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Introduction

Theoretical, methodical and application-oriented aspects of assessment of impacts, consequences,
resources for the restoration of buildings and structures in urban planning and territorial planning are
an important component of comprehensive restoration of territories, and involve the combination of
various aspects and sectors of activity in order to achieve harmonious and balanced development of
territories. In particular, integrated management in urban planning and territorial planning involves the
combination of such aspects as economy, ecology, social sphere, culture, transport and infrastructure.
This means that when making decisions about the development of territories, it is necessary to take
into account the interrelationships between various spheres of life of the population.

The theoretical aspect of the BIM analysis of damage and assessment of impacts, consequences,
resources for the restoration of buildings and structures consists in the development of conceptual
approaches and theoretical foundations that allow understanding the integration of various aspects of
territory management. It is important to develop a methodology for assessing and analyzing
interactions between different sectors, as well as to develop criteria and indicators for evaluating the
effectiveness of integrated recovery management.

The methodological aspect of the BIM analysis of damage and assessment of impacts,
consequences, resources for the restoration of buildings and structures involves the development of
methods of integration of various sectors and aspects in the management process. It is important to
develop a toolkit for accounting for various indicators and factors that affect the development of
territories. It is also necessary to develop algorithmic models for decision-making and territorial
planning, taking into account all aspects and sectors.

The application-oriented aspect of the development of the methodological basis of the BIM analysis
of damage and assessment of impacts, consequences, resources for the restoration of buildings and
structures involves the implementation of the developed methods and tools in the practice of managing
urban planning and territorial planning. This means that management bodies, architectural and
construction companies, public organizations and the public must take into account integrated planning
and management in the development and implementation of projects. Only through joint efforts, it is
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possible to ensure sustainable and balanced development of territories, improve the quality of life of
the population and ensure the stability of the economy.

Therefore, the harmonious and balanced development of territories is possible only if various
aspects and sectors of activity are combined on the basis of integrated management, and the
development and implementation of the methodology of BIM-analysis of damage and assessment of
impacts, consequences, resources for the restoration of buildings and structures will allow to achieve
integrity and ensure balanced development territories, ensuring the quality of life of the population and
preservation of natural resources for further sustainable development of cities and territories.

Formulation of the problem

The scale of the destroyed territories and the problems that arose during the armed conflict are
extremely large, and recovery will take a lot of time and effort. Therefore, the task of comprehensive
restoration of territories remains relevant for Ukraine in the long term.

Under normal conditions, the volume of construction activity increases as a result of the physical
and moral aging of buildings and structures, price increases and changes in the ownership of real
estate; the need for reconstruction of industrial enterprises, low-rise buildings and activation of new
construction in the areas of old buildings. At the same time, a reliable assessment of the technical
condition of buildings and structures stands out as an important direction of construction activity.

The identification of destroyed and damaged objects and the digitization of data on the amount and
nature of destruction are now often based on the study of orthophotoplans, which are created on the
basis of photo and video data taken using unmanned aerial vehicles. In addition, the number of
destroyed and damaged objects is so large, and the deadlines for construction and technical expertise
are so critical that the development and implementation of computerized systems and support
technologies designed to minimize the participation of experts have become extremely urgent.

The methodological basis of the BIM analysis of damage and assessment of impacts, consequences,
resources for the restoration of buildings and structures is the basis of a methodological foundation that
provides a holistic approach to planning and development of the territory, including multifactorial
aspects, such as economic, ecological, social, transport and other .

The aim of the work and research tasks

When systematically examining the existing state of destruction, the entire complex should be taken
into account in the following sequence: territories, buildings and structures.

There is a need to study the components of damage assessment of buildings (structures) and to
develop a systematic method of their diagnosis on the damaged object in order to achieve efficiency
when making a decision regarding reconstruction or impracticality of restoration depending on the
generalized coefficient of destruction. The task of the research consists in the development of a step-
by-step assessment algorithm - a Method of Systematic Assessment of Damage to Buildings and
Structures (hereinafter referred to as "MSADBS") using a system of indicators, the normative values
and importance of which are established by certified civil engineers under the condition of
substantiation, regarding the expediency of reconstruction or the impracticality of restoration. The
developed methodology for assessing the damage to buildings and structures consists of a number of
interrelated sequential stages aimed at obtaining a quantitative and qualitative assessment of the
MSADRBS, the selection of a comprehensive strategy for the assessment of buildings and structures.

The method of system assessment of the MSADBSshould be built taking into account the results of
monitoring the external environment, namely taking into account the influence of factors such as:
natural, market, competitive, scientific-technological, socio-demographic, political, foreign-economic,
dynamism, turbulence.

To achieve the specified goal, it is proposed to develop a methodological basis for the BIM analysis
of damage and assessment of the effects, consequences, resources for the restoration of buildings and
structures, which can be the basis for performing construction and technical examinations, which is the
determination of the technical condition of the object of examination and the causes of its damage and
destruction .

Analysis and assessment of impacts, consequences, resources for restoration and methods of
assessment of damage to buildings and structures

Territories, buildings and structures are destroyed during martial law. Especially in these conditions,
there is a need to develop and improve damage assessment techniques to unify solutions to the
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specified problem.

Certain aspects of the methodological basis, regarding the property of assessments of business
entities, were reflected in the works of foreign and domestic scientists (Grynyov, 2008; Fedulova,
2005; Mandzyuk, 2011, etc.)

