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Abstract. The current situation in Ukraine shows that the restoration of multi-story residential
buildings is one of the most important problems of society. Existing research is mostly focused on
assessing the technical condition of buildings to extend their service life or repair damage caused by
uneven settlement of foundations and other operational factors. Since high-rise reinforced concrete
buildings for residential and public purposes were usually designed and built without taking into
account possible loads from military conflicts, as well as due to the lack of practical experience in
their restoration and strengthening, the issue of ensuring their operational suitability and restoration
is very relevant. To the stages of the building operation process, as a single technological process,
in the event of damage with: inspections, monitoring, planned, unplanned and major repairs and
liquidation. The article analyzed the current state of damaged multi-story buildings, studied the
accumulated experience of their inspection, and considered constructive and technological measures
for their restoration and reconstruction. The structural features of panel houses make it impossible
to replace destroyed or severely damaged structures with new factory elements due to the lack of
technical access for installation. The most optimal solution is the construction of new structures on
the site of destroyed ones using rolled profiles, reinforcement, monolithic concrete, bricks and
aerated concrete blocks. Taking this into account, the perspective for further research is a more
detailed study of the problem and the development of structural and technological solutions for the
restoration of residential buildings with economic justification of the feasibility of their
implementation. In addition, there is a need to supplement the current regulatory documents
regarding the reconstruction of buildings damaged as a result of military conflicts.

Keywords: multi-storey residential buildings, reconstruction, inspection, restoration methods,
major repairs.

Introduction. Military action leads to damage and destruction of a huge number of buildings
and structures on the territory of Ukraine, in particular, residential buildings. Since panel
construction was widely used in the 1960s-1980s and coincided with the mass industrial
construction of housing, the number of such houses is huge. Accordingly, the number of damaged
panel houses (both in relative and absolute terms) is also significant (Fig. 1). The structural
solutions of such buildings and the long period of their operation (60 years) determine a number of
peculiarities when performing their on-site inspection, researching the properties of construction
materials, the spatial location and damage of individual structures, as well as establishing the
technical condition, developing emergency measures and technical solutions for strengthening the
load-bearing structures.
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In modern Ukraine, high-rise buildings made of reinforced concrete for residential and public
purposes are often designed and built without taking into account possible loads that may arise as a
result of military conflicts. This led to limited information about possible damage to load-bearing
structures and lack of practical experience in their restoration and strengthening.
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Fig. 1. Damaged multi-story residential buildings in the city of Kharkiv

Replacement and strengthening of individual load-bearing structures of panel houses with |
and Il categories of damage according to [1] makes it possible to quickly restore their operational
suitability. But determining their technical condition, developing technical solutions and working
drawings for reinforcement can take several months. The main reasons for the significant duration
of this complex of works are: restrictions on access to structures (the need for initial inspection by
explosives technicians, dismantling of destroyed structures, manufacture (in some cases) and
installation of temporary supports and fasteners), conducting a full-scale visual and instrumental
inspection of damaged structures, and, actually, time for the development and coordination of
project solutions both with expert organizations (at the stage of examination of project
documentation) and contracting organizations (regarding the availability of materials and equipment
for procurement) [2].

Analysis of recent researches and publications. The work of scientists .. Shumakov [3-5],
0.V. Samorodov [6, 7], O.V. Starkova [8, 9], D.O. Bondarenko [8, 9], and O.S. Molodeda [10-12] and
others is devoted to issues of increasing the efficiency of restoration works of residential buildings
and structures. Since multi-story reinforced concrete buildings for residential and public purposes
were usually designed and built without taking into account possible loads from military conflicts,
as well as due to a lack of practical experience in their restoration and strengthening, there are
almost no publications in the domestic literature on the examination of buildings damaged during
hostilities and the development of technical solutions for their restoration and ensuring operational
suitability. Existing studies usually focus on assessing the technical condition of buildings in order
to extend their service life or repair damage caused by uneven settlement of foundations and other
causes.
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The purpose and objectives of the research. The purpose of the study is to solve the problems
associated with the restoration of multi-storey buildings in recent years during the military conflict, it is
necessary to consider and analyze the current state of damaged buildings, analyze the accumulated
experience in inspecting such buildings, as well as a review of constructive and technological measures
for restoration and reconstruction..

