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DURING-TENSIONING METHOD OF PRESTRESSING REINFORCED
CONCRETE STRUCTURES
Chekanovych M.G., Candidate of Technical Sciences, Ph.D., Associate Professor, Hee
of the Department of Construction, Architecture and Design,
Kherson State Agrarian and Economic University, Ukraine

Introduction. Methods of Prestressing Reinforced Concrete Structuredn
modern construction, prestressed structures are traditionally manufactured either b
tensioning the reinforcement against anchoefore concreting or by tensioning the
reinforcement after concreting onto the hardened concrete. The implementation of bot
methods of prestressing structures involves transferring the prestress forces of th
reinforcement to the hardened concrete. Taguires a certain amount of time for the
concrete to achieve the necessary transfer strength and typically involves sequenti
operations of reinforcement tensioning and concrete compaction [1, 2].

Main part. In such structures, it is challenging to siggahtly enhance strength,
frost resistance, and water impermeability without substantial additional costs.

To develop higkstrength and durable prestressed structures by making fuller use
of the physical and mechanical properties of building materialguti®r has proposed
manufacturing structures with reinforcement tensioning and the transfer of prestres
forces onto the freshly placed concrete mikg[3 The general scheme of prestressing
methods in reinforced concrete structures, supplemented bythehaor 6 s pr o
presented in Fig. 1.

Techniques for Manufacturing Reinforced Concrete Elements with During
tensioning on Freshly Laid Concrete Mix.

In the technology of manufacturing prestressed reinforced concrete structures
tensioning the reinforeeent onto the freshly placed concrete mix serves not only as a
method for ensuring rigidity and crack resistance but also for increasing the load
bearing capacity of reinforced concrete elements. Within this approach, several specifi
methods have been dduped for producing reinforced concrete elements, which
involve either full or partial transfer of prestressing forces from the reinforcement to the
compressed concrete mix.

Let us consider mechanical reinforcement tensioning methods, which are amon
the most reliable and precise in industrial production. The production of reinforced
concrete structures with reinforcement tensioning onto the compressed concrete mi
involves placing the concrete mix using vibration, tensioning the reinforcement while
simultaneously compressing the concrete mix, and subsequently curing the concrete in
compressed state. In this process, the concrete mix is compressed by the tensile force
the reinforcement, with full or partial transfer of this force to the mix before the
concrete hardens (Author's Certificate No. 1548389).
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Methods of prestressing

Pretensioning During-tensioning * PostTensioning

Principle of action on reinforcement

Mechanical Thermal Compatibility-based Chanical

Methods of transferring prestress

To hardened To fresh

concrete concretemix*

Reinforcement anchorage

Bonded Mechanical anchorage

Fig. 1. General classification of methods for inducing prestress in reinforced concrete

structures

* Refers to freshly laid concrete mix being compressed.
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During the transfer of prestressing des from the reinforcement to the freshly
placed concrete mix, the mix is compressed, expelling excess water and air beyond tt
formwork, compacting the aggregate, and improving surface contact (adhesion) with ths
reinforcement.

The compaction effect canebenhanced at the initial stages of compression
through dynamic impact on the concrete mix, as well as by cyclically applying the load.
In this process, the strength of the concrete mix components is utilized as a framewor
around which the reinforcemeisttensioned.

Once the optimal density of the mix is achieved, the reinforcement tension force
Is increased to the required level. The concrete then hardens under the influence of tt
prestressing forces.

Thus, in a single operation and from a single driveth the reinforcement
tensioning and the concrete compaction through compression are performet
simultaneously. The energy expended on reinforcement tensioning is utilized for
compacting the concrete mix, contributing to a reduction in the productioa, &l
increase in concrete strength, and improved corrosion resistance of the structure.

The implementation of the proposed method of prestressing reinforced concrets
elements is associated with the need for specialized formwork systems. An analysis ¢
existing formwork design solutions, both in domestic practice and abroad, did not revea
an approach that ensures relatively uniform longitudinal compression of the concret:
mix under the action of prestressing forces applied to the reinforcement [1, 2]. This
issue primarily arises due to the significant friction between the concrete mix and the
inner surface of the formwork. When the end sections of a long structural element ar
compressed, the formwork absorbs a substantial portion of the prestressindutioe
friction.