All calculation requirements of the norms are formed for limit states, which determine the boundary
between permissible and unacceptable states of structures. According to The State Construction
Standards of Ukraine limit states are divided into two groups and can be attributed to the structure as a
whole, to its individual elements, connections or cross sections. The transition of the structure through
the limit state corresponds to one of the types of failure. At the same time, limit states are considered
permissible.

The limit states of the first group are classified as failure-disruption and may be associated with a
violation of the requirements for preserving the integrity or possibility of the object's existence or with
non-compliance with safety requirements for people and the environment. The second group of limit
states includes states that complicate normal operation or reduce the durability of the object compared
to the established service life.

The first group contains limit states, the transition through which leads to the complete inoperability
of the object and for which non-limit states can be the following:

— destruction of any nature;

— loss of shape stability;

— loss of position stability;

— transition to a variable system;

— qualitative change of configuration;

— other phenomena that require the termination of operation (perforation of the wall of the container
with toxic substances or excessive movement of the base during subsidence or heaving of the soil).

Off-limits for the second group of limit states are the following:

— excessive movements or turns of some points of the structure;

— unacceptable fluctuations;

— the formation and opening of cracks, their reaching the maximum permissible values of opening
or length;

— loss of shape stability in the form of local deformation;

— damage from corrosion or other types of physical wear, which lead to the need to limit operation
due to areduction in the object's service life.

Limit states of this group are classified in most cases as failure-obstacle and may be associated with
violation of requirements for:

— use of the object without restrictions;

— the level of comfort and amenities of the staff;

— appearance of structures;

— possibilities of development and modernization of the facility.

The technical condition of buildings and structures as a whole is a function of the efficiency of
individual structural elements and the connections between them. The technical condition of objects
changes during their operation, which is expressed in a change in the quantitative performance
characteristics (in particular, in a decrease in reliability). Deterioration of the technical condition can
occur as a result of changes in the physical properties of materials and products, the nature of
connections between them, and changes in sizes and shapes.

The service life of structural elements depends on a large number of factors affecting wear.
Deterioration of buildings and structures consists in the fact that individual structures and objects as a
whole lose their original qualities over time (strength, stability, reliability, etc.). The characteristics of
the technical condition of the object depends on the degree of its physical wear and tear, the indicator
of which is decisive when making a decision regarding the further operation of the object, its technical
maintenance, repair, reconstruction, restoration, demolition.

Physical wear and tear is caused by the partial or complete loss of the object's initial physical,
technical and operational properties, which are provided for by the project, as a result of the action of
natural-climatic, technological and man-made factors and the effects of human activities.

The technical condition of individual structures is determined by analyzing defects, damages and
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the results of verification calculations.

Stage 1 "Planning". A comprehensive assessment of the MSADBS begins with the planning stage,
which involves a comprehensive information analysis and goal setting. Setting goals is necessary to
establish planning guidelines, the achievement of which is the result of evaluating the effectiveness of
restoration of the territory, buildings and structures. When setting the goals and determining the
planned indicators of the MSADBS, it is necessary to take into account the influence of external
environmental factors, in particular:

— industry specifics;

— economic and technical opportunities available on the market and available for recovery;

— production capacities and technologies of specialized enterprises;

— scope of activity and competitive position;

— consumer demand characteristics.

It is advisable to consider the analysis of the external environment as a preliminary stage of goal
formation, the final clarification and correction of which takes place only taking into account the
results of the damage diagnosis of the affected environment as a whole.

The sources of information for the internal diagnosis of the Ministry of Internal Affairs and
Communications are: the results of technical and economic analysis; professional expert assessment;
simulation modeling. When conducting diagnostics of the internal environment, special attention
should be paid to the following areas:

— the adequacy of the system of evaluation criteria of the MSADBS as a basis for choosing the
formation of reconstruction strategies;

— the reliability and reliability of the system of key indicators of the functioning of the affected
environment in innovative, financial, personnel aspects, as components of society.

The combination of the results of the assessment of the external and internal environment forms the
basis for choosing a strategic or tactical decision aimed at achieving the established goals, namely the
restoration of the affected environment.

Stage 2 "Diagnosis". The proposed method of diagnosis of MSADBS involves: preparatory and
calculation stages of diagnosis.

The preparatory stage of the diagnosis of MSADBS is implemented by sequentially performing the
following actions:

1. Selection of the diagnostic object. Separate buildings and structures serve as diagnostic objects.

2. Formation of a group of experts. This stage involves the selection of a group of experts based on
quantitative and qualitative composition (architects, builders, surveyors and scientists in the field of
construction), which ensures consistency of experts' opinions.

3. Justification of assessment methods and criteria. Obtaining a conclusion about the expediency of
making strategic, tactical and operational decisions is based on the use of assessment methods
(quantitative, qualitative, calculation, expert) and a system of criteria that correspond to the purpose of
the study (determining the level of damage to a building or structure) and take into account the
peculiarities of the diagnostic object (building or the building as a whole, or its component).

4. Justification of the indicator system. Diagnostics of MSADBSIs carried out in the aspect of the
external and internal environment according to the following groups of indicators: foundation; roof,
walls and ceilings; damage to walls and ceilings; engineering communications.

The methodology of the MSADBSIs based on bringing all the determined actual indicators to a
single dimensionless state and obtaining a systematic assessment taking into account the influence of
all factors, which ensures the use of the criterion based on the Harrington utility function [Makatora,
2016].

The requirements for the formation of a system of indicators that characterize and unify the
MSADBSare the following:

— consistency and comparability at the level of individual and group indicators;

— determination of key indicators;

— the flexibility of indicators, which means the possibility of adjusting the values of the indicators
depending on the level of resource use and the potential of enterprises producing construction
materials;

— the possibility of obtaining a forecast regarding reconstruction.



