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Abstract

Introduction. The construction industry depends largely in compliance with the laws of the market with no in-depth
analysis of its development trends as a system. Government regulation of the industry fails to make a full use of an
evidence-based predictive analysis, but rather is more frequently guided by international experience in the form of small
data. The aim of the study is to bridge this gap by means of a general overview of the research related to the general
patterns of the development of construction technologies.

Materials and Methods. The research included the search for information from open sources, its analysis and synthesis
in order to identify the general trends in the development of construction technologies. Materials from the authors’ re-
search were employed. The analysis was conducted using the laws of the development of technical systems.

Research Results. The stages of the evolution of building technologies including prefabricated, monolithic, and precast-
monolithic methods are discussed. Ways of improving building materials by means of increasing their physical and
mechanical properties, reducing weight, and lowering harmful emissions and costs are also identified. It is noteworthy
that the improvement of these materials by their direct relationship with structures results in their dynamic development.
It is found that the improvement of materials due to the direct relationship in the system with structures also
leads to their dynamic development, they become more durable, lightweight, multifunctional and influence
architectural and planning solutions increasing useful selling space. Issues hindering the development of digital
technologies for the manufacture of structures are noted: control of early hydration of 3D-printed concrete and
a relationship with rheology, ensuring interlayer adhesion, strength, introduction of automated reinforcement
and generally the relationship between technology, material and performance characteristics in terms of both
structural strength and durability. The basic requirements for the design of buildings and structures and their
parts are designed: saving space, materials and energy through integrated design, which includes the integra-
tion of all the building systems (structural, mechanical, hydraulic, air and electrical) into a single system. The
development of the technology of large-block (modular) construction is considered including the research of
SUSU employees on the technology of sinking concrete. Attention is paid to the global experience of modular
construction and the direction of development of modular integrated systems.

Discussion and Conclusion. It is concluded that the general trends in the development of construction tech-
nologies include: acceleration of large-block (modular) and monolithic construction by improving materials
(high-functional concretes, enlarged reinforced frames, fibers), use of automated efficient mechanisms, prefab
elements, equipping modules with engineering networks; reducing the complexity and increasing the manage-
ability of construction production by reducing labor costs in the proposed construction technologies, automa-
tion and digitalization of the major processes; use of information modeling technologies, neural networks, and
rational layout of the interior of a building in complex design; improving the functionality and aesthetics of
facade technologies.
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AHHOTAIUSA

Beedenue. Pazutue CTpOUTENHLHOTO KOMILIEKCA MPOUCXOUT, TTIaBHBIM 00pa3oM, MO 3aKOHAaM phIHKAa 0e3 riay0oKoro
aHau3a TeHJESHIINI ero pa3BUTHS KaK CUCTEMBI. [ 0cyJapCTBEHHOE PETyIUPOBAHKUE OTPACIIH HE B TIOJTHON Mepe UCTIOJIb-
3yeT IIPOrHO3HBIHI aHa/Iu3 Ha Hay4YHOH OCHOBE, a Yalle OPUEHTUPYETCS Ha MUPOBOU OIBIT B BUJE MaJIO CBSA3AHHBIX JlaH-
HbIX. []es1b paboThl — BOCIIOIHHUTE 3TOT MPoOET 00IUM 0030pOM HUCCIICIOBAHMIA C TPUBSI3KOM K OOIIIUM 3aKOHOMEPHOCTSIM
Ppa3BUTHA CTPOUTEJILHBIX TEXHOJIOTHH.

Mamepuanst u memoowst. ViccnenoBanue BKIIOYAIO B ceOsI MOUCK HHPOPMAIIUH U3 OTKPBITHIX HCTOYHHUKOB, €€ aHAJIH3 H
0000IIIeHNE € TENBI0 OIpeeIICHIs OOIINX TEHACHIINH Pa3BUTHS CTPOUTEIFHBIX TeXHONOTHH. Mcronp30Banuce marepu-
aJibl aBTOPCKUX HUCCIIEIOBAHUM U MPAKTHYECKOTO ONbITA CTPOUTENBCTBA. AHAIN3 IPOBOJWICA C HUCIOIb30BAHUEM 3aKO-
HOB Pa3BUTHSI TEXHUUECKHUX CUCTEM.

