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Abstract. The problem of residential
infrastructure destruction as a result of the
aggression of the Russian Federation is very
relevant in Ukraine. If houses are subject to major
repairs, they may have various damages, from major
to relatively minor. Also, during inspections, the
consequences of long-term fires that were not
extinguished and the structures from the fire have
completely lost their load-bearing capacity are often
found. Such damages can be severe and localized
within the framework of the frame cells, apartments,
rooms on the lower floors, which makes it
impossible to carry out radical actions, such as
complete replacement. For example, replacing
structures could require dismantling the floors
above, which is not advisable.

This article provides examples of failures that
have been encountered in practice when developing
major renovation projects. It highlights aspects of
deeper problems that are not obvious at first glance.
Insufficient consideration of these factors leads to
inappropriate decisions that require adjustments
during the work process. This actually leads to an
increase in the cost of major renovations that were
not previously taken into account.

The article provides recommendations for
making optimal, and often the only possible,
decisions when developing major building
renovation projects.

Keywords: damage; building
destruction; fire damage; major repairs.

structures;

INTRODUCTION

In the modern realities of Ukraine,
unfortunately, the topic of damage to buildings
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and structures as a result of hostilities is very
relevant. Since 2022, a number of publications
have been published on this topic in
professional publications, which characterize
various aspects of this issue. These works also
propose methods for performing major repairs
and strengthening building structures.

In this article, I would like to present
somewhat more in-depth research into rather
narrow aspects of this issue. I would like to
mainly present interesting practical examples
that the authors encountered when inspecting
buildings and structures and when choosing a
method of reparation.

ANALYSIS OF CURRENT RESEARCH
The topic of the impact of wars and terrorist
acts on building structures in peacetime is a

topic of a narrow circle of scientists involved in
military science, weapons development and

189



civil defense, including standards [1, 2, 3, 4].
In a broader sense, in the field of civil
engineering, this topic arises and acquires wide
and deep relevance only when, unfortunately,
the country's society is faced with the
consequences of tragic periods of its history
during wars and armed conflicts. Ukraine is no
exception in this case..

Modern research can be conditionally
divided into several directions. The first
direction is the study of the features of the
action of weapons on structures, the analysis of
force effects, methods for calculating
penetration, shock waves, etc. [5, 6, 7]. The
second direction of research is the topic of
designing civil defense structures and
protecting civil infrastructure [8, 9, 10, 11]. The
third direction of research can be called the
generalization and study of the consequences of
the impact of weapons on structures, the
phenomenology of destruction and methods of
major repairs of damaged building structures.
Such works include a comparison of the
survivability and features of destruction of
buildings with different structural schemes, as
well as methods of their restoration and
strengthening [12,13,14, 15,16,17, 18, 19, 20].
Also, in recent years, state standards and
building codes have been significantly
improved [21, 22]. Thus, the DSTU [21]
already contains typical schemes and
recommendations for assessing the technical
deterioration of buildings damaged as a result
of hostilities and terrorist acts.

This article also belongs to the direction of
research on destruction, in which some
practical examples from empirical experience
are presented and their evaluation and
generalization are provided.

STATEMENT OF RESEARCH GOALS

When examining the structures of buildings
and structures damaged by combat operations,
mechanical destruction caused by the action of
weapons can be observed.

The effect of ammunition on building
structures is characterized by the following
effects:

1. Shock-impulse action due to a direct impact
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from the arrival of the ammunition;

2. The explosion of an ammunition, which
causes a direct explosive high-explosive
effect, is also characterized by the
following effects:

- Damage by the scattering of primary
fragments from the explosion of the
ammunition;

- Damage by the scattering of secondary
fragments from destroyed structures,
furniture, doors, etc.;

- Damage by a blast wave that creates
excessive pressure on the structure and
can lead to serious destruction and can
break glass in a radius of up to 200..250
m depending on the presence of
obstacles in the wave path [1];

3. The effect of high temperatures and fire.

The peculiarity of this impact is that the fire
spreads quickly, massively and cannot always
be quickly and effectively extinguished by fire
brigades due to the fact that either hostilities are
taking place in the given area or an air raid is
ongoing.