306 ISSN 2410-2547
Onip matepiaiis i Teopist ciopy/Strength of Materials and Theory of Structures. 2024. Ne 112

The system of criteria for evaluating the MSADBSshould meet such criteria as credibility,
reliability and legality.

Determination of the importance of indicators, according to their structure, are evaluated in fractions
according to the following options: the first option - the sum of the importance indicators is equal to
one; the second option - each individual weighting indicator can be close to or equal to one. The
coefficient of weighting of the indicators is determined depending on its priority of the MSADBS.

The calculation stage of the diagnosis of MSADBSinvolves the sequential performance of the
following actions:

1. Determination of the actual single indicators that most accurately and qualitatively characterize
the content of each component of the MSADBS. A set of single indicators.

2. Determination of reference unit indicators using available information support or expert method.
The reference or normative value of the unit indicator characterizes the desired level of the
characteristic being evaluated (the building or structure has no damage (100 percent - reference)
without taking into account and/or taking into account age wear and tear (whether the building or
structure needed restoration, repair, overhaul)).

3. Comparison of the actual indicators of the object of diagnosis with the standard in order to
determine the degree of compliance of the actual value of the indicator with the planned level or
standard. Such comparisons play an important role in the analysis of the studied phenomena, because
any deviation of the relative value from 1 or 100% indicates a violation of the optimality of the
process. For indicators that do not have a defined standard, the basis of comparison can be the
maximum or minimum value or the average level.

4. Definition of a general indicator by a group of single indicators. The single indicators determined
at the previous stage of diagnosis are grouped according to weighting criteria, taking into account the
features of the MSADBS.

5. Determination of the general indicator by the object of diagnosis. It is carried out on the basis of
the received data using arithmetic mean or geometric mean convolution. The larger the value of the
generalizing indicator for the object of diagnosis will be closer to one, the higher the assessment of the
technological level of production processes will be. A comparative analysis of MSADBSIs carried out
with the use of a general indicator of diagnosis.

6. Formation of a matrix of options for strategic or tactical decisions. The results of the diagnosis of
the damaged environment are the basis for control, evaluation of the effectiveness and phasing of its
reconstruction (Tables 1-2).

7. Justification of strategic or tactical decisions based on the results of the evaluation of the research
object [Makatora, 2016] (Table 3).

Table 1
The matrix of options of the MSADBSregarding providing an assessment
of the technical condition of the building and structure
The level of d_e st_r uction Variants of the technical condition
of the building
. Complete destruction Paﬁlal Destruction of non-bearing
High o destruction of the elements, damage to C
of the building o .
building bearing elements
Average Strong destruction  |Average destruction Weak destruction B
Destruction of non- . Destruction of glass,
. Destruction of o
bearing elements, . suspended ceiling doors,
Low . non-bearing . A
damage to bearing damage to non-bearing
elements
elements elements
Unsatisfactory Satisfactory High
Level 0-0.49 0.51-0.79 0.80-1.00 Group
3 2 1

Stage 3 "Implementation". Use of the rest of the object to be rebuilt. The influence of external and
internal factors on the effectiveness of reconstruction depends on controlled and uncontrolled factors,
which requires BIM design managers to make multi-criteria mutually agreed decisions. The
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organization of the reconstruction and its maintenance at the proper level takes place in accordance
with the goals and takes into account the available resources of the state. A feature of the modern
business environment is the systematic nature of the processes of the state's functioning, therefore, the
reconstruction and intensification of auxiliary processes must be investigated in relation to such
components as: resource potential, production capabilities of the territories, availability of the
necessary competencies in the personnel, financial component.

Table 2
Matrix of optionsMSADBS
regarding the assessment of the technical condition of the building
The level of d_e st.r uction Variants of the technical condition
of the building
. Complete destruction High llevel of Destruction of load-bearing
High o destruction of the elements, damage to load- C
of the building o .
building bearing elements, roof
Average Strong destruction Average destruction Weak destruction B
Damage to non-bearing| Partial damage tothe | Destruction of windows,
Low elements, ceilings, roof, supporting suspended ceiling doors, A
communications elements facades
Unsatisfactory Satisfactory High
Level 0-0.49 0.51-0.79 0.80-1.00 Group
3 2 1
Table 3

The content of strategic and tactical decisions during provisioning
methods of systematic assessment of buildings and structures

Groups

Characterization of strategic and tactical decisions in the provision of systematic assessment
methods

Al

In the case of surface damage to the roof - up to 10%, facades up to 10%, window glass, point
damage to external communications, in the absence of damage to load-bearing structures and
foundations.

A2

If there is damage to the roof up to 25%, supporting structures less than 5%, overlap less than 5%,
reconstruction of communications - up to 10%

A3

Adoption of a decision, the expediency of which is ensured by the presence of a surviving roof
(more than 50%), load-bearing structures less than 10%, ceilings less than 10%, reconstruction of
communications - up to 25%

B1

It is advisable to make a decision on the partial replacement of the roof (more than 50%), part of the
load-bearing structures (less than 25%), complete replacement of the arrangement of the facades.
windows, partial replacement of communications.

B2

The decision is made if a complete replacement of the roof is necessary, and part of the load-bearing
structures is less than 50%, communications, facade windows and internal partitions.

B3

Adoption of the decision is expedient in conditions of complete destruction of the roof and part of
the supporting structures, with the need to replace and modernize more than 50% of
communications, windows, facades and internal partitions. Under the condition of complete integrity
of foundations and premises below the first level.

