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Abstract. This paper addresses the problem of
restoring the load-bearing structures of multi-
apartment  large-panel  residential  buildings
damaged as a result of military actions, based on a
real case study. The nature of structural damage
caused by blast effects is analyzed, including the
displacement and destruction of wall panels, loss of
stiffness in structural joints, damage to floor slabs,
and disruption of the building’s spatial behavior. It
is shown that the main hazard is associated not only
with local structural failures, but also with the loss
of composite action between the elements of the
structural system.

A phased technology for emergency stabilization
and restoration works under conditions of partial
building operation is proposed. The technology
includes structural stabilization using temporary
shoring systems, local strengthening of floor slabs,
alignment of deformed elements, dismantling of
emergency-damaged structures, and the
introduction of new structural solutions using steel
framing systems and cast-in-place reinforced
concrete elements. Particular attention is given to
the implementation of a “safety frame” as a
structural measure for redistributing internal forces
and restoring the spatial stiffness of the damaged
building section.

It has been established that the effectiveness of
restoration is determined not only by the adopted
structural solutions, but also by the organizational
and technological conditions under which the
works are performed, in particular the need to
ensure the safety of both residents and construction
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personnel while carrying out the works without
taking the building out of service. The expediency
of applying BIM technologies for modeling
damaged structures, coordinating engineering
decisions, and promptly introducing changes into
the design documentation is substantiated.
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The obtained results may be used for developing
methodological approaches to the restoration of
damaged housing stock and for improving the
regulatory framework under current challenges.

Keywords: building restoration; reconstruction;
structural strengthening; panel buildings; reinforced
concrete structures.

INTRODUCTION

The purpose of this study is to develop and
substantiate an effective technology for
restoring the load-bearing structures of a multi-
apartment panel residential building damaged
as a result of military actions, taking into
account the building’s operating conditions
during the execution of the restoration works.

To achieve this goal, the following
objectives were defined:

-to analyze the nature of structural
damage;

- to assess the impact of the damage on the
spatial behavior of the building;

- to develop a sequence for carrying out
emergency stabilization works;

-to substantiate the wuse of steel
strengthening elements;

-to evaluate the effectiveness of BIM
technologies.

The scientific novelty of the study lies in:

- proposing a phased technology for the
restoration of panel buildings under
conditions of partial operation;

- adapting  traditional  strengthening
approaches to blast-induced damage
conditions;

- integrating BIM modeling into the
process of structural decision-making
during the reconstruction of emergency-
damaged buildings.

PROBLEM OVERVIEW
The housing stock is an important

component of the infrastructure of populated
areas, and its technical condition directly
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affects the safety and living conditions of the
population [4, 9, 12].

One of the factors contributing to urban
development is the construction of new
buildings and the reconstruction of existing
ones. The need to strengthen building structures
may be caused by a change in functional
purpose, modernization, physical deterioration,
corrosion processes, violation of operating
conditions, or the action of accidental and
emergency loads [1, 14, 15, 18].

As a result of the armed aggression against
Ukraine, the number of damaged and destroyed
buildings has increased significantly, which has
led to the need to develop effective approaches
to their inspection, strengthening, and
restoration [2, 4, 7, 9, 12].

At the first stage, it is necessary to determine
whether the building should be considered
completely destroyed or partially damaged and
therefore suitable for restoration [9, 10, 12]. An
important element of the inspection is to
determine whether people can safely return to
those parts of the building that have not suffered
direct damage, and whether these facilities can
be operated safely at all [10, 12, 19].

In a number of cases, the feasibility of
restoring damaged buildings should be assessed
in comparison with the option of new
construction, taking into account technical,
economic, and social factors [4, 12].

Naturally, the reconstruction of partially
damaged buildings will require significantly
fewer resources and less time.

The first stage of assessment includes a
visual inspection of the building. At this stage,
the damage is documented and the percentage
of damaged structural components is calculated
in relation to the total area of the building.
According to the methodology for inspecting
buildings and structures damaged as a result of
emergencies, military actions, and terrorist acts,
three categories of damage are identified, based
on which a decision is made regarding the
further fate of buildings and structures [10, 22].

