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SPATIAL-FUNCTIONAL APPROACHES TO CURRENT TRANSFORMATION
OF BOARDING SCHOOLS AT THE AGE OF MODERNISM

Babych O.M., postgraduate,
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S. Bandery st., 12, Lviv, 79000, Ukraine

Abstract. The article presents a number of possible approaches for the spatial and functional
transformation of boarding facilities built in the era of modernism within the framework of Soviet
standard construction. The main goal of this work was to create a theoretical basis for the gradual
process of transformation of the existing material base of care for children deprived of parental care
within the framework of the "de-institutionalization™ strategy, which, in turn, is based on the
privileging of family-type collectives.

In the sense of the architectural strategy, the process of transformation of "institutionalized"
institutions of the traditional planning and spatial structure based on the functionalist-rationalist
method of design into "deinstitutionalized™ institutions with the allocation of several zones for the
family-type team is considered. It is assumed, that this method of achieving the goals of
deinstitutionalization is only one of the possible ways related to the situation when the old premises
of social care will cease to perform their functions in the traditional mode and the question of their
new further use will arise. In addition, it was suggested that due to the presence of a certain number
of residential facilities built on the basis of so-called standard projects, it may be possible to talk
about the creation of "standard" recommendations based on them, which, to a certain extent, will
simplify and reduce the cost of the process of reorientation of social care institutions about children
deprived of parental care in the format of a family group.

Four transformative principles have been outlined that will allow the process of refurbishing
old modernist facilities, mostly built during the Soviet period, in accordance with the principles of
the deinstitutionalization strategy adopted in Ukraine as the basis of the state treatment program for
children in need of social care. They cover a complex of spheres, in particular, such as the positive
constitution of the child's personality, his effective socialization, constant energy efficiency, etc.

Keywords: deinstitutionalization, conversion, typical design, modernist objects, family-type
institutions.

Introduction. Modern advances in the study of the psychology of orphans' growth have
provided convincing information about the ineffectiveness of traditional boarding schools and the
methods of education on which they were based [1]. The main reasons here are the lack of long-
term personalized contact and emotional connection, which are characteristic of a family team. In
this regard, in 2017, Ukraine adopted the National Strategy for Reforming the Sphere of Child Care.
Who are deprived of parental care [2]. In particular, it provides for the gradual elimination of
traditional boarding schools and a shift in attention towards adoption, or education in small "“family-
type" groups, in which the negative features of the "institutionalized™ institution will be minimized.

In the latter case, the question arises of the need to develop a new type of space, the structure
of which reflects fundamentally new educational methods and ways of interaction between the
guardian and children. In this context, old residential institutions are losing their functional
necessity, and their further use requires significant rethinking. Despite this, many of the qualities of
such facilities may remain relevant and important for the field of alternative care, such as sports
infrastructure, food and leisure areas. The supposed decrease in the number of children does not
mean that objects of the "institutionalized" type cannot be used for their original purpose. A

Modern construction and architecture, 2023, no. 6, page 9-16
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possible way of their further existence is a planning and spatial transformation for the needs of
several groups of the "family” type, which, on the one hand, living in a relatively isolated
environment, could provide a sufficient level of personalized attention to each child, and on the
other hand, use the existing infrastructure, within the framework of joint activities with
representatives of other "family" groups-neighbors.

Under these circumstances, there is also a potential opportunity to develop and implement
methods of positive socialization in broader communication contexts, as well as within different age
groups, which, if an effective methodology is used, will solve one of the main problems of
interpreting children deprived of parental care — the feeling of increased danger from the
environment and social contacts.

Analysis of the main sources and publications. Given this topic's novelty, the study's source
base is relatively insignificant. At the same time, it is worth noting the growing interest in the
processes of deinstitutionalization and its comparison with other countries. An example is B. Lof's
article "The Rise and Fall of Orphanages in Ukraine"”, where the author compares the process of
disappearance of traditional institutions for children deprived of parental care in Ukraine and the
United States [3]. This topic is further developed in the article by L. Kravchuk "Transformation of
social services in Ukraine: deinstitutionalization and reform of the system of institutional care for
children” [4]. A similar study of the processes of deinstitutionalization in Bulgaria is analyzed in the
article by S. Page "Deinstitutionalization of Bulgarian Orphanages: A Study of Guardians'
Discourses on Changing Reforms” [5]; in Romania in a study by F. Greenwell [6]. Various ways of
forming the space of "family" on the basis of existing structures are considered in the article by L.
Gnes "Architectural and Planning Organization of Family-Type Children's Homes" [7]. Among the
domestic researchers of this topic, it is worth noting the works of V. Abyzov and O. VVoloshchenko
[8], N. Miroshnikov and Y. Doroshenko [9], Z. Obitochnaya [10] and others [11, 12].

Works on the problems of deinstitutionalization in African countries, such as Rwanda [13] or
Egypt [14], may also be of some interest.

The purpose of the article is to outline practical approaches to the deinstitutionalization
transformation of boarding schools in the era of modernism.

Research objectives: 1) to identify the main functional problems of modernist boarding
schools in terms of their compliance with the methodology of "family" interpretation of children
deprived of parental care; 2) to outline the spatial and functional techniques with the help of which
it becomes possible to use residential buildings of the modernist era within the framework of the
deinstitutionalization strategy.

Materials and methods of research. The materials for this study are samples of modernist
boarding school buildings in Ukraine, mainly from the times of Soviet standard design. In
particular, objects in three regions — Lviv, Kyiv and Odesa regions — were examined, the
architecture of which largely reproduced the principles of the construction of typical secondary
education institutions. Another important element of the study was the study of methods of positive
growth, in particular, the axiological constitution of a personality oriented towards formation of a
developed and harmonious "self-image" [15]. The combination of the results of research on the
existing material base and the theoretical foundations of the axiogenesis of personality has become
the main methodological basis for this work.

Statement of the main material. Modernist projects of boarding schools by their specificity
relate to buildings designed for the simultaneous stay of a significant number of pupils and
educators. The functional scheme was fixed and did not provide for the prospect of one or another
transformation or readjustment for various purposes. Usually, large facilities, such as dining and
kitchen blocks or sports facilities did not have the ability to expand the program of use. In this
context, as the first and most obvious step, it is possible to admit a strategy of reorganization of
such in the form of transformation of specialized institutions into an ordinary secondary school, but
integrating a family-type boarding school with it. At least for especially elementary school students.
This approach can help increase the level of social inclusiveness and create conditions for positive
interaction between children with different communicative and structural characteristics.

Modern construction and architecture, 2023, no. 6, page 9-16
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At the same time, this approach should be perceived only as one of the possible ways of
interpreting modernist boarding school buildings. The broader potential is due to the complex
transformation of the structure, which is interpreted as a conglomerate of environments to
accommodate several “families”. Under these circumstances, there is a need for a more detailed
rethinking of the functional statics of the planning structure, which must turn into a space capable of
transformation and adaptation. The axiological constitution of the individual, the main task of
which is to erase the difference between children deprived of parental care and their peers from
ordinary families, requires close cooperation between planners and designers and developers of
positive growth methods used in one case or another. However, on the basis of the analyzed
material, we can say that the main factor here is the construction of effective communication
connected, on the one hand, with the individual connection of the child with the educator who finds
himself in the parental role, and on the other hand, gaining experience of friendly interaction with
different age and target groups. In fact, the architectural interpretation of modernist objects boils
down to adapting the abstract structure of the materialization of the communicative network in the
conditions of the initially functionally determined spaces of the "institutional™ institution.