Under such conditions, the prestressing of reinforcement effectively corresponds
to the conventional "preensionng” method, where the longitudinal rigid walls of the
power formwork act as the abutments. Even with considerable frictaunctierd
achieved through the application of release agentsframibn coatings, or liners made
of low-friction material® the formwork still absorbs a significant portion of the
longitudinal prestressing forces. As a result, the intended effect ofgassaty "on the
concrete mix" is largely negated, reverting to the traditional "abutment" method.

Therefore, for the effective implementation of this method, it is necessary to
develop a fundamentally new formwork design that minimizes friction between the
concrete mix and the formwork while ensuring a uniform stress distribution along the
entire length of the element. Potential solutions may include the use of movable o
flexible formwork walls, specialized vibration systems, or other innovative technical
approaches.

Several traditional approaches have been tested to address this issue, includir
the introduction of specialized chemical admixtures into the concrete mix, the
application of antfriction coatings on the inner surface of the formwork, polighoh
the formwork walls, the use of various liners made of materials such as PTFE
(polytetrafluoroethylene), and the application of vibration and other dynamic effects.
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Experimental studies have shown that these measures had some effect only c
short laboatory specimens. However, they did not eliminate the transmission of
longitudinal prestressing forces by the rigid formwork, especially in the production of
long structural elements. Therefore, the challenge arose to develop a fundamentally ne
formwork system and equipment for the practical manufacturing of structures
prestressed using the "on fresh concrete mix" method.

The author was the first to propose dividing the structural formwork into separate
sections using deformation joints, with these sectioterconnected by longitudinal
gui des (Authoroés Certificate No. 15483E¢

Conclusions. Under longitudinal loading, the formwork sections are capable of
linear displacement while providing minimal resistance to compression. This type of
sectional formworkpractically does not absorb the longitudinal prestressing forces,
thereby ensuring a uniform transfer of prestressing compression to the freshly place
concrete mix along the entire length of the reinforced concrete eleéerle
DURING-TENSIONING method.

References

1. LIN, T.Y. Design of Prestressed Concrete Structurdew York: John
Wiley & Sons, 1955. 456 p.

2. Golyshyev A.B., Bachynskyi V.Ya., Polishchuk V.P., Kharchenko A.V.,
Rudenko 1.V. Design of Reinforced Concrete Structurdsyiv: Budivelnyk, 1990.
S44c.

3. Chekanovych, M. and Chekanovych, O., 2005. Smart reinforced concrete
structures. InKeep Concrete Attractive. Proceedings of the fib Sympgsian2, pp.

1009 1014. Budapest.
Chekanovych, M., 2023. Stréssrain state of reinforced concrete beatrengthened
with a flexible rodroller system. AIP Conference Proceedingspp. 65 69.
Scopus author profile

4.  Chekanovych, M. Reinforced concrete structures with detengioning
the concrete mixKherson State Agrarian and Economic UniversityDdesa: @li+.
2024.-146p.

5. Yy jSCOdtsady M. ] . (2024) . 1 st jtej HC
CosdhMscz¢y" 2 LO d3j ssHisds dzO B jIstsdedzze Mk 3
Ujndzs ydz' - dz@&IS hiftps://doitoryg/10.327824tvtech.2024.6.29

17



UDC 624.9:624.07

DIRECTIONS FOR SUSTAINABLE DEVELOPMENT OF ACCELERATED
RECOVERY AND RENOVATION OF URBAN INFRASTRUCTURE
DAMAGED BY MILITARY ACTIONS
Anton Hasenko, Doctor of Technical Scien&¥sfessor
Yaroslav KryzhanivskyPostgraduateStudent
Nati onal University gYwrcihnKamrdr a&toy u ka

The relevanceResidential and neresidential buildings, as well as transportation
infrastructure networks, form the foundation for public health, safety, and economic anc
social weltbeing. Their failure or operational distigns lead to a significant decline in
public safety and serious delays in logistics. Assessing the technical state of buildings |
usually a complex task; the degree of complexity increases significantly in the case o
war, as structures are damaged aockss is difficult. At the same time, material and
time resources must be taken into account, which are typically very limited in such
situations. Nevertheless, questions arise regarding what loaddawaged buildings
can still withstand, under what catidns they can be safely used, and for what purpose.