At the second stage, the impact of the
damage on the stability and safety of the
building is determined. After that, experts
decide whether the restoration of the building is
possible and what resources are required for its
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implementation. This stage is crucial for
assessing the economic costs of carrying out the
building restoration works.

The 10-storey panel residential building
consists of a single section (single-entrance

building) (Fig. 1) and was constructed
according to Series No. 96. The floor height is
2.7 m.

Fig. 1 Panel residential building damaged during military actions. Photo by Dmytro Levkivskyi
Puc.1 [TanensHui OyAMHOK MOIIKOKEHHUH i yac 0o#oBux miid. ABTop (oTo JIMuTpo JIeBKiBChKHIA

BUILDING DATA

At the end of the 1970s, standard designs of
large-panel residential buildings of Series 96
with a frequent spacing of transverse walls were
developed. The project range of this series
includes the necessary set of 9-storey block
sections and sectional residential buildings of
complete structural configuration with various
apartment layouts. A distinctive feature of
Series 96 is that its primary design units are
block sections, which makes it possible to form
buildings of various
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configurations, lengths, and numbers of
storeys, thereby

ensuring high urban planning quality of the
development.

Taking into account new requirements and
the experience gained from the construction of
16-storey buildings of the KT and BPS series,
Series 96 was provided with an internal frame
composed of reinforced concrete panels with
transverse and longitudinal orientation. The
thickness of the load-bearing walls is 350 mm.
The external walls are made of expanded clay

concrete.

Fig. 2 Plan of the damaged room, Apartment
No. 40, 10th floor

Puc.2 [1nan nomkomkeHoOi KIMHATH, KBapTUPa
Ne40. 10 moBepx
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DESCRIPTION OF THE DAMAGED ROOM

As a result of military actions, an enemy
shell struck the apartment located on the tenth
floor, destroying the external balcony walls and
damaging the internal walls of Apartment No.
40, as well as the floor slab between the
apartment and the technical floor (Figs. 1, 2). In
addition, the joints between slabs were
destroyed in several locations [9, 11, 12, 17].
The nature of the identified damage indicates
not only local failure of individual elements, but
also a disturbance of the spatial behavior of the
entire structural system of the room [11, 17, 20,
23, 25]. Under such conditions, even partially
preserved elements cannot be considered
reliable without additional analysis of their
interaction with adjacent structures [11, 20, 23].

1. The shell damaged wall panel No. 1 (Fig.
2) and displaced it b): 26 cm (Fig. 3) into

Fig. 3 Damaged wall panel No. 1,
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the room, causing the floor slab and wall
panel No. 2 to lose their structural
restraint.

2. Wall panel No. 2 was displaced by 2 cm,
resulting in the formation of two vertical
cracks with an opening width of up to 20
mm (Fig. 2).

3. Wall panel No. 3 fractured in the middle
under the effect of the blast wave and was
displaced by 15 cm (Fig. 4). The panel
contains weakened zones in the form of
channels for electrical networks located
in the middle of the slab, which
contributed to the development of failure
in this area.

4. Balcony wall panel No. 5 and enclosing
panel No. 6 were destroyed (Fig. 5).

Fig. 4 Damaged wall panel No. 3.

displacement of 26 cm
(view from the balcony

Vertical  through-cracks
(view from the room side).

Fig. 5 Destroyed wall panels No. 5

side). and No. 6 on the balcony.
Photo by Dmytro Photo_ _by Dmytro Photo by Andrii Zabrodskyi
. . Levkivskyi . . .
Levkivskyi Puc. 5 3pyiinoBani naneni CIINeS
N . 4 TlomwkomxeHa TaHElb .
Puc. 3 3pyiiHOBaHa CTiHOBa . Ta CIINe6 Ha GankoHi.
CIINe3. BeprtukansHi .
MaHelb CIINel, L ABTOp ¢doto Anppiit
. HAcKpi3Hi TpilHH. (HOoTO 9
riepeMimierHs 26 cM ((poto . 3abpoacekuit
. 3 KIMHATH).
31 CTOPOHU OalIKOHa). ABTO boto  JIMuTpo
ABtop doto  mutpo P - P
: o JIeBKiBCHKMI
JleBKiBCHKMIA
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5. The cantilever floor slab above the
balcony experienced significant
deflection, and an 8 cm gap formed
between it and the facade wall, creating
an emergency condition (Fig. 5).