The main part. The decision regarding the need to repair or strengthen building structures in
order to restore or increase their bearing capacity and operational technical suitability is made on the
basis of data obtained during their inspection, engineering investigations, as well as taking into account
the results of verification calculations performed in accordance with the relevant regulatory documents.

It is recommended to choose a method of repair or strengthening on the basis of a technical and
economic comparison of project solutions, taking into account further changes in operating costs.

The decision to strengthen structures is recommended after it has been established that other
methods of ensuring reliability, such as the redistribution of technological loads, the use of effective
materials for coatings and enclosing structures, the use of temporary unloading elements and means
necessary for the installation and dismantling of equipment, are impossible or impractical .

To the stages of the building operation process, as a single technological process, in the event
of damage with: inspections, monitoring, planned, unplanned and major repairs and liquidation.
Based on the monitoring results, decisions are made on: continuation of operation; increasing
monitoring volumes to identify the causes of the defect; elimination of the cause of the defect;
development and implementation of measures to restore operational suitability.

Repair works of buildings and structures, depending on the condition of the supporting and
enclosing structures, are divided into two types:

— ongoing repair (for normal and satisfactory condition);

— major repairs (for the condition of buildings (structures) or individual structures that are
unsuitable for normal operation).

Summarizing the results of the survey conducted by the researchers of residential buildings, in
particular panel high-rise buildings, damaged during hostilities, makes it possible to identify five
main types of damage to load-bearing structures. In some cases, the restoration of damage to the
filling of panel joints and surface damage to the outer layer of wall panels can be performed during
current building repairs. Significant damage to load-bearing structures, such as: mechanical damage
to panels as a result of hitting neighboring structures or the impact of a blast wave; mechanical
damage to panels as a result of direct ammunition hits; mechanical damage to the panels as a result
of fire, are subject to restoration only during capital repairs of panel houses or their individual parts.

Capital repair of buildings and structures can be comprehensive, covering the building or
structure as a whole, or selective, consisting of the repair of individual structures of the building,
structure or a separate type of engineering equipment.

Selective overhaul is carried out:

— if the complex repair of the building can cause serious obstacles in the work of the
enterprise;

— with heavy wear of individual structures;

—when it is not economically feasible to carry out complex capital repairs.

Current, capital repairs and reconstruction must be carried out in compliance with the current
rules of production organization and acceptance of repair and construction works, labor protection
and fire safety rules.

Capital repair of buildings and structures includes such works, in the process of which
replacement and strengthening of worn structures and parts of buildings and structures is carried out
or their replacement with more progressive and economical ones that improve the operational
capabilities of objects, with the exception of complete replacement or replacement of main
structures, which have the longest service life (stone and concrete foundations, all types of building
walls, all types of wall frames, underground network pipes, bridge supports, etc.). An example list
of overhaul works is given in Table 1.
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Table 1 — An exemplary list of works on capital repair of buildings and structures

Ne Process Characteristic
Replacing wooden chairs or replacing them with stone or concrete pillars;
partial relocation (up to 10%), as well as strengthening of stone
foundations and basement walls, which is not related to the superstructure
1 | Foundations of the building or additional loads from the supplied equipment;

restoration of vertical and horizontal insulation of foundations; restoration
of the existing paving around the building (more than 20% of the total
area of paving).

Walls and
columns

Filling of cracks with clearing of furrows, with tying of seams to the old
masonry; arrangement and repair of structures that strengthen stone walls;
repositioning of old brick cornices, jumpers of parapets of pits and
projecting parts of walls; relocation and repair of individual old sections
of stone walls (up to 20% of the total volume of masonry), which are not
related to the superstructure of the building or additional loads from the
supplied equipment; reinforcement of reinforced concrete and stone
columns with clips; repair and partial replacement (up to 20% of the total
volume) of columns not related to additional loads from the installed
equipment; replacement of fillers in walls with a stone, reinforced
concrete and metal frame (up to 40%); replacement of old crowns of log
or block walls (up to 20% of the total wall surface); solid construction of
walls made of logs and beams; partial replacement of claddings, backfills
and plate insulation of frame walls (up to 50% of the total area of the
walls); replacement or repair of cladding and insulation of wooden
plinths; repair of stone plinths of wooden walls with their relocation up to
50% of the total volume; installation of new and replacement of worn wall
clamps made of logs and beams.