The scientific focus of this woik the development of geodetic methods for
monitoring and & surveying of public, residential, and industrial buildings, as well as
transportation infrastructure, tovauate damages caused by military actions. The goal
IS to create a unified digital registry of damages and subsequently select, adapt, ar
refine innovative, costffective technologies, sustainable development strategies, and
the implementation of progmas for the accelerated recovery and renovation of damaged
facilities.

To achieve the overall project goal, the followswgzgoals are planned

1. Establishing and equipping laboratories with innovative measuring instruments
for 3-D scanning of damaged Mding infrastructure. Identifying and classifying
relevant building types and types of damages to their structural elements, including a
analysis of whether information and documentation regarding buildings and
infrastructure facilities are available, aiido, what specific information is available. If
information is limited, strategies for inspecting and monitoring structures should be
developed to systematically collect additional information on structures, materials, anc
loads necessary for assessiafiability. The creation of a-B scanning laboratory for
damaged building infrastructure will involve establishing an industrial park featuring
thermal retrofitting of the building and its own energy generation (solar and wind power
plants, energy cogeragion from tree branches or weeds, etc.).

2. Creation of a unified digital registry of wdamaged buildings and structures.
The further development of existing ontologies serves as the foundation for the
automated generation of digital twins using adsitnaition shells, which will form a
central platform for data exchange and processing and can manage all (heterogeneot
information about the relevant buildings. This means that all information necessary fol
decisionmaking regarding use and reconstructiol be available in digital form.
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3. Datadriven reliability evaluation and, where necessary, the development of
recovery solutions. The information collected in the digital twin is used to assess the
residual loaebearing capacity of buildings as a wloand their components. An
innovative extension of the life cycle of wdamaged structures, in accordance with
European standards, will allow for the identification of stierin usage options, as well
as the development of construction and repair coecapmely:

I developing resoureefficient structural solutions for the restoration of damaged
structures (for example, by creating composite structures, statically indeterminate
structural systems, etc.);

I integrating cultural axes with the restoratidrpablic buildings;

I implementation of housing decarbonisation and renovation programs;

i development of options for the reuse of recycled (for example, crushed)
building materials from dismantled damaged structures.

4. Creating a platform for the effeei management of recovery and
reconstruction by modernizing intermunicipal recovery agencies, including the
establishment of bilateral scientific cooperation with foreign research institutions, which
will help support Ukrainian science and its integratiimi®o European and international
knowledge networks. The assessment results are reflected in a digital twin in order t
(a) calculate performance indicators and (b) identify nonlinear relationships betweer
building information and its reliability using drtial intelligence. A unified structure
for all digital twins will simplify access to the database, enable data analysis and
modelling to improve the prediction of building leadaring capacity.

Therefore these strategies are scalable and can makaificagt contribution to
effective operational planning, more realistic risk mitigation, and resafficeent
management of maintenance and reconstruction of damaged building infrastructure.
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Precast reinforced concrete hollmere slabs are amng the most widely used
flooring systems in residential, public, and industrial construction due to the high
efficiency of their production, transportation, and installation. However, the traditional
simply supported (statically determinate) structuralfiguration of these slabs, which
rely on bearing at two opposite ends, does not always ensure optimal utilization of thei
load-bearing capacity and often leads to increased deflections, crack formation-in mid
span zones, and elevated material consumption

The postwar reconstruction of Ukraine emphasizes the efficient utilization of
existing structural components, particularly holloare slabs, a significant portion of
which have sustained varying degrees of damage. Methods of regulating the stres
stran state can ensure the restoration of the serviceability of damaged flooring system
without complete component replacement. This approach is importance unde
conditions of building material shortages and limited financial resources.

Modern trends in straaral engineering focus on the development of adaptive
structures capable of managing behavior under load through prestressing, adjustab
support constraints, and active deflection control systems. Applying such approaches f
continuous hollowcore floorng systems allows for the optimization of force
distribution, minimization of undesirable deformations, and enhancement of structural
reliability and durability, while concurrently reducing material intensity.

Establishing continuous flooring systems byegrating individual slabs into a
unified structural framework through castplace joints over intermediate supports
significantly improves their performance under load. Continuity results in a
redistribution of internal forces, generating negative benpdioments over the supports
and reducing positive moments in the spans. This mechanism fosters a more unifort
utilization of the material along the structural length, decreases deflections, anc
increases the overall stiffness of the flooring system.

