildings. To achieve this goal, the
following tasks are solved: classification of prefabricated modular systems,
determination and calculation of optimal transport and loagistics schemes and
BIM technologies into the assembly control process, and evaluation of the
economic efficiency of this approach by calculating the life cycle cost (LCC).

Analysis of recent research and publications. The issues of modular
construction, logistics optimization, and the introduction of innovations in
construction are widely covered in the works of domestic and foreign scientists.
D.O. Khokhriakova provides a thorough analysis of terminoloay, distinquishing
between the concepts of "prefab” (flat panel systems) and "modular construction"
(volumetric block systems) [8]. M.V. Kinailiuk investigates the historical aspect
and advantages of modular construction on the example of hotels, emphasizing
the reduction of construction time to 45 days and a 30% reduction in costs [4].

The issues of logistics support for construction, in particular the role of
transport infrastructure and supply schemes, are addressed in the works of T.V.
Dedilova, O.V. Yurchenko, and their co-authors [2, 91. They prove that a rational
choice between pendulum, circular, or one-way traffic schemes sianificantly
affects the total estimated cost of the project [9]. O.V. Semykina, |.V.
Zadorozhnikova, and others study the structural features of modern modular
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buildings, in particular the types of connections (inter-modular, intra-modular)
and types of frames [3].

The integration of modern diaital tools, such as the use of UAVs (drones) for
logistics and control using BIM models, is considered in the studies of S.V.
Leonova, N.R. Basarab, and L.V. Rudnyk [5]. At the same time, economic
aspects, life cycle cost (LCC) management, and the concept of positive energy
balance (Energy+) buildings are disclosed in the works of I.I. Perehinets [71].
Despite the significant number of publications, the syneragy of transport
optimization, configuration of prefabricated elements, and digital monitoring at
the stage of assembling low-rise buildings requires further comprehensive
research.

The purpose of the article is to develop a comprehensive approach to
optimizing the configuration and supply of prefabricated elements to ensure the
rapid assembly of low-rise buildings. This includes classifying
prefabricated/modular systems, determining and calculating optimal transport
and logistics schemes and BIM technologies into assembly control, and
evaluating economic efficiency through Life Cycle Cost (LCC) assessment.

The scientific novelty of the proposed approach lies in defining information
alignment as the central variable that determines the magnitude of coordination
losses and the overall efficiency of construction production. Advancing this
approach makes it possible to establish a unified information-and-management
environment that synchronizes design, production, logistics, and on-site
execution, thereby ensuring the continuity of flow-based construction and
enabling high-speed delivery of low-rise and industrial building projects.

Main material presentation. For effective configuration optimization, it is
first necessary to clearly classify building elements. According to studies, it is
advisable to distinquish between "prefab structures” (mostly two-dimensional
flat panel systems) and "modules™ (three-dimensional autonomous volumetric
elements) [8]. Volumetric modules provide up to 60-90% factory readiness [8].

Modern modular buildings are classified by their structural scheme: a scheme
with a stiffening core, a scheme with load-bearing walls, a scheme with corner
support columns, and an external frame [3]. For low-rise buildings (up to 5
floors), the most rational is the block scheme with continuous stacking of blocks,
which allows all interior finishing operations and the laying of engineering
networks to be transferred to factory conditions [6]. Completely finished units
are delivered to the construction site, requiring only the arrangement of joints
(inter-modular connections by welding or using bolts/connectors) [3 ,61.

Transportation costs, integrated into the total estimated cost, can account for
up to 35% of the overall project budaet [2]. Accordinaly, the logistics support of
the configuration requires a detailed technical and economic analysis. The choice
of the optimal supplier is based not only on the price of the material but also on
the weighted average road transport distance (Law), which is calculated using
formula (1) [2]:

S QixL;
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where: Law — weighted average transport distance, km; Li — distance from
supplier i to the construction site, km; Qi — quantity of building materials
(modules) transported from point i, tons; n — number of suppliers [2].

The choice of a transport scheme is critical. Pendulum, circular, and one-way
schemes are distinguished [9]. The pendulum scheme (a radial round-trip route)
has a low coefficient of useful work if the transport returns empty [9]. The
circular scheme is effective when serving several sites but faces a decrease in
load capacity after each unloading [9].

Using the example of supplying 5 infrastructure facilities (total volume of
101.8 thousand tons of materials), three supply schemes are considered:

e Scheme 1: From the building materials warehouse.
e Scheme 2: From the railway point.
e Scheme 3: Directly from the precast concrete (PC) plant or module

factory
Table 1
Comparative analysis of transport costs using different logistics
schemes [2
- Total transport|  Savings
Transportation V;/Séggtid Transportation Ciots_tk;r)ﬁr costs, relative to
Scheme distanceg Kkm volume, tons UAH thousand Scheme 1,
' UAH %
Scheme 1 (From
warehouse) 15.82 101.8 45 72.461 -
Scheme 2 (From
railway) 11.70 101.8 45 53.596 26.0%
Scheme 3 (From
plant) 9.28 101.8 45 42.516 41.3%

As can be seen from Table 1, supplying prefabricated elements directly from
the manufacturer (Scheme 3) reduces costs by more than 41.3% [2]. This
confirms that for rapid assembly, it is best to configure facilities directly from
the factory, bypassing intermediate warehouses, according to the "just-in-time"
principle.