At the same time, the force and temperature
effects exceed any calculated and permissible
factors that were taken into account when
designing buildings and structures.

To correctly assess the consequences of the
effects that arose when a weapon hit, it is
necessary to understand the nature of the impact
itself, the force factors that acted and caused the
consequences. Also very wuseful is any
information on the studied precedents and
analogues of destruction, which would allow a
more accurate assessment of the consequences,
make an adequate decision and more accurately
recognize the technical and economic
indicators and parameters of major repairs at
the design stage. Therefore, the purpose of this
article is to show and summarize some typical
cases of damage that the authors encountered in
practice.

MATERIALS AND RESEARCH METHODS
The authors investigated specific cases that

were considered during detailed inspections of
multi-storey residential buildings in the Kyiv
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region in Bucha, Irpen, and Gostomel, where
active hostilities took place in February-March
2022.

These houses were completely renovated.
During the clearing and reinforcement of the
affected areas, some damaged structural
elements had more hidden defects and damage
than it seemed at first glance. As a result, it was
necessary to adjust the design solutions..

The second serious impact is the prolonged
action of the fire, which was not extinguished.
The structures were severely damaged beyond
the fire resistance limit, which required
adequate assessment and decision-making..

TEACHING THE BASIC MATERIAL

All mechanical damage is short-term in
action and very strong, being beyond the
working limit of materials. This is manifested
both in the impulse action of a direct impact by
a munition upon impact, and in the action of a
blast wave.

An interesting case may be the one that
occurred in the city of Bucha, when a mortar
shell hit the balcony slab of a residential
building on the 7th floor of a 8-story residential
building with brick longitudinal load-bearing
walls.

The damage diagram is shown in Fig. 1.
Photo in Fig. 2. Thus, as a result of the impact

Fig. 1 Diagram of structural damage due to a mortar shell
hitting a balcony slab

1 CxeMma KOHCTPYKTHUBHUX IIOIIKO/XKCHb,
CHPUYHHEHUX BIyJaHHSM MiHOMETHOTO CHapsa
B IUTUTY OankoHy

Puc.
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of a mortar shell, a balcony slab was damaged.
A corner was knocked out and destroyed in the
slab, and at the same time, deep cracks were
visible in the partition wall, in which this slab
was pinched from the side of the affected
corner. The nature of the cracks development,
depth, and area of distribution were not visible
at first glance. The facade insulation on the wall
was also destroyed and the wall surface itself
was damaged by blast fragments. At the same
time, beacons were installed on the cracks,
which showed further progression of the crack
opening, as a result of which the company
operating the building decided to install
supports within the opening.

When attempting to pull the wall together
with a metal clamp, it was discovered that it had
delaminated across the entire height and area
within the 7th floor and as a result required
complete re-laying. This was accomplished
with sequential dismantling, re-supporting, and
re-laying of the masonry in sections.

In the final conclusion, such destruction can
be considered typical when ammunition hits the
balcony slab and it can lead to progressive
destruction of the wall within the upper floors
with the collapse of the slabs. In the described
case, it was fortunate that the impact occurred
on the penultimate floor and the load on the
laminated partition was not large and measures
for temporary support were taken in time.

Fig. 2 Appearance of the crack from the end of the wall.
Photo by V. Nuzhnyi
Puc. 2 Tpiuau Ha Topui ctinu. ABTop ¢oto B.HyxHuit
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Another type of damage worth paying
attention to is massive damage to monolithic
reinforced concrete frame buildings from
impacts, shell explosions, and fire.

Thus, a multi-storey residential building in
the city of Irpin was located in a combat zone
and suffered massive damage. The exterior of
the building is presented in Fig. 3.