Pesynvmamut uccnedosanus. OTpeeNeHbI STAITB SBOIIONNHN TEXHOJIOT U — COOPHBIX, JINTHEBHIX (MOHOJIMTHBIX ) i COOPHO-
MOHOJ'II/ITHI)IX) — W IOYTU COBCPIICHCTBOBAHHA CTPOUTCIIBHBIX MAaTCpHaIOB C IMOBBIHNICHUEM HX (I)I/ISI/IKO-MexaHI/I'-IeCKI/IX
CBOMCTB U OJHOBPEMEHHBIM CHUKCHUEM MACChI, BDEIHBIX BI)I6pOCOB, CTOUMOCTH. BLIHBJ'ICHO, 4TO COBEPUICHCTBOBAHUE Ma-
TCPpHUAJIOB 3a CUCT pr[MOfI B3aMMOCBA3U B CUCTEME C KOHCTPYKIUAMU MPUBOAUT TAKIKE K UX TUHAMHUYIHOMY Pa3BUTUIO, OHU
CTaHOBATCS Oosiee MPOYHBIMHU, JIETKUMH, MHOFO(I)yHKHI/IOHaJ'H)HI)IMI/I " BJIMAIOT Ha apXUTCKTYPHO-IIJIAaHUPOBOYHLBIC PEIIC-
HUSI, YBEIMYMBAs TOJIE3HOE MPOJaBaeMoe MpocTpaHcTBO. OTMeUeHbI MPOOIEMHBIE BOTIPOCHI, CACPKUBAIOIIUE PA3BUTHE
IU(PPOBBIX TEXHOJIOTHI U3TOTOBICHHS KOHCTPYKIHIA: KOHTPOJIb paHHEH ruapaTanun 3D-1meqaTHOro 6eToHa U CBS3b C Peo-
yorueit, o6ecredeHne MeKCIONHOTO CIICTUICHHS, IPOYHOCTH, BHEIPEHIE aBTOMAaTU3UPOBAHHOTO apMUPOBAHUSA H, B IIETIOM,
CBSI3b MEXKJy TEXHOJIOTMEH, MaTepHalloM U SKCIUTyaTallHOHHBIMHU XapaKTEPUCTUKAMH KaK C TOYKU 3pEHHUsI CTPYKTYPHOM
MIPOYHOCTH, TaK U AoiroBedyHOCTH. CHopMyTHpoBaHEI OCHOBHBIE TPEOOBAHMS K pa3paboTKe MPOEKTOB 3MaHUI U COOPYIKe-
HUH U UX YacTeil: SKOHOMUS IIPOCTPAHCTBA, MAaTEpPHUaIOB U SHEPIUU 33 CUET KOMILIEKCHOI'O NMPOEKTUPOBAHMUS, BKIIIOYAIO-
1ero 0OBeIMHEHNE BCEX CUCTEM 3/1aHMS (CTPYKTYPHBIX, MEXaHUIECKUX, THIPABINIECKUX, BO3AYIIHBIX U JJIEKTPHUECKHX )
B €IMHYIO cHCTeMY. PacCMOTpEHO pa3BUTHE TEXHOJIOTUH KPYMHOOIOYHOTO (MOIYJILHOTO) CTPOUTEIHCTBA, B TOM YHCIE U
Hay4HbIE UcclieoBaHus coTpyaHUKOB FOYpI'Y mo TeXHOJIOTHH OMyCKaoIEerocst 6eToHa. Y IelieHO BHUMaHHUE MUPOBOMY
OIIBITY MOAYJIbHOI'O CTPOUTEIILCTBA U HAINIPABJICHUIO Pa3BUTHUA MOYJIbHBIX KOMIIJICKCHBIX CUCTEM.