C1

Making a strategic decision regarding the dismantling of the building with the possibility of using
the premises below the first level and - or the foundations, provided that their damage does not
exceed 5%. Partial restoration and or modernization of communications is expedient.

C2

Conditions for making decisions on their implementation are a high level of destruction of buildings.
With the possibility of partial use of foundations and premises below the first level. With the
complete restoration of the existing communications system. With the possibility of using
construction residues for secondary processing

C3

A strategic decision regarding the complete dismantling of the remains of the building (premises
below the first level, foundations, load-bearing structures...) together with communications. Without
the possibility of using construction waste for secondary processing.

Stage 4 "Control". The implementation of the proposed method of systematic assessment of damage
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to buildings and structures involves the regulation of restoration activities based on detected deviations
and the development of corrective actions that implement feedback in the process of decision-making
and implementation of design and production strategies.

Theoretical and methodological aspects of substantiating the need to rebuild buildings and
structures in conditions of uncertainty and risk

Currently, there is no single approach to determining the destruction of buildings and structures.
This is explained by the complexity of the factors that affect the assessment of destruction, taking into
account external factors in conditions of uncertainty and risk.

The proposed method is based on taking into account the regularities: the destruction of various
elements of buildings and structures, their possibility of reconstruction, equipping with the latest
equipment. The practical significance of the obtained results lies in the provision of scientifically based
recommendations on the effectiveness of restoration. It is necessary to take into account the interaction
scheme of factors affecting the degree of destruction of buildings and structures (Table 4).

Therefore, obtaining dependencies that describe the relationship between controlled values
(parameters) and external factors will allow determining the effectiveness of destruction; optimize the
reconstruction process by finding certain systems of connections between the specified groups of
factors.

Table 4
Scheme of interaction of factors acting on buildings and structures
Parameters of the first group of factors (x; ): Parameters of the second group of factors
— energy saving properties; Buildings (y):
— degree of protection from the environment; and — foundation construction;
— degree of availability of necessary structures | — roof construction;
communications. — construction of walls and ceilings;
— a network of engineering communications.

Parameters of the source group: - foundation; — walls and ceilings; — roof; — engineering communications

In the general case, this is a system of connections of a species
E; = f(x;,y;) = max, (1)
where E; is the efficiency of the equipment.

A detailed examination of these relationships will make it possible to justify the feasibility of
rebuilding the building and structure, based on the conditions of the working environment and
parameters of destruction.

There are analyzed such factors of destruction as:

— first, it is necessary to analyze the human capital and the area of the territory that falls under the
object of reconstruction;

— secondly, it is necessary to take into account city-forming components, such as the main and/or
several enterprises located in the city or nearby; agricultural and/or meat processing plants: the area of
their land plots, the type of crops typical for this area, the type of farms, etc.

For the correct choice of decision-making, it is necessary to take into account all the above-
mentioned components, that is, to accumulate the approach, whether there will be an autonomous
environment or whether additional logistics systems will be needed.

The initial data for making a decision on the evaluation of destruction, taking into account the
nature of the damage of obtaining a restored building, can be technological maps, which are compiled
and calculated using various methods. At the first stage of research, the results of the calculations of
the evaluation of four technological maps in the destruction or damage of buildings and structures were
obtained: the foundation; the roof; walls and ceilings; engineering communications that have different
assessment criteria.

List of main structural elements of buildings and structures:

1) damage to the foundation (strip, monolithic, pile, solid);

2) damage to the roof (attic, non-attic, single-slope, double-slope, four-slope, tent, mansard, domed
and flat), walls and ceilings (bearing structures, non-bearing structures, internal partitions; monolithic,
panel and frame);
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3) damage to walls and ceilings (bearing structures, non-bearing structures, internal partitions;
monolithic, panel and frame);

4) damage to engineering communications (water pipelines, gas pipelines, water drainage, power
grids and television and Internet communications).

The choice of a rational decision regarding the destruction or damage of buildings and structures is
made taking into account the result of the assessment as a probability value. The basis of such a
mathematical model is the assumption that the probabilities of occurrence of possible states of
buildings and structures (external environment) (P;) are known. The mandatory requirement is that the
sum of such probabilities of the state of the main structural buildings and structures is equal to one.
The functional values of element states can be such indicators as: percentage of foundation damage;
the roof; walls and ceilings; engineering communications and others.

Using the generalized Harrington function as a tool for determining the level of technology
development.

In order to improve the process of substantiating the methodology for assessing damage to buildings
and structures, increasing the level of variability of weighting factors when choosing damage
indicators, it is advisable to use a mathematical apparatus based on Harrington's generalizing function.
The comparison of parameters is carried out on the basis of a quantitative and qualitative assessment of
numerical values, which are reduced to a general coefficient, which characterizes the feasibility of
choosing a particular building component of the territory.Using Harrington's generalized function
provides a number of advantages:

— provides universality to the general approach to the assessment of damage to buildings and
structures and their components;

— investigates the possibility of optimizing both the comparison methods themselves and the process
of restoration of buildings and structures.

The criteria for evaluating the values of indicators of the level of development of production
technology vary in five ranges from 0 to 1 (Fig. 1).

An analysis of the content of damage options is providedbelow.

High level - characterized by an almost undamaged environment, which is characterized by a high
assessment of viability. Recovery can be carried out without external borrowing and with small labor
costs and capital investments.