Reguhting the stresstrain state of continuous flooring systems is highly relevant
to the reconstruction and technical retrofitting of existing buildings, whereldeardng
capacities must be enhanced to accommodate changes in functional occupanc
increasedive loads, or the addition of vertical extensions (extra floors). Traditional
strengthening techniques are often laimbensive, costly, and necessitate substantial
architectural and spatial alterations.

However, the occurrence of negative moments alersupports in the upper
zone of the slabs presents new structural challenges. Hobosv slabs are
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predominantly designed to operate as shsplan systems with working reinforcement
located in the bottom zone. The absence or inadequacy of top remésrcéeads to
intensive cracking over the supports when a continuous -spdin structural
configuration is implemented. This can compromise structural durahiithdegrade
performance characteristics.

The inadequate understanding of the mechanismsataggikthe stresstrain state
of such composite systethsomprising precast slabs and monolithic dagblace
jointsd restricts the potential for their efficient design. The lack of scientifically
grounded analytical methods and practical design guidefmresdjustable systems
impedes the adoption of progressive solutions in construction pralctieveew of the
above, orsite experimental investigations are scheduled to be conducted directly on &
real layout section of a flooring system composed of rewefid concrete holloveore
slabs of the PK 6858 grade in compliance with DSTU B V.253:2008. The
objectives of this research includetermining the impact of

1) the concrete casting height within the support zone of the slabs:

- infilling only the slab vads to a length of one meter from the supports in
both directions of the span section;

- infilling the slab voids in conjunction with an additional 50 mm thick
monolithic reinforced concrete topping overlaying the slabs.

2)  altering the structural design moaxlithe reinforced concrete slabs:

- one end of the slab remains unchanged (hinged/simply supported), while
the opposite support zone undergoes concrete infilling (continuous/fixed support);

- both support zones of the slabs undergo concrete infilling (contsAfiired
supports).

3) effective length of support concrete infilling and additional reinforcing
cages over the supports:

- the length of the reinforcing cages will vary from 0.1 to 0.3 of the span
length of the reinforced concrete hollaoere slabs.

The anticpated economic viability of regulating the stregsin state lies in the
potential to reduce material costs by 25% compared to traditional simply supported
configurations. This is achieved through a more rational exploitation of théokzrthg
capadty of reinforced concrete hollowore slabs, minimized slab reinforcement, and
extended span lengths. The environmental aspect involves mitigating the carbol
footprint of construction by saving concrete and steel, which aligns directly with
sustainable deslopment goals.

Thus, investigating methods to regulate the stséssn state of continuous
reinforced concrete hollowore flooring systems constitutes a relevant scientific and
technical problem. Addressing this issue will enhance the efficiencyisifrexbuilding
structures, costffective and reliable structural solutions for both new construction and
ensure the rapid, highuality restoration of damaged infrastructusagnificantly
contributing to the advancement of Ukraine's construction sector.
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[isnbHicTb XepcoHcbKoro BogokaHany BU3HaHa yCrilHO

]
J

PeaynbTati po6otu Beboro kKonektuy MKI «BYBKI M. Xepcowa» y 2021 / ‘-? 01032 Yepaa, w. i,
poui Gynu npoaHanisoBaHi ¥ BMBefeHi Y 3aranbHWii  PeHTHHI m ( N ia 1
HesanexHolo  opraHisauielo  «HauioHanbHui 6isHec —pedTUHM»

Mpomucnosoi Manatu Ykpaitu.

IHpopmauis npo BUp uy pAi iCTb MiANPUEMCTB OTPUMYETBCA i3
3aranbHOROCTYNHUX JXepen iHdopmauii.

