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RESEARCH OF CHARACTERISTICS OF INTERIOR COMFORT OF MULTI-
APARTMENT RESIDENTIAL BUILDINGS FOR DIFFERENT PERSONALITY TYPES

Smadych I.P., PhD, candidate of Architecture,
info@Smadych.com, ORCID: 0000-0001-7964-57301

Institute of Architecture, Construction, and Power Engineering,
Ivano-Frankivsk National Technical University of Oil and Gas
st. Karpatska 15, Ivano-Frankivsk, 76019, Ukraine

Abstract. During the period of quarantine restrictions, and later the full-scale invasion of russia
into the territory of Ukraine, issues related to the change of residence intensified, accordingly changes
in the level of social communications, problems of comfort, and realization of all vital functions in the
living space of apartment buildings. The main purpose of the article is to study the relationship
between the architectural characteristics of comfort in the interior of a residential apartment and the
personality types of residents. The subject of our research is the architectural and spatial characteristics
of the comfort of a residential apartment. The analysis of scientific research in the field of psycho-
design and socio-design indicates the stratification of human personality types into 4 types, which
realize all their vital functions in the "field of life". Another area of research focuses on finding the
most integrated characteristics of the interior of the living space. These characteristics include size,
shape, color, and details.

The main research method is the construction of a two-component matrix, with the help of which
it is possible to determine the relationships between the components of the interior of the dwelling and
the level of comfort for its residents. As a result of the analysis and evaluation of the concept of
interaction of socio-psychological features of character and the corresponding architectural and spatial
characteristics of comfort depending on the type of personality, practical recommendations have been
formulated that can be applied in the process of pre-project analysis and at the stage of creating
architectural and planning decisions of apartments and creating interior design. Experimental
verification of the results obtained in the process of creating the interior design of several residential
apartments in Ivano-Frankivsk shows that the level of comfort of residential apartments where the
algorithms of this study were applied is significantly higher than in architectural and planning
decisions where this methodology was not used.

Keywords: interior design, socio-psychological comfort of housing, characteristics of the living
field, apartment buildings, comfort of residential apartment, parameters of housing comfort.

Introduction. During the quarantine period most people need to stay at home for a long time and
adapt the space of the apartment to the various needs of the life cycle. Along with the change of social
communications and psychological resilience, the problems of comfort and realization of all vital
functions in the living space of the apartment become a priority [1]. During a constant stay in a small
room, the problem of inconsistency of interior and planning decisions of housing to the needs of an
individual or family is felt very acutely and has a negative impact on the "psychological climate™ [2].
As a result, a number of publications in architecture and design 2019-2021 are devoted to solving the
problems of psychodesign [3-4] — providing a comfortable living environment in accordance with the
social, economic and psychological characteristics of a particular person or group of people and their
consideration of design decisions. Scientists point to significant differences in the comfort of housing
for people of different nationalities and cultures as a result of the evolution of geometric, stylistic,
volumetric-spatial and functional features of different regions of the world [5-7].

The main purpose of this article is to study the relationship between the architectural
characteristics of comfort in the interior of a residential apartment and the residents’ personality types.

Modern construction and architecture, 2024, no. 8, page 7-21
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Analysis of recent research. In the context of this study, an important field is a
comprehensive analysis of the functional features of housing and assessment of the interaction of
architectural-planning, volumetric-spatial and color features, interior design of a residential
apartment with the most stable socio-psychological characteristics. Such characteristics include the
type of personality, as the most stable innate psychological structure of man, which regulates human
thinking and behavior (Freudenstein et al., 2019). Despite the many approaches to the interpretation
and study of personality types and human archetype, the results of researchers from Northwestern
University in Illinois, USA are used in this study (Gerlach et al., 2018). As a result of a survey of
1.5 million people, scientists have identified that depending on the level of influence on the
behavior of certain human characteristics, there are 4 types of personality: changeable, leader,
egocentric and closed (Figure 1).

Average
I Extraversion
Neuroticism Agreeableness
EXiTavarsion Conscientiousness .
Neumticisn Openness Conscientiousness
Agreeableness
Openness
Role model Reserved
Extraversion | Agreeableness
Conscientiousness
Qpeniess Conscientiousness
Extraversion Agreeableness
Neuroticism

Openness
Neuroticism

Fig. 1. Types of personality (source: Gerlach et al., 2019)

Scientists agree that "housing is the lowest level of living environment, where in one way or
another all aspects of human life are realized" [8]. Graham L.T. in his research introduces the
concept of the life field — the main functional components of life that are inherent in each individual
[9]. This term, in contrast to vital functions, covers human behavior in the environment and allows
to use these provisions for architectural research more fully. Based on data from studies of
architectural sociology and psychology [10-12] Graham L.T. empirically analyzes the realization of
the living field in some residential buildings in the USA and identifies a number of key components
of the human living field — recreation, activity, intimacy, values, social ties, preferences (Figure 2).

Modern construction and architecture, 2024, no. 8, page 7-21
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=

Categories of the living field

-

Intimacy Recreation Solial ties Value Preferences Activity
| | | | | 1
f N
Family Comfort Privacy Community Cosiness Entertainment Productivity
Love Recovery Family Security Hobby Solitude
Romance Relaxation Solitude Sympathy Joy Self-Expression
Tranquility Ego Friendship
\ e ————— | ——
Organization
Storage

Fig. 2. Categories of the living field (source: Graham et al.,2015)

Undoubtedly, each person’s manifestation of these elements of the life field has different levels
of priority, depending on lifestyle, life experience, etc. It has an impact on interior design and the
formation of common features of housing, which can form a mental image of the owner (so-called
informal types of "bachelor apartments”, "retirement apartments”, "workers’ apartments”, etc.) [13,
14]. Based on the results of research of L.T. Graham and others, an interpreted scheme of
implementation of the components of the living field in different types of apartments in multi-storey
residential buildings in Ukraine is formed (Figure 3).

1- room apartment

2-room apartment

LEGEND:

3- room apartment

- Values
- Activity

- Recreation - Intimacy

- Social ties - Preferences

0 1m 2m 5m 10m
- 1 J

Fig. 3. Implementation of components of the living field in apartment buildings
(source: compiled by the Author)

This analysis is based on typical planning decisions of residential apartments. The recommended
area for apartments according to the State Building Codes of Ukraine is taken as the normative area of
the sample:

— apartments with 1 living space (bedroom) — 35-40 m?;

— two-room apartments — 48-58 m?;

— three-room apartments — 65-70 m>.

Modern construction and architecture, 2024, no. 8, page 7-21
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In contrast to individual residential buildings, where most of the premises have a priority
function, in multi-apartment residential buildings, due to lack of space, multifunctional use of
rooms is by zoning space. With the increase of the number of living rooms, this multi-component of
the living field is preserved, but there is a priority of 1-2 vital functions. It should also be
understood that the concept of a private backyard of individual houses, which function as areas of
recreation and social ties, in the apartments of apartment buildings are leveled, and their
implementation is concentrated in other rooms or adjacent areas. This model demonstrates the
typical implementation of the components of the living space in different rooms and may differ
depending on the number and age of family members, their employment, as well as the
characteristics of apartments: area, number of rooms, insolation, orientation and planning.

1. Characteristics of elements of socio-psychological comfort of a residential apartment.

Scientific models that describe the social aspects of interior design have a two-component structure,
which combines the characteristics of human life and architectural and functional features of the studied
space. In this study the socio-psychological characteristics of the residents of the apartment are represented
by the most universal characteristics — the archetype of personality (1). Characteristics of the archetype of
inhabitants (1.1) allows us to identify the most stable signs of comfort for different personality types.
Functional features of the behavior of residents in the interior of a residential apartment are analyzed
through the system of living space, or psycho-functional use of space (2) and its characteristics (2.1). At
the same time, the analysis is based on the most integrated architectural and spatial characteristics of the
room, the choice and change of which affect the comfort of residents (Figure 4).

Residential Apartment
— ———
Human = = = |--eseseeeceeceeeeeaeaes -
[ Socio-Psychological Characteristics J [ Functional Characteristics ] H
[The archetype of personality (1) J [ The Name of the Life Field (2) ] 2
E [ Characteristics of the Living Field N[ Apartment Planning J
~
Comfortable Interior

( Characteristics of the human archetype (1.1 )} ------- }

Design

Fig. 4. The general model of providing comfort in the interior of a residential apartment
(source: Author)

The main method of research is the analysis and evaluation of a two-component matrix, which
can clearly represent the relationships that exist between personality types and design elements of a
residential apartment. Theoretical studies by N. Ghosh, S. Castell and others are devoted to the
study of the most common features that describe the architectural space of the room [15, 16].
Various authors identify from 4 to 7 basic architectural elements of interior design, such as space,
line, shape, light, color, texture and pattern. In this study a 4-component structure of interior
features was used, namely: size, shape, detail and color.

Size — indicators of 3-dimensional space, describing the physical dimensions of the room. In
this case, using derivatives of interior design (such as light or color), you can visually change the
size of the space at constant actual dimensions. Derivatives of size are the concept of scale or "space
of the room" [17].

Modern construction and architecture, 2024, no. 8, page 7-21
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Form — the physical parameters of the room and all the elements in it. Hussein M. F. in his
research singles out form as one of the primary links in the perception of the interior, where the line
serves as a derivative of the means of creating form [18]. It is the form that has the most common
features that characterize both the whole space as a whole and its individual elements. Light is an
important secondary element that changes the visual characteristics of the space depending on the
designer's idea. However, light is not an integral characteristic of the formation of space, but only
provides the expressiveness of the perception of other elements [19].

Detail — the presence of elements or groups of interior elements, their mutual location, as well
as physical properties that complement the complex concept of interior design. Some authors also
include texture and patterns as elements of the study of the interior. However, texture and pattern
are characteristics of the tactility of the surface and the visual perception that describes the details or
the whole space.

The most studied element that provides comfort to the interior of any room is color. The
issues of color perception and optimal color solutions in different areas of the home are described in
detail, both from the point of research concerning the design of the environment and the person and
the impact of color on his mood and comfort. Thus, Gao X.-P. Kuller R., Ballal S. and others in the
study of cross-cultural perception of color prove the extreme importance of room color in the
process of human recovery [20, 21]. Also, color along with light has a crucial role in creating an
atmosphere of intimacy and in the process of work or relaxation. Derivative elements of color are
tone and gamma, the right combination of which enhances or weakens the visual perception of
space or individual elements.

The priority of the characteristics of the living field is indirectly covered in a number of
scientific papers concerning the study of various functional areas of residential apartments. The
physical size of the room, in contrast to persistent stereotypes, can not only positively but also
negatively affect the comfort of being indoors. The relationship between the size and function of the
apartment is indisputable, although these figures may vary depending on the cultural characteristics
of the residents, their marital status, the number of people or their level of well-being.

Detail is a sign of style in addition to the general proportions of elements in interior design. It
is thanks to the details that it is possible to convey the client’s mental priorities, to recreate his zone
of psychological comfort in a residential apartment [22, 23]. J. Hijazi in his article substantiates the
paramount importance of details in the rooms where a person's social ties with family members or
other people, as well as areas of the apartment that are used for professional activities. Based on the
analysis of research data, the hierarchy of living field characteristics (2.1) in accordance with the
functional features of the rooms in a residential apartment is highlighted [24].

2. A model of comfortable interior for different human personality types.

Characterizing human personality types, scientists point to the interrelationships of different
resilience that arise between personality types and the realization of their vital functions (life field).
The hierarchical structure of the characteristics of the archetype [25] (1.1) and the characteristics of
the living field (2.1), which are selected from the field of scientific research provided a more
complete justification of architectural methods of comfort in the design of a residential apartment.
Qualitative assessment of these connections is interpreted on the principle of possibility of
application in interior design: where N — connection is not present, Y — connection is, W —
connection is weak, M — connection is average, E — connection is significant, U — connection should
be used when creating interior design (Figure 5).

The universality of this matrix is provided by the possibility of double analysis. The analysis
of the elements of the living field (2) and the hierarchy of their characteristics to ensure the comfort
of the apartment (the so-called "priority of rows™). As a result, architectural techniques have been
identified, the use of which provides comfort to residents (3), (Table 1).
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Fig. 5. The matrix of comfort of a residential apartment depending on the functional zoning and
personality type of residents (source: Author)

Table 1 — Architectural methods of creating comfort in the functional areas of a residential
apartment (source: Author)

The name of the

Room where this

Architectural techniques to ensure comfort in the

Number life field (2) aspect 9f the _I|V|ng interior of a residential apartment
field is realized
3.1 Intimacy Bedroom, A priority importance in ensuring the intimacy of
bathrooms (partly) | living spaces has the size and proportions of the
elements in it. The choice of the size of the
elements and the overall color scheme of these
rooms provide a feeling of comfort.
3.2 Recreation Living room, To ensure comfort in the recreation areas, the

bedroom, dining
room, bathroom

designer should pay special attention to the choice
of colors; depending on the size of the room it needs
to be visually balanced with the needs of the
resident; details and shape of elements are of
secondary importance.
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Continuation of Table 1

3.3 Social ties Kitchen, living The area of social ties belongs to the category of
room, entrance area| representative zones, where the designer’s attention
should be paid to the size of the elements and
details. It is the choice of details, their accent or
nuanced meaning provides a sense of comfort in
these areas.

3.4 Values Entrance area, In rooms where the category of "values" is
dressing room, |implemented, the details and visual size of the room
living room are a priority. Details such as paintings, family
(partly), bedroom | photos or a place for souvenirs are important in
(partly) these areas. The comfortable design of these zones

is provided by placement of small elements of the
organization of space around these elements.

3.5 Preferences |Dining room, living| The implementation of the "preference” function is
room, hall concentrated in all rooms of the apartment. Shape
and color are a priority to ensure the realization of
comfort in these areas. Bright colors and unusual
shapes of elements can be used in residential areas
where this aspect of the living field is implemented.
Given the priority functions of the room, such as the
kitchen, the category of "preference™ has a
fragmentary implementation, respectively, the
elements can be transformed or modular, which will
ensure the variability of their use in the rooms.

3.6 Activity Dining room The peculiarity of the implementation of this aspect
(partly), living of the living field (2) in the apartments is the
room, loggia, work | concentration of this function in the separate zones
area (in any living |of the bedroom, dining room, etc. The change in the
room) functional priorities of human activities during the
quarantine period indicates the need for actual or
visual increase in these work areas. The
characteristics of size and shape are the primary
criteria when working with the interior design of the
office area, meditation areas or solitude.

Highlighted architectural techniques allow the designer at the stage of pre-design analysis and
zoning of the space, primarily to operate with those architectural characteristics of the room, the
implementation of which has the greatest weight on the feeling of comfort.

At the next stage of the study an assessment of the socio-psychological characteristics of the
potential resident of the apartment (1.1) and the functional use of space by him (2) (assessment with
"priority of columns") is conducted.

This variant of the assessment allowed to highlight the architectural features of creating a
comfortable design of a residential apartment in accordance with the type of personality of the
occupant (4) (Table 2).

The obtained evaluation results are an example of the so-called cliché "apartment of a person
of variable personality type" or "apartment of a person of egocentric type of personality™) and
others. Undoubtedly, these results cannot cover all many aspects of comfortable design for an
individual, because in addition to socio-psychological characteristics, the formation of mental
characteristics of comfort is also influenced by social characteristics (employment, marital status,
age, religion, traditions, etc.).
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Table 2 — Architectural features of creating a comfortable apartment design in accordance with the
archetype of the resident (source: Author)

Number

The name of the
archetype of the
apartment
owner

Recommendations for ensuring comfort in the interior

4.1

"Changeable

The restoration of the function of recovery and implementation of
lifestyle is the most important for this type of personality.
Particular attention should be paid to the design of the living room,
kitchen and bathroom. The customer’s preference for the color and
shape of the interior elements should be emphasized. The colors in
the design of the rooms should not be bright. You need to
maximize the customer’s preferences in style decisions. Details in
the interiors of the owners' apartments who have a changeable
archetype of personality are of secondary importance.

4.2

"Egocentric"

Developing the interior design for this type of personality of the
inhabitants, the owner's wishes should be taken into account in
relation to all the characteristics of the living field: details, color,
size and shape of the room and its elements (2.1). The priority is a
dim range of warm colors with contrasting accents in the details.
The most priority areas of the apartments of the owners of the
egocentric type of personality are the entrance area, halls of any
type, as well as the living room and dining room. The design of
apartments for people with this type of personality should provide
additional storage space, built-in closets and wardrobes.

4.3

"Leader"

For apartments of people with this type of personality, the comfort
of the interior is provided by the size, shape and details of the
rooms. The choice of color is not a priority, which allows you to
make interesting decisions and combinations in the interior of the
apartment. An important place in the apartments of residents with
the type "Leader" is played by the office area, recreation area in
the living room, as well as a representative area of the hall or
entrance area. Clients are ready to make any non-standard and
interesting decisions in planning and design of space.

4.4

"Closed"

Every piece of space should be studied in detail in the interior
design of an apartment for people with this type of personality.
Priority is given to all rooms where you can organize recreation,
hobby, family entertainment and more. The designer should pay
special attention to the color, shape and size of the space. Details
are of secondary importance, so you should use such interior
details that will be in the same style with the overall concept of the
room.

14

Research results. Having studied the relationships that exist between the socio-psychological
characteristics of a person and their implementation in the interior, a number of techniques and
recommendations have been identified, the implementation of which should increase the level of
comfort of residential apartments. In the process of practical activity of Antonov Design Studio, Ivano-
Frankivsk, on the example of several real interior design projects, an experiment was conducted using
techniques and features of comfortable design according to the archetype of the resident (Figure 6-9).
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Fig. 6. Project 1. Design of a residential apartment using the analysis of socio-psychological
comfort of the resident, Residential Complex Hydropark, lvano-Frankivsk, 2021, designer Antonov
Design

Project 1 defines that the client has a personality type "Leader", respectively, using the matrix
of socio-psychological comfort in interior design, the main emphasis was on clear zoning, creating
multifunctional spaces in each living area, the use of contract elements and multi-textured surfaces.
Warm colors and hidden light provide comfort in the living room and bedroom. At the same time in
the kitchen the effect of flowing to the "cold" color scheme is used.
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Fig. 7. Project 2. Design of a residential apartment using the analysis of socio-psychological comfort
of the resident, Residential Complex Hydropark, Ivano-Frankivsk, 2021, designer Antonov Design

In the process of developing a project of a residential apartment 2, it was determined that the
owner of the apartment has a "closed" personality type. In accordance with the matrix of socio-
psychological comfort and methods of providing comfort for residents with this type of character, a
design project was created, which preserves the planning structure of individual rooms. According
to the recommendation for a comfortable interior (Table 2), the designers focused on the color
scheme of the entire apartment, which is selected on the basis of brown and white, as well as
vertical articulation of elements that allows to visually increase the height of closed rooms.
Minimalist furniture design provides focus on individual accent elements (chairs, lamps). Details in
this project are of secondary importance, therefore, the primary aspect of creating the comfort of
this interior was to create the functionality of all elements.
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Fig. 8. Project 3. Design of a residential apartment using the analysis of socio-psychological
comfort of the resident, Residential Complex Hydropark Christmassy,
Ivano-Frankivsk, 2021, designer Antonov Design

In project 3, the customer had a clear "egocentric" personality type, as evidenced by the
results of the survey. Designers from Antonov design, in accordance with the matrix of socio-
psychological comfort, focused on the formation of zones that provide a living field of "values"
(Figure 5). With the small size of the apartment, the designers managed to place 2 dressing rooms
and several built-in closets for storing things. The field of "hobbies" is realized by creating an open
kitchen-studio where the whole family can spend free time and communicate.
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Fig. 9. Project 4. Design of a residential apartment using the analysis of socio-psychological
comfort of the resident, Yarkovytsya-4, Kalush, 2021, designer Antonov Design

Project 4 is a smart apartment with an area of 48 sq. m. The homeowner has a “closed"
personality type. In the design decision designers created a multifunctional kitchen-living area,
made color accents in the furniture and cladding of individual parts of the rooms. All design
decisions of the rooms are made in a single style. Visual enlargement of the space is provided by
light colors of the walls, "shadow seams™ and large tactile panels are used in the surface texture.

At the stage of communication with apartment owners, designer Bohdan Antonov asked
clients to pass a short survey to determine the type of personality. The questionnaire of Gerlach, M.
and others, which they used in their own research, was used. After studying the results of the survey
and determining the client's archetype, the designers used a matrix of socio-psychological comfort
of a residential apartment while working on apartment design solutions (Figure 5). After developing
the design solution and completing the formal creative part of the work, a second survey of clients
who participated in the experiment was conducted (Table 3).
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Table 3 — Questionnaire to ensure comfort in the design solutions of this apartment
Answer

Ng QueStion " " " " n n
Yes" | "I cannot answer" | "No

1 Is this design solution comfortable for you?

Does this design solution reflect the full range
of your life functions?

3 Is the size of all the elements in this design
solution comfortable for you?

4 Is the color of all the elements in this design
solution comfortable for you?

5 Are all the details of this design solution

comfortable for you?

The evaluation of the answers was as follows: "Yes" — 1 points, "I cannot answer" — 0.5 points,
"No" — 0 points.

The method of questionnaires determined the generalized level of comfort of the design solution
of residential apartments where the matrix of socio-psychological comfort was used before and without
it. For interior design projects where the method of determining the socio-psychological personality
type was used, the average level of comfort was 98.5%, and in design decisions developed according to
the classical scheme, the level of overall comfort according to the survey is 94.5%.

Conclusions. Summing up the study of the influence of socio-psychological aspects of
personality on the peculiarities of the formation of a comfortable living environment, we can conclude
that there are relationships between character features and signs of comfort for everyone. Based on
interdisciplinary research in the areas of socio-design, psycho-design and architecture of the interior
environment, macro-elements of the interior of the living space have been identified, which provide the
comfort of living space. At the same time, studies of the interior of a residential apartment from the
point of the characteristics of the psychology of the resident, indicate the need to use the phenomenon
of "life field", a category that more fully conveys the functional content of space and behavior. As a
result of the analysis of the components of the living field, the most common architectural features of
comfort were identified, namely: size, color, shape and detail.

The author's concept of the interaction of socio-psychological features of character and the
corresponding architectural and spatial features of comfort, depending on the type of personality, we
indicate a set of recommendations and techniques that can be used in pre-project analysis and
implementation of interior design. Thus, after assessing the priorities of the field of life in accordance
with the archetype of personality, the architectural features of comfortable design for 4 archetypes of
residents were formed: changeable, egocentric, leader, closed. Another field of the analysis focused on
finding ways to ensure comfort in the rooms and areas of the apartment. Such techniques are the
priority of the size of the elements and the overall color scheme in the rooms where the "intimacy" is
realized as a component of the living field. For the living room, dining room and bathroom, where the
component of the living field “preferences” is realized, details are of secondary importance, but the
designer should pay attention to the shape of the elements and their color.

These techniques are universal, and the hierarchy of characteristics of the living field is effective
at all levels of implementation of housing design. The practical effectiveness of these techniques is
confirmed by checking the results obtained during the practical activities of the designer. Using the
matrix of socio-psychological comfort and conducting a preliminary analysis of the personality type of
residents, the designers used the recommendations of this study and formed interior solutions
according to them. After the formal part of the design, a survey of apartment owners was conducted,
which shows that in all 4 studied cases the level of comfort in the interior design of a residential
apartment for each resident is much higher than in design solutions where this algorithm was not used.
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JOCIIIKEHHSA XAPAKTEPUCTUK KOM®OPTY IHTEP’€EPY
BAI'ATOKBAPTUPHUX KUTJIOBUX BYJINHKIB JIA PI3HUX TUIIIB OCOBUCTOCTI
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Incmumym Apximexkmypu, 6y0isHuyumea ma enepeemuxu

lsano-Dpankiecoko2o HAYIOHATLHO20 MEXHIYHO2O0 YHIBepcumemy Hagpmu i 2asy
Bya. Kapnarceka 15, M. IBano-®pankiBebk, 76019, Ykpaina

Anoranig. Ilinx yac mepiogy KapaHTHHHHUX OOMEKEHb, a IIi3HIIIE ITOBHOMACIITAOHOIO
BTOPTHEHHS pocii Ha TepuTopiro YKpaiHU 3aroCTpUINd IPOOJIEMH, IO ITOB’sI3aHi 31 3MIHOK MICISI
MIPOKUBAHHS, BIJITOBIIHO 3MIHHM PiBHS COIIAJIBHUX KOMYHIKaIIiH, Tpo0iieM KoMbopTy Ta peamizarii
BCIX JKATTEBUX (QDYHKINH Yy )KUTIOBOMY IPOCTOP1 KBAPTHP KUTIOBUX OyAWHKIB. OCHOBHOIO METOIO
CTaTTI € BHUBUYEHHS 3B'SI3Ky MDK apXITEKTypHUMH XapaKTepUCTHUKaMHU KOMQOpPTYy B iHTep'epi
JKUTJIOBOI KBapTUPH Ta THUIIAMH OCOOMCTOCTI MemIKaHIiB. [IpeamMeToM HaIIoro IOCHIKEHHS €
apXiTEeKTYypHO-TIPOCTOPOBI XapaKTEPUCTUKH KOMGMOPTY KUTJIOBOI KBApTUPHU. AHaATI3 HAYKOBHX
JTOCHTIHKEHDb Y Taay3l MCUXOJAU3aiiHy Ta COIIOAW3aiiHy BKa3ye Ha cTpaTHU(IKAIiI0 TUIIIB JOJICHKO1
0COOMCTOCTI Ha 4 THIH, SKI Peali3ylOTh BCl CBOI *KUTTEB1 PyHKIIT B “‘mom »)uTTs . [Hma chepa
JOCITIJKEHb 30CEpe/KEeHa Ha 3HAXO/PKCHHI HAaWOIIBII IHTETPOBAHUX XapaKTEPUCTHUK IHTEP'EPY
YKUTIIOBOTO MPOCTOpy. [0 TakuX XapaKTepuCTHUK HaJIek,aTh Po3Mip, popma, Komip 1 aeTani.

OCHOBHUM METOJIOM JOCII/DKEHHS € TI00Y10Ba JIBOKOMITOHEHTHOI MaTpHIIi, 3a JIOTIOMOTO0 SKOT
MOKHA BH3HAUUTH 3BSI3KM MK KOMIIOHEHTaMH I1HTEp €py JKUTJIA Ta PiBHEM KOM(OPTY Ui HOro
MeNTKaHIliB. B pe3ynbpTari aHajizy Ta OMIHKK KOHIIETIIIT B3a€EMOIIi COIIOTICHXOJIOTTYHUX 0COOTUBOCTEH
XapakTepy Ta BIAMOBITHUX apXiTEKTYPHO-TIPOCTOPOBUX XapaKTEPUCTHK KOMGOPTY B 3aJCKHOCTI BiJ
TUITy OCOOHMCTOCTI Cc(OpMOBaHI TPAKTUYHI PEKOMEHJAIll, sIKi MOYKHA 3aCTOCyBaTH B TIpOIleCi
MEPEANPOCKTHOTO aHANI3y Ta Ha €Tari CTBOPEHHS apXiTeKTYPHO-IUIaHYBAIBHHUX PIIICHb KBAapTUP Ta
CTBOPEHHI JM3aiiHy iHTep'epy. ExcrepuMeHTaIbHO TEPEeBIPHBINM OTPUMaHI PE3YJIbTaTH B IIPOIECI
CTBOpPEHHS JH3aiiHy 1HTEp'epiB KUTBKOX JKHTIOBUX KBApTUP M. IBaHO-PpaHKIBChKAa AEMOHCTPYE, IO
piBeHb KOM(OPTY KUTIIOBUX KBApTHUP JI€ 3aCTOCOBYBAIUCH AITOPUTMHU JTaHOTO JOCIIHKEHHS € 3HAYHO
BUIIIMM, HIK Y apXITEKTYPHO-TUIAaHYBAJIbHUX PIILIEHHSX, /I JaHa METOJIMKA HE BUKOPUCTOBYBAJIACh.

KurouoBi ciioBa: nu3aifH iHTEp €py, COIIONCUXOIOTIYHII KOMGOPT KUTIA, XapaKTEPUCTUKH
KHUTIIOBOTO CepPeOBHUIIA, KOMDOPT KUTIIA, TapaMEeTPU KHUTIOBOTO KOM(OPTY.
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Abstract. An overview of previous studies, dedicated to the vitality of the multi-story building
with a steel frame was carried out. Currently, measures are available to increase the multi-story
buildings' steel frame vitality in fire, which affects the potential progressive collapse mechanism. The
quantitative vitality indicators have been determined earlier. The model used to study a multi-story
building steel frame is described. The way of modeling the fire action on steel structures is presented.
The criterion for the steel frame elements destruction is determined.

The measures of increasing vitality for the multi-story building steel frame model are presented.
The sequence of multi-story buildings' steel frames different elements destruction for a various
measures of increasing vitality is determined. The collapse duration of each of the considered
progressive collapse mechanisms is analyzed.

It is established that the initial destruction in the unheated frame element leads to a less
projected and more unfavorable progressive collapse mechanism in the event of an accident
evacuation. It is determined that to avoid the initial destruction in the unheated frame element, you
need to use an attachment of the outriggers to the columns joint with the admission of vertical
displacements. It is established that in the case of beam destruction earlier than the column, the
progressive collapse mechanism will be longer than in the column's initial destruction case. Earlier
internal column destruction leads to a longer progressive collapse mechanism than earlier external
column destruction. It is established that the progressive collapse mechanism of the type "beam - the
internal column - the external column — progressive collapse” is the longest and the most predictable.
The gradation of the progressive collapse mechanisms of steel frames in the role of a qualitative
vitality indicator is determined. The gradation presented can be used for the research of frames with a
variety of spans and floors.

Keywords: finite element method, steel structures, vitality, fire, progressive collapse, collapse
mechanism.

Introduction. The main purpose of a building’s load-bearing structure design is to prevent the
destruction of each element it consists of. As the load-bearing structures develop as systems, new threats
can potentially destroy the building. Designing a building in such a way that the action of load from their
weight, load from people and equipment, snow and wind, etc., possible and corresponding requirements
are present in the current regulatory documents. However, for many buildings, a fire, explosion, impact,
etc. is an extraordinary influence, and the design of a building’s structures to prevent any destruction is
impossible or economically inappropriate. In this regard, scientific studies of the vitality structures as a
system - the ability to resist local destruction and prevent its spread. Fire as a threat has been relevant at
all times but is becoming more widespread today because of the war russia against Ukraine.
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Analysis of previous research. Today, research on the vitality of multi-story buildings
load-bearing steel structures can be divided into vitality in modeling the explosion, fire, and
earthquake. Numerous research has been conducted to invent measures for enhancing structures
vitality. As a basic measure, when the column is destroyed, there are outrigger systems [1-4] were
investigated, which redistribute forces from the destroyed column to other elements. In British
studies, the steel frame joints load-bearing capacity in a fire was analyzed [5]. In Japanese studies [6],
combined outrigger systems and the columns load capacity ratio were studied. It was determined that
a ratio of 0.25 is sufficient to ensure vitality or fire. The study of the ensuring vitality of multi-story
building’s steel frames by preventing any destruction by increasing the cross sections of the elements
and increasing fire protection showed that such an approach requires an increase in the metal intensity
of the frame by 40-60% [7]. The feasibility of using the hinged joints of the adjoining beams to the
columns to achieve a more projected numerical destruction was found in [8].

To enhance the vitality of multi-story building’s steel frames, a technique was developed [9],
which includes the following measures:

— regulation of the load capacity ratio difference in the beams and columns of the frame;

— taking into account the frame element’s cross-section shape which affects the temperature in
the frame element in fire and local buckling when heated;

— the nodes of the adjacent elements of the outriggers.

Different measures can have a different effect on the frame's vitality. Quantitative and
qualitative indicators are required to evaluate this impact. In [9], the quantitative indicator of the steel
frame vitality in the fire is "vitality time": the period from the destruction of one of the elements to the
final collapse of the frame (vitality loss). Defining quality vitality is an open issue today.

This work is offered as a qualitative vitality "type of collapse mechanism” — a sequence of
destruction of different frame elements. In [10], the impact of fire location on the potential collapse
mechanism was previously investigated and the most unfavorable was determined. In [11-12] the
next collapse mechanisms were investigated: vertically or lateral.

Research tasks. The following tasks are completed in this research:

— to analyze the existing measures of increasing the vitality of multi-story buildings' steel
frames in fire, which affect the potential mechanism of their collapse;

— to determine the destruction sequence of different elements of multi-story buildings' steel
frames for various measures of increasing the vitality;

— analyze the duration of the destruction of each of the mechanisms considered;

— to determine the gradation of destruction mechanism types of steel frames in the role of
qualitative vitality.

Materials and research methods. Modeling the collapse of the multi-story building steel
frame was made in the fire under different initial conditions. As the initial conditions were considered
the measures of the frame vitality enhancement:

— the use of outrigger systems for redistribution of efforts due to the column destruction;

— different joints of attachment of outrigger systems;

— different differences in load capacity ratio in the elements of beams and columns;

— different shapes of elements cross sections of beams and columns.

The frame is modeled as rod finite elements. There are 3 spans, 3 floors. The beams span is
7.2m, floor height — 3.6m. For comparing the work of beams and columns of the frame, one
cross-section of the beam was taken in different spans on different floors, and one cross-section of
different floor columns. The rigid bases of columns and hinged beams to the column connections
were adopted. On beams during the fire, there is a uniformly distributed load of 6 t/m, which
simulates the effect of dead and live load in a residential or public multi-story building. The external
columns are horizontally distributed load, which models the wind load, which adds a significant
proportion to the load capacity ratio of columns in multi-story buildings. The steel of the frame
elements is S255.

The action of the fire is modeled by temperature loads, which were determined by DSTU B EN
1993-1-2: 2010 [13]. The fire location is taken in the external span on the 1st floor (Fig. 1) as the most
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unacceptable in terms of the distribution of effort and potential collapse [10]. There is no fire
protection for steel structures. The frame was calculated by [14-15].

7777 777 7777 7777
Fig. 1. The fire location in the frame

The frame elements are designed from a solid welded I-beam cross-section. It was accepted the
plastic hinge occurs earlier than the local buckling. This allows modeling the frame collapse with rod
finite elements.

The destruction criteria of a plastic hinge in the element. The element destruction was modeled
with element removal from the calculation scheme with the reactions with the opposite sign. The
dynamic factor value is accepted as 1 because the fire is not the factor that leads to instant destruction.

Research results. The first calculation was made for the frame, in which the load capacity ratio
in the most loaded column and the most loaded beam was taken 0.5. Outrigger systems were used as

a measure to increase vitality (Fig. 2).

7777 7777 7777

Fig. 2. Scheme of steel frame with outrigger systems

The first ruined element is the internal unripe column on the ground floor. The destruction time
is 18 minutes. The deformed frame scheme is shown in Fig. 3, a.

In the next stage, as of 18.5 minutes the destruction of the middle heated column and the
external unheated column (Fig. 3, b). The final destruction occurs because of the fall above-located
floors below (Fig. 3, c).

It can be concluded that the mechanism of destruction of the type of "unheated middle column —
heated internal column — final collapse” lasts 1 min (2 stages of calculation), is fast and dangerous in
terms of people’'s ability to evacuate from the building in the event of an accident.

The second calculation was made for a similar frame, but with the attachment of the outrigger
nodes, which allow vertical movement (Fig. 4). It is accepted that the elements of the outriggers are
included in the calculation scheme only after the column is damaged.
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c)
Fig. 3. The sequence of frame collapse for the first calculation:
a — destruction of the internal unheated column; b — destruction of the heated internal and external
unheated column; ¢ — final collapse

Column
element \

. Outrigger
element

% Oval
holes

Fig. 4. Typical outrigger element to column connection

As of 21 minutes, the first collapsed element was the heated internal column on the 1st floor
(Fig. 5, a). After removing the collapsed column in the calculation scheme in the next stage (21.5
minutes), the unheated internal column (Fig. 5, b) is immediately collapsed. As of 22 minutes, the
final collapse of the frame was due to the destruction of the external columns (Fig. 5, c).

In this case, the collapse mechanism was like a sequence "heated internal column — the external
column —the final collapse™. The first destruction occurs in a heated element, which is more predicted
in the scientific study of this phenomenon. Destruction occurs 3 minutes later than in the first
calculation. Such a mechanism as the previous one is also fast and dangerous.

The third calculation was made for the frame in which the joints of the attachment of the
outriggers according to Fig. 4 and the load capacity ratio in the most loaded column is 20% higher
than in the most loaded beam. The collapse mechanism occurred with the following sequence:

—as of 22 minutes the heated beam collapsed (Fig. 6, a);

—as of 27 minutes the internal heated column collapsed (Fig. 6, b);

—as of 27.5 minutes the destruction of the externally heated column (Fig. 6, c);

— as of 28 minutes the final collapse of the frame (Fig. 6, d).
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C)
Fig. 5. The sequence of frame collapse for the second calculation:
a — destruction of the heated internal column; b — destruction of the unheated internal column;
¢ — final collapse

O \,Q\ - { o—q
7T 7T 7T T 777
a) b)
SEEE— S
Vesari Veanai 7T i
c) d)

Fig. 6. The sequence of frame collapse after the third calculation:
a — destruction of the beam; b — destruction of the heated internal column; ¢ — destruction of the
heated external column; d — is the final collapse

The comparison of the third calculation with the two preliminary calculations for the frame
collapse in the fire was established:

— the collapse mechanism of the type "beam-internal column-external column-final collapse™
begins later in time (22 minutes compared to 18 minutes for "unheated internal column-heated internal
column-final collapse™ and 21 minutes "heated internal column-external column-final collapse™);
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— collapse mechanism of the type "beam-internal column-external column-final collapse” is
longer (6 min compared to 1 min for "unheated internal column-heated internal column-final
collapse” and 1 min "heated internal column-external column-final collapse").

The fourth calculation was made for a similar frame with a span of 9.6m (Fig. 7). Measures to
enhance vitality are similar to the preliminary calculation.

<>

77ri 77T 7777 7777

Fig. 7. A frame with a span of 9.6m

The collapse mechanism occurred with the following sequence:

—as of 25.5 minutes the heated beam collapsed (Fig. 8, a);

—as of 26 minutes was the destruction of the externally heated column (Fig. 8, b);

—as of 26.5 minutes the destruction of the internal heated column (Fig. 8, c);

—as of 27 minutes the final collapse of the frame (Fig. 8, d).

As you can see from the values of the time, the collapse mechanism is the type of "beam — the
externally heated column — the internal heated column — the final collapse™ less than the duration (1.5
min) by the mechanism type of "beam — the internal column — the external column®, but longer than the
mechanisms where the first column is collapsed. The results of all calculations are listed in Table. 1.

ST =

/
T 7T 7rr 7777 7777 7777 /7747

d)

Fig. 8. The sequence of frame collapse for the fourth calculation:
a — destruction of the beam; b — destruction of the heated external column; ¢ — destruction of the
heated internal column; d — the final collapse
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Table 1 — Calculations results

Collapse mechanism type The time of the onset Duration of destruction, min
of collapse, min
«unheated internal column —heated
. ) 18 1
internal column — final collapse»
«heated internal column —external 21 1
column — final collapse»
«beam — internal column —external 29 5
column — final column»
«beam — external heated column —
) . 25.5 15
internal heated column — final column»

Conclusions. The above calculations revealed various collapse mechanisms of multi-story
buildings' steel frames. The collapse mechanism will be longer and predictable if:

— the first will collapse the heated element of the frame;

— the first element to be collapsed should be a beam, not a column that prevents loading of other
columns;

— the internal column should be collapsed earlier than the external, which prevents the console
from "hanging" above the floors.

Based on the above gradation, it is possible to qualitatively evaluate the vitality of steel frames
as a result of a fire and other factors. The stated provisions can be taken as a basis for the study of the
vitality of steel frames with different numbers of spans and floors.
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MEXAHI3MH PYHHYBAHHS CTAJIEBUX KAPKACIB BATATOIIOBEPXOBHX
BYIIBEJIb ITPU ITOXEXKI
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AnoTauis. IIpoBeneHo Orisa MonepeaHix JOCTiIKEeHb MPUCBIYEHUX MUTAHHIO >KUBYYOCTI
OaratonoBepXoBUX OY/iBENb 31 CTaIeBUM KapkacoM. [IpoaHaiizoBaHO HasiBHI Ha ChOTOJHI 3aX0/U
MTOCUJICHHS )KUBYUYOCTI CTAJIEBUX KapKaciB 0araTornoBepXoBUX OyA1Belb MPH MOXKEXKI, K1 BILTUBAIOThH
Ha MMOTEHLIHUIA MeXaHi3M iX pyiiHyBaHHs. BU3HaueH1 KIJIbKICHI TOKa3HUKH KUBYYOCTI1, JOCIIHKEH1
panime. OnUcaHO BHKOPHCTaHY B JIOCIHIPKEHHI MOJENb CTaJeBOr0 Kapkacy 0araTonoBepXOBOi
Oynieni. IIpencraBneHo crocid MonentoBaHHA Jii MOXKEX1 Ha CTajleBl KOHCTPYKIii. BuzHadeHo
KpUTEpii pyHHYBaHHS €JIEMEHTIB CTAJIEBOTO KapKacy.

[IpencraBneHo BUKOPHCTaHI 3aXOAM TOCHIJICHHS KMBYYOCTi JJISi MOJIENI CTaJeBOTO KapKacy
OararonoBepxoBoi OyAiBii. BU3HaueHO MOCHIIOBHICTH PYHHYBAaHHS DPI3HMX €JIEMEHTIB CTaJeBHUX
KapKaciB 0araTornoBepXxoBUX OY/iBeNb 3a PI3HUX 3aXOJiB MOCHIIEHHs *)uBy4ocTi. [IpoananizoBaHo
TPUBAJICTh PYHHYBaHHS KOYKHOTO 3 PO3IJITHYTUX MEXaHI3MiB.

BcraHoBieHo, 110 MOYaTKOBE PYHHYBaHHsS B HEHarpiTOMy €JIEMEHTI NPU3BOAWUTH /10 MEHII
IIPOrHO30BAaHOIrO 1 OLTBII HECHPUSTIMBOIO MEXaHI3My pyWHYBaHHS 3 TOYKH 30py €Bakyallii B pasi
aBapii. BuzHaueHo, 1110 /U1 YHUKHEHHS IOYaTKOBOIO PYHHYBaHHS B HEHArpiTOMY €JI€MEHTI ITOTPIOHO
BUKOPHCTOBYBATH BY30J1 KPIIJIEHHSI ayTPUTEPiB 10 KOJIOH 3 JIOMYLIEHHSAM BEPTUKAIBHUX MEPEMIIIEHb.
BcTanoBneHo, 1110 y BUNaAKY pyHHYBaHHS OaJIKé paHille 3a KOJIOHY, MEXaHi3M Oy/ie TPUBATILINM, HIK
y BHUMAJKy IIOYaTKOBOTO pPYHHYBaHHS KOJIOHM. bBilbll paHHe pyHHYBaHHS CEpeIHbOI KOJIOHH
MPU3BOAUTE JIO TPHUBATIIIOTO MEXaHI3My, HDK OUIbII paHHE pYHHYBaHHS KpalHBOi KOJOHH.
BcTaHoBneHO, MO MeXaHI3M PYHHYBaHHS THITy «Oalika-cepeHsl KOJIOHA-KpaiHs KOJOHA-OCTATOYHE
pyiiHyBaHHS» HaHOLIbII TpUBAIMA Ta HaWOLIBLI mNependOadyBaHui. Bu3HaueHo rpajaiito THITIB
MEXaHIi3My pyWHYBaHHs CTaJE€BUX KapKaciB B poJii SIKICHOTO MOKa3HUKa *HBY4OCTi. [IpencraBiena
rpajais Moxxe OyTH BUKOpPHCTaHa JUIsl TOCTiDKEHb KapKaciB Pi3HOI MPOJIBOTHOCTI Ta TOBEPXOBOCTI.

Kuro4uoBi ci0Ba: MeTo/l CKIHUYCHHUX €JIEMEHTIB, CTaJIeBl KOHCTPYKIIi, )KUBYYICTh, MOXKEXKA,
MPOTpECyroYe pyHHYBaHHS, MEXaHI3M pPYHHYBaHHSI.
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AHoTtanis. Ha mepepo3nonin i BeJIMYMHY OCHOBUX 3YCHJIb B CTEPXKHSAX CTPYKTYPHHX IUIHT
BIUTMBAE s (GakTopiB: CHocid po3TallyBaHHS Ta KUIBKICTh OMOpP, HASBHICTH YU BIJICYTHICTH
MOMEPEeTHBOI0  HATATY B  KOHCTPYKIii, ¢opma 0a30BOro KpucTalxy IUIMTH, MO €
(hOpMOYTBOPIOIOYHMM, BHCOTA (TOBIIMHA) TUIUTH, IO MOXKE BapilOBATHCS B MEBHUX JOMYCTUMHUX
Mexax. 3MiHa OJHIET 3 IUX O3HAK MPH HE3MIHHIN PelTi MOKa3HUKIB CYTTEBO 3MIHIOE HAMPYKEHO-
nedopMOBaHHM cTaH KOHCTPYKIII.

B crarTi HaBeJEeHO OMHUC CKIHYCHOEIIEMEHHMX MOJEICH CTPYKTYPHOI IUIUTH TOKPUTTA 3
po3Mmipom B 1utani 12,0%24,0 m. [IpuiiHATO YOTHPU MOJIEI ITUTH, IO BIAPI3HAIOTHCS JIUIIE OJHUM
napaMeTpoM — TOBIIMHOIO KOHCTPYKIii. [IpwiiHATO Taki 3HA4YEHHS BUCOTH KOHCTPYKIii: 1,5 M
(Momenn Ne 1); 1,3 m (Mmomens Ne 2); 1,1 m (mozens Ne 3); 0,9 m (moaens Ne 4). BukoHaHo cTaTH4Hi
Ta KOHCTPYKTHBHI pPO3paxyHKH BCiX wMojeneil, mo mnpwuitaaro. IlimiOpano HOBI mpodimi
KOHCTPYKTUBHUX TPYI CTEP)KHIB TaKUM YHMHOM, 100 BOHM BIANOBiJadM yMOBaM MEPEBIPKH 3a
MEPIIOIO Ta APYTOI0 TPyIaMu TPAaHUYHKX CTaHIB Ta BIJICOTOK BUKOPUCTAHHS TEepepi3y CTEPKHS OyB
skomora BumuM. [IpoananizoBaHO MakCUMalbHI MPOTMHHU MOJIENIEH MICs CTATUYHOTO PO3PaXyHKY.
Haiimeniia Bara sik KpuTepiii ONTUMaNIbHOCTI € JUIsl Oy[iBEIbX KOHCTPYKIIIH, 30KpeMa METaleBHX,
HaOIIbIII NOIIMPEHUM KPUTEPIEM, OCKUJIBKY Il KpUTEPii JOCTaTHBO JIETKO (pOopMai3yBaTu.