Oébcyscoenue u 3aknrouenue. Crenansl BEIBOJBI O TOM, YTO K OOIINM TEHICHINSAM Pa3BUTHS CTPOUTEIHHBIX TEXHOJIOT U
MOJKHO OTHECTH: YCKOPEHUE KPYITHOOIOYHOT0 (MOYIBHOT0) U MOHOJIMTHOTO CTPOUTEIIECTBA 38 CUET COBEPIICHCTBOBA-
HUS MAaTEPUAJIOB (BRICOKO(YHKIIMOHATBHBIX OCTOHOB, YKPYITHEHHBIX apMOKapKacoB, GUOPHI), IPHMEHCHHS aBTOMATH3U-
poBaHHBIX () (EKTHBHBIX MEXaHU3MOB, Ipe(had-3IIEeMEHTOB, OCHAIIICHUS MOIYJICH HHKCHEPHBIMH CETSIMHU; YMCHBIIICHHE
TPYJIOEMKOCTH Y TIOBBIIIEHHE YIPABISIEMOCTH CTPOUTEIBHOTO IPOU3BOCTBA 3a CUET CHHKEHUS TPyA03aTpar B Mpeasia-
TaeMbIX CTPOUTEIBHBIX TEXHOJOTHSAX, aBTOMATH3AIMN ¥ IU(POBU3AIMH BEAYIIUX MPOIECCOB; HCIOIH30BAHUE B KOM-
IJICKCHOM TPOSKTUPOBAHUHU TEXHOJIOTHIA HHPOPMAITMOHHOTO MOJICIUPOBAHUS, HEUPOHHBIX CETEH, pallMOHAIBHON KOM-
TIOHOBKH BHYTPCHHETO ITPOCTPAHCTBA 3/IaHNA; ITOBBIIICHNUE (pyHKHI/IOHaJ'H)HOCTI/I N 3CTETUYHOCTHU (bacaleHx TEXHOJIOTHH.

KiroueBble c/10Ba: CTPOUTEIBHBIE TEXHOIOTHH, MOHOJIUTHOE CTPOUTENBCTBO, 3 D-11evaTs, MOIyIbHOE CTPOUTENBCTBO,
BBICOKO(YHKITHOHAIBHBIE OETOHBI, T(POBU3AINSA CTPOUTENFHBIX IPOEKTOB, SHEprocOepekeHune 31aHui, mpedad-KoH-
CTPYKIMH, pOOOTH3AINS CTPOUTEIIHCTBA.
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BnarogapHocTi. CtaThst MOATOTOBJICHA MPU HOAEPKKE ICBENONEPCKOi KoMIMaHuK «BpycHIKa». ABTOpbI GI1aromapsit KOJuieK-
THB Ka(eIpbl CTPOUTENBHOTO MPOU3BOACTBA M TEOPHH COOpYXeHHH FOKHO-YpanbCKkoro rocynapCTBEHHOTO YHHBEPCHTETA,
YYaCTBOBABILIHI B HAYYHBIX UCCIICIOBAHUSX TEXHOJIOTHH OITyCKAIOLIETOCs OSTOHA COBMECTHO C aBTOPAMH CTATBU.

s nutupoBanus. baitOyprua A.X., Mensauk A.A., Jlebenp A.P. O0mie TeHACHIINN pa3BUTHS CTPOUTEIHHBIX TEXHOJIO-
ruit. Cogpemennvie mendeHyuu 6 CMpoumenLcmae, 2padocmpoumenscmae u nianuposke meppumopuil. 2026;5(1):68-78.
https://doi.org/10.23947/2949-1835-2026-5-1-68-78

Introduction. The development of construction technologies is in line with the general patterns of development of
technical systems: S-shaped development; completeness of system components; “energy conductivity"” of a system; co-
ordination of the rhythm of system components; uneven development of system composition; transition to a suprasystem;
displacement of a human and an increase in the level of controllability; dynamization. These patterns have a multiplicative
character, i.e. the implementation of one law occurs through the action of others. These trends can also be traced in
construction while investigating the interaction of the "materials — structures — building parameters"” system. The aim
of this literature review is to identify the relationships and patterns of interaction between the elements of the system in
order to concentrate on the most important and promising areas of development of the construction industry, which will
be beneficial for all parties involved in a construction complex and student instruction.

Materials and Methods. The study employs the classical method of reviewing scientific literature with an analysis
of a variety of factors and features identifying the relationships of elements in the construction system, promising areas
of development, undesirable effects and possible ways to minimize them. Based on the considered information sources,
the research data was systemized and generalized, hypotheses were set forth. According to the sources, the most important
and informative ones were selected, including foreign and domestic ones, as well as describing the article authors' own
developments.