PE3YNIbTATH
HALIOHANLHOTO BIBHEC-PEATUHIY B YKPATHI
PEVTMHIOBA NPOTPAMA «/IIEP POKY 2021»
SATBERMKEHO
o OprxomiTe
yigitansHoro Bisec-peimmmry

KBEA 3600 3abip, ovuuser
«Cy6'exTi BenMKOro
(cranaspry)

KoaeKcy Yipait Ta
i 3siTHocTin

S E {[@B NuTaurosa

Mignpuemcreo  MKMN "BYBKI" MXEPCOHA"

KBEA 36.00

Posmip  senwxi Ta cepeani

11 micye (30n0mo) cepen cy'exTie rocnoRaPIoBaNHS Ykpaikm 32 NOKAIHAKOM
Pesyneram  “HCTW A0XIR 8IA peanizauil npoRyKu, Tosapis, PoGIT, nocnyrs
pedTanrysanK 1 micye (30nomo) cepea cyS'exTis rocnonapioBaKHa XepcokcsKol oBnactiy
HouiHaLl «DIHaHCOBI NOKAIHWKM YCNILUHOT AIRNBHOGTIN
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Introduction. The concrete manufacturing process results in a significant carbon
impact, ontributing to a substantial portion of global emissions in structures such as
buildings, bridges, roads, and tunnels. At the same time, although concrete is a stror
and durable building material, its drawback is its susceptibility to microcracks, through
which water and chlorine ions can penetrate the structure, leading to concret:
degradation and reinforcement corrosion, creating an unacceptable level o
structuralrisk.

Selrheal ing concrete can be character.i
own cracks autogenously or autonomously. Such concrete combines durability witt
environmental sustainability, offsetting high carbon emissions during production as well
as associated costs throughout its lifecycle.-Be#ling concrete is not a new madéri
in the construction industry, but recent advances in concrete research and technolog
provide a better understanding of its dwdfaling properties. This article examines the
technologies for manufacturing séléaling concrete and their applications the
construction industry through a comprehensive review of the literature and available
case studies.

Main part. In 2006, Professor Henk Jonkers, a microbiologist at Delft University
of Technology in the Netherlands, invented $w&ling concrete (SHC)After 36
months of testing, he discovered the ideal healing agespecial bacterial spores
(Bacillus subtilis or similar) and capsules containing nutrients (calcium lactate).

The pursuit of sustainability in the construction industry has led to inwevat
approaches that not only increase the durability of concrete but also aim to reduc
carbon emissions. Several sb#aling concrete technologies are specifically designed
to address these aspects of-belfling and carbon reduction [1].

A modern mechnism for concrete selfealing is¢microbiatinduced calcium
carbonate precipitatien (MICCP), which is one of the lowoxicity methods for
repairing cracks. Bignediated calcium carbonate (Caff@ formed as a result of a
reaction between ureapeoducnhg bacteria, nutrients, and urea. Ureolytic bacteria
combine with urea during the reaction process, converting into ammonium and
carbonate ions, and the precipitation of CaQG® associated with the addition of
calcium salt [2]. This is an innovative appoh to the continuous repair of microcracks
in concrete, improving its durability and, thus, reducing maintenance costs.
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To reduce carbon emissions, GATP uses bacteria that naturally precipitate
calcite when activated by water entering cracks. Calcigipitation not only heals
cracks but can also absorb carbon dioxide during the formation of calcium carbonate
This biological process transforms concrete into a carbon sink, offsetting some of the
carbon emissions associated with cement production. idddlty, it enhances the
durability of the concrete and extends its service life, reducing the environmental impac
of frequent repairs and replacements.

Another modern technology for concrete dedfling involves the use of biogenic
limestone. Biogeniciinestone utilizes photosynthetic bacteria to produce limestone
within the concrete matrix. Like MOCP, the bacteria can capture and convert @@
calcium carbonate, naturally healing cracks and strengthening the concrete. For th
production of portlandtement, limestone is typically extracted from quarries and then
burned at high temperatures. This process releases significant amounts of carbc
dioxide into the atmosphere.

However, a recent study has shown that the use of biologically grown limestone
formed through photosynthesis by certain species of calcareous microalgae, similar t
the growth of coral reefs could replace the need for mined limestone. Thisgoawn
limestone, cultivated by coccolithophores, is a clean, caneotral alternativeto
traditional limestone. In other words, the amount of carbon dioxide released during
production is equal to the amount absorbed by the microorganisms during
photosynthesis

When combined with seliealing technologies, such as encapsulated polymers
that release healing agents to repair cracks, the overall environmental footprint of
concrete can be significantly reduced. Cementitious additives typically include materials
that are byproducts of other industrial processes and require less energy to firaduce
cement. Reducing the amount of Portland cement in concrete significantly lowers CO:
emissions [3]. Concrete strength can be improved by adding supplementary silic:
materials, such as silica dust, fumed silica, and others. However, replacing river san
can prevent the depletion of natural resources and also offers a solution for the dispos
of copper slag. Currently, the disposal of copper slag itself is a major problem, as th
production of one ton of copper results in 2.2 tons of slag. Copper sitagiraiiar
metal slags can be recycled in concfdie