OOuncneHo Bary KOXHOi MO TUTUTH W BCTAaHOBJICHO, IO ONTUMAIIEHUM KOHCTPYKTHBHUM
pimenHsM € moaens Ne 1 3 Bucotoro 1,5 M, OCKUIBKM JHIIE Ui Li€i Mojaeni AepopMaTUBHICTH
3HAXOAMTHCS B JOMYCTUMHX Mexax. MoJienb, o XapaKTepU3yeTcs HAMMEHIIOK Baro, € MOJIENb
Ne 3, anme MakcumanbHUI BepTUKaJIbHUH MPOrMH TaKOl KOHCTPYKLIi € OUIbIIMM 3a I'paHHUYHO
JIOTTYCTUMHIA.

Y BHCHOBKax BCTQHOBJICHO, 1110 aHaJI3 MEepEeMIIEHb BY3J1iB MOJIeNIel IIIUTH BUSBUB, 1110 JIUIIIE
MAaKCHUMAJIbHUI MPOTHH INIMTH 3a Mojeutto Ne 1, He mepeBuIllye rpaHUYHO JOIYCTHUMHM IPOTHH B
4,8 cM. MakcumanbHi nporuHd B Monenax NelNe 23,4 mepeBulllyloTb TPaHUYHO JOMYCTHME
3HaueHHs1 a0coioTHOro mporuny. Orxe, B Momensix NeNe 2, 3,4 ymMoBa mepeBipKH 3a JIPYroro
IpYIOI0 TPAHUYHMX CTaHIB HE BUKOHYEThCS I Mozenb Ne 3, o Mae HaliMeHIIly Bary, He MOXke OyTH
NpUUHATA SK TEBHE KOHCTPYKTHBHE pilIeHHS. 3Ba)KAlO4d Ha YMOBY JOCTaTHBOI >KOPCTKOCTI,
ONITUMAJIbHUM KOHCTPYKTUBHHUM BHpilIeHHsAM Oyne mozaenb Ne 1. Pisuuns y Basi mozxemi Ne 1 (8,9 1)
ta mojeni Ne 3 (8,33 T) 3 HaliMEHIIIOI Baror CTaHOBUTH 6,8 %.

Kuro4uoBi ciioBa: CTpykTypHa MIMTa, TOBIIMHA TUTUTH, MaTEPIaIOEMHICTh, PETYJISATOP 3yCHIIb.

Beryn. CTepHBOBI CTPYKTYpH, 30KpeMa CTPYKTYPHI IUTUTH, XapaKTEPH3YIOTHCS PSIOM
repeBar, HacamIiepe, 3aBIsSKH MPUPOJL CBOET OynoBHU. B 0CHOBI KOXKHOT CTPYKTYPHOT TUTUTH MOXKHA
BHIUTATH 0a30BUI MPOCTOPOBUI €JIEMEHT, IO SABJISE COOOK CUCTEMY IMOXMINX Ta TOPU30HTATBHHUX
cTrepxHiB. [lopsgok [HX CTEpXKHIB € YIOPAIKOBAHMM 1 Haraaye KpHUCTadl MPUPOIHBOTO
MOXO/KeHHST TpadiT, ajamas.
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BUILDING STRUCTURES

I'pansiMi TpaBWIBHUX  OaraTOrpaHHUKIB, IO TAaKOX € BioMuUMH sK Tina Ilmatona, e
IUIOCKUMU IIPABUIBHUMHU OaraToKyTHUKamu. Takux OaratorpaHHHUKIB MOYKHA BUAUIUTH JIUIIE IT'ATh
— TeTpaeap, OKTaenp, KyO, momekaenp, ikocaedp. Bymb-ski 3 HUX abo KoMOiHaIii iX B MpPOCTOpi
MOXyTh OyTH 0a3010 abo, IHaKIIe KaXydd, (OPMOYTBOPIOIOYMM E€JIEMEHTOM ISl CTPYKTYPHOL
KOHCTPYKIIT [1].

Jlisl yTBOPEHHSI CTPYKTYPHOI IJIMTH Takuil 6a30BUH €JIEMEHT CJIiJ] CKOIMIIOBaTH B3IOBX OCEH
X, Y HeoOXiiHy KUTBKICTh pa3iB JJIsl yTBOPEHHS KOHCTPYKII1 CTPYKTYPHOI TUIUTH.

Haii0inpmr 4vacto sk 0a30BUIl €J1EMEHT BHKOPUCTOBYIOTHCSI B IPAKTULI IPOEKTYBAHHS
CTPYKTYpHUX IUIMT TeTpaeap, Kyo, okraenp [1]. Tak, 3’eqHaBIIM OHAKOBUX JIBA TETpaeapa B OIHIN
BepIIMHI (BEpXHIM eleMeHT Oynae CUMETPUYHHM BiJOOpaKEHHSM HIKHBOTO) MOYKHA OTPHMATH
npocTuii HOPMOYTBOPIOIOYHIA €JIEMEHT CTPYKTYPHOT ILITUTH.

3a CBOEIO NPUPONOI0 CTPYKTYPHI IUIUTH, IO € CTEPKHbOBO-BY3JIOBUMH KOHCTPYKLISIMHU H
YTBOpEHI 3 0a30BHX €JIEMEHTIB BiAPI3HAIOTHCS €(EKTUBHOIO CTAaTHYHOIO POOOTOIO CTEP)KHIB
KOHCTPYKLII1, 110 I1J] HABAHTAKEHHSIM 3a3HAI0Th 3yCUJIb PO3TATY UM CTUCKY. 3aB/SIKU [IbOMY CTaJlb €
HaNOLIBII NPUAATHUM MaTepiajioM JJIsl BTIJICHHS TAKUX CTPYKTYPHHUX IUIUT B KHUTTSI.

BapiaHTiB KOHCTPYKTHBHMX DILIEHb CTPYKTYp NpH 33JaHUX MapaMeTpax MOXKHA CTBOPHUTHU
I0CUTh Oarato. 3HAXOKEHHS ONTHMAJIbHOI KOHCTPYKLII 3a NEBHHM 3aJaHUM KPUTEPIEM €
B)XJIMBOIO I aKTyaJIbHOIO MOILIYKOBOKO 33/1a4€lO.

AHani3 ocraHHix [pochaimkeHb i myOgaikamiii. B [1-11] HaBemeHo r1pyHTOBHE Ta
PI3HOIUIAHOBE TOCIIKEHHS «IIPOCTOPOBUX CITOK» a00 CTPYKTYP.

EQexTHBHUM KOHCTPYKIISIMH, IO XapaKTEPU3YIOTHCSI HEBEIMKOK MAaTepialoEMHICTIO M
TaKMMH, [0 MalOTh 3MOTY IEpEeKpHBATH BEJIMKI IPOJIBOTH, € CTPYKTypHI IumTH. IIpocropoBa
CTEP)KHBOBA KOHCTPYKIISI CTPYKTYpH Ja€ MOXJIMBICTH 0araroBapiaHTHOTO MPOEKTYBaHHSA Ta
MOIIIYKY HOBUX paIliOHabHUX (HOpM.

Binbmiicte cTpyKTYpHUX (OPM, Y TOMY YHCIi OUTBIIICTH BY3JIiB MPOCTOPOBOI CTPYKTYpPH, €
MOJYJIbHUMH.

CTpyKTypHI KOHCTPYKIIi — 3 KPHUBOJIHIHHOI IOBEPXHEI0 YU 3 IUIOCKOKO, € JIETKUMHU,
MIIIHUMH, NPOCTOPOBUMH, MOIYIBHUMH KOHCTPYKLISIMM MacoOBOIO BUPOOHHUITBA. ABTOpOM i€l
Takux KOHCTpykKmi € Omekcanap I'pem bemn. Ha mouarky 20 cT. BiH eKCliepUMEHTYBaB 3
IIPOCTOPOBUMHU (pepMaMu, 110 CKIAJAINUCA 3 OKTACAPUYHUX Ta TeTpaeApUIHUX OJ0KIB [1].

B 1907 p. O. bemiom Oyna moOynoBaHa O/HA 13 MEPIIMX CTPYKTYPHUX KOHCTPYKIN —
orsiioBa Bexka B beitH bxpea (CIIIA). B wiit KoHCTpyKIIii 3aCTOCOBYBAIMCS JTUT1 By3/IM Ta TpyOuaTi
CTEp>KHEBI1 eieMeHTH [1].

Jlnst 3BeleHHS] CTPYKTYPHUX KOHCTPYKIIM BHKOPHCTOBYBAJHUCS TAKOX 1 TOTOBI Momyni. Y
Benuxiii bpuranii B 1950-x pokax xommnanist Denings of Chard crana po3poOHukoM cuctemu Space
Deck. Ils cucrema mepenbadae O6osiToBe 3’€IHAHHS 30IpHMX CTaleBUX MOAYJIIB MipamifaabHOI
koH]irypauii. L1 30ipH1 Moayni MaroTh po3Mmipu B uiadi 1,22x1,22 m ta 1,05 m a6o 0,61 M B miud
BiamoBiaHO [1].

Momyns, o € nogioaum 1o cuctemu Space Deck, Mae Takox po3mipu B muiani 1,22x1,22 w,
asie 13 3aranbHor0 ruouHow 0,6 M. Taki Momyni Oyfo MPUHHATO sl KOHCTPYKLIM MOKPUTTS Ta
MEPEKPUTTSL B MOMY/IbHIN OymiBenbHIN cuctemi Nenk 3. I{a cucrema Oyna po3pobrnena y Benukiit
bpuranii kommnaniero Denings 3a 3amoBieHHsIM MiHicTepcTBa Oy[iBHUITBA NpU OyAiBHMUIITBI
KazapM Ha nouyarky 1960-x pokis [1].

Konpan Bakcman B 1959 p. po3poOuB mpoCTOpOBY CTPYKTYypy JUIsL aHrapiB JiTakiB i3
Benukumu mnposnbotamu s BIIC CHIA. Texniune 3aBmaHHs BHUMAarajio BEIHKOI THYYKOCTI B
KOHCTPYKIIil, reoMeTpii Ta TUmi OyaiBii, a TAaKOXK BUMarajo, 100 KOMIIOHEHTH OylnH MpHIATHUMHU
JUIS IOBTOPHOTO BUKOpPHUCTaHHS [ 1].

Cuctema Konpama Bakcmana BKiOuana CKJIAIHUM yHIBEpCaJbHHM 3’€AHYyBad, IO OyJ0
BHUTOTOBJICHO 13 KOMOIHAIli CTaHJAApTHUX KOBAaHUX EJIEMEHTIB B KUIBKOCTI 4oTHpu INTYyKHU. Lle
JI03BOJIMJIO TIOETHYBATH JI0 JABAJILATH TPYOUACTHX €IEMEHTIB y KOXKHOMY 3 €1HaHHi [ 1].

B [2—11] HaBemeHO TPYHTOBHE Ta PI3HOIUIAHOBE JOCIIHKCHHS «IIPOCTOPOBUX CITOK» abo0
CTPYKTYp M Cy4acHI KOHCTPYKTHBHI BHpIIIEHHS IUIOCKMX Ta KPHUBOJIHIMHUX IOKPHUTTIB, IO
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SIBIISIFOTH COOOI0 TIPOCTOPOBI CTEPIKHBOBI CTPYKTYPH TTOKPUTTSI.

B [12] BuKOHaHO 4YHCIIOBE MOCHIIKEHHS 3 METOK BHU3HAYCHHS HalWe(EKTHUBHINION 3a
napaMeTpoM MarepialoEMHOCTI MOJENi CTPYKTYPHOI IUTUTH B 3aJIKHOCTI B XapakTepy
po3TanryBaHHs OTIOPHUX CTIHOK Ta iX KIJIBKOCTI.

Busnauennss ontumanbHoi (opmu 06a30BOro (OpPMOYTBOPIOIOYOTO €JIEMEHTY Ipardarol
CTPYKTYpH IUIMTH HaBeleHO B [13].

[TuTanHg ONTUMI3ALIHHOTO NMPOEKTYBAaHHS CTPYKTYPHHX IUIUT MOKPHUTTSA € KOMIUIEKCHUM.
OnTuManbHe KOHCTPYKTUBHE PIIIEHHS MOXKE OyTH IIpeICTaBlieHE SK (QYHKINS, IO 3aJICKUTh BiJl
JEKITBKOX (aKTOPiB, IO € 3MIHHUMHU BETMYHAMHU i 3MiHA X04a OM OJHOTO 3 SIKUX SIKUX MPU3BOIUTH
710 3MiH Halpy>KeHO-1e()OPMOBAHOTO CTAHY.

Tak, BuOip onTHUManbHOT BHCOTH (TOBIIMHH) TUIUTH € aKTyaJbHOIO 3a/1au€l0 MPOEKTYBAHHS
CTPYKTYP.

[Ipu npu3HaueHHI BUCOTH CTPYKTYpHOI IUIMTH 13 CHUIBHOTO PO3MISALY YMOBU CTIHKOCTI
BEpXHIX #H MINHOCTI HWXKHIX HOACIB (Nye < @R Apa; Nwi < RyA;i) Ta OOMEXKEHHS IUIUTH 32
OPOTUHAMH (Wpex < [f]) MOXXHA 3HAWUTH MiHIMaJIbHY BHCOTY CTPYKTYPHOI IUIUTH /. Ilpu Takiii
TOBIIWHI OJHOYACHO JOCSATAETHCS TPAHUYHHH CTAaH TOSICIB 3a MIIHICTIO Ta CTIMKICTIO W TaKOX
TOCATAETHCS TPAHUYHUN CTaH KOHCTPYKIIIi B LIJIOMY 3a JiehopMatisiMu.

SIKI10 BUCOTY CTPYKTYPHOI IUTUTH MPU3HAYUTH OUIbINE HIXK /yin, TO MPOTUHU TUTMTU OYIYyTh
MEHIIIUMH 3a Ti, II0 JTO3BOJISIIOTHCA 32 [14], mepiivii TpaHMYHIA CTaH KOHCTPYKIIi OyJe BUHUKATH
paHiie, aHi>k Apyruil. Y 1bOMy BHUIAJKy MpH 3a0e3MeYeHH] HeCy4doi 31aTHOCTI CTEPKHIB PELIiTKH
CTa€ MOXKJIMBUM BHKOPHCTAHHS pe3epBY HECYUOi 3aTHOCTI MOSACIB NPU MPYKHOIUIACTHYHIN cTamii
ix poGotu. TakuM 4YMHOM, h;, € TAKOK MEXKEH, BHIIE SKOI MOXHA BPaxOBYBaTl pPO3BUTOK
IUTACTUYHUX JeopMalliii, o PeKOMEHIYEThCS MPH MPOEKTyBaHHI. Take BpaxyBaHHS MPHU3BOAHUTH
710 3HUKCHHS BUTPATH MarepiajiiB i 3MEHIICHHS KUJILKOCTI TUIIOPO3MIPIB CTPHIKHIB.

MeTtor0 po0OOTH € BH3HAYCHHS 3a KPUTEPIEM MarepialoeMHOCTI HAHOUThII e()EeKTHBHOTO
KOHCTPYKTUBHOTO PIIIIEHHSI CTPYKTYPHOI CTaJIEBOI MIIUTU MOKPUTTS po3MipoM B miani 12,0%24,0 m
3-TIOMIXK MOZETIEH, 10 AOCITIKYIOThCS. PerynsaropoM 3ycuiib B MOJETSX TUIUT BHCTYIAE TIapaMeTp
TOBIIUHU (BUCOTH ) TIJTUTH.

Jist mocsirTHEeHHSI MeTH HeOOX1THO 3M1MCHUTH TaKi pO3PaxXyHKOBI 3aBJaHHS:

1) nocniguty pakTOpH, 110 BIIMBAIOTH HAa 3MIHY 3YCHJIb B CTEPKHSX IUIUT;

2) NpUHHATH OJWH 13 3MIHHUX MapaMeTpiB B SKOCTI PErynsaTopa 3yCUIb B CTEP>KHEBUX
€JIEMEHTaX CTPYKTYPHOI IIUTH;

3) cTBOpEHHS 3 BUKOPUCTAHHSIM METONy CKIHUEHHUX eleMeHTIB 13 3actocyBaHHsM [1K JIIPA-
CAIIP nexinbka CKIHYEHOEIEMEHTHUX MoOjesel, o OyayTh BIIPI3HATHCA OJHA BiJ OIHOI JMIIE
OJTHUM IapaMeTPOM — TOBIIUHOIO (BUCOTOIO IIJIUTH);

4) npuiHATH (OPU3HAUUTH B IEPLIOMY HaOMM)KEHHI) B MepuIiil po3paxyHKOBiH iTeparii
nmapaMeTpu KOPCTKOCTI JUISI BCiX KOHCTPYKTUBHHX TpPYIl CTEP)KHEBUX €JEMEHTIB IUTUTH —
NPU3HAYUTH TEBHI Mpodisi TpyO Ui eJeMEeHTIB JUIsl BCIX BapiaHTHUX MoJeneill MuTH, Mo
MIPUMHATO 10 aHAJI3y Ta PO3PaXyHKY;

5) BUKOHaTH CTaTUYHUI PO3paxyHOK 3 >KOPCTKOCTSIMM mepioro Tumy (1-ma iteparist) Bcix
PO3paxyHKOBHX MOJIENIeH CTPYKTYPHOI TUTUTH;

6) Ha OCHOB1 OTPUMAHUX 3YCHJIb Ta MEepEeMIlleHb y31iB B Moyl «MetaneBi koHCTpykuii» TTK
JIIPA-CAIIP ninibparu HOBI CKOPUTOBaH1 po3MipH NEPEPi3iB CTEP)KHEBUX €IEMEHTIB IUIUTH;

7) OOUMCIIUTH 3TiTHO HOBUX MPU3HAYEHUX IEPEpPi3iB CTEPKHEBUX EIEMEHTIB MOJENEH TUIUT
Bary KOKHOI MoOfem IUTMTH, W0 JOCHDKYeThcs. OOpath Monaenb, IO XapaKTEPH3yEThCS
HaMMEHIIIOI0 Barolo;

8) MpU3HAUUTH HOBI MMapaMeTPH KOPCTKOCTI, 00UKciIeH1 B Moayii «MeTaneBi KOHCTPYKIIT» i
BUKOHATH JPYrUid iTepalliiiHuii CTAaTHYHUIN pO3PaXxyHOK MOJEICH;

9) 3a HOBUMM JaHHMHU MICIS JPYroro ITepaliiHOrO po3paxyHKy OILIHHUTH Ta MOPIBHATH
napaMeTpu HamnpyXeHo-/1e()OpPMOBAHOTO CTaHy, BIZICOTOK BHUKOPUCTAHHS IMEpepi3iB 3a IMEpPIIOI0 Ta
APYrol0 TPyHMaMy TPAaHHYHUX CTaHIB MOJEIEH IJIHT, 0 JOCIiKYIOThCS;

10) chopmyntoBaTH BUCHOBKH.
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Marepiaaun Tta Metoau aociaimkenHsi. Cepel METOMIB, IO 3aCTOCOBYBAJIUCS B Iild poOOTi
CJIIT BUIUTUTH HACTYITHI:

— METOJ CKIHYEHHX EJIEMEHTIB — JUIS MOJAETIOBAHHS PO3PaxXyHKOBUX MOJIENEH CTPYKTYpHOI
ity B cepenouili [1K Jlipa-CAIIP. Merton Tako)X 3acTOCOBAHO JJisi BU3HAUYCHHsI HAINPYXKEHO-
1e(GOpMOBAHOTO CTaHy MOAETCH, TPUHHATHX 10 PO3PaXyHKY;

— METOJl pPO3paxyHKy CTaJIeBUX €JIEMEHTIB B MoAyni «MertaneBl KOHCTPYKLII» — JuIs
KOHCTPYIOBaHHSI CTEP)KHEBHX €JIEMEHTIB CTPYKTYPHHX IUIUT 32 METOJUKOI0 OOpaHHUX HOPM
KOHCTpYIOBaHHS [15], oIliHKM BiICOTKY BUKOPHUCTaHHS ILIOMII Tiepepidy crepkHiB 3a 1 I'C ta 2 I'M
HopwM [ 15].

Pe3yabTratu JocCiiuKeHHs. Aneopumm 4ucnooeo exkcnepumenmy. BUcCOTa TIIUTH € TUM
(bakTOpoM (peryisaTopoM 3yCuiib), IO MOPsA 3 IHIIUMH (pakTopaMu (Crocid po3TalryBaHHS OIOP-
CTIIIOK, CTBOPEHHS MOMEPEIHbOI0 HATATY B 3aTSKI[I HUKHBOTO IOSCI, IITY4YHE MOHUKEHHS PIBHS
orop, 3MiHa Gopmu 06a30BOTO €IEMEHTA-KPHUCTATy), CYTTEBO BILIMBAE HA MEPEPO3IOILT 3YCHIIb B
CTEpPXKHSIX MPOCTOPOBOI CTPYKTYPHOT IITUTH.

3 MeTOr0 BU3HAYCHHS 32 TapaMEeTPOM ONTHUMAIBHOI BUCOTH HAWOUIBIT €(heKTUBHOTO PILICHHS
CTPYKTYPHOI IUIUTH MPUHHATO YOTHUPH BapiaHTH IUIMTH, IO BIAPI3HSIOTHCA MK COOOK JIHIIE
TOBIIMHOIO (BUCOTOIO) IUIUTH. TOBIIMHA TUIMTH BapitoeTbess B Mexkax Bif (1/16+1/24) [ i npuitHsTo
taki ToBmmAHM mmTu: 1,5 M; 1,3 m; 1,1 m; 0,9 M.

B paMkax BUKOHAaHHS YHCIIOBOTO €KCIIEPUMEHTY IUIAHYETHCS 3IHCHUTH TaKi €TaIu:

— Buxopucroyroun [IK Jlipa-CAIIP 2024 cTtBOpUTH YOTHUPH CKIHYEHOEIEMEHTHI MOl
CTPYKTYpHOI TUTMTH po3mipoM B tuiaHi 12,0%x24,0 M, mo Biapi3HsHCS OM OJHA BiJ OAHOI JIMINE
OJTHUM IapaMeTPOM — TOBIMMHOK muTH (t = 1,5 m; 1,3 M; 1,1 M; 0,9 m).

— B po3paxyHKoBili Mozeni BUAUIEHO TPH KOHCTPYKTUBHUX TPYNH CTEPXKHIB: E€IEMEHTH
BEPXHBOTO MOSCY, €IEMEHTH HIKHBOTO TMOSICY Ta €IEMEHTH PEIITKH (CTEP’KHI Ta PO3KOCH).

— Ilpum mepmiii iTepanii MM rpynaM eIeMeHTiB IPU3HAYeHO repepizu npodinto 3 Tpyo (Tadm. 1).
BukoHyeTbCsi CTaTUYHUN PO3PAXyHOK [UIsl BCIX UYOTUPHOX MOJENeH CTPYKTypHUX ILTUT. 3a
pe3ylibTaTaMi CTaTHYHOTO PO3PAXyHKY Ta BHKOPUCTOBYIOUM MOIYNb «MeTaneBi koHCTpyKiii» [TK
Jlipa-CAIIP 3a ymoBamMH MIIIHOCTI Ta CTiHKOCTiI (YMOBaMmH MEpIIOi IPyHNu TPAaHUYHUX CTaHIB) Ta
yMoBaMH# J1e()OpMaTUBHOCTI (APYroi Ipynu TpaHUYHUX CTaHIB) aBTOMAaTWYHO MiliOMparoThCs HOBI
napameTpi >KOPCTKOCTI JIsl TPYH CTEP>KHIB MIIMTHOI KOHCTPYKIIII.

— Buxonyerbcs Apyruil iTepamiiHMi CTaTMUHUN PO3PAaXyHOK [UIsl YOTUPHOX Mopeei
CTPYKTYpPHOI TUIUTH 3 HOBUMH KOPCTKOCTSIMH NEPEPi3iB eIEMEHTIB.

— AmHami3 HanmpyXeHO-Ie(hOpPMOBAHOTO CTaHy MOJEJeH CTPYKTYPHOI IUIUTH MICHs JPYroro
ITepalifHOTO PO3PAXYHKY.

— AHani3 BiICOTKIB BUKOPUCTAHHS TIJIONI MEePEePi3iB 3riAHO pe3yNIbTaTiB Mia00py mepepi3iB 3a
MEPUIOI0 Ta IPYroro rpylnaMu IPAaHUYHUX CTaHIB.

— OOuucieHHs] Baru KOXKHOI MOJeNIl CTPYKTYpU 3a pPe3yJbTaraMyd KOHCTPYIOBAaHHS MICHS
APYroro iTepauifHoOro po3paxyHKy.

— BusHaueHHs HalOUIBII €(PEKTUBHOIO KOHCTPYKTHBHOIO PIIIEHHS CTPYKTYPHOI IUIUTH 3-
MOMIK YOTHPBOX ii BapiaHTiB, IO JOCIIIKYBAIHUCS.

Tabmuust 1 — XapaKTepuCTHKH KOPCTKOCTEW KOHCTPYKTUBHUX €JIEMEHTIB CTPYKTYPHOTO MOKPUTTS
(mpu iTepauiiiHoMy po3paxyHKy Ne 1)

[Tonepeunnii
Ha3Ba enemenry nepepis, cM E, /™ | R, T/M° i
(I'OCT 8732-78%)

Tpy6a 114x20 | 2,1-10" | 7,85 | 0,3 | C235 | 0,046

Mapka q,
crai /M

1. CtepxHi BEpXHBOTO
osACYy

2. Crep>H1 HUKHBOTO
osACY

3. EneMenTH peurntku
CTPYKTYPHOI IIJIUTH

Tpy6a 114x20 | 2,1-10" | 7,85 | 0,3 | C235 | 0,046

Tpy6a 68x6 2,1-10" | 7,85 | 03 | €235 | 0,0092
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Ckinuenoenemenmua  mooeib — cmpykmypuoi  naumu. B SKOCTI  KOHCTpPyKWii, 110
JOCIIDKYETHCS, MPUUHITO CTPYKTYPHY CTajieBy IUTY (puc. 1) 3 po3mipamu B mani 12,0%24,0 wm,
TOOTO 13 BIJHOIIEHHSAM CTOPiH K 1:2.

= %V
15 =
ye =0/
A% @_V
A% %\/
SIS~~~
. L

Puc. 1. CkiHueHoeneMeHTHa MOJIETb CTPYKTYPHOI ITUTH 32 cxemoro Nel:
a — 130MeTpUYHHI BUIIIA; 6 — BUA KOHCTPYKIIIT B ruiomuHi XOY

[Inura Mae OpPTOrOHANBHY CITKY MOSICIB 3 PO3MIPOM IUIOCKOI SIUEHKH TOSACY (BEPXHBOTO Ta
HWKHBOTO) — 1,5%3,0 M), puc. 2.

Puc. 2. OproronanbHa ciTka MosCiB (BEpXHBOIO Ta HUKHBOIO)

Byznu BepXHBOIo Ta HUYKHBOT'O TIOSICIB 3°€/THaH1 po3KocaMul. 3a 0a30BHii €IEMEHT IPUIHSTO KPUCTAI
3a (opMOr0, HaBEeNIEHOIO Ha puc. 3. BiH sBIsic o000 JBI Mipamiiu 3 MPIMOKYTHOI OCHOBOIO 1,5%3,0 m, i
TaKi, 1110 MAOTh PI3HUI HAIIPSMOK BEPIIIUH 1 TaKl, 1110 3’ €HYIOTHCS O/THA 3 OTHOKO Y BEIIMHI.

Puc. 3. ba3oBuii €1€MEHT, 1110 YTBOPIOE CTPYKTYPHY ILIUTY
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Po3mipu B TuiaHi, HaBaHTaXKEHHS, IO i€ HA IUIUTY, BUJ 0a30BOTO (OPMOYTBOPIOIOYOTO
€JIEeMEHTY, CIIOCIO CIMpaHHS MPUUHSTO K TapaMeTpH, 10 He 3MIHIOIOTHCS.

B sxocTi oOMeXeHb NMPUHHATO YMOBY MILIHOCTI JJIsl CTEPKHIB, IO HPAIIOIOTh Ha PO3THT,
yMOBa CTIHKOCTI Ji €JIEMEHTIB, IO MpalOl0Th HA CTHUCK, MPUMHITO TaKOXXK OOMEXKEHHS 3a
IPaHUYHOIO THYYKICTIO [15] Ta rpaHnYHMN TPOTUH KOHCTPYKIi [ 14].

3a o3Hakor cxemu Ne5 (cxema 3arajJbHOrO BUINIANY) 13 CTEPIKHEBHUX €JIEMEHTIB 3arajbHOr0
tumy (CE Ne 10) 3Mo/1e/1I06eMO CKIHYCHOCIEMEHTHY CXeMY CTPYKTYpHOI ruutH (puc. 1).

Jnst Bcix Mozenedl CTPYKTYpPHOI IUIMTH NPUNHATO IIapHipHE CIHMPAaHHS 1O JIBOM JIOBI'UM
ctopoHam (puc. 1, a). Pobota koHCTpyKIIii MMl HABAaHTAXXCHHSAM € OJHOHAINPABICHOIO. 3’€THAHHS
BCIX CTEP)KHBOBHX €JIEMEHTIB € mapHipHuM. Ilepepi3 ans eneMeHTiB BCiX TPyH MPUUHSATO 13 TpyOH
oe3moBHO1 rapsiuekaranoi 3a [OCT 8732-78%*).

OCKINBbKM yXWJI €JIE€MEHTIB BEPXHBOTO TOSICY CTPYKTYpU CTaHOBHUTH o <30°, TO MPHIAHATO
PO3IOILT CHITOBOTO MTOKPHUBY SIK PIBHOMIPHHM 110 BCOMY MTOKPHUTTIO.

[TpuiinATO TpH THUIM 3aBaHTaKEHHs: 3aBaHTakeHHS Ne 1 (mocriliHe, BIacHa Bara CTPyKTypH),
3aBaHTaxeHHs1 Ne 2 (TTOCTiliHEe, BlacHa Bara KOHCTPYKTHUBHUX IIAPiB MOKPiBIi), 3aBaHTaxeHHs Ne 3
(THMUacoBe, CHITOBE HABAaHTAXKEHHS).

Ananis pezynomamie pospaxyuky. Ha puc. 4 HaBeneHo rpadiku nepemiiieHb B30BXK oci Z B
MO3IOBKHBOMY TIepepi3i MiCis TepIIoro irepamidHoro po3paxyHky. Ha puc. 4,0 HaBemeHO
nedopMoOBaHy cxemy IUIUTH 32 Mozesutio No 1.

a) —o—cxema Nel cxema Ne 2
—A—cxema Ne 3 ——cxema Ne 4

-15 W
-17
I

21

fz, [Mmm]

JIoB:KMHA MJINTH, M

Puc. 4. Pe3ynbrat po3paxyHKy 3a IPYroro rpyrnor rpaHUYHUX CTaHIB:
a — IepeMIILIEHHS B3JIOBX OC1 Z B MO30BKHBOMY Iepepi3i micist 1-ro iTepaiiitHoro po3paxyHky;
6 — nepopmoBana cxema Ne 1 (rumura ToBImmHOKO 150 cM) micins 1-ro iTepariifHoro po3paxyHKy
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OueBuAHO, 10 3 YKOPCTKOCTSIMU TEpepi3iB, NPUHHATHUMU B MEPLUIOMY HAOIMKEHHI, Yy BCIX
MOZENAX Je(POPMATUBHICTh € MEHIIOK 3a BEJIMYMHUY TPAHUYHO JOMYyCTHMOro nporuny f,=4,8 cm
(puc. 4, a).

Ha ocHoBi 3ycuiib, OOUMCICHHX HpPU MKOPCTKOCTAX 1-ro tumy (Tabm. 2), OyJao BHU3HAYEHO
3ycusuis Ta Aedopmartii Bcix moneneit mmt. Ha puc. 5 HaBeaeHo entopu BHYTPILIHIX 3ycuib N JUis
MEBHUX TUIIIB KOHCTPYKTUBHUX I'PYI CTEPKHIB JUIsl OKpeMuX cxeM nt Big PCH2.
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Puc. 5. 3ycumns N 'y BepXHBOMY TMOSICI CTPYKTYPH MICIISI IEPIIOTO 1TEPAIHHOTO PO3PaxXyHKY BiJT
PCH2: a— B cxemi Nel; 6 — B cxemi Ne2; B — 3ycuimist N 'y HIDKHBOMY TOSICI CTPYKTYPH MiCTIs
nepuioro irepariinoro pospaxynky Bigx PCH2 B cxemi Ne3; r — B cxemi No4

Modern construction and architecture, 2024, no. 8, page 30-42



BUILDING STRUCTURES

Ha ocHOBI pe3ynbrariB CTaTMYHOTO PO3PAXyHKY aBTOMATH30BaHO B Moayni «Meranesi
KOHCTPYKIII» 3 ypaxyBaHHSM IapaMeTpiB KOHCTPYIOBAHHSI Ta 3T1IHO TMPU3HAUYCHUX MapaMeTpiB
Mmarepiany Oylo mepepaxoBaHi HOBI po3Mipu TpyOuaTHx Hepepi3iB eIeMEHTIB MoJeNeil CTPYKTYp.
Po3paxyHok BHWKOHYBaBcs 3rigHO HOpM [15] ¥ 3a BuKOHaHHSAM yMOB 1-i T 2-1 Tpynm rpaHUYHUX
CTaHIB 3allPONOHOBAHO HOBI Mpodisi (Tabm. 2-4) i BCiX KOHCTPYKTHUBHUX T'PYIl CTEPIKHIB.

Tabmurst 2 — )KopcTKOCTi €IeMEeHTIB BEpXHBOTO TOSICY, IPUIHATI 32 pe3yabTaTaMu
iTeparniiinoro pospaxyHky Ne 1

Nocxemn |  Cranb [Tpodine TpydH Bara .IM'H' I[O].%KHHa Bara, T
npodUI0, T | CTEPXKHIB MOSICY, M
1 C235 TB102x4 0,00849859 324 2,75
2 C235 TH102x3,5 0,00849859 324 2,75
3 C235 TH102x4 0,00849859 324 2,75
4 C235 Th127x4 0,0121285 324 3,93

Tabmuis 3 — YKopcTKoCTi eeMeHTIB HUKHBOTO TI0SACY, TPUIHATI 3a pe3ylibTaTaMu
iTeparniiiHoro po3paxynky Ne 1

Ne cxemm |  Cranb [Tpodins TpyOu Bara .IM'H' HO].”KHHa Bara, T
npopuI0, T | CTEPXKHIB MOSICY, M
1 C235 TH102x3,5 0,00849859 324 2,75
2 C235 TB102x%3,5 0,00849859 324 2,75
3 C235 Th89x4,5 0,00937371 324 3,04
4 C236 TB108x5 0,0126955 324 4,11
Tabmums 4 —)KopcTKOCTi €JIEMEHTIB PEIITKY, MPUHHSATI 32 pe3yJbTaraMu
iTepaniifHoro po3paxyHky Ne 1
No cxemu |  Cranb [Tpodine TpyOu Bara .IM'H' I[opxana Bara, T
npoduTI0, T | CTEPXKHIB MOSICY, M
1 C235 TB83x3,5 0,00685926 495,48 3,40
2 C235 Th83x%3,5 0,00685926 4842 3,32
3 C235 TB76%3 0,00539867 470,36 2,54
4 C235 Th89x3,5 0,00737694 461,64 3,41

[licns mnpu3HayeHHs HOBUX THapaMeTpiB MKOPCTKOCTI JUIs €NEeMEHTIB IUIUTH (Tadi. 4),
BUKOHAa€EMO Jpyruil itepauiiiHuii po3paxyHok. B Tabnuii 5 HaBeaeHO JaHI LIOAO IEpEMIllIEHb
BY3JIiB BIIHOCHO OC1 Z B MONIEPEYHOMY Mepepizi MoJenel MIIUTH Miciis NepIiol Ta Apyroi iTepaiii.

Tabmuns 5 — [Nepemirienss £ micns 1-ro Ta 2-To iTepanifHuX po3paxyHKiB B [TO30BKHBOMY Mepepisi

Mposir, w Cxema Nel Cxema Ne2 Cxema Ne3 Cxewma Ne4

’ Itep.1 | Itep.2 | Itep.1 | Itep.2 | Itep.1 | Itep.2 | Itep.1 | Itep.2
0 -14,78 | -36,33 | -16,95 | -45,05 | -18,92 | -52,68 | -26,74 | -55,79
3 -15,18 | -38,92 | -16,89 | -46,02 | -19,21 | -54,66 | -27,13 | -57,35
6 -15,52 | -41,23 | -16,88 | -47,25 | -19,42 | -56,58 | -27,42 | -59,04
9 -15,96 | -43,16 | -17,14 | -48,58 | -19,84 | -58,57 | -27,91 | -60,64
12 -16,04 | -43,67 | -17,15 | -4891 | -19,92 | -59,06 | -27,88 | -60,87
15 -15,97 | -43,17 | -17,14 | -48,58 | -19,84 | -58,57 | -27,41 | -59,67
18 -15,53 | -41,26 | -16,88 | -47,25 | -19,42 | -56,58 | -26,27 | -56,76
21 -15,20 | -38,97 | -16,89 | -46,02 | -19,21 | -54,66 | -25,07 | -53,14
24 -14,81 | -36,40 | -16,95 | -45,05 | -18,92 | -52,68 | -23,48 | -48,93
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Ha puc. 6 HaBeneHO MakCUMalIbHI TIEPEMIILICHHSI BY3JIiB f- B CKIHUYEHOEGIEMEHTHUX CXEMax 3a
JIBOX ITepartii.

—o—itepairis Nel iTepartis Ne2

= 70 60,9
= 59,1 :
E_ 60 49
= =
§ s 50

x
=5 40 437 28
wa 'E 30 20
S8 17.2 /
sz 20 :
= -] o— O
g 10 16,3
«
> 0

1 2 3 4

Ne mozgeJi niauTn

Puc. 6. MakcumainbHi epeMilieHHs By3JiB f. B CKIHUEHOEIEMEHTHUX CXeMax IMpH JBOX ITepaiisix

BincoTok BUKOpHCTaHHS Tepepi3iB BCiX TPy KOHCTPYKTHUBHHX IOSICIB 32 YMOBaMH TEpIIOT
TPyl TPaHUYHUX CTaHIB MICIs JPYroro iTepauiiHOro po3paxyHKy B MOPIBHSHHI 3 HEpHIMM
iTepaniiHuM po3paxyHkom 30inbimucs Bizx 20 % o 100 %.

Jlnisi KOXKHOI TPy KOHCTPYKTHBHHUX €IIEMEHTIB SIK YHi(ikoBaHUH, €nuHHiA mpodiss Oyino
MPUIHITO MaKCUMaJbHI AiamMeTp mpodinto TpyOu, 3alpornoHOBaHUN B MOCTHpoIiecopi «Meranesi
KOHCTPYKIii». 3rifHO HOBHX Mpo(iaiB TpyOu Oyli0 MigpaxoBaHO Bary KOXKHOI KOHCTPYKTHBHOI
mopemni. [ligpaxyHok Baru Mojenel HaBeieHo B Tabi. 6-9.

Tabmunsa 6 — Bara cxemu Ty cxemu Nel

Bara Im.n Hlowiura
Ne cxemn Cranp | IIpodins TpyOu .| CTepxKHIB Bara, 1
npodiiro, T
TOSICY, M
Bepxniit mosic | C235 Th102x4 0,00849859 324 2,75
Hwxniit mosic | C235 Th102x%3,5 0,00849859 324 2,75
Po3kocu C235 Tbh83x3,5 0,00685926 495,48 3,40
Bceworo: 8,91

Tabmuns 7 — Bara cxemu ity cxemu Ne2

Bara Im.n Hlowintia
Ne cxemn Crans | IIpodins TpyOu .| CTepXKHIB Bara, T
npoduto, T
HosACY, M
BepxHiii mosic C235 Tb102%3,5 0,00849859 324 2,75
Huxniit mosic | C235 Tb102x3,5 0,00849859 324 2,75
Po3kocu C235 Th83x%3,5 0,00685926 484,2 3,32
Bcernoro: 8.83
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Tabmumg 8 — Bara cxemu it cxemu Ne3

. Bara Im.o. I[omicnga
No cxemu Cranp | I[Ipodins TpyoHn . CTEpXKHIB Bara, T
npodinto, T
MosICY, M
Bepxniit mosic | C235 Th102x4 0,00849859 324 2,75
HwxHiit mosic C235 Tb89x%4,5 0,00937371 324 3,04
Poskocu C235 Th76%3 0,00539867 | 470,36 2,54
Bceworo: 8,33
Tabmuus 9 — Bara cxemu muntu cxemu Nod
. Bara Im.o. I[OB”‘“‘?a
No cxemu Cranp | IIpodine TpyOn . CTEpXKHIB Bara, T
npodinro, T
MosICY, M
Bepx#iii mosic C235 Th127x4 0,0121285 324 3,93
Huxwiit nosic C236 TB108%5 0,0126955 324 4,11
Pozkocu C235 Tb89x3,5 0,00737694 | 461,64 3,41
Bcworo: 11,45

Ha puc. 7 HaBeeHo rpadiyHy UTIOCTPAIlio MiApaxyHKy Bard MOAEJEH IUTUTH B TAOIHIAX 6-9.

14 =cxema Nel (h=1,5 m)
It cxema Ne2 (h=1,3 m)
12 > cxema Ne3 (h=1,1 m) 11,45
& cxema Ned4 (h=0,9 m) ::
10 8,91 8,83 b4+

Bara, T
(@] o
L

y // ©
w
/ w

7

L aaddd

-,

0

Puc. 7. Bara Mmoneneit cTpyKTypHOI IUIMTH 3T1JHO HOBUX PO3MipiB nepepisy, niaiOpanux micis 1-ro
1TepaLliiHOTO PO3PAXYHKY

BucnoBku. Tak, 13 Tabnuies 6—9 BugHO, 110 HaliMeHIa Bara Oyne y mozeni Ne 3 3 BUCOTOIO B
1,1 M. HaiiGinbmoro Baroro xapaktepusyerbes Moaenb Ne 4 3 Bucororo 0,9 M. PisHuns y Basi mux
TJTUT 3 HAWMEHIIIOI0 Ta HAHOIBIIIO Baror CTaHOBUTH 1,37 pasu.

OTxe, 3a KpUTEpieEM MaTepialoEMHOCTi, HAaHOUIbII e(EeKTUBHOIO 3-TIOMIXK BapiaHTiB, IO
JOCJTIKYBAJIUCS, € MOZCJb TUTUTH 32 cXeMoro Ne 3.

Ane, 3BaxaroudM Ha pe3ylbTaTH TMOPIBHSAHHA MaKCHUMaJbHUX MPOTMHIB KOHCTPYKIII 13
IPaHUYHO AOMYCTUMUMHU iX 3HaueHHsAMH (f,=4,8 cM), Monenb KOHCTpyKIii 3a cxemoro Ne 3 He
3aJI0BOJIBHSIE YMOBAM IIE€PEBIPKU 3a JPYrol0 IPynor rpaHudHUX craHiB. OTxe, momenb Ne 3 He
Moyke OyTH IPUMHATA B IKOCT1 OIHOTO 13 BapiaHTIB KOHCTPYKTUBHOTO PIlLIEHHS CTPYKTYPHOT IIJTUTH.

OCKIJBbKH JIMIIE 32 YMOBOIO KOPCTKOCTI MpUHHATHOIO € cxema Ne 1 (Bucora 1,5 M), TO 1110
MOJIeNTb IPUIMAEMO SIK €IMHO MOYIIMBY Ta HalO1NIbII €(hEeKTUBHY.
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IepcnexkTuBu nociaitkedb. Ha puc. 7 HaBeneHO MaKCHMaJbHUN BiJCOTOK BUKOPHUCTAHHS
mepepiziB 3a pe3yIbTaTaMu JAPYroi iTepaiiii, ajie BiZICOTOK KIIBKOCTI CTEPKHIB, 10 BXOJIUTH JI0 TaKOi
TPYyIH 3 MAKCUMaJIbHUM BiJICOTKOM BUKOPUCTAHHSIM ILIONII TIepepi3y, € HesHauHuM (10 2 %).

Jlnst OubIl  ACTAJIBHOTO 1 ONTHUMAJIBHOTO KOHCTPYIOBAaHHS CiiJ 3pOOMTH IIe JeKUIbKa
PO3paxyHKOBHX iTepalliii 3 MeTow, 00 SKOMOTa OUIBIIMKA BiJCOTOK B KOHCTPYKTHBHHX TpyIHax
CTEpXHIB CTPYKTYPH MaB SIKOMOTa IIOBHE BUKOPUCTAHHS IIOILI MIEpepiy.

Takox, 3 METOIO OUIBIII TOYHOTO KOHCTPYIOBAaHHS, BXK€ Ha APYTiH iTeparii ciijl 3a IeKiabKoMa
nianazoHaMu 3ycwiib N c(hopMyBaTu TPYMH CTEPKHIB, JUIS AKUX OyJ0 OM MPUHUHSATO BiAMOBITHUI
HOBHIA IPOQ1IIb TPYOH i MIPOBECTH JEKIIbKA ITEPALliHIX PO3PAXYHKIB 10 MOMEHTY, KOJIU Y O1TBIIOT
KUIBKOCTI CTEpPI)KHIB KOHCTPYKTHBHOI TPYIIHM BIJICOTOK BHKOPHUCTAaHHS Tepepidy Oyae 3HaAuHUM
(>50 %). Lle 103BOMUTH CYTTEBO 3MEHILIUTH Bary IJIMTH, X04a i 30UIBIIITH KUIBKICTH TUIIOPO3MIpIB
CTEP’KHIB B yCiX KOHCTPYKTHBHUX TPYIIax CTEPKHIB.

Jlireparypa

1. Chilton J. Space Grid Structures. Routledge, 2007. URL:
https://doi.org/10.4324/9780080498188 (date of access: 16.04.2024).

2. The principle of space frame steel structure construction. Space frame. URL:
https://www.safsteelstructure.com/news/the-principle-of-space-frame-steel-structure-construction/
(date of access: 16.04.2024).

3. Space Frame Components of Space Frame System Types of Space Frame Advantages &
Disadvantages of Space Frame Structure Space Frame Structures Examples. CivilJungle. URL:
https://civiljungle.com/space-structure/ (date of access: 16.04.2024).

4. Ashtul S.A., Patil S.N. Review on Study of Space Frame Structure System. International
Research Journal of Engineering and Technology. 2020. Vol. 07, no. 04. P. 667-672. URL:
https://www.irjet.net/archives/V7/i4/IRJET-V714137.pdf (date of access: 16.04.2024).

5. Facilitator C. Space Frame Structure; an analysis of its benefit - Constro Facilitator.
Constro Facilitator. URL: https://constrofacilitator.com/space-frame-structure-an-analysis-of-its-
benefit/ (date of access: 16.04.2024).