Research Results. Based on the analysis of the global experience provided in the information sources, in the con-
struction sector it is possible to note the evolution of the major technology options for the production of building structures
(prefabricated, cast (monolithic) and prefabricated ones):

- hand-made masonry of small and large blocks, wooden products;

- mechanized installation of enlarged products (shields, panels, modules, blocks of large—span coatings);

- mechanized installation of enlarged products of increased or full factory readiness (with windows, trim, engineering
systems) — the so-called prefab elements;

- automated and robotic assembly of prefabricated products.

These are not only materials for prefabricated construction that are evolving, but also methods of connecting prefab-
ricated elements: from wet processes and labor-intensive welding, they are moving to dry and technological connections
(bolted, pin, coupling, loop, etc.).

In injection molding technology using concrete solutions and other building mixtures, the same stages are observed
with the displacement of humans and the increase in controllability:

— manual injection molding technology;

— mechanized production, transportation and laying of mixtures;

— use of formwork units and reinforced formwork blocks;

— robotic technology for 3D printing and installation of buildings from pre-printed 3D blocks.

At the same time, materials are being improved with an increase in their physical and mechanical properties and a
reduction in weight, harmful emissions, and cost. On top of that, the development of materials is moving from the macro
to the micro and further to the nanoscale. The prediction and design of material properties first takes place at the level of
macrostructures, then molecules, atoms and elementary particles. Traditional concretes are being replaced by highly func-
tional, high-strength, self-sealing ones with extensive use of mineral and chemical additives. New functions of materials
are emerging, such as self-purification by adjusting the microstructure using photocatalytic additives.

Heat-efficient hollow bricks and stones are replacing solid ones. According to the development line of technical sys-
tems, the next step should be a capillary-porous material (CPM) with a certain structure, e.g., increasing the vapor per-
meability of a material from the inner surface to the outer due to the size of the pores. Pores can be filled with another
substance, such as glue that will be released from the surface layer of the wall blocks holding them together. Due to the
controlled microstructure, the principle of self-renewal of paints on the facade can be implemented.
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Various building composites with special properties are broadly employed: self-cleaning; healing of cracks; absorp-
tion of greenhouse gases. Simple reinforcement of cast structures is being replaced by an adjustable prestressed or ferro-
magnetic fiber with the ability to control the magnetic and thermal fields.

The evolution of materials is the foundation for improving structures. Structures are evaluated by specific indicators
of the ratio: mass to span, height or overlapped area; operational characteristics (strength, heat resistance, sound insula-
tion, durability, etc.) to their own weight, cost of production and installation. These simple relations expressing the law
of increasing the degree of ideality show how progressive changes occur in building materials, structures and structures
over time.

Recently the term "digital concrete production” has been coined [1]. Digital methods for production of concrete and
binders have become the subject of a great number of studies and industrial activity, and the industrialization of technol-
ogies such as 3D printing is becoming more and more realistic. The potential for revolutionary changes in construction is
growing not only by means of reducing costs, but also by increasing environmental sustainability and functionality. The
problems associated with materials for printed concrete are plenty. The major ones are control of early hydration and a
relationship with rheology, provision of interlayer adhesion, strength, introduction of automated reinforcement and gen-
erally a relationship between technology, material and performance, both in terms of structural strength and durability.
An interdisciplinary approach is crucial as this field brings lots of disparate areas together and has so far been driven only
by areas such as architecture and construction.

New structures, becoming more durable, lightweight, and multifunctional, affect architectural and planning solutions,
increasing the useful selling space. A simple example of such a solution is obvious while replacing a frame with crossbars
protruding beyond the ceiling plane with a frame with "secret" crossbars forming a flat ceiling together with the ceilings
(e.g., houses of the MKT construction built in Miass, Chelyabinsk region). So, if the bolt protrudes beyond the ceiling
plane by 30 cm, in a 10-storey building when smooth ceilings are installed, a full floor is lost. In office, commercial, and
sports buildings, loss of space is associated with installation of dimensional engineering systems at a ceiling or floor level.
Reducing the thickness of external enclosing structures by means of innovation provides significant savings in usable
space in multi-storey buildings. The "3 for 2" concept (3 floors for 2) is aimed at saving space, materials and energy by
means of integrated design [2]. As the world adapts to the twin trends of climate change and urbanization, high-rise office
buildings in hot and humid climates are the first in line for a significant change in design approach. An integrated design
approach pays special attention to reducing the size of engineering communications introducing a new paradigm for
optimizing use of space, materials and energy in buildings: integrated integration of all building systems - structural,
mechanical, hydraulic, air and electrical ones - throughout the life cycle of a building from early design to construction
and operation.