6. The blast wave lifted the floor slab of the
technical floor, tore out the embedded
connections, and caused diagonal cracks
to form throughout the slab, making its
normal operation impossible (Fig. 6).

7. The floor slab between the 9th and 10th
floors sustained similar damage.

The analysis of the damage showed that the
most critical issues are not only the destroyed
or displaced wall panels, but also the failure of
connections between floor slabs and vertical
load-bearing elements. It is precisely the loss of
composite structural action that creates the risk
of progressive deformations and local loss of
stability of individual parts of the building [11,
17, 20].

Fig. 6 Diagonal cracks in the floor slab.
Photo by Andrii Zabrodskyi

Puc.6 JliaroHamsHI TPIIIMHA B TTATI
MEPEKPUTTSL.
ABtop doTo Auapiii 3abpoachKuit
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DESCRIPTIOM OF THE RESTRATION
TECHNOLOGY

In the room on the 10th floor, a situation
arose in which five out of the six load-bearing
panels of the room (three wall panels and two
floor slabs) were in an emergency condition.
Wall panel No. 1 was displaced into the room
and became wedged between the floor slabs,
which temporarily limited further displacement
of the elements, but did not ensure their code-
compliant structural reliability.

The most hazardous area was the open
balcony with the cantilever slab, where there
was a risk of slab collapse during vibrations and
construction works.

The restoration measures included the
replacement or restoration of certain destroyed
building elements (the balcony walls), as well
as the strengthening of the walls and floor slab
of the panel building using steel and reinforced
concrete structures.

Under such conditions, the key task was not
only the restoration of individual damaged
elements, but also ensuring the temporary and
subsequent stable spatial behavior of the entire
structural system of the room. For this reason,
the restoration technology was developed
according to the principle of phased reduction
of the emergency condition, with a transition
from temporary stabilizing measures to final
structural solutions.

The first stage of restoration consisted of
stabilizing the damaged structures and carrying
out emergency works.

The sequence of operations was determined
taking into account the geometric variability of
the structures, technological constraints, and
occupational safety requirements.

Therefore, a system of shoring props was
first installed according to the scheme (Fig. 7)
on the 10th, 9th, and 8th floors in order to
stabilize the floor slabs and ensure the safety of
the construction workers.
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7 situation during dismantling and installation
I ‘ operations, and also created controlled
| %Ea conditions for further intervention in the
)y damaged structural system.
! At the next stage, a scheme was developed
: for lifting and leveling the cantilever balcony
" floor slab (Fig. 8), which had tilted by 8 cm. For
L . ‘ this purpose, a steel beam made of paired 125%8
| angles was installed on the technical floor using
R —— an M16 threaded rod system, as shown in Fig.
——a——m 9.

- The proposed solution made it possible to
locally compensate for the loss of geometric
stability of the cantilever section and to avoid

Fig. 7 Layout of the shoring prop system dismantling a larger number of adjacent
Puc.7 CxeMa BIAIITYBaHHS CHCTEMH structures. This is important from the point of
onanyboYHUX CTIHOK view of minimizing intervention in the existing

structural system of the building.
This solution made it possible to reduce the
risk of sudden escalation of the emergency
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Fig. 8 Scheme for lifting and Ieveliing the balcony slab
Puc.8 Cxema BuBaXyBaHHA TUITUTH OAJIKOHY

Fig. 9 Scheme for lifting and leveling the balcony slab:
steel beam made ofpaired 125x8 mm angles.
Photo by Andrii Zabrodsky i

Puc.9 Cxema BUBaXyBaHHA TUIMTH OAJIKOHY, cTaleBa Oaika
3 CIapeHuX KyTHUKIB 125%8 MM.
Astop doto Aunpiii 3abpoacekuii
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To ensure safe occupancy of the room during
the dismantling of the destroyed walls, the floor
slab between the 10th floor and the technical
floor was preliminarily strengthened by
introducing a system of steel beams, which
were engaged structurally by means of M16
threaded rods and steel plates (Figs. 10, 11).