6. Balke H. Réiumliche Tragwerke. FEinfiihrung in die Technische Mechanik. Berlin,
Heidelberg, 2010. P. 91-98. URL: https://doi.org/10.1007/978-3-642-10398-8 8 (date of access:
16.04.2024).

7. The Editors of Encyclopaedia Britannica. Space frame Steel Structures, Modular Design &
Prefabrication. Encyclopedia Britannica. URL: https://www.britannica.com/technology/space-frame
(date of access: 16.04.2024).

8. Li Z. X. Structure Mechanics Analysis with Different Construction Schemes in Large-Span
Space Grid Structure. Advanced Materials Research. 2013. Vol. 788. P. 534-537. URL:
https://doi.org/10.4028/www.scientific.net/amr.788.534 (date of access: 16.04.2024).

9. Construction process analysis for a single-layer folded space grid structure in considering
time-dependent effect / Z. Zhou et al. International Journal of Steel Structures. 2012. Vol. 12, no. 2.
P. 205-217. URL: https://doi.org/10.1007/s13296-012-2005-y (date of access: 16.04.2024).

10. Dzwierzynska J. Shaping of Spatial Steel Rod Structures Based on a Hyperbolic
Paraboloid. Archives of Civil Engineering. 2018. Vol. 64, no. 4. P. 309-320. URL:
https://doi.org/10.2478/ace-2018-0076 (date of access: 16.04.2024).

11. Luo Y., Xue Y. Recent development and engineering practices of space grid structures in
China. International Journal of Space Structures. 2024. URL:
https://doi.org/10.1177/09560599241228934 (date of access: 16.04.2024).

12. HanpyxeHno-negopmoBanuii cran cTpykTypHoi miautu / N. Sribniak ta in. ACADEMIC
JOURNAL Industrial Machine Building, Civil Engineering. 2020. Ne 2 (55). C. 35-43. URL:
https:// doi: https://doi.org/10.26906/znp.2020.55.2339.

Modern construction and architecture, 2024, no. 8, page 30-42


https://doi.org/10.4324/9780080498188
https://www.safsteelstructure.com/news/the-principle-of-space-frame-steel-structure-construction/

BUILDING STRUCTURES

13. Determining the optimal size of the basic element in a space grid structure / L.
Tsyhanenko et al. Budownictwo o Zoptymalizowanym Potencjale Energetycznym. 2023. Vol. 12, no.
2023.12. P. 201-208. URL: https://doi.org/10.17512/bozpe.2023.12.22 (date of access: 16.04.2024).

14. ICTY b B.1.2-3:2006. Ilporuau 1 mepemimeHHs. Bumoru mpoekrtyBanHs. Ha 3aminy
CHullI 2.01.07-85; ynnanwmii Big 2007-01-01. Bua. odin. Kuis : Minbyn Ykpainu, 2006. 14 c.

15. IBH B.2.6-198:2014. CraneBi koHcTtpykuii. Hopmu mpoekryBanns. 31 3minoro Ne 1. Ha
saminy JICTY b B.2.6-194:2013 ta JIBH B.2.6-163:2010 y wactuni po3ainy 1 ; yunHMH Bix 2015-
01-01. Bun. odin. Kuis : Minperion Ykpainu, 2014. 199 ¢. URL: https://budstandart.ua/normativ-
document.html?id _doc=58106 (nara 3Bepuenns: 16.04.2024).

References

[1] J. Chilton, Space Grid Structures. Routledge, 2007. [Online]. Available:
https://doi.org/10.4324/9780080498188. Accessed on: April 16, 2024.

[2] The principle of space frame steel structure construction. Space frame. URL:
https://www.safsteelstructure.com/news/the-principle-of-space-frame-steel-structure-
construction. Accessed on: April 16, 2024.

[3] Space Frame.CivilJungle. URL: https://civiljungle.com/space-structure. Accessed on:
April 16, 2024.

[4] S.A. Ashtul, S.N. Patil, "Review on Study of Space Frame Structure System",
International Research Journal of Engineering and Technology, vol. 07, no. 04, pp. 667—
672, 2020. [Online]. Available: https://www.irjet.net/archives/V7/i4/IRJET-V714137.pdf.
Accessed on: April 16, 2024.

[5] C. Facilitator, Space Frame Structure; an analysis of its benefit — Constro Facilitator.
Constro  Facilitator.  URL:  https://constrofacilitator.com/space-frame-structure-an-
analysis-of-its-benefit. Accessed on: April 16, 2024.

[6] H. Balke, Raumliche Tragwerke, Einfiihrung in die Technische Mechanik. Berlin,
Heidelberg, 2010. pp.91-98. URL: https://doi.org/10.1007/978-3-642-10398-8 8.
Accessed on: April 16, 2024.

[7] The Editors of Encyclopaedia Britannica. Space frame Steel Structures, Modular Design
& Prefabrication. Encyclopedia Britannica. [Online]. Available:
URL: https://www.britannica.com/technology/space-frame. Accessed on: April 16, 2024.

[8] Z.X. Li, "Structure Mechanics Analysis with Different Construction Schemes in Large-
Span Space Grid Structure", Advanced Materials Research, vol. 788, pp. 534-537, 2013.
URL: https://doi.org/10.4028/www.scientific.net/amr.788.534. Accessed on: April 16,
2024.

[9] Z. Zhou et al., "Construction process analysis for a single-layer folded space grid structure
in considering time-dependent effect", International Journal of Steel Structures, vol. 12,
no. 2, pp.205-217, 2012. URL: https://doi.org/10.1007/s13296-012-2005-y. Accessed
on: April 16, 2024.

[10] J. Dzwierzynska, "Shaping of Spatial Steel Rod Structures Based on a Hyperbolic
Paraboloid", Archives of Civil Engineering, vol.64, no.4, pp.309-320, 2018.
URL: https://doi.org/10.2478/ace-2018-0076. Accessed on: April 16, 2024.

[11] Y. Luo, Y. Xue, "Recent development and engineering practices of space grid structures
in China", International Journal of Space Structures. 2024.
URL: https://doi.org/10.1177/09560599241228934. Accessed on: April 16, 2024.

[12] N. Sribniak ta in., "Napruzheno-deformovanyi stan strukturnoi plyty", ACADEMIC
JOURNAL Industrial Machine Building, Civil Engineering, no. 2 (55), pp. 3543, 2020.
URL: https:// doi: https://doi.org/10.26906/znp.2020.55.2339. Accessed on: April 16, 2024.

[13] L. Tsyhanenko et al., "Determining the optimal size of the basic element in a space grid
structure", Budownictwo o Zoptymalizowanym Potencjale Energetycznym, vol. 12,
no. 2023.12, pp.201-208, 2023. URL: https://doi.org/10.17512/bozpe.2023.12.22.

Modern construction and architecture, 2024, no. 8, page 30-42 41



https://doi.org/10.26906/znp.2020.55.2339

42

BUILDING STRUCTURES

Accessed on: April 16, 2024.

[14] DSTU B V.1.2-3:2006. Prohyny i peremishchennia. Vymohy proektuvannia. Na zaminu
SNyP 2.01.07-85. Vyd. ofits. K: Minbud Ukrainy, 2006.

[15] DBN V.2.6-198:2014. Stalevi konstruktsii. Normy proektuvannia. Zi Zminoiu Ne 1. Na
zaminu DSTU B V.2.6-194:2013 ta DBN V.2.6-163:2010 u chastyni rozdilu 1. Vyd. ofits.
K: Minrehion Ukrainy, 2014. URL: https://budstandart.ua/normativ-
document.html?id_doc=58106. Accessed on: April 16, 2024.

STRUCTURAL SLAB OPERATION STUDY

'Sribniak N.M., Ph.D., Associate Professor,
nataliya.sribnyak.17@gmail.com, ORCID: 0000-0003-3205-433X
1Tsyhanenko L.A., Ph.D., Associate Professor,
tsyganenkola@ukr.net, ORCID: 0000-0002-6628-3635
'Halushka S.A., Senior Lecturer,

galushka sa@ukr.net, ORCID: 0000-0003-2789-8570
'"Tsyhanenko H.M., Senior Lecturer,

tsyganenkogm@gmail.com, ORCID: 0000-0002-3335-4804
'Sumy National Agrarian University

Gerasima Kondratieva st., 160, Sumy, 40000, Ukraine

Abstract. A number of factors affect the redistribution and value of axial forces in the cores
of structural slabs, such as the location and quantity of supports, the presence or absence of
prestress in the structure, the shape of the base crystal of the slab, which is the forming element, and
the height (thickness) of the slab, which can be varied within certain permissible limits. A change in
one of these features with the rest of the parameters remaining unchanged significantly changes the
stress-strain state of the structure. The paper describes the description of finite element models of a
structural grid slab with a plan dimension of 12.0x24.0 m. Four models of the slab are adopted,
differing only in one parameter — the thickness of the structure. The following values of the
structure height were adopted: 1.5 m (model No. 1), 1.3 m (model No. 2), 1.1 m (model No. 3),
0.9 m (model No. 4). The analysis and design of all models were performed, which were accepted.
New profiles of the structural groups of rods were selected so that they met the check conditions for
the first and second groups of limit states and the percentage of rod cross-section utilisation was as
high as possible. The maximum deflections of the models after the analysis were compared. The
lowest weight as an optimality criterion is the most common criterion for structures, in particular
metal structures, as this criterion is quite easy to formalise.

The weight of each slab model was calculated and it was found that the optimal design
solution is model No. 1 with a height of 1.5 m, since only for this model the deformability is within
the permissible limits. The model characterised by the lowest weight is model No. 3, but the
maximum vertical deflection of this structure is greater than the maximum limit.

In conclusion, the analysis of the displacements of the slab model nodes revealed that only the
maximum deflection of the slab in model No. 1 does not exceed the maximum permissible
deflection of 4.8 cm. The maximum deflections in models No. 2, 3,4 exceed the maximum
permissible value of the absolute deflection. Consequently, the check condition for the second
group of limit states is not met in models 2, 3, and No. 4, and model No. 3, which has the lowest
weight, cannot be recognised as the most effective among the others. Considering the condition of
sufficient stiffness, the optimal design solution is model No. 1. The difference in weight between
model No. 1 (8.9 tonnes) and model No. 3 (8.33 tonnes) with the lowest weight is 6.8 %.

Key words: space grid slab structure, plate thickness, material capacity, force regulators.
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Abstract. Issues discussed in the article related to determining the influence of mechanical
activation in a rotary high-speed mixer of cement-water compositions and solutions based on them.
Relevant for this study is the activation of cement in combination with the consumption of ground
quartz sand (S = 250 m?/kg), the amount of which was adjusted in the range from 0 to 40 % of the
cement mass. The use of this technology, along with reducing cement consumption, ensures
acceleration of the processes of cement hydration and intensification of exothermic heating of the
hardening composition. Mechanical activation is also reflected in the acceleration of the loss of
mobility of cement-water compositions filled with ground sand. The presented experimental data
made it possible to evaluate the influence of the activation times (90 and 180 sec) of the binder on
the diameter of the spread of the aqueous cement-containing composition. It has been established
that the main contribution (up to 90 % of the total value) to the decrease in the water-binder ratio
(provided that equal-viscosity compositions are obtained) is achieved when the cement-containing
composition is activated for 90 seconds. Subsequent activation of the binder (up to 180 sec) has a
slight effect on the growth of the diameter of the composition spread and does not exceed 5-10 %.

The exothermia of the hardening cement-water composition determined by the thermos
method indicates a significant influence of mechanical activation both on the kinetics and on the
achievement of the maximum temperature of its heating. The introduction of ground sand does not
change the overall picture of the effect of mechanical activation on exothermic heating, changing
only the decrease in intensity and the decrease in maximum heating of the cement-water
composition.

The influence of mechanical-chemical activation of Portland cement with the addition of
quartz sand on the strength of a 1:1 mortar at 3 and 7 days of age was revealed. Experimental
studies indicate a positive effect of binder activation on the compressive strength of the mortar. The
increase in strength of samples using mechanically activated cement reached 15-25 % compared to
the control.

Key words: mechanical activation, rotary high-speed mixer, activation, exothermic heating,
water-binder ratio, ground quartz sand.

Introduction. Along with the traditional use of surfactants in the composition of a mortar or
concrete mixture, a promising method for improving the physical and mechanical characteristics of
hardened composites is the mechanochemical activation of Portland cement. Ensuring a high degree
of cement activation is effectively achieved through the use of special activators, which
dramatically increase the potential capabilities of the binder. It is the use of such activators that
makes it possible to obtain cement composites of increased strength and durability.

Analysis of the latest research and publications. Improving the properties of cement stone
and concrete based on it is an extremely important and urgent task. Among the various ways to
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solve the problem [1-7], mechanical-chemical methods of activating the binder [8-12] deserve
attention.

The existing various methods of activating the hydration processes of cement compositions
have one technological goal, namely, to control the processes of structure formation and physical
and mechanical properties of materials [13-17]. In the practice of preparing mortar and concrete
mixtures, turbulent high-speed mixers of various designs are widely used [18-20].

Their use helps solve a set of issues related to both improving the homogeneity of the freshly
prepared mixture and increasing the strength of cement stone and concrete based on it [21, 22].

The use of high-speed hydrodynamic mixing to activate cement in combination with an
optimal amount of ground quartz sand in terms of consumption ensures acceleration of cement
hardening processes and intensification of exothermic heating, which makes it possible to abandon
both thermal treatment and the use of fast-hardening cements.

Purpose of the study. The above stated determined the purpose of this work, which is to
determine the effect of mechanical activation on the thermomechanical properties of cement-water
compositions and solutions based on them.

Research methods. Activation of Portland cement and a mixture of Portland cement with
ground sand (mixed binder) was carried out by intensive processing of the aqueous cement and
cement-sand composition in a rotary high-speed mixer. The use of a rotary mixer ensures physical
and chemical activation of both Portland cement grains and ground quartz sand.

In a turbulent flow, both physical and chemical dispersion of binder particles and ground sand
grains are ensured, as well as stripping of new growth products from the surface of a part of the
cement. Thus, the activation of Portland cement and a mixture of binder with ground sand will
affect both the acceleration of the exotherm of the hardening cement-water composition and the
increase in the strength of the mortar in the early stages of hardening. To activate the cement, a
specially designed high-speed turbulent type mixer with a working body speed of 1800 rpm was
used. The work also determined the effect of mechanical activation on viscosity, which was
assessed based on the results of the spreading of the cement-water composition on the Suttard
device.

To record the exothermic heating of cement-containing compositions, a thermos was used,
which is a glass flask with double walls, between which a vacuum was created. The fluctuation in
room temperature during the determination of exothermic heating did not exceed 1.5 °C. To record
the temperature, a mercury thermometer was used, located in the center of the sample using a
copper tube half filled with transformer oil. The temperature was recorded every 30 minutes until
the next heating value did not change or was lower than the previous one.

To determine the effect of mechanical activation and the amount of ground sand in the binder
on compressive strength, cement-sand samples measuring 4x4x16 cm were prepared.

The mixture was obtained by mixing one part of the binder with one part of non-milk quartz
sand with Mkr = 2.2. The amount of mixing water was determined by the mobility of the mortar
mixture (the spread of the mixture cone was 105...110 mm) after 30 shaking on the table.

Research results. In the studies, Portland cement PC 1I/A-Sh-500 was used as a binder
(manufacturer — LLC "Cement", Khutorskaya str., 70, Odessa, Ukraine). Portland cement meets the
requirements of DSTU B V.2.7-46:2010 "Cements for general construction purposes. Technical
conditions.” The production of cement-sand binder was carried out by joint grinding of Portland
cement and quartz sand in amounts of 20 and 40%. Quartz sand from the Aleksandrovsky quarry in
the Odessa region in Mkr = 2.2 was used as a filler for the mortar.

To determine the effective viscosity and exothermic heating, the compositions of cement-
containing compositions given in Table 1 were used. The experimental conditions provided for the
production of equal-viscosity cement-containing compositions with a cone spread in the range of
120 £ 5 mm.

Analysis of the experimental data given in Table 1 indicates that the activation of an aqueous
cement-containing composition within 180 sec. allows you to obtain a given spread on the Suttard
device at low values of the water-binder ratio. The main contribution to the decrease in the water-
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binder ratio is provided by the activation of the cement-containing composition for 90 seconds.
Thus, for the composition (cement + water) the activation period increases from 0 to 90 seconds
leads to a decrease in the water-cement ratio from 0.387 to 0.351, i.e. by more than 10 %. A further
increase in the activation period (from 90 to 180 seconds) causes a decrease in the water-binder
ratio by no more than 1.5 % (from 0.351 to 0.346).

Table 1 — Compositions of cement-containing components

Activation of an aqueous
Ne Portland cement, % | Ground sand, % B/B solution of mixed
binder, sec.

1 100 0 0.387 0

2 100 0 0.351 90

3 100 0 0.346 180

4 80 20 0.348 0

5 80 20 0.320 90

6 80 20 0.313 180

7 60 40 0.325 0

8 60 40 0.298 90

9 60 40 0.284 180

It should also be noted the influence of mechanical activation on the water-binder ratio for
cement-water compositions with the addition of ground quartz sand in amounts of 20 and 40 %.
Compatible grinding of Portland cement with the addition of 20 and 40 % quartz sand causes a
decrease in the water-binder ratio to 0.348 and 0.324 (while ensuring a given spread of the mixture
cone), respectively — there is no activation of the composition (cement + ground sand + water).
Mechanical-chemical activation of a cement-water composition in a high-speed mixer with the
addition of 20% ground sand (by weight of cement) for 180 seconds helps reduce the water-binder
ratio from 0.348 (no activation) to 0.313, that is, by almost 12 %, and with the addition of 40 %
ground sand by 14 % (from 0.324 to 0.284).

As for the influence of the period of mechanical activation of aqueous cement-containing
compositions on the diameter of the spread of the mixture cone and exothermic heating, it should be
noted that for all the compositions under consideration there is a tendency towards faster thickening
of mixtures, the activation period of which increases, Table 2.

Table 2 — Effect of activation period and content of ground sand in the binder on the kinetics of
reducing the diameter of the cone spread

Hardening Cone spread of cement-containing compositions (CWC), mm

time of the Ne composition of cement-containing compositions

CWC, hour |7 2 3 4 5 6 7 8 9

0 120 120 120 120 120 120 120 120 120

0.5 112 108 106 112 109 108 117 113 110
1.0 107 96 94 108 103 100 113 110 97
15 106 87 85 106 99 97 109 103 89
2.0 105 80 74 104 96 94 106 96 83
2.5 98 71 61 100 92 89 102 91 73
3.0 89 60 - 94 85 82 97 85 62
3.5 77 - - 87 76 73 90 7 -
4.0 63 - - 78 63 60 84 - -
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The experimental results of exothermic heating of cement-water compositions are given in

Table 3.

The experimental results obtained indicate the presence of an induction period for heating the
cement-water composition both on Portland cement that is not subject to mechanical activation (this
period is approximately 5 hours from the moment of mixing cement with water) and on Portland
cement that is subject to mechanical activation.

Table 3 — Effect of mechanical activation period on exothermic heating of cement-water

compositions

N .
Els=x| 8
C158 ¥
€ |S 2] 2 Temperature of exothermic heating of compositions, °C,
§|22| & in one hour
2 |2E| 5
g|Se| £
E|gT| 2
QlE 8| ©
© gl <] 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
1 0 0 [19.0]19.0|205|21.3|223|250(30.0|375|40.5|47.0|47.7|46.5
2 0 90 [ 20.021.0|235|26.0|285|33.0(384|457|50.0|48.2|455| -
3 0 [180|20.0|22.1|248|27.2(31.0|37.0|40.0|49.2|52.4|49.0|46.8| -
4 | 20 0 [18.0]18.0|18.0|20.4|21.0|215|24.6|26.6|31.0|33.0|345]|34.0
51 20 | 90 | 19.0|19.0|20.5| 225|245 | 256 |305|33.2|35.2|37.0|37.0| 36.5
6 | 20 |180|19.0|19.3|219|24.2|26.2|275|328|375|375|38.0|38.0| 375
7 | 40 0 [18.0]19.0|195|196|209|22.1|245|27.0|28.5|30.0|31.2]|30.0
8 | 40 | 90 | 19.0|19.0|195|21.2 (225|258 |27.6|30.7|323 (335|345 | 34.0
9 | 40 [180|19.0|20.3|22.3|23.7 (257|284 |31.3|328|34.0|355|355]|35.2

A graphical display of the kinetics of exothermic heating of a hardening activated cement-
water composition (NN compositions — 1, 2, 3) is shown in Fig. 1.

w S al
(@) (@) (@)

Exothermic heating, ° C

N
o

10

o 1 2 3 4 5 6 7 8 9 10 11 12
T, hour

Fig.1. The effect of mechanical-chemical activation on exothermic heating of a cement-water

composition:

1 — cement-water composition activated for 180 seconds; 2 — control

46

Modern construction and architecture, 2024, no. 8, page 43-49



BUILDING MATERIALS AND TECHNIQUES

In this case, the induction period was no more than 2 hours. At the end of the induction
period, a relatively sharp increase in the temperature of the hardening cement-water composition is
observed, reaching a maximum value (52.4 °C) 9 hours after mixing the cement with water.

For the cement-water composition, which is not subject to mechanical activation, the
maximum heating did not exceed 47.7 °C, and the peak heating occurred no earlier than 11 hours
from the moment of preparation of the cement-water composition. A similar effect of mechanical
activation on the kinetics of exothermic heating is observed for cement-water compositions with the
addition of 20 and 40% ground quartz sand.

The final stage of the study was to determine the effect of mechanical-chemical activation and
consumption of ground quartz sand on the compressive strength at the age of 3 and 7 days of beam
samples made from 1:1 mortar.

Compressive strength of samples at the age of 3 and 7 days, depending on:

1) manufacturing technology: a) the use of mechanical activation of the binder; b) control —
the binder was not subjected to mechanical activation;

2) the content of ground quartz sand in the binder (0; 20; 40%) indicates that mechanical
activation is a useful technological effect on the strength characteristics of the mortar, Table 4.

Table 4 — Effect of mechanical activation period on exothermic heating of cement-water
compositions

Hardening period of Compositions of cement-containing components
cement-sand mortar, 1 2 3 4 5 6 7 8 9
days Compressive strength of mortar, MPa
3 323 | 35.7 | 36.7 | 20.7 | 245 | 255 | 176 | 209 | 221
7 405 | 483 | 505 | 25.7 | 30.0 | 31.2 | 23.7 | 26.7 | 28.1

An increase in the strength of the solution due to mechanical activation of the binder provides
a real opportunity to reduce the consumption of Portland cement, while ensuring the necessary
properties of the final product.

Conclusions:

1. The use of mechanical-chemical activation of aqueous cement-containing compositions
leads to a decrease in their viscosity, which makes it possible to reduce the water ratio by an
average of 10...14 %.

2. Mechanical-chemical activation of aqueous cement-containing compositions causes an
increase in both the rate of exotherm and an increase in the maximum heating temperature.

3. The use of mechanical-chemical activation promotes an increase in the compressive
strength of cement-sand mortars at 3 and 7 days of age (at all studied consumption of ground quartz
sand) by an average of 15...25 % (compared to the control).
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AHoOTauisA. Po3risgHyTi y cTaTTi NUTaHHS MOB’S3aH1 3 BU3HAYCHHSAM BILUIMBY MEXaHOAKTHBAII]
Yy POTOPHOMY HIBHJIKICHOMY 3MillIyBadi IIEMEHTHO—BOJHUX KOMIIO3HIIIH Ta PO3YMHIB Ha X OCHOBI.
AKTyalTbHUM /ISl JAHOTO JOCHTIJDKCHHS € aKTHBAllis IIEMEHTY B TO€JHAHI 3 BUTPATOI MEIECHOTO
KBapILIOBOTO MicKy (S = 250 M?/Kr), KibKIiCTB SIKOro Koperysamacs B jianasoni Bix 0 g0 40% macu
LIEMEHTY. 3aCTOCYBaHHs JIaHOi TEXHOJIOTii 3a0e3meuye, MOpsl i3 3HUKCHHSIM BUTPATH IIEMEHTY,
MPUCKOPEHHS TPOIECiB TrifpaTamii mEeMeHTy Ta iHTeHCH(IKalii eK30TEpPMIYHOTO pPO3irpiBy
TBEPAHYYOI KOMIIO3ullii. Bigm3epkamoeTscss MEXaHOAKTHUBALllSl TaKOXK HAa MPUCKOPEHHI TEPMiHIB
BTPAaTU PYXJUBOCTI, HAallOBHEHMX MEJEHUM IIICKOM, LIEMEHTHO-BOJHUX KoMmo3uuii. HaexeHi
eKCTIepUMEHTANIbHI JIaH1 I03BOJIMJIN OI[IHUTH BIUIMB TepMiHiB akTuBamii (90 Ta 180 cek) B sKydoro
Ha JlaMeTp pO3IUIMBY BOJHOI LIEMEHTHO-BMIIIYIOUoi Kommo3uuii. BcraHoBieHO, 110 OCHOBHMMA
BKiaJ (10 90% 3araiabHOro 3HAYEHHS) B 3HM)KEHHS BOJO-B’SKY4YOro BIJHOIIEHHS (IpU yMOBI
OJICpP’KaHHS PIBHOB’S3KMX KOMIIO3HIII) JIOCSATAETHCA TIPH aAKTHUBAIil I[IEMEHTHO-BMIIIYIOYOi
koMmmo3uilii npotsrom 90 cek. [Toganeina akTuBanis B’ spkydoro (1o 180 cex) He3HAYHO BIUIMBAE Ha
3pOCTaHHS JiaMeTpy pO3IUIMBY KOMIO3uLii 1 He mepeBuirye 5-10 %.

Bu3HayeHa TEpPMOCHUM METOAOM €K30TepMisi TBEPAHYYO! IIEMEHTHO-BOJHOI KOMITO3HIIil
CBIIYUTH MpO 3HAYHUM BIUIMB MEXaHOAKTHBALli SK Ha KIHETUKY, TaK 1 Ha JOCATHEHHS
MaKCUMaJIbHOI TEMIEpaTypH i1 po3irpiBy. BBeIeHHsI MEIEHOTO MMICKY HE 3MIHIOE 3arajibHOI KapTUHU
BIUIMBY MEXaHOAKTHUBAIIl HA €K30TEPMIYHMIA PO3IrpiB, 3MIHIOIOUYH JIMIIE 3MEHIIEHHS IHTEHCUBHOCTI
Ta 3HI)KEHHS] MAKCHMAJIBHOTO PO3IrpiBy LIEMEHTHO-BOJIHOT KOMIIO3HIIII.

BusiBneno BIIMB MeXaHO-XIMIYHOI aKTHUBAIlli MOPTIAHIIEMEHTY 3 J00aBKOK KBapIIOBOTO
MICKy Ha MILIHICTh OyaiBeIbHOrO po3uuHy ckiaxy 1:1 'y 3-x Tta 7-u go6oBomy Bill.
ExcriepuMeHTanbHl AOCHIIKEHHS CBIOYaTh PO IMO3UTUBHUN BIUIMB aKTHBAalli B’SDKy4Oro Ha
MILHICTh MPHU CTHCKY PO3YMHY. 3POCTAaHHS MILIHOCTI 3pa3KiB HAa MEXaHOAKTMBOBAHOMY LIEMEHTI
nocsirano 15-25 % B mOpiBHAHHI 3 KOHTPOJIEM.

KuarouoBi ciaoBa: MexaHOakTHBAIlis, POTOPHMM MIBUAKICHUN 3MIlIyBay, aKTHBALif,
€K30TEepPMIUHUIN PO3IrpiB, BOJO-B’S)Ky4e BiHOIICHHS, MEJICHUI KBApIIOBUM ITICOK.

Crarta Haaidnua o penakuii 29.05.2024
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Abstract. The paper examines the data obtained during the study of accelerated carbonization
hardening of expanded clay concrete. The mechanisms and methods of carbonization hardening, the
influence of recipe and technological factors on strength characteristics are considered. The most
significant of them were the consumption of the binder, the relative amount and granulometry of the
filler (ground limestone) and aggregate (keramzite), the concentration of the plasticizing additive
(SYM) and the technological parameters of carbonization — the maximum pressure and time of
carbonization. The nature of the influence of the relevant properties on the strength characteristics is
considered. The results of the planned and implemented experiment were studied using the
methodology of response surfaces. Experimental-statistical models of compressive strength were built
for 1 hour, 28 days and 180 days from the end of the carbonation procedure. The degrees of influence
of various factors are determined. Constructed dependencies were displayed using a series of diagrams
of isolines of strength at the limit values of three factors of weak influence. The proposed hypothesis is
that in experimental-statistical models of the properties of materials closely related to their structure, a
tendency to simplification is created when the corresponding materials pass through the stage of
structure formation. Insignificant components of the experimental-statistical model, mainly related to
the interaction of factors determining the structure of the material, are reduced. Corresponding
transformations arise, in particular, for constructed strength models. Two tasks of optimizing the long-
term strength of expanded clay concrete are formulated. The first task is related to the elimination of
hard additional constraints during optimization, while the long-term strength reaches its maximum.
The second engineering-based task contains additional requirements for the economical use of binder
and the convenience of the carbonization process. The distributions of the parameters of the desirability
function were determined for both tasks. As a result of the optimization, two main sets of recipe-
technological factors and corresponding properties of composite materials were obtained.

Keywords: accelerated carbonization hardening, experimental planning, optimality according
to the combined criterion, desirability function.

Introduction. Accelerated carbonation hardening (ACH) is a promising solution to the
problems of increasing the durability and strength of concrete structures. Traditional methods of
curing concrete, such as steam curing or the use of chemical additives often require long curing
periods and may have environmental or economic disadvantages. Thus, more than 10 million tons
of conventional fuel, including more than 3 billion cubic meters of gas, is spent annually on heat
treatment in the European Union. The coefficient of use of heat and fuel due to the imperfection of
the technological process is 5...11%. In contrast, accelerated carbonisation offers a sustainable and
effective approach to improving the properties of concrete. Its application has a significant
ecological component related to the fixation of atmospheric carbon dioxide CO,. ACH technology
is associated with the injection of CO,, which reacts with non-hydrated components of the cement
composite [1], which leads to the transformation of absorbed CO into various forms of stable
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carbonates [2]. This method is better than natural or weathered carbonation, because the natural
diffusion of atmospheric CO; through the pores of concrete or mortar occurs very slowly [3]. ACH
technology accelerates the rate of carbonization and increases the net amount of sequestered CO,
[4]. In addition, ACH process conditions can be adjusted in a controlled environment (usually in a
carbonization chamber) [5]. Thus, the main task of promoting ACH concrete as a carbon dioxide
sequestration strategy is to ensure conditions under which carbonation does not impair mechanical
strength, as well as other operational properties. The explanation of the environmental and
economic efficiency of ACH is clearly visible in the following examples.

Consider the construction of a reinforced concrete bridge in harsh environmental conditions.
ACH can significantly reduce the time required for the concrete to reach design strength, which
allows shortening the construction period and minimizing traffic disruptions. Moreover, the
increased durability provided by carbonation can extend the life of the bridge, reducing
maintenance costs and ensuring long-term structural integrity.

In urban areas where space and resources are limited, accelerated carbonation techniques can
be particularly useful. For example, in the construction of high-rise buildings, the use of ACH can
accelerate the hardening process, which will allow developers to meet a tight project deadline and
optimize the use of resources. In addition, the increased durability of carbonized concrete can
increase the resistance of high-rise structures to the effects of environmental factors and seismic
phenomena, ensuring the safety of passengers and reducing the risk of expensive repairs or
upgrades in the future. Accelerated carbonation also provides environmental benefits due to the
binding of carbon dioxide within the concrete matrix. This ability to capture and store carbon
dioxide contributes to the reduction of greenhouse gas emissions, which meets the goals of
sustainable development and regulatory requirements in the construction industry.

Thus, the implementation of ACH concrete serves several purposes, including reducing
construction time, increasing structural strength, optimizing resource use, and promoting
environmental sustainability. ACH optimization methods allow to achieve the corresponding goals
in the most effective way.

Analysis of recent research and publications. Existing studies have shown that accelerated
carbonization can significantly improve the mechanical properties of concrete, including
compressive strength, flexural strength, and abrasion resistance [6]. Research results indicate that
carbonized concrete exhibits higher compressive strength compared to conventionally cured
concrete, with improvements ranging from 10% to 50% depending on carbonation conditions and
concrete mix composition. It was also shown that ACH increases the durability of concrete by
reducing permeability and increasing resistance to the penetration of chlorides, the action of
sulfates, and the alkali-silica reaction [7]. In addition, the improvement of the long-term
characteristics of carbonized concrete structures, the reduction of maintenance requirements and the
increase of service life observed in the field [8] are shown.

ACH of cement composites contains complex mechanisms that occur both at the macroscopic
and microscopic levels inside the concrete matrix [9]. Understanding these mechanisms is necessary
to optimize the efficiency and effectiveness of accelerated carbonation methods. The mechanisms
causing ACH have several key processes:

1. Diffusion of carbon dioxide (CO;). The process of accelerated carbonation begins with the
diffusion of CO, into the structure of the porous concrete matrix. The presence of moisture inside
the pores facilitates the transport of CO, allowing it to penetrate deeper into the concrete [10].

2. Chemical reactions. Carbon dioxide upon contact with calcium hydroxide (Ca(OH),)
present in hydrated cement paste undergoes a number of chemical reactions. The primary reaction
[11] includes the formation of calcium carbonate (CaCOg3) and water H,O:

Ca (OH)Z + CO, — CaCO; + H,O

In the course of this reaction, calcium hydroxide is consumed and calcium carbonate is
formed, which leads to the deposition of calcite crystals in the pores of concrete.

3. Propagation of the carbonization front. As carbonation progresses, a carbonation front
forms inside the concrete matrix, delineating the boundary between carbonized and non-carbonated
areas. The advancement of this front is influenced by factors such as CO, concentration, moisture
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content, temperature, and pore structure [12].

4. Formation of calcium carbonate crystals (CaCOs3). Precipitation of calcium carbonate
crystals occurs in the pores of the concrete matrix. These crystals contribute to compaction of the
microstructure by filling voids and internodal spaces. The re-formed calcium carbonate acts as a
binder, binding the cement particles and aggregates together, thereby increasing the overall strength
and durability of the concrete.

5. Formation of calcium silicate hydrate (CSH). In addition to calcium carbonate, accelerated
carbonation also contributes to the formation of a calcium silicate hydrate (CSH) gel. This gel
serves as the main binding phase in cement hydrated dough and is responsible for the mechanical
properties of concrete [13]. The formation of CSH caused by carbonation contributes to the
compaction and strengthening of the concrete matrix.

6. Thinning of pores and microstructural changes. The deposition of calcium carbonate and the
formation of CSH gel lead to the crushing of the porous structure within the concrete matrix. Such
grinding of pores reduces the permeability of concrete, limiting the ingress of harmful substances such
as chlorides and sulfates. In addition, microstructural changes caused by accelerated carbonization
contribute to increased resistance to chemical action and environmental degradation.

7. Decrease in alkalinity and decrease in pH. As carbonation progresses, the alkalinity of the
concrete matrix decreases due to the consumption of calcium hydroxide. Such a decrease in pH can
have the effect of increasing the susceptibility to corrosion of collateral steel reinforcement [14].
However, the formation of a protective layer of calcium carbonate on the surface of the
reinforcement can reduce the risk of corrosion of carbonized concrete.

8. Long-term effects and aging. The effectiveness of accelerated carbonation in the long term
depends on factors such as exposure conditions, concrete composition and maintenance methods
[15]. Monitoring the performance of carbonized concrete structures over time is necessary to assess
their durability and ensure structural integrity.

Thus, the mechanisms of accelerated carbonation of cement composites contain a number of
interconnected processes, including CO; diffusion, chemical reactions, pore crushing, microstructural
changes, and alkalinity changes. Together, these mechanisms contribute to increasing the strength,
durability and stability of concrete, which makes accelerated carbonation a promising method of
improving the characteristics of binding materials in various construction applications [16].

The purpose of the work is an analysis of previously obtained experimental data on the
effect of binder consumption, plasticizing additive content, limestone content, carbonation pressure
(COy,), carbonation process time on compressive and tensile strength at the age of 1 day, 28 days
and 180 days, as well as the construction of ES-models, their conceptual interpretation and
optimization by the methods of the desirability function, taking into account the technologically
justified distribution of degrees of importance and the technological conditions of conducting ACH.

Research methodology consists in the application to the previously obtained experimental
data of the planning of the experiment [17], in particular, the methodology of ES-modeling and
response surfaces, as well as the apparatus of the desirability function [18], intended for the
quantitative optimization of recipe and technological factors. All applied methods were
implemented using the Design Expert software package [19].

Research results. Accelerated carbonation hardening (ACH) of concrete-based composites is
a process that stimulates an accelerated reaction between carbon dioxide (CO,) and hydrated
cement in concrete, resulting in the formation of calcium carbonates and strengthening of the
concrete matrix. From a technological point of view, the ACH technique can be divided into the
following stages:

1. Surface preparation. Before starting the process of accelerated carbonation, the surface of
the concrete must be cleaned of impurities and processed to ensure uniform penetration of CO..

2. Installation of a device for accelerated carbonation. For the process of accelerated
carbonation, special equipment is used, such as a chamber with controlled CO, content or a CO,
injection system.

3. Regulation of environmental conditions. The temperature and humidity of the environment
can significantly affect the rate of the carbonation reaction. Therefore, it is important to maintain
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optimal conditions to ensure effective penetration of CO; into the concrete matrix.

4. CO; injection. CO; is injected into the middle of the concrete structure using special
equipment. This can happen through holes located on the surface of the concrete, or with the use of
special channels and pipelines laid inside the concrete structure.

5. Process control and monitoring. When performing accelerated carbonation, it is important
to control and adjust process parameters such as CO, content, temperature, humidity, and exposure
time. This helps to ensure uniform and effective penetration of CO, throughout the thickness of the
concrete and achieve the desired hardening characteristics.

6. Evaluation of results. After the accelerated carbonization process is completed, the results
are evaluated, which includes an analysis of the mechanical properties of concrete, its structure, and
the degree of carbonization.

In order to ensure high de-decking strength of concrete within 30...60 minutes, it is necessary
to use carbonation regimes characterized by excessive pressure. According to the theory of heat and
mass transfer, a significant acceleration of the carbonization process can be achieved by intensively
supplying a gaseous reagent to the reaction zone. From this point of view, preliminary vacuuming
of freshly formed concrete allows to create a porous capillary system that is under rarefaction. After
that, pressure drops in the initial period of hardening caused by the removal of vacuum and the
creation of excess pressure during the supply of carbon dioxide cause stress relaxation in the
capillary structure of concrete, which leads to effective self-absorption and intensification of the
carbonation process. The process of “carbonate™ dissolution of the original minerals is accelerated
in proportion to the pressure of carbon dioxide. At the same time, the use of modes with a high
pressure value allows you to control the processes of structure formation of cement compositions.

Based on the results of previous studies and literature data £20], expanded clay concrete with an
optimal aggregate structure and consumption of binder 300 kg/m* of concrete was chosen as the basic
composition. The properties of the concrete mixture, as well as the structure and properties of hardened
concrete depend most on the relative content of fine fractions in the aggregate (up to 5 mm). It was
established that by changing the relative content of small fractions, it is possible to vary all the main
properties of lightweight concrete within certain limits — strength, density, modulus of elasticity,
thermal conductivity, etc.

The structure of carbonized concrete and its strength characteristics should be considered in
relation to three main factors:

— aggregate structure, which depends on the location of the porous aggregate in the concrete

structure;

— the concentration of the binder, which depends on the type and on the regularity of the

properties of cement and its additives;

— consumption of mixing water, taking into account the features of the carbonization

technology.

In connection with the influence on the structure formation process of a complex of recipe-
technological and physico-chemical factors, the construction and technical properties of concrete can
vary widely. Under conditions of carbonization, as a result of the simultaneous action of a number of
structure-forming and destructive factors, the hardening process can develop with different speed and
completeness of the reactions. In order to control the technological process, which allows to ensure
optimal conditions of carbonization hardening, it is necessary to identify and study the degree and
nature of the influence of the main recipe and technological parameters on the initial strength of after
expanded clay concrete carbonization and for the strength during the period of operation of the
products. In this case, the criterion for optimizing the recipe and technological conditions for the
preparation of carbonized-hardening expanded clay concrete can be taken to be the minimum
consumption of cement, which ensures the specified properties of the material, as the most expensive
and scarce component.

The factors that largely determine the regulated physical and mechanical properties of
expanded clay concrete carbonization hardening were adopted as variable recipe-technological
factors, namely: binder consumption, sulfite-yeast mash (SYM) additive content, percentage
content of ground limestone in the binder, as well as carbonization parameters.
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The binder consumption was varied in the range from 300 to 500 kg/m®. Such a narrow
interval of variation in the consumption of the binder is due to the fact that the percentage content of
ground limestone in the binder, which was changed in the interval from 0 to 30%, was taken as one
of the factors. In this regard, the actual consumption of cement in the experiment varied from 200 to
500 kg/m®, which covers almost the entire strength range of light concrete within the limits of
permissible norms of cement consumption.

The introduction of crushed limestone into the binding composition is due to the need to reduce
the consumption of cement, in addition, it should lead to the intensification of the carbonation process
and cause structural changes that improve the mechanical characteristics of the system.

The introduction of the SYM plasticizing additive into the concrete mixture was considered as a
technological technique that ensures the reduction of the total water content of the concrete mixture at
the stage of its preparation, which is one of the ways of intensifying the carbonation process. The
content of the SYM additive was varied in the experiment in the range from 0 to 0.4% of the weight of
the binder.

Carbonation of freshly formed concrete samples was carried out in the mode of gradually
increasing pressure, the effectiveness of which was shown in [20]. At the same time, the amount of
carbon dioxide pressure at the main stage of the regime was varied in the range from 0.6 to 1.2
MPa. The choice of the upper limit is dictated by the nominal value of pressure for which industrial
autoclaves used in the construction industry are designed.

The duration of the processing regime was varied from 30 to 60 minutes, based on
technological considerations. An increase in the carbonization time contradicts the formulated goal
of research related to the development of an effective mobile technology for the production of wall
products, subject to a sharp reduction in the duration of hardening.

In order to build mathematical models that reflect the influence of the specified factors on the
strength of carbonized expanded clay concrete in the design terms of the tests, a five-factor plan of
the second order of the "Hartley-5" type with six points in the center of the plan was implemented.
The factors and their levels of variation are given in the Table 1.

Table 1 — Factors and their levels of variation

Unit Levels of variation
Factors Code
measurement 1 0 +1
A | Binder consumption kg/m? Knitt 300 400 500
B | Contents of the SYM addditive % SYM 0 0.2 0.4
The content of ground limestone 0
c binder & GL 0 15 30
D The amount of carbonation MPa PCO, 0.6 0.9 19
pressure
E The duration of the carbonization min {CO, 30 45 60
process

In the experiment, expanded clay concrete of the optimal fractional composition, determined
for the conditions of carbonization hardening, were used. The matrix of planning and consumption
of expanded clay concrete mixture components is presented in [20].

The research was carried out on cube samples with the size of an edge 10 cm. Molded
samples were subjected to carbonization according to the appropriate modes. When testing the
samples, the density of concrete, the consumption of carbon dioxide for the carbonation of the
samples (according to the change in the weight of the samples before and after carbonization), and
the compressive strength of the samples during control test periods.

Study of compressive strength Rc (MPa) of the material after carbonation 1 hour (R1h), 28
days (R28) and 180 days (R180) led to the following results (Table 2).
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Table 2 — Compressive strength of carbonized lightweight aggregate concrete

Factors Rc, MPa Factors Rc, MPa

No | A|B|C|D|E|R1Ih|R28|R180|No|A |B|C | D|E|Rlh|R28 | R180
1 |-1|-1(-1|-1}-1| 3.3 7 83 |17|-1{0(0|0|0| 61| 82| 94

2 1(-1/-1}-1]1]105|186| 225 |18|1|0|0|0|0]|135] 20 23

3 |-1/1|-1|-1|1|45 |78 ]103|19(0|-1{0|0|0] 78 |112] 12

4 11(11(-1{-1|{-1{109(218| 261 (20| 0|1|0|0|0]| 96 (134 14.2
5/-1}-1}1}-1]1|21 46| 65 (21|0|0|-1{0|0]| 88 (13.3| 15

6 (1|-1/1|-1|-1{85 (154|187 22| 0|0|1|0|0| 78 |109| 124
7 |-1]1]1-1]-1] 45 7 85 [23|0|0|0|-2/0 | 7 |127| 142
8 (1|11 |-1|1(125| 19 (223|124, 0|0|0|1|0|96 123|134
9/-1(-1/-1}1}1|73,82| 89 |25|0|0|0|0|-1| 8 |[12.1] 137
10|21 |-1(-1|1|-1/125/182|223|26|0|0|0|0|1| 9 |123| 139
11 )-1}1|-1|1}|-1| 57 7 85 |27|10|0|0|0|0 | 88 127 | 139
121 (1(-1|1|1(165]|206|235|28(0|0|0|0|0| 84 |122]| 142
3|-1}-1(1|1}-1,41 38|59 |29|{0[0|0|0|0| 92132 136
141 (-1(1|1(1(11.7|146] 181 |30[{0|0|0|0|0] 91 131 134
15|/-1]1(1|1]1]| 61 7 87 |31|0|0|0|0|0| 85 127 | 139
6(1(1(1|1(-1({137|182]209|32|0|0|0|0|0]| 88 123|144

The value of concrete strength in the experiment varies from 2.1 to 16.5 MPa 1 hour after
carbonization, from 4.6 to 21.8 MPa at the age of 28 days and from 5.9 to 26.1 MPa at the age of
180 days. The obtained data made it possible to build ES-models of the properties of the composite
material, for which the Design Expert package was used [19]. One of the useful features of this
program is the ability to download "historical” data, that is, data obtained according to an
experiment plan built and implemented previously outside of this package. The response surface
methodology was used in data analysis. The type of obtained models, as well as some of their
statistical characteristics, is shown in Table 3. The selection of statistically significant components
was carried out at oo = 0.1 by splitting in the reverse order (Backward elimination).

All models are statistically significant. The predicted coefficients of determination (Predicted R?)
are consistent with the adjusted coefficient of determination (Adjecent R?). The signal-to-noise ratio
corresponding to Adequate Precision is much 9reater than the desired value of 4, which indicates
the adequacy of the signal. High values of R indicate the acceptability and high quality of the
models. Let's consider and interpret each model separately.

Compressive strength R1h (MPa) at the age of 1 hour after carbonization.We will first assess
the degree of influence of each factor on the analyzed strength characteristic at the central point of
the plan using the perturbation diagram (Fig. 1).