The "3 for 2" concept has been implemented in a pilot project of a non-profit international school in Singapore®. In
Singapore’s new commercial buildings, up to a third of the enclosed volumes are typically occupied by technical systems
and structural elements taking up valuable space that could otherwise be reserved for residents. The standard centralized
air conditioning systems currently in use are among the main consumers of this space. The 3 for 2 project demonstrates
air conditioning technologies that were previously seldom used in commercial buildings in Southeast Asia, such as passive
cooling beams and distribution ventilation systems.

The review "The Science of Concrete: the Past, Present and Future of Innovation" [3] notes that concrete, as the most
commonly used building material, is rapidly evolving, but at the same time is facing challenges in terms of environmental
impact, financial needs, public recognition and image. Studies of radical changes in three major aspects of concrete use
are relevant: reinforcement, binder content, and manufacturing methods. It is assumed that, along with introducing robotic
production methods, digital technologies can be key to introducing a number of innovations: reinforcement with no rein-
forcement bars using non-convex granular media; concrete structures optimized for compression using topology optimi-
zation, architectural geometry and 3D printing or origami-style formwork; genuinely digital concrete due to a combination
of mass data collection and deep learning.

However, interlayer bonding is paramount for printed concrete as well as for traditional concrete. The bonding strength
during the multilayer laying of self-sealing concrete was studied in [4]. SUSU studies [5, 6] indicated a positive effect of

 United World College, Singapore. URL.: http://www.systems.arch.ethz.ch/de/research/synergistic-buildings/3for2-beyond-efficiency.html (accessed:
18.07.2025).
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acoustic treatment of concrete on its water absorption, which increases the adhesion to old concrete, and also improves
the quality of technological joints using printed matrices, various adhesives, additives, and slag-alkaline concretes.

For 3D printing of concrete, the problem of adhesion is addressed by installing reinforcement or introducing fiber
into the mixture. As the use of steel reinforcement is compulsory in most building structures, there is an urgent need
to develop reinforcement technology for 3D-printed structural elements. In [7], a justification was carried out for
3D printing of steel reinforcement using arc welding with a metal electrode in a protective gas environment. The
mechanical characteristics of the printed rods demonstrated comparable mechanical properties to conventional steel
reinforcement of the same diameter.

We find it reasonably more technologically advanced to make use of an additional 3D printer manipulator that unwinds
and cuts wire reinforcement into the necessary segments, or to make use of fibers from various materials. The results of
such developments were reported at the First RILEM 2018 International Conference on Digital Concrete.

It was noted that most studies of printed concrete had been conducted on small models and failed to take large-scale
effects into account. Currently, bridges have been implemented among large-scale digital concrete (DFC) structures
(e.g., in China, the Netherlands, and Spain), as well as two-storey houses printed in 22 days in China. Large-scale tests
of elements manufactured using DFC technology have shown [8] that caution is required as tests of materials related to
DFC are being developed, and the large-scale effects of DFC have not been studied in practice. Therefore, it is recom-
mended that large-scale tests in the range from 1:5 to 1:1 are conducted if DFC is applied to responsible structures.