Classical logistics is insufficient for optimizing assembly on the construction
site. The integration of Building Information Modeling (BIM) is becomina a key
element [5]. The use of drones equipped with real-time kinematic (RTK) systems
provides spatial triangulation with centimeter accuracy [5]. Drones can scan the
site and transmit data to the BIM platform, allowing contractors to:

1. See the actual position of prefabricated elements and
prefabricated foundations.

2. Adjust construction plans "on the fly" if deviations from the
project are detected.

3. Track the movement of goods and vehicles in real-time,
optimizing access roads for large modules.
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In addition, UAVSs can be used for the express delivery of small components
(fasteners, connectors, tools) weighing up to 5 ka with a readiness and speed
(about 7 minutes per flight) that is unattainable for ground transport in traffic jam
conditions [5].

™ 85% -
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Graph 1. Dynamics of working time utilization on the construction
site under traditional and optimized (Module + UAV + BIM) approaches.

The construction of buildings using modular technoloay is carried out by flow
methods. The work front is divided into areas and sections (for example, one
floor or section) [6]. The optimal rhythm of the flow in volumetric-block housing
construction is 1-3 days [6]. A specialized assembly flow is formed from 3 partial
flows:

1. Assembly of volumetric blocks (installation into the design
position).

2. Monolithic sealing, welding of connectors, and sealing of
joints.

3. Connection of engineering communications (plumbing,
electrical) in specially provided shafts [6]. Thanks to factory readiness,
there is no need for lenathy plastering, painting, and electrical work on
site [6]. The duration of building construction is reduced significantly
(e.g., a hotel can be assembled in 45 days) [4]).

Rapid assembly and high-tech configuration require significant initial
investments (15-30% higher than traditional methods) [7]. However, economic
feasibility should be evaluated by the criterion of Life Cycle Cost (LCC) over a
100-year horizon.

Formula for calculating the life cycle cost [7]:

LCC=Co+Cpr+Cy+Crop — I, — Voo (2)

where Cb — construction costs; Cm — maintenance and repair costs; Cu —
utility/insurance payments; Crep equipment replacement (e.q., solar power
plant); le — income from energy sales (for Energy+ buildings); Vres — residual
value.
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Table 2
Comparison of the life cycle cost (100 years) of a modular house
(Energy+) and a traditional house [7]

- Class A House (Modular Class C House
Indicator Energy+) (Traditional)
Construction cost, $ 165,000 130,000
Specific energy consumption,
kWh/m?/year 30 100
Repair costs for 100 years, $ 731,548 288,185
Energy consumption costs, $ 0 576,371
Income from energy sales (SPP), $ -738,198 0
. 0 (disposal costs
Residual asset value, $ 1,949,263 230,367)
Total LCC (adjuiged for inflation), 1,083,930 (profit) 1,756,958 (costs)

These calculations prove that the use of modern modular systems, equipped
with eneray-efficient elements (solar panels, heat exchangers), not only
accelerates assembly but also turns the building into a profitable asset [11. Thanks
to serial production and unification (applying the "commodity unit" principle),
design costs are minimized [11].

Conclusions. The conducted research confirms that optimizing the
configuration of prefabricated elements for the rapid assembly of low-rise
buildings requires a syneragistic approach. First, the transition from traditional
methods to the use of factory-ready 3D modules ensures a radical reduction in
construction time (building construction in 45-120 days) and independence from
weather conditions. Second, the optimization of logistics processes is critical. It
has been proven that direct supply from the manufacturer via a one-way or
optimized circular scheme reduces transportation costs by 41.3% compared to
complex warehouse logistics. Third, modern assembly is impossible without
digitalization. The use of UAVs in conjunction with BIM models allows for
topoaraphic control with RTK accuracy down to a centimeter, real-time supply
tracking, and avoidance of downtime. Despite the higher initial cost of quality
prefabricated structures, Life Cycle Cost (LCC) analysis confirms the absolute
economic viability of this approach in the long term. The proposed configuration
and logistics model can serve as a reliable basis for large-scale post-war
reconstruction programs in Ukraine and the development of commercial and
social infrastructure.
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Bonooumup Pawkiecokuii, Kocmanmun Yepuenxo

Onmumizauia Kongizypauii 36ipnux enemenmie 011 wieUOK020 30upanns
Mmanonoeepxosux 0yoieens