Fig. 10 Scheme for strengthening the floor slab
between the 10th floor and the technical
floor. Photo by Andrii Zabrodskyi

Puc.10 Cxema mificuneHHs TUIMTH NEPEKPUTTS
MiXK 10-M Ta TEXHIYHUM TTIOBEPXOM
Astop doto AHapiit 3abpoacbkuit

The preliminary strengthening of the floor
slab is a fundamentally important stage, as it
makes it possible not only to ensure the safe
execution of the works, but also to prevent the
redistribution of internal forces in the already
damaged elements during the dismantling of
emergency structures.

N\

A\

Fig. 11 Scheme for strengthening the floor slab
between the 10th floor and the technical
floor.

Photo by Andrii Zabrodskyi

Puc.11 Cxema MiACHIICHHS IUIMTH MEPEKPUTTS
MiX 10-M Ta TEXHIYHUM TTOBEPXOM.
ABTop hoTto AHnpiit 3adpoacekuit
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After strengthening the floor slab, the
destroyed balcony panels No. 5 and No. 6 were
replaced by installing a steel frame made of
angle sections beneath the slab and
reconstructing a brick wall in place of the
destroyed reinforced concrete panel (Figs. 12,
13).

Fig. 12 Steel frame for the restoration of the
balcony structures. Photo by Dmytro
Levkivskyi

Puc.12 CrayeBuii kapkac BiTHOBJICHHS
KOHCTPYKIIi#i 0aikoHy. ABTOp (hOTO
Hdmutpo JIeBKiBChKMiA

Fig. 13 Steel frame for the restoration of the
balcony structures. Photo by Dmytro
Levkivskyi

Puc. 13 CrameBuii kapkac BiJHOBJIECHHS
KOHCTPYKIIii OankoHy. ABTOp (oTO
Jmutpo JleBkiBCbKwHi

This made it possible to create a safe space for
the subsequent dismantling of wall panel No. 1
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and to protect the apartment from atmospheric
exposure.

Thus, the restoration of the balcony
performed not only an enclosing function, but
also played an important role in ensuring the
technological sequence of the subsequent
restoration works.

At the next stage, a “safety frame” was
introduced in the room in order to restore the
assembly joints of adjacent floor slabs and wall

Tewa lawrnen
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panels and to redistribute internal forces. Along
the perimeter of the room, a framing system
made of 125x8 and 100x8 angle sections was
installed. These elements were anchored to the
reinforced concrete components using M16
chemical anchors, while some of the elements
were temporary due to the distorted geometry
of the room walls (Fig. 14).
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Fig. 14 Installation of the safety frame in the room: a - actual view (photo of implementation); b -

schematic diagram of the structure.
Photo by Dmytro Levkivskyi

Puc.14 Beaenns kapkacy 0e3meKu B KiMHATI: & - pakruunmii Burisig (hoTtorpadis 3aBepIieHoro
MOHTaXy); b - cxemMaTnyHe 300paXKeHHS KOHCTPYKIIIi.

ABtop oto JImMutpo JleBKiBChKHiA

The introduction of temporary and partially
permanent steel framing made it possible to
redistribute local internal forces within the
damaged room and to stabilize the geometry of
the joints between structural elements.

At the next stage, wall panel No. 1 was
dismantled (Fig. 15), and a steel frame made of
Channel No. 16 and 125%8 and 100x8 angle
sections was installed. The space between the
steel elements was filled with 300 mm thick
aerated concrete blocks (Fig. 16).

The adopted solution combines the structural
efficiency of the steel frame with the
technological feasibility of using a lightweight
infill material, which makes it possible to
reduce the additional load on the existing
structures.

BynisenbHi koHcTpyKuii. Teopis i npakTuka ¢ 18/2026

Fig. 15 Dismantled wall panel No. 1.
Photo by Dmytro Levkivskyi

Puc.15 /IemonroBana crina CIINel.
ABtop ¢oto JImurpo JleBKiBchKuit
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Fig. 16 Restoration of wall panel No. 1.
Photo by Dmytro Levkivskyi

Puc.16 Bignosnenns crinu CIINel.
Astop doto JImutpo JIeBKiBChKMI

After the restoration of wall panel No. 1,
works were carried out to restore wall panel No.
3. In the preliminary design, it had been planned
to cut out a portion of the wall around the
cracks, lift and level the floor slab, and pull the
parts of the wall panel back into their design
position using threaded rods. However, this
concept proved technologically unfeasible and
was not implemented. As a result, a decision
was made to dismantle the wall and introduce a
steel frame similar to that used for wall panel
No. 1 (Fig. 17).