Another significant downside of printed concrete is its low productivity of digital DFAB production in construction.
In [9], the costs and time for the robotic construction of a wall was analyzed. In this example, it was found that productivity
was higher while using the robotic construction method for complex walls (e.g., an exterior and decorative one), which
indicates a possibility of obtaining significant economic benefits from using additive DFAB specifically for construction
of complex structures. However, DFC technology is not applicable for high-rise buildings. However, this does not mean
that the traditional technology of prefabricated and monolithic housing construction will not be automated and robotized.
Back in 1995, an all-weather automated system for the construction of high-rise reinforced concrete buildings was pre-
sented at a conference in Belgium [10]. For the first time in the world, it had been used in the construction of a 15-storey
reinforced concrete building in Chiba Prefecture in 1995 (Fig. 1).
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Figure 1: Parallel delivery system

Fig. 1. Automated high-rise building construction system [10]

This system includes four major elements:

1) synchronously rising all-weather temporary structure;
2) parallel material supply system;

3) factory production and unification of building materials;
4) material management system.
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It ensures high quality, improves working conditions, reduces construction time, labor force and waste, and increases
the overall productivity. As shown in Fig. 1, in the BIG CANOPY project a parallel element supply system was installed
for three automated overhead cranes to be set up and one large construction lift under an all-weather lifting temporary
mounting beam.

The project makes use of a materials management system using a database linked to the CAD system, unification of
building materials, factory manufacturing, as well as parallel installation. The major advantages of the technology are
increased productivity and quality; shorter construction time; improved production conditions (workers can safely and
comfortably work under a temporary roof); reduction in the amount of garbage.

A similar technology (only related to injection-molded structures rather than prefabricated ones) has been patented
and is being developed at the SUSU Department of Construction Production and Theory of Structures [11-13]. The
shuttering system is made up of two vertical decks with minimal expansion at the bottom. Vertical decks are stationary.
The horizontal deck located between them is lowered or raised with hydraulic jacks. The horizontal deck is connected to
the lifting or lowering mechanisms with a metal vertical rod. The new technology is a kind of anti-sliding formwork
system that moves upward.

The process is performed as follows: in the initial state, the horizontal deck of the formwork is lowered relative to the
top of the vertical deck. The composite material (concrete mix) is fed into the formwork system where the mix is placed
in the space between the horizontal and vertical deck. There is a film between the concrete deck system which moves
downwards with the mixture. This method removes effects such as adhesion and cohesion leaving only a minimum fric-
tion between the film and the vertical deck and provides protection against premature drying of the concrete. The first
layer of the concrete mixture gains a specific strength with a possibility of heat treatment, acoustic and other effects on
the working seams. The horizontal deck is lowered with jacks along with the first layer down. Then the second layer is
laid on the first one and having gained strength, it descends. The third layer is laid (Fig. 2). Then the lower sufficiently
hardened layers extend beyond the vertical deck, etc.

a) b)
Fig. 2. @) method of forming reinforced concrete structures by means of lowering concrete (patent 2566540):
1 — metal rod or cable; 2 — lifting and lowering equipment (hydraulic jack); 3 — horizontal deck; 4 — vertical deck; 5 — first layer
of concrete; 6 — second layer of concrete; 7 — third layer of concrete; b) experimental SUSU setup for the technology development

The technology of sinking concrete can be employed for construction of deep underground structures (mines, hazard-
ous waste storage facilities, underground military installations, etc.), underwater structures on a shelf, manufacture of
block rooms in mobile workshops for modular construction, etc. Structures lowered by means of the counterweight

Technology and organization of construction

73



https://www.stsg-donstu.ru

74

Modern Trends in Construction, Urban and Territorial Planning. 2026;5(1):68—78. eISSN 2949-1835

method can provide lifting of aboveground structures by implementing the top—down construction technology. The ad-
vantage of the new monolithic technology is the immobility of the formwork system and a possibility of equipping com-
plex systems for processing and monitoring the condition of the concrete mixture and concrete under protection from
external influences, up to full automation of production processes.

Automation of the installation of multi-storey buildings was proposed back in the USSR by replacing free installa-
tion with cranes for forced installation with manipulator cranes? [14]. A traditional mounting crane provides only one
of the 16-20 operations of the assembly of prefabricated structures, and the remainder are performed manually by
workers whose labor costs are 4-5 times more than the operating time of the crane. Experiments were performed with
an automatic crane based on the BKSM-5-5A tower crane, but a low positioning accuracy of + 20 cm was obtained,
which prevented a transition to industrial development accuracy of + 20 cm was obtained, which prevented a transition
to industrial development.

In Japan, a two-stage system is employed controlled by a single operator and consisting of free feeding of the prefab-
ricated element by a conventional tower crane and a robot (manipulator) installing the element at the design location.