Range ofvalues d; Characteristics of values d;
(quantitative assessment) (quality assessment)

._4 0,90-1 ]4_ é Eé) _>[ «Highlevel»

._4 0,74-0,89 ]4_ _;% §0_>[ «Sufficientlevel»

.—f 0,5-0,73 ]4— E‘; '!; —>[ «Satisfactorylevel»

O—f 0-0,49 ]4— k) —P[ «Negativelevel» }—'

Fig. 1. Value ranges of the level of intactness of the building and structure

Sufficient level - they are characterized by an average state of damage, restoration is possible with
minimal capital investments, provided that the period of reconstruction is not long. It can be carried out
partly at the expense of external borrowings.

Satisfactory level - they are characterized by a rather significant state of damage, restoration is
possible, but there are large capital investments with the condition of a long period of reconstruction. It
is carried out at the expense of external borrowings. Achieving restoration is impossible to the previous
state level and is impractical.
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Unsatisfactory level - characterized by severe destruction. It is impossible to achieve the previous
level of efficiency, it requires significant capital investments, which are practically equal in cost to a
new building, low efficiency of investment costs.

Therefore, the actual values of the ith partial indicator-indicator of the jth component of reconstruction
are identified according to the ranges of values of the Harrington desirability scale. The need to take into
account the impact of one or another factor on the overall assessment of the level of destruction
determines the feasibility of using weighted coefficients, which are established by experts. Taking into
account the weighting factors, the desirability function D is calculated according to the formula:

2

where the weight limit o is0< ¢r; <1.

The method of systematic determination of the level of damage to buildings and structures has
consideredusing the example of four groups of damage factors (4;, 4», A3 and A4) for nine variants of
objects.

Making a management decision regarding the expediency of rebuilding the territory, building or
structure from the reference (planned, expected and practically achievable) value of the object's
parameter. Planned indicators of restoration are probabilistic values, which has been assumed (for the
purpose of simplifying intermediate calculations) to be represented by partial integral indicators-
indicators characterizing the level of damage d,, d,, d; and d4 where:

d, — the foundation conforms to the technical documentation (the ratio of the actual balance of the
foundation to the reference (nominal));

d> — the roof conforms to the technical documentation (the ratio of the actual roof balance to the
reference (nominal));

d; — structures comply with the technical documentation (the ratio of the actual balance of the
structures to the reference (nominal));

ds — walls and ceilings comply with the technical documentation (the ratio of the actual balance of
the wall and ceilings to the reference (nominal)).

Table5
Initial characteristics for determining the integral indicator of the level of technology development
based on the Harrington function

Variants of damaged Response functions of partial intef-gral indicators-indicators of the development
buildings and/or structures of the production technology component

d d, ds dy

A4, Objectl 0,94 0,85 1,00 1,00

A4, Object2 0,85 0,62 0,95 0,96

A5 Object3 1,00 1,00 0,38 0,92

Ay Object4 0,84 0,96 0,52 0,84
Weighting coefficients ¢, 0,9 0,95 0,5 0,3

Each variant of the damaged object (building or structure) (4;) corresponds to the value of the
integral indicator of the level of damage (D;), determined using the Harington function.Taking into
account the weighting coefficients (see table D.1 of the Standard of the Organization of Ukraine of
Housing and Communal Services, 2009), it could be determined the desirability function D, which
characterizes the level of development of production technology (for these examples, the authors'
reasoning is taken):

Object (4,):

D(4,)="%0,94".0,85%" -1,0%° -1,0° =*0,81=0,924;
Object (4,):

D(4,)="%0,85""-0,62"-0,95"° -0,96° =24/0,528 =0,786;
Object (43):
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D(4,)= 2’6\5/1,00’9 -1,00%”.0,88%°-0,92%* =25/0,914 = 0,967,
Object (44):

D(4,) = 2’6\5/0,840’9 -0,96%%-0,52%%-0,84%° =25/0,563 = 0,805.

According to the results of calculations:

- "high level" corresponds to two variants of damaged objects, namely: A, and A4;, which are
characterized by surface damage to the roof - up to 10%, facades up to 10%, window glass, point
damage to external communications, in the absence of damage to supporting structures and
foundations . These objects are an almost intact environment, which is characterized by a high
assessment of vitality. Restoration can be carried out without external borrowing and with small labor
costs and capital investments, and reconstruction should be a priority;

— the "sufficient level" corresponds to two other variants of damaged objects 4, and A4, the use of
which will ensure an average duration of the life cycle.

Thus, the analysis of the function of the desirability of partial integral indicators-damage indicators
allows to assess the possibilities and determine the ways of further actions regarding the reconstruction
of the territory, buildings, structures, etc.

The obtained results of the study made it possible to formulate the following conclusions:

1. The result of using the proposed method of systematic assessment of damage to buildings and
structures is: 1) determining the degree of damage and making a decision on reconstruction; 2)
attraction of capital for necessary reconstruction depending on the destruction; 3) ensuring the high
efficiency of damage assessment.

2. The expediency of conducting diagnostics of the components of the systematic assessment of
damage to buildings and structures in the following directions: object of diagnosis, form of diagnosis,
tools and time interval of diagnosis, which helps to objectively determine future financing and
implementation of decision-making regarding reconstruction, is justified. A graphic interpretation of
the MSADBStechnique is presented. A matrix for the selection of management decisions, strategic and
tactical decisions in the provision of methods of systematic evaluation of buildings and structures is
proposed.