A perturbation diagram allows you to compare the effects of all factors at a certain point in
plan space and search for those factors that have the greatest effect on the response. The feedback
shown in the diagram is constructed by varying only one factor over its range while holding the
other factors fixed. A steep slope or curvature of the curve of the corresponding factor shows that
the response is sensitive to changes in that factor. So, from Fig. 1, it can be seen that the
consumption of cement (Knitt, A), the pressure of the main degree of carbonation (pCO,, D), with a
positive tangent of the angle of inclination in the center of the plan, and the content of limestone
rock (GL, C) with a negative influence are most strongly influenced. Lines almost parallel to the
base show insensitivity to changes in the corresponding factors, which is characteristic of factors B,
EinFig. 1, a.
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Table 3 — ES-strength models of material characteristics and their statistical characteristics

R1h, MPa R 28, MPa R 180, MPa
Rlh = R28 = R180 =
+8.80 +12.69 +13.87
+3.70 * A +5.88 * A +6.80 * A
+0.90 *B +1.12*B +1.10*B
-0.50*C -1.22*C -1.30*C
+1.30*D -0.22*D -0.40*D
+0.50 * E +0.12*E +0.10 *E
+0.40*A*B +0.47*A*B +0.30*A*B
+0.20*A*D -0.28*A*C -050*A*C
+0.20*A*E -0.18*A*D -020*A*D
+0.40*B*C +047*B*C -030*A*E
-0.100*B*D -0.13*B*D +0.30*B*C
+0.10*B*E +0.27*D*E +0.30*B*D
-0.30*C*D +1.36 * A2 +2.13 * A2
-0.30*C*E -0.44 * B2 -0.97 * B2
+0.20*D*E -0.64 * C2
+0.98 * A2 -0.54 * E2
-0.52 * C2
-0.52 * D2
-0.32 * E2
R-squared 0.9983 R-squared 0.9984 R-squared 0.9985
Adj R-squared 0.9960 Adj R-squared 0.9967 Adj R-squared 0.9973
Preq R-squared 0.9979 Preq R-squared 0.9928 Preq R-squared 0.9922
Adeq Precision 93.028 Adeq Precision 90.276 Adeq Precision 106.701
Perturbation Perturbation Perturbation
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Fig. 1. Diagram of disturbances of strength properties at the central point of the plan:
a— for R1h; b — for R28; ¢ — for R180

It is difficult to get a visual representation of the field of material properties directly due to the
multidimensionality of the model under consideration. However, an idea of the geometric
characteristics of the propertie’s field can be obtained from a series of line diagrams of the level of
the desired property (strength R1h, MPa), in the coordinates of the two main factors A and D at
fixed values of factors B, C and E. Given the low sensitivity of the model for the latter properties B,
C, E it is convenient to consider the map of isolines at the vertices of the unit cube of the factorial
subspace BCE: a total of 8 sections shown in Table 4.
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Table 4 — Graphic representation of the strength field of the material at the age of 1 hour from the
end of carbonization Rh1, MPa
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Since the strength values are actually consecutive elements of the same time series, a single
systematic interpretation is appropriate for these data. It is possible only after considering all
available results, in analytical and graphical form.

Compressive strength within 28 days after carbonization. The perturbation diagram for the
considered model is shown in Fig. 1, b. From the diagram in Fig. 1, b shows that the main
influencing factor is the consumption of cement (Knitt, A), with a positive tangent of the tangent
angle. Next is the limestone content (GL, C) with a negative tangent of the tangent angle. Factors B,
D and E are characterized by a smaller influence. Since the graphical presentation of the model is
implemented using maps of isolines, as factors corresponding to the axes of the diagram, it is
appropriate to choose A and C. Other factors with a relatively small effect on the strength of R28
are presented in discrete form. As for R1h, they correspond to the vertices of the unit cube of the
factor subspace BDE. The appearance of the corresponding diagrams is shown in Table 5.

Table 5 — Graphic representation of the strength field of the material at the age of 28 days, after the
end of R28 carbonation, MPa
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Compressive strength within 180 days after carbonization.The perturbation diagram for the
considered model is shown in Fig. 1, c. It can be seen from the diagram that the main influencing factor
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is again the consumption of cement (Knitt, A), with a positive tangent of the tangent angle. Other factors
have a rather weak effect. The dependence for the SYM concentration factor (SYM, B) is characterized
by a significant curvature, however, the content of limestones (GL, C) should again be distinguished
from the tangent of the angle of inclination, which belongs to the center of the plan with a negative
contribution value. Factors B, D and E are presented in discrete form, the axes of the diagrams — A and
C. The construction scheme (Table 6) is similar to the previous one, shown in Table 6.

Table 6 — Graphic representation of the strength field of the material at the age of 180 days, after the
end of carbonization R180, MPa
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Interpretation of the role of factors in the formation of the strength of characteristics. The
change in the degree of influence of the consumption of binder A by 3.2 MPa 1 hour after
carbonization is a consequence of the change in the levels of factors B, D and E. At this age, the
maximum increase in the strength of lightweight aggregate concrete is observed at the maximum
content of the SYM additive (SYM, B) and the maximum values of parameters characterizing the
carbonation regime. In contrast, at the age of 28 and 180 days, the maximum increase in strength
occurs with the maximum content of SYM additive, with the use of a binder without ground limestone
rock and with minimum values of pressure and carbonation time. The dependence of the strength of
carbonized expanded clay concrete on the consumption of the binder is described by a function of the
second order. With an increase in the consumption of the binder, the degree of influence of the factor
increases. Thus, when the binder consumption is increased from 300 to 400 and from 400 to
500 kg/m®, the strength of concrete increases on average by 2.7 and 4.7 MPa one hour after
carbonization, by 4.2 and 7.2 MPa at the age of 28 days and at 4.5 and 9.5 MPa at the age of 180 days.

The second most influential prescription factor is the factor (GL, C) — percentage content in
binding ground limestone. This factor is ambiguous in terms of its influence. At the age of one hour
after carbonation, a change in the nature of exposure causes a change in the content of SYM and the
amount of pressure and time of carbonation. Thus, in the absence of SYM additive and at the maximum
values of pressure and carbonation time, an increase in the binder content of ground limestone leads to a
decrease in strength by 3.0 MPa. With the content of SYM in the amount of 0.4% of the weight of the
binder and at the minimum values of pressure and carbonation time, increasing the content of the binder
of ground limestone rock from 0 to 30% leads to an increase in strength by 1.0 MPa.

With the increase in the age of concrete, the change in carbonation regimes has practically no
effect on the degree and nature of the influence of the content of binding ground limestone on the
strength of concrete. In this case, the consumption of the binder and the content of the SYM
additive have a significant effect. Thus, with a binder consumption of 500 kg/m® and the absence of
SYM additive in the concrete mixture, the change in the content of ground limestone in the studied
interval leads to a decrease in strength by 4.0 MPa at the age of 28 days and by 4.1 MPa at aged 180
days With a binder consumption of 300 kg/m® and the content of the SYM additive in the amount of
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0.4% of the weight of the binder, replacing up to 30% of cement with ground limestone has
practically no effect on the strength of concrete at the age of 28 and 180 days after carbonization.

Since the values of strength characteristics studied by modeling are elements of a time series,
it is of interest to study the transformation of strength models in the hardening process. It should be
noted that all factors (AE) of the constructed regression ES-models affect the strength
characteristics due to the material structure. When considering the models presented in Table 4, it is
easy to determine the trend in the transformation of the dependences of the strength properties of
the material on the studied factors affecting the structure. It basically boils down to the following —
when moving from early hardening times to normative ones (28 days) and further up to 180 days,
the models are significantly simplified. Thus, in the R180 model, many components are statistically
excluded (exclusion is based on the p-value [19]) due to insignificance, partial simplification is
evident for R28. Such exclusion reflects objective reality. In connection with these observations, the
following hypothesis is of interest. The process of structure formation that occurs during hardening
is, especially in the late stages, a process of a relaxation nature, and the amount of free energy
associated with the structure of the material (structural potential [21]) approaches its minimum
value, at least in some directions. Near the minimum of the structural potential, mainly linear
interactions associated with factors directly related to the structure of the material remain
significant. Thus, there is a tendency to simplify ES-models of a number of properties that are
significantly dependent on the structure, for example, strength characteristics, mainly due to the
elimination of interaction components.

The final formulation of the proposed hypothesis is as follows. In experimental-statistical
models of structure-dependent properties (for example, strength), during the process of structure
formation, there is a tendency to simplify due to the elimination of a number of components, mainly
members that describe the interaction of factors that determine the structure of the material.

At the relatively late stages of hardening, stepwise splitting of the components can be
observed — if any components of ES-models were split at the previous stages of structure formation,
they do not occur in the following stages. This effect is manifested, in particular, for R28 and R180.
The described display of the course of structure formation in the form of a stepwise transformation
of ES-models corresponds to the concept of the material structure development process and its
properties "from what has been achieved" [22].

The proposed hypothesis is preliminary in nature and its verification needs to be investigated
by time series data of structurally dependent properties, for example, strength, which is the subject
of future research.

Optimization of material properties by methods of desirability functions. Since the
optimization of the set of recipe-technological factors is carried out in the considered version of ES-
modeling according to three types of strength — R1h, R28 and R180, it belongs to the multi-criteria
optimization methods based on the idea of compromise solutions.

One of the approaches in the analyzed case is the transition to a single criterion-convolution
of partial criteria (1):

P (01(Xq - X 22 (X - X e+ @ (X - - - X)) = MAX.. (1)

The convolution method found an engineering embodiment in the form of desirability
functions. It can be viewed as an apparatus for interaction with a decision-maker whose task is to
qualitatively determine the degree of importance of partial criteria and the type of function itself
using weight indicators for each criterion.

The capabilities of the Design Expert package in were used to optimize the composite
material, which allow, in particular, carrying out multi-criteria optimization of the research result
and the selection of optimal solutions. This method is based on the multiplicative nature of the
desirability function D, which is determined by formula (2) [18]:

D :(dlrl A2 . dfh )27 (2)

where d, reflect the degree of desirability of each of the partial criteria0<d, <1.
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When maximizing the target level of X; at the selected upper and lower limits of the interval
of changes of this factor High; and Low; correspondingly expressed as (3):

L . 1
= Xizlow Low; < X; < High; ®)
High; — Low :
In the case of minimization of the level X;, the corresponding value of desirability is (4):
. Wti
di = —l__“ghi — X Low; < X; < High;, 4)
nghi — LOWi

where wti — indicator of the "influence" of the desirability function (weight factor), atwt; =1, di-

linear function; wt; > 1exerts a greater influence on the displacement of di towards the target value;
wt; <1 —a less important degree of influence.

In the original task, not all criteria are equally important. The degree of importance r (2) is
expressed in the form of integers from 1 (“insignificant criterion”) to 5 (“extremely important
criterion™). The method discussed above, embodied in the form of a program, represents a
convenient and flexible engineering tool for solving the problems of optimizing composites and, in
particular, lightweight aggregate concrete of accelerated carbonate hardening.

For the constructed ES-models (Table 3), it is possible to set a large number of optimization
tasks that differ in indicators of importance and weight. Let's consider two of them, which have a
direct engineering meaning.

Optimizing the result of long-term hardening. The obvious goal of creating a composite
material is to achieve maximum strength during the entire long-term hardening process of 180 days.
But strength in the regulatory control period of 28 days is also important. To achieve appropriate
results, other restrictions and requirements (except, of course, fixed interval restrictions) are
removed. The appropriate conditions allow us to construct partial optimization criteria and
determine the distribution of degrees of importance for the desirability function (Table 7).

Table 7 — Parameters of the desirability function for optimization of long-term hardening

Factors gnd Objectives ng_er Upper LO\_/ver Up_per Importance
properties limit | border | weight | weight
Knitt in the interval -1 1 1 1 1
SYM in the interval -1 1 1 1 1
GL in the interval -1 1 1 1 1
PCO, in the interval -1 1 1 1 1
tCO, in the interval -1 1 1 1 1
R1h maximum 2.1 16.5 1 1 2
R28 maximum 3.8 21.8 1 1 2
R180 maximum 5.9 26.1 1 1 5

The desirability function as a convolution criterion was optimized, and the following
solutions were obtained in coded values (Table 8).

Table 8 — Results of optimization of long-term hardening

No | Knitt | SYM | GL | PCO, | tCO, | R1h R28 | R180 Desirability
1 1 0.89 -1 0.08 | 0.52 | 14.88 | 2121 | 2463 0.926811
2 1 093 | -0.99 | 0.06 | 0.51 | 14.87 | 21,23 | 24.60 0.926516
3 1 0.99 | -0.98 0 0.54 | 14.84 | 21.25 | 24.60 0.926229
4 1 0.98 -1 -0.17 | 0.23 | 14.25 | 21.48 | 24.84 0.925759
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The first of them is the most profitable, it should be accepted. It is displayed graphically in the
form of arc diagrams (Fig. 2).

|| Tl ) |
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3.8 218 549 261

R258 =21.206 R180 = 24 6293

Fig. 2. The main result of multi-criteria optimization of long-term hardening

Optimization of the composition of the composite material taking into account additional
conditions. Such additional conditions are the saving of the binder — cement, as well as technological
conditions of low pressure and short carbonation time (this corresponds to safety conditions and
reduction of construction costs for the carbonization chamber). Normative characteristics of the
material at the 28-day hardening period are also important. But the main goal is still long-term
strength. The formulated optimization problem allows you to construct partial optimization criteria and
determine the distribution of degrees of importance for the desirability function (Table 9).

Table 9 — Parameters of the desirability function for optimization of long-term hardening

Factors —_— Lower | Upper | Lower | Upper
and_ Objectives border | border | weight | weight Importance
properties g g
Knitt in the interval -1 1 1 1 4
SYM in the interval -1 1 1 1 3
GL in the interval -1 1 1 1 3
PCO, in the interval -1 1 1 1 2
tCO, in the interval -1 1 1 1 2
R1h maximum 2.1 16.5 1 1 4
R28 maximum 3.8 21.8 1 1 5
R180 maximum 5.9 26.1 1 1 5

The desirability function was optimized, and the following solutions were obtained in coded
values (Table 10).

Table 10 — Results of optimization of long-term hardening

No | Knitt | SYM | GL | PCO; | tCO, | R1h | R28 | R180 | Desirability
1 ]057 1 [-049| -1 -1 19.29 11789 | 20.23 | 0.583693
2 | 057 1 1-048] -1 -1 1932|1791 | 20.24 | 0.583691
3 | 057 1 |[-048| -1 |-0.98]9.33]17.91|20.23| 0.583678
4 | 0.57 1 ]-052] -1 -1 19.28 1792 | 20.29 | 0.583666
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The first of them is the most profitable, it should be accepted. It is displayed graphically in the
form of arc diagrams (Fig. 3).

T v
-1.00 1.00 -1.00 1.00 -1.00 1.00
Knitting = 0.57 S =1.00 GL=-049
-1.00 1.00 -1.00 1.00 241 16.5
PCoO2=-1.00 tCo2 =-1.00 R1h=229
ﬂﬂ Desirability = 0.584
3.8 218 =] 26.1
R23 =17.59 R180 = 20.23

Fig. 3. The main result of multi-criteria optimization of long-term hardening in the presence of
additional conditions and requirements

As can be seen from the comparison of the results in Tables 8 and 10, the imposition of
additional conditions made it possible to facilitate the carbonation regime and save part of the
cement, at the cost of losing 6 MPa of long-term strength. A significant decrease in the values of the
desirability function in Table 10 indicates the significant impact of new requirements and
restrictions, as well as the conditions of a hard compromise of partial criteria.

The determined optimal modes indicate the possibility of optimization under significant
restrictions, which demonstrates flexibility in the application of the apparatus of the desirability
function. The approach to quantitative optimization, which is based on the desirability function, is
especially useful in those cases when the large dimension of the original problem does not allow to
visually display the factor space, as well as when the interpretation of individual features of ES-models
is difficult. These useful properties are fully manifested in the optimization of the recipe and
technological factors for the production of expanded clay concrete of accelerated carbonization
hardening.

Conclusions.The study of the strength data of expanded clay concrete of carbonization
hardening made it possible to build ES-models of the strength characteristics of the material. The
experimental strength values range from 2.1 to 16.5 MPa 1 hour after carbonization, from 4.6 to 21.8
MPa at the age of 28 days, and from 5.9 to 26.1 MPa at the age of 180 days. Models are graphically
displayed and interpreted. The proposed hypothesis is that in experimental-statistical models of
structure-dependent properties (for example, strength), during the process of structure formation,
there is a tendency to simplify due to the elimination of a number of components, mainly members
that describe the interaction of factors that determine the structure of the material. In particular,
there is a gradual elimination of the constituent ES-models of the properties related to the material’s
structure. The formulation of two optimization problems of a set of recipe-technological factors
based on long-term strength is proposed. The first optimization task concerns long-term strength in
the absence of significant additional requirements and restrictions. The second task is loaded with
additional requirements to reduce cement consumption and facilitate carbonation technology. In
connection with the defined tasks, the parameters of the desirability function were determined,
optimization was carried out and optimal sets of recipe-technological factors were obtained. So, for
the second task, the composition and set of properties was as follows: Knitt = 0.57, SYM =1, GL =
-0.49, PCO; = -1, R1h = 9.29 MPa, R28 = 17.89 MPa, R180 = 20.23 MPa. The imposition of
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additional requirements made it possible to save cement consumption and improve the indicators of
the carbonization technological regimes at the cost of reducing the long-term strength by
approximately 6 MPa.
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AHoOTaliA. Y poOOTi MOCHIIKYIOTBCS  JaHi, OAEp)KaHi MNpU JOCIIIKEHHI MPHUCKOPEHOTO
KapOOHI3allIfHOrO TBEpAHEHHS KepaM3uToOeToHy. Po3risimaeTbcs MexaHI3MH Ta  METOIUKA
3MificHeHHsT KapOOHI3alliiHOTO TBEPAHEHHS, BIUIMB HA MIIHICHI XapaKTEPUCTUKU PELENTYPHUX Ta
TexHonoriuHuX (haktopi. HaitOiip1 3HaUyIIMMU 3 HUX Oyl BUTpaTa B’sDKY4YOro, BIIHOCHA KUTBKICTb
1 TpaHyJIOMETpisl HAIMOBHIOBaYa (3MEJICHOTO BAITHSAKY) Ta 3allOBHIOBauYa (KEpaM3WTY), KOHIICHTpAIIis
riactugikyrodoi godasku (C/1b) Ta TexHomoriudi mapamerpu kapOoHi3alii — MaKCUMalIbHAN THUCK Ta
yac kapOoHizarii. Po3misimaeTscsi mpupoja BIUIMBY BIANOBIIHUX BJIACTUBOCTEH HA MIIHICHI
XapakTepucTuku. JlocnipKyBaiaucs pe3yiabTaTd CIUIAHOBAHOTO Ta 3/IMCHEHOTO EKCIIEPUMEHTY 3a
JIOTIOMOT'0I0 METOZ0JIOTIi MOBEPXOHb BIATYKY. ByayBanucs ekcriepMMeHTaIbHO-CTaTUCTHYHI MOJENI
MIITHOCTI MPH CTUCKY Ha cTpokax | roxmnHa, 28 16 ta 180 m16 Bix KiHIS Hpoleaypu KapOOHI3allii.
Bu3naueHi cTyneH1 BIUIMBY pi3HUX YMHHUKIB. [I00ynoBaHi 3anexHOCTI Bi1oOpaXkaIucs 3a JOMOMOT 00
cepii aiarpam 130JiHIA MIIHOCTI NMPH TPAHUYHUX 3HAYEHHSAX TPbOX (DaKTOpIB CIIAOKOrO BIUIUBY.
3anponoHoBaHa TirnoTe3a, 3rJHO 3 IKOI0 B €KCIIEPUMEHTAIbHO-CTATUCTUYHUX MOJETSX BIaCTUBOCTEH
MaTepiajiiB, TICHO 3B’SI3aHUX 3 IXHBOIO CTPYKTYpPOIO, CTBOPIOETHCS TE€HJIEHIIISI A0 CIIPOLIECHHS IiJ] Yac
MIPOXO/KEHHSI BIANOBIIHUMHU MaTeplajlaMi  CTajli CTPYKTYpPOYTBOPEHHS. 3HMKAIOTh CKJIAJIOBI,
MEePEeBaXHO TIOB’SI3aHI 3 B3a€MOJIEI0 (aKTOpPIB, BU3HAYAIOUUX CTPYKTYpy Marepiany. Bimnosimxi
TpaHcopMallli BUHUKAIOTh, 30KpeMa, A MmoOynoBaHuX mozened minHocti. ChopMynboBaHi J1Ba
3aBJIaHHSl ONTHUMI3aIlli JTOBrOCTPOKOBOI MIITHOCTI Kepam3utoberoHy. [lepmia 3amaua moB’si3aHa 3
YCYHEHHSIM KOPCTKUX JOAATKOBUX OOMEXEHb MPH ONTUMI3ALl], IPU LIbOMY JIOBIOCTPOKOBA MILHIThH
JI0CATaE CBOTO0 MaKCHUMyMYy. [[pyre iH)XeHEepHO OOTpyHTOBAHE 3aBIaHHSI, MICTUTh JOJATKOBI BUMOTH
€KOHOMHOT'O BUTPa4YaHHS B’SKY4YOTo Ta 3pY4HOCTI TEXHOJIOTIYHOTO pexxumy kapOonizaiii. s 06ox
3aBIaHb OyJMM BH3HA4YEHl pO3MOAUIM TapamerpiB (yHKuii OaxaHocti. B pesynbrari mpoBeaeHoi
OnTUMI3allli oJiep»aHi JiBa OCHOBHUX HAOOpHU pELENTYpPHO-TEXHOJIOTTYHUX (DAaKTOPIB 1 BIATIOBIIHUX
BJIACTUBOCTEHM KOMITO3UIIHKX MaTepiaiB.

KuarouoBi cioBa: mnpuckopeHe kapOoHi3alliiiHe TBEpJHEHHS, IUIaHYBaHHS E€KCIIEPUMEHTY,
ONTHUMAJIBHICTH 32 KOMOIHOBAaHUM KpHUTepieM, (yHKIIIA OaKaHOCTI.
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Abstract. More and more roads with hard cement concrete pavements are built in developed
countries, including Ukraine. The production of almost all types of concrete involves the use of
plasticisers. Today, polycarboxylate additives are the most effective plasticisers. However, the
effect of water-reducing modifiers depends on the formulation and technological characteristics of a
concrete. In the construction of hard pavements, concrete mixes with relatively low mobility are
used, in which it is necessary to determine the effectiveness of various plasticisers, taking into
account the type of cement. Accordingly, the purpose of the study is to establish how the strength of
concrete pavements is determined by different types of plasticisers.

The strength of concretes with four different plasticisers was compared. The plasticisers
considered were: Polyplast SP-1 (based on a mixture of sodium salts and polyethylene of phthalate
sulphuric acids); Coral ExpertSuid-5 (based on carboxylic acid polymers and esters), Coral
MasterSilk (based on lignosulphonates), and Sika® Plastiment®-1230 (produced on the basis of
lignosulphonates). These were added in two dosages — 0.8 and 1.2% by weight of cement. The
cement used was PC IlI/A-Sh-500 R-H in the amount of 350 kg/m3, the crushed stone was as fine as
5-20 mm, and the washed quartz sand had the fineness modulus 2.4.

The mobility of all concrete mixes was S1 and depended on the composition of the concrete.
It has been found that the use of Coral ExpertSuid-5 can reduce the water/cement ratio most
significantly. The use of Coral MasterSilk reduces the water/cement ratio to a slightly lesser extent.
SP-1 and Sika® Plastiment®-1230 have approximately the same, and the lowest, effectiveness in
reducing the water demand of the mixture.

At the design age, the highest strength (55.9-57.5 MPa) was observed in concrete pavements
modified with Coral ExpertSuid-5 and Sika® Plastiment®-1230 plasticisers. At the age of 3 days,
concretes with the Coral ExpertSuid-5 additive have the highest strength. An increase in the dosage
of these two plasticisers from 0.8% to 1.2% increases the early strength of concrete, but does not
change the strength at the design age. The strength of the concrete modified with the Polyplast SP-1
and Coral MasterSilk additives was lower at the early and design ages. That is, taking into account
the use of mixtures of low mobility and cement PC IlI/A-S-500 R-H, the effectiveness of the
additive based on carboxylic acid polymers in increasing the strength of concrete at the design age
is approximately equal to that of the lignosulphonate-based additive.

Keywords: rigid pavement, superplasticiser, effectiveness, concrete, strength.

Introduction. Roads with rigid cement concrete pavements are widely used in developed
countries. In recent years, the share of roads with cement concrete pavements has also increased
significantly in Ukraine, due to their technical advantages. The main ones are their high durability,
resistance to formation of corrugations and ruts, and low dependence of their performance on the
ambient temperature. An important economic advantage of hard-surfaced roads for Ukraine is that
the production of cement concrete does not use bitumen, which otherwise must be exported.
Accordingly, in the process of post-war reconstruction of the country, the construction of cement
concrete roads will also be highly practical economically.
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In recent decades, plasticisers of one kind or another have been used to produce almost all
types of concrete. At the current stage of development of the construction industry, polycarboxylate
superplasticisers are the most effective, especially in the manufacture of concrete mixes with high
mobility. However, it is concrete mixes with relatively low mobility that are used in the
construction of rigid concrete pavements. Besides, new plasticisers and complex additives never
stop appearing on the domestic market. Therefore, selecting rational superplasticisers for hard
pavement concretes is a topical task. To solve it, one should also take into account the type of
cement used.

Analysis of research and publications. Cement concrete can effectively distribute the
stresses that loading produces on the road base, and withstands repeated loading better than asphalt
concrete does. So, rigid pavements prove the most effective with high traffic intensity [1].

It is economically practical to use rigid pavements, primarily because roads with such
pavements are two or more times as durable as those with asphalt concrete pavements [2].

Due to its lighter colour, cement concrete has better surface visibility, which increases traffic
safety in the dark. Also, the properties of hard pavements hardly change with fluctuations in the
ambient temperature [3].

When laying rigid pavements, a project must specify the requirements for concrete, primarily
the tensile strength class, compressive strength class, and frost resistance. DBN B.2.3-4:2015
specifies, depending on the road category, the minimum design class of concrete for cement
concrete pavements [4].

Today, virtually all concrete is produced using plasticising additives (most often
superplasticisers), because it is necessary to ensure the specified strength and frost resistance of the
material while minimising production costs [5]. The most effective superplasticisers on the market
are polycarboxylate additives [6-9]. For example, the study [6] shows that the use of
polycarboxylates doubled the strength of concrete, as compared with unmodified concrete, and
amounted to more than 60 MPa. When lignosulphonate superplasticisers were used, the strength
was more than 45 MPa, and with naphthalene sulphomaldehyde superplasticisers, it was about
40 MPa. In the paper [9], it is shown that cement stone with a polycarboxylate additive has a higher
compressive strength than cement stone containing naphthalene-based superplasticisers. However,
the effect of water-reducing modifiers depends on the formulation and technological characteristics
of the concrete. Particular attention should be paid to the compatibility of the type of cement and the
superplasticiser [10]. For example, it is known that polycarboxylate-based plasticisers have better
water reduction in high-mobility concrete mixes. So, when using low-mobility or stiff mixes, the
effectiveness of plasticisers must be additionally determined.

When using a slipform paver for pavement construction, which is the most common
technology, in accordance with the requirements of DBN B.2.3-4:2015 [4], the concrete mix should
have a cone slump of 1 to 5 cm, depending on the speed of the paver. That is, the mixtures have low
mobility, and determining the effectiveness of plasticisers of various types in these mixtures is a
task of current importance. The optimal consumption of plasticiser can only be determined in the
laboratory, taking into account the characteristics of the aggregates and cement used [5].

The purpose of the study is to establish how plasticisers of different types determine the
strength of concrete in rigid pavements.

Materials and methods. The experiment compared the strength of concrete with four
different plasticisers available on the domestic market:

— Polyplast SP-1 (company Polyplast, Novomoskovsk). The additive is made on the basis of a
mixture of sodium salts of polyethylene of phthalate sulphonic acids of different molecular weights;

— Coral ExpertSuid-5 (company Coral, Zaporizhzhia). It is produced on the basis of polymers
of carboxylic acids and esters [11];

— Coral MasterSilk (company Coral, Zaporizhzhia). It is produced on the basis of
lignosulphonates [12];

—Sika® Plastiment®-1230 (Sika, Switzerland). Is also produced on the basis of
lignosulphonates [13].
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The cement used was PC Il/A-Sh-500 R-H manufactured by Dickerhoff Cement Ukraine. The
amount of cement in all concretes was 350 kg/m®. Crushed stone as fine as 5-20 mm and washed
quartz sand with the fineness modulus 2.4 were also used.

All additives were introduced in two dosages — 0.8 and 1.2% by weight of cement. Thus, 8
concrete compositions were investigated (Table 1). The workability of all concrete mixes was S1
with a cone slump of 2 to 3 cm. This meets the requirements of DBN B.2.3-4:2015 Highways,
according to which, as shown above, the mobility of concrete mixes for pavement construction
should be 1 to 5 cm [4]. The equal mobility was achieved by selecting the amount of water, along
with a corresponding adjustment of the concrete composition.

Table 1 — Compositions of the concretes analysed

" Concrete composition (k/m°)
g E _ Additive 5
Z S Portland Crushed Sand _ 2
cement stone type quantity =
la 766 2.8 (0.8%) 145
SP-1
1b 770 4.2 (1.2%) 140
2a 779 2.8 (0.8%) 128
Coral ExpertSuid-5
2b 780 4.2 (1.2%) 127
350 1205
3a 770 2.8 (0.8%) 139
Coral Master Silk
3b 774 4.2 (1.2%) 134
4a 766 ISika® Plastiment®-| 28 (0.8%) 145
4b 765 1230 42(12%) | 146

Research results. Since the mobility of all the concrete mixes studied was equal, the amount
of water in them and, accordingly, the water/cement ratio depended on the composition, i.e., based
on the experimental conditions, on the type and amount of a plasticising additive (Table 2).

The data in Table 2 have allowed building the diagram shown in Fig. 1. It visualises the effect
of plasticisers on the water/cement ratio of the concrete mixes.

Table 2 — Water/cement ratio of concrete mixes and compressive strength of the concretes analysed

Compressive strength, MPa
Points Additive wi/C atthe age of 3 | at the age of
days 28 days
la SP-1 (0,8%) 0,414 13,5 la
1b SP-1 (1,2%) 0,400 14,5 1b
2a Coral ExpertSuid-5 (0,8%) 0,366 16,9 2a
2b Coral ExpertSuid-5 (1,2%) 0,363 17,6 2b
3a Coral MasterSilk (0,8%) 0,397 13,7 3a
3b Coral MasterSilk (1,2%) 0,383 14,7 3b
4a Sika® Plastiment®-1230 (0,8%) 0,414 12,8 4a
4b Sika® Plastiment®-1230 (1,2%) 0,417 13,6 4b
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As can be seen from the diagram in Fig. 1, the water/cement ratio of a mix of the equal
mobility S1 is most reduced when using the polycarboxylate additive Coral ExpertSuid-5. The use
of the Coral MasterSilk additive reduces the water/cement ratio to a slightly lesser extent. The
additives SP-1 and Sika® Plastiment®-1230 are about equally effective in reducing the water
consumption of the mix, but are the least effective of the plasticisers considered in the study.

wiC4
0.40 1

0,351

>

0,301

0,251

0,20-
0,8% 1,2% 0.8% 1.2% 0.8% 1.2% 0,8% 1,2%

CII-1 Coral ExpertSuid-5  Coral Master Silk Sika Plastiment®-1230
Fig. 1. Effect of the type and amount of a plasticiser on the water/cement ratio of concrete mixes

With an increase in the dosage of the plasticisers SP-1, Coral ExpertSuid-5, and Coral
MasterSilk from 0.8% to 1.2% by weight of cement, the water/cement ratio of the mixtures
decreases still more. However, when using the lignosulphonate-based additive Sika® Plastiment®-
1230, changing its dosage from 0.8% to 1.2% does not affect the water/cement ratio of a mixture.

The compressive strength of concrete was tested at the age of 3 and 28 days (Table 2). The
diagrams based on the data in Table 2 and presented in Fig. 2 show how the type and amount of a
plasticiser affect the strength.

Analysis of the data in Table 2 and the diagrams shows that at both the early age and the
design age of 28 days, the highest strength is that of the concretes modified with the additive based
on carboxylic acid polymers Coral ExpertSuid-5. At the age of 3 days, concretes modified with
SP-1 and Coral MasterSilk are about equally strong. Concretes with Sika® Plastiment®-1230,
which are the highest in their water/cement ratio among the tested ones, have the early strength
lower by 0.7-1.1 MPa, as compared with the concretes modified with SP-1 and Coral MasterSilk.

However, at the design age of 28 days, the strength of concretes with Sika®
Plastiment®-1230 is by 2.5-4.7 MPa higher than that of concretes with SP-1 and Coral MasterSilk,
and only by 0.7-1.6 MPa lower than that of concretes modified with Coral ExpertSuid-5.

At the age of 3 days, with an increase in the dosage of all additives from 0.8 to 1.2% by
weight of cement, the strength of concrete increases by 0.7-1 MPa. At the age of 28 days, an
increase in the amount of the additive based on carboxylic acid polymers Coral ExpertSuid-5 results
in no increase in the concrete strength. For other plasticisers, increasing their dosage to 1.2% causes
an increase in the concrete strength by 0.4-2.1 MPa.

This effect of plasticisers on the strength is primarily due to their effect on the water demand
and, accordingly, the water/cement ratio of concrete mixes. Fig. 3 shows diagrams that visualise
how a water/cement ratio of a mix affects the strength of concrete at the age of 3 and 28 days.
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Fig. 2. Effect of the type and amount of a plasticiser on the compressive strength of concretes:
a — at the age of 3 days; b — at the age of 28 days

It is known that the effect of the water/cement ratio on the concrete strength is close to a
linear relationship [5]. Analysis of the diagrams in Fig. 3 shows that the water/cement ratio of a mix
has a more pronounced effect on the strength of concrete at the age of 3 days. The correlation
coefficient r (W/C, fcn3) is 0.94. At the design age, the effect of the water/cement ratio on the
strength is not as obvious, with r (W/C, f.,) = 0.46. This can be explained by the fact that as the age
of concrete increases, its strength is increasingly influenced by the peculiarities of the capillary-
porous structure, as well as by the structure density and total porosity.

Conclusions and prospects for further research. At the design age, the highest strength was
observed in the hard pavement concretes modified with Coral ExpertSuid-5 (based on carboxylic
acid polymers and esters) and Sika® Plastiment®-1230 (based on lignosulphonates). At the early
age, the concretes containing Coral ExpertSuid-5 had the highest strength. An increase in the
dosage of these two plasticisers from 0.8% to 1.2% by weight of cement increased the early strength
of concrete, but did not cause significant changes in the strength at the design age. Thus, taking into
account the use of low mobility mixes typical of hard pavement concretes, as well as PC 11/A-S-500
R-H cement, the effectiveness of the carboxylic acid polymer-based additive is approximately the
same as that of the lignosulphonate-based additive. However, as noted above, this conclusion is
only applicable to the concrete strength at the design age.
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Fig. 3. Effect of the W/C ratio of mixes with equal mobility on the compressive strength of
concretes:

a— at the age of 3 days; b — at the age of 28 days

In the future, it is planned to study how plasticisers of the same type affect the complex of
properties of concretes and fibre-reinforced concretes, in particular their frost resistance and wear
resistance, which are the parameters that determine the durability of rigid pavements. Experimental
design methods will be used in the study.
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B BETOHAX JKOPCTKHX JOPOKHIX ITOKPUTTIB
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AHoTauis. Jloporu 3 >KOPCTKUMH [EMEHTOOSTOHHIUMH TOKPUTTSMHU BCE YacTime OyIyroThes
B PO3BHHEHHX KpaiHax CBiTy, 30kpema B YkpaiHi. [Ipu BHpOOHUIITBI Maiike BCIX THUIIB OETOHIB
BUKOPHUCTOBYIOThCS J00aBKku 1iactudikaropu. Ha cporogni HalOimbil eQEeKTHBHUMHU Cepen
wiactudikaTopiB € go0aBku mojikapOokcuiaatHoro tumy. IIpore BIIUB BOAOPEAYKYHOUHX
MOMU(IKATOPIB  3aJEKUTh B  PEHENTYPHO-TEXHOJOTIYHUX ocobmuBocTei Oertony. Ilpm
BIIAIITYBAaHHI >KOPCTKUX IOKPHUTTIB BUKOPUCTOBYIOTHCS OETOHHI CYyMIllll 3 BiIHOCHO HH3BKOIO
PYXOMICTIO, B IKMX HEOOXiZHO BH3HAYaTH €()EeKTUBHICTH PI3HUX IUIACTH(]IKATOPIB 3 ypaXyBaHHIM
TUITY IEMEHTY. BiAmoBiqHO MeTOI0 poOOTH € BU3HAYEHHS BIUIMBY ILIACTU(IKATOPIB PI3HOTO TUITY
Ha MIIHICTh OETOHIB )KOPCTKUX JOPOXKHIX TTOKPHUTTIB.

[TopiBHsiHO MilHICTh OeToHIB 3 yoTupMa Iiactudikaropamu: Ilomimmact CII-1 (Ha ocHoBi
CyMIIlll HATpieBUX cosied 1 momMeTwneHyTaniHcyabpokucnor), Coral ExpertSuid-5 (Ha ocHOBI
noJiMepiB kapOoHOBUX KUCIOT Ta edipiB), Coral MasterSilk (Ha ocHoBi mirnocynshonariB) i Sika®
Plastiment®-1230 (BupoOIsIIOTbCS Ha OCHOBI JIIFHOCYNb(OHATIB). Yci 100aBKM BBOAWINCSA Y JBOX
nosyBanusx — 0,8 1 1,2% Big macu nementy. BukopucroByBascst nement 1L I/A-III-500 P-H y
KibKOCTI 350 Kr/M>, e6iHb ¢pakuii 5-20 MM 1 MUTHI KBapLIOBH MICOK 3 MOAYJIEM KPYMHOCTI 2,4.

PyxomicTe Bcix OeToHHHMX cywmimieii Oyma piBHOIO S, BIAMOBIIHO 3aieXxana Bil CKIamy
o6etony. Bceranosneno, mo Buxkopuctanns Coral ExpertSuid-5 B/IL] no3Bonsie HaitOuIbII 1CTOTHO
33ty B/I1. 3acrocyBanns Coral Master Silk no3Bosisie 3un3uTH B/ B A€o MeHIIOMY CTyTIEHI.
CII-1 1 Sika® Plastiment®-1230 maroTh npuOIM3HO OJHAKOBY 1 HalMEHIIY €(QEeKTUBHICTb Y
3HWKEHHI BOJIONIOTPEOU CyMiII.

BcranoBneHo, 1110 y npoeKTHOMY Billl HalOuIbIIy MinHICTb (55,9-57,5 MIla) matoTs OeToHM
KOPCTKHUX JIOPOXKHIX MOKPUTTIB, MoaudikoBani riactudikatopamu Coral ExpertSuid-5 1 Sika®
Plastiment®-1230. ¥V Bimi 3-x ai0 HalOuIbIIy MIIHICTE MaroTh OeToHu 3 mob6aBkoio Coral
ExpertSuid-5. 3pocranns no3yBaHHs qaHuX J1BOX Iuiactugikatopi Bix 0,8% mo 1,2% migsuirye
paHHIO MIIHICT OETOHy, aje He BHKJIMKA€E 3MIH MIIHOCTI Y NPOEKTHOMY Bimi. MIilHICTH
MoaudikoBanux nodaBkamu [lomimmact CII-1 1 Coral MasterSilk GeroniB Oyna HIKYOKO Y
paHHbOMY 1 TNpOeKTHOMY Bili. ToOTO 3 ypaxyBaHHSM BHUKOPHUCTAaHHS CyMillled HEBUCOKOI
pyxomocti Ta nementy IIL[ II/A-III-500 P-H edexTuBHICTh y MiJBUIIEHHI MIIHOCTI OETOHY Yy
MIPOEKTHOMY Billl /J00aBKM Ha OCHOBI MOJIMEpPIB KapOOHOBHX KHCIOT € TMPHUOIU3HO PIBHOIO
e(peKTUBHOCTI 100AaBKM HAa OCHOBI JIITHOCY/Ib(OHATIB.

KurouoBi ciioBa: KopcTKe T0pOKHE MOKPUTTS, cynepracTudikaTtop, epeKTUBHICTb, OE€TOH,
MIIHICTb.

Cratta Haaidnua o penakuii 4.06.2024
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Abstract. The article aims to study compressive and bending strength of polymer materials
and their strains with various amounts of filler to determine the optimal value. The polymer
composite material consists of polymethyl methacrylate as a binder and quartz sand as a filler with
the fractions at 0.14 mm, 0.315 mm, 0.63 mm. The filler amounts were changed from 100 to 500
weight parts. The strength of polymer filled material was determined by testing cube samples under
compressive and beam samples under bending. The strains were determined by testing prism
samples under tensile. The study results show the significant impact of the fraction type on the
strength and deformation characteristics of composite materials based on polymethyl methacrylate.
The samples with the finest fraction of filler 0.14 mm and 150 weight part demonstrate the biggest
strength — 90 MPa under compressive and 40 MPa under bending. The increase both particles size
and their amount led to the decrease the strength of filled composite. The analysis of the
dependencies between stresses and strains shows than deformations drop as far as the amount of
mineral filler declines. In proportion as the quantity of filler goes up, the creep deformations occur
under less amount of tensile stress. It is linked the less interaction on the border "filler-polymer™
and, as consequences, the bigger possibilities of polymer to plastic deformations. Based on obtained
dependencies, the patterns of defect development under loading have been proposed that involves
taking into account interphase interaction on the borders "filler-polymer" and "filler-filler". The less
the particles size, the bigger their specific surface and structure-forming effect. The increase of sand
particles size and their amount leads to growth of porosity, goes down the strength of composite
material and drops the capability of elastic recoverable strains. The practical importance of this
study is the possibility the usage of the filled polymer composites for recovering and renovation
works where traditional cost cement fillers are replaced with cheap and ecofriendly fine sand.

Key words: filled polymer material, strength, stress, strain, polymethyl methacrylate, filler.

Introduction. Filled polymers are an important class of materials due to their stiffness,
strength, low density, abrasion resistance, significant electrical properties, and ease of manufacture.
They are widely used in civil engineering as a reliable method of mitigating the vibration and
dynamic impacts on structures such as bridges and buildings. The application of protective coatings
based on various polymers is the most effective method of corrosion protection to isolate the
material surface from direct influence of aggressive environments due to the high strength, wear
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resistance and resistance to aggressive environments of polymer composite materials. However,
each application depends on a unique set of operating conditions, including cyclic loads, impact
conditions, tensile conditions, and strain rates. The study of the behaviour of these types of
composite materials under different conditions is crucial for design, modelling, and ensuring
durability. Time-dependent behaviour, such as creep and stress relaxation, remains a serious
problem for predicting the service life of filled polymer composites.

The widespread use of composite materials is hindered by a lack of understanding of their
long-term characteristics under operating conditions. Understanding the mechanical failure
behaviour, such as fatigue and creep, is crucial for determining the expected service life of
structures and estimating the potential maintenance costs. Due to the limited knowledge of the long-
term behaviour of polymer filled materials, many applications in civil infrastructure are limited by a
conservative consideration of creep. More accurate predictions of creep behaviour are needed to
improve cost-effectiveness when replacing standard fillers with waste materials or by-products.
Thus, studying the deformation properties and predicting the influence of structural formation
features on the ultimate strength of filled polymer composites is a topical task.

Analysis of recent research and publications. The inclusion of fillers affects the entire
range of properties of filled polymeric materials starting from their manufacture. An increase in the
amount of filler leads to a significant rise in the viscosity of polymer mixtures that causes
technological difficulties when coatings are applied to the surface [1]. To overcome this negative
effect, the authors proposed to introduce highly dispersed amorphous silicon dioxide in addition to
aluminosilicate spheres. One of the main disadvantages of polymer materials is a significant amount
of shrinkage during application and subsequent curing. As shown by the authors [2], to reduce
shrinkage deformations, the most suitable filler is quartz sand with a particle size of 0.14 mm in the
amount of 150 weight parts of acrylic polymer. Shrinkage deformations are 5 times less than in the
unfilled composition and 10 % less than when filled with Portland cement. In addition, the
shrinkage deformations are the smallest when the optimal thickness of the coating is 5 mm. This is
explained by the action of the filler surface which orientates the layers of polymer molecules. In
turn, this causes strengthening of the nearest polymer layers, but the strength decreases with
distance from the surface. As the coating thickness increases, the cohesive forces are less than the
tensile stress. It leads to cracking of thicker layers.

Filled polymer compositions are of great importance in the creation of anticorrosion protective
coatings [3-5]. The authors of these studies pay attention to the targeted control of the interaction
processes between the polymer and fillers to create coatings with high performance characteristics. In
paper [3], it is shown that localised areas of the filler particle surface are activators of physical and
chemical interfacial bonds during the structure formation of anticorrosion coatings. The optimal
combination of a modifier, iron-carbide charge and antioxidant ensures the maximum increase in the
degree of gelation of the epoxy matrix and the creation of a barrier to the penetration of an aggressive
environment. It is confirmed by the results of experimental studies in [3]. Fillers such as graphite, mica,
and aluminium oxide, which differ in chemical nature and particle size, were used in [4] to study the
water absorption, chemical resistance, and microhardness of epoxy compositions. Mica has the greatest
impact on water absorption and chemical resistance to acids. In the opinion of the authors [4], it is
associated with the high concentration of surface hydroxyl groups that act as ‘traps’ for water
molecules. When the amount of mica increases, water absorption and the ability to absorb acids
decreases, due to the neutralisation of its surface hydroxyl groups.

To establish the ultimate content of dispersed particles of furnace soot and crystalline boron in
an epoxy binder for the formation of protective coatings with the required characteristics, it was
proved that when furnace soot particles were introduced in the amount of 15 wt. %, composites with
a bending tensile stress of 50.53 MPa and a bending elastic modulus of 3.48 GPa were formed [5].
For the creation of composites with a destructive bending stress of 73.66 MPa and a bending elastic
modulus of 4.70 GPa, the critical content of fine-dispersed crystalline boron particles should be
30...40 wt.% per 100 wt.% of polymer. In the study [6], fillers of different chemical nature were
used: barium sulfate, calcium carbonate, zinc oxide, metakaolin, microsilica, wollastonite, talc, fly
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ash, and blast furnace granulated slag. This allowed us to clarify the principles of using each of
these types and determine the most appropriate application. For example, the use of fillers in the
form of industrial waste reduces the corrosion resistance of coatings. In contrast, the use of silicates
is effective to increase the corrosion resistance of powder coatings.

The deformation mechanisms of carbon black filled rubbers subjected to single and repeated
cyclic tensile tests were discussed it the article [7]. For a low filler content, the destruction mainly
occurs in the elastic rubber network with an irreversible break in the bonding of the molecular
chains. For high filler content, the damage initially occurs in the elastic rubber network, and then
the filler network reorganises and carries the load due to the increasing of strain giving way to
localised damage near the fillers. As a result, rubber releases both bound at the filler boundary and
trapped in the filler aggregates. This partially reversible release includes the loss of weak molecular
interactions (chain slippage, physical bonding) and prevents further development of irreversible
cavities in the elastically active phase of the rubber during testing.