With proper support and supervision from caregivers and responsible individuals, large
institutional complexes can be used as flexible systems that integrate alternative and standard
approaches to child care. This opens up wide opportunities for improving parenting methods and
contributes to the positive development of children in such conditions. The provision of space for
mixed use can be heterogeneous and not limited solely to educational functions.

In the case of middle-aged and older children, it is also important to consider the possibility of
combining the care space with certain forms of production or business activity, as long as this is in
the child's safety and best interests. Such forms of activity can be coworking centers, farms,
information technology enterprises, art studios, and many others. In addition, it is important to
consider improving cooperation with various religious and charitable organizations, which can also
be integrated into care spaces. In such conditions, pupils of family-type boarding schools (from
middle age to senior) will have the opportunity to develop valuable skills that will be useful to them
after leaving the care facility, through active participation in various activities.

Taking into account the goals of the deinstitutionalization strategy, a promising direction is
the development of methods and techniques that will allow the mutual stay of children from
ordinary families and those in need of alternative care. Objects of modernist architecture are much
more suitable for adaptation to ordinary secondary schools than family-type institutions, which
opens up the possibility of combining these two functions and creating prerequisites for positive
socialization. In such cases, the transformative volumes are smaller, but the space for the stay of
"family" teams is also reduced. Therefore, such a structure is likely to accommodate no more than
two or three families, which, in terms of education and extracurricular leisure, will be fully
integrated into the traditional school system. At the same time, the difference in the length of stay in
the same room will require measures to "equalize” the possibilities of choice, in order to avoid the
feeling of inequality between the two children's groups.

This problem can be solved by expanding the functional interpretation of the environment,
and forming activities that will be perceived as desirable for both categories of students. In addition,
the concept of a wider integration of "family" educational environments into the environment is
probably also promising. Often, modernist boarding schools were located surrounded by residential
areas, the infrastructure of which has developed significantly over the past few decades. With this in
mind, new "“family" groups may have additional methods of positive socialization, such as the use
of children's areas and playgrounds for playing with children from ordinary families, participation
in the life of the local community, religious community, etc. Therefore, the integration of "families”
into a wider circle of communication will gradually take place, overcoming hostility and a sense of
danger from the environment through their own experience of positive communication with
neighborhood groups. The above-mentioned direction of transformation also makes it possible to
talk about expanding the potential for full-fledged adoption, which is based on more intensive
contacts with various social groups, including those among which there are the most likely
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candidates for parenthood.

When considering the strategy of mixed use of modernist institutional objects, it is important
to take into account the combination of the methodology of increasing social involvement with the
methodology of generational education. From the point of view of the organizational structure, this
means the creation of several family teams within such an institution, where everyone has their own
mentor and their own space for joint communication. However, along with joint activities, they also
have the opportunity to interact with each other, transferring some educational tasks to older
generations. Thus, an environment is created where several communicative groups have a single,
albeit complex, system of adaptive ties.

The architectural transformation of an institutional boarding school, the style of which belongs to
the modernist direction, in this context, includes a change in the system of corridors to a structure of
visually separated spaces designed to serve each communication center separately (Fig. 1 and Fig. 2,
Fig.3). Since many of these buildings are designed according to standard schemes, it is possible to
develop a general strategy for their reconstruction based on the typical features of their planning
structure. For example, the space required for alternative family care can be arranged in the end
parts of the enclosures. This creates an opportunity for additional visual separation both inside and
outside the building, as it becomes possible to place separate entrances and small adjacent territories
intended exclusively for one "family".
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Fig. 1. The plan of the educational complex for 175-200 children was developed by the Ministry
of Regional Development
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Fig. 2. The plan for a kindergarten with 35 to Fig. 3. The plan for a kindergarten with 45 to
45 places was developed by the Ministry of 60 places was developed by the Ministry of
Regional Development Regional Development
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With such an arrangement of modernist buildings, when several small micro-groups of
children and educators are in this place, meals can take place both inside an isolated space (for
example, breakfast) and in common areas used by all groups (for example, lunch).

The planning and island transformation, which is considered here, should not be perceived as
complete and final, but should have the potential for constant change. In this sense, the intended
structure can acquire a metabolic character, when the completeness of the architectural image does
not imply the completeness of the functional interpretation. It can be assumed that the
reconstruction of the frozen functionalism of the modernist construction will lead to a long
morphological metamorphosis, which on the scale of a longer time will significantly change the
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architectural appearance of the building, in which, however, different layers of collective and
individual memory of different generations of pupils will be preserved. These layers, in turn, will
create a sense of "depth in time" where each successive generation will see evidence of the positive
experience of their predecessors. In this case, the institution, which operates in the form of a kind of
"chronotope™, will constantly increase its adaptive and educational effectiveness over time.

Due to the design features that were typical for the Soviet period, when reorganizing
institutional modernist complexes, it is important to focus on the introduction of new strategies of
independence and energy efficiency. Considering the financial aspect of operating such institutions
(whether at the expense of the state budget or through private funds), the sustainability program
should be based on achieving maximum autonomy in the management of the institution. This can be
achieved through the use of active and passive means for energy self-sufficiency.

Familiarization with and management of these tools can also play an important role in the
process of teaching children ecology, contributing to their acquisition of both theoretical and
practical knowledge about environmental conservation and the promotion of a nature-friendly
attitude. In addition, from a pedagogical point of view, the values of self-sufficiency that are
associated with engaging this kind of strategy will help overcome feelings of vulnerability and
overdependence on social conventions. In the future, it is worth talking about the involvement of
more in-depth educational programs that promote the principles of sustainability and self-
sufficiency, primarily through innovative methods of teaching technological and physical aspects,
the creation of experimental experiences with their own involvement in the creation of sustainable
practices and energy-efficient devices.

Taking into account the above analysis, it is possible to formulate the following principles of
deinstitutionalization transformation of existing objects of modernist architecture (mainly of the
Soviet period of construction):

a) Internal fragmentation: the division of the common space into several isolated zones for the
residence of individual family groups. This principle will make it possible to use the dead-end and
end sections of modernist complexes as separate environments, for family groups with a sufficient
degree of isolation and a balance of separation and cooperation. This approach contributes to the
creation of efficient and functional spaces where each family team can benefit from their own
privacy, while ensuring a high degree of isolation and a balance between individualized and
collective activities. This concept opens up new possibilities for organizing spaces where different
family groups can coexist, providing an improved living environment for each of them.
Architectural design opens up the potential for deconstructing an overly rationalized living
environment, which involves the introduction of elements of surprise and irrationalism, and helps to
overcome the monotony of everyday life. This process expands the possibilities and depth of
architectural solutions, allowing for the creation of expressive and unigque spaces that go beyond the
ordinary and bring a new level of individuality to the environment. Architects, applying this
approach, can enrich the space with unexpected details, breaking stereotypes and promoting the
development of creative thinking in rebuilding the world around them.

b) Micro-collective isolation: the physical separation of family groups, both within the
premises and in the surrounding areas. It provides an opportunity to expand the potential of the
previous principle, including through the use of separate adjacent plots, the existence of which was
inherent in the modernist planning of boarding schools. In the context of micro-collective isolation,
the physical separation of family groups is considered, both within buildings and in surrounding
areas. They typically have uniform geometric contours with a leveled patch of land that can be
reconfigured into a more demanding and diverse landscape environment, while taking into account
various aspects of the natural environment, such as vegetation, topography, and water features. This
transformative opportunity allows for the creation of attractive and functional spaces that adapt to
the changing needs and aesthetic requirements of users, and influence the overall character of the
urban landscape, creating a more harmonious and environmentally balanced environment.