3. In order to assess the criteria for damage to buildings and/or structures, the use of a
mathematical apparatus based on the generalized Harrington desirability function is proposed. In order
to ensure the high-quality application of the methodology based on Harrington's generalized
desirability function in determining the level of damage and further justifying management decisions
regarding reconstruction, it is necessary to: 1) classify all objects under analysis by scope of
application; 2) justify the number and quantitative values of partial indicators (the number of which is
unlimited); 3) substantiate the weighting coefficients of the "significance" of each partial indicator-
indicator of the component technology; 4) develop a methodology for making changes to the
classification of analysis objects, a set of comparison parameters, and their weighting factors.

General conclusions and recommendations

The State Construction Standards of Ukraine provide categories of responsibility for structures and
elements depending on the consequences that may be caused by their failure.

The technical condition of structures is determined by analyzing defects, damages and the results of
verification calculations. Assessment of the technical condition of the object as a whole requires the
application of a different system of rules, which are determined by the degree of reduction in the load-
bearing capacity of structures, taking into account the influence of various environmental factors in
each individual case.

The rules for assessing the technical condition of the facility as a whole are determined by the
totality of detected damages or categories of the technical condition of structural elements, the type of
structures, the type of their connections, and the categories of responsibility of structures or elements
depending on the consequences of their failure. At the same time, the recommendations regarding the
further operation of the construction objects provide for forecasting the nature of development and the
degree of danger of the detected signs of degradation for any predetermined period of time.

Forecasting the likely consequences of detected deviations, as well as making decisions regarding
the further operation of the object, also require the application of an appropriate system of rules, the
selection of which in each individual case is one of the problems. The degree of this problem depends
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on the level and nature of the uncertainty inherent in the environment in which the facility is operated
(Petrochenko et al., 2023).

The procedure for performing construction and technical examinations, which are associated with
negative changes in the technical condition of the construction object as a result of the possible
influence of various environmental factors, provides for the following sequence of studies:

— studying of documents;

— carrying out inspections of damaged objects;

— comparing of detected damages with the technical condition certificate;

—in the absence of a certificate of technical condition, the expert analyzes and classifies the detected
damage to separate a group of defects that are related to the accumulated physical wear and tear of the
building during the period of operation;

— separationing of a group of defects and damages that are caused by external factors of influence
and are of a non-operational nature;

— studying of design documentation for repair and construction works related to the restoration or
improvement of operational indicators of the object of examination or carried out nearby.

The procedure for carrying out an expert analysis to establish the reasons for the deterioration of the
technical condition of the premises, next to which repair and construction work was carried out,
involves an examination of the foundation of the house (structure), the structural elements of which
became the object of the examination, since the subsidence of the foundation is often the cause of
damage to the load-bearing structures. At the same time, the possible reasons for the subsidence of the
foundation of the house (structure) can be various factors of both internal and external nature.

General damages to buildings (structures) during their operation, in most cases, appear as a result of
local or total changes in hydrogeological and engineering-geological conditions on the construction
site or other natural phenomena (earthquakes, floods, storms, etc.). Also, the general condition of
buildings and structures is affected by fires, dynamic components of loads, new buildings erected on
the built-up area alongside the existing ones, shortcomings in design and construction, and other
technological factors.

The specified factors can significantly affect the stress-strained state of the foundations, which can
cause the occurrence of additional uneven deformations of both the foundations themselves and the
foundations (Prusov, 2020). Uneven settlement of foundations, in turn, causes additional deformations
of buildings and structures as a whole. At the same time, the indicators of operational suitability are
significantly reduced in individual structural elements of buildings and structures.

Depending on the causes, the deformations of the foundations are distinguished, which are caused
by the deformation of the soil from the loads transmitted to the foundations by the house, as well as
deformations that are not related to the load from the house.

The most dangerous are uneven deformations of the foundations of buildings and structures. The
reasons for the significant deterioration of the technical condition of the facility as a whole may be
deformations of its base during new construction due to failure to maintain the required distance
between the existing construction facility and the new building; massiveness and multi-storey building;
non-compliance with construction technology; lack of measures to ensure the preservation of existing
facilities; a large difference in the depth of laying the foundations of the existing object and the new
building(Prusov, 2022).

The result of comparing the examination data and case materials submitted for investigation with
the requirements of current regulatory documents is the expert's conclusion about a possible
connection between the occurrence of damage:

— construction activities that are carried out near the house (structure);

— carrying out repair and construction works in the premises of buildings and structures;

— negative changes of the object of examination during operation;

— natural or man-made influence factors affecting the change in the properties of construction
materials of the object of examination;

— natural or man-made influence factors affecting the physical and mechanical properties of the soil
of the object of examination.

Territories, buildings and structures are destroyed during martial law. Especially in these conditions,
there is a need to develop and improve damage assessment techniques to unify solutions to the
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specified problem. In particular, in the systematic examination of the existing state of destruction, the
entire complex should be taken into account in the following sequence: territories, buildings and
structures.

The result of using the proposed method of systematic assessment of damage to buildings and
structures is: 1) determining the degree of damage and making a decision on reconstruction; 2)
attraction of capital for necessary reconstruction depending on the destruction; 3) ensuring the high
efficiency of damage assessment.

The expediency of conducting diagnostics of the components of the systematic assessment of
damage to buildings and structures in the following directions: object of diagnosis, form of diagnosis,
tools and time interval of diagnosis, which helps to objectively determine future financing and
implementation of decision-making regarding reconstruction, is justified. A graphic interpretation of
the MSADBStechnique is presented. A matrix for the selection of management decisions, strategic and
tactical decisions in the provision of methods of systematic assessment of buildings and structures is
proposed.