The properties of filled composite materials are affected not only by the degree of dispersion
but also by the shape of the particles. In the work [8], the degree of reinforcement provided by
silicon dioxide as a spherical filler with a low aspect ratio and high interaction between fillers was
compared with mica as a plate-like filler with a higher aspect ratio and less interaction between
fillers. The mechanical characteristics of composites based on epoxy resin reinforced with
transverse carbon fibre can be improved by the inclusion of hybrid nano- and microparticles [9].
Fillers in the form of graphene nanoplates in carbon plastic promote interfacial interaction, create a
chemical bonding network with the epoxy resin, as well as cause a mechanical blocking effect that
increases flexural strength.

The main limitation of filled polymers is their brittle nature mainly due to the low stiffness and
low fracture toughness of the resin. It leads to a deterioration of matrix-predominated composite
properties including impact viscosity, compressive strength, in-plane shear, fracture toughness and
interlaminar strength. However, a wide variety of fillers makes it possible to control the elastic-
strength, deformation, and other properties of polymer-based composite materials in a wide range. In
the study [10], dispersed fillers such as microcalcite, graphite, and molybdenum disulfide were used to
obtain a composite material based on an epoxy binder. The volume content of the filler was 5, 10, 20,
30, or 40 percent of the total volume of the composition. The authors have established the dependence
of the composite deformation on the filler content: with an increase in the filler content, the
deformation decreases. The epoxy resin samples filled with molybdenum disulfide were less deformed
than samples filled with microcalcite and graphite. With an increase in the filler content, the reversible
deformation slowed down, and the value of the relative total deformation decreased. In addition, for
samples of the polymer composite material containing more than 20 % graphite, the reversible
deformation occurs more slowly than for the polymer composite material with microcalcite and
molybdenum disulfide at the same volume filler content.

The study [11] was dedicated to investigating the influence of nanofillers added to epoxy
composite materials on their mechanical properties. The fillers can react with macromolecules in the
epoxy matrix and contribute to a significant improvement in performance. The mechanical properties
of these samples were investigated under tensile, compressive, bending and impact loading. The
maximum tensile strength was found for the composite material modified with 0.5 wt. % nanosilica.
For all types of samples, the tensile strength decreased with the addition of nanoparticles due to their
agglomeration. It was found that the highest rising of compressive strength was at 89 % for the sample
modified with 0.5 wt. % iron nanoxide. The impact strength was also increased with the addition of
nanoparticles. The largest increasing was at 127 % for the nano-iron oxide modified sample. As for
bending properties, the highest strength was found for the samples with 1.0 wt. % of nanosilica. The
various functionality of the filler surface significantly affects the properties of the composite [12]. It
has been shown that the deformation of the system decreases with the strengthening of polymer-filler
interaction and with increasing filler proportion. For a system with a weak polymer-filler interaction, it
was found that the strain increases with increasing the volume fraction of the filler and was even
greater than that of the pure polymer system.
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The analysis of the above-mentioned studies shows that there is no strictly unambiguous
dependence between the strength and deformability of filled polymer compositions and the quantity
and type of fillers. In each specific case, these characteristics depend on the chemical nature of the
filler, the size and shape of its particles, and the intensity of surface reactions. Since the cheapest
filler is sand, a significant amount of which is formed during the recycling of destroyed concrete
structures [13], this study aims to investigate the properties of polymer compositions filled with
sand of different fractions.

Purpose and tasks. The purpose of this of this study is to investigate the dependence of the
strength and deformation of polymeric materials on the amount of filler. This implies the following
research tasks: to investigate the compressive and bending strength of a polymer with fillers of
different fractional composition; to determine the optimal quantity and type of filler; to analyse the
effect of the selected composite material on the development of deformations.

Materials and research methods. The composition of the polymer composite material
includes polymethyl methacrylate as a binder and quartz sand of 0.14 mm, 0.315 mm, and 0.63 mm
fractions as a filler. Samples of the composite material were prepared by mixing polymethyl
methacrylate with the hardener and filler. In this case, the amount of the 0.14 mm sand fraction
ranged from 120 to 200, and the other fractions — from 200 to 500 mass parts by weight of the
polymer part. Such ranges of fillers quantities were substantiated in previous studies [2], where it
was found that the smallest shrinkage deformations were observed for filled polymer composites
with a fraction of up to 200 wt.%. As for the fillers of larger fractions, their small amount increases the
magnitude of shrinkage deformations, so it is advisable to use them in the amount of 200 to 500 wt.%.
The strength of the filled polymer material was determined by testing the specimens with short-term
static loading under compression and bending. For the axial compression test, cubes with an edge
size of 40 mm were used (Fig. 1). For the static bending test, beams with a design span of 65 mm
and a cross section of 10 mm x15 mm were used. Deformations were determined on prisms 40 mm
x 40 mm x 160 mm. The measurements were performed using the method of electrical resistance
strain gauges on a press with a force gauge scale of 250 kN. Four strain gauges were glued to each
edge of the sample along and perpendicular to the line of load action, connected in series, which
made it possible to obtain averaged data on the value of longitudinal and transverse deformations.
The transverse deformations were measured using a strain gauge station complete with a multipoint
switch. After centring the specimens along the physical axis, the load was applied to the specimens
in steps of 0.1 R until they were destroyed. The value of longitudinal and transverse deformations
was recorded at each loading stage.

Fig. 1. Photo of filled polymer material samples for compression test
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Research results. It was found that the strength of the filled polymer material is influenced
by the proportion of quartz sand and its fraction (Fig. 2).
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Fig. 2. Dependence of acrylic polymer mortar strength on the amount of filler

Filling the composition with sand with a grain fraction of 0.14 mm from 120 to 200 wt. %
changes the compressive strength from 90.7 to 78.9 MPa and bending strength from 44.97 to 32.4 MPa.
Filling the composition from 200 to 500 wt. % with sand with a grain fraction of 0.315 mm changes the
compressive strength from 83.8 to 42.8 MPa and the bending strength from 43.4 to 24.2 MPa. A similar
effect is observed for compositions with sand with a grain fraction of 0.63 mm. The finer the sand, the
less it is needed to obtain strong compositions. When fine sands with a fraction of 0.14 mm are used, a
decrease in strength of up to 40 % was observed after the introduction of 180 wt.% of sand, while for
compositions with sand fraction of 0.315 mm, a decrease in strength was observed after the introduction
of 300 wt.%, for compositions with sand fraction of 0.63 mm — 450 wt.%. For acrylic polymer mortar
filled with sand grain fraction of 0.315 and 0.63 mm in the amount of 500 wt.%, the strength decreased
by 51.5% and 43.8% under compression and 74.9% and 35.1% under bending, respectively.

The test results indicate the structuring role of the filler. Inorganic fillers can initiate the
polymerisation process due to the existence of active centres on their surface which act as
polymerisation centres and contribute to the formation of a continuous spatial polymer framework. The
optimum ratio of filler to polymer is such that the thickness of the acrylic polymer film is sufficient to
wet the entire surface of the particles but does not lead to an increase in creep deformation. A significant
decrease of strength is explained by exceeding filler concentration that leads to a deficit in polymer
volume and, as a result, to a decrease in wettability, disruption of the structure continuity. An increase in
the proportion of sand in the composition from 400 to 500 wt. % leads to a decrease of the compressive
and bending strength of the polymer mortar by 20%. Thus, with an increase in the proportion of
polymer and a decrease in the fraction of quartz sand grains, the strength of the composition increases. It
is in good agreement with the general principles of structure formation of composite materials. To study
the dependence of the deformations of filled polymeric materials on the amount of filler, the
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composition with the highest values of compressive and bending strengths, i.e., samples with a fraction
of 0.14 mm, was chosen. The obtained dependences for four filler values are shown in Fig. 3.
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Fig. 3. Stress-strain curves for acrylic polymer mortar with different mass fractions of filler:
1120 wt. %; 2 — 150 wt.%; 3 — 175 wt.%; 4 — 200 wt.%

The analysis of the longitudinal strain curves (Fig. 3) showed that the deformation decreases
when the amount of mineral filler decreases, since an increase in the number of contacts between
the polymer matrix and the filler naturally leads to a strengthening of the structure of the filled
polymer and decreasing in its internal deformability. An increase in the filler content leads to a
noticeable change in the slope of the strain curve associated with strain hardening. This is caused by
the formation of micropores, which facilitates the plastic flow of the material. When the content of
0.14 mm sand increases, the deformation pattern changes from homogeneous to heterogeneous, and
the yield peak appears (Fig. 3, curve 2). At the same time, the values of stress and strain at the yield
strength gradually decrease: oy = 21.5 MPa, ¢ = 12 for a sand content of 150 wt.%; oy = 19.2 MPa,
¢ = 6 for a sand content of 200 wt.%. When the mass fraction of the filler increases, the change in
creep strain occurs according to patterns that are largely related to the structure of the filled
polymer. In the case of a system with a low filling level, there is no formation of a rigid structure of
particles in the polymer, and the attraction and interaction of the filler with the polymer chains
significantly reduces the load on the composite material. In a highly filled system, the filler particles
begin to form aggregates with each other, and the repulsion between similarly charged sand
particles promotes the sliding of molecular chains which leads to a continuous increase in strain
with an increase in the filling proportion.

Conclusions. The results of the study indicate a significant effect of the sand fractional
wakeup on the strength and deformation properties of the composite material based on polymethyl
methacrylate. The highest strength (90 MPa under compression and 40 MPa under bending) was
demonstrated by samples with the smallest fraction of 0.14 mm at an amount of 150 mass parts. An
increase in both the particle size and the number of particles leads to a decrease in the strength of
the filled composition, which is explained by the disruption of the optimal ratio of the filler particle
surface to the amount of polymer that can be adsorbed. Also, for a low filler content, damage
mainly occurs in the elastic polymer network, while at a high filler content, deformation occurs with
damage initially localised in the elastic polymer network, but which is subsequently localised near
the filler-filler interface. This mechanism has been confirmed by tensile deformation studies: at a
higher degree of filling, a yield peak appears, and the overall magnitude of deformation increases.

The practical significance of the research is the possibility of using filled polymer composites for
restorative repair work, in which traditional expensive cement fillers are replaced with cheaper and
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more environmentally friendly fine sand. Further research will be aimed at studying the adhesion of the
developed composite materials to the surfaces intended for repair or restoration, as well as the
durability of the applied coatings under the influence of various aggressive environments.
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AHoTanisg. Meroro gaHoi poOOTH € BUBYEHHS 3aJIE€KHOCTI MIITHOCTI IPU CTUCKY Ta 3THHI 1
nedopmarlii  moJiMEpHUX MaTepiajgiB BiJl KIUIbKOCTI HANOBHIOBaYa JUIsI BH3HAYCHHS MOrO
ONTUMABHOI KUTbKOCTI. [lonmiMepHHMIA KOMITO3WIIIMHUN MaTepianl CKJIATAEThCS 13 3B SI3yHOUOTO
MOJIIMETUIIMETAaKpUyIaTa 1 HaloBHIOBaYa — MicKy kBapiosoro ¢gpakiiii 0,14 mMm, 0,315 mm, 0,63 mMm.
KinpkicTh HarmoBHIOBauiB KOXHOI (pakuii 3mintoBanacs Big 100 1o 500 macoBux yactuH. MinHICTh
MOJIIMEPHOTO HAMOBHEHOTO MaTtepialy BHU3HAYalM BUIPOOYBAaHHSM 3pa3KiB-KyOiB Ha CTHUCK 1
3pa3kiB-0amouok mpu 3ruHi. Jledopmarii BH3HaYamM Ha 3pazKax-TpuU3Max IMpH iX pO3TATYBaHHI.
Pesynbratu gociimkeHHs CBiAYaTh PO 3HAYHUN BIUIMB (PAKIIIHOrO CKIaay MICKY Ha MIIHICHI 1
neopMaTUBHI BIACTUBOCTI KOMIIO3HMIIMHOTO Marepiady Ha OCHOBI IOJIIMETHIMETaKpUIIATY.
Haii6inpmry minnicts (90 MIla npu ctucky 1 40 Mlla mpu 3ruHi) NpoaeMOHCTPYBAIU 3pa3Ku i3
HaliMeHIoro (ppakiiero HamoBHIOBava 0,14 MM ripu kibKoCTi 150 MacoBuX yacTUH. 301TBIIIEHHS K
pO3Mipy YACTMHOK Tak 1 iX KIUIBKOCTI TPU3BOAUTH IO 3MEHIIEHHS MIIIHOCTI HAaMOBHEHOI
KOMITO3UI1i. AHaI3 3aJ€eKHOCTEN HanpyKeHHsA-AedopMallii okasas, 10 Aedopmaliii 3HUKYIOTbCA
31 3MEHIIEHHSAM KUIBKOCTI MiHEpalbHOTO HamoBHIOBaya. [Ipu 301IbIIEHH] KUIBKOCTI HAaIlOBHIOBaYa
nepopmMariii TeKy4ocTl 3’ IBJISIFOTHCS P MEHIINX 3HAYEHHSX HANPYXXEHHS PO3TATY, 110 MOB’S3aHO
13 MEHIIIO0 B3a€MOJIIEI0 HAa TPAHMLII HAIIOBHIOBAY-TIONIIMED 1, 3@ PaXyHOK 1IbOTO, O1IbIIOT 34aTHOCTI
noyiMepy A0 TwiacTuuHuX Aedopmariii. Ha OCHOBI OTpMMaHMX 3alieKHOCTEH 3amporOHOBAHO
MEXaHI3M PO3BHUTKY MOLIKOJKEHb CTPYKTYPH INPH HABAHTA)KEHHI, SIKUI Moydrae y BpaxyBaHHI
MDK(pa3HOI B3aEMOJIT Ha TPAHUIIX PO3MOJILIY MOJIIMEP-HAOBHIOBAY 1 HAIIOBHIOBau-HAIIOBHIOBAY.
MeHmmii po3Mip YaCTHHOK HANOBHIOBaYa MPU3BOJAUTH A0 30UIbIIEHHS iX NMUTOMOI MOBEpPXHI 1
OUTBIIOI CTPYKTYPYIOYOi pOJIi MOBEpPXHi. 30LIBIICHHS PO3MIPIB YAaCTHMHOK TMICKY 1 1X KIJIBKOCTI
301IbIIIye MOPUCTICTh MaTepialy, 10 3MEHIIY€e MILHICTh KOMIIO3UIITHOrO Matepialy 1 31aTHICTh
710 TPY’KHUX 000poTHUX nedopmaniid. [IpakTuyHe 3HaYEHHS MPOBEIEHUX JIOCIHIIKEHb MOJArae y
MOJKJIMBOCTI 3aCTOCYBaHHS HANOBHEHHMX IOJIMEPHUX KOMIIO3HMTIB Ui  BiAHOBIIOBAJIBHUX
PEMOHTHHUX POOIT, B SKUX TPaJUIiiiHI JOPOrOBAPTICHI HEMEHTHI HAMOBHIOBadl 3aMiHEHO OLIbII
JICTIIEBUM 1 €KOJIOTTUHUM APIOHUM MTICKOM.

Kurouosi cjioBa: HanmoBHEHUH MOJIMEpHUN Martepiall, MILHICTb, HANPYXKeHHS, AedopMariii,
MOJIIMETUIIMETAaKPHUIIAT, HAIIOBHIOBAY.
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Abstract. The research is devoted to solving the urgent problem of increasing the efficiency
of decentralized heat supply of public buildings and industrial enterprises with typical municipal
and industrial heat generators on the basis of heat pump energy conversion of pre-cooling of heat
flows of the return energy carrier from the heat network, initial cold water and flue gases.

The aim of this work was to analyze and identify conditions that would increase the energy
efficiency of the improved system while expanding the total volume of generated heat for decentral-
ized heat supply. Additionally, the work aimed to ensure the environmental friendliness of primary
fuel energy use. The proposed approach aims to improve the energy and environmental perfor-
mance of heat sources by regulating the temperature of the waste energy carrier to its design value,
following a standardized temperature schedule.

The most important result of the study of the improved system of decentralized heat supply is
the established generalized dependence of determining the actual conversion coefficient in the heat
pump operation. It allows qualitative analysis of the dependence of energy efficiency of the heat
supply system on the temperature change of the analyzed low-temperature sources, the ratio of the
above-mentioned water flow rates and the influence of cold water distribution for municipal and
industrial-technological purposes.

The results of the analytical study of the improved heat supply system create a basis for ad-
justing the temperature schedule of heat supply, taking into account the characteristic conditions of
decentralized heat supply and heat consumption modes of municipal and industrial systems.

Keywords: heat-generating plants, heat supply, vapor-compression transformation, integrated
heat, conversion coefficient.

Introduction. The aim of the solution to the urgent energy-saving problem is to increase the
efficiency of decentralized heat supply to public buildings and industrial enterprises. This will be
achieved by using typical municipal and industrial heat generators based on the vapor-compression
transformation of integrated energy from low-temperature heat sources. After cooling, the waste
energy carrier (WEC) from the heating network, the initial cold water and flue gases can be used to
increase the total amount of generated heat, resulting in improved energy and environmental effi-
ciency of primary fuel use.

Analyzing of resent research and publication. The construction and reconstruction of ob-
jects must adhere to normative requirements for thermal protection [1]. Modernization of heating
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systems can provide opportunities to appropriately reduce the design capacity of heat supply sys-
tems. European countries such as Germany, Sweden, Holland, Finland, and Denmark have had
positive experiences with energy saving. They have developed heat supply technologies that use a
reduced temperature schedule, which depends on the outside air temperature. The maximum design
temperature in the distribution mains is 90—-120°C, and in the return, it is 40—70°C. These values
differ significantly from the similar values of domestic standards. Therefore, it is necessary to adjust
the water temperature in the existing heat networks, considering their service life, changes in heat
load, physical condition, and seasonal variations in outside air temperature and time of day. Improv-
ing the regulation of heat supply for subscriber systems can reduce consumption by up to 50% [2],
especially during transitional periods. It is also important to stabilize the thermal-hydraulic regime
of heat networks during operational and technological changes, as well as during periodic operation
of industrial enterprises throughout the day.

Reference [3] highlights that an increase in WEC temperature leads to a decrease in fuel con-
sumption efficiency for heat generators and electricity consumption for circulation pumps, resulting
in a further increase in heat consumption in the mains.

Several studies have focused on improving systems [4, 5] that utilize cold water and exhaust
gases through recuperative and contact methods. Precooling and stabilization of the temperature of
the working fluid can increase the efficiency of heat generating plants and exergy efficiency by ex-
panding the range of operating temperatures.

The utilization of the initial cold water's available potential for industrial, technological, and
municipal purposes is becoming increasingly attractive, especially during transitional and inter-
heating periods of the year. This is particularly true for the southern regions of Ukraine, where wa-
ter is supplied from open sources in civil buildings and industrial enterprises. The temperature of
the water during this period typically ranges from 10 to 20°C [6].

Industrial enterprises have numerous low-temperature heat sources that can be used to create
more efficient combined heat supply systems. Utilizing flue gas aftercooling heat from heat genera-
tors is a relevant way to further improve energy-saving and environmental friendliness of heat sup-
ply systems.

The heat generating plant has a resource of up to 8-10% in its heat balance. Reducing nitro-
gen oxide emissions from boiler units is a challenging and pressing ecological issue in heat supply.
Previous research [7] has identified deep cooling of flue gases as a promising approach to signifi-
cantly improve fuel utilization.

In their study [8], the authors investigated a centralized heat supply system with extended heat
pump capabilities. The device improves the efficiency of heat supply to remote consumers while
reducing the temperature schedule. This increases the economic efficiency of heat network opera-
tion by using the energy potential of WEC as a low-temperature source.

The paper [9] presents studies of a new system for utilization of flue gas heat. The system
combines recuperative and contact heat extraction using thermal transformer technologies for fur-
ther utilization in municipal and industrial-technological systems.

Paper [10] analyses the peculiarities of heat pumping units with electric and gas turbine com-
pressor drive.

Based on a critical analysis of pipeline and equipment conditions and known approaches to
heat supply system reconstruction, Authors [11] have defined a general indicator for preliminary
assessment of conditions to improve the efficiency of modernized centralized and decentralized heat
supply systems using heat pump technologies.

In reference [12], a heat supply scheme is proposed that allows for the redistribution of heat
flows among individual mains with different inertia loads. This scheme corrects the optimal sched-
ule of daily heat consumption using heat pump technologies.

Therefore, it is clear that the combined use of available low-temperature sources through
thermo-transformer technologies offers the prospect of further energy-efficient heat supply im-
provements. The reduction of primary fuel consumption and harmful impact of exhaust gases on the
environment results in an increase in ecological efficiency.
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Purpose and Objectives of the Study. The aim of this project is to improve the decentralized
heat supply system with steam-compression conversion of the energy potential of WEC, general-
purpose cold water and flue gases after the heat generator. In the course of the following theoretical
analysis the ways of increasing the energy and environmental efficiency of the system while in-
creasing the total resource of the produced heat will be studied. At the same time, the characteristic
operating conditions of the corresponding subsystems in different periods of the year will be taken
into account. The set task is solved by analytical substantiation of rational device and possibilities
of highly efficient heat pump system of heat supply. Rational operating conditions are determined
by adjusting the temperature of the energy carrier after the condenser of the HPU at the inlet to the
heat generator, using the integral potential of aftercooling from the given low-temperature sources.

Materials and methods of the research. The system's design and operation are structured
and functional. The proposed system is shown in Fig. 1. It works in the following way: The spent
energy carrier enters the heat exchanger 2 through pipeline 1 for pre-cooling during the regulation
of the heat supply system. After passing through the evaporator 3, a portion of the working fluid,
controlled by the three-way temperature regulator 4, is directed to the regenerative heat exchanger
10 via branch section 5 and circulation pump 6, while the rest is directed to the recirculation pipe-
line 8. The recirculation part of the WEC flows through pipeline 9 and into pipeline 1 of the heat

network.
ﬁm

32 fo,,é}z

16 Tgg2s 124

o]t

il AN
N

Bat(wl thw
—————— % Z-11
N, — =26
27 1
/ — xz To
o, towa ~(1-a-B)

Fig. 1. Schematic diagram of the device of a thermo-transformer system for decentralized heat supply
based on integrated WEC aftercooling energy, initial cold water and flue gases after the heat generator:
1 — heat network return pipeline; 2 — recuperative heat exchanger; 3 — heat pump evaporator;

4 — three-way temperature regulator; 5 — recirculation pipeline; 6 — circulation pump; 7 — three-way
temperature regulator; 8 — branch section of recirculation pipeline; 9 — general recirculation pipe-
line; 10 — heat exchanger; 11 — initial cold water pipeline; 12 — three-way temperature regulator;
13 — pipeline to the exhaust gas aftercooling heat exchanger; 14 — exhaust gas heat extraction heat
exchanger; 15 — heat generator; 16 — heat pump regenerative heat exchanger; 17 — heat pump com-
pressor with external drive; 18 — three-way temperature regulator; 19, 20 — first and second parts of
the condenser connected in parallel; 21 — throttle valve; 22 — circulation pump; 23 — pipeline of the
exhaust heat carrier from the network; 24 — bypass pipeline; 25 — three-way temperature regulator;
26 — main pipeline of heat network; 27, 28 — distribution pipelines for two-level hot water supply;
29, 30 — accumulator tanks for two-level hot water supply; 31 — two-way temperature regulator with
temperature difference sensor for hot water distribution; 32, 33 — pipelines for hot water supply and
heat-technological purposes; 34 — three-way temperature regulator.
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Part of the pre-cooled general purpose cold water from the pipeline 11, which has been addi-
tionally cooled after passing through the regenerative heat exchanger 10, is directed to the heat ex-
changer 14 via a pipe branch 13 by means of a three-way temperature controller 12. This is done in
order to additionally cool the flue gases after the heat generator 15. The heated water is brought to
the appropriate temperature by the heat of the flue gases and is fed through a pipeline 32 to a tem-
perature distribution regulator 31, which includes a temperature difference sensor and a branch line.
The water is then distributed to storage tanks 29 and 30 for a two-temperature hot water system.

Analytical study of the conditions required for energy efficient operation of the system. Anal-
ysis of the system operation shows that the total flow rate of initial cold water in decentralized heat
supply conditions is determined by the needs of industrial-technological and municipal-domestic
purposes, providing a two-level hot water supply, i.e. G,G,,, because G, =G, +G,,,, and the

tec hw ?
total water consumption for two-level hot water supply G, is determined by its respective compo-
nents: G, =G, + G-
Taking into account the reasonable distribution of cold water, its components for hot water
supply are defined as:
thl = BGCW; GhV\Q = G’Gcw’ (1)

where a, B — corresponding parts of the cold water flow rate entering the heat exchangers 14 and 20.

In this case, the temperature of cold water for general purpose t,,, in engineering practice
logical to take [11, 18] equal to 5° C for the boundary conditions of countercurrent scheme of mod-
ern plate heat exchangers 10 with the highest efficiency of the heat-exchange process. For these
conditions, the temperature of the recirculation part WEC after the heat exchanger 10 1, is natu-

rally higher by 5°C. Therefore, based on the above-mentioned engineering approach, after appropri-
ate transformations, dependence t_,, (5) takes the following form:

cwl

o =t~ 200 (e TTs), @
GCW
where p — the recirculation coefficient of pre-cooled WEC through the heat exchanger 10;
1,, — temperature of WEC in the recirculation circuit after the heat exchanger 3.
Heat of cooling of initial cold water in the process of recuperative heat exchange in heat ex-

changers 10 and 2 is expressed by the dependence:
Qhwl = CpaGcw (tlcw _tcw2) . (3)
As a result of heat exchange process of initial cold water in heat exchanger 2 with WEC with
flow rate (1-v)G,,, , its temperature increases to t respectively:

wec ! cw2 !

— Gwec (1_7) _
tcw2 _tcwl + GCW (1_ B) (TO TO,l) ’ (4)

where y — part of the total flow rate WEC G, , coming through the bypass pipe 24.

wec ?

From dependence (4), the temperature relationship follows in the following form:

1- B Gcw
Tog = To — é_yﬁ(tMZ _tcwl)' (5)
From the equality of heat fluxes of utilized heat of exhaust gases to its generated power for
hot water supply, the dependence of the corresponding temperature of water heating t;,,., is repre-

sented in the following form:

_ Coee Geg (teg,b L )
thw,eg - tcwl + G ’ (6)
¢,BG,,
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On the basis of the established dependence (6) determine the conditions of heat utilization and
rational ratio of heated water and flue gas flow rates G, ,G,, taking into account the balance of the

corresponding heat flows.

It is known that the energy efficiency of vapor-compression thermo-transformers is deter-
mined by the actual conversion coefficient in the form of the ratio of energy flows [11, 18] in ac-
cordance with the dependence:

cw

_Q
$= W’ (7)
where Q_ — thermal power of the condenser with the total heat flux Q, , Q,, in condensers 19,

20;
W, —is the thermal equivalent of the external drive power in the heat pump compres-
sor operation, which is givenas W.=Q_, +Q, — Q,.
In the recuperative heat exchanger 10, the recirculation part WEC takes the heat of cooling of
the initial cold water with a common flow rate G, for municipal and technological purposes. For

this process, the following relationship is valid:
chcw (tlcw _tcwl ) = Cpp(l - Y) Gwec (TO,rec - TO,3 ) y (8)

where T, . —temperature of recirculation coolant after heat exchanger 10, °C;

T,; — temperature WEC in the recirculation circuit after the heat exchanger 3, ac-

cording to [19] it is recommended to take equal to 5 °C.
From the relation (8) the dependence of the recirculation coefficient of pre-cooled WEC
through the heat exchanger 10 is determined as follows:

— (tlcw - tCWl)
p=G , 9)
(1 - 'Y)(To,rec - TO,S)
where G = gcw is the ratio of the total flow rate of cold water and WEC from the heat net-
work.

On the basis of the ratio of heat flows of pre-cooled WEC and its recirculation part respective-
ly with temperatures 1,,and 1, .. the temperature of their mixture at the inlet to the evaporator 3 of
HPU is determined, which after the appropriate simplification takes the form:
_ (1:0,1+ PTo rec )

1+p '

The heat of cooling of WEC and its recirculation part in evaporator 3 is determined according
to the dependence:

(10)

To2

QV= cp (1 + p)(l - Y)Gwec (TO,Z - T0,3)' (11)
The cooling temperature WEC after the evaporator 3 is determined, taking into account the
dependence Q, , (11), as:
To3™ T2 — 3 : (12)
’ ' ¢,(1 —v)(1+p)G

wee

In practice of development [19] of such systems, the temperature Tt,, is limited to its mini-
mum value <5°C.

Note that WEC with the flow rate (1 — v)G,,, With the set temperature 1y, enters the con-

wec

denser 19. As a result, the temperature dependence T,, of WEC after condenser 19, taking into
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account dependence T, , (12), takes the following form:
1'-02 _ Qv + QcZ

Y Cp (1_’Y)(1 +p)GW€C Cp (1_7/)GW6C .
Consequently, WEC with the temperature after the condenser 19 with bypass flow »G,,. and

To,4 -

(13)

the temperature T, at the inlet to the heat generator 15 1,5, is determined according to the rela-
tion:
Tos=VTo +(1=7) Toa- (14)
Dependences Q. and Q.,, taking into account the regime parameters a, vy, B, G and
temperature t,, according to (4), take the following form:

Qu= c,0G,, [thw —to — G 8: [Z; (TO - Ty, )J (15)
Q.=¢, (1 - Y) Gyee (To,4 - To,3) : (16)

Taking into account the above equations of heat flows Q,, Q., Q., and temperature of pre-
cooling of initial cold water t_,, after the heat exchanger 10, the dependence of the actual conver-
sion factor ¢ in the operation of the improved decentralized heat supply system based on the trans-

formation of energy flows of pre-cooling WEC, initial cold water of general purpose and flue gases,
after appropriate transformations, takes the final form:

{1(1v)(1+p)(r02r03)]1,

A+B (17)

where A= aé[thw -t + P ) 2 (ro - TO,l)\J ;

B=(1- 7)(70,3 _70,4) .

Results of the research. The initial cold water temperature t_ for general use is determined
based on the corresponding period of the year's outdoor air temperature. The current temperature
7, Is determined according to the operational control schedule for decentralized heat supply sys-
tems, using its calculated values (t, —t,) = (95— 70 °C).

Operating conditions were determined based on reasonable parameter values: G=0.1+1.5,
a=0.1+0.15, p=0.05, y=0.0.

Fig. 2 illustrates the dependence of the actual conversion coefficient ¢ on the ratio G of the
initial cold water and WEC flow rates in the range of limiting values of its temperatures t,in the
heating period, taking into account insignificant changes in the cold water temperature t;w . From

the graphical dependencies is evident the area of rational values of conversion coefficient of energy
flows in HPU on the whole range of possible ratio of the total flow rate of cold water and WEC.
From the analysis of the graphs also follows a significant increase in its increase when the tempera-
ture of WEC to the design value in extreme conditions of the heating period. It is obvious that the
change in the conversion coefficient ¢ is significantly affected by the selected value of the inter-

mediate temperature WEC after the condenser 19 1., . In particular, in the range of the real ratio of

the indicated flow rates G=0,5...1,0, the conversion coefficient ¢ increases significantly at a lower
temperature t,, = 45°C compared to its value t,, =55°C.
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The specified result indicates the essential influence of the intermediate temperature t,, on the

efficiency of the system, and accordingly the importance of substantiation of its necessary value after
the condenser 19 at the inlet to the heat generator 15 for the analyzed system of decentralized heat sup-
ply. It should be noted that the obtained result of increasing the energy efficiency of the improved sys-
tem of municipal and industrial-technological heat supply is in positive agreement with the increase in
cold water consumption in transitional conditions of the heating period with its characteristic growth at
the enterprises, in particular, industrial-technological and processing industry.

The results of the analysis of graphical dependencies also indicate the inexpediency of additional
heating of WEC after the condenser HPU at the inlet to the heat generator to high temperatures, in par-
ticular to the design value t,, = 70°C over the entire range of the analyzed ratio of flow rates.
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Fig. 2. Dependence of the actual conversion coefficient on the ratio of flow rates of initial cold wa-
ter and waste heat carrier from the heating network in the operation of the system under design con-
ditions and at the final stage of the heating period. For conditions B=0.1 and »=0.0:

—at 15, =45°C, 0 =0.1; - == —— at 15, =55°C, a=0.1

Additional calculation-analytical study established the dependence of the actual conversion
coefficient ¢ on the intermediate temperature t,, WEC according to the generally accepted

schedule of operational regulation of decentralized heat supply systems when the ambient tempera-
ture t; changes during the heating period. The results confirm the possibility of providing a suffi-

ciently high-energy efficiency of the improved heat supply system, as well as the positive effect of
reducing the ratio G of the above-mentioned water flows in a wide range of changes, typical for
most industrial-technological enterprises.

Conclusions:

1. For the improved decentralized heat supply system, a generalized dependence is established
to determine the actual conversion coefficient of the HPU based on the integrated sub-cooling po-
tential of the WEC, initial cold water and flue gases. This allows a qualitative analysis of the energy
efficiency of the heat supply system. For this purpose, the temperature changes of the analyzed low-
temperature sources, the ratio of reduced water consumption and the influence of the regime distri-
bution of cold water for municipal and industrial-technological purposes are investigated.

2. For the proposed system it is established that the change of the actual conversion coeffi-
cient is significantly influenced by the value of the intermediate temperature WEC after the conden-
ser at the inlet to the heat generator. From the results of the analytical study it follows that the ra-
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tional value of the temperature of steam compression heating WEC after the condenser at the inlet
to the heat generator should be based on the thermo-economic optimization of the calculated differ-
ence of the temperature of condensation during heating of the subscriber coolant and boiling of the
working body in the HPU evaporator.

3. The results of the analytical study of the improved system of decentralized heat supply cre-
ate the basis for its technical development with justification of the rational intermediate temperature
of the cooling medium in the sequential process of heat generation according to the two-stage
scheme in a traditional heat generator with HPU for its consumption at municipal and industrial-
technological enterprises.
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AHoTauis. J{ocmiKeHHs] TPUCBsIYEeHE BUPINICHHIO aKTyalbHOT 3a/1a4l MiABUIICHHS e()eKTHB-
HOCTI JICIICHTPAJIi30BaHOTO TEIUIONIOCTAYaHHA TPOMAJCHKUX OyAiBeNlb Ta MPOMHUCIOBUX ITiIIPH-
€MCTB 3 TUIIOBUMHU KOMYHAJIbHO-ITIOOYTOBUMHM 1 IPOMHCIOBUMH TEIUIOT€HEPATOPAMU Ha OCHOBI Ia-
pokomImpeciitHoi TpanchopMariii eHeprii JOOXOJOHKEHHS TEIUIOBHUX IOTOKIB BiIIpalbOBaHOTO
€HEeProHOCIs 3 TEIUIOBOI Mepexki, MOYaTKOBOI XOJOJHOI BOAM JUMOBHUX Ta3iB. MeTow poOoTH cTajio
aHAJITHYHE OOIPYHTYBaHHS YMOB PO3MIMPEHHS 3arajbHOTO OOCSATY T€HEPOBAaHOI TEIUIOTH Ta Tij-
BUIIECHHS €(DEKTUBHOCTI YAOCKOHAJIEHOT CUCTEMHU JICLEHTPAII30BAaHOIO TEIJIONOCTaYaHHs, a TAKOX
€KOJIOTIYHOCTI BUKOPUCTAHHS €HEPrii MepBUHHOTO IMajuBa. 3allpONOHOBAHUHN MiIXiN mependadae
HiJBUILEHHS CHEPTeTUYHUX Ta €KOJOTTYHUX MOKa3HUKIB JKEpen TEIJIOTH 3 PEryIIOBaHHAM 00Ipy-
HTOBaHOI TeMITEpaTypH BiAMPaIlbOBAHOTO €HEPTrOHOCIS BIAHOCHO 11 pPO3paxyHKOBOTO 3HAUCHHS BiJ-
MIOB1IHO HOPMOBAHOI'O TEeMIIEpaTypHOro rpadika. BaxiuBum pe3yabTaToM JOCHIKEHHS € BCTa-
HOBJICHA y3arajJbHEHa 3aJISKHICTh JUI BU3HAUYEHHS JIHCHOTO Koe(illieHTa MepeTBOPEHHS B POOOTI
TEIUIOHACOCHOT cucTeMu. BoHa nae 3MOry nmpoBOJUTH SKICHUN aHali3 3aJIeKHOCTI €HepreTHYHOL
€(eKTUBHOCTI CUCTEMHU TEIUIONOCTAaYaHHs BiJ 3MIHU TeMIIEpaTypH aHajIi30BaHUX HU3bKOTEMIIEpa-
TYpPHUX JKEpeJ, CHIBBITHOIICHHS BUIIE€3a3HAYEHUX BUTPAT BOJHUX MTOTOKIB Ta PEXKHUMIB PO3MOALTY
XOJOAHOT BOIM JIi KOMYHQJIbHO-TTOOYTOBOTO Ta MPOMHCIOBO-TEXHOJIOTIYHOTO CHPSIMYBAaHHS.
BcranoBieHo, 1110 3Ha4€HHS AICHOrO KoedillieHTa MepeTBOPEHHS CYTTEBO 3aJISKUTh BiJ 0OpaHOl
TEMIIEpaTypy MIJIrPIBY BIANPALbOBAHOTO €HEPrOHOCIS 3 TEIIOBOI MEpEX1 Ha BXOJIl B TEIJIOTeHe-
parop. 3HauHe 3pOCTaHHS NIHCHOrO KoedillieHTa MEepeTBOPEHHs BiIMIYA€ThCS MpPU 30UIbLICHHI
CKJIaJIOBOT BUTPATH BOJM HA Tapside BOJOIOCTaYaHHS TEXHOJOTIYHOTO NMpU3HaueHHs. BcraHOBIEHO,
10 MIATPUMKA PaLliOHATIBHOI TEMIepaTypu MiJirpiBy BiANpPalbOBAaHOTO €HEProHocid Mae Oa3yBa-
THUCh HAa TEPMOEKOHOMIYHIM OoNTHMI3alli pO3paxyHKOBOI PI3HUII TeMIiepaTyp aOOHEHTCHKOIO Tel-
JIOHOCIA Ta KUIiHHA pobodvoro Tina B BunapHuky THY. Pesynbrat qoCiiKeHHST BJOCKOHAJICHOT
CHCTEMH TEIJIONOCTaYaHHsI CTBOPIOIOTH OCHOBY JUISI KOPHTYBAaHHS PAlliOHAIBHOI TEeMIIEpaTypH
BIJIIYCKY TEIUIOTH 3 BpaxyBaHHSAM XapaKTEPHUX YMOB JELEHTPATi30BAHOTO TEIJIONOCTaYaHHS Ta
PEKUMIB CIIO)KMBAHHS TEIUIOTH CUCTEMaMH KOMYHAJIbHO-TIOOYTOBOTO Ta MPOMHCIOBOTO TPHU3HA-
YEHHSI.

Kurouosi cioBa: TemoreHepyooui yCTaHOBKH, TEIJIONOCTauyaHHs, TapOKOMIpeciiiHa TpaHC-
¢dopmartis, iHTErpoBaHa TEIIOTa, KOe(illi€HT EPETBOPEHHS.

Crarrsa Hagiina o penakuii 20.05.2024
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AHoTauisg. B po0oTi BUKOHaHI pO3paxyHKH CTIMKOCTI AUISHKK 3CYBHOTO cXmiy OIechbKoro
y30epexoks. JinsHka posramoBaHa B KuiBcbkoMmy paiioni m.Ojeca Ta NpUMHKAE A0 JUTSYOTO
03JI0pOBUO-CIIOPTHBHOTO Tabopy «BikTopisi». Teputopist oxoruoe npuOpoOBOYHY YacTUHY ILIATO,
TEepacoBUU CXWJI 1 AUISHKY IUIDKY. B penbedi cxuiy BUIUISIOTHCA IITYYHO CTBOPEHI TepacH Ta
OepMH, y TIHDKOKI CXHITY MIiCISIMU 30epeKeHUH PUPOIHUH TIISIK.

Oco0mMBOCTI JTaHOT JUISHKHM TOJATalOTh B CKIAAHUX 1H)XKCHEPHO-TeoJoriyHux (OJ0KOoBa
Oy/moBa CXHJIy, JICCOBI MPOCAIHI IPYHTH) 1 TigpOreosorivHuxX (Kijbka BOJAOHOCHHUX TOPHU3OHTIB,
BUCOKHI PIBeHb MiJ3€MHHX BOJ) yMoBax. PaHilie, 0 HpPOBEICHHS KOMIUIEKCY MPOTH3CYBHHX
3ax0JIiB, HA Iii TepUTOPil BiAOYyBaIKMCs MacIITaOHI TJIMOWHHI 3CYBH KOB3aHHS Ta BUIABIIFOBAHHSL.
YacTKOBO BUKOHAHI 3aX0/11 1HKEHEPHOT'O 3aXUCTY, 110 MOJATaIM B IUIAHYBAHHI TOBEPXHI CXUITY Ta
BJIAIITYBaHHI O€pErOyKpIMJICHHS, HE TPU3BEIH 10 MMOBHOI CTa01Ti3a1ii 3CyBHUX MPOLIECIB.

B TemepimHiii Wac Ha 3CyBHOMY CXWJIl BiIOYyBalOThCSl HE3aTyXarodi MOBUIBHO TEKydi
nedopmartii. Li gegopmariii nos’s3ani 3 6J10KOBOIO OYAOBOIO CXHITY, T1POr€0JIOrTYHUMUA YMOBAMU,
a TaKOXX pEOJIOTIYHHUMM BJIACTUBOCTSAMM MeEOTWUYHUX IMH. Crabuii3amis 3CyBHUX TIpOIECIiB
MO>KJIMBA TUIBKH IPU KOMITJIEKCHOMY MiAX0/ll B MPU3HAUYEHH] IPOTU3CYBHUX 3aXO/liB.

OriHKa CTIMKOCTI CXMJTy Ta IPU3HAYEHHS MPOTU3CYBHUX 3aX0/11B OYyJIM BUKOHAH1 3 BpaXyBaHHAM
0COOJIMBOCTEN 1HKEHEPHO-TEOJIOTIUHOI OyJOBH, TiPOre€OJIOTIYHUX YMOB, a TaKOX pe3y/bTaTiB
HATYPHOTO OOCTEXEHHS CXMTy. PO3paxyHKH CTIMKOCTI CXIITy BUKOHYBAINCH 32 IUIOCKHMHU CXEMaMH
meronamu bimona ta SH0y. Takox po3paXxyHKH MPOBOJIMIMCH Yy TPUBUMIPHIM MOCTaHOBLI METOAOM
CKIHYEHHUX EJICMEHTIB B T€OTeXHIYHOMY mporpamuomy komiuiekci Midas GTS NX. TloBeminka
IPYHTY B pO3paxyHKOBIH CXeMi ONHMCYBalach MpPYKHO-TUIACTUUHOI Mozemto Mopa-Kynona. 1ls
MOJIeNIb 3aCHOBaHa Ha 3aJIe)KHOCTI MDK IIBHJKICTIO 3MIHM €(pEKTHBHUX HAIPYKEHb 1 IIBUIKICTIO
nedopmarriii.

3anpornoHOBaHO  KOMIUIEKC —TPOTHU3CYBHHX  3aXOJiB, MIO BKJIIOYAE.  BIANITYBaHHS
NOTJIMHAKOYMX CBEPAJIOBUH Ha IUIATO, Ui 3HIDKEHHS pIBHA TIPYHTOBHMX BOJ|; BIIALITYBaHHA
HIDKHBOTO Ta BEPXHBOTO SPYCiB MANIb-IIMOHOK 3 BEPTUKAIHHUM JPEHAKEM HaJl HUIMHU, OPTaHi30BaHE
BiJIBE/ICHHS 3JIMBOBUX BOJI 3 IOBEPXHI CXUITY; IUTAHYBaHHS Ta KPIIUICHHS MOBEPXHI CXUITY.

KurouoBi cjioBa: cxui, 3CyB, poO3paxyHKOBa cxema, KOedIli€eHT 3amacy CTIHKOCTI,
MPOTHU3CYBHI 3aX0/1, NAJA-IITIOHKA, IPEHAXK.

Beryn. 3cyBU BiIHOCATBCS 1O OJHOTO 3 HAWIOIIMPEHIMMX Ta JyKe HeOe3MeUHnx
€K30TCHHHUX T'COJIOTIYHHMX TpoIeciB. BOHH CTBOPIOIOTH 3arpo3y pyWHYBaHHS OyIiBelIbh Ta CIOPY/I,
MOIIKO/KEHHSI aBTOMOOUTHHHUX 1 3ai3HUYHHUX NUIAXiB, BTPATU IIHHUX CLICHKOTOCIOIAPCHKUX
3eMenb, TPaBMyBaHHS Ta 3arudeni jgojeil. 3cyBU MOXYTh OyTH BUKIMKAHI K MPUPOIHUMH, TaK 1
anTporioreHHUMH  (akTopamu. OCHOBHHMH MPHUPOJHUMU TPUYMHAMH 1 YHHHHKAMH, IO
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BUKIIMKAIOTh (OPMYBaHHS Ta PO3BUTOK 3CYBHHX TIIPOLECIB € 1HXKEHEPHO-TEOJIOTiYHI Ta
TIAPOreosIoTiuHI  YMOBH, KiiMmaT, alOpasis, epo3sis, penbed MICIEBOCTI, CEHCMIYHI BIUIUBH.
AHTpPOTNIOTeHHUI BIUIMB NOB’SA3aHUI 3 JOJATKOBUM HABaHTAXECHHSAM 1 JMHAMIYHMM BIUIMBOM Ha
CXWIM M 4ac OyAiBeIbHHUX pPOOIT, HAAMIPpHUM OOBOJHEHHSM 3CYBOHEOE3MEYHUX TEPHUTOPIH,
BUTOKIB 3 BOJJOHECYYHX KOMYHIKAIIii.

Ha Teputopii Ykpainm 3cyBu mommupeHi Ha y30epexoki YopHoro i A30BCBKOIO MODIB,
Oeperax p.Juimpo, B 3akapnarchkiid, [BaHO-DpaHKiBChKilM, UepHIBENbKiA Ta IHIIMX 00JIACTSX.
[Tmomi 3cyBoHEOE3MeuHnX mpoiieciB 3a octanHi 30 pokiB 3pocnu B 5 pasiB. B Oxecbkiili o0iacTi
BiJI3HAUEHA aKTHBI3allisl 3CYBHUX IMPOIIECIB HA TUITHKaX CXWIiB y Mictax Oneca Ta YOpHOMOPCEHK,
cenmumax ®donrtanka, YopHomopka i Camxkiiika. 3Ha4HE TOMIMPEHHS 3CYBIB Ha TEPUTOPIi HAIIOi
KpaiHu MOSCHIOETHCS ii TEOJIOTTYHOI0 OY0BOIO Ta TeOMOP(OIOTIYHUMHU YMOBAMHU.