Partitions

Repair, change and replacement of all types of worn partitions with more
progressive designs; in the case of capital repair of partitions, partial re-
planning with an increase in the total area of partitions up to 20% is
allowed.

Roofs and
coverings

Replacement of old roof trusses or their replacement with prefabricated
reinforced concrete; total or partial replacement of beams, crossbars,
purlins; total or partial replacement of old metal and reinforced concrete
trusses, as well as replacement of metal with prefabricated reinforced
concrete trusses; reinforcement of trusses when replacing types of
covering, when hanging lifting devices, as well as when corrosion of
nodes and other elements of metal and reinforced concrete trusses; partial
or total replacement of steps, mauerlats and scaffolding; partial or
complete replacement of old covering elements, as well as replacing them
with more progressive and durable ones; partial (more than 20% of the
total roof area) or total change or replacement of all roof elements;

Interfloor
ceilings and
floors

Repair or replacement of floor coverings; replacement of individual
structures or ceilings as a whole with more progressive and durable
structures; reinforcement of all types of inter-floor and attic floors; partial
(more than 10% of the total floor area in the building) or total replacement
of all types of flooring and its base; refurbishing the floor during repair
with replacement for stronger and more durable materials.

Windows, doors

Complete replacement of old window and door blocks, as well as gates of
production buildings; replacement and strengthening of all types of stairs
and their individual elements.
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Continuation of Table 1

Internal Restoration of plaster of all premises and repair of plaster in the amount of

; plastering, more than 10% of the total area of plastered surfaces; replacement of wall

facing and coverings in the amount of more than 10% of the total area of covered
painting works | surfaces; general anti-corrosion painting of metal structures.

Repair and restoration of facing with an area of more than 10% of the facing

surface; full or partial (more than 10%) plaster restoration; complete

8 | Facades restoration of beams, eaves, belts, sandriks, etc.; restoration of moldings;

general painting with stable mixtures; cleaning facades with sandblasting
devices; replacement of balcony slabs and fences; replacement of the
covering of protruding parts of the building.
Replacement of individual sections and assemblies of heating boilers, boilers,
boiler units or complete replacement of boiler units; repair and replacement
of expanders, condensation pots and other network equipment; repair and
9 | Central heating | relocation of foundations for boilers; automation of boiler houses;
replacement of heating registers; connection of buildings to the heating
network (when the distance from the building to the network is no more than
100 m).
Partial or complete replacement of air ducts; replacement of fans;
rewinding and replacement of electric motors; replacement of shutters,
deflectors, throttle valves, blinds; partial or complete replacement of
ventilation boxes; replacement of radiators; replacement of heating units;
replacement of filters; replacement of cyclones; replacement of individual
camera structures.
Partial or complete replacement of the pipeline in the middle of the
Wat | building, including water supply inlets and sewage outlets; partial or
17 | Yvater - supply complete replacement of pipeline insulation; replacement of parts or
and sewerage . . . ) )
complete replacement of pumping units of pumping systems; repair and
replacement of pressure tanks.
Replacement of coils and boilers; replacement of the pipeline, parts and in
general pump units, tanks and pipeline insulation.
Electric lighting | Replacement of worn parts of the network (more than 10%); replacement
13 | and of safety shields; repair and restoration of cable channels; replacement of
communication | lamps with other types is permitted during network overhaul.

10 | Ventilation

12 | Hot water supply

During the restoration of Ukraine's independence, large-panel construction began to lose
popularity. It is not technically possible to manufacture separate prefabricated elements for most of
the series of panel houses in operation. In addition, the cost of such elements, including logistics,
becomes unacceptably high. The structural feature of panel houses is such that it is almost
impossible to replace a destroyed or severely damaged structure with a factory-made element for
objective reasons, namely: lack of access for installation. In view of the above, the most expedient
solution is the manufacture of separate structures to replace the destroyed ones on the spot using
rolled profiles, reinforcement, concrete, bricks and aerated concrete blocks (Fig. 2). In some cases,
it is possible to use prefabricated reinforced concrete elements, for example, floor slabs.