c) Inclusive synergies: creating shared environments outside of isolated groups based on the
use of available spaces for different purposes, such as courtyards, canteens, gyms and the
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surrounding area. This principle involves the use of collaborative spaces for the implementation of
positive socialization techniques, which is one of the key goals of treating children deprived of
parental care. The potential of this direction is associated with the tradition of building large sports
and food blocks, which often exceed the existing need, due to a decrease in the number of students.
This provides additional opportunities for transforming and supplementing collaborative
environments, giving them more flexible and adaptive functionality. Reducing the number of
students in educational institutions, while at the same time being highly efficient, also contributes to
lower energy consumption and creates more comfortable and environmentally friendly spaces for
learning and socializing

d) Sustainable energy efficiency: focus on achieving maximum self-sufficiency of the system
for meeting the vital needs of the complex. Here we are talking about a set of measures to transform
energy-consuming premises designed for the uncontrolled use of exhaustible resources, into a self-
sufficient and sustainable structure, maximally provided with its own renewable sources, which will
make it possible to reduce the cost of maintenance. The use of energy-saving technologies and
practices in such institutions can lead to significant economic benefits that will be used to improve
the quality of life and provide additional resources for children's development. Appropriate use of
energy also contributes to the reduction of emissions and has a positive impact on the ecological
state of the environment, creating a healthy and safe place to grow and learn.

In connection with the specifics of Soviet modernism, which was based on typical design, it is
also worth talking about the prospect of typological optimization: the use of general architectural
solutions for the development of unified methods of deinstitutionalization transformation of
boarding schools of the modernist style. This approach is aimed at reducing the costs of the
transformation process and may require separate theoretical and practical efforts, and in some cases,
even ignorance.

In the future, this topic can be developed in the direction of studying the potential of
differentiation of different ages, which is associated with: a) special methods of growth, which are
designed to involve older children in the upbringing of younger ones, as well as to gain experience
of socialization in more complex groups; b) studying the possibility of transforming the former
boarding school into a comprehensive school with partial residence of "families" of children
deprived of parental care with educators.

Conclusions:

1. The following principles of deinstitutionalization transformation of existing objects of
modernist architecture are formulated: The principle of internal fragmentation: the division of the
common space into several isolated zones for the residence of individual family groups. This
principle will make it possible to use the dead-end and end sections of modernist complexes as
separate environments, for family groups with a sufficient degree of isolation and a balance of
separation and cooperation. The principle of micro-collective isolation: the physical separation of
family groups, both within the premises and in the surrounding areas. It provides an opportunity to
expand the potential of the previous principle, including through the use of separate adjacent plots,
the existence of which was inherent in the modernist planning of boarding schools. The principle of
inclusive synergy: the creation of shared environments outside of isolated groups based on the use
of existing spaces for different purposes, such as courtyards, dining rooms, gymnasiums and the
surrounding area. This principle involves the use of collaborative spaces for the implementation of
positive socialization techniques, which is one of the key goals of treating children deprived of
parental care. The principle of sustainable energy efficiency: the focus on achieving maximum self-
sufficiency of the system for meeting the vital needs of the complex. Here we are talking about a set
of measures to transform energy-consuming premises designed for the uncontrolled use of
exhaustible resources, into a self-sufficient and sustainable structure, maximally provided with its
own renewable sources, which will make it possible to reduce the cost of maintenance.

2. The range of possible further research on this topic is outlined, in particular: the prospect of
typological optimization: the use of general architectural solutions for the development of unified

Modern construction and architecture, 2023, no. 6, page 9-16



ARCHITECTURE

methods of deinstitutionalization transformation of boarding schools of the modernist style — this
approach is aimed at reducing the costs of the transformation process and may require separate
theoretical and practical efforts, and in some cases, even ignorance; search for spatial expression of
special methods of growth, which are designed to involve older children in the upbringing of
younger ones, as well as to gain experience of socialization in more complex groups; study of
design solutions for the possibility of transforming a former boarding school into a secondary
school with partial residence of "families™ of children deprived of parental care with educators.
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INPOCTOPOBO-®YHKIIOHAJIBHI HIAXOAU 10
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AHoTanisi. Y crarri oOrpyHTOBaHO psa WMOBIPHHUX MIiAXOAIB JJIs  TPOCTOPOBO-
¢byHKLioHaNBHOI TpaHchopMalii iIHTEpHATHUX CHOPYA, KOTpi Oynu 3BefeHl y 100y MOJEpHI3MY B
pamMKax paJsHCHKOTO THUIIOBOrO OyniBHHMITBA. ['0JOBHOIO MeTOIO JaHOi poOOTH OYyiI0 CTBOPEHHS
TEOPETUYHOI 0a3u JJIsi TOCTYNMOBOTO Tpolecy TpaHchopmamii icHyro4oi MatepianbHOi 0asu
MIKJTYBaHHS MPO AiTeH M030aBiIeHNX 0aThKIBCHKOI OIIKM B PaMKax CTpPATerii «IeiCHTUTYyaIi3alii»,
sIKa, Y CBOIO Yepry, OCHOBYEThCS Ha IPUBLICIOBAaHHI KOJICKTHUBIB CIMEHHOTO THITY.

B ceHci apxiTeKkTypHOI cTpaTerii po3risiHyTo mpoiec TpaHchopMallii «HCTUTYIIHOBAHUX)»
00’€KTIiB TpaJWIiIHOI TUIaHYBaJIHHO-TIPOCTOPOBOI CTPYKTYpH 0a30BaHOi Ha (hYHKIIOHATICTUYHO-
PAIiOHATICTUYHOMY CIOCO01 MPOEKTYBAaHHS Y <«JICIHCTUTYIIATi30BaH1» 3aKjIaad 13 BUIUICHHAM
KUJIBKOX 30H JJIsl KOJIEKTUBY ciMeiiHoro tumy. [lepenbadaeTncs, mo 1eit cnocid qocarHeHHs 1inei
JCIHCTUTYIiaNi3alii € JUIIe OJHUM i3 MOXJIMBUX IUISIXiB, OB’ S3aHUX 13 CUTYALI€l0, KOJIU CTapi
MPUMIILIEHHS COLIaTbHOI OMIKU MEepecTaHyTh BUKOHYBATU CBOI (PYHKIIT y TpaaULIHHOMY pEXuMI 1
MoCTaHe MUTaHHA PO 1X HOBE MOJAJIbIIE BUKOPUCTaHHA. KpiM TOro, BUCIIOBIICHO MPHITYIIEHHS, 10
yepe3 HAasBHICTh IMEBHOI KUIBKOCTI IHTEpHAaTHHX 00’ €KTiB 30yJ0BaHMX Ha OCHOBI TaK 3BaHHUX
TUTIOBHUX MPOEKTIB, MOXE iTH MOBa IPO CTBOPEHHS Ha iX OCHOBI «THIOBUX» PEKOMEHMAIH, SIKi,
MIEBHOIO MIPOIO, CIIPOCTSTH 1 3/ICHIEBIIATH MPOIEC MEePEOPIEHTAIII] 3aKIa/liB COMIaIBHOI OIMKH PO
nitel mo30aBiIeHNX OaTbKIBCHKOTO MIKIYBaHHS Ha GOpMAT CIMEHHOTO KOJICKTHBY.