The revision of the initial technical solution
during the execution of the works confirmed the
need for a flexible approach to the restoration
of damaged buildings, where the actual
technical condition of the structures may

require prompt adjustment of the design
solutions.

The introduction of monolithic elements into
the damaged floor system makes it possible to
increase the stiffness of the section affected by
the blast and to partially compensate for the loss
of load-bearing capacity of the existing slabs.

The restoration of the wall panels of the
room and balcony, as well as the floor slab
between the 10th floor and the technical floor,
has been completed.

Fig. 17 Dismantling of wall panel No. 3.
Photo by Dmytro Levkivskyi
Puc.17 Jlemonrtax crinu CIINe3.
Astop ¢poto JMutpo JIeBKiBChKHit

The remaining task is to strengthen the floor
slab between the 9th and 10th floors, which was
affected by the explosion and exhibits
significant cracks and deflections. A decision
was made to introduce a system of cast-in-place
reinforced concrete beams (Figs. 18, 19, 20).
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Fig. 18 Introduction of cast-in-place reinforced concrete beams into the floor slab
Puc.18 BeeaeHHst MOHOJIITHUX OaJIOK B IEPEKPHUTTS
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Fig. 19 Reinforcement of the cast-in-place beam.
Photo by Dmytro Levkivskyi

Puc.19 ApmyBaHHA MOHOJITHOI Oasiku. ABTOP
dhoto JImutpo JleBKiBChKUI

INTEGRATED APPROACH AND
ADVANTAGES OF BIM DESIGN IN THE
DEVELOPMENT OF WORKING
DOCUMENTATION FOR THE
RECONSTRUCTION OF DAMAGED
BUILDINGS AND STRUCTURES

The use of a BIM model makes it possible to
quickly prepare all the necessary information
and drawings by creating a three-dimensional
digital model of the facility that contains all the
required information about the object. With the
help of this technology, the number of errors
and miscalculations can be significantly
reduced, making it possible to identify potential
inconsistencies and adjust design solutions at
early stages.

It is possible to manage work phases in real
time and monitor parameters directly within the
project, as well as to automatically update
drawings when changes need to be made to the
model. This is especially relevant for the
reconstruction of damaged buildings, since the
structural systems of such projects contain a
large number of defects and damages that must
be accurately incorporated into the project in
order to create an up-to-date digital model of
the technical condition of the structural system.

BynisenbHi koHcTpyKuii. Teopis i npakTuka ¢ 18/2026

Fig. 20 Reinforcement of the cast-in-place beam.

Photo by Dmytro Levkivskyi

Puc.20 ApmyBaHHS MOHOJIITHOT OaJIKH.

ABtop ¢oto JIMutpo JIeBKiBChKHiA

This helps to position new structural
elements more accurately exactly where they
are required (Figs. 21, 22).

Fig. 21 Three-dimensional model of the
structural strengthening of Apartment
No. 40

Puc.21 TpuBumipHa MOJENs MiACHICHHS
KOHCTPYKUiH kBapTupu Ne4(

In the case of restoring damaged buildings,
the BIM model performs not only a graphical
but also an analytical function, as it allows for
the systematization of information about
defects, tracking the spatial relationship
between new and existing elements, and prompt
adjustment of design solutions during
implementation.
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Fig. 22 Three-dimensional model of the
structural strengthening of the balconies

Puc.22 TpuBumipHa MOAEIb MiACHICHHS
KOHCTPYKIiH OaJTKOHIB

REGARDING THE DIRECT EXECUTION
OF THE WORKS

Under conditions where a significant
number of facilities have been damaged as a
result of military actions, practical experience
in carrying out emergency stabilization and
restoration works becomes especially valuable
for the development of effective organizational
and technological approaches.

Based on the direct experience of
implementing the above-mentioned design
solutions for emergency stabilization works at
the facility located at 162 Severynivska Street,
Irpin, it is advisable to highlight a number of
organizational and technological features
related to the execution of emergency works at
this site.