OCBO€EHHS 3CYBHHMX Ta 3CyBOHEOE3INEYHUX JUISTHOK MOKJIMBE TIJIBKH ITICIS aHANI3y 1HKEHEPHO-
TeOJIOTIYHUX 1 TiJPOreONIOTIYHUX YMOB, OOCTEXKEHHS TEPUTOPIi CXHMIy Ta OLIHKK HOTrO CTIHKOCTI.
OTtpumani, B poLeci KOMIJIEKCHOTO BUBYEHHS CXUJTY, PE3YJIbTAaTU MOBUHHI BUKOPHCTOBYBATUCH IIPU
pO3po0Il TPOTU3CYBHHX 3ax0OfiB. Po3po0ieHi MpOTH3CYBHI 3ax0y TOBHHHI 3a0e3reuyBaTh
JIOBrOTPUBATY CTa0LTI3aIlil0 3CYBHOTO CXWJIy 1 HOpPMAaTMBHMMA KOEQIIIEHT 3amacy CTIHKOCTI B
3aJIKHOCTI BiJ] KJIacy HACHiIKiB (BiAMOBIAIbHOCTI) 00’ €KTIB, IO 3aXHUIAIOTHCS.

AHaJi3 gociairkenb Ta myOJikaniid. BuBueHHsSM 1 omricoM 3cyBiB OlIeCHKOTO y30epeskiKs
3aiiManach BEJMKA KUIbKICTh BUCHHX. 3a BECh IIEPiOj] BUBYCHHS 3CYBIB OJCCHKOTO PETioHy Oyio
omybnikoBano Oinbiie 100 HaykoBUX poOIT. AHamizy nmpuuuH (OpMyBaHHS 3CYBIB 1 po3poOiii
3axo[iB 31 crabimizamii 3cyBHUX mpoteciB npucBsdeHi podoru 1.dD. Cunnona, O.K. Anekceesa,
M.®. becuactnoro, LS. fupko, A.M. JlpannukoBa, JI.b. PozoBcbkoro, LII. 3eniHcbkoro,
B.M. Bocko0OoiiHikoBa i 0araTb0x 1HIIUX aBTOPIB.

Psan HaykoBUX mpais HanpaBiIeHW HA BCTAHOBJICHHS 3aKOHOMIpHOCTEH (pOpMYyBaHHSI 3CYBiB
Ta OIIHKY poui (akTopiB, IO BIUIMBAIOTH HA PO3BUTOK 3CYBHHX MporeciB [1-3]. B pobori [1] nana
3arajbHa XapaKTepUCTUKa MPOTU3CYBHUX 3axodiB Opnechkoro ys3oepexcks. Ha ocHoBi maHuX
0araTOpi4YHUX CIIOCTEPEKECHb 3a POOOTOI0 MPOTHU3CYBHUX CIOPYJ IOKa3aHO, IO CydacHa
reoJJMHaMiKa 3CyBHHX CXUJIIB BU3HAYAETHCSA CIOTYYCHHSIM 1 B3aEMHHUM 3B SI3KOM PI3HHUX (PAKTOpIB,
cepen SKMX HalOULIbIIe 3HAUYEHHS Mae MIiKpoOJokoBa OynoBa 3CyBHHMX Hakomuyenb [1, 2].
Metogamu nabopaTopHOoro (pi3MYHOrOo 1 MaTEMaTHUYHOTO MOJCIIOBAHHS BHUSBJICHHIA MEXaHI3M
(GbopMyBaHHSI 30H pO3YLIUIbHEHHS B OCHOBHOMY J€()OpMYyEMOMY TOpPHU30HTI 3CYBIB BHIIOPY.
Onucanuil epeKT 3HWKEHHS HANoOpiB MEOTUYHOTO BOJIOHOCHOT'O TOPHU30HTY, SKMH NMPUBOIUTH 10
3MEHIICHHS IMIBUAKOCTEW 3CYBHHX Jedopmalliii, mo MNepeayroTh CTaaii OCHOBHOTO 3MIIICHHS.
JloBesieHa MpakTUYHA JIOLUIBHICTh PEKUMHHMX CIIOCTEPEKEHb 3a I'€30METPUYHHMHU DIBHIMU
MEOTHYHOTO BOJIOHOCHOTO TOPU30HTY B 3B'SI3KY 3 MIPOTHO30M 3CYBIB [3].

B pobGorax [4, 5] po3risaaioThess MUTaHHS PO3PaxXyHKIB CTIMKOCTI 3CYBIB 3 BpaxyBaHHSM
MPYXHO-TUIACTUYHUX BJIACTUBOCTEW IPYHTIB, SIKI MOJIEIIOIOTHCS 3@ TEOPIE0 Teyil 31 3MILIHEHHAM,
MpU CTAaTUYHUX HaBaHTaXEHHSAX Ha cxui. lledl miaxim go3Boiisie B MOBHIA Mipi BimoOpaxaru
peanbHI BIACTUBOCTI IPyHTIB. PoboTa [6] mpucBsiueHa PO3BUTKY METOJIB PO3PAXyHKY CXHIIIB Ta
3CYBIB, a TAKOK MaTeMaTUYHOMY MO/JIITIOBAHHIO 3CYBHUX IMPOIIECIB MPU CEUCMIYHUX BILJTMBAX.

B poGoti [7], Ha OCHOBI aHami3y pe3yJibTaTiB PO3PaxXyHKIB peadbHUX cxuiiB M.Opeca,
BiIMiueHUI BIUIMB (OpMH CXMIy Ha BEIMYMHY KoedilieHTa 3amacy CTiikocTi. ABTOpOM
pO3po0JIeHuN METOJA PpPO3paxyHKy CTIHKOCTI IPYHTOBHX CHOPYJ 1 HPUPOJHUX CXMIIB 3a
JBOBUMIDHMMH CXE€MaMH IHXCHEPHUMH METOJIaMH, 3 BpPaxXyBaHHIM I1X TEOMETPUUYHHX
0COOJIMBOCTEH.

He3Baxaioum Ha BENUKY KUIBKICTh ICHYIOUMX METOMIB PO3PaXyHKIB CTIMKOCTI CXMIIB 1
YKOCIB, Ha CbOTOJHIIIHIN JIeHb HEMA€E €JUHOTO MiIX0y B MUTAaHHAX BUOOPY PO3PaXyHKOBOT CXEMHU.
Bubip MeTony po3paxyHKy CTIKOCTI KOHKPETHOTO CXWIIY 3alIeKHUTh BiJl 1HKEHEPHO-TE€OIOTIYHUX
YMOB JIIJISTHKHU 1 TUIY 3CYBHUX JedopMaliiil.

OCHOBHI BUMOTH 11010 BUOOPY 3aXO/IB 1HKEHEPHOTO 3aXUCTY TEPUTOPiid, OyIIBETH 1 CIOPY/
Bl 3CYBHMX Ta OOB&JIbHHUX IIPOLIECIB, a TaKOX TIIOJOXKEHHS PO3paXyHKy IPOTU3CYBHUX 1
NpOTHOOBAILHHUX CHIOPY/I HaBEJCHI B HOPMAaTUBHUX JTOKyMeHTax [8, 9].
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Meta npocaimzkeHHsi. MeTol0 poOOTH € PO3paxyHOK CTIMKOCTI MIJSTHKH 3CYBHOTO CXHITY
Opnecekoro y30epexcokss Ta po3poOKa KOMIUIEKCY MPOTH3CYBHUX 3aXOMdIB JUIsl 3a0e3MeUeHHs
3arajibHOI CTIKOCTI CXMITY.

Metoau mociigxenb. Po3paxyHKkH CTIMKOCTI CXUITy MPOBOJMINCH YHCEIBHUMHU METO/aMHU.
OmiHka CTIHKOCTI B IUIOCKiM MOCTAaHOBLI BUKOHaHa 3a Metoaamu bimona ta SIH0y 3a dikcoBaHMMHU
KpUBHUMU KOB3aHHS. Po3paxyHKH HampykeHo-1e()OpMOBaHOTO CTaHy CXMIIY 32 METOJIOM CKIHUEHUX
€JIEMEHTIB, 3 BH3HAYCHHSAM KOE(]IlieHTy 3amacy CTIMKOCTI METOAOM peayKlii, BUKOHAaHI B
TPUBHUMIPHIHN MOCTAHOBIII.

PesyabraTu gociimkenHs. [linsHka 3cyBHOro cxXmily posramoBaHa B KuiBcbkoMmy paiioHi
M.Ozmeca Ta NpUMHUKAE 10 AUTSYOrO O3J0POBYO-CIIOPTUBHOrO Tabopy «BikTopis». Teputopis
OXOIUTIOE TIPHOPOBOYHY YAaCTUHY IUIATO, TEPACOBUI CXWI 1 IUIAHKY IUBDKY. BiMITKM moOBepxHi Ha
okl craHoBiATh 0,0-2,0 M, B nmpubpoBouHii vactuHi 1wiato 4041 m. [llupuHa mMpUMOPCHKOTO
CXUITY, BiJl OpiBKH IUTaTO 10 Ypi3y, ckianae 130+150 m. CygacHuii penbed IpeBHLOTO 3CyBHOTO CXHITY
chOopMOBaHMI B pe3yJIbTaTi MPOBEACHUX MPOTU3CYBHUX 3axoiB B 1970+1980pp., B ckiami skux Oyau
BMKOHAHI YaCTKOBA 3pi3Ka Ta IUIAHYBAHHS MOBEPXHI cXwily. B penbedi cxuny BUAUISIOTHCS IITYYIHO
CTBOpEHI Tepacu Ta OepMH, y TIHDKKI CXHITY MICHISAMHU 30€PEeKEHUHN TPUPOTHUN TUISDK.

Cxun B BepxHI YacTHHI TNpeAcTaBiisie coOow ykic 3 HaxwioM moBepxHi 0,30+0,45, y
ITHDKXK] SIKOTO CIUTaHOBaHa O6epMa mupuHO 15+20 M Ha abComMOTHUX Mo3Haykax 22,5+32.5 M.
bepma 3akiHUyeThCS KPYTHM YKOCOM 3 HACHUITHUX TIPYHTIB, BHCOTOIO Onm3bko 10 M. Hikue, Ha
BiIMITKax moBepxHi 9,5+13 M, posramoBana Tepaca mupuHor 6080 M, sika 3HMKYETbCS YOIK
Mopsi. Tepaca wactkoBo 3al0ymoBaHa JIETKUMH OYHIBISIMH CTapux 0a3 BIAMOYHMHKY 1
IHAUBIAyanbHUMH OyauHKaMu. B miBAeHHIA YacTHHI JUISHKU PO3TAlIOBaHA JAPEHAXKHA IITOJbHS
Nell. brmuxde mo mMopst (B mpuypi3oBii 30HI) BiJCWITaHA IIIe OJHA Tepaca mupuHow 10+15 M, B
MITHDKKI K01 BIAIITOBaHE OEPEerOyKPIIMICHHS Y BUTIIAII KaM SIHOT HAUepKH.

[mxeHepHo-Teosorivna  OyfoBa IOUISSHKM MPHUBEIACHA 32 JaHUMH AaHAJi3y BUIIYKYBaHb
MUHYIUX POKIB, MPOBEACHUX OYpoBHX pOOIT Ta AOCTIIKEHb (PI3UKO-MEXaHIYHUX BIIACTUBOCTEH
IpyHTiB. [lMaH cXuily 3 po3TallyBaHHAM iH)KEHEPHO-TEOJIOTIYHHX PO3pi3iB HaBeAeHH Ha puc. l.
[mxenepHo-Teonoriuna OynoBa CXWIy IOKa3aHa Ha XapakTepHOMY po3pisi (puc. 2), sKui
3HAXOAWTHCS B IEHTPAIbHIM YacTWHI JUISHKA CXWIy. 3a JaHUMH 1HXEHEPHO-TEOJOTTYHUX
JOCTIKEHb Ha JUISHII CXUJTY 3aJISTal0Th HACTYITHI 1H)KEHEPHO-TE€0JIOT14HI €JIeMEHTH:

ITE-0 — nacunaunii map; II'E-2 — cyrnmmHok cipwid, Teky4oi koncucrentii; II'E-3 — cyrnuHok
JIECOBUJIHUH TpoOcCiatouuii, Jerkuii, HamiBTBepaoi koHcucteHii; II'E-4, 4a — cymicok iecoBUAHMIA
npocigatounii, HamiBTBepaoi koHcucteHuii; II'E-5, 5a — cyrnmHOK necoBHIHUN MpOCIIalOvMii,
HaniBTBepAoi koHcucTeHii; IT'E-6, 6a — cyrnnHoK 1ecoBUIHUI Mpocinatounii, M’ AKOIIJIaCTUYHOT Ta
TeKyueriacTuyHoi koncuctenuii; II'E-7, 7a — cyrIMHOK J€COBUAHUM, HAMIBTBEPA0i KOHCUCTEHIIIT;
ITE-8, 8a — cyrnmuHOK NeCOBUIHUN BaXKKUM, M’ TKOTUIaCTUYHOI KoHcucTeHlii; [I'E-9, 9a — cyrnuHok
JIECOBUIHUN BaXKKWH, HamiBTBepAoi Ta TBepaoi koHcucrenmii; [I'E-10, 10a — rimHa nerka, TBepaoi
KOHCHMCTEHIII{, 3 BKIIOYEHHSAM KapOoHaTiB Ta rincy; II'E-11, 1la — BamHsAK TpilMHYBaTUH ayxXe
Hu3bKkoi mimHOCTI; IT'E-12, 12a — rimua nerka, tBepmoi koHcucrenmii; ITE-13, 13a — cyrimmHOK
Ba)XXKUH, HAIIBTBEP/101 KOHCUCTEHLLIi, 3 MpolapkaMu rMuHK Ta cymicky; II'E-14 — cymicok cipui, 3
npouapkamu micky muityBatoro; IUE-15 — rnmHa Bakka, TBepAOi KOHCUCTEHIIIT; JITHIT — IJIMHA
TEMHO-Cipa, HalliBTBEP/10i KOHCUCTEHIII{, 3 IPOIIapKaMHU CYIICKY IIaCTUYHOTO.

Ha 3cyBHOMY cxuil 3ansiraioThb I'PYHTH, aHAJOTIYHI MOpOJaMm, IO PO3BUHYTI Ha IJIaToO,
3MileHi Ta Je)opMOBaHi BHACHIJOK JEKUIBKOX LUKIIB 3CYBHHX IPOIECIB. 3araibHa MOTYXHICTh
3CYBHHX HaKOIUICHb B BEPXHIH 4acTUHI cXminy focsrae 9+18 m, B HWxkHIN yacTuHi cxmry 15+35 M.
3CyBHI IPYHTH HE BUTPUMaHI 10 MOTY>KHOCTI Ta MPOCTHIIAHHIO, 3aJISTAI0Th Y BUIJISLII OJIOKIB.

I'ipporeonoriyHi yMOBM Ha IUIaTO XapaKTEPHU3YIOTHCS HASBHICTIO BOJOHOCHUX TOPU30HTIB B
necounaux cyrmmHkax (ICE-6 ta ITE-8), Bamuskax (IFE-11), Ta MEOTHMYHHX BIKJIaJCHHSIX
(mpomapku CymicKy Ta CYIJIMHKY). BepXHiI BOJAOHOCHI TOpU30HTH O€3HaIlipHI, >KUBJIATHCS 3a
paxyHOK 1HQUIbTpaLii aTMOCPEpHHUX OIAAIB; HUKHIM TOPU30HT € HamipHUM, Hamip Big 2 10 10 M.

B BepxHiil yacTuH1 CXuily, IPYHTOBI BOJIM BIIMIYEHI SIK B KOPIHHHUX JIECOBHJHUX CYIJIMHKAaX
(I'E-8), Tax 1 B 3cyBHux HakonuueHHsx (I['E-6a, 7a). ['opu3oHT yTBOpWBCS 3a paxyHOK
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BUKJIMHIOBAHHSI HA CXWJI MiJ3EMHHUX BOJ, IO PO3BUHYTI Ha TUiaTo. B cepeHiii Ta HWKHINA YacTHHI
cxumy BonoBMicHUME € HacurHi IpyHTH (II'E-0), nmecoBumni cyrmuuku (II'E-2, 4a, 6a, 7a) Ta BarmHsik
(I'E-11a), BimHocHMM BogoymopoMm ciyxats TimHu (ITE-10a, 12a). T'opusont Oe3namipHui,

KHUBHUTHCS 32 PaXyHOK aTMOc(epHHX OmMaiiB 1 JpEeHYBaHS Ha CXMWJII BOJAOHOCHHMX TOPH30HTIB,

PO3BHHYTI Ha ILIATO.
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Puc. 1. [1nan cxuiy 3 po3TalryBaHHSAM 1HKEHEPHO-TEOJOTTYHUX PO3P13iB
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Puc. 2. Po3paxyHKoBuUil iHKE€HEPHO-TE€OJIIOTTYHUNA po3pi3 2-2
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[epen moyaTkoM pO3paxyHKIB CTIMKOCTI CXUTy OyJI0 BUKOHAHE HAaTypHE OOCTE)KEHHs cxuiy. B
mporieci o0CcTeXkeHHsT (PIKCyBaTUCh BUAMMI Jedopmarllii Ha TMOBEPXHI CXHWIY 1 ICHYIOUHX CIIOPYAaX,
BUXOJIM IPYHTOBHX BOJ Ha IIOBEPXHIO Ta IHIIN O3HAaKH I1H)KEHEPHO-TEOJIOTIYHMX TpoleciB. B
pUOPOBOYHINM YaCTHHI TUIATO, Y3/IOBK OTOPOUKEHHS 0a3u «BiKTOpisy, BiAMIYEH] JUITHKA HAXWITY Ta
BUJIaBJICHHS OETOHHOI OCHOBH, NMPOCTEXKYeThcs HernmbOoka (o 20 cM) Hemmpoka 3amaauHa. Cxui
TYCTO 3aca/DKeHHUH JepeBaMH Ta dYarapHukamu. Penbed ykocy MicHsMH 3MiHEHHH B pe3ysbTaTi
3a0yOBH, ICHYIOTh AUISHKH, HA SKUX CXHJ MiApizanuil. Ha po3ramoBanux Ha cxwii OyIuHKax Ta
3a00pax BiAMIYEHI TPILTUHH.

B HWXKHIN YacTHHI yKOCY, Ha OKpPEMHUX IUISHKAX, BiAMI4alOThCS HEBUCOKI (1+2 M) CTIHKH
3pUBY, y MUIHDKKI MICIIMH CIIOCTEPITa€ThCsl BUKJIMHIOBAHHS TPYHTOBHX BOJ Ha ITOBEPXHIO.
HacumHi rpyHTH puXJii, IOBUIBHO OCHITAIOTHCS, HA IX TOBEPXHI € 3aKOJIM Ta IPOMOTHH.

Ha HmxHii Tepaci B310BX 0€TOHHOT JOPOTH TUIMTH JISKATh HEPIBHO, TP PyCl aBTOMAIIIMH 110
HUM BiJT9yBa€ThHCS KOJMBAHHS. B IEKUIBKOX MICISAX €1 TOPOTH YTBOPUIUCH 03€pIis Ta 3a00JI04CHI
ninsakd. Boma ctpyModkaMu cTikae BOIK MOpsi, GLIbTPYIOUUCH B IPYHTH.

[Ipuypi3Ha yacTHMHA CXWJIy B MiBHIYHIM yacTWHI Oyna CIUlaHOBaHa MiJ 4Yac OyIiBHHUIITBA
Oepero3axucHoi cropyau (KOHTp-OaHKeTy) Ta OeTOHHOI HaOepexHOi, M0 3axuIleHa KaM SHOIO
HA4YepKOIO 31 cTopoHW Mops. JliHig ypizy 3mimeHa BOIK mMops Ha 25-35 m. Jledopmariit Ha min
TEPUTOPIi HE CITIOCTEPIraeThCs.

[liBmeHHa dYacTWHA MEHII 3aXWINEHA, KPIIUICHHS i€l JUISHKA BUKOHYBAJIOCH CHJIAMHU
okpemux 3a0ynoBHUKIB. B mTonpHi Nell cmocrtepiratotbest aedopmariii TIOOIHTIB Ta JOTKiB. B
MICIIl CKMJAHHS JPEHaXHOI BOAM y Mope, OeTOHHHMU JOTOK 37amaHuii. Takox nedopmoBaHa
(BMaaBieHa) Ta YaCTKOBO 3pyHHOBaHA MiJmipHa cTinka. Ha 1miif AinsHii bk Maibke BIICYTHIH, i
9ac MTOPMIB CTIHKA MiANAETHCS CHIIOBIH [Tii BITPOBUX XBUJIb.

Takum uymHOM, 3a pe3ynpTaTaMu OOCTEKEHHS MOXKHA 3pOOUTH BHCHOBOK, [0 BHUKOHaHI
MIPOTH3CYBHI 3ax0/ (TUIAHYBAaHHS MMOBEPXHI CXMIIYy Ta OEPETOYKPIIUIEHHs) HE TPU3BEIH J0 MTOBHOI
ctabimizanii 3cyBHUX mporeciB. Ha 3cyBHOMY cxuii BigOyBalOTbCsA He3aTyXaroui MOBUIBHO TEKydi
nedopmartii, o MoB’s3aHi 3 OJIOKOBOIO OYJOBOIO CXHITY, TiIPOT€OJIOTIYHUMH YMOBAMHU, @ TAKOX
PEOJIOTIYHUMH BIACTUBOCTSIMU MEOTHUHUX TNuH. CTabimizalis 3CyBHUX MPOLECIB MOXKIIMBA TUTBKH
IPpYU KOMILIEKCHOMY MiAX0/li B MPU3HAYEHH] MMPOTU3CYBHUX 3aXO/IiB.

B sikocTi BUXITHUX JaHUX, 7SI PO3PAXYHKIB CTIMKOCTI CXUITy, Oylu MPUAHATI AaH] 1HKEHEPHO-
T€OJIOTIYHUX BHIIYKYBaHb, @ TAKOXK PE3YJIbTATH HATYPHOTO OOCTEKEHHS IUIATO, CXHIIY 1 TPHIIETIION
teputopii. Ilepexia Bifg onucy MpUPOAHUX IHXXKEHEPHO-TEOJIOTIYHUX YMOB JIO PO3PAXYHKOBOI CXEMH
OyB BUKOHaHMI nUIsIXOM cxemartuzailii Mex I['E Ta moTy:XHOCTI mapiB IpyHTY HOPYIIEHOT CTPYKTYPH.

Cxun, sKUA  PO3IISIIAEThCS, BIAHOCUTBHCS 10 3cyBHoro [9]. Kmac wacmigkis
(BiamoBinanbHOCTI) cniopyau npuiHaTHil CC2. HopMaTHUBHUI KOEQIIIEHT 3amacy CTIMKOCTI Mpu
OCHOBHOMY CIIOJy4eHHI HaBaHTaxeHb ckianae 1,30, a mpu aBapiitHomy — 1,25. HaBaHTakeHHS 1
BIIUBU, NPUHHATI IS PO3PAXyHKIB CTIMKOCTI CXWITy, BIAMNOBIAIOTH BHUMOraM HOPMAaTHBHHX
nokymenrtis [9, 10].

Po3paxyHku CTIKOCTI CXMJTy BUKOHAHI B TUIOCKiH TOCTaHOBII, MeTogamu SIHOy [11] Ta Bimmona
[12] 3a dikcoBaHMMHU KPUBUMH KOB3aHHS. L{i METOIM BITHOCATHCS JO TPYIH METOJIB BiJACIKiB, 110
3aCHOBaHI Ha aHaJi31 TPAaHUYHOI PIBHOBAru. 3CyBHE TUIO pO30MBAETHCS BEPTUKAIBHUMU BIACIKAMU
Ha OKpPEeMI CTOBITYMKH, KOXKEH 3 SKUX BBAKAETHCS a0COIIOTHO TBEPAMM TIIOM 1 CHUPAETHCS HA YTy,
SIKa alPOKCUMYETHCS IPSIMOIO JIHIETO.

3a meronoMm SHOy Uit BU3Ha4deHHs KoeQillleHTa 3amacy CTIMKOCTI BHKOPHCTOBYETHCS
PIBHSIHHS PIBHOBaru ropu30HTAIbHUX MpoeKiii cuil. [Ipu iboMy piBHSIHHSI pIBHOBard MOMEHTIB He

BUKOHYeThCs. Koedirient 3amacy criiikocti Kyt pospaxoByerbes 3a 3anexuictio (1):

Z(Ci 'Ii +Ni 'tggoi )~C050{i
ZNi 'Sil’]O{i

kSt = ) (1)

. . . 2.
e Cj — MATOME 3YETICHHS B OCHOBI BUAUICHOTO BiCiKy, KH/M?;
li — moB>KMHA IJIONIMHU KOB3aHHS BUIICHOTO BIICIKY, M;
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@i — KyT BHYTPIIIHBOTO TEPTS IPYHTY B OCHOB1 BUAUICHOTO BICIKY, Tpa;
— KyT IJIONIMHYU KOB3aHHS BUIUICHOTO BiACIKY, Tpas;

Ni — cuia, 1110 BU3HAYAETHCS 32 HOPMYIIOLO (2).

kst 'Gi —Gj 'Ii -sinai

N: =
' ke -COS e +5ingg -tge; |

)

ne Gj — Bara BHAUIEHOTO BiJICIKY, KH.
Meron bimona s3acHoBanuii Ha piBHOBa3i MomeHTiB. KoedimienT 3amacy criiikocti Kt

BHU3HAYAETHCS SIK BiJHOIICHHS MOMEHTY YTPUMYIOUHX CHJI JI0 MOMEHTY 3CYBHHUX CHJI IIOJO0 LEHTPY
obepranns 3a hopmysioro (3):

Ci -bj +G; -tgg;
sing;j -tgg; (3)

coS ¢ +

Ko - st
3 > Gj -sing; ’

1€ Cj — MUTOME 3YETNICHHS! B OCHOBI BUIEHOTO BIACIKY, KH/MZ;
bj — mupuHa BuAiIEHOTO Bi/ICIKY, M;
Gi — Bara BuIiJIeHOTO BiJICiKY, KH;
@i — KyT BHYTPIIIHBOTO TEPTS TPYHTY B OCHOBI BHIJICHOTO BIJICIKY, TpaI;
— KYT IJIONIMHYU KOB3aHHS BUIUICHOTO BICIKY, Tpaj.

B po3paxyHKOBUX cxemaX BpPaxOBYBaJHUCh (PI3UKO-MEXaHIYHI XapaKTePUCTUKHU IPYHTIB, CHIIN
TiIPOAMHAMIYHOTO BIUIMBY TIPYHTOBOTO TOTOKY, CEHCMIYHHMI BIUIMB IHTCHCHBHICTIO 7 Oais.
PesynbTat po3paxyHKIB 3arajbHOl CTIMKOCTI CXWJIY 3a TpPhOMa pPO3PaXyHKOBUMH CTBOPAMHU
npecTaBicHi B Ta0mmii 1. 3araasHuil BUI 3CYBHOTO TiJIa JJIs PO3pi3y 2-2 HaBeeHUH Ha puc. 3.

Tabmuns 1 — 3naueHHst MiHIMAIBHUX KOe(Dilli€HTIB 3arabHOI CTIHKOCTI

Po3paxyHkoBi 3Ha4eHHs KOe(]iIliEHTIB
3aracy CTIHKOCTI, Kgt
ImxenepHo- v
S OCHOBHE TIO€THAHHS aBapiifHe MmoeTHaHHS
reoJIOTYHHMA
. HaBaHTAXCHb HABaHTA)XCHb
po3pi3
METO/I METO/I METOJ METO
bimomna SAuly binona SAnoy
1-1 1,145 1,159 0,963 0,979
2-2 1,038 1,057 0,896 0,912
3-3 1,161 1,175 0,973 0,986
e ———— 3CVEHE TLIO

PIE€HE IPVHTOEHX EOJ

f’ f}. A- .
LD 4’ / 4.,/&; Vs ;?};ﬁ‘f‘?’

MOBEPXEHA KOE3AHHA

Puc. 3. 3aranbHuil BUJ 3CyBHOTO Tijla
(po3paxyHKoBHil po3pi3 2-2)
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3a oTpUMaHUMU pE3yIbTaTAMH PO3PAXYHKIB CTIKOCTI CXIITY BIIMIU€HO, 110 3arajibHa CTIHKICTh
CXWUJTy He 3a0e3rneueHa /ISl BCIX 1HKEHEPHO-TEOJIOTTYHMX po3piziB. MiHIMaIbHHUA KOS(IIIEHT 3amacy
CTIIKOCTI TIpH OCHOBHOMY MO€IHAHHI HaBaHTaXEHb JOpiBHIOE K¢ =1,038 (po3pi3 2-2), mo MeHe
HOpPMaTHBHOrO 3HaueHHA Kg, =1,30. KoedimieHT 3amacy CTIMKOCTI JjIsi aBapiiHOrO ITO€JHAHHS
HaBaHT@XeHb ckiamae Ky =0,896, mpu HopMmatuBHOMY 3HaueHHi Kg =1,25. IpyHToBHMI MacuB
3HAXOJIUThCS B CTaHI HECTIMKOI piBHOBaru. BrmB npupomHux ab0 TEXHOT€HHUX (DAKTOPIB MOXKE
MIPU3BECTH HE TUIBKY JI0 JIOKAJIbHUX Ae(OopMalliid, a il 10 3pyIIeHHs BCi€l 3CyBHOI TOBIII.

BpaxoByroun CKJIaIHICTh 1HKEHEPHO-TEOJIOTTYHOI OYAOBH IUISHKH CXWIIy Ta HE3aTyXarodi
MOBUIFHO TeKyul Aedopmalii IpyHTOBOTO MacCHBY, PO3PaXyHKH CTIMKOCTI BUKOHYBAJIHUCH TaKOX B
TPUBHUMIPHIN TOCTaHOBII. Po3paxyHKH B TPUBUMIPHIN MOCTAHOBII JAIOTh OUIBII TOYHI Pe3yJIbTaTH.
Ile mosCHIOETBCA TUM, LIO TpH MOOYIOBI PO3PAaXYHKOBOI CXEMH, BPAaXOBYIOTHCS KOMOiHamii
1H)KEHEPHO-TEOJIOTIYHUX YMOB BChOTO CXMIIY, OCOOJIMBOCTI Tomorpadii, HasBHICTh MiAPi3yBaHHS
CXHITY, SIpiB, ICHYFOUHX OYiBENb Ta CIIOPYA. BaxkIMBOIO MepeBaroio mpocTOpoBOi OIIHKH CTIHKOCTI
CXWJIIB € T€, IO TAKHI PO3PaXyHOK JI03BOJISIE MPOTHO3YBATH PO3BUTOK 3CYBHOTO MPOIECY HE TIIBKH
10 JIOBKUHI 1H)KEHEPHO-TEOJIOTIYHOT0 PO3pi3y IPYHTOBOIO MAaCHUBY, ajie i B IJiaHi [7].

O11iHKa CTIHKOCTI CXWJTY B TPUBHMIPHIH MTOCTAHOBIII BUKOHAHA B JIIIIEH31HHOMY IPOTPAMHOMY
komiuiekci Midas GTS NX. TpuBuMipHa po3paxyHKOBa CXxeMa CTBOPCHA 3a TphbOMa iH)KEHEPHO-
TCOJIOTIYHUMHU po3pizamu. Po3paxyHku HampyKeHO-1e(hOpPMOBAHOTO CTaHY CXHMJIY BUKOHYBAIHUCH
METOZOM CKIHYCHHX €JIEMEHTIB, 3 BU3HAUCHHSIM KOe(]ili€HTY 3armacy CTIMKOCTI METOJJOM PEIyKIIii.
[ToBeninka IPpyHTY B PO3paxyHKOBiH CXeMi OIMHUCYBalach MPYKHO-IIACTUYHOK Mojeiuiro Mopa-
Kynona. B po3paxynkax Oyma BpaxoBaHa Tororpadist cXuiry, pisHOPiIHICTh TPYHTIB, 3MiHa piBHS
IPYHTOBUX BOJ| IO BCii JOBXKHHI CXWJYy, NPUUHATI TPOTU3CYBHI 3aXOAM. 3araJbHUN BUJ
TPUBHUMIPHOI pPO3PAXyHKOBOI CXEMH iICHYIOUOTO CXMITY MPECTaBICHHUH Ha puc. 4.

Puc. 4. 3aranbHuil B TPUBUMIPHOI pO3paXyHKOBOT CXEMH CXHUITY
(mpupoaHMii cTaH)

B pesynbTaTi po3paxyHKy HampyXeHO-Ie(OpPMOBAHOTO CTaHy CXWIY, OyJIM OTpUMaHi 30HU
MaKCUMalbHUX JOTUYHHX HampyxeHb (pHc. 5) MO IPYHTY MOPYIICHOI CTPYKTypH (MiLHICTHI
XapaKTepUCTUKU IPYHTY BU3HAY€Hl, K «qIUIAIIKA MO IUIAIII») 1 3HaueHHs KoedilieHTa 3amnacy
CTIMKOCTi, OTPUMAHOTO METOJIOM PEIYKIIii.

Po3paxynkoBuii koe(ilieHT 3amacy CTIHKOCTI CXWJIy IpH OCHOBHOMY IO€JIHaHHI
HaBaHTaKEHb CTAaHOBHUTH Kg =1,014, nmpu HOopMmaTuBHOMY 3HaueHHI Ksy =1,30. 3aranpHa CTIHKICTb
CXUJTy He 3a0e3MeueHa, CXUJI 3HaXOUThCS B CTaHl HECTIMKOT pIBHOBArH.
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Puc. 5. 30Hu MakcUManbHUX JOTUYHUX HANPYKEHb CXHUITY
(mpupoaHMii cTaH)

3 nuwmo crtabumizamii 3CyBHHX MpPOIECIB Ha JAUISHIIN CXHIY HPOIMOHYETHCS KOMILIEKC
MPOTU3CYBHUX 3aXOMiB, L0 BKJIIOYAE: BIANITYBAHHS IMOTJIUHAIOYMX CBEPIJIOBHH; BIIAIITYBAHHS
BEPXHBOTO Ta HUKHBOTO SPYCIB MAJIb-IIMOHOK 3 BEPTUKAJIHHUM JAPEHAKEM HaJl HUIMHU,; OPTaHi30BaHEe
BiJIBEJICHHS 3JIMBOBHX BOJI 3 MOBEPXHI CXUITY; MJIAHYBAHHSA Ta KPITUICHHS MOBEPXHI CXUITY.

B po6oti 3amponoHOBaHO BIAIITYBaHHS Ha IUIATO IPEHAXHOI CHUCTEMH, IO BKIIOYae 14
MOTJIMHAIOYKUX CBepAsioBUH (puc. 6). [lormuHaioui CBEpAJOBMHM MAlOTh JiaMeTp MNPUHOMHOI
gactuau 800 MM, siKa 3aTIOBHIOETHCS IPEHYIOYHM MatepiasioMm. Kpok cBepasioBUH TOPiBHIOE 14 M.
[TpuitoMHa YacTHHA CBEP/AJIOBHH PO3TAIllOBaHA B YETBEPTUHHUX JecoBux rpyHrax (I['E-3+IT'E-6).
[ToTyxHiCTh mapiB, sIKi NIEPETHHAIOTHCS CBEPAJIOBUHAMHE, CTAaHOBUTH 15,5+16,0 M.

TNOTTHHAXOY] CEyaa
CECpATOBHHH APCHAXHA
razepes

@ 800MM, L=14M

BepPTHKAIIBHHHA APEeHAX
(BepxHiH ApvCc)

BEPTHKAIIBHHH APEHAX
(=ExHIHE ApycC)

CKHIHA JiHIA ApEeHAKY /

Puc. 6. 3aranibHui BUJ IPpEHAKHOI CUCTEMU

CkumanHs QinbTpamiiiaux Boj 3aidcHIOeThes B map I['E-11 (BamHSK TpiliMHYBaTHiA) IS
akoro koedimieHT ¢inpTpaii B po3paxyHKoBiM cxemi mnpuitHatuil 30 M/noOy. [lpusnadyeHHs
JPEHaXXHOI CUCTEMHU TIOJIsITae B IEPEBEICHH] BOJI YETBEPTUHHUX BiJIKJIaJIeHh B IOHTUYHUIN APYC, 1110
MPEJICTABJICHUA BalHIKaMH. B MOHTUYHOMY TOPH30HTI TiJA3€MHI BOJIU TIEPEXOILTIOIOTHCS
ICHYIOYOIO JIDEHaXXHOIO TaJIepeero, 110 po3TalloBaHa Y3JI0BXK OpOBKM cxuiy. BinBeneHHs Boau 3
rajiepei 3IMCHIOETHCS 3a Tonomororo mToibHI Nel 1l y mope.

Ha Gepmax cxuiy nepeadayeHo BIAIITYBAHHS BEPXHBOTO 1 HIDKHBOTO SIPYCIB YTPUMYIOUUX
KOHCTpyKIii (puc. 7, 8). HukHii sipyc yTpuMyI04oi CIOpy/au MpeACTaBICHUI IBOMA PSIIaMH TalTh-
mmoHok @ 1020 mwm. [To3nauka 3a60r0 mane (-23,6 M) BU3HAYAIACh BUXOMISYU 3 MOJIOKESHHS JiHIT
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KOB3aHHS 3CYBY 3 (Di3MKO-MEXaHIYHMMHU XapaKTEPUCTHKAMH IPYHTY MOPYIIEHOI CTPYKTypH, a
TaKOXX BHYTPIIIHIX 3yCHJIb, 110 BUHUKAIOTHh B €JIEMEHTAaX Ha Ik mo3Hadii. BigMiTka BepXy maib-
IIMOHOK BU3HAYAJIACh 3 YMOBU HEMOXKJIMBOCTI «II€PENOB3aHH» IPYHTY HaJl CIOPYAOIO, 1 CTAHOBHUTH
-2,6 M. Ha BepxHboMy spyci TakoX MependadyeHo BIAIITYBAHHS JIBOX PAMIB Malb-IIMOHOK.
[To3nauka 320010 Maab BEPXHBOTO SIPYCY 3MIiHIOEThCA Bim -17,5 M mo +3,5 m. JloBxkuHa maib-
IITOHOK MocTikHa 1 ckiaaaae 21,0 m. [Tani-mmoHkn 000X ApyciB poO3TaIOBYIOTHCS KpokoM 2,0 M B
[IaXOBOMY TOPSAJKY, BiJcTaHb MDK psagamu Takox ckiagae 2,0 m. IloBepxy mamb BHKOHaHA
3BOPOTHA 3aCUIIKA CBEP/AJIOBUH KPYITHUM ITICKOM JUJIS BIAIITYBAHHS BEPTHUKAIBHOTO JPEHAXKY.
BepTukanpHuii IpeHax mnpeacrasise co0orw cucteMy cBepaioBuH @ 1020 MM, 110 3armoBHEH1
JIPEHYIOUYUM MaTtepiaioM (KpyMmHHM IickoMm). Ha 30BHIIIHIN MOBEpXHI CBEPIJIOBUH, 110 TIEPUMETPY,
pO3MIIAeEThCA 3aXWCHUUM 1map 3 TreoTekcTuis. CBEepUIOBUHM MK CcO0OH 00 €maHaHi
TOPU3OHTAJILHOIO JIPEHAXHOI0 Tpyoow ) 250 MM B OOMOTII 3 TEOTEKCTHIIS. YCTaHOBKA
TOPU30HTAIBHOI APEHH BUKOHYETHCS METOAOM T'OPU30HTAIBHOTO CIIPsIMOBaHOTO OypinHs [13].

e RE R s
/

NaAb— LWITGHO,
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| gperamy

LA - =23860
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¥ 1T 4
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E1020 pra
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Puc. 8. Po3piz I-I
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Ha cxwumi, mo po3risiiaeTbcs, MOXJIMBE 3aCTOCYBAaHHS TUIBKM TaKOi KOHCTPYKIIii
BEPTUKAIBHOTO JPeHAaXy. BmamryBaHHS Oyap-siKoi iHINOI CHCTEMHU IPEHaXy, IO TMOB’s3aHa 3
BUKOHAHHSM 3€MJITHUX POOIT MPHU CTBOPEHHI TPaHIIEi, MPU3BeE/e O 3pOCTaHHS 3CYBHOI HEOE3IEKH.

QOinpTpamiiiHi PO3paxyHKH MPOBOJUIUCH 3 YpPaxyBaHHSIM TPbOX PIBHIB IMMIJ3€MHUX BOJI.
[epmri aBa 3HAXOAATHCSA B YETBEPTUHHUX BIIKIAJACHHSX, TPETIH HA MiJOUIBI MOHTUYHOTO SPYCY.
Pesynbratom QinpTpamiiiHux po3paxyHKiB € MOJOXECHHS KPUBHX JIENPECiii Ha MJIaTo Ta B 3CYBHHUX
Hakonu4eHHsx (puc. 9a, 0).

Takum YnHOM, B pe3yJIbTaTi BIAIITYBAHHS CUCTEMHU IPEHAXY (TIOTJIMHAIOYUX CBEP/JIOBUH Ha
IUTaTO 1 BEPTUKAIBHOTO APEHAXY HaJ| NAJAMHU-IINOHKAMU HA CXMJIi), CIIOCTEPIraeThCsi 3HAYHUN
craji KpUBOI JieTpecii Ha TUIaTo Ta 3CYBHUX HAKOMUYEHHsX. Ha mimaTo 3HMWKEHHs piBHS IPYHTOBHX
BOJ nocarae 4 M, B 3CyBHMX HAKONMMYEHHSAX piBeHb BoAM manmae ao 2,0-2,5 m. Ilo mipi pyxy
(bUTBTpaIiiHOTO MOTOKY 10 MOPS, i APEHAXY OyJ/le 3MEHIIYBAaTHUCh 32 PAXYHOK O1YHOTO MPUTOKY
BOJIM 3 000X CTOpIH HE APEHOBAHOTO CXWJY. 3HM)KEHHS PIBHS IPYHTOBHX BOJ HA IUIATO MPU3BEE
JI0 3HIDKEHHS JIiHII Aenpecii y 3CyBHUX HAKONMWYEHHSX HA CXWI, IO MiJBHUINUTH CTYIIHb HOTO
CTIMKOCTI.

a) | 0)

Puc. 9. TTonoxxeHHs piBHIB IPYHTOBHX BOJI:
a — MPUPOJHUI PIBEHb IPYHTOBHUX BOJ; O — PIBEHb IPYHTOBUX BOJ IiCJIsI BIAIITYBaHHS CUCTEMH
JpeHaxy

3axuCT CXWIY BiJl €pO31MHUX MPOIECIB 3IACHIOETHCS NMIJISTXOM OPTraHi30BAaHOTO BiABEIACHHS
3MBOBHUX 1 TaJluX BOJ, a TaKOX KPIIUIGHHS MOBEpXHI cxwuiy. IlepexomieHHs 1 opraHizoBaHe
BiJIBE/ICHHS 3JIMBOBUX BOJ 3 TIOBEPXHI CXWIY 3IIMCHIOETHCS NUISIXOM BJAIITYBaHHS HOBUX Ta
PEKOHCTPYKIII icCHyrouux JOTKiB. JIiHif iCHYIOYOro JI0TKa, IO po3TalloBaHa Mo Byl BiTposa
MPOJOBXKYETHCS A0 MIAMIPHOT CTIHKH JUIS TIEPEXOIUIEHHS BOJIHM 3 BEPXHBOI YacTWHU cxwmiy. Jpyra
JIHIS JTOTKIB PO3TaIIOBaHa y MiTHDKXKSA cxuty. CKUJIaHHS BOAM 3 JOTKIB 3[1HICHIOETBCS Y MODE.

[ToBepxHs cxminy kpinutbes reopewitkoro Tumy ['P-30/10. KpimieHHs BCTaHOBIIOETHCS O
11apy rpaBiifHO-MIIAHOI CyMilli TOBIIMHOKO 50 MM 1 T€0TEeKCTWIIS IIUIBHICTIO He MeHIe 120 /M.
Cek11il TeopeliTKY 3al0BHIOIOTHCS POJIOYUM IPYHTOM, 3 TOJAJIBIIUM MOCIBOM 0aratopiyHUX Tpas.
B HMXKHIM yacTHHI yKOCY, B SIKOCTI YIOPHOI YaCTHHU, BUKOPUCTOBY€EThCSI MaTpal] PeHo po3Mipamu
6,0x2,0x0,17 m.

Po3paxyHkn CTIHKOCTI CXWIy B TPHUBHUMIpPHIN MOCTAaHOBLI TaKoX OYyIM TpOBENCHI 3
ypaxyBaHHSIM 3alIPOIIOHOBAHOTO KOMILIEKCY MPOTU3CYBHUX 3aX0/(1B. MiHIMaIIbHUI PO3paxyHKOBUMN
KOe(iIlieHT 3amacy CTIMKOCTI CXWIy MpH OCHOBHOMY TIO€JHAaHHI HABAaHTAXXEHb CTAaHOBUTH
kst =1,315, npu HOpMaTHBHOMY 3HaueHHI Ksn =1,30. KoedirieHT 3amacy CTIKOCTI MpH aBapiiHOMY
NO€/THAHHI HaBaHTaXeHb cKianae Ky =1,268, mpu HopMaTHBHOMY 3HaueHHi Kgy =1,25. AHamizyroun
pe3yiabTaTH PO3PaxXyHKIB, MOKHA 3POOMTH BHCHOBOK, IO 3arajbHa CTIMKICTh CXWITYy 3a0e3rnedeHa.
[TpuiiHATHI KOMIUIEKC IPOTU3CYBHHUX 3aX0/11B B 3HAYHIH Mipi 301IbIIIy€E 3arajbHy CTIHKICTb CXUITY.
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BucHoBkM. 3a pe3ynbraTaMu HaTYpHOTO OOCTEXKEHHS Ta BUKOHAHUX PO3PaXyHKIB CTIHKOCTI
3CYBHOT'O CXUJTy 3pO0JICHI HACTYITHI BUCHOBKH:

1. 3aranpHa CTIMKICTH CXMIy AJs po3pi3y 1-1, mpu OCHOBHOMY CIIOJIyuY€HHI HaBaHTAXEHb, HE
3a0e3rneueHa 3 MiHIMAJIbHUM KoedillieHToM 3amacy cCTiikocTi K =1,145, mpu HOpMaTHBHOMY
3HadeHHI Kgy =1,30. KoedimieHT 3amacy CTIMKOCTI JJisi aBapiiHOTO CIIOJyYeHHsSI HaBaHTa)KCHb
ckmanae K =0,963, mpu HopMaTHBHOMY 3HaueHHI Kg, =1,25.