Shapememory polymers are innovative materials that respond to various stimuli

such as heat, electric and magnetic fields, water, or lighg changing their size,
shape, stiffness, or deformabilif$s]. In a study published in the scientific journal
Polymers, polyethylene terephthalate (PET) in the form of SHM hollow tubes and fibres
is used to seal cracks in concrete. These devices are designed to generate a-shrinka
restraining force that promaerack closure. The shrinkage restraint force in the fibres
was measured as a function of temperature and was found to exceed 35 MPa |5
Tendons made from bundles of PET fibres are embedded in concrete beams, and wh
activated, they help reduce craclditi by 80%.
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Another class of devices, called knotted fibres, is manufactured using the sam
fibres and features knotted ends that act as anchor points when embedded directly in
concrete. Upon activation, these devices completely close the crackfiemcates,
tubes are used to contain and hold prestressed kevlar fibres. Upon activation, the tub
compress and release the prestresses in the kevlar, which is transferred to tt
surrounding concrete, thereby closing the cracks

Kevlar fibres also providesignificant reinforcement after activation. These
devices have been shown to partially or completely close cracks up to 0.3 mm wide an
achieve posactivation flexural strength comparable to that of traditionally reinforced
and prestressed structural rakents. Further research is needed to determine whether
these polymers are capable of carbon sequestration, but it is known that incorporatin
recycled PET into fibre bundles and other composites makes the material more durabl
accompanied by improved engering properties and economic benefits.

Conclusions.Self-healing concrete manufacturing technologies such as microbe
induced calcium carbonate precipitation, the use of biogenic limestone;rseapay
polymers, encapsulation methods, hydration, andlisgeagents have the potential to
reduce carbon emissions while simultaneously increasing sustainability and durability.
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LANDSCAPING AND GREENING OF RESIDENTI AL COMPLEXES IN
URBAN ENVIRONMENTS
OlenaUsachovaPhD in Architecture, Associate Professor
Kherson State Agrarian and Economic University, Kherson, Ukraine

Various principles and methods of landscape architecture aimed at creating
comfortable conditiondor the existence and development of cities are considered.
Attention is focused on the conditions and measures directed toward the landscapin
and improvement of residential complexes.

The comfort of modern housing is determined not only by the conuenien
planning of apartments and buildindgsyt alsoby a rational system of cultural and
residential services, but also by the harmonious combination of various components c
the architectural landscape of residential districts. Comprehensive improvement o
residential complexes is regarded as an activity aimed at ensuring their safety
accessibility, aesthetics, and convenience of use in accordance with their functione
purpose.

The environment has a significant impact on the human body. Its improvement is
one of the pressing issues of modern science and practice. In the system of measur
aimed at improving the urban environment, the creation of green spaces occupies ¢
important place.

Green spaces contribute to the creation of favorable microclimatic aitdrga
hygienic conditions, as well as a natural environment necessary for comfortable huma
life. Considerable practical experience in urban landscaping has been accumulated.
production base has been established, including nurseries and floriculargises; an
organizational system for urban greening has been developed; and other measur
aimed at improving urban landscaping systems are being implemented.

The problem of the comprehensive improvement of residential complexds
both scientific angractical interestThe practical possibilities of using all elements of
improvement directly depend on the size and configuration of the courtyard space of
residential complex, its topography, the location of the residential area, the situationa
posiion of the site within the urban development, the architectural and artistic
appearance of the surrounding buildings and structures, as well as a number of oth
factors.

Green infrastructure developmenrt streets, residential areas, and other structural
elements that form a unified system of urban green spaces seng®e of the most
favorable environment®r public recreation and for organizing various mass cultural
and educational activities. It also includes the formation of new green areas, as well
the reconstruction and renewal of existing plantations with the maximum preservatior
of natural landscapes.

The analyzed global experience in the landscaping and improvement of
residential complexes emphasizes the perception of the environment araisys
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multi-level natural and anthropogenic object. Particular attention is paid to the creatior
of aesthetically expressive and ecologically healthy environments.