F

Fig. 3 Exterior view of a section of a building with a
monolithic reinforced concrete frame that was
damaged during hostilities. Photo by V.
Nuzhnyi

Puc. 3 3oBHimmHIA Burnsax ¢parmenra OymiBimi 3
MOHOJIITHUM  3aTi300€TOHHHM  KapKacoM,
MOIITKO/KCHOT MM 9ac OOWOBHX Iiid. ABTOp
doto B. Hyxuuii

In this building, the consequences of the
arrival of shells, mortar shells were observed,
which caused both mechanical damage and
long-term fires. The roof with the attic floor
was completely destroyed and all the damage
was localized - within the apartments, rooms.
The total amount of damage did not exceed
30..35%. Therefore, it was decided to save the
house and carry out its major repairs. The
structures of the corner section, which is
presented in Fig. 3, were especially damaged.
Starting from the 6th floor, the frame elements
had massive damage (see Fig. 4, 5, 6, 7).
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Fig. 4 External view of the damage within the floor.
Photo by V. Nuzhnyi

Puc. 4 30BHIHIA BUTIAA MONIKOMKCHb Y MeEXax
nepekputts. Aprop doro B. Hyxuwuii

Fig. 5. Pylon hit by a projectile. Photo by V. Nuzhnyi
Puc. 5 Ilinon, ypaxeunuii cHapsiiom. ABtop ¢oto B.
HyxuHnii

Fig. 6 Damage to the frame slab and columns. Photo
by V. Nuzhnyi

Puc. 6 HOH.IKOI[)KCHHS[ IJIUT ODEPEKPUTTA Ta KOJIOH
kapkaca. ABTop ¢oto B. Hyxuuit
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S/ e R
Fig. 7 Damage to the frame plate from Fig. 6, bottom
view. Photo by V. Nuzhnyi
Puc. 7 TlomkomkeHHS TUIMTH Kapkaca 3 pHC. O,
BUTIIA 3HU3Y. ABTOp oTto B. Hyxunuit

After damage analysis, it was considered
appropriate to dismantle the building frame,
starting from the 6th floor. The main factor in

making this decision was the significant
damage to the columns and pylons (see Fig. 5
and 6). With such crushing of the concrete with
the exposure of the reinforcement, the integrity
of the structure is completely lost. There are
also distortions of the floors located above,
which, even if they are relatively intact, require
dismantling.

Some damage to floors from shell and mine
impacts leads to significant damage around it,
which must be taken into account when
designing major repairs. Thus, the floor
penetration shown in Fig. 6 and 7 was cleared
of splintered and cracked concrete around it,
and as a result, the damage zone turned out to
be almost equal in area to a cell (see Fig. 8).

Similarly, it is possible to classify less
extensive damage at first glance, for example,
through-hole damage to a pylon by a projectile,
which leads to a 50..60% loss of strength (see
Fig. 9). Moreover, any through-hole damage is
characterized by a small hole at the entrance
and large-scale chipping of concrete with
destruction of the reinforcing frame at the exit.

Fig. 8 Cleared impact zone from Figs. 6 and 7, which

nearly corresponds to the dimensions of a Fig. 9 Through-hole damage to the pylon. Photo by V.

structural bay. Photo by V. Nuzhnyi

Puc. 8 Pozuniiena 30na ypaxeHHs 3 puc.6 i 7, mo Maiibke
BIANIOBia€ po3MipaM YapyHKH Kapkaca. ABTOp
tdoto B. Hyxumii
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Nuzhnyi

Puc. 9 CxBo3He MOImKoKEHHS IioHa. ABTOp (hoTo B.

Hyxnnii
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An example of clearing a small hole from a
small-caliber projectile or mortar in a ceiling
with a total diameter of up to 150 mm can also
be given. Despite the fact that such an impact
did not cause significant deformations and
damage to the reinforcing frame at first glance,
the concrete damage zone was about 1x1 m and
had to be cleared (see Fig. 10).

mm

| e
»-‘ir:-‘:‘z _\“\v.-

_,'.‘

Fig. 10 Cleaning damaged concrete after a pinpoint hit
by a small-caliber projectile. Photo by V.
Nuzhnyi

Puc. 10 OunmieHHS NOMIKOHKEHOTO OETOHY IiCiA
TOYKOBOTO BIIy4aHHS JpiOHO-KaniOepHUM
cHapsanoM. ABtop ¢oto B. Hyxunit

Another impact on the elements of the
building frame was the action of fire, which was
not extinguished. In addition to explosive
special agents in high-explosive ammunition
and chemical cumulative action. The structures
were affected by the repeated long-term
burning of furniture, interior decoration
elements, etc. If a fire occurs in round-hole
prefabricated panels, the phenomenon of their
destruction is described in [13, 19] and they are
usually subject to replacement with monoline
sections, steel beam floors with reinforced
concrete roll, etc.