2. 3aranpHa CTIHKICTh CXUITY JUIA pO3pi3y 2-2, IpU OCHOBHOMY CHOJYY€HHI HaBaHTA)KCHb, HE
3abe3rneueHa 3 MiHIMAJIbHUM KoedilieHToM 3amacy criikocTi Ky =1,038, mpu HOpMaTHBHOMY
3HadyeHHI Ky =1,30. KoedimieHT 3amacy CTIMKOCTI Jjisi aBapidiHOTO CIIOJy4YCHHsSI HAaBaHTa)KCHb
ckmanae K =0,896, mpu HopMaTHBHOMY 3HaueHHI Kg, =1,25.

3. 3aranpHa CTIHKICTh CXUITY JUISl PO3pi3y 3-3, MpU OCHOBHOMY CIIOJyY€HHI HaBaHTaXCHb, HE
3abe3rneueHa 3 MiHIMAJIbHUM KoedillieHToM 3amacy criikocTi Ky =1,161, mpu HOpMaTHBHOMY
3HadeHHi Kgy =1,30. KoedimienT 3amacy CTIMKOCTI i aBapiiHOTO CIIOJIyUYCHHS HaBaHTaXXCHb
ckmagae K =0,973, mpu HopMaTHBHOMY 3HaueHHI Kg, =1,25.

4. 3arampHa CTIMKICTH CXMJY B TPHBHMIpHIM MOCTAaHOBLI, NPH OCHOBHOMY CHOJYYEHHI
HaBaHTaXXCHb, HE 3a0e3meueHa 3 MiHIManIbHUM KoedimienToM 3amacy criiikocti Kg =1,014, mpu
HOpMaTUBHOMY 3HaueHHi K¢y =1,30.

5. Orpumani pe3ynbTaTH CBiAYaTH HPO TE, IO CXWJ 3HAXOAUTHCA B CTaHI HECTIMKOI
piBHOBaru. BmuimB mpupogHux abo TeXHOTEHHHX (DAKTOPIB MOXKE MPU3BECTH HE TUIBKH [0
JoKanbHUX Aedopmariiii, a i 10 3pyiieHHs Bciei 3cyBHOT ToBuli. s 3abe3neueHHss HOpMaTUBHOL
CTIMKOCTI CXMITy HEOOX1THO Nepea0aYnTH KOMILIEKC MPOTU3CYBHUX 3aXO0IiB.

6. ITicns 06poOKH pe3yabTaTiB HATYPHOT'O OOCTEKEHHS CXUITY OYII0 BiIMIYEHO, [0 Ha 3CYyBHOMY
cXuIli BiIOYBArOThCSl HE3aTyXaroui MOBUILHO TeKydi AedopMartii, 10 OB’ 13aH1 3 OJIOKOBOIO OYI0BOIO
CXUITY, T1IPOre€0JIOTTYHUMH YMOBAMH, a TAKOK PEOJIOTTYHUMH BIACTUBOCTSAMU MEOTHUYHHX TJIHH.

7. 3 niumo crabumizamii 3CYyBHHX MPOIECIB, 3allPONOHOBAHO KOMIUIEKC MPOTH3CYBHHX
3ax0/liB, 110 BKJIOYAE: BIALITYBAHHS MOTJIMHAIOYMX CBEPJUIOBMH; BIAIITYBAaHHS BEPXHHOTO Ta
HIDKHBOTO SIPYCiB MaJlb-IITOHOK 3 BEPTHKAIBHUM JIPEHAXEM HaJl HUMH; OPTaHi30BaHE BiJIBEIACHHS
3IIMBOBUX BOJ 3 TOBEPXHI CXHUIIY; MJIAHYBAHHS Ta KPITIJICHHS MOBEPXHI CXUITY.

8. BimamryBaHHsS CHCTEMH JIPEHAXY MPUBEAE 10 3HIKEHHS PiBHS IPYHTOBHX BOJI HA TJIATO Ta
y 3CYBHHUX HaKOMHYEHHSX Ha CXUJI1, 110 MiIBULUTH CTYMIHb HOTO CTIHKOCTI.

9. 3araibHa CTIHKICTh CXWIy (B TPMBUMIPHIiN TIOCTAHOBIII), 3 YpaXyBaHHSIM 3aPOIIOHOBAHOTO
KOMIUIEKCY TPOTU3CYBHHUX 3axofiB, 3abe3nedeHa. MiHIMaIbHUNA pPO3paXyHKOBUH KOEQIIi€HT
3amacy CTIMKOCTI CXWJIy NMPH OCHOBHOMY IO€IHAHHI HaBaHTaKEHb CTAaHOBUTH Kg =1,315, npum
aBapiiHOMY TMO€HAHHI HaBaHTaXeHb Kg =1,268. [IpuitHATHII KOMILJIEKC TPOTH3CYBHUX 3aXO[IB B
3HAYHIM Mipi 30UIBIIYE 3arajJbHy CTIHKICTD CXUITY.
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Abstract. Calculations of the stability of the section of the landslide slope of the Odesa coast
were performed in the work. The site is located in the Kyiv district of Odessa and is adjacent to the
children's health and sports camp "Viktoria". The territory covers the coastal part of the plateau, the
terraced slope and the beach area. Artificially created terraces and berms stand out in the relief of
the slope, at the foot of the slope in some places a preserved natural beach.

The specifics of this area are complex engineering-geological (block structure of the slope,
loess subsidence soils) and hydrogeological (several aquifers, high level of groundwater)
conditions. Previously, before the implementation of a complex of anti-slide measures, large-scale
deep sliding and squeezing landslides took place in this area. The partially implemented engineering
protection measures, which consisted in the planning of the slope surface and the arrangement of
shore fortifications, did not lead to a complete stabilization of the landslide processes.

At the present time, undamped, slow-flowing deformations occur on the landslide slope.
These deformations are related to the blocky structure of the slope, hydrogeological conditions, as
well as rheological properties of meotic clays. Stabilization of landslide processes is possible only
with a comprehensive approach in the appointment of anti-slide measures.

The assessment of the stability of the slope and the appointment of anti-slide measures were
carried out taking into account the features of the engineering and geological structure,
hydrogeological conditions, as well as the results of the field survey of the slope. Calculations of the
stability of the slope were carried out according to flat schemes by the methods of Bishop and
Janbu. Calculations were also carried out in a three-dimensional setting using the finite element
method in the Midas GTS NX geotechnical software complex. The Mohr-Coulomb elastic-plastic
model described the behavior of the soil in the calculation scheme.

The proposed set of anti-slide measures, which includes: installation of absorption wells on
the plateau, to lower the groundwater level; arrangement of the lower and upper tiers of key piles
with vertical drainage above them; organized removal of stormwater from the surface of the slope;
planning and fastening of the slope surface.

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

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

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

> RS 5 . & \
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T d 2 ]

Fig. 1. Damaged multi-story residential buildings in the city of Kharkiv

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

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

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

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

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

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

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

— ongoing repair (for normal and satisfactory condition);

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

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

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

Selective overhaul is carried out:

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

— with heavy wear of individual structures;

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

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

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

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

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

Walls and
columns

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

Partitions

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

Roofs and
coverings

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

Interfloor
ceilings and
floors

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

Windows, doors

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

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

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

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

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

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

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

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

10 | Ventilation

12 | Hot water supply

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

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

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

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

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

Conclusions and directions for future research. So, as a result, an analysis of the current state
of damaged multi-story buildings, an analysis of the accumulated experience of surveying such
buildings, and a review of constructive and technological measures for restoration and reconstruction
were carried out. Analysis of surveys of damaged buildings allows us to conclude that such buildings
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are subject to restoration only with major repairs or their individual parts. The structural feature of panel
houses does not allow replacement of a destroyed or severely damaged structure with a new factory-
made element due to the lack of technical access for installation. In this context, it is necessary to
review the parameters of sections and reinforcement in order to increase them. For example, for
ceilings and other elements of buildings, it is recommended to increase the thickness of reinforced
concrete slabs to at least 250 mm and increase the percentage of reinforcement to at least 2.5%.
Also worth considering is the need for protective shelters similar to those used in Israel, Iran and
other Middle Eastern countries.The most expedient solution is the construction of separate structures to
replace those destroyed on the spot using rolled profiles, reinforcement, monolithic concrete, bricks and
aerated concrete blocks. In this regard, the prospect for further research is a more detailed examination
of the problem and the development of constructive and technological solutions for the restoration of
residential buildings. Also, it should be noted that there is a need to supplement the current normative
documents on the reconstruction of buildings damaged as a result of military conflicts.
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Anorauis. CydacHa cutyaris B YKpaiHi CBIJYUTb PO T€, IO BiTHOBJIEHHs 0araTormoBepXOBUX
KHUTJIOBUX OYAMHKIB € OJHIEI0 3 HaWBaXIMBIMIKX NpoOieM CycmiibcTBa. HasBHI JOCITIIKEHHS
31e0UTBIIOrO 30CepeKEHI Ha OMLIHII TEXHIYHOTO CTaHy OyAiBeNb JJIsl TMPOJOBXKEHHS TEPMiHY IX
eKCILTyaTallii ab0 YCYHEHHS MOIIKO/PKEHb, CIIPUYMHEHUX HEPIBHOMIPHUM OCiTaHHSIM (DyH/IaMEHTIB Ta
IHIIUMHU ~ eKcIUTyaTamidHumMu  gaktopamu. OCKUTbKM — 0araTonoBepxoBi 3ai300eToHHI OymiBmi
KHUTIIOBOTO Ta IPOMAJICHKOTO NMPU3HAUYEHHS 3a3BUYall POEKTyBaucs Ta OyayBanucs 0e3 ypaxyBaHHS
MO>KJTMBUX HAaBAaHTAXXCHb BiJl BOEHHUX KOH(DIIIKTIB, a TAKOK Yepe3 BiICYTHICTh MPAKTUIHOTO JOCBITY 3
iX BIJHOBJIIEHHSA Ta IOCWIEHHS, NMUTAHHS 3a0e3MedeHHs IXHbOI eKCIUTyaTaliliHOI NMPHUIATHOCTI Ta
BIZTHOBJICHHS € Jy)X€ aKTyalbHUM. Jlo eramiB mpolecy ekciuryartamii OyniBimi, SK €IUHOTO
TEXHOJIOTIYHOTO TPOIIECY, MPHU MOIIKOHKEHHI € 00CTEeKEHHsI, MOHITOPHUHT, TUTAHOBHH, MO3aIlJIAHOBUH
1 KamTaJlbHUW PEMOHTH Ta JIKBiAamis. Y CTarTi Oy/lno TpPOBEACHO aHalli3 MOTOYHOTO CTaHy
MOUIKO/PKEHNX 0araTrornoBepXOBUX Oy/liBellb, BUBUYEHO HAKOMMYEHUHM JOCBiI iX OOCTEXEHHA Ta
PO3IJITHYTO KOHCTPYKTUBHO-TEXHOJIOTIYHI 3aXOIW JUIA iX BIJHOBJICHHS Ta PEKOHCTPYKIIIL.
KoHcTpykTuBHI 0CO0IMBOCTI MaHENbHUX OYIWHKIB YHEMOXIJIMBIIOIOTH 3aMiHYy 3pyHHOBaHUX a0o
CUJIBHO TOIIKO/PKEHUX KOHCTPYKIIH HOBUMHM 3aBOJICBKMMH €JIeMEHTaMH Yepe3 BIJICYTHICTh TEXHIUYHOT
MOXJIUBOCTI JIOCTYNy JUII MOHTaxy. HalOinbll ONTUMAaIbHUM pILIEHHSM € 3BEACHHS HOBHUX
KOHCTPYKII1M Ha MICLi 3pyHHOBaHUX 3 BUKOPUCTAHHSAM MPOKATHUX MPOQiIiB, apMaTypH, MOHOJIITHOTO
OeToHy, LlerVii Ta Ta300eTOHHUX OJyiokiB. BpaxoByroun 1ie, MEPCHEKTUBOIO Ul IMOJAJIBIINX
JOCITI/IKEHb € JIeTajbHIlle BUBYEHHS MPOOJIEMH Ta po3poOKa KOHCTPYKTHBHO-TEXHOJIOTTYHUX PIIIEHb
JUIs  BIAHOBJIEHHS JKUTJIOBUX OyJiBelb 3 €KOHOMIYHUM OOIPYHTYBaHHSIM JIOUUIBHOCTI iX
BIIpoBa/KeHHA. Kpim Toro, icHye motpeda y JONOBHEHHI YMHHMX HOPMAaTUBHHUX JOKYMEHTIB I0J0
PEKOHCTPYKIi Oy/IiBelb, MOMIKOKEHUX BHACIII0OK BOEHHUX KOH(IIIKTIB.

KuarouoBi cioBa: OararonoBepxoBi OyIWHKH, PEKOHCTPYKIS, OOCTEXEHHS, METOIN
B1IHOBJICHHS, KamiTATbHIN PEMOHT.
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Abstract. In modern construction, after the insulation of facades over time, the next stage is
necessary — their repair. Repair of insulated facades preserves and increases the operational efficiency of
thermal insulation systems of facades, ensures durability and improves the appearance of the building.

Research results indicate the importance of correct installation and maintenance of insulated
facades at the initial stages of construction. It was found that at this stage, various defects can occur,
which negatively affect their thermal insulation efficiency and overall reliability during operation.
Defects in the installation of insulating materials and other factors can reduce the effectiveness of
insulation.

The work examines various aspects of the repair, such as replacement of thermal insulation
layers, replacement of damaged components and restoration of the appearance of the facade. One of
the key tasks is the restoration of the thermal insulation layer, which may be damaged as a result of
mechanical or other influences. It is important to inspect in detail, determine the degree of damage and,
if necessary, replace insulating materials that may lose their thermal insulation properties in the future.

In addition, the restoration of the outer finish layer is the part of the process of repairing
insulated facades to ensure an attractive appearance of the building and to protect the internal
structural layers, especially the thermal insulation material, from climatic and other factors. It was
established that over time, different materials of the thermal insulation layer have different
indicators of destruction. Particular attention should be paid to the selection of system materials that
have similar vapor permeability properties. This approach will help ensure the necessary properties
of the thermal insulation system and keep the appearance of the building in perfect condition for a
long period of operation.

It has been established that after the restoration of isolated facades, it is important to take care
of their maintenance. Properly performing regular inspection and maintenance will help detect
possible problems in a timely manner and prevent serious damage in the future. Climate and local
building standards must also be taken into account when selecting repair materials to ensure optimal
facade performance.

In the process of research, it was found that repair methods are chosen, first of all, based on
the technical condition of the building and the degree of damage obtained as a result of the survey.
This allows you to choose the appropriate repair methods and assess the associated risks. It should
be noted that a specialist who carefully examines and determines the state of facade insulation must
have certain competencies in the arrangement and repair of facades.
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Therefore, the research results emphasize the importance of quality repair and maintenance of
insulated facades to ensure their reliability, efficiency and durability.

It was found that in order to ensure the quality and safety of construction objects, it is
important to carry out systematic repair and maintenance of insulated facades, which can be
damaged due to various influences. This allows you to preserve the building's energy efficiency and
maintain its aesthetic appearance over a long period of operation.

Keywords: insulated fagade, defects, causes, fagade repair, restoration.

Introduction. In the modern construction industry, the issues of energy efficiency and heat
conservation are becoming more and more relevant. One of the key aspects in this context is the
repair of insulated facades, which plays an important role in providing comfortable living
conditions, reducing heating costs and increasing the service life of buildings.

However, the repair of insulated facades requires not only technical knowledge and skills, but
also the right organizational and technological approach. The ability to choose the best solutions at
each stage of the renovation process, taking into account the characteristics of the building, the
nature of the damage and the available technologies, is critical for achieving a successful outcome.

This paper examines various aspects of the organization and technological process of repair of
insulated facades with plaster finishing. We will consider the selection of optimal materials and
technologies, methods for diagnosing and assessing the condition of the facade, as well as effective
strategies for planning and executing repair work.

Analysis of the latest research and publications. Repair of insulated facades is an important
component of the construction process, since the preservation of the thermal characteristics of the
building and its appearance depends on its quality. There are a number of key aspects to consider
when renovating. Firstly, it is the restoration of the existing insulation layer, which can be damaged
due to mechanical or natural influences. In addition, it is important to check and, if necessary,
replace insulation materials that have lost their properties over time. Also the repair tasks include
the restoration of exterior decoration, which provides not only an aesthetic appearance, but also
protection of structures from the influence of negative environmental factors. When repairing
insulated facades, it is also important to take into account the choice of materials and technologies
that will be most effective in the specific operating conditions of the building [1, 2]. For example, in
an area with high humidity, it may be necessary to use water-repellent materials to prevent mold
and mildew from forming. It is also important to consider using energy-efficient materials that will
help reduce energy consumption for space heating [3, 4]. High-quality repairs allow you to maintain
the thermal insulation characteristics of the facade, ensuring the comfort and efficiency of the
building. After the completion of the renovation work, it is also important to ensure systematic
maintenance and support of the facade in order to avoid problems in the future and ensure a long
service life of the building [5-8].

The purpose of the work is to determine the factors affecting the destruction of facades, the
methods of repair, and how to correctly organize and perform the repair of an insulated facade with
maximum efficiency.

Materials and methods. System analysis and statistical studies were used.

Main material and results. It is known that problems or deficiencies in the building structure or
the construction process are detected already at the very beginning of the project or in the first stages of
construction. This can be the result of improper design, insufficient attention to the quality of materials,
or incorrect work. Detecting defects at an early stage allows you to take timely measures to correct
them, which protects against further problems and ensures the quality and reliability of the building or
structure and their compliance with current regulations requirements, Table 1.

There are many factors that affect insulated facades during operation. Let's consider the main
problems that may arise with the facade of the building during operation:

Damage from weather conditions.

1. Wind action: Insulated facades tend to be less consistent with wind action compared to
traditional facades due to the presence of thick insulation. However, strong winds can still destroy
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or damage the outer layer, especially if the installation has not been done properly or if the materials
used are not strong enough (Figure 1).

Table 1 — Occurrence of disorders at the initial stage

NeNe N Recommended parameters for the arrangement of
Type of violations o s
p/n facades with insulation

1. | Violation of temperature standards | The work should be carried out in accordance with
when performing work the requirements of current regulatory documents
and flow charts. For example, insulation only in
warm weather, without sudden temperature
changes, or use heat shields under such conditions.

2. | Violation of air humidity standards | Work should take place at constant moisture levels.

when performing work It is not recommended to work in high humidity or
in direct sunlight on the fagade [2, 7, 9].
3. | Unprepared fagade The facade should be even, free of dirt and paint,

and have good adhesion properties. Irregularities
should be leveled with plaster mortar, and surface
differences should not exceed the requirements of
the standards.

4. | Use of low-quality materials It will lead to defects during the installation of
facades. For example, cracking of the reinforcing
layer, damage to the mechanical fastening of the
insulation, namely plate dowels, etc.

5. | Non-compliance with coating All technological operations must be performed in a
technology strict sequence in compliance with all technological
requirements. The reinforcing waterproof layer is a
plaster that is laid on the facade together with the
mesh. It protects the insulation from water and
ultraviolet radiation and is the basis of high-quality
insulation. The insulation should not be left open,
because polystyrene foam is destroyed under the
influence of ultraviolet radiation, and mineral wool
loses its properties with prolonged exposure to
moisture [7, 9].

6. | Wrong organizational decisions. Low productivity and quality of work.

Fig. 1. Destruction of the facade under the influence of wind
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2. Exposure to moisture. Insulated facades must have a proper waterproofing layer to avoid
moisture penetration into the structure. It is known that moisture that gets inside the insulation can
lead to a decrease in its insulation properties and contribute to the formation of mold or rot [10].

3. Thermocyclic changes. Thermocyclic changes can also affect insulated facades. The
expansion and contraction of materials can lead to tearing or discoloration of the outer layer. In
addition, uneven temperature changes can cause peeling or deformation of the fagade coating layers.

4. Improper maintenance:

— Inadequate cleaning: The accumulation of dust, dirt and other contaminants on the surface
of the facade can lead to various types of damage. Dust and dirt can alter the appearance of the
facade, including yellowing or staining. In addition, some types of dirt may contain harmful
substances that can damage the surface of the material or accelerate its wear.

— Inadequate upkeep: A lack of regular maintenance and monitoring can lead to a buildup of
problems that can become serious later on. For example, deficiencies in sealing, replacement of
worn parts, or repairs not detected and repaired in a timely manner can lead to increased damage
and repair costs in the future. Also, inadequate maintenance can include ignoring proper cleaning
and protection procedures, which can also lead to accelerated wear and tear of materials and the
appearance of defects.

5. Design problems. Incorrect installation: Incorrect fastening or arrangement of the layers of
the thermal insulation system can cause serious problems. For example, if there were missing mesh
scarves in the reinforcing layer in the corners of the openings, structural deformation, facade panels
or other facing materials were not properly fixed to the base of the building, this could lead to their
cracking or peeling over time. Also, incorrect installation can cause deformation of materials or
violation of their integrity (Figure 2).

6. Ventilation Problems: Inadequate ventilation can lead to condensation inside the walls. If
the humidity cannot dissipate properly, it can cause mold, rot, or corrosion to form in the structure
of the building. Insulated walls can be the most vulnerable to this, where the insulation layer can
trap moisture inside if the ventilation system is not working properly.

7. Chemical factors:

— Interaction with contaminants: Exposure to atmospheric gases, smog, acid rain and other
contaminants can lead to depreciation of the fagade surface. For example, nitrogen and sulfur oxides
found in automotive emissions and industrial emissions can react with the surface of building
materials, leading to contamination, yellowing, and loss of aesthetic appearance [11, 12]. In
addition, soot, fungi and other biological contaminants can also alter the appearance of the facade
and cause damage.

— Exposure to chemicals: Chemical reactions between facade materials and other substances
can cause damage to them. For example, contact between acid and metal elements can cause
corrosion and destruction of the surface. Also, chemical reactions can occur when any building
materials come into contact with aggressive substances, such as solvents or acids, which can lead to
their destruction or degradation.

8. Aging of materials.

Fracture due to time: Even if materials have been selected and installed correctly, time can cause
them to break down and lose performance. For example, natural factors such as UV radiation,
temperature fluctuations, precipitation, etc., can cause materials to damage and lose their strength and
elasticity over time. This is especially true for organic materials such as wood or polymeric materials.

9. Destruction of facades as a result of military aggression.

The most common may be damage to the fagade after fragments and shrapnel, when the upper
plaster and reinforcing layer is completely affected. If the house is insulated, before starting to
repair such defects, it is important to check how firmly and reliably the insulation adheres to the
surface of the wall. First of all, the plaster and reinforcing layers suffer from the impact of the
explosion — they lag behind the surface. In this case, you need to completely dismantle them so that
moisture does not get under the system (Figure 3).
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Fig. 2. Damaged insulated fagade with cracks

To prevent and solve these problems, it is important to carry out regular technical inspection of the
facade, take maintenance and repair measures, as well as choose high-quality materials for construction
and cladding. Regular examinations allow you to identify problems in the early stages and avoid their
further exacerbation. Maintenance, such as cleaning, painting, or repairing local damage, helps keep the
facade in good condition and extend its lifespan. Additionally, using high-quality and age-resistant
materials can reduce the risk of rapid wear and tear and help ensure the long-term life of the building.

Fig. 3. Damage to the facade from debris and shrapnel

Table 2 is presented below, which contains information about various defects that may occur on
the fagade of the building. For each defect, a description of its impact on the condition of the facade is
provided and a method for solving the problem is proposed. This may include technical inspection,
maintenance, repair or replacement of damaged parts, and the application of preventive measures. Such
a table will make it easy to identify problems and determine the necessary actions to solve them.
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Table 2 — Defects that may occur on the insulated facade [7]

NoNe
p/n

Defect

Reason

Solving the problem

Cracks on the
decorative layer

This can be caused by
improper arrangement of the
technological ~ system, for
example, there are no
expansion joints, temperature
changes that lead to expansion
or contraction of the material.

For small cracks, you can use special
aggregates or sealants for insulation
materials.

For larger cracks, it may be
necessary to replace the affected
areas of the material layer, use a
reinforced layer or repair kits.

Moisture retention

Incorrect selection of
materials for the thermal
insulation system. That is,
materials with different vapor
permeability properties are
used. Also, insufficient sealing
can contribute to moisture
retention inside the structure,
which can cause a violation of
the properties of thermal
insulation materials, and, as a
result, peeling, damage to the
structure or the formation of
mold on the inner surface.

Find the source of moisture
formation and eliminate it. If
necessary, check and repair any
leaks or damage to the decorative
layer. The use of waterproofing
materials. It may be necessary to
replace the affected areas of the
material layer or dismantle the
decorative or reinforced layers.

Condensation

Poor ventilation or
inadequate insulation can
lead to condensation forming
inside the wall, which can
lead to rot or other problems.

Check ventilation systems and
make sure they are working
properly.

If necessary, install additional
ventilation to ensure effective
removal of moisture from the room.
Increase the thickness of the
insulation layer.

Paint or plaster
smudges

Poor quality paint or plaster,
as well as incorrectly selected
materials, can cause them to
erode or peel off due to
atmospheric conditions.

For local repair of damaged paint or
plaster, restorative paints or plaster
can be used, according to the type
of surface.

In case of serious damage, it may be
necessary to partially or completely
replace the paint or plaster.

Appearance of mold
or mildew

Moisture that builds up inside
an insulated wall due to poor
ventilation or leaks can
contribute to the formation of
mold or mildew, which can
be harmful to health.

Remove mold or mildew with
special cleaning and disinfecting
products. Make sure that the cause
of the mold has been eliminated,
for example by fixing the leak or
improving ventilation.

Damage from
mechanical stress

Insulated facades can be
more vulnerable to impact or

damage compared to
traditional facades, as
insulation systems are

usually less durable.

For local damage, repair kits can be
used or paint or plaster damage can
be repaired. For more damage,
partial or complete replacement of
thermal insulation systems or
cladding materials may be necessary.
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Depending on the types of facade insulation, each of which has its own advantages and
disadvantages, destruction from natural conditions may differ. So, for example, when using
insulation material:

— mineral wool. The percentage of destruction is about 5-10% during, on average, 20 years of
operation, depending on the density of the insulation and the type of protective and decorative
materials. This means that, on average, over 20 years of operation, about 5-10% of insulation
facades made of mineral wool may need to be repaired or replaced due to various reasons, such as
wear, deformation or damage due to weather conditions or improper use [9]. However, With the
correct selection of materials for the thermal insulation system, the period of effective operation of
facades with plaster finishing is up to 28 years [13].

— polystyrene foam (PPS or EPS). The percentage of destruction is approximately 10-15%
during 23 years of operation, depending on the density of the insulation and the type of materials of
the protective and decorative layer. It is advisable to use in places with high rainfall. This means
that insulated facades made of expanded polystyrene are more resistant to climatic conditions, but
they are characterized by less environmental friendliness and fire resistance.

— extruded polystyrene (XPS) (rarely used for thermal insulation of facades). The percentage of
destruction is approximately 2-3% over 20 years of operation. This means that insulated facades made
of extruded polystyrene can show a similar level of problems as those used with mineral wool over a
longer period of time.

These figures are general estimates and can vary depending on various factors such as
material quality, installation quality, climatic conditions, and others.

Taking into account the above factors of facade damage, the next step is the choice of repair
methods.

Choosing the appropriate repair option in each case has several requirements:

— repairs must be cost-effective;

— aesthetic requirements;

— the degree of various wear mechanisms;

— requirements for the service life of repairs;

— requirements for the reliability of repairs.

Depending on the degree and extent of damage:

— easy repair of the coating;

— patching and repair of the coating;

—removal and application of plaster;

— repair of the entire fagade insulation system.

All requirements for choosing a repair method do not have the same meaning. Repair methods
are selected primarily on the basis of the technical condition of the structure [14, 15]. The one that
best meets the architectural and financial criteria of the project is selected, then selected from
among those that meet the technical requirements. Figure 4 shows the principles of choosing a
repair method.

Thus, it is established that repair methods are chosen, first of all, based on the technical
condition of the building and the degree of damage, which is obtained as a result of the inspection
of the condition. This allows you to choose the appropriate repair methods and assess the risks
involved. It should be noted that a specialist who carefully examines and determines the condition
of facade insulation must have certain competencies in the arrangement and repair of facades.

Thus, the results of the research emphasize the importance of high-quality repair and
maintenance of insulated facades to ensure their reliability, efficiency and durability.
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Choice of repair method

Technical
feasibility

Comparing
life cyele costs

Condition
investigation
. Demands of building owner
Old building .
Obtain of . . .
N - basic data *Quality(technical, architectural)
Architecture *Economic efficiency

*Structures *Risks
*Damages
*Weathering Action Juridical Demands

Repair alternatives

*Architecture *Costs
*Technical feasibility *Risks and Uncertainty
*Service Life

Fig. 4. Various factors influencing the decision on the method of repairing the thermal insulation
of the facade

Conclusions:

1. In modern construction, after the insulation of the facades, the next stage is necessary over
time — their repair. Repair of insulated facades preserves and increases the operational efficiency of
thermal insulation systems of facades, ensures durability and improves the appearance of the building.

2. Research results indicate the importance of correct installation and maintenance of insulated
facades at the initial stages of construction. It was found that various defects may occur at this stage,
which negatively affects their thermal insulation efficiency and overall reliability. Defects in the
installation of insulating materials and other factors can reduce the effectiveness of insulation.

3. It was found that in order to ensure the quality and safety of construction objects, it is
important to carry out systematic repair and maintenance of insulated facades, which can be
damaged due to various influences. This allows you to preserve the energy efficiency of the
building and maintain its aesthetic appearance over a long period of operation.

4. Tt was established that over time, different materials of the thermal insulation layer have
different indicators of destruction.

5. It has been established that repair methods are chosen, first of all, based on the technical
condition of the building and the degree of damage obtained as a result of the survey.
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Pesynbratm  OCHIPKEHb  CBITYaTh MpPO BAXKIMBICTE KOPEKTHOIO — YJAIITYBAaHHS Ta
0o0cITyroByBaHHS yTeIJIeHUX (hacajliB Ha MOYATKOBUX eTarax OymaiBHUIITBA. BusiBieHo, 1m0 Ha IIbOMY
erari MOXYTb BUHHUKAaTd pI3HOMaHITHI JedeKTH, sSIKi HEraTUBHO BIUIMBAIOTh HAa IXHIO
TEIUIOI30JSIIHY €(EeKTUBHICTh Ta 3arajibHy HaJIMHICTh MpHU eKcIutyarailii. Hemomku y MoHTaxi
130JIAMIIITHAX MaTepialiiB Ta iHII (AKTOPH MOXKYTh 3HU3UTH €(EKTUBHICTh yTEIUICHHS.

B poGoTi nmociimkeHo pi3HI CTOPOHM PEMOHTY, Takl SK 3aMiHa TEIUIOI3OJIAIINHUX IIapiB,
3aMiHa IOIIKOPKCHUX KOMIIOHCHTIB Ta BiJHOBJICHHS 30BHIIIHBOIO BUAY (hacany. OgHe 3 KIIOYOBHX
3aBllaHb — II€ BIJHOBJIGHHS TEIUIOI3O0JISILIMHOIO IIapy, SKUl MOXE MOCTpaXkJaTH B pe3yibTari
MEXaHIYHUX a00 IHIMHMX BIUIMBIB. BaXIWBO [ETanbHO OWISHYTH, BH3HAYUTH CTYIIiHb
VIIKOPKEHHOCTI 1, 3a TMOTpeOu, 3aMIHUTH 130JIF0IOY1  MaTepiayid, SKi MOXYTh BTPaTHUTH
TETUIO130JISIIIHI BIACTUBOCTI B MAaHOYTHHOMY.

Kpim TOro, BIAHOBIICHHS 30BHINIHBOTO (DIHINIHOTO IIAPY € YACTUHOIO IPOIECY PEMOHTY
yremieHux (acaniB, mobd 3ade3neunTH MPUBAOIMBHUIA 30BHIIIHINA BUIIIA OyIiBIi Ta 3aXUCTUTH
BHYTPIIIIHI KOHCTPYKIIHHI IIapH, a COCOOJMBO TEIUIOI30JALIMHNN Marepiai BiJ KIIMaTHYHUX Ta
iHmmx QakTopiB. BcTaHOBIEHO, MO 3 IUIMHOM Yacy pi3HI MaTepiald TeIIO30JSIIHOrO mapy
MalwTh Pi3HI TOKa3HWKU pyWHYBaHHSA. OcCOONMBY yBary CciiJi NPUIUIATA BUOOpPY MarepialiB
CUCTEMH, [0 MAIOTh AaHAJOTIYHI BJIACTHBOCTI 3 MapompoHWKHOCTI. llei miaxix momomMorke
3a0e3neynT HeoOXiTHI BITACTUBOCTI CUCTEMH TEIUIO130JISI1Ii1 Ta 30eperT! 30BHIIIHIM BUMIs Oy/IiBIIi
B 1JIcaJIbHOMY CTaHi IPOTITOM TPHUBAJIOrO MEPioy eKCILTyaTarlii.

BcraHoBiieHo, 110 miciis BITHOBJICHHS 130Jb0BaHUX (bacaiiB, BaXKIMBO J0ATH MPO 1X AOTIIAL i
oOciyroByBaHHs. Hane)xHe BUKOHAHHS PETYISPHOI TEPEBIPKH Ta OOCIYrOBYBaHHS JTOTIOMOXKE
CBOEYACHO BUSBIISATH MOKJIMBI ITPOOJIEMH 1 3aro0iraTu Cepro3HUM YIIKOIKEHHSIM Y MaiilOyTHHOMY.
HeoOxiTHO Takok BpaxOBYBATH KJIiMAT 1 MICIIeB1 OyiBENIbHI CTaHIAPTH MIPH BUOOPI MarepialiiB st
PEMOHTY, 1100 3a0€3MEUNTH ONTUMANIbHY eKCIUTyaTaliiiHy e(eKTUBHICTh (dacamy.

B mpomeci gociikeHHST BHSBICHO, IO METOAW PEMOHTY OOHMPAIOTHCS, B IEPIIY Yepry,
BUXOJSIYM 3 TEXHIYHOTO CTaHy OY/iBJi Ta CTYNEHIO MOLIKOPKEHHOCTI, sIKa OTPUMaHa B pPe3yibTaTi
obcrexenns. Lle mo3Bossie BUOpaTH BIANOBiAHI METOAM PEMOHTY Ta OIHKY IMOB'SI3aHUX 3 MM
pusukiB. Cri 3ayBaKuUTH, 10 (axiBellb, SKUA pPETeIbHO OOCTEXKYye 1 BH3HAUae cTaH (pacagHOro
YTEIUICHHS TIOBUHEH BOJIOMIITH BU3HAYCHUMH KOMITETEHITISIMU B YIIAIITYBaHHI Ta peMOHTI (pacais.

Otxe, pe3ynbTaTH JOCHIKEHb IMIJKPECHIOIOTh BaXIUBICTh SKICHOTO PEMOHTY Ta
0o0CITyroByBaHHs yTeIJIEHUX (QacadiB sl 3a0e3leueHHs iXHbOI HaAIMHOCTI, €(PEeKTHBHOCTI Ta
JIOBIFOBIYHOCTI.

BusiBneno, mo nams 3a0e3medeHHs] SIKOCTI Ta Oe3mnekd OyaiBeNbHUX OO0'€KTIB Ba)KITHBO
MPOBOAMTH CUCTEMAaTHMYHHI PEMOHT Ta OOCIIyTOBYBaHHS YTEIUIEHUX (acaliB, Kl MOXYTb OyTH
MOIIKOP)KEHUMH BHACTIIOK pi3HUX BIUTHBIB. Lle no3Bosie 30epertu eneproeeKTUBHICTh OyiBIIi Ta
HiATPUMYBATH 11 €CTETUYHUIN BUIVIS HA MPOTA31 TPUBAJIOI0 Yacy eKCIuTyararlii.

Kurouosi cioBa: yrennenuii dacan, nedektu, npuuuHU, peMOHT (hacajiB, BIAHOBICHHS.

Crarrs Hagiinia 1o pegakuii 5.06.2024
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AHoTauis. B cTarTi npoaHanizoBaHi Cy4acHi METOAM Ta MaTepiaiu, II0 3aCTOCOBYIOTHCS IS
PEMOHTY Ta BIIHOBJICHHS OETOHHUX 1 3a11300€TOHHHUX €JIEMEHTIB KOHCTPYKIIIH OyIiBENb Ta CIIOPY/I.
OmHUM 3 TaKMX € pPO3MIAHYTHH METOJ TOPKPETYBAaHHS, BHUKOPHCTAaHHS MOKPOTO CIIOCOOY
TOPKpEeTyBaHHs, Horo mepeBarn Ta Henojiku. IlpuBeneni nedexTH, sAKi BHHHUKAIOTH IpU
BUTOTOBJICHHI, 30€piraHHi, TPaHCIOPTYBaHHI, MOHTaXy Ta TIPH eKcIUTyaTamii OeTOHHUX 1
3a11300€TOHHUX KOHCTPYKIIH. Po3risiHyTe yTBOpEHHS pi3HHX THIIB TPIIIMH, [0 BUHUKAIOTH IO
mporecy eKCIulyaraiii Ta BHHUKHEHHS TpPIIIMH TiJ Yac eKCIuTyaralii KOHCTPYKLid mpu
LEHTPAJIbHOMY PO3TATY Ta B3J0BXK OJIHIE]I TMOBEPXHI NMPH EKCLEHTPUUYHOMY po3TiAry. B poborti
MPEJICTaBICHO PErYJIIOBAaHHS TEXHIYHUX BIACTUBOCTEH PEMOHTHUX cywmimeil. BoHo nmocsraerbces
BUKOPUCTAHHSM CIIEIIaTbHUX BHUIIB IIEMEHTY, N00aBOK 1 3alOBHIOBAaYiB, OCOOIMBUX METOMIB
YKJIaJJaHHS Ta YMOB TBEPIiHHS, 8 TAKOXK BiJIOBITHOI MIATOTOBKY IMOBEPXHI CTAPOTO OETOHY.

JlociKeHHs! ClipsIMOBaHEe HAa BU3HAUCHHSA a/re3ii pEeMOHTHUX CyMIiIIeH, HAHECEHUX METOJIOM
TOPKpETYBaHHS. BUKOPHCTOBYBAIOCH YaCTKOBE HAHECEHHS PEMOHTHOI CyMIilli, 3a JOHOMOTOIO
MOOUTBPHOT YCTAaHOBKH B Ja0OPAaTOPHUX yMOBaX, 3 METOIO BH3HAYCHHS ONTHUMAIBHUX TEXHOJOTTYHHX
napameTpiB HaOpu3Ky. Po3pobiaeHo METOIMKY eKCliepUMEHTaIbHUX JOCIIIKEHb BU3HAYECHHS airesii
IpiOHO3EPHUCTOTO TOPKPETOETOHY 3 BUKOPHCTAHHSIM CTaHIAPTU30BaHUX (POPM 3 MOJEPHI30BAaHUMH
neperopoakaMu. BUKOpHCTOBYBaIMChH MIITOTOBJIEHI MOJOBUHKU 0aJ040K 3 KyTOM MOBepxHi 20°, sk
cTapuil OETOH, Ui 30UIbIIEHHS IUIOL[I KOHTAKTy Ta 3MEHIIEHHS 3aBUXPEHHS NpPU TOPKPETYBaHHI.
Po3pobneHo AByX(akTOpHH, B SITUTOUYKOBMHA IUIaH EKCIIEPUMEHTY, B SKOMY BapilOBaJUCh.
TOBILMHA IIapy JApiOHO3epHUCTOro TOopkperdeToHy (1 cm, 2 cMm, 3 c¢M) YaCTKOBOrO HAHECEHHS Ta
HIBUIKICTh HaOpu3Ky TopkperdiopoderonHoi cymimi (0 m/c, 35 wm/c, 70 wm/c). IIpoBeneno
eKCIIepUMEHTAITbHE JTOCII/PKEHHS Ta MIPUBEACH] HOTO pe3yNbTaTy.

Kiaro4oBi ciaoBa: pemMOHTHI cymimn, MoOOUIbHa  YCTaHOBKA, aJresis, 4YacTKOBE
TOPKPETOSTOHYBAHHSI, ITITAHYBAaHHS €KCIIEPUMEHTY.

Beryn. besynuHHO po3BHBa€eThCs cydacHe OyIBHHUIITBO: 3BEE€HHS, PEMOHT 1 pEKOHCTPYKLis
OyxaiBenb Ta cropya. PoOoTH, siKi BUKOHYIOTbCSI MPU PEMOHTI Ta PEKOHCTPYKIIi, € CKJIaJHUM
3aBJaHHSIM, 1110 BUMAarae BIJIIMOBIJIHUX 3HaHb 1 HABMYOK B 00JACTI apXiTEKTypH, OyAiBHMIITBA Ta
Mepeki 1HXKEHEpHUX KOMyHIKaliid. PexkoHCTpykuis OyaiBelbHUX OO'€KTIB 3I1HCHIOETHCS 3a
JI0MIOMOT 010 OETOHY Ta CIeliaIbHUX OETOHHUX CyMIIIEH.

3a «4acTKOBE TOPKPETYBaHHS» B pOOOTI MPUHHATO HE (IHIIIHE MOKPUTTS, a JMILIE [ap s
MiABUINEHHS afre3ii peMOHTHOro OeToHy. J[isi MONIMIIeHHS BIACTHBOCTEH OETOHHUX CyMIIIeH
BUKOPUCTOBYIOTbCSl CIelianbHl J00aBKH, $KI BIMOBLAAIOTH 3a CTIMKICTh Marepialy 0 PI3HUX
BIUIMBIB, Y TOMY 4YHCIiI B POOOTi, 3a aAre3ito camoro OETOHY, BiJ] YOTO 3aJ€KUTh JOBrOBIUHICTH
CITy>KOU OETOHY.

AHaJI3 OcTaHHIX J0C/TizKeHb Ta myOJikaniii. Meron TOpkpeTyBaHHs 100pe MiIXOIUTh s
PEMOHTY 1 PEKOHCTPYKIIii BCIX OETOHHUX 1 3a11300€TOHHUX BUPOOIB (HECYUMX KOJIOH, (DyHJIAMEHTIB,
pe3epByapiB, LETJISIHUX CTiH Ta 0ajiok). MeToJl TOpKpEeTYBaHHS 3pYYHUM THM, II0 3HAYHO CKOPOUYE
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TPYIOMICTKICTb, BapTICTh 1 Yac BHUKOHAaHHA poOIT, y TOPIBHAHHI 3 TPAAUIIHHUM METOJOM
OCTOHYBaHHS Ta  BHUKOPUCTaHHA  ONAIYOKW. 3aBOJKHM  TOPKPETYBAaHHIO  IIiJABUIIYETbCS
BOJIOHETIPOHHUKHICTh, ~MEXaHIYHa MIOHICTh 1 MOPO3OCTIHKICTh  KOHCTpYKWiH. TexHomoris
TOPKPETYBAHHS KOMIIAKTHOIO MOOLUIBHOIO YCTaHOBKOIO (puC. 1) edekTHBHA IMPHU HEBEIHMKUX 00’ €Max
pobiT abo mpu oOMexkeHHI poOOYOro MpOCTOpy, A€ BHKOPUCTAHHS BEIHKOra0apUTHOTO TOPKPET-
00JIaIHAHHA TEXHIYHO HEMOKIIMBE 200 EKOHOMIYHO HEJOLIILHE.

Sxmo TpaauiiliHi, MeTOIM OETOHYBaHHS OYAIBHUIITBA TEXHIYHO HEMOXKIIMBI 200 €eKOHOMIYHO
HEJIOITBHI, CJIiJI BAKOPUCTOBYBATH CIICIiaJIbHI METOIM O€TOHYBaHHS BHKOHAHHS poOiT. OmHUM 3
TaKUX METO/IIB € TOPKPETYBAHHSI.

TopkpeTyBaHHS — 11€¢ HAHECEHHSI Iapy 0€TOHY Ha TOBEPXHIO 3a11300€TOHHOT KOHCTPYKITIT ITi/T
THCKOM CTHUCHEHOTro MOBITpst 31 mBuakictio 70-140 wm/c, Tak 3BaHWi cmocid 06e3¢opMOBOTro
OceToHyBaHHs. byaiBHUIITBO Oy/iBeNb 1 CIIOPYJ — HE TUIBKM HOBE OYMIBHHUIITBO, ajle i KOMILICKC
OyaiBeBHHUX POOIT 1 OpraHizaliiHO-TEeXHIYHUX 3aXO0/(IB 1010 3MiHU 1 MMOIMIIEHHS CTaHy Oy/IiBeIh
1 CIIopy/1, a TAKOXK YCYHEHHsI HEIOJIKIB.

Jnst po3TATHYTHUX 3aJ1i300€TOHHUX €JIEMEHTIB MOIIKO/KCHHS, CIPUYMHEHE CHIIOI, — Le
3BUYaiiHE PO3TPICKYBAaHHs B3AOBX YCIX CTOpPIH NPO(LIIO MPH LEHTPAJbHOMY PO3TATY Ta B3JIOBXK
OJTHIET TMOBEPXHI MPH EKCHCHTPUYHOMY po3Tsary. OmHaK Ciij 3a3HAYUTH, IO B CIIEMCHTaX, SKi
PO3TATYIOTBCS, OCOOJNMBO B  HEHANPY)KEHHX  €JIEMEHTaX, IpH HU3bKMX  HAaBaHTAKEHHAX
CIIOCTEPITAIOThCS TPIIIMHK, SKi € O3HAKOK MaHOyTHBOTO pyHHYBaHHA. SIKIO HIMpPHUHA PO3KPUTTS
TPILIMHU TEPEeBUIIYE TI'PAaHUYHO JOIMYCTUME 3HAUEHHs, TPILIMHA BBAXAETHCA HEOE3NEUHOIO IS
eKcrutyararii. L{st yMoBa Takoxk CTOCY€eThCsI €IEMEHTIB, IO MMiUIAl0ThCsl BUTHHY. TaKoXK CIIiJT 3BEpHYTH
yBary Ha IIONEpeIHE HaNpyXXeHHs 3ali300€TOHHUX €JIEMEHTIB. Y TpaKTULl BUTOTOBJICHHS Ta
BUKOPHCTAHHS TIONEPEIHBO HAMPYKEHUX KOHCTPYKIIH YacTo CIOCTEPIraeThcs, IO 3yCHILIA
HONIEPETHBOTO HAMPY)KEHHS MOXKYTh IOIIKOIUTH caMi MOIepeIHbO HApyXeH1 KOHCTPYKLi [1].