OxpeciieHO 4YOTHpPU TpaHC(HOPMATUBHUX MPUHLMUIM, SKI JO3BOJIATH 3JIHCHUTH TMPOIIEC
nepeoOIagHaHHs CTapUX MOJIEPHICTCHKUX 00’ €KTIB, MEPEBAKHO 3BEIICHUX Y PAASHCHKUI Mepion,
3TiAHO 3acajl ACIHCTUTYIIali3aliifHOi cTpaTerii, ska NpuilHiATa B YKpaiHi 3a OCHOBY J€pXaBHOI
IporpaMy TPaKTyBaHHS JITeH, 110 MOTpeOYyITh CoLiadbHOI OmiKKM. BOHM 0XOIUIIOITH cO0010
KOMILUIEKC c¢ep, 30KpeMa TaKhX SK MO3UTHBHE KOHCTUTYIOBAHHS OCOOMCTOCTI IUTHUHH, i
edeKTUBHA coIliani3allis, cTajga eHeproeeKTHBHICTh TOIIIO.

KuarouoBi ciaoBa: jeiHcTUTYyHiamizallis, MmepeoOiajHaHHSA, TUIOBE IMPOEKTYBaHHS,
MOJIEPHICTCHKI 00’ €KTH, 3aKJIaJI1 CIMEITHOTO TUITY.

Crartsa Hagidnua o penakuii 7.11.2023
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Abstract. The article presents the systematization of crises events arising in the process of
functioning and development of the city as a complex system with a large number of different
components interacting in a dynamic manner. The city is analyzed as an object that consists of a
multitude of systems and subsystems, whose life interests on one hand foster development and on
the other, limit each other's growth. As they change under the pressure of external and internal
factors, these elements encounter limitations imposed by adjacent systems, leading to conflicts in
the life interests of the city's subsystems. In this case, the contradictions are necessary and
inevitable conditions for the development of any system, providing its mutability under changing
external conditions of existence. Practically, they act as the driving force of development,
prompting the system to alter its properties. City risks losing its ability to adapt and becoming
vulnerable to external influences and internal disturbances.

The study uses ideas taken from systems theory and synergetics, which allow for conclusions
that the city as a system demonstrates a classic case of the "Law of Unity and Conflict of
Opposites”, where there is a constant balancing between the need to maximize self-preservation and
survive in a changing world. On the other hand — the aspiration for changes, sometimes leading to
crisis. These systemic contradictions can be resolved by sophisticated regulation or can be
exacerbated by wrong decisions. This approach offers new horizons for urban planning, where
every step should be deliberate and aimed at providing sustainable development, consolidation of
the social structure and a higher quality of life for citizens. With this perspective, city governments
can transform potential crises into opportunities for the development and modernization of urban
environments.

Keywords: architecture, city, crisis, bifurcations, system.

Introduction. The study of crises as factors determining future scenarios and formats of the
city's existence provides an opportunity to create a new map of scientific notions and research
directions to guarantee its maximum “survivability". Consequently, when forecasting future
development, it is necessary to consider possible scenarios and those crises that it can overcome.

In addressing the issues of crises in relation to urban functioning and development, it is noted
that a crisis, in this aspect of its examination, signifies a change in the operational conditions of the
city system, resulting in a loss of stability.

The origins of crises are recognized as an indicator of the city system transitioning to a new
state through equilibrium disruption. Knowledge of the developmental trends of a crisis and the
conditions where they evolve allows for the anticipation of the final result — either the city attaining
a new state of equilibrium or moving towards a potential catastrophe.

A crisis as a "loss of stability" provides examples of how unpredictability sometimes triggers
a cascade of large-scale events. For instance, the immediate cause of the Sepoy Mutiny of 1857-
1859 "was the use of new rifles with cartridges in "cartouches", which soldiers had to bite off while

Modern construction and architecture, 2023, no. 6, page 17-25

17



18

ARCHITECTURE

loading. These cartridges were greased with beef or pork fat, offending both Hindus, who revere
cows as sacred, and Muslims, who are prohibited from consuming pork. This rebellion led to a
prolonged bloody war, resulting in the dissolution of the East India Company's rule and the
establishment of the British Indian Empire™ [1].

A crisis is a period when something in the system changes. As internal disequilibrium
intensifies, the system approaches a bifurcation point, where its evolutionary path diverges. At this
juncture, the system becomes highly sensitive to external and internal forces. The choice of one or
another path at the bifurcation point depends on the factor of chance. The development of such
systems is fundamentally unpredictable.

Arnold Toynbee, for example, identified two bifurcation points in the development of the
Hellenic world and analyzed in detail two possible scenarios for the development of events in the
era of Alexander the Great. The first scenario envisages Alexander living in old age and creating a
world empire from Rome to China. The second involves the unsuccessful assassination attempt on
Philip Il, Alexander's father, in 336 BC, leading to Alexander's death. Concurrently, an attempt to
poison the Persian king Artaxerxes fails, resulting in the rivalry and collaboration between the
Hellenic and Persian states becoming the main drivers of the 4th century BC [2].

Analysis of research and publications. In terms of analyzing publications on the research
topic, the following points can be noted:

Authors V. Rao and D. Dogruer examines methods and strategies of design and planning that
enhance cities more resilient to extreme events and crises [3].

The work "Crises Spaces. Structures, Struggles and Solidarity in Southern Europe" directed
by Costis Hadjimichalis is of interest for presenting scientific insights on how urban architecture
and space respond to various crises, including social and economic ones [4].

"Urban Disaster Management and Resilience™ by S. Nazif [5], "Urban Resilience: A
Transformative Approach” directed by Yoshiki Yamagata and Hiroshi Maruyama [6], "How can a
municipal government continue operations during megadisasters? An analysis of preparedness
using complex adaptive systems™ by M. Haraguchi [7] presents theoretical frameworks for the
recovery of cities post-crises and disasters with an emphasis on architecture and urban planning.

The work "New Urbanism: Past, Present and Future™ by Ajay Garde examines how urban
planning and architecture can adapt and respond to various types of crises, including pandemics and
climate change [8].

The work "Urban Policy in Times of Crisis: The Policy Capacity of European Cities and the
Role of Multi-Level Governance" edited by R. Cucca and C. Ranci explores the role of urban and
regional planning in crisis management, such as natural disasters and economic crises [9].

It is important to highlight in this context the book "Architecture and Resilience: From Theory
to Practice” by Michelle Laboy and David Fannon, which investigates how architectural design can
contribute to the resilience of cities in the face of crises and disasters [10].

Purpose of the study: Identification and systematization of crises inherent to the operational
and developmental processes of the city as a dynamic system.

Research Methods. The systematic approach in the study of crises in the functioning and
development of urban architecture entails considering the city as a complex dynamic system
composed of diverse components and the interconnections between them. This approach facilitates
the creation of models and scenarios to predict the outcomes of various decisions and changes
within this system [11].

Interdisciplinary approach. The study of crises affecting urban architectural development
necessitates interdisciplinary collaboration among architects, engineers, environmentalists,
economists, sociologists, and other specialists to fully comprehend the system and its challenges.
This collaboration, in turn, will enable the development of strategies for managing changes within
the system, taking into account the consequences of crises and potential risks of the city system
losing its stable state.

The study also uses methods of synergetic, as a science studying complex systems and their
evolution. This method is used in analyzing the development of the city and the bifurcation points
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in its evolution in the context of crises. Synergetic helps in understanding how urban systems self-
organize, adapt to changing conditions and how the city responds to various challenges. It allows us
to identify the moments when the city system is on the brink of a state change, which may lead to
new developmental trajectories [12].