The modern urban environment provides many new examples of the organizatior
of socially significant spaces, the study of which helps to determine the mechanism:
through which the environment itself influences human behavior and health. Changes i
the speedf human interaction with the environment and the complex nature of this
process require careful study [1].

In this regard, the search for new methods of designing the landscaping ant
improvement of residential complexes aimed at creating a comfortalalerenent in
urban conditions is becoming increasingly relevant [1, 2].

The landscaping and improvement of residential complexes have evolved from
decorative elements into critically important components of sustainable urban
development, environmental sgfeand the physical and mental wb#ing of residents.

Recent studies emphasize the transit
the creation of functional ecosystems. An analysis of recent research on this issue h:
revealed the obsolescence adrtain design standards, although new state building
regulations (DBN B.1.22:2017) are being actively implemented.

Research also highlights the need to restore recreational areas, particularly i
southern Ukraine, taking into account environmental gafetd new approaches to
design. There is a growing demand for abandoning chemical fertilizers in favor of
compost and natural maintenance methods.

The landscaping and improvement of residential complexes in Ukraine are
addressed both by scholars, who depetheoretical foundations, and by practicing
landscape architects and design bureaus responsible for implementation. The mode
approach emphasizes biophilic design, sustainable development, the use of nati\
plants, and the creation of functional reciaal areas.

The problem of creating comfortable conditions for the existence and
development of cities has been consistently examined in numerous studies by bot
domestic and foreign specialists. At different stages of societal development, this issu
hasbeen explored in their research works.

Foreign aut hor s focus on t he conce
| andscapgrseenfobliuefrastructur e, and res
biodiversity.

Researcher Ebenezer Howard is considered thedfeun o f the 0ng
concept, which became the basis for modern residential complexes with extensive gree
areas. Lee Kuan Yew worked on and I N
program and promoted t he ¢ onc degforvertical a
landscaping and dense greening of residential complexes. Herbert Haaren and Heilat
developed methodological approaches to landscape planning that are being adapted
Ukraine.

Ukrainian researchers focus on the reconstruction of old emesad districts,
compliance with state building regulations (DBN), vertical landscaping, and the social
component of comfortable urban spaces.
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Volodymyr Kucheryavyi and Vasyl Kucheryavyi examine the principles of
forming green zones in cities. OleksandezBubchenko, Oleksandr Zavalnyi, and
Tetiana Chernonosova address issues related to the design of residential developme
and the improvement of residential districts. Nataliia Kryzhanivska reveals the
principles of landscape planning relevant to adjacesidential territories. V. S.
Hryshyna and H. O. Osychenko study the evolution of urban landscaping systems an
modern approaches to the greening of residential neighborhoods.

Approaches to the improvement of residential areas in Europe, America, @nd Asi
differ significantly; however, they share a common §oaleating a comprehensive and
safe environment to enhance living conditions.

Europe. In European countries, cities have a rich urban planning history, which
has also influenced modern approaches rmami landscaping and improvement. The
issue of urban renewal and historical heritage preservation in European cities is ofte
addressed with a relatively limited share of higge apartment buildings. Economic
trends in contemporary Europe largely detaertihe level of urban improvement.

Urban communities play a strong rol e
and preventing investors from turning
expensive urban spaces. Urban planning in many Eunogigas is based on two key
principles: universal design and pedestuwaiented development. In particular, cities
are designed to be comfortable for everyone, with pedestrians and people with limite
mobility as a priority.

Therefore, European citiesdieire wide sidewalks separated from roadways by
bollards, accessible ramps for wheelchair users, and various-tralffittng measures
that reduce vehicle speed. Waste bins and pedestrian crossing buttons are installed
heights accessible for wheelchageus. Urban streets are equipped with street furniture
designed to be durable, safe, comfortable, and consistent with the architectural style
the district or city. The maintenance of courtyard areas is often the responsibility of
residents, which encoages cosefficiency and longerm durability of the chosen
infrastructure elements [5].

Economic trends in the development of recreational infrastructure can also be
observed in courtyard areas and chil dr
residents themselves. As a result, it is common to see a single playground servin
several residential buildings.

| n France, t he Hi gh Environment al
Environnementale, HQE) is applied, which is a green building standard baskd on
principles of sustainable development [6].