VY CcTaTTi AOCHIKYETHCS KOMIUICKCHA MPOOJIeMaTHKa ONTHMI3allii MPOIeciB
KOMIUICKTAIli Ta JIOTICTHYHOTO 3a0e3MedYeHHs 30IpHUX EJEMEHTIB, IO
BUKOPHUCTOBYIOTbCS JUISL IIBUJAKOTO MOHTaXy OO’€KTIB MaiornoBepXxoBoi
3a0ynoBH (30KpeMa, 3a TEXHOJOTISIMH MOAYNbHOro Ta prefab-OyniBHUIITBA).
AKTyanmbHICTH TEMH 3yMOBJCHAa HEOOXIMHICTIO NPHUIIBHIIICHHS TEMIIiB
3BEICHHS JKUTIOBHX Ta 1HQPACTPYKTypHUX OyIiBelb B YMOBaX ITOBOEHHOI
BinOymoBM VYKpalHW, a TakoX TJOOATbHAMH TCHACHISIMH TEPEeXoay OO
iHnycTpiasibHUX ~ MeTomiB  OyaiBHuNTBa. [IpoaHanizoBaHO CYTHICTH Ta
BIIMIHHOCTI TOHSTH «MOIYyJbHE OYMIBHHUIITBO» Ta «prefab-koHCTpyKIiiy,
BUJIIJICHO 1XHI KITIOUOBI NIepeBaru HaJ| TPAAULITHUMH METOJaMH1 3BEJICHHSI.

OcoOnvBa yBara NpPUAUIIETbCS JIOTICTUYHOMY — aCHEKTy, OCKUIbKH
TPAHCHOPTHI BUTPATH MOXKYTh CTAHOBUTH 10 35% Bix 3aranbHOi KOMITOPHUCHOL
BapToCTi OymiBHHITBA. Y POOOTI HaBEICHO PO3PaXyHKH CEpeIHBO3BaXKCHOI
BiJICTaHI TepEeBE3CHb Ta MOPIBHAUIBHUI aHali3 MasTHUKOBOI, KiJbIIEBOI Ta
OJHOCTOPOHHBOI TPAHCTIOPTHHX CXeM. JloBe/IeHO, 1110 BUOIp ONTHMANBHOT CXeMH
MOCTa4aHHs BiJl 3aBO/y-BUPOOHMKa (HAIIPUKIIAZ, 3aBOJAY 3alli300€TOHHUX abo
METaJCBUX KOHCTPYKILii) 6G3HOCCper[HBO 0 OyaiBeNbHOTO MaigaHYuKa
JI03BOJISIE 3HU3UTHU TPAHCIIOPTHI BUTPATH Okl Hixk Ha 40%.

B craTTi HaBeIeHO MOPIBHUILHUE aHaIli3 BapTOCTi )uTTEBOTrO 1uKiny (LCC)
TpazLI/IuiI‘/'IHI/Ix Ta iHHOBaliHUX (eHeproeeKTHBHUX) MOIYIBHUX OyIiBelb, MO0
HlZ[TBep,I[)Kye JIOBFOCTPOKOBY ~CKOHOMIYHY BHUTOIy BiJl ONTHMi30BaHOI
KOMIUICKTAlii  BUCOKOTEXHOJOTTYHUX  30IpHMX  eneMeHTiB. PospoGieHo
peKOMeH/aIi1 II0JI0 OpraHi3alii pUTMIYHUX OyIiBEIEHUX IMTOTOKIB (i3 KPOKOM 1 -
3 no6u) mist 3abesneucHHS Oe3mepepBHOrO Ta €(EKTUBHOIO MOHTAXKY.
PesynbraTi JOCHI/KEHHS MalOTh BHCOKY IPaKTHYHY 3HAYYIIICTb ISt
HIIPSJHUX OpraHi3alliii, IeBeIoNepiB Ta JOTiICTHYHHUX ONepaTopiB, SIKi NParHyTh
MiHIMi3yBaTH BUTPATH Ta CKOPOTHTH TEPMiHHU 3BEIACHHS 00'€KTIB.

Knwowuoei cnoea: mooynvne 6ydienuymeo, 30ipHi KOHCMPYKYii, 102icmuka
0y0isHUYMBA, MPAHCNOPMHI CcXeMu, WEUOKUtl Mmoumadxc, BIM-mexuonoeii,
eHepeoepekmusHicmy,  no2icmuka, — MoOyIvbHe — OYOi6HUYMB0,  SKiCMmb,
yugposizayis, yugposa  mpancgopmayis, napamempu  OYOIGHUYMEA,
VIPAGNIHHA pecypcamu, PpecypPCHO-I02ICIuYHe 3a0e3NneueHHsl, Op2anizayisi
0yOigHuYymMBa, OpPeaHi3aYitiHO-MEXHONI02IUHA MOOelb, BAPMICb JHCUMMEBO2O

YUKTLY.
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