Results of the study. Based on content analysis of publications available in the most
widespread scientometric databases, a described and systematized hierarchical sequence of global
crises has been compiled, which includes:

Demographic crisis. The population size does not correspond to the capacity of the occupied
territory to provide the residents with the necessary resources for life. A prominent instance of
demographic crisis is the Great Migration, which resulted in the capture and plundering of Rome by
the Visigoths under King Alaric in 410 AD and the emergence of new states on the European
continent during the medieval period.

Among modern architectural and urban planning examples, we can cite the works of P. Soleri,
who sees the way out in the creation of buildings, collectively termed "arcology”. The principle
consists of the most efficient use of the earth's surface and compact settlement of people inside the
building. In other words, if it is a problem for settlements to grow horizontally, the alternative is to
grow vertically. The literal embodiment of this principle is the projects of skyscrapers whose height
exceeds several kilometres. Such structures have been termed hyper-structures [13].

Agrarian crisis — relates to the inability to feed the population of a territory through existing
agricultural resources. The main causes of this crisis can be excessively rapid population growth,
crop failures, cold weather, or unsuccessful government policy. Throughout human history, hunger
has been a threat to the existence and well-being not only of cities but also of entire countries.

It is known that in the 4th century BC, the Greek architect Deinocrates proposed to Alexander
to make a statue of the king out of Mount Athos. On one hand, it would hold a city, and on the other
— a cup, which was to collect water from mountain springs and pour it into the sea. Alexander liked
the architect's proposal, but he declined to implement it, asking how Deinocrates intended to feed
the ten thousand people who were supposed to live in this city.

A potential solution at the current stage of architectural development is the vertical farm. This
concept promises the renewal of cities, sustainable production of safe and varied food (year-round
production of agricultural crops), and ultimately the restoration of ecosystems that have been
sacrificed for terrestrial agriculture.

Ecological crisis. Human economic activity has so altered the environment that these changes
become a threat to the existence of humanity itself. An ecological crisis can also occur as a result of
climate change and a series of natural disasters.

By the present time, several priority ecological directions have been identified and actively
developed by scientists around the world: waste-free, non-destructive production technologies;
complete utilization of all life-sustaining waste; use of renewable sources of raw materials and
energy; transition from extensive to intensive development. In architecture, these directions have
formed into the following concepts: bioclimatic architecture, intelligent or smart building, smart
home system, high-tech building, healthy building, ecological, life-supporting building, and so on
[14].

Energy and raw material crisis — solving the issue of cheap clean energy and raw materials is
key to resolving most other crises. Currently, there are dozens of ghost towns on the planet, created
near sources of raw materials and abandoned when these reservoirs were developed [15, 16].

The most famous is Hashima Island in Japan, located in the Sea of Japan, which became
famous due to a crisis associated with its history and use during Japan's industrial development. The
island was known for its underwater coal mines and residential apartment buildings. From 1887 to
1974, coal mines operated on the island. With the advent of cheaper and more efficient energy
sources, and as the coal industry became obsolete, the mines on the island were closed. This led to a
crisis, as workers were left unemployed and the island became deserted. Now it has become a
popular subject of study and a tourist destination and its history has begun to be researched and
documented. In 2015, Hashima Island was included in the UNESCO World Heritage List as part of
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"Japan's Industrial Revolution's Golden Age".

A modern example of solving the energy crisis could be alternative energy in architecture.
The energy of the sun, wind, water, earth, and biomass is already a real and affordable alternative to
traditional fuel energy today. The main directions of building energy efficiency have become the
principles of energy passivity and energy activity. The idea of energy-active and energy-passive
buildings is the result of searching for the most economical means of energy supply for construction
objects and implies achieving this goal thanks to the possibility of energy production directly at the
site, promising the prospect of a complete refusal to set up expensive and unreliable in operation
external engineering networks.

Economic crisis. This crisis is based on the changing nature of internal and external economic
relations caused by the information and technological revolutions. As a result of the changes, many
cities, oriented in the process of globalization of industries to produce a narrow range of products
are losing sustainability and attractiveness for the most active and productive members of society to
live in them.

A prominent example of the economic crisis impact on a metropolis is the city of Detroit, the
former automotive capital of the world. After the withdrawal of many automotive productions from
the USA to third-world countries, the central part of the city turned into a ghetto. The narrow
specialization of cities on a certain type of product put them in an extremely dependent on external
economic conditions position. Consequently, shifts in demand and alterations in external economic
circumstances lead to the appearance of "ghost towns", settlements from which residents have left,
having lost their main sources of income due to changes in the world market situation.

Cultural crisis. It is characterized by the deviation of most of the culture's components from
their stable state. The cultural crisis was the cause of the destruction not only of individual cities but
even entire civilizations such as ancient Babylon. In the Book of Prophet Jeremiah, ch. 51, v. 6
about Babylon is written as follows: "Flee from the midst of Babylon and save every man his soul;
lest you perish in her iniquity, for this is the time of the Lord's vengeance, He is rendering her a
recompense. Babylon was a golden cup in the Lord's hand that made all the earth drunk; the nations
drank her wine; therefore, the nations are mad".

Social crisis. The problem of the disintegration of social connections within society, the loss
of intra-group connections by many social groups becomes a problem that does not allow
effectively solving the tasks of urban ecology. An interesting example of the power of social crisis
impact on the state is ancient Sparta. For centuries, Spartan society was built as an aristocratic
militarized state based on the oppression of the indigenous population — helots. Thanks to the
discipline and excellent combat qualities of Spartan troops, Lacedaemon played a leading role in the
politics of ancient Greece for a long time, but the static nature and unwillingness to change created
social relations did not allow the Spartans to adapt to the changed external conditions.

Crises can also be systematized and analyzed according to the following characteristics:

Cause of occurrence. Natural crises are those caused by changes in the functioning of the
environment that are not dependent on human actions. An example of this would be cities
abandoned by inhabitants due to changes in river beds. For instance, Kanka — the first capital of the
Tashkent oasis, was one of the largest urban centres in Uzbekistan during the antiquity and
medieval periods, existing from the 3rd century BC to the 13th century AD [17].

Civilizational crisis. Such crises result from human activity. In Ancient Hellas, only a small
part of the land was suitable for cultivation and crops. In order to get new territories for farming and
orchards, forests covering the mountain slopes were cut down, and sheep and goats, which had long
been bred by the Greeks, ate and trampled young tree shoots. By disturbing the natural balance, the
Greeks faced droughts and famine.

Nature of manifestation. Predictable crises are those that occur as the next stage of system
development, which can be forecasted and are caused by known reasons. Today, the imminent
predictable crisis is the freshwater crisis. According to the UN, more than 1.2 billion people already
live in conditions of constant freshwater shortage, and about 2 billion suffer from it regularly (in the
dry season, etc.). According to FAO forecasts, by the middle of the third decade of the XXI century,
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the number of people living under permanent water scarcity will exceed 4 billion people [18].

An example of an urban freshwater crisis is the crisis in Cape Town, South Africa that
occurred in 2017-2018. This crisis became known as the "Day Zero" or the "Day Zero Crisis".

Time factor. Long-term crisis. A crisis whose progression through the system extends over a
significant period. A long-term crisis in a city can occur due to various factors, such as political,
economic, social, or ecological. An example of such a crisis is the crisis in Detroit, Michigan, USA.

The crisis of re-generation occurs when a city or district faces difficulties in attracting new
residents and businesses, maintaining jobs and improving the lives of residents.