In order to assess the criteria for damage to buildings and/or structures, the use of a mathematical
apparatus based on the generalized Harrington desirability function is proposed. In order to ensure the
high-quality application of the methodology based on Harrington's generalized desirability function in
determining the level of damage and further justifying management decisions regarding reconstruction,
it is necessary to: 1) classify all objects under analysis by scope of application; 2) justify the number
and quantitative values of partial indicators (the number of which is unlimited); 3) justify the
weighting coefficients of the "significance" of each partial indicator-indicator of the component
technology; 4) develop a methodology for making changes to the classification of analysis objects, a
set of comparison parameters, and their weighting factors.

Developing and improving damage assessment techniques is necessary in order to have a more
complete understanding of the extent of damage and to determine restoration priorities.

The assessment of damage to territories should include an analysis of ecological consequences and
the ability to restore the natural resource potential. It is important to consider the impact of hostilities
on land cover, water resources, wildlife and other ecosystems.

When assessing damage to building infrastructure, the condition of structures, systems and utility
equipment should be taken into account. This will help identify risks to residents and bring recovery to
the fore.

Damage assessment of structures includes analysis of their structure, functionality and safety. It is
also necessary to take into account the possibility of spreading danger to other buildings and citizens.

A unified damage assessment methodology will allow efficient use of resources for recovery and
ensure transparency in decision-making. In addition, it will create an opportunity to compare damage
in different territories, develop best practices and speed up post-war recovery.

Assessing damage during martial law is a confusing and complex process, but it is critical to the
country's continued recovery and development. The given technique will help to make this process
more organized and efficient, and its implementation in information modeling can provide a technical
opportunity to move from the traditional process of information management to the creation of expert
models to optimize key project indicators based on reliable, consistent data, contributing to the creation
of the necessary conditions for further transition to the principles of managing the assessment of
impacts, consequences, resources for restoration, and the subsequent life cycle of construction objects.
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Ilpycos /I.E., Maxkamwopa /].A., Kybanos P.A.
METO/JOJOTTYHUM BA3UC BIM-AHAJI3Y MOIIKOJIKEHb TA OI[IHKH! BIIJIMBIB, HACJIIJKIB,
PECYPCIB U151 BITHOBJIEHHS BY AIBEJIb I CIIOPY ]

Meronouoriunuii 6a3uc BIM-aHani3y NOIIKO/PKEHHS Ta OLIHKM BIUIMBIB, HACIIJKIB, PECYpPCIB AJIs BiZIHOBJIEHHS OyaiBenb i
crniopys; € 0a3ucOM METOAOJIOTIYHOrO MiAIPYHTS, W0 3a0e3nedye LiMiCHUHM MiAXid 10 MJIaHyBaHHSA Ta PO3BUTKY TEPUTOPI,
BKJIIOYaI0uM B cebe OararopakTopHi acrekTH. [loctae HEOOXiIHICTD y JOCIIKEHHI CKJIAJIOBUX OL[IHKM MOLIKO/DKEHHS Oy/iBelb
(criopyn) Ta po3poOLi CHCTEMHOI METOAMKHU iX AIarHOCTHKM Ha IOLIKO/UKEHOMY O0’€KTi 3 METOI0 JIOCATHEHHS e(pEeKTHBHOCTI
NPU NPUHHATTI pileHHS 11040 BigOYI0BM a00 HE JOLIJBHOCTI BiJHOBJIEHHS B 3aJIGKHOCTI BiJl y3araJbHEHOro KoegilieHTy
pyiHyBaHHs. 3aBIaHHs JOCIIDKEHHS MOJISrae y po3po0lLi MOETalHOr0 alrOpUTMY OLIIHIOBAHHS — METOJIMKA CUCTEMHOI OLIIHKH
TMOIKO/PKEHHS Oy/iBeb i CIOpPY/l Ha OCHOBI 3aCTOCOBYBaHHS y3arajibHeHOT (yHKIiT XapiHITOHA SK iHCTPYMEHTY BU3HAYCHHS
piBHA PO3BUTKY TEXHOJIOTiH, 3 BHMKOPUCTaHHSM CHUCTEMH IIOKA3HHMKIB, HOPMATHBHI 3HAU€HHS Ta BaroMicTh SKHX
BCTAHOBJIIOIOTHCS CEPTU(IKOBAHUMHU IHXKEHepaMU-Oy1iBEIbHUKAMHU NIPU YMOBI OOIPYHTYBaHHS, LIO/0 JOLIJIBHOCTI BiOya0BH
200 HeIOLUILHOCTI BiJHOBJIEHHSA. Po3po0iieHa MeTOAMKA OIIHKM IOIIKO/PKEHHS OyZiBenb i CIOpPYJA CKIAJAaeThest 3 pALy
B3a€MOIIOB’SI3aHUX TOCIIIOBHUX €TalliB, CIPSAMOBAaHMX HA OTPUMAaHHS KiJbKICHOI Ta SKiCHOI OLIHKH, BUOOpPY KOMIIJIEKCHOI
cTpareril oLiHIOBaHHs Oy/liBelb Ta CIIOpY/I.