In Russia, three variants of forced installation have been developed. The idea behind the new method is that in order
to increase the productivity and accuracy of installation, the mounted element is gripped rigidly and fed into the design
position with registration of linear and angular displacements along the three axes X, Y, Z (in six coordinates). At the
same time, there is a task of ensuring the stability of the elements after their installation and uncoupling of the crane
handle. This is achieved by using the spatial self-fixation method using locking traps of various designs, which at the
same time reduces the requirements for positioning accuracy. A manipulator crane with a rigid connection between the
working body and the transportation device has been developed that has a minimum required number of degrees of free-
dom of the movement device, and thereby a minimum number of drive mechanisms.

In Russia, three variants of forced installation have been developed. The idea behind the new method is that in order
to increase the productivity and accuracy of installation, the mounted element is gripped rigidly and fed into the design
position with registration of linear and angular displacements along the three axes X, Y, Z (in six coordinates). At the
same time, there is a task of ensuring the stability of the elements after their installation and uncoupling of the crane
handle. This is achieved by using the spatial self-fixation method with locking traps of various designs that at the same
time reduces the requirements for positioning accuracy. A manipulator crane with a rigid connection between the working
body and the transportation device has been developed that has a minimum required number of degrees of freedom of the
movement device and thereby a minimum number of drive mechanisms.

However, the suggested sparsely populated technologies were not commonly used in the USSR due to the lack of
digital design, the complexity of the design of cranes, gripping devices, and the need to retrofit prefabricated elements
with self-locking devices. As the rest of the operations (suturing, welding ties, sealing) are performed manually in the
traditional way, there is a law of uneven development of parts of the system and misalignment. As shown by the further
development of the construction industry, complete robotization was achieved not in the assembly, but in the injection
molding technology of 3D printing, and only when the power of computing complexes had allowed to carry out digital
building projects [15], and the rheology of concrete composites had been managed [3].

The record of Chinese builders who had worked on a prefabricated 10-storey building in 29 hours was confirmed by
means of the method of the fastest construction of large blocks (prefab blocks, modules). Block rooms were designed in
a few cities of the USSR (Krasnodar, Minsk, Verkhnyaya Salda, etc.) but were limited by the lifting capacity of cranes
and transport dimensions. The incentive for the development of that type of housing construction was a number of ad-
vantages of those houses over large-panel ones [16, 17]: manufacturing volumetric blocks of full factory readiness in
factory production with built-in furniture, plumbing and electrical equipment; transferring 85% of labor costs to a factory
or house-building complex; reducing labor costs on the construction site to 25%; reducing the number of mounting ele-
ments by 4-5 times; reducing construction time by 3—4 times; reducing labor intensity by 2.5-2.8 times; reducing concrete
consumption by 25-28%; significantly reducing overhead costs and costs for temporary facilities, etc.

The sizes and weight of the reinforced concrete blocks were small. The Krasnodar House-Building Plant produced
blocks in the form of a ribbed box of the "lying glass" type measuring 3715 m and weighing 5-9 tons depending on the

2 Vilman YuA Technology of Construction Processes and Construction of Buildings. Modern Progressive Methods: a Textbook. Moscow: ASB; 2011.
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equipment. The modular product of JSC SZ "OBD" in Krasnodar has presently been significantly improved and reaches
a weight of 20 tons and allows for the construction of a 16-storey building (16,000 m?) in 4 months. Minsk "cap" type
blocks of approximately the same size and weight were used for three-dimensional block houses of the 3A-OPB series.
Since 2012, the block house construction plant "Choice—OBD" has been operating in Voronezh for the production of
reinforced concrete modules of the ,,cap® type [18].

The development of the construction industry has now made it possible to significantly increase the size and weight
of modules for block construction. The Moscow plant of Concern MonArch LLC (Fig. 3) produces the world's largest
room blocks with dimensions up to 15,5x7,5x3,75 m, with an area of over 100 m? and weighing up to 40 tons in a basic
frame and 55-58 tons with complete finishing.