In modern Ukraine, high-rise reinforced concrete buildings for residential and public needs
are often designed and built without taking into account possible loads that may arise as a result of
military conflicts. This leads to insufficient information about the nature of damage to load-bearing
structures and the lack of practical experience in their restoration and strengthening.
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Fig. 2. Restoration of damaged multi-storey residential buildings in the city of Kharkiv

Studies of damaged buildings show that the stiffness of the entire building may be sufficient,
but that individual parts such as shells and floors are significantly damaged. For the restoration of
such buildings, the use of metal structures for reinforcement and the use of monolithic reinforced
concrete structures that are reliably connected to the surviving elements are recommended.

Monolithic reinforced concrete structures, which are made using tunnel formwork, can be
effective, which increases the overall rigidity of the building and strengthens local damage zones. A
detailed examination of the building using modern equipment to determine its technical condition
and strength of individual elements also plays an important role.

A general list of recommendations on structural, technological and theoretical calculation
measures will help to significantly increase the reliability and safety of operation of damaged
buildings and structures.

Conclusions and directions for future research. So, as a result, an analysis of the current state
of damaged multi-story buildings, an analysis of the accumulated experience of surveying such
buildings, and a review of constructive and technological measures for restoration and reconstruction
were carried out. Analysis of surveys of damaged buildings allows us to conclude that such buildings
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are subject to restoration only with major repairs or their individual parts. The structural feature of panel
houses does not allow replacement of a destroyed or severely damaged structure with a new factory-
made element due to the lack of technical access for installation. In this context, it is necessary to
review the parameters of sections and reinforcement in order to increase them. For example, for
ceilings and other elements of buildings, it is recommended to increase the thickness of reinforced
concrete slabs to at least 250 mm and increase the percentage of reinforcement to at least 2.5%.
Also worth considering is the need for protective shelters similar to those used in Israel, Iran and
other Middle Eastern countries.The most expedient solution is the construction of separate structures to
replace those destroyed on the spot using rolled profiles, reinforcement, monolithic concrete, bricks and
aerated concrete blocks. In this regard, the prospect for further research is a more detailed examination
of the problem and the development of constructive and technological solutions for the restoration of
residential buildings. Also, it should be noted that there is a need to supplement the current normative
documents on the reconstruction of buildings damaged as a result of military conflicts.

References

[1] Methodology for conducting inspections and documenting its results. Approved by
the Order of the Ministry of Community and Territorial Development of Ukraine
dated August 6, no. 144, 2022.

[2] Yu.S. Sliusarenko, Yu.B. Melashenko, Yu.l. Ishchenko, Ye.O. Pavliuk, "Dosvid
obstezhennia panelnykh budynkiv, poshkodzhenykh vnaslidok boiovykh dii”, Nauka ta
budivnytstvo, no. 2(36), pp. 41-50, 2023. https://doi.org/10.33644/2313-6679-2-2023-5

[3] 1.V. Shumakov, Prohnozuvannia ratsionalnykh parametriv orhanizatsii ta tekhnolohii
zvedennia pidzemnykh chastyn tsyvilnykh budivel, Zhurfond, 2022.

[4] I. Shumakov, M. Saliia, R. Mikautadze, Y. Fursov, "On the issue of constraints in the
construction of underground parts of civil buildings”, Ways to Improve Construction
Efficiency, no. 1(39), pp. 3-8, 2019. https://doi.org/10.32347/2707-501x.2019.39.3-8

[5] I Lyakhov, I. Shumakov, A. Ubyivovk, A. Kupreichyk, "Experimental laboratory tests of piles
with a polymer casing under the action of additional loading friction forces from soil subsidence”,
AIP Conference Proceedings, no. 2490 (1), 2023. https://doi.org/10.1063/5.0124577

[6] O. Samorodov, O. Tabachnikov, S. Yesakova, S. Krotov, "Experience in Designing and
Calculating Slab Foundations of a Two-Section Multi-story Building on Weak Water-
Saturated Soils", Best Practices in Geotechnical and Pavement Engineering, no. 449, pp.
33-43, 2024. https://doi.org/10.1007/978-981-99-8505-0_4

[71 O. Samorodov, R. Goodary, O. Krotov, I. Khrapatova, "High-Performance Solid Raft
Foundations with Bottom Cutouts for Lightweight Tower Structures”, Geotechnical and
Geological Engineering, no. 42, pp. 2439-2447, 2023. https://doi.org/10.1007/s10706-023-02683-3