An example of such a crisis can be seen in the South Bronx area in New York, USA. In the
1970s and 1980s, the South Bronx faced various problems. Housing and infrastructure
deterioration: many buildings were in disrepair, and the infrastructure required renewal; High levels
of crime: the area was one of the most criminal in the USA, creating a negative image and deterring
potential residents and investors; High unemployment: reductions in production and economic
transformation led to job losses, affecting the economic well-being of the area.

A short-term crisis. A short-term crisis in a city can arise due to sudden events or emergencies
that quickly threaten normal life and the functioning of the city. An example of such a recent crisis
is the Morandi Bridge disaster in Genoa, Italy. In August 2018, the Morandi Bridge collapsed,
causing a short-term crisis. The bridge was a vital transport artery and collapsing halted traffic,
which hindered movement and further increased fear and anxiety among citizens. This example
demonstrates how short-term crises can arise suddenly and require immediate action by authorities
and emergency services to minimize damage and restore normal city life.

The character of the crisis development allows for forecasting the vector of its possible
development and the consequences of its progress setting the relevance of the study. Crisis of birth;
Crisis of avalanche growth; Turnaround crisis; Transformation crisis; Regression crisis; Rupture
crisis; Merger crisis; Crisis of accumulating errors; Degradation crisis; Resource exhaustion crisis;
Destruction crisis [19].

The birth crisis — the appearance of a new system. The establishment of world religions,
revolutions, the appearance of global styles in architecture and art can all be considered as crises of
birth, with processes in emerging systems possessing an extremely high potential leading to global
changes.

An example of a "birth crisis” in urban architecture is the city of Astana, which was renamed
to Nur-Sultan in 2019, the capital of Kazakhstan. This city started life as a new capital from scratch,
and architects and urban planners began designing and constructing new buildings and
infrastructure. The architectural style of Astana includes many modern and unique buildings, such
as Bayterek, the Palace of Peace and Reconciliation, Astana Towers, and others. However, these
architectural innovations have caused much controversy and debate among residents and architects.
Some argue that the city's architectural style is too different from the historical architecture of other
Kazakh cities.

An avalanche growth crisis is the occurrence of a chain reaction of system multiplication
leading to widespread distribution of the system, in some cases more than the environment can
sustain, and such an outburst can end tragically. The consequences of the planet's population growth
and, correspondingly, the growth of urban populations over the last hundred years represent a clear
example of this crisis.

A turnaround crisis. A turnaround crisis occurs when a system, although it does not change
much or at all, begins to develop along a different trajectory. For social systems and individuals,
this could be a process of change or disruption that alters goals, value systems, tools, etc.

An example of a "turnaround crisis” in urban development is the city of Barcelona, Spain,
from the middle of the 20th century to the beginning of the 21st century. In the 1980s and 1990s,
Barcelona faced a number of serious problems such as:

Infrastructure overage from the Olympic Games: after the 1992 Olympic Games in Barcelona,
the city was left with an excess of infrastructure that needed readaptation and further use; Urban
neglect: in some areas of the city, there were many illegal constructions and urban chaos;
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Population dissatisfaction: the city's population was dissatisfied with the uncontrolled growth of
tourism, the loss of traditional culture, and other socio-cultural aspects.

However, this crisis helped Barcelona overcome these problems and become one of the
vibrant examples of sustainable and innovative urban development while preserving its unique
cultural and architectural identity [20].

A regression crisis. A regression crisis occurs when a system that has been moving along a
certain trajectory as if rolls back, losing what was "conquered”. An interesting example of
"regression™ is the "Khrushchev Thaw". This period was characterized by the condemnation of
Stalin's personality cult, the repressions of the 1930s, the liberalization of the regime, the release of
political prisoners, the dissolution of the GULAG, the weakening of totalitarian power, the
emergence of some freedom of speech, relative democratization of political and public life,
openness to the Western world and more creative activity freedom [21].

A breakup crisis. A breakup crisis occurs when having reached a bifurcation point the system
splits into two or more parts, each continuing their development along different trajectories.
Moreover, such breaks in the system's development can occur repeatedly. An example is the
division of the Roman Empire — an event that took place in 395 AD, after the death of the ancient
Roman emperor Theodosius |, resulting in the division of the empire into Western and Eastern
parts, each with its own emperor. Flavius Arcadius, Theodosius' elder son, became the governor of
the Eastern Roman Empire, while his younger son Honorius became the governor of the West. The
capital of the Eastern Empire became Constantinople, while the Western emperor resided initially in
Mediolanum, later mostly in Ravenna, and only rarely in Rome.

Also, as an example of a "rupture crisis" could be Paris and the construction of high-rise
skyscrapers in the La Défense district. In the second half of the 20th century, construction of
skyscrapers began in La Défense, located in the west of Paris. These tall glass and metal structures
contrasted with traditional Parisian architecture, causing debates and disagreements among
Parisians and architects about preserving the historical appearance of the city and the influence of
new skyscrapers on the city's aesthetics. Some believed that the skyscrapers could disrupt the
harmony of Paris and detract from its cultural and historical values.

A breakup crisis in urban architecture can lead to a need for balance between modern
development and the preservation of historical value. In the case of Paris, the discussion and
development of strict architectural norms and rules for construction in the city's most meaningful
districts were among the ways to address this breakup crisis.

A merging crisis. A merging crisis occurs when two independently evolving systems merge
and continue to develop along a unified trajectory. The merging of nonlinear systems can often
create over-summary effects that can be either beneficial or sometimes harmful to the system. An
example is the merging of metropolises when two or more large cities combine, which can lead to
coordination issues in urban planning, transportation infrastructure, and housing policy. The
merging of New York and Brooklyn in 1898, for instance, led to difficulties in providing adequate
infrastructure for the new metropolis. The merging of cities can also create problems with
maintaining transportation infrastructure, as happened with the consolidation of Berlin in 2001.
Issues with transportation, road traffic, and public transportation can create a crisis in ensuring the
mobility of residents and so on.

These examples demonstrate that a merger crisis in urban architecture can be caused by
various factors, and solving these problems requires a comprehensive approach to planning,
management, and ensuring the sustainable development of cities.

An error accumulation crisis. An error accumulation crisis occurs when the harmful effects
created by the system itself or acting upon it from outside accumulate to a level where attempts at
self-regulation by the system and the number of errors come into resonance making it impossible
for the system to adapt to the negative impacts being inflicted. An example is the Pruitt-Igoe
residential district. The emigration from the area of the most financially capable population leads to
a crisis of non-payment, which leads to the degradation of buildings and technological disasters,
degradation leads to habitation of houses by a marginal population, and marginalization of the

Modern construction and architecture, 2023, no. 6, page 17-25



ARCHITECTURE

population leads to an increasing crime rate. As the result, thirty-three 11-story residential buildings
were demolished 20 years after their construction.

A degradation crisis. A degradation crisis is one in which the system partially collapses,
simplifies, loses functions, efficiency, etc. An example is the city of Brasilia, designed by architects
Lucio Costa and Oscar Niemeyer. The architects intended the city to become a model of social
justice, which was not achieved. Instead, Brasilia became a "city of bureaucrats™ and does not
perform any significant economic functions, owing its prosperity exclusively to its capital status.
This status leads to the fact that a huge number of internal migrants from other regions of the
country arrive in Brasilia, who, unable to buy quality housing in the city itself, form a suburban belt
around the capital with a very different quality of life and living conditions.