Singapore. The main social strategic
to Aturn the population into owners of
Yew introduced a public housing constiioat program that made housing accessible to
all citizens of Singapore on highly favorable tedmesidents paid only a small portion
of the housing cost, while the remaining amount was covered throughtelong
installment plans with low interest rates, luth no possibility of resale.
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Residential complex facilities are characterized by fencing, -tigity
landscaping with design elements, and dedicated spaces for recreation, sports, a
leisure activities (Fig. 1).

Fig. 1. The Interface Complex isdated deep within the island, far from tourist
routes, and serves as a residentia

The government of Singapore understood that landscaping and greening play
significant role in the life and functioning of cities, impnogitheir architectural and
aesthetic appearance, as well as the quality and comfort of living (Fig. 2). In The
Interlace, the total area of green spaces is almost equal to the entire site area of
hectares, which is one of the key outcomes of this uncdiovel architectural and
planning solution.

......

Fig. 2. Extensive greenery and swimming pools in Singapore arelwatrg, but
a necessity of life
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Lee Kuan Yew referred to the ACI ean
costeffective initiative ofhis career. He believed that public investment in greening,
environmental awareness, and urban improvement forms the foundation of economi
prosperity. Landmark projects in Singapore include lagge island greening and the
redevelopment of two riverswhich were transformed from drainage canals into
exemplary ecological landscapes [8].

Japan. Standards of urban improvement.

The principles of residential district landscaping in Singapore (top view, Fig. 2)
illustrate that infrastructure facilities in Jap are subject to mandatory standards that
include requirements rarely found in other countries.

The conducted analysis makes it possible to identify the main problem of
maintaining the urban improvement system in Ukraine during territory reconstruction,
which lies in the dominance of densification methods. As a result, the necessan
elements of the improvement system are not adequately ensured.

The landscaping and improvement of residential complexes in urban conditions
involve the theoretical substartt@n and development of practical recommendations for
creating an ecologically sustainable, functional, aesthetically pleasing, and comfortabl
residential environment.

To successfully address all interrelated tasks of planning, development, anc
operationof settlements, a comprehensive approach is required. It ensures optima
public services and the economic efficiency of architectural and planning solutions for
all types of construction, taking into account future development perspectives.

Historical preequisites for the development of the urban improvement sector
were studied by Yevhen Priakhin [3, 4]. Analyzing the period of the USSR, Priakhin
notes that increasing attention to the improvement of settlements began to emerc
during that time.

In France, t he Hi gh Environment al Qualii
Environnementale, HQE) is applied, which is a green building standard based on th
principles of sustainable development [6].

Thus, the improvement and organization of open spaces in residential
develgpments is driven by the need to address challenges arising, on the one hand, at t
city leveld namely the intensification of urban land &sand, on the other hand, at the
level of the residential complex, which involves improving the functional performance
of nonbuilt-up areas.

Landscaping and improvement are not merely decorative elements but a critically
important component of residential infrastructure. Proper planning ensures high quality
of life, environmental sustainability, and lotgrm investmenattractiveness of urban
housing.

The use of improvement elements (small architectural forms), ergonomic stree
furniture made of higlguality materials, and safe courtyard lighting systems (basic,
architectural, and landscape lighting) ensures safety glmighttime hours as well as
energy efficiency. Psychological comfort is also influenced by the presence of private
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green courtyards (cdrr ee yar ds) , whi ch reduces re
the formation of a friendly neighborhood community.
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obipobka Ha cmopoui onepamopa aHanimuuHa obpobra

Cupi pani 3Heocob1eHHsA IIpup’sizka o Bunpnenun i
i
orepaTopa Ta XelyBaHHA reoKoMipoK «AKOPiB» '
1
- . '
CDR ID abonenta — 6a3oBi cTaHLii aim / poBota :
signalling data TCeB/OHIM + CiTKa 30H 3a [1aTepHOM i
i
l 1
i
i
i
IInanyBanbHi TpancnoprHa OD-maTpHisa Arperania
pimeHHsA MoJie/lh KopecroHeHLjii Ta MaciutabysaHHs
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3¥ «llpo 3axucr MiH. pozMip PH3HK TOBTOPHOI Bafijjaia Ha
MepcoHaibHUX JaHHX» arperoBaHol KoMipkH ineHTHdikarii HarypHUX 0BCTeReHHAX
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