Jlo TpimuH, MO BHHUKAIOTH O TOYATKY EKCIUTyaTallii, BIAHOCATBCA YCaaO4yHi TPILIMHA
BHACJIIOK TOPYUICHHS TEXHOJOTIYHOTO PEXHMY TBEpAIHHS OETOHY, TEXHOJOTIYHI TPIIIMHU B
30ipHUX 3ali300€TOHHUX €JIEMEHTaxX B MpOIeCi BUPOOHHUIITBA, TEXHOJIOTIYHI TPIIIMHHA B 30ipHUX
3a71300€TOHHUX €JEeMEHTaX BHACIIJOK MOPYUIEHHS YMOB 30epiraHHs, TpPaHCIOPTYBAaHHS Ta
MOHTaXy. KijbKicTh nedexTiB 3 uX NpUYMHM HabaraTo Outbmie i craHoBUTH OmM3bK0 60%. o
MPUYMH BUHUKHEHHS TPIIIUH MiJ Yac eKCIUTyaTallii BiIHOCSTBCS: TeMIlepaTrypHi nedopmarrii,
HENpaBWIbHE BIJIAITYBaHHS a0o0 BIJACYTHICTh TEMIIEPATYpHUX ab0 KOMIEHCAlIWHUX NIBIB,
HEepiBHOMIpHE OciJJaHHA (PyH/IaMEHTIB, XOJIOHI IIIBH, aBapiiHe MPOCOUYBaHHs IPYHTY, BUIMKa Oiis
(GbyHIaMeHTy, JUHAMI4YHI HAaBaHTAXEHHS, TOB’sA3aHl 13 3a0MBAaHHAM IMajb, YUIUIbHEHHS IPYHTY,
OJIU3BKICTH /10 JIOPIT TOILO, @ TAKOXK CHJIOBI (PaKTOpU Ha PYHAAMEHTH, 10 MEPEBUILYIOTh IPAHUYHO
J0MycTUMi HaBaHTaxeHHs. OcTaHHE 3yMOBJICHO BUIIIMMH HaBaHTAKSHHSMH MPH HAIOYMOBI [2].

TexHos0rist MOHOTITHOTO OETOHYBaHHS Nepeadaydae yKiaaJaHHs IpU IUNIACTUYHOCTI HUKHBOTO
11apy B MOMEHT 3aJIMBKHU BEPXHBOTI'O, 1110 TAPAHTYE XOPOLILY aAre3ito, pIBHOMIpHHUM Hab1p MILIHOCTI 1
MOHOJIITHICTb. AJie peai3yBaTH TaKy TEXHOJIOTII0 BJAE€ThCS JaIeKO He 3aBXAU. Y BHIAJKaX, KOJIU
VHUKHYTH IIbOTO HEMOXIIMBO, IIBM OETOHYBaHHS 1 MICIsl iX pO3TallyBaHHS MPOIYMYIOTh
3a3janeriip. bakaHo yHUKaTH MOXKJIMBOCTI MOSBU XOJIOJAHUX IIBIB, JOTPUMYBATHCS TEXHOJIOTII.
3a00pOHEHO BUKOHAHHS TAKUX CTHKIB B KOHCTPYKIIISX, J€ € 3yCHILIS Ha po3Tsr [3].

MeTta npeacTaBiIeHOI CTAaTTI MOJIATAE Y AOCIIIPKEHH] a/ire3ii peMOHTHHUX CyMillIel, HaHECEHUX
MOKPHM CIIOCOOOM TOPKPETYBaHHsI, TP BUKOPUCTaHHI MOOUIBHOI YCTaHOBKHU.

3amauamMy  JIOCHIDKEHHS € BHUKOHAHHS aHai3y Cy4YyaCHMX METOJIB Ta MaTepiajiB, IO
3aCTOCOBYIOTHCSl JUISi PEMOHTY OETOHHHMX Ta 3a]i300€TOHHUX €JIEeMEHTIB KOHCTPYKLIN OyiiBenb Ta
criopyn, Uit OopoTeOM 3 XonmopHuMHu mBamu (y mepcrektuBi). [IpoBeneHHS eKCIepuMeHTy 3
BU3HAYCHHS a/ire3il IpiOHO3EpHUCTOTO TOPKPETOETOHY TIPU YaCTKOBOMY TOPKPETYBaHHI.

Marepianim Ta Meroguka JociailzkeHHsi. HalimonymspHimmM crocoOoM 3MillHEHHS
KOHCTPYKIIIH € BUKOPUCTaHHS 3ali300€TOHHUX ab0o0 MeTaneBuX eneMeHTiB. (OCHOBHUMH
NepeayMOBaMU JUIsl TIOCUJICHHA €. TIOIIKO/KEHHS BHACHIJOK BOEHHUX i, MiABUIIEHI
HAaBaHTA)XGHHS IMiJ 4Yac eKcIUTyaTalii (Hampukiaja, 3MiHa BaHTAXOMIIHOMHOCTI KpaHa, HOBI
Mmatepianu abo nodapOoBaHi KOHCTPYKIii), MOMHIKA B MPOEKTYBaHHI, BUTOTOBJICHHI Ta MOHTaXI1
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KOHCTPYKIIi.

[Tpu 30BHIIIHBOMY apMyBaHHI KOJIOH BUKOPHUCTAHHS IBOKOMITOHEHTHHX CMOKCHIHUX KJIETB
Ma€ HEIOJIIKH: BUCOKY BapTiCTh KOMIIOHEHTIB €MOKCHIHOTO KJICI0, BEIHMKY 1 HeCTaOlIbHY BHTpATy
KJICI0, HU3bKY TEPMO- 1 MOPO3OCTIMKICTh 1 BHCOKY po0OOdy MIIHICTh oOjaaHaHHsA. Kpim Toro,
BUKopucTanHs (pidbpoberony ta ¢idbpoapmoBanux miactukiB (Tak 3BaHi ®AII) 11 30BHIIHBOTO
apMyBaHHSI KOJIOH € JJOPOTHM 1 TPYJIOMiCTKUM [Tl BCTAaHOBJICHHS [4].

HenonikamMu ieMEHTHUX MaTepialliB € BUCOKA B'SA3KiCTh, TPUBAJIMI Yac CXOIUTIOBAHHS, HU3bKA
MIIHICTh, HU3bKA aJAre3is 0 CTaporo OCTOHY 1 HEMOXJIMBICTH MPUMYCOBOTO PEMOHTY TPIIIHH.
BurieBkazani Matepiand BUKOPUCTOBYIOTBHCS JIsi 3aKJIaJICHHS BEJIMKUX 30BHIIMIHIX Je]eKTiB, a
BHYTpIIIHI AeheKTH (PaKOBUHH, MOPOXKHEU1) BUMAraroTh iX IMEPETBOPECHHS B 30BHIMIHI MIJISTXOM
BUpIi3aHHS CHEIiaIbHIX OTBOPIB.

[Ipu BUKOHaHHI PEMOHTY IIEMEHTHUMH PO3UYMHAMHU 1 OE€TOHAMHU B 3aJICKHOCT1 BiJ KOHKPETHHUX
YMOB J0 HHUX THpeA'sBISIOTHCS CHenu(piuHi BUMOTH: TPHUCKOPEHHS INBUIKOCTI TBEPIIHHA,
YHOBIJILHEHHS MPOIECY CXOILTIOBAHHS, MOXKIIUBICTh pO3piKeHHs 6eToHHOi cyminmi (10 10 cm OK 1
Oinbie), 6e3 ycaaku ado po3UIMPEHHs, BUCOKA MIUTBHICTh 1 XIMIYHA CTIHKICTh, XOpOIIIa are3is J0
«cTaporo» OeToHy. PeryiroBaHHsS TEXHIYHUX BJIACTHBOCTEH OCTOHY JOCSTAETHCS BHKOPUCTAHHSIM
CrelialbHUX BUIIB HEMEHTY, T00ABOK 1 3allOBHIOBAYiB, OCOOIMBHX METOIB YKJIAJaHHS Ta YMOB
TBEPiHHS, a TAKOXK BIAMOBITHOI M ATOTOBKH MMOBEPXHIi cTaporo 6eTony [5, 6].

Moxkpuii criocié TOpKpeTyBaHHSI 3/IHCHIOBABCSA MOOLIBHOIO TOPKPET-YCTAaHOBKOIO (pHc. 1), ska
Mpallo€ CTUCHEHUM TOBITPSIM BiJl MEPECYBHOI KOMIPECOPHOI CTaHIli HEOOXiTHOiI MOTYXHOCTI.
PoGoTy ycTaHOBKHM Majioi MOTY)KHOCTI MOKHa €(eKTHBHO BHKOPHCTOBYBATH ISl BIIAIITYBAHHS Ta
PEMOHTY TOHKOCTIHHHMX €JIeMEeHTIB OyaiBenb 3 OeToHy abo 3amizoberony. byHkep-microner (Tak
3BaHUU XOTEp) CKOHCTPYHOBAHUH 3a MPUHIMIIOM KOMIIPECOpHOi (hopcyHKH 1 Mae 00’eM OyHKepa
6 av>. Tlpu ToBumHi moKpuTTs 10 MM, BOMA IIApaMH, HPOLYKTHBHICTb IICTOIETA CTAHOBHTDH
ommsbko 10 M*/rox [7].

Puc. 1. KommuiekT MOG1IBHOTO TOPKPETOSCTOHYBAHHS:
1 — OyHKep-TicTONEeT; 2 — MEPECYBHUI KOMIIPECOD; 3 — MTHEBMAaTUYHUH IIUTAHT

Crioci6 MOKpOro TOpPKpeTyBaHHsSI Ma€ 0araro repesar, y HOpIBHSHHI 3 CyXHM CIIOCOOOM, 1 €
HallcydacHIIIMM BHUCOKOE(EKTHMBHMM METO/JOM TOpKpeTyBaHHA. IlepeBarm MOKpOro MeToay
TOPKPETYBaHHS MOJSTAIOTh Y HACTYITHOMY:

— BIJICKOK CBIXXKOTO O€TOHY Moyke OyTH 3MEHIIEHUH OIbII HIXK B/IBIY1 (JI0 YOTUPHOX Pa3iB);

— MIPW TOPKPETYBaHHI HE YTBOPIOETHCS IMWJ, IO 3HAYHO TOKPAIye YMOBH TIpalli onepaTopa,
KM BUKOHYE OIIepallito TOPKPETYBaHHS,

— IpU HaKauyBaHHI CBKOI O€TOHHOI CyMINIl T1IpaBIiYHUM CIOCOOOM BUTPAYAETHCS MEHILE
CTHCHEHOT'O TIOBITPS;
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— TIOKpAILEHHS SIKOCTI TOPKPETOETOHY, OCKUTBKMA OETOHHA CYMIIll € OJJHOPiTHOIO 32 CKJIAJOM 1
MMOCTIHHUM BOJOLIEMEHTHUM BiJHOIIEHHSIM;

— MOXJIMBICTh OCTAaTOYHOI Te€pMETH3aIlii TOBEPXHI CBIXKOTO OETOHY.

[TopiBHSIHO 3 CyXHM METOJ0M, MOKPHH METOJl TOPKPETYBaHHS OCTOHY BUMarae OUTbIIOI poOOTH
Ha MoYaTKy (MPUroTYBaHHS Ta IOJaya CyMilIl B HAcoc) 1 Ha 3aBEpUICHHI (OYMIEHHS OO0JaJHAHHSA).
KpiM TOro, MeTos1 MOKpOro TOpKpeTyBaHHsI Ma€ OOMEXKEHHI Yac BUKOPUCTAHHS MiJrOTOBJIEHOI CyMillll,
1 K110 OETOHHY CyMIIll HE HAHECTH MPOTATOM IBOTO Yacy, CyMilll He MO>KHA BUKOPUCTOBYBATH.

Cknax cymimii ajii MOKPOTO METOJy TOPKPETYBaHHS MICTHUTB: IIEMEHT, IHEPTHI Marepiaju,
n00aBKH, PiIUHY, BOJIOKHA (MeTaneBi abo 06a3anbTOBI BOJOKHA). Jl0 TOPKPET-O0ETOHHUX CyMilIel y
OYIIBHHIITBI TIPE1’ BJISAIOTHCS TaKi ) BUMOTH, SIK 1 0 3BUYaHUX OCTOHHUX cyMimei. [lokasHuku
MPUIATHOCTI MOKPUX TOPKPETOCTOHHUX CYMIIICH:

— MiHIMaJbHHUI BMICT BOIHU,

— HU3BKE BOJIOLIEMEHTHE CITIBBITHOIIIEHHS,
— HU3bKHM BMICT LIEMEHTY;

— PYXJIUBICTh CyMIiIlIi.

HaGararo ckiaaHime JOCATTH BCIX BMILIEBKAa3aHUX BUMOI IPU MOKPOMY TOPKPETYBaHHI.
Oco0nmBO HA BIAKPUTHX OyIiBEeIBHUX MainaHdukax. PaHimre me O0yiio abCoIOTHO HEMPAKTUYIHO, a
ChOT'OJIHI HAOJIM3UTHCA JI0 11€aJIbHOTO CKJIaly CYMIIIi MOKHA 33 IOTIOMOT OO CIEIiaTbHUX JOOABOK
1 mmactugikaropis.

Jusa cymimi  ayke BakIuBa  AKICTh  3allOBHIOBaya. BaximuBy poib  BiAirpae
TpaHyYJIOMETPUYHUN CcKiaj. [lyKe BaKIMBHM KpPUTEpPIEM JUISI TOPKPETOSTOHHUX CyMIIIeH €
KUIBKICTh IPiIOHUX YAaCTHUHOK, IO CKIAJal0Th OCHOBHY Macy CKJIaay, 1 XapaKTEepUCTUKUA MILIHOCTI.

He MokHa TOBOPUTH NPO TOPKPET-OETOHHY CyMIlll YHIBEPCAJIBHOTO CKIAJY, SIKAa 3a CBOIM
CKJIaJIOM MOXK€ BUKOPUCTOBYBATHUCS MOBCIOAHO. Lle HeMOoxIuBO. Y KOXKHIH MICLIEBOCTI CBil CKJaz
TOPKPETOSTOHY 3 IHEPTHUMH MaTrepiajaMy Ta PI3HUMHU XapaKTepHCTUKaMHu MinHocTi. | Habarato
BUTiHIIIE BUKOPUCTOBYBATH MICIIEBI 3allOBHIOBAYl, HI’K JIOCTABISATH IX 3 OJHOTO Kap’epy MO BCii
KpaiHi.

IcHyroTh 100aBKH, SIKi 3HMKYIOTH BOJIOLIEMEHTHE CIIBBIIHOIICHHS, BOHU 3HAYHO MiABHUILYIOThH
MilHICTh mapy. [lommpeHoro MpakTHKOIO € BUKOPUCTAHHS PUCKOPIOBAYIB TY)KaBIHHS, OCOOIUBO /IS
BEJIMKHX I1apiB OETOHHUX poOiT. BBeeHHS TakuX J00ABOK CHpUsIE 3HIKEHHIO criikaHHs cymini. [Tpu
METOZ1 MOKpPOro TOpPKpETyBaHHS, J00aBKa IMOTpAIIsi€ B COIUIO 1 CyMIII MEPEMIIIyeThCs MiJ yac
MOJIBOTY JI0 TIOBEPXHi JUIsl TOCATHEHHS XOPOIIOro 34eTUIeHHs 3 ToBepXHero. OiHaK JUIs BAKOPUCTAHHS
3aTBep/pKyBaya HEOOX1THUI TOJAaTKOBUHM NPUCTPii — Hacoc-no3aTop. Lle 3a0e3neuye pernamMeHToBaHy
nojauy 106aBok B cyminl. Komrye Take o0iagHaHHS HEAELIEBO, ajie BOHO 3 JIMIIKOM KOMIICHCYE 11€ 3a
paxyHOK 3MEHIIEHHS TOBIIMHU LIapy IMOKPUTTS 1 BIACKOKY Marepiany. OAHaK BBEIEHHS TaKHUX
1006aBOK MPU3BOIUTH JI0 3HMKEHHS MIITHOCTI CyMIIIi.

Caizg 3BecTH 0 MIHIMYMY BUKOPUCTaHHS IIPUCKOPIOBAUiB TY)KaBIHHS, @ BUKOPUCTAHHS TaKUX
N100aBOK TMOBMHHO OYTH BCTaHOBJIEHO PO3POOHMKOM IpOEKTy. BapTicTh po3unHy 3aleXHUTh BiJ
psaay GakTopis:

— BapTICTh IHEPTHUX 3alIOBHIOBAYIB,;

— BapTICTh JOCTABKH 3allOBHIOBaYa Ha Miclie poOir;

— BapTICTh BUKOPUCTAHUX JT0OOABOK 1 BOJIOKOH;

— BapTICTh BUTOTOBJIICHHS cyMii [8].

beToHH1 OCHOBHM MarOTh BUCOKY aOCOPOILLiIO 1 MOTIMHAIOTH OUTBIY YaCTUHY BOJIOTU 3 PEMOHTHOI
cymimi. I1lo6 mTykarypka, rumTka ado peMOHTHA CyMIlll HE BiAIIApyBaIMCA B MEPUIMHA PIK, CIIJT
BUKOPHCTOBYBATH IPOHUKAIOUY IPYHTOBKY. IS IPUKIIaAy pO3IJITHEMO BUKOPUCTAHHS TaKUX CKJIAJIiB:
Knay¢ beroxonraxt. B sikocTi miAroToBKH JUist sIKICHOT 00pOOKHM OETOHHUX 1 MTHOOETOHHUX TTOBEPXOHb
BUKOPUCTOBYEThCA 11eH po3urH. Takuil po3unH He MPOHHUKAE ITMOOKO B OCHOBY 1 B OUTBILIOCTI BUIA/IKIB
MIPOHUKAE B TIOBEPXHIO Ha PiBHI 4-5 MM. OJHAaK TOJIOBHOKO MEPEBAror0 IOTO CKJIANy € Te, M0 BiH
CTBOPIOE BHCOKY aJre3it0 Ha TOPUCTUX MOBEpXHAX. SIK TUIbku pinuHa BucoxHe (12 roaun),
YTBOPIOETHCS MIOPCTKHIA 1Iap, 03100 FOBAIBHI MaTepiaiy BiIMIHHO 34iILTIO0ThCs [9].
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[TnanyBaHHS €KCIIEPUMEHTY 3 BU3HAUEHHs ajare3ii peMoHTHOI cymimti. Jlis mepeBipku aaresii
JIPiOHO3EPHUCTOTO TOPKPETOCTOHY BHUKOPHUCTOBYBAIN (OpMY ISl OATKOBUX 3pa3KiB 4x4x16 cM 1
TOTOBHUX HAIIB3pa3KiB y BUIJAI ctaporo OertoHy. Ll ¢opma € HalOLIBII NPUAATHOIO IS
CTBOPEHHS 3pa3KiB JIPIOHO3EPHUCTOrO TOPKPETOSTOHY JIA MOMEPEIHIX eKcrepuMeHTiB. Topiti
TOTOBHX IOJIOBHH BUKOHYIOThCA Mix KyToM 20 rpagyciB 3 ypaxyBaHHSIM OCOOJMBOCTEH MOBEIIHKU
MOBITPSIHOTO MTOTOKY B TEXHOJIOT1T TOPKPETYBaHHS Ta 30UIBIIICHHS TUIOII KOHTAKTY.

s 3amoOiranHs Moau(iKoBaHI BCTaBKM BHKOPHUCTOBYBAJIMCS ISl 3amoOiranHs aedexram
BUTOTOBJICHHS B HIDKHIX KyTaX, CIPUYAHEHHX 3aBUXPCHHSMH CTUCHEHOTO TMOBITPS MpH
TOPKPETYBaHHI.

ExcnepuMmeHTanbHe yKIAJaHHS TOPKPETOETOHY MPOBOAMIIOCH 32 JOIOMOTOK KOMITAKTHOL
MOOUTBHOT YCTAaHOBKH, SIKa CKJIQJA€THCS 3 KOMIIpecopa Ta OyHkepa. MoOiinbHa ycTaHOBKA J103BOJISE
VKJIaJaTi 3 iHTCHCUBHUM YIIUIbHEHHSIM TOPKPET-OCTOHY B IMOPOKHUHY BHITPOOYBAIBHUX (OPM
[IISTXOM MOKPOT'O TOPKPETYBaHHS.

PesyabTaTH aociaiikeHb. ExcriepuMeHTaabHHMN IIaH 1 piBHI 3MiHHEX mapaMeTpis [10]
TOBIIMHU JPiOHO3EPHUCTOTO TOPKPET-OSTOHY IMiICYyMOBaHi B Tabnuili 1. 3MiHU BapiroroThes Bif 1
710 3 CM TOPKpeT-0eTOHY Ta APiOHO3EPHUCTOrO OETOHY, a IMBUAKICTh TEYii TOPKPET-OETOHY CyMilIri
Bix 0 mo 70 M/c.

Tabmuus 1 — [1nan ekciepuMeHTy Ta piBHI HapaMeTpiB MOKA3HUKIB MIITHOCTI
IpiOHO3EPHHUCTOTO OETOHY

X1 Xg Y1
Ne X1 X2 IIBuaKicTh Minicts
ToBmmHa, cM > Ha pO3TAT IIpH
m/c - 2
BUTHHI, KI/CM
1 -1 -1 1 0 46,2
2 -1 0 1 35 62,6
3 -1 1 1 70 72,3
4 0 -1 2 0 47,8
5 0 0 2 35 63,7
6 0 1 2 70 73,4
7 1 -1 3 0 48,1
8 1 0 3 35 64,2
9 1 1 3 70 74,1

B sixocTi 100aBKM BUKOPUCTOBYBaBCs miiacThdikatop Ha ocHoBl BauGut BauPLAST. Jlanuit
IUIaCTU(IKATOP 03BOJISE MIJBULIMTH PYXJIMBICTh OETOHY Ha KijdbKa IYHKTIB 0€3 3MiHU
BOJIOIIEMEHTHOTO CIHIBBIJHOIICHHS Ha KOPUCTh BOJH, IO IIOJIETIIye pPOOOTY 3 YKIIaJaHHS
Jp1OHO3EPHUCTOTO OETOHY.

Jo ckiamy piOHO3EpHUCTOT TOPKPETOSTOHHOI CyMillll J101at0Th GiOpy 3 6a3aIbTOBOIO BOJIOKHA
JUIS TiIBUINEHHA i MIIHICHUX BiacTuBocTed. Jlims 3acTocyBaHHS 0a3aJbTOBOrO BOJOKHA LIS
MOOUIBHOTO TOPKPETOETOHY, B IKOMY BUKOPHCTOBYBABCS OYHKEpHHI IICTOJIET 3 JllaMETPOM coria 8
MM, HOT0 BOJIOKHA pO3pi3ali Ha HIMATKH 3-4 MM.

BunpoOyBaibHi 3pa3Ku BUTOTOBIISUIA B CTaHAAPTHUX (opMax Uil BATOTOBJIEHHS 3pa3KiB 0aJoK 3
npidHo3epHHCcTOro O6eToHy po3mipamu 40x40x160 mm (puc. 2). dopma 1j1s1 BUTOTOBJIEHHS 3pa3KiB
0aoK 3 JpiOHO3EpHUCTOrO OETOHY Ma€ HACTYIHI XapakTepUCTHKH: TUIl popmu — popma Oanku (bb);
KIJTBKICTB 3paskiB — 3; mmpuHa — 40 MmM; nosxuHa — 160 mm; Bucora — 40 mm [11].

Jlns  BunpoOyBaHb JIpiOHOZEPHUCTOTO TOPKPETOETOHY B SIKOCTI CTaporo OETOHY, SKU
PEMOHTYIOTh, BUKOPHCTOBYBAJIH 3pa3kKH HariBOAIOK 4x4x16 cM 3 TopueM mijg KyroMm 20° 10 BepTUKaI.
Takox 1g gopma MoaudikoBaHa BUIOTOBICHMMH MEPErOpOAKaMHU 3 mep@opalii€ro JUis CTBOPEHHS
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3pa3KiB  JPIOHO3EPHUCTOTO  TOPKPETOETOHY B  JTAaOOpaTOpHUX  yMOBAaX 3  ypaxyBaHHIM
BUKOPHUCTOBYBAHOTO MOO1JTBHOTO TOPKPETOETOHHOTO 00JIa THAHHSI.

Puc. 2. ®opma 3 MoIOBHHKaMHU 3pa3Ka

BunpoOyBaHHS MIITHOCTI 3pa3KiB Ha PO3TAT MpU BUTKHI IpoBoauiocs Ha ycranosii MII-100. Konu
3pa3oK JIAMA€ThCs, 3HAUCHHS HaBaHTaXEHHA (QikcyeTbcst Ha wnudepOnati i HOro TUIBKU
3aNIUIIAE€THCS IEPETUCATH 1 CepeIHE 3HAYCHHS B 3arajbHy Tadnuio 1.

MiHimManpHi 3HaYSHHS MIIHOCTI HAa PO3TAT MpPU BUTHHI BUUIUIM y 3pa3KiB 3 MIHIMAJIbHOIO
TOBIIMHOIO 1 MIHIMQJIbHOK IIBUIKICTIO TOpPKpeTyBaHHA. Jlami 31 30UIBIICHHSM IBUAKOCTI
TOPKpPETYBaHHS 30UIBIIYETHCS MIIHICTh 3pa3KiB HA PO3TIAT MpPH 3THHI. 301IBIICHHS TOBIIWHI
TOPKpPETYBaHHs MIIHICTh 3pa3KiB Ha PO3TAT MPHU 3THUHI 3MIHIOETHCS HE 3HAUYHO, B MEXKaX MOXUOKH.

BucHOBKHM Ta nepcneKTHBH MOAAJBIIUX TOCTiTKEHb.

1. Onucana B poOOTI MiITOTOBKA MOBEPXHI CTAPOro OETOHY Ta BUKOPUCTAHHS IPYHTOBOK JIA€
3MOTY MOKPALIUTH AATe3i10 IPU PEMOHTHUX POOOTAX.

2. Mo06inbHy KOMIAKTHY YyCTAHOBKY JJII MOKPOTO  TOPKPETOETOHY  MOXKIIMBO
BUKOPHUCTOBYBATH JJI1 PEMOHTHUX pOOIT Ta CTBOPEHHS aAre3iiiHOro mapy MiK CTapuM Ha HOBUM
0eTOHOM.

3. BukopucranHs Teopii IUIaHYBaHHS CKCIEPUMEHTY JO3BOJIIIO OTPUMATH aJCeKBaTHI
pe3yNnbTaTu MOCTIIKEHHS, a caMe BHU3HAYUTH MIIHICTh HA PO3TST MPH BUTHHI. BoHa 3MiHIOETHCA
Bix 46,2 no 74,1 Kr/cM>.

[lepcrieKTUBHUM HAMPSMKOM JOCHIDKEHHS € BHKOPUCTAaHHS YaCTKOBOTO TOPKPETYBaHHS
KOMITaKTHOK MOO1JIbHOIO YCTAaHOBKOIO IPH BJIAIITYBAaHHI XOJIOJIHUX IIBIB OETOHY.
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Abstract. The current methods have been analyzed and materials that are used for the repair
and renovation of concrete and reinforced concrete elements of the construction of the future. One
of these is the considered method of shotcrete, the use of wet shotcrete, its advantages and
disadvantages. Defects that occur during the manufacture, storage, transportation, installation and
operation of concrete and reinforced concrete structures are given. The formation of different types
of cracks that occur before the operation process and the appearance of cracks during the operation
of structures under central tension and along one surface during eccentric tension are considered.
The work presents regulation of the technical properties of repair mixtures achieved by the use of
special types of cement, additives and aggregates, special laying methods and hardening conditions,
as well as appropriate preparation of the surface of old concrete. The study is aimed at determining
the adhesion of repair mixtures applied by the shotcreting method. Partial application of the repair
mixture was used, using a mobile installation in laboratory conditions, in order to determine the
optimal technological parameters of spraying. The methodology of experimental studies for
determining the adhesion of fine-grained shotcreting using standardized forms with modernized
partitions has been developed. Prepared beam halves with a surface angle of 20°, like old concrete,
were used to increase the contact area and reduce swirl during shotcrete. A two-factor, nine-point
plan of the experiment was developed, in which the thickness of the layer of fine-grained shotcrete
(1 cm, 2 cm, 3 cm) of partial application and the speed of spraying of the shotcrete fiber concrete
mixture (0 m/s, 35 m/s, 70 m/s) were varied. An experimental study was conducted and the results
of the studies were presented.

Keywords: repair mixtures, mobile equipment, adhesion, partial shotcrete concreting,
planning of the experiment.
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BHUMOTI'HA JIO O®OPMJIEHHSA CTATEN
y 301pHUKY HAyKOBHUX Ipalb
“CyyacHe OyAiBHHITBO Ta apXxiTeKkrypa”

Ho omnyOmikyBaHHs y ¢axoBiid 30ipili HayKOBHX TIpallb  NPUHMAIOTHCS paHile He
oIy 0JIiKOBaHI HAyKOBI CTaTTI, 13 3a3HAUYEHOIO HID)KUE TeMATHKOIO MyOJTiKamiii:

. ApxiTekTypa.
. ByniBenbHI KOHCTpYKITii.
. ByniBenbHI MaTepiany Ta TEXHOJIOTI.

. [mkeHepHi Mepexi Ta o0a HaAHHS.

1
2
3
4. T'igpoTexHiYHE Ta TPAHCIIOPTHE Oy MIBHUIITBO.
5
6. OcHOBHU Ta (hyHIAMEHTH.

5

. Texnooris Ta oprasizaiis OyAiBeJIbHOTO BUPOOHUIITBA.

CrarTs NOBHHHA BiNIOBIIATH TeMaTHLi 30ipHUKA, My0JiKyBaTHCS BIeplle i BKJIKYATH TaKi
eJleMeHTH:

* aKTyaJIbHICTh Ta MOCTAHOBKY MPOOJEMH y 3arajJbHOMY BHIJISAL, 11 3B'30K 13 Ba)JIMBUMHU
HAYKOBHUMHU YU MPAKTHUYHUMH 3aBJIaHHIMU;

* aHaNI3 OCTAHHIX MOCIKEHb 1 MyOJikamii, y SKWAX TNPEICTaBICHO BHUPIIICHHS IaHOI
npobieMu 1 Ha sIKi CHUPAETbCS aBTOP, BUIUICHHS HEBUPILICHUX paHillleé YacTUH 3arajbHOoi
POOJIEMH, SIKAM TPUCBSIIYETHCS JIaHa CTATTS,

* (opmyIIFOBaHHS METH CTaTTi (ITOCTAaHOBKA 3aBJAaHHS);

* BUKJIQJ] OCHOBHOI'O MaTepialdy JOCHIUKEHHS 3 MOBHUM OOIPYHTYBaHHSIM OTPHUMaHUX
HAYKOBHUX Pe3YJIbTaTIB;

* BUCHOBKH 3 JIAHOTO JIOCITI/KEHHSI 1 TIEPCIIEKTUBY MOJAJIBIIIOT0 PO3BUTKY Y TAHOMY HATIPSIMKY;

* CITUCOK JIiITepaTypHu.

3arajbHi BUMOIH 10 0(DOPMJICHHSI TEKCTY

CratTi mojaroThCs B eNeKTpoHHOMY BUrIsial ¢ainom Word 97 — 2003 B ¢opmari .doc. Ha3pa
(ailmy Mae MICTUTM HOMEp TeMaTHKH ITyOiikaiii Ta Mpi3BUIIE MEpUIOro aBTopa (Hampukiaa, S5
IBanoB.doc).

CraTTi IoAar0Thesl YKPaiHCHKOIO Y aHTJIIMCHKOI0 MOBOIO 1 IPYKYIOTHCSI MOBOIO OpPUTIHATY.

TexcToBa 4acTMHa CTaTTi HaOMpaeThcs Ha apkymax ¢opmary A4 mpudrom Times New
Roman 12 nT uepe3 oguHapHUi 1HTEpBa, BUPIBHIOETHCS 110 MIUPHHI CTOPIHKH, TOJS IO 2 CM 3 YCIX
60kiB, ab3auHuii Biactym — 1,0 cm. O0csr cratTi 7-16 MOBHMX CTOPiHOK pa3oM 3 aHOTALIAMHU.

CrpykTypa cTaTTi:

— indexc Y/IK (BUpIBHAHO IO JiBOMY Kpaio ©Oe3 a03alHOro BiJACTYIY, HpPOMHUCHU,
HaMBXUPHUN);

— Ha3zeéa cmammi (BIALCHTPOBaHA, yCi JITEpHd NPOMHCHI, HAMIBXUPHI, NEPEHOCH He
JIOTTY CKaIOThCS);

— npi3zeuue, iHiyianu 6cix agmopis, HAyKOGUUl CHMYyNiHb, 64eHe 36aHHs (BUPIBHSHO IO
[IPaBOMY Kparo, MPi3BHUILE — HAMMBKUPHUN; CTYIIHb 1 3BaHHS — PSIIKOBH);

— HO6HA HA364 6UULO20 HABYATILHOZ0 3aKAAdy uu opeauizauii (KypcuB, BHUPIBHSHO IO
MPaBOMY Kparo; SIKIIO aBTOPH 3 PI3HUX HABYAIBHUX 3aKJIAiB, TO KOXKEH aBTOP 3 OKPEMOTO PS/IKA);
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— enexkmpona nowma (BUPiBHSIHO 10 IPaBOMY Kparo Ta mops yHikaneauit Homep ORCID);

— anomayii 0o cmammi (a03alHUI BiJCTYII, Ha3Ba HAIIBXUPHA, aHOTAIlll THITYThCS JABOMA
MOBaMH: YKPaiHCHKOIO 1 aHTJTIHCHKOIO.

Texct mepiioi aHOTaIlil MUIIETHCS MOBOIO OCHOBHOT'O TEKCTY CTaTTi Ta NMOBMHEH OyTH He
MeH sk 1800 3HaKiB.

TekcT npyroi aHoTallii, SIKIO BUIAAHHS HE € IMOBHICTIO aHIJIOMOBHHM, KOXKHA ITyOJIiKallis HE
AHTJIIHCHKOI0 MOBOIO CYIIPOBOIKYETHCSI aHOTAIIEI0 aHMTIMCHKOK MOBOIO 00csrom He MeHII sik 1800
3HAKIB. SIKII0 BUIaHHS HE € MOBHICTIO YKPaiHOMOBHUM, KOXKHA ITyOJIiKallis He YKPaiHCHKOI0 MOBOIO
CYNPOBOKYETHCS AHOTAIIEI0 YKPATHCHKOI MOBOIO 00Ocsrom He meHm sik 1800 3makiB. [lpyra
AHOTAILisl PO3MILIYETHCS B KiHIII CTATTI MICHIS CIIUCKY JIITEPAaTypH Ha aHTJIICHKIN MOBI.

JIB1 aHOTallll NOBUHHI KOPOTKO MOBTOPIOBATH CTPYKTYpYy CTaTTi, IO BKJIKOYA€E BCTYII, METY,
METOJIUKY, Pe3yIbTaTH, BUCHOBOK. MaIllMHHUIN TIEpeKIIaj] He 103BOJISIEThCS.

— Kuouoei cnoéa (MDKDAAKOBHMI iHTEpBal HE pPOOMTHCH, ab3amHMl BiACTYI, Ha3Ba
HaMIBXHUPHA, TEKCT KJIFOYOBUX CITiB HE OlbIle 6—8 CIIiB).

Ha3pa crari, npi3Buiie i iHimiagam, HAyKOBUH CTYyIMiHb, BU€HE 3BaHHS, MiCIIe POOOTH, aHOTAIIis
1 KITIOYOBI CJIOBAa — TIOBTOPIOIOTHCS YKPAiHCHKOIO Ta aHTTIIHCHKOI0 MOBAMH.

Mix psakamu 3 iHAekcoM Y /JIK, Ha3Bor cTaTi, Mpi3BUIIEM aBTOPiB, aHOTAIli€l0, OCHOBHUM
TEKCTOM 1 TEpeNiKOM JIiTepaTypH, JITepaTypol0 Ha AaHIMIIKWCHKIH MOBI Ta JAPYrol0 aHOTAII€I0
OJIMHAPHUI 1HTEPBAJL.

— OcHO6HUIL meKcm cmammi.

CtpyKTypa OCHOBHOTO TEKCTY CTaTTi 3rimHO 3 moctaHoBoro BAK Vkpainu Ne 7-05/1 Bin
15.01.2003 p. (bronerenr BAK Vkpaiau Nel, 2003 p.) moBuHHA MaTu Taki HEOOXiAHI €IEeMEHTH
(nazeu cmpykmyphux enemenmie 6 mexcmi cmammi ROMPIOGHO 6UOLIUMU HANIEIHCUPHO):

— BCTyl (IIOCTaHOBKA MPOOJIEeMH Yy 3arajlLHOMY BUTIISAAI Ta 1 3B’S30K 3 BaKIWBUMU
HAyKOBUMH YU MPAKTUYHUMU 3aBJaHHIMH);

— aHaii3 OCTaHHIX JpKepen AOCTKEHb 1 MmyOiKaiii, y SKHX 3al04aTKOBAHO PO3B’sI3aHHS
npobinemu (GakaHo, mo0 1e OyB aHalli3 OCTaHHIX NyOmikamii y (axoBHX >XypHanax) 1 Ha sKi
OMHPAETHCSI aBTOP, BUJAUICHHS HE PO3B'SI3aHUX paHINIe YaCTHH 3arajbHOi MPOOJIeMHU, SIKHM
TIPUCBSIIYETHCSI CTATTS,

— TIOCTaHOBKA METH Ta 3aBJaHHs ((opMyITIOBaHHS METHU Ta 3aBIaHb JIOCII)KECHb);

— MarepiaiM Ta METOIM JOCHIDKeHHs (ONMHC BUKOPHCTAHUX MaTepiajiiB Ta METOJIB
JOCTIKEHHS TPOOJIEMH, 1110 PO3TIISIAETHCS Y CTATTI);

— OCHOBHHUU MaTepiasl 1 pe3yabTaTH (BUKJAJ OCHOBHOTO Martepiany JOCTIHKEHHS 3 TMTOBHUM
OOTPYHTYBaHHSIM OTPUMAaHUX HAYKOBUX PE3yIbTATIB);

— BHCHOBKM (HayKOBa HOBH3HA, HAYKOBE Ta NMPAKTHYHE 3HAYCHHS PE3YJIbTATIB JOCIIKCHHS,
MIEPCTIEKTUBY MOJABIITNX HAYKOBUX PO3POOIIEHB);

— Jnimepamypa (BUILECHTPOBaHA, HAIIBXHPHA; TOCWIAHHA B TEKCTI TOAAIOTh Y KBaJpaTHUX
Jy)Kax [2]; crucok JiTepaTypy HaBOAMUTHCS BIIMOBIIHO MOPSIKY MOCHIaHb Y TekcTi 3rigHo 3 JICTY

8302:2015 Ta 3amucyeThCst B CTOBIUMK; HanucaHHs «Jlkepena indopmartii», «I[lepenik gitepaTypu» He
AomycKaeTbest). biomiorpadiuHuii CIMCOK HAaBOAWTHCS MOBOKO OPHIIHAIY Ta TPAHCITEPYETHCS.
KinmpkicTh mocuiianb Ha JiTepaTypHi [pKepesia y CTaTTi HOBUHHO OyTH He MeHIe 15 mxepen. OcobmuBa
yBara npuAUIETbCS CYYacCHUM aHTJIOMOBHUM CTaTTsIM, 30KpeMa iHnekcoBanux WO0S a6o Scopus.

— oioniozpaghiunuii cnucox (References). Jlins BiATBOpPeHHs YKpaiHCHKMX BJIACHUX Ha3B
3ac00aMHU aHIMINHCHKOI MOBM TpH MeEpeKsajai MyOsikalii aHTIHCHKOI0 MOBOIO 3aCTOCOBYETHCS
TpaHchiTeparis. HalimeHyBaHHs opraHizaiiid Ta yCTaHOB, II0 HE TEPEKIAJaOThCS Ha aHTIIHCHKY
MOBY, TaKOX TPaHCIITEPYyIOThCs. TpaHcmiTepallis Npi3BUILl aBTOPIB BUKOHYETHCS 3aJISKHO BiJl MOBU
OpHTiHATY JpKepena BianosinHo 10 BuMor [loctanoBu Kabinery MinictpiB Ykpainu Bix 27.01.2010 p.
Ne 55 «IIpo BnopsiaKyBaHHS TpaHCIiTepallii ykpaiHCbKoro angasiTy JaTuHULeo». bidmiorpadiuamii
CIIUCOK TIOBMHEH Oytu odopmieHnid 3 BukopuctanHsm ctwisi |EEE STYLE 3rigo 3
«MiXHapOJHUM CTHJIEM LIMTYBAHHS Ta MOCUJIAHHS B HAYKOBUX poboTax», Kuis, 2016.

Taénuyi cnin BUKOHyBaTH B pemaktopax Word 6e3 3anuBanns. Koxxna Tabmuisg mae OyTu
Ha/IpyKOBaHa 3 BIJNOBIJHUM 3arojlOBKOM Ta HyMEpAIli€lo IiCIs MEepIIOro MOCHJIaHHS Ha Hei.
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[Iupyna Tabnuier HE TMOBWHHA IepeBUIyBaTH Mois cTopiHku. [pudTt B Tabmuill MOBUHEH
BIJNOBiJATH MIPUQTY CTATTI.

@opmynu maioTh OyTH BHKOHaHI B pemaktopi ¢dopmyn Equation 3.0 un MathType 3
BUKOPHCTaHHAM TUIbKH 3aranbHonpuiiHaTux wmpudriB (Times New Roman; Symbol). Koxna
(dhopMyia HAOUPAETHCS K ONUH 00’ €KT, HyMmepallis Gopmys apabCbkuMH IU¢paMu CripaBa B TyKKax
BUPIBHSHA 110 UIMPHHI CTOPIHKU.

Pucynku (miarpamu, (oTo), MOAAIOTHCA y YOPHO-OUTOMY, KOJHLOPOBOMY BapiaHTi abo y
rpajamisx ciporo KOJIbOpPY Iiciis MEepPIIOro MOCUIaHH Ha HHUX; MAlOTh OyTH 3TPYIOBaHi Ta SIBISITH
coboro ouH TpadiuHuii 00’ €KT; MaTH HyMepallito Ta MiJM1uc MOo3HAYeHHS OCh KoopAuHaT. Posmipu
MiANKCIB HA PUCYHKY MOBHHHI Bignosigatu mpudty Times New Roman 12 nr.

Pa3om 3i crarTero moaaThHCA:

— BIJIOMOCTI Mpo aBTopa (aBTOpPChKa MOBIAKA): MpI3BHINE, iM’s, MO OATHKOBI (IIOBHICTIO);
BUCHE 3BaHHS, BUCHUI CTYIiHB; MOCaja, MicIle poOOTH; KOHTAKTHI aJpecH il TenedOHH; MOIITOBa
ajZipeca, Ha Ky HaJICUJIaTH MPUMIPHHK 301pHUKA

— peleH3is Ha CTaTTIO, SIKIIO aBTOPOM € acmipaHT Oe3 CIBaBTOPIB 3 BUCHUM CTYIEHEM Ta
BYCHHM 3BaHHSIM.

Cratri, IKi He BiANOBiIAI0TH HABEeJEHUM BUMOIaM, 10 PO3IVIsAy He IPUIHMAIOThCS.

[Togani MaTepiany miUsITalOTh JOIATKOBOMY PEIEH3YBaHHIO YWiICHAMHU peAKoJIerii abo MpoBiAHUMU
¢axiBUgMH 3a HAYKOBUMH HalpsMaMd, TOMY MOXYTh OYyTH TIOBEpHEHI aBTOpaM Ha
JOOIPALFOBaHHS.

OcrarouHe pileHHs o0 myOmikauii cTaTTi NpuiiMae peJakiiiina Kouerist BUJaHHs.
BinxwuieHuii opuriHai He MOBEPTAETHCA.
OmnuaTa 3MIHCHIOETBCS TUTBKU TICIIS MATBEPKCHHS IPUHHSTTS CTATTI 10 IPYKY.

Bapricte myOmikamii crarti 1100 rpn. 30ipHUK BHXOAWTH 4 pa3d Ha PIK IIOKBAPTAIBHO, B KiHII
KOJKHOTO KBapTaiy. CtaTTi HEOOXiJHO HajcuiaTH 10 | Yucia OCTaHHBOTO KBapTaly (HANpUKIA,
SKIIO 30IpHUK BUXOJIUTH B KIHILIl YEpBHS, TO CTATTI MpUiMaroThes 10 | dyepBHA). Ale mpuiloMm craTteit
MOXe€ 3aKIHUUTUCH PaHillle BKa3aHOTO TEPMiHy, SKIIO Oy1e HabpaHO HEOOXiJHY KUJIbKICTh CTOPIHOK.

Marepiam HaaCHJIATH 32 apPecoro:

Penakuist «CyuacHe OyZiBHUIITBO Ta apXiTEKTypa»
Opnecbka eprkaBHa akazeMis OyIIBHULITBA Ta apXITEKTYpH,
Byn. linpuxcoHa, 4

M. Oneca, 65029, Ykpaina

KonTakTHa ocoba: AHTtoHrok Hazist PomaniBHa

ten. po6. (048) 70-00-608

e-mail: visnuk_odaba@ogasa.org.ua

Caiit 30ipauka: http://visnyk-odaba.org.ua/

InaTixkHi pekBi3uTH:
Hentp HTTM no Ab, xonx 21028281,
M®O 320478, P/p UA 103204780000026009924861812 B ITAT Ab «Ykprazoank»,

Ipu3nayenns miaarexy: «CyyacHe OyAiBHULTBO Ta apXiTekTypa, [1Ib nepmroro aBropa

[Ipocumo micnst BiAmpaBieHHS MarepiaigiB 00OB’s3KOBO 3areiedoHyBatu abo 3B’s3aTHCA
€JICKTPOHHOIO TIOIITOIO, III00 YIEBHUTHCS B OTPMMAaHHI MaTepialliB Ta PIICHH] peJaKIiitHOT Koyerii
1010 My OJiKaIii cTaTTi.
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Hayxose suoarms

CYYACHE BYIIBHUIITBO TA APXITEKTYPA

3bIPHUK HAYKOBUX ITPAIlb

Bunyck Ne 8
yepBenb 2024

I"onoBHMit penakTop Buposoii B.M.

Texniununii pegaktop Awmonrok H.P.

[Tignucano no apyky 8.07.2024 p.
dopmar 60x84/8. [Mamip odcernwmii. 'apHiTypa Times.

[udposuii 1pyk. YM.-npyk. apk. 15,2
Haxnax 100 mpum. 3am. Ne20-29E

Bunasenp 1 BUTOTOBIIOBAY:
Opecbka aep:kaBHa akajaeMisi OyAiBHMITBA Ta apXiTeKTypH
Ceinourso JIK Ne 4515 Bin 01.04.2013 p.
VYkpaina, 65029, m. Oneca, Byin. Jliapixcona, 4.
tein. (048) 729-85-34, e-mail: rio@ogasa.org.ua

HaapykoBaHo B aBTOpCHKil pefakilii 3 TOTOBOTO OpPHUTiHAT-MaKeTy
B peAakuiiHo-BunaBarnaomMy Biaim OJJABA