The analysis of the practical experience of
implementing the design solutions showed that
the effectiveness of restoring damaged
buildings is determined not only by the
correctness of the structural solutions, but also
by the organizational and technological
conditions of their execution. In many cases,
these factors are decisive for the safety,
duration, and quality of the restoration works.
1. The contractor bears increased responsibility

for the safety of personnel, building

residents, and adjacent facilities and
surrounding areas. This concerns not only
the confined working conditions and the
unstable technical condition of the preserved
structures — in many cases, including this
specific one, it was not possible to fully

112

evacuate the residents or remove them
entirely from the emergency work zone.

The works were carried out without
taking the building out of operation, and
without disconnecting the existing utility
networks or elevators. This created
additional risks associated with the
technological processes involved in
dismantling damaged fragments, removing
dismantled elements and debris from the
site, installing steel structures, performing
concrete works, and other related activities.

Working under such conditions requires
increased attention and responsibility, as
well as a high level of competence and
discipline from both engineering and
technical personnel and construction
workers. Enhanced supervision is required
with regard to the implementation of safety
measures, occupational health and safety,
and waste handling.

Before commencing this type of work
under such conditions, it is necessary to
elaborate all technological processes in as
much detail as possible, to develop the
relevant method statements, work execution
plans, and safety instructions. It should also
be taken into account that standard solutions
may not meet the requirements of specific
situations at different sites, and that each
such facility may in fact be unique and
atypical, requiring site-specific approaches
and solutions.

An appropriate communication and
public information algorithm should also be
developed, and the work schedule and
operating regime should be carefully
coordinated on an hourly basis with the
residents in order to minimize risks to
occupants during the execution of the works.

In many cases, there will also be a need
for additional safety measures, such as the
installation of temporary support systems
directly inside occupied and operational
residential premises, in common-use areas,
as well as the closure of window and door
openings, stair flights, elevator zones, and
similar elements.

These  factors  require  additional
organizational measures and  close

ByniBenbHi koHcTpyKUii. Teopis i npakTuka * 18/2026



coordination with local residents, including
proper communication of the risks involved,
regular resident safety briefings, and
continuous monitoring of compliance with
safety instructions, as well as preventing
unauthorized persons from entering the work
zones, in order to avoid additional risks to
the life and health of both residents and
personnel.
. When carrying out works at damaged
facilities that remain in operation, particular
attention must be paid to the technical
condition of existing utility systems.
Thorough and detailed inspections of these
systems are required, including integrity
checks and testing, in order to assess their
condition and level of hazard, especially in
areas of concealed routing. It is also
necessary to eliminate the consequences of
damage to the networks caused by external
impacts or technical deterioration.

Prior marking and tracing of all existing
active utility systems within the work zones
is mandatory. These systems must be
protected by safety frames and protective
screens to prevent damage during the
dismantling of destroyed structures and the
subsequent installation of new ones. Where
necessary, the complete removal of utility
systems from the work zones should be
carried out by switching them to temporary
schemes.

All  of this requires additional
coordination and communication with
representatives of operating organizations
and asset owners responsible for the
networks and equipment. In the areas where
emergency works are being carried out, all
utility systems must be disconnected and
removed from the zones of dismantling and
installation.

After the completion of emergency
works, all utility systems passing through
both the damaged premises and the adjacent
areas must be properly restored and tested.

. Particular attention must be paid to the
equipment, tools, and methods selected for
the execution of the works. All possible
impacts associated with equipment and tools
must be taken into account and controlled,
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including noise, impact and vibration
effects, dust generation, and the use of
process water for cooling equipment and
removing slurry during diamond cutting
operations, as well as electrical load during
simultaneous operation, sparks, flames, and
light flashes during welding and hot works.

It is essential to develop and strictly
follow measures aimed at minimizing these
technological impacts, since neglecting this
principle  may lead to  negative
consequences, including additional damage
to the building structures and frame
elements, both damaged and intact adjacent
ones; damage to or flooding of existing
utility systems and neighboring premises;
deterioration of the contractor’s and
residents’ property; excessive dust load on
ventilation systems; and similar effects.

The selection and methods of using light
construction equipment and tools must be
carefully calculated already at the stage of
preparation and development of method
statements and work execution plans.
Personnel involved in the operation of such
equipment must be properly trained and
qualified, while the equipment itself must be
intact, serviceable, and compliant with the
manufacturer’s technical specifications,
with regular inspections of its condition,
conductor insulation resistance, and routine
maintenance.