In the case of prolonged burning of a
reinforced concrete frame, the following
phenomena occur in structures:
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- dehydration of cement, change in color of
concrete to whitish-grayish, yellow, some-
times pink with a significant decrease in
concrete strength to zero;

- tempering of heat-strengthened reinforce-
ment produced in recent years. Any heating
to a temperature above 400°C leads to the
beginning of tempering and a decrease in the
mechanical properties of steel;

- destruction of the protective layer, exposure
of reinforcement, temperature deformations,
destruction of reinforcement and, as a result,
destruction of the calculated reinforced
concrete cross-section;

- development of large-scale cracks in the
frame, especially in floors adjacent to
diaphragm elements - stairwells, basement
walls, etc. During a fire, the local area of the
floor is unevenly squeezed between neigh-
boring rigid vertical structures under
conditions of thermal expansion. This causes
cracking and the appearance of serious
cracks.

The last described phenomena are
characteristic both for floor slabs and for
vertical monolithic  reinforced concrete
elements - diaphragms, pylons. The consequen-
ces of typical large-scale fire damage to floor
sections are shown in Fig. 11 and 12.

Fig. 11 Effects of fire on floor slab. Photo by V.
Nuzhnyi
Puc. 11 Haciinku moskexi Ha IUTATI TMEPEKPUTTSL.

®oro B. HyxHOro
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The bearing capacity of such structures
cannot be assessed in any way according to [23,
24, 25], since the structural integrity of the
calculated  cross-section is  completely
destroyed. The picture is complicated by the
fact that such damage is not massive in nature
but is localized within certain cells (where there
were rooms in which the fire occurred, and
there were no neighboring ones). Thus,
demolishing the house is not economically
feasible, and replacing the floor in the
conditions of the existing frame is complicated
by the impossibility of complete replacement
and re-supporting of the columns.

Fig. 12 Complete destruction of the working
reinforcement in the ceiling after prolonged
exposure to fire. Photo by V. Nuzhnyi

Puc. 12 TloBHe pyiiHyBaHHS poOo4oi apMaTypu B
MEPEeKPUTTI IICNII TPHUBAJIOTO  BIUIUBY
BorHto. ABrop goto B. HyxHwuii

Fig. 12 shows the complete destruction of
the reinforcing mesh of the basement floor as a
result of a multi-day fire in the basement, where
office premises were located. When clearing
the affected areas of concrete, it turned out that
the cross-section of the slab had completely lost
its strength throughout. As a result, a relatively
large section of the floor was removed (see Fig.
13).

ByniBenbHi koHCTpyKUii. Teopis i npakTuka * 17/2025

Fig. 13. Cleared area of the ceiling after the fire,
shown in Fig. 12. View from the upper floor.
Photo by V. Nuzhnyi

Puc. 13. Po3unmieHa minsHKA TEPEKPUTTS IIICIA
MOXKEXi, Moka3aHoi Ha puc. 12. Bunm 3
BEPXHBOTO TIOBepxy. ABTOp ¢QoTo B.
HyxHnii

The described destructions are complex
from the point of view of capital repairs.
Replacing floors, re-supporting new ones on
existing columns is a rather complex and
sometimes impossible task. Its complexity lies
in the impossibility of restoring the adhesion of
the new part to the existing one, the
impossibility of restoring the support prisms of
the thrust on the columns that continue to the
higher floors, etc. Therefore, the simplest of the
proposed methods of repairing such floors is to
introduce steel brackets on the columns and
arrange steel beam cells on them using welded
I-beams and closed double-walled sections,
paired I-beams, etc. (see Fig. 14). The main
condition for such a beam system is a small
height. Provided that the beams are made with
a height of up to 140..150 mm and they are
covered with a plasterboard ceiling, the height
and functional purpose of the room do not
significantly decrease.
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Fig. 14 Reinforcement of the floor slab after a fire by
adding steel beams. Photo by V. Nuzhnyi
Puc. 14 ApmyBaHHS IUTUTH NEPEKPUTTS MICIIS MOKENKI
IIIAXOM OO0JaBaHHsI CTAJICBUX 0aJIoK. ABTOp
¢oro B. Hyxuuit

CONCLUSIONS AND PROSPECTS FOR
FURTHER RESEARCH

Unfortunately, the problem of destruction,
while hostilities are ongoing, remains relevant.
The boundaries of this problem cannot be
determined, because the action of weapons is
random in nature. Damage and injuries can be
diverse and are the consequences of a complex
action - impact, explosive action, fragmentation
with penetration and thermal and chemical
effects of fire..