A resource exhaustion crisis. A resource exhaustion crisis occurs when resources needed for
development are depleted or disappear altogether for various reasons. An example is the new Hebi.
The economy of Hebi, a large city in Henan province, survives on coal mining. More than 20 years
ago, the government decided to develop new minefields 40 kilometres from the historical part of the
city — in the Qibin area. This is how appeared "New Hebi", a zone covering several hundred square
kilometres, which has not been developed in 20 years.

Conclusions. The article examines the processes of architectural development as a system in
the context of mutations under the influence of crises. It has become an axiom today that no crisis
exists in isolation, and each of its manifestations, to some extent, affects many aspects of human
life. Attempts to systematize existing representations of global crises are practically being made in
all paradigms by thousands of scientists, and each tries to adapt the data they have to their own
circle of knowledge and conceptions, based on personal competence.

As architects, we must primarily take a systematic approach to the study of this problem.
Examining the city as a dynamic system that adapts and evolves under the influence of various
factors is one of the key factors. Each mutation caused by a crisis can have a profound impact on
the development of urban architecture. This system evolves and changes under the influence of
various factors, including crises.

To successfully implement concepts for the transition of architecture to a new level of
existence and development, one should have an understanding of the factors that will shape the
vectors of future development of the city and architecture. It is important to note that crises can also
stimulate innovative approaches and changes, contributing to the development of new solutions in
the sustainable development of urban architecture, for example:

Crises can cause changes in societal needs. For instance, the COVID-19 pandemic forced
many cities to adapt architectural solutions to ensure safety and social distancing. This may include
the creation of open spaces for recreation, expansion of pedestrian zones, and improvement of
public transportation systems.

Crises can promote innovation in architecture and construction. For example, energy crises
can stimulate the development of more efficient and sustainable buildings that use renewable
energy sources.

Crises such as floods, earthquakes, and hurricanes may require the creation of architectural
solutions to protect cities and buildings. This may involve the construction of disaster-resilient
buildings and infrastructure.

Crises can emphasize the importance of community participation in urban planning and
architectural design processes. Citizens and local communities can play an active role in setting
priorities and creating sustainable and functional cities.
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AHOTanig. Y cCTaTTi NpeACTaBIEHO Ta PO3TOPHYTO BHUCBITIIOETHCS CHCTEMATH3AIIIO
KPU30BUX MO/, 1110 BAHUKAIOTH y TIpoleci (YHKI[IOHYBAaHHS Ta PO3BUTKY MIiCTa 1HTEPIPETOBAHOTO
SK CKJIQIHOI CHCTEMH, 3 BEJIMKOI KUIBKICTIO PI3HOMAHITHMX KOMIIOHEHTIB, IO B3a€EMOJIIOTH Y
OUHAMIYHOMY pUTMi. MICTO pO3IIISIHYTO SIK 00'€KT, 110 CKIAAAa€Thes 3 0€37114i CUCTEM 1 MiJCUCTEM,
KHUTTEBI IHTEPECH SIKUX, 3 OJHOTO OOKY, PO3BHBAIOTH, & 3 1HIIOTO — OOMEXYIOTh PO3BHUTOK OJHMH
OJTHOTO. 3MIHIOIOUHUCH MiJl TUCKOM 30BHIIIHIX 1 BHYTPILIHIX YMHHHKIB, I1i €IEMEHTH CTUKAIOTHCS 3
OOMEKEHHSIMH, 110 HAKJIAJAI0ThCSI CYMDKHIUMH cHcTeMaMHd. [Ipu oMy BUHHKAIOTH CYNEpEeYHOCTI
KUTTEBHUX 1HTEPECIB MiJICUCTEM MicTa. SIKIIO B pe3ynbTaTi TaKUX CKIAIHUX JUHAMIYHUX MPOIECIB
HE BCTaHOBJIOIOTHCSI HOBI MEXI KOMITPOMICIB, CHCTeMa MICTa NEpeXOoAWTh Yy cTaH Kpusu. llpum
[[bOMY CaMi CYNEpPEYHOCTI € HEOOXITHUMH 1 HEMUHYYUMHU YMOBaMHU PO3BUTKY OyIb—SIKOI CUCTEMH,
3a0e3neuyroun ii MyTaOeNnbHICTh NMpH 3MiHI 30BHINIHIX yMOB icHyBaHHS. (DakTWYHO BOHHU 1 €
JIBUTYHOM PO3BHUTKY, 3MYIIYIOUM CHCTEMY 3MIHIOBATH CBOI BJIACTMBOCTI. be3 KOHQIIKTIB i1
KOMITPOMICIB MICTO PU3HMKY€E BTPATUTH 3JaTHICThH JO ajanTallii, CTaloud BPa3JIMBUM O 30BHIIIHIX
BIUIMBIB Ta BHYTPILIHIX 30ypEHb.

VY nocnipkeHHI BUKOPHCTOBYIOTBCSI YSIBJICHHSI, B3SITI 3 TEOpii CHUCTEM 1 CHHEPreTHKH, SKI
Jal0Th MOJJIMBICTH 3pOOMTH TAMOIII BHCHOBKM MHpPO T€, L0 MICTO SIK CHCTEMa JIEMOHCTPYE
KJIACHYHUW BWIIAJIOK BTUIEHHA "3aKOHY TIPO €AHICTH 1 OOpOoTHOy MpOTHIIEKHOCTEH", e
BiIOyBa€eThCsl MOCTiMiHE OanaHCyBaHHS MK MOTPeOOI0 MaKCUMallbHO cebe 30epertu Ta BYKUTH Y
MIHJIMBOMY CBIiTi. 3 1HIIOTO OOKYy — HIparHEHHSAM 10 3MiH, L0 MOJAEKYAU BEAYTh N0 KpHU3H.
3a3HayeHl CUCTEMHI CyNEepeuHOCTI MOXKYTh OYTH YCYHEHI MPOAYMAaHUM PEryJIOBaHHAM, & MOXYTb
OyTH TOCHIIEH] Yepe3 HeMpaBWIBHO yXBaJieH1 pimenHs. L{eit miaxix BiikpuBae HOBI TOPU3OHTH IS
MICBKOTO TJIaHYBaHHA, J€ KOXXeH KpOK MOBMHEH OyTH OOMIpPKOBaHHUM 1 CHpPSIMOBaHMM Ha
3a0e3neueHHs CTaJIOr0 PO3BUTKY, 3MIITHEHHS COLIANBHOT CTPYKTYPH Ta MiABUIIEHHS SKOCTi MKHUTTS
TOpOAsiH. 3 TaKOI NEPCHEKTHBOIO KEPIBHUIITBO MiCTa MOXKe TpaHC(HOPMYBATH MOTEHLINHHI KPU3HU B
MOJKJIMBOCTI JUISI PO3BUTKY Ta BIOCKOHAJIEHHS MICHKOTO MTPOCTOPY.

KurouoBi cioBa: apxitekrypa, MicTo, KpH3a, 0ipypkarliii, cucrema.
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Abstract. According to the results of generalisation; quantitative, qualitative and comparative
analysis of the reconstruction of residential buildings, trends and prospects for the reconstruction
and modernisation of multi-story residential buildings are determined, considering the principles of
sustainable development.

The problems, trends and prospects of the reconstruction of multi-story buildings were
determined, which made it possible to find optimal ways of modernising residential buildings,
considering controversial issues, opportunities and goals of sustainable development. The
controversial issue is to find a balance between real opportunities, current and planned projects and
ways of implementation, considering economic opportunities, legislation and controversial issues
between Condominium and co-owners of multi-apartment buildings.