The use of outdated, worn-out, defective,
technically unfit, or otherwise unsuitable
equipment at such facilities is unacceptable.

4. At the beginning and during the execution of

emergency stabilization works at facilities
damaged as a result of military actions, it is
always necessary to take into account
situations such as the following:

- identification of additional hidden defects
and structural damage that were not
detected  during the  preliminary
inspection of the facility;

- identification and elimination of defects
and damage caused by the technical
deterioration of the building structures,
which are not related to external impact
but are purely the result of long-term
operation;
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- detection of unauthorized alterations and
modifications to load-bearing and
enclosing  structures  caused by
unapproved redevelopment or repair
interventions by residents;

- unauthorized changes made by residents
to utility system layouts, as well as the
installation of additional equipment such
as underfloor heating systems, heaters, air
conditioners, satellite antennas, radiators,
and similar devices.

All of this requires a highly flexible and
prompt approach, including on the part of the
designer. It may necessitate numerous revisions
and adjustments to the design solutions.
Additional structures and load-bearing frame
elements may need to be introduced. Repeated
inspections and recalculations are often
required. The scope of work may also increase.
In some cases, even radical changes to technical
solutions, structural types, materials, and
equipment may be needed during the execution
of emergency stabilization works.

CONCLUSIONS

The presented case of restoring a damaged
apartment in a panel residential building
demonstrates that the reconstruction of
facilities damaged by military actions requires
the simultaneous consideration of structural,
technological, organizational, and safety-
related aspects. It is precisely this integrated
approach that constitutes the key condition for
the successful implementation of such projects.

This study investigated the specific features
of restoring the load-bearing structures of a
multi-apartment panel residential building
damaged as a result of military actions, based
on a real-life case study.

It was established that the nature of damage
to panel buildings after blast effects has a
complex spatial character and is accompanied
by the disruption of connections between
structural elements, which requires an
individual approach to the development of
restoration solutions.

A phased technology for carrying out
emergency stabilization and restoration works
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was proposed. It includes structural
stabilization, local strengthening of floor slabs,
dismantling of damaged elements, and the
introduction of new structural systems. This
approach ensures the restoration of the
building’s load-bearing capacity and spatial
stiffness without complete withdrawal from
operation.

It was demonstrated that the use of steel
strengthening elements in combination with
reinforced concrete structures is an effective
solution for localized damage in panel
buildings.

The feasibility of applying BIM
technologies for modeling damaged structures
and optimizing design solutions was
substantiated, making it possible to improve the
accuracy, efficiency, and coordination of the
restoration works.

The obtained results may be used in the
development of methodological
recommendations for the restoration of
damaged housing stock and for improving the
regulatory framework under current challenges.

As a result of applying an integrated
approach, ensuring clear coordination between
construction teams, using BIM technologies,
and continuously monitoring the situation,
effective structural and technological solutions
were developed and implemented, making it
possible to restore the damaged structures and
ensure the further safe operation of the building.

The results of the conducted study indicate
that the future implementation of numerous
similar projects will require changes in a
number of approaches and methods, both in
design practice and in the methodology of
carrying out restoration works for damaged
facilities. Current conditions of restoring
damaged housing stock require the adaptation
of existing design and construction approaches,
as well as the development of new
technological solutions.
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TEXHOJIOT'ISI BZIHOBJIEHHSI
KOHCTPYKIIIN
BATATOKBAPTUPHOTI' O
IMAHEJBHOI'O ) KUTJIOBOT'O
BYJIUHKY, HOIIKOJ)KEHOI'O
BHACJIIJIOK BOMOBUX 1A