JIist TOCSATHEHHsT 3a3HAUYEHOT METH, MPOMOHYETHCS PO3po0IIeHHS MeToaooridHoro 6asucy BIM-aHani3y MOIIKOMKEHHS Ta
OLIIHKM BIUIMBIB, HACHIAKIB, pecypciB Juii BiJJHOBJICHHS OyJiBeNb 1 CrOpyd, WO MOXe OyTHM OCHOBOIO MIJIsi BHUKOHAHHS
Oy/iBEJIbHO-TEXHIYHUX €KCIIEPTU3 € BU3HAYEHHS TEXHIYHOrO CTaHy 00’€KTa eKCHEPTU3W Ta INMPUYMH HOro MHOIIKO/DKEHb 1
pyiiHyBaHb, y YOTHPH CTAlHN: IUIAHYBAaHHS, J[IarHOCTHKA, peanisallis, KOHTposb. HaBeneHa Merofuka J0MoMoxke 3poouTH 1eit
npouec OUIbII OpraHi3oBaHUM 1 epeKTHUBHUM, a i BIPOBA/UKEHHS B iH(OpMAIliiiHE MOJEIIOBAHHSA MOXE HAJaTH TEXHIYHY
MOXJIMBICTD JUI TIEPEXOJy /10 CTBOPEHHS E€KCIIEPTHUX MOJENEH 3a/11 ONTHMI3allii KJII0YOBUX IMOKAa3HUKIB NMPOEKTY Ha OCHOBL
Ha/liMHUX, Y3TOJPKEHUX JaHUX, CIPUSIOYH CTBOPEHHIO HEOOXITHUX YMOB ISl OAANIBIIOrO MIEPEXOLy A0 MPUHLHUIIB yIPABIiHHS
OLIIHKOIO BIUIMBIB, HACHIAKIB, PECYPCIB JJIS BITHOBIICHHS, TA MOJIAJIbILIOT0 )XUTTEBOTO IIUKIY 00'€KTiB Oy iBHUIITBA.

KuarouoBicsioBa: BifHOBJIEGHHS OyJiBesb 1 CHOPYJ, METOAMKA CHCTEMHOI OIIHKM, TEXHIYHMH CTaH, aHaJ3 IOIIKOXKEHb,
OLliHKA BIUIMBIB, HACII/IKIB, pecypciB.

Prusov D.E., Makatora D.A., Kubanov R.A.
METHODOLOGICAL BASIS OF BIM-ANALYSIS OF DAMAGE AND ASSESSMENT OF IMPACTS,
CONSEQUENCES, RESOURCES FOR RESTORATION OF BUILDINGS AND STRUCTURES

The methodological basis of the BIM-analysis of damage and assessment of impacts, consequences, resources for the
restoration of buildings and structures is the basis of the methodological foundation that provides a holistic approach to the
planning and development of the territory, including multifactorial aspects. There is a need to study the components of damage
assessment of buildings (structures) and to develop a systematic method of their diagnosis on a damaged object in order to



ISSN 2410-2547 315
Onip matepiaiis i Teopist ciopy/Strength of Materials and Theory of Structures. 2024. Ne 112

achieve efficiency in making a decision on reconstruction or the impracticality of restoration depending on the generalized
coefficient of destruction. The task of the research consists in the development of a step-by-step assessment algorithm - a method
of systematic assessment of damage to buildings and structures based on the application of the generalized Harrington function
as a tool for determining the level of technology development, using a system of indicators, the normative values and weight of
which are established by certified civil engineers under the condition of substantiation, regarding feasibility reconstruction or
impracticality of restoration. The developed methodology for assessing damage to buildings and structures consists of a number
of interconnected sequential stages aimed at obtaining a quantitative and qualitative assessment, choosing a comprehensive
strategy for assessing buildings and structures.

To achieve the specified goal, it is proposed to develop a methodological basis for the BIM analysis of damage and
assessment of the effects, consequences, resources for the restoration of buildings and structures, which can be the basis for
performing construction and technical examinations, which is the determination of the technical condition of the object of
examination and the causes of its damage and destruction , in four stages: planning, diagnosis, implementation, control. The
given technique will help to make this process more organized and efficient, and its implementation in information modeling can
provide a technical opportunity to move from the traditional process of information management to the creation of expert models
to optimize key project indicators based on reliable, consistent data, contributing to the creation of the necessary conditions for
further transition to the principles of managing the assessment of impacts, consequences, resources for restoration, and the
subsequent life cycle of construction objects.

Keywords: restoration of buildings and structures, method of system assessment, technical condition, damage analysis,
assessment of impacts, consequences, resources.
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3anpononosanuii memooonozciunuii 6asuc BIM-ananizy nowkooxcents ma oyinku 6nausie, HaclioKie, pecypcie 05l 6iOHOBNEHHA
6y0igenv i CHOPYO HA OCHOBI 3aCMOCOBY8AHHA Yy3a2anbHeHol GyHkyii Xapinemona, wjo ckiaoaemucs 3 psaody 63a€MON08 A3AHUX
NOCNIO0GHUX emanie, CNPAMOBAHUX HA GUSHAYEHHA MEXHIYHO20 CMAMY 00 €Kma exchepmusu ma RPUYUH 1020 NOUIKOOdICeHD |
PYUHY8AHb, OMPUMAHHA KiNbKiCHOT ma AKICHOI OyiHKu, 6ubOpy KomniekcHoi cmpamezii oyinoeanus 0yodieens i cnopyo, ma
BUKOHAHHSA 6Y0i8eNbHO-MEXHINHO20 OOIPYHMYBAHHA W00 00YLNbHOCHI 8I06Y008U A60 HEAOYINLHOCHI BIOHOBNIEHH.
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The methodological basis of BIM analysis of damage and assessment of impacts, consequences, resources has been proposed for
the restoration of buildings and structures based on the application of the generalized Harrington function, consisting of a
number of interconnected sequential stages, aimed at determining the technical condition of the object of examination and the
causes of its damage and destruction, obtaining a quantitative and qualitative assessment, choosing a comprehensive strategy
for evaluating buildings and structures, and implementation of construction and technical substantiation regarding the
expediency of reconstruction or impracticability of restoration.
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