Fig. 3. Technological portal conveyor (Q=100 t) for conveyor assembly of MonArch Group modules

The technology allows for the installation of 25 modules (1800 m?) per day, 450 thousand square meters of ready-
made housing per year. For the first time the world has witnessed the production of three-storey modules for stairwells
and elevator shafts. Due to the maximum robotization and automation of factory module manufacturing processes, there
has been a significant reduction in the construction time of houses. The first stage of the VVnukovo plant was launched in
July 2023.

Among the major difficulties of MonArch's modular construction technology, the complex logistics of overnight
delivery of modules using two lanes of traffic and the need for powerful cranes (typically manufactured in Germany or
China) is to be noted.

The MonArch concern is currently producing about 2000 modules per year and participates in the renovation program.
In 2025, a kindergarten with 300 places was built in two weeks’ time from 114 large-sized modules in Sireneviy Boule-
vard in Moscow.

Foreign modular construction systems have been known since the days of Habitat 67 residential complex (1967) and
Nakagin Tower in Tokyo (1972) mainly make use of metal-framed blocks such as ADK Modulraum (Germany), Vision
Modular, Assael (England), etc. The metal frame is also used for production of block cabins for cruise ships.

Special MEP modules can also be supplied in block design [19]. Modular engineering systems — "mechanical,
electrical, and plumbing systems" (MEPs) — involve the pre-fabrication and assembly of engineering system compo-
nents under controlled factory conditions before they have been delivered to a construction site to be installed. This
approach provides lots of benefits, including increased efficiency, cost savings, faster project deadlines as well as
improved quality control.

These modules combine various MEP components such as pipelines, ductwork, electrical wiring, and equipment into
a single unit. Equipment installed in the MEP units: frames with heat exchangers, pumps or other engineering equipment
with integrated pipelines and electrical systems; fully equipped bathrooms with plumbing, electrical and HVAC compo-
nents (Heating, ventilation, and air conditioning); suspended mechanical racks with pipelines, ducts and electrical systems
for efficient distribution in a building or a structure.

Problems related to environmental friendliness, alternative energy sources and lifestyle changes (e.g., due to the pan-
demic) have led to a surge in the production of buildings using modern construction methods, particularly in residential
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construction. These methods involve use of new technologies as an alternative to traditional construction in smart build-
ings. Against the background of the development of industry 4.0, there is an urgent need for integrated design using
machine learning, neural network and generative algorithms [20].

On top of that, it is essential to pay attention to the research results where optimization tools were employed in order
to develop energy-efficient and rational construction schedules [21]. As the growing global awareness of environmental
issues is on the rise, the construction industry is forced to make use of innovative materials and methods in order to make
the construction process more energy efficient and environmentally friendly. Project managers should employ optimiza-
tion tools in their planning procedures in order to address these issues in the early stages of project justification.

Discussion and Conclusion. Thus, among the main trends in the development of construction technologies, the fol-
lowing are to be noted:

— rapid evolution of building materials with an emphasis on high-functional concretes, new composites, capillary-
porous materials and environmentally friendly waste materials with the possibility of their recycling and reuse;

— digitalization of projects and technologies: BIM design (with the development of 3D, 4D, 5D...); transition to elec-
tronic document management (GOST 70108-2025 "Executive Documentation. Formation and Maintenance in Electronic
Form™); 3D printing of structures and formwork; automation of supply processes, construction control, organization and
management; precise positioning and automation of construction machinery;

— improvement of factory readiness, dimensions, and architectural and structural quality of prefabricated elements
(the so-called precat and prefab technologies);

— development of modular construction in Russia from large-sized frame and reinforced concrete blocks with partial
and complete finishing;

— improving the functionality and aesthetics of facade technologies: architectural and structural facade panels; self-
cleaning and self-healing of facade materials; intelligent facades;

—development of monolithic construction using highly functional concretes, enlarged reinforcing frames, fibers, high-
performance mechanisms, as well as prefab elements for complex multi-part building elements in order to speed up con-
struction;

— complete robotization of some finishing processes;

— implementation of energy-saving and "green” solutions in engineering systems of buildings (not only unique ones);

— improving the quality of landscaping, infrastructure, and the urban environment quality index.

As aresult of the review of the global experience, the general trends in the development of technologies in construction
have been formulated that are to be noted by construction companies concentrated on continuous development and aspir-
ing for the leading positions in the industry.
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