[8] T. Kostyuk, A. Plugin, O. Starkova, D. Bondarenko, O. Borziak, "Software tools for
development of a methodology for selecting construction materials according to their
performance characteristics”, AIP Conference Proceedings, no. 2684 (1), 2023.
https://doi.org/10.1063/5.0120109

[9] O. Borziak, D. Plugin, O. Starkova, D. Bondarenko, "A rust converter based on plant
components for restoration work", AIP Conference Proceedings, no. 2490 (1), 2023.
https://doi.org/10.1063/5.0122703

[10] O. Molodid, N. Sharykina, R. Plokhuta, I. Musiiaka, "Research of restoration
technology of the clear cover of reinforced concrete structures", A& #72/, no. 38 (4), pp.
243-251, 2023. https:/Aww.airitilibrary.com/Article/Detail/10123407-N202312210014-00001

[11] O. Galinsky, O. Molodid, N. Sharikina, R. Plokhuta, "Research of Technologies for
Restoration of the Concrete Protective Layer of Reinforced Concrete Constructions
During the Reconstruction of the Buildings and Structures”, IOP Conference Series:
Materials Science and Engineering, no. 907, 012056, 2020. https://doi.org/10.1088/1757-
899X/907/1/012056

108 Modern construction and architecture, 2024, no. 8, page 102-109


https://doi.org/10.33644/2313-6679-2-2023-5
https://doi.org/10.32347/2707-501x.2019.39.3-8
https://doi.org/10.1063/5.0124577
https://doi.org/10.1007/978-981-99-8505-0_4
https://doi.org/10.1007/s10706-023-02683-3
https://doi.org/10.1063/5.0120109
https://doi.org/10.1063/5.0122703
https://www.airitilibrary.com/Article/Detail/10123407-N202312210014-00001
https://doi.org/10.1088/1757-899X/907/1/012056
https://doi.org/10.1088/1757-899X/907/1/012056

TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

[12] O. Molodid, R. Plokhuta, I. Musiiaka, 1. Reznichenko, "Sealing joints between concrete
elements with polyurethane material”, AIP Conference Proceedings, no. 2684 (1), 2023.
https://doi.org/10.1063/5.0120368

[13] DSTU B V.3.1-2:2016. Remont i pidsylennia nesuchykh i ohorodzhuvalnykh
budivelnykh konstruktsii ta osnov budivel i sporud. Kyiv: Minregionbud, 2016.

[14] DBN V.1.2-14:2018. Zahalni pryntsypy zabezpechennia nadiinosti ta konstruktyvnoi
bezpeky budivel i sporud. Kyiv: Minrehionbud ta ZhKH Ukrainy, 2018.

[15] DBN V.2.2-24: 2009. Proektuvannia vysotnykh zhytlovykh i hromadskykh budynkiv.
Kyiv: Minrehionbud ta ZhKH Ukrainy, 2009.

METOJM BITHOBJIEHHSI BATATOIIOBEPXOBHUX JKUTJIOBUX BYIUHKIB
B CYYACHIU YKPAIHI

! AneiinikoBa A.l., 0.1.H, TOLIEHT,

alevtynaal222@gmail.com, ORCID: 0000-0002-2486-4263

1FyJ1€BCLK]/II7[ II.1O., x.T.H.,

gulevskiyp@gmail.com, ORCID: 0000-0002-4164-2101

2Op06e171 B.B.,

viktor-orobej@ukr.net, ORCID: 0009-0001-9152-0188

1Xapl<i60bi<uﬁ HayioHanebHUll yHigepcumem micbko2o ecocnooapcmesa imeni O.M. Bexemosa
Byn. Mapmana baxkanosa, 17, m. Xapkis, 61002, Ykpaina