Minor mechanical damage can lead to a
chain of events that will lead to large-scale
collapsive collapse. For example, the example
of a balcony slab being hit by a small-caliber
mortar shell shows how load-bearing walls can
be damaged.

When performing spot repairs on the scale of
the entire frame, where it is not advisable to
dismantle the floors located above, it has been
shown that it is advisable to use reinforcement
by introducing steel beam cells.

Therefore, such cases, their patterns,
require descriptions and the creation of a kind
of database with recommendations and typical
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reinforcement solutions for mass

implementation.
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_ AHAJII3 JIESIKMX BULIAJIKIB
PYIHYBAHbB )KATJIOBUX BY INHKIB
BHACJILIOK BOMOBUX JTil

Banepii HY)KHUU,
Bipa KOJIIKOBA

Anotamnis. [lyxe akrtyanbHOl0O B YKpaiHi €
npo0iieMa pyHHYBaHb KHUTIOBOI 1HQPACTPYKTYypH
BHaciiok arpecii Pociiicbkkoi ®expeparrii. Skino
OYIMHKH IUISITAlOTh KaliTATbHOMY PEMOHTY, TO
BOHM MOXYTb MaTH Pi3HI Ypa)KCHHs, Bil BEJIHKHX
IO BITHOCHO HE 3HAYHUX. TaKoX MPH 0OCTSIKEHHIX
YacTO HasiBHI HACIIIKH TPUBAIUX MOKEXK, KOTP1 HE
racwiiucs 1 KOHCTPYKINI Bil BOTHIO BTPaTHIIH
MOBHICTIO HECydy 3JAaTHiCTh. Taki ypaxXeHHS
MOXYTb  HOCHUTH  BaXKHH  Xapakrtep i
JOKami3yBaTHCS B MeXaxX, 4YapyHOK Kapkacy,
KBapTHp, KIMHAaT B HIDKHIX TOBepXax, IO
YHEMOXJIUBIIIOE BHKOHAHHS PaJUKIBHUX [iil.,
Hampukiaz 3aMina KOHCTPYKIIiii MoTiia 6 BUMaraTu
JEMOHTa)Xy pO3alllOBaHHUX BHIIEC MOBEPXIiB, L0 HE €
JOIUJILHUM.

B naniii crarTi HaBeqeHI MPHUKIIAIN ypaXkeHb, 3
SKHMHU JIOBEJNOCS CTHKHYTHCS HA MPaKTUII MpH
po3po0Ii  TPOEKTIB  KaIliTAILHOTO  PEMOHTY.
Bkaszani acriekT OUTbII TIHOOKHX MPOOIIEM, SIKi He
€ OYeBHIHUMM Ha nepmmid norman. HemocratHe
BpaxyBaHHA LUX (AaKTOpiB MPHU3BOAMTH O
MIPUHHATTS HEBIATIOBIIHUX PillleHb, SIKI TOTPEOYIOh
KOpuryBanHsi B mpoueci poo6t. Lle daxTruno
MPU3BOJATHE 70  30UTBIIEHHS  BHUTpaT  Ha
KaliTaJbHUH PEMOH, sKi OyiaM mMomepenHbO He
BpaxoBaHi.

B crari HaBemeHi pekoMeHpamii 100
OpUUHATTS ONTUMAIBHUX a 4YacTo 1 €JUHO
MOMJIMBUX pilleHb ~ [OpHU Po3podLi MPOEKTiB
KaImTaJIbHOTO PEMOHTY OYIiBEINb.

KnawuoBi caoBa: ypaxeHHs; OyaiBenbHi

KOHCTPYKIII; pYHHYBaHHS; BOTHEBI Ypa)KCHHS;
KamiTaJbHUN PEMOHT.
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