JImumpo JIEBKIBCbKUHU
Anopiii 3ABPOJJCBKHH
Iniac JAMHATI
Kpicmian XIL[KOB

AHOTaUif. Y CTaTTi pO3rIAsSHYTO MpodiIeMy
BIJIHOBJICHHS HECYYHX KOHCTPYKIIIH
0araTOKBapTUPHUX  [MAHETBHUX  JKUTIOBUX
Oy/iBeIb, TOIIKO/KEHUX BHACTIIOK OOMOBUX
Aifl, Ha TNpUKIAAl  peaTbHOro 00 eKTa.
[IpoanamnizoBaHoO  XapakTep  MOUIKOIKEHb
KOHCTPYKTUBHUX €JIEMEHTIB, CHPUYMHEHHX
BHOYXOBMM BIUIMBOM, 30KpeMa 3MIIIEHHS Ta
pyHHYBaHHS  CTIHOBMX TMaHeNed, BTpary
KOPCTKOCTI ~ CTHUKIB, TMOIIKOMKEHHSI ILUTUT
MEPEKPUTTS Ta TMOPYIICHHS IMPOCTOPOBOT
po6otu Oymiemi. [lokazaHo, IO OCHOBHOIO
HEOEe3IEKOI0 € HE JINIIE JIOKATbHI pyHHYBaHHS,
a W BTpaTta CyMICHOI pOOOTH €JIEMEHTIB
KOHCTPYKTHUBHOI CUCTEMH.
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3anponoHOBAaHO  MOETAaNmHY  TEXHOJIOTIIO
BUKOHAHHS IPOTHABAPIHUX Ta
BiJTHOBJIIOBJILHUX POOIT B yMOBaX 4acTKOBOT
eKCIuTyaTartii OymiBiIi, sKa BKJIIOYAE
cTabuTi3amifo KOHCTPYKII 3a JOIMOMOTOIO
TUMYACOBHUX MIJIIPHUX CHUCTEM, JIOKAJIbHE
HiJICUJICHHS TUIUT NEePEeKPHUTTS, BUPIBHIOBAHHS
ne(pOopMOBaHUX €JIEMEHTIB, J€MOHTaX
aBapiiHUX KOHCTPYKLIA Ta BIPOBAKCHHS

HOBHX KOHCTPYKTUBHUX pillicHb i3
BUKOPDHCTAHHSM  CTQJCBHX  KapkaciB 1
MOHOJITHMX  3a71i300€TOHHHX  €JIEMEHTIB.
OcobOnuBy yBary TpPHIIJICHO  BBEIACHHIO
«kapkacy  Oesmekw»  SK  IHCTPYMEHTY
Nepepo3nonily  BHYTPIIIHIX  3yCHJIb  Ta
BiJTHOBJICHHS MIPOCTOPOBOL YKOPCTKOCTI
MOILIKO)KEHOT0 00’ €KTAa.

BcranosieHo, 110 e(EeKTUBHICTb
BITHOBJICHHS  BHW3HAYA€ThCA  HE  JIMIIE

OPUAHATUMUA KOHCTPYKTHBHUMH DILLICHHSIMH,

asue i OpraHizarifHO-TeXHOJIOTTYHUMH
yMOBaMH  BHUKOHaHHA  poOIT,  30Kpema
HEOOX1IHICTIO 3a0e3reue s Oe3mnexu

MEIIKAHI[IB Ta TMEpPCOHaTy TMpH BUKOHAHHI
poOiT 6e3 BUBeAeHHS OymiBiIl 3 eKCIuTyaTarlii.

OOTpyHTOBaHO JOUITBHICTH  3aCTOCYBaHHS
BIM-texnomnorii TSt MOJICITIOBaHHS
MOMIKO/P)KEHUX ~ KOHCTPYKINHM, KOOpIuHAI1

pilIEHb Ta OMNEPATUBHOIO BHECEHHS 3MIH Y
NPOEKTHY JJOKYMEHTAILIIIO.

OtpumMaHi  pe3ynbTaTd MOXYTb  OyTH
BUKOPUCTAHI JJS1 PO3POOJIEHHS METOIMYHHX
MIXOMIB 1O BIMHOBJIEHHSA MOIMIKOIKEHOIO
XKHUTIOBOTO  (OHAY Ta  BJIOCKOHAJECHHS
HOpMaTUBHOI 0a3M B yYMOBaX CydyaCHHUX
BUKJIHKIB.

KuarouoBi cjioBa: BiTHOBICHHS Oy/iBelb;

PEKOHCTPYKINiSl, TMIJCUJICHHS KOHCTPYKIIIH;
MaHEeJbHI OyIWHKWY; 3aI11300€TOHHI
KOHCTPYKITii
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