2AT «T, pecm Kumnobyo-1»,

BYJI. AnT4eBChbKUX, 43, M. XapkiB, 61002, Ykpaina

Anorauis. CydacHa cutyaris B YKpaiHi CBIJYUTb PO T€, IO BiTHOBJIEHHs 0araTormoBepXOBUX
KHUTJIOBUX OYAMHKIB € OJHIEI0 3 HaWBaXIMBIMIKX NpoOieM CycmiibcTBa. HasBHI JOCITIIKEHHS
31e0UTBIIOrO 30CepeKEHI Ha OMLIHII TEXHIYHOTO CTaHy OyAiBeNb JJIsl TMPOJOBXKEHHS TEPMiHY IX
eKCILTyaTallii ab0 YCYHEHHS MOIIKO/PKEHb, CIIPUYMHEHUX HEPIBHOMIPHUM OCiTaHHSIM (DyH/IaMEHTIB Ta
IHIIUMHU ~ eKcIUTyaTamidHumMu  gaktopamu. OCKUTbKM — 0araTonoBepxoBi 3ai300eToHHI OymiBmi
KHUTIIOBOTO Ta IPOMAJICHKOTO NMPU3HAUYEHHS 3a3BUYall POEKTyBaucs Ta OyayBanucs 0e3 ypaxyBaHHS
MO>KJTMBUX HAaBAaHTAXXCHb BiJl BOEHHUX KOH(DIIIKTIB, a TAKOK Yepe3 BiICYTHICTh MPAKTUIHOTO JOCBITY 3
iX BIJHOBJIIEHHSA Ta IOCWIEHHS, NMUTAHHS 3a0e3MedeHHs IXHbOI eKCIUTyaTaliliHOI NMPHUIATHOCTI Ta
BIZTHOBJICHHS € Jy)X€ aKTyalbHUM. Jlo eramiB mpolecy ekciuryartamii OyniBimi, SK €IUHOTO
TEXHOJIOTIYHOTO TPOIIECY, MPHU MOIIKOHKEHHI € 00CTEeKEHHsI, MOHITOPHUHT, TUTAHOBHH, MO3aIlJIAHOBUH
1 KamTaJlbHUW PEMOHTH Ta JIKBiAamis. Y CTarTi Oy/lno TpPOBEACHO aHalli3 MOTOYHOTO CTaHy
MOUIKO/PKEHNX 0araTrornoBepXOBUX Oy/liBellb, BUBUYEHO HAKOMMYEHUHM JOCBiI iX OOCTEXEHHA Ta
PO3IJITHYTO KOHCTPYKTUBHO-TEXHOJIOTIYHI 3aXOIW JUIA iX BIJHOBJICHHS Ta PEKOHCTPYKIIIL.
KoHcTpykTuBHI 0CO0IMBOCTI MaHENbHUX OYIWHKIB YHEMOXIJIMBIIOIOTH 3aMiHYy 3pyHHOBaHUX a0o
CUJIBHO TOIIKO/PKEHUX KOHCTPYKIIH HOBUMHM 3aBOJICBKMMH €JIeMEHTaMH Yepe3 BIJICYTHICTh TEXHIUYHOT
MOXJIUBOCTI JIOCTYNy JUII MOHTaxy. HalOinbll ONTUMAaIbHUM pILIEHHSM € 3BEACHHS HOBHUX
KOHCTPYKII1M Ha MICLi 3pyHHOBaHUX 3 BUKOPUCTAHHSAM MPOKATHUX MPOQiIiB, apMaTypH, MOHOJIITHOTO
OeToHy, LlerVii Ta Ta300eTOHHUX OJyiokiB. BpaxoByroun 1ie, MEPCHEKTUBOIO Ul IMOJAJIBIINX
JOCITI/IKEHb € JIeTajbHIlle BUBYEHHS MPOOJIEMH Ta po3poOKa KOHCTPYKTHBHO-TEXHOJIOTTYHUX PIIIEHb
JUIs  BIAHOBJIEHHS JKUTJIOBUX OyJiBelb 3 €KOHOMIYHUM OOIPYHTYBaHHSIM JIOUUIBHOCTI iX
BIIpoBa/KeHHA. Kpim Toro, icHye motpeda y JONOBHEHHI YMHHMX HOPMAaTUBHHUX JOKYMEHTIB I0J0
PEKOHCTPYKIi Oy/IiBelb, MOMIKOKEHUX BHACIII0OK BOEHHUX KOH(IIIKTIB.

KuarouoBi cioBa: OararonoBepxoBi OyIWHKH, PEKOHCTPYKIS, OOCTEXEHHS, METOIN
B1IHOBJICHHS, KamiTATbHIN PEMOHT.
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