The problems are highlighted and ways to solve the improvement of projects for the
modernisation of multi-story buildings are found. Possibilities and options for cost-effective
modernisation of multi-story buildings are taken into account. The interests of all stakeholders were
taken into account and ways to overcome misunderstandings were found.

When all issues are resolved, not only the interests of the project executor, the Condominium, co-
owners of multi-apartment building, organisations and funds which financing the project, as well as the
capabilities of the state and current legislative and regulatory acts regulating the financing and
implementation of the project of modernisation of multi-story buildings are taken into account. Much
attention is allocated to the goals of sustainable development of cities and communities. After all, when
modernising multi-story buildings, it is necessary to focus not only on the needs of the present, but also
to considering the needs of future generations and focus on effective, economically profitable prospects
of the present and the distant future, taking into account the need for a healthy environment. Thanks to
the amendments to the legislation, it became possible to improve the energy efficiency of buildings and
reach a higher quality level in the modernisation of multi-story buildings.

Keywords: sustainable development, modernisation, reconstruction, multi-apartment
buildings, multi-story buildings, residential construction, residential buildings.

Introduction. When examining the trends and prospects for the reconstruction of multi-story
residential buildings based on the principles of sustainable development [1], it is essential to pay
close attention not only to project implementation methods but also to opportunities, methods, and
existing legislation [2, 3]. Consideration must be given to the goals of sustainable urban and
community development, drawing from the outcome document of the United Nations General
Assembly Summit [4]. It is crucial to recognise that existing financing programs do not always
align with the needs, especially when it comes to comprehensive modernisation. Given that the
burden of financing, in whole or in part, falls upon co-owners of multi-story buildings, represented
by the Association of Co-Owners of Multi-Apartment Buildings (Condominium) as a non-profit
organisation [5], the issue of disagreements among project participants arises. This problem also needs
to be resolved, as the presence of such disagreements makes it impossible to implement programs and
projects for the modernisation of multi-apartment residential buildings. When planning residential
construction modernisation and searching for funding, many factors related to the process need to be
taken into account: the project's relevance to the specific construction, the percentage and
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proportionality of financing, the willingness of co-owners of multi-story buildings to participate in the
project, and the state's ability to participate in the process. The lack of standardised projects, which do
not cater to the individual needs of the building, is a significant problem. Sustainable development
principles are often disregarded, as nearly all projects are oriented toward partial, rather than complete,
modernisation, which also increases the project cost with the perspective of full modernisation. The
need for co-financing by co-owners of multi-apartment buildings complicates the swift approval of
work plans and sometimes renders project execution impossible.

When modernising a multi-story building, it is prudent to consider all factors and implement a
reconstruction project, taking into account not only the comprehensive needs of today but also
finding a balance between the current needs of humanity and the ability to meet the needs of future
generations. Grounded in sustainable development principles, it is essential to focus on the need for
a safe and healthy environment. Therefore, when planning project implementation, attention should
be directed not only to economically advantageous materials and resources but also to ecological
products and materials and systems that preserve the environment.

Analysis of Recent Research and Publications. The topic of modernising multi-story buildings
and sustainable urban and community development has been under investigation for many years, both
in a general sense and through specific case studies in various countries. V. Stankevicius together with
other researchers, paid attention to the modernisation prospects of buildings in Lithuania and sheds
light on the practical significance of modernising Soviet-era structures characterised by low insulation
standards and requiring substantial energy consumption [6]. M. Piekarski with colleagues, in their
article on the transformation of socialist realist housing architecture into a contemporary sustainable
living environment, thoroughly examine the challenges of multi-apartment building construction from
the 1950s and suggest potential directions for modernisation in alignment with contemporary housing
requirements derived from the theory of sustainable development [7].

The results of research into the regeneration of social housing in old structures that no longer
meet modern needs from social, political, economic, and sustainability perspectives are documented
in a report on the regeneration of large micro-districts of social housing [8]. The European Union,
emphasising that research into housing modernisation is not solely the domain of individual
researchers but is also commissioned by governmental organisations, financed this work. The study
delves into the issues of social housing in old structures in cities like Paris, Brussels and Milan. The
research is particularly intriguing given that the old multi-story housing in Ukraine can also be
categorised as social housing, as it is challenging to label it as adhering to social, political,
economic, and sustainable development goals.

In the 2022 report of the United Nations Human Settlements Programme (UN-Habitat), the
issue of urban planning for sustainable and inclusive development is highlighted [9].

Numerous authors, particularly in the context of post-Soviet countries, have extensively
examined modernisation of old buildings. R. Sendi and B. Kerbler study the residential complexes
built after the Second World War in the countries of Eastern Europe and point out the need for the
urgent implementation of an appropriate regeneration policy in order to create more attractive living
conditions and prevent the potential degradation of neighbourhoods with such buildings [10]. The
need to modernise the mass housing development of Soviet times is also noted by other researchers,
who use the example of the city of Almaty (Kazakhstan) to demonstrate an approach to
reconstruction [11]. Conditions and factors contributing to negative consequences of thermal
modernisation in urban buildings are also. Specifically addressing the factors affecting the
deterioration of the functioning of structures when partial modernisation is implemented [12].

The United Nations Development Programme guided by the principles of sustainable
development and with the support of various funds and governmental institutions, is involved in
projects aimed at the modernisation of multi-apartment residential buildings. An example of such a
project can be found in the modernisation initiative in cities in Kazakhstan [13].

Ongoing research is essential, but over time, it may become less relevant due to the evolving
nature of sustainable development goals, which tend to change along with shifting priorities and
modernisation trends. The prospects for modernising multi-story buildings are also evolving with
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the introduction of new inventions, materials, changes in legislation, and the availability of various
programs and funds. Forums like the "Innovation and Modernisation of the Energy System in
Central Asia," supported by global organisations, foster collaboration, innovation discussions, and
lay the foundation for educating the next generation of energy experts while strengthening
evidence-based policies [14]. This is vital because innovations in the energy system are a key
component of modernising multi-story buildings and ensuring a safe and healthy environment.

Objective and Tasks. The objective of this study is to identify the optimal solution for the
modernisation of multi-story residential buildings based on the principles of sustainable
development. This includes taking into consideration the realities of existing and prospective
projects, individual needs during the modernisation of residential structures, and aligning these with
the financial, technical, legal, and regulatory aspects that are integral to the successful
implementation of the project.

The set task was accomplished through the following steps:

Analysis of Modernisation Projects: Conducting an in-depth analysis of modernisation
projects for multi-story buildings in Ukraine and other countries worldwide.

Analysis of Organisations and Funds: Investigating organisations and funds engaged in
financing reconstruction projects.

Requirements and Stakeholder Analysis: Examining the requirements and parties involved in
the modernisation process.

Legal Framework and Financing Options: Analysing and considering the legal framework and
alternative financing options, which may include funding through Condominium or co-financing
with property owners, while also addressing any contentious issues.

By undertaking these tasks, the study aimed to provide a comprehensive solution for the
modernisation of multi-story residential buildings, adhering to sustainable development principles
and addressing the multifaceted aspects of the modernisation process.

Materials and Research Methodology. Data for analysis were compiled through the search
for existing projects related to the modernisation of multi-story residential buildings, both in
progress and completed, within Ukraine and other countries. Furthermore, the study investigated the
interest of co-owners of multi-apartment buildings and their potential participation in modernisation
programs and projects. The results of this amalgamation yielded insights into the viability of
organising and executing a reconstruction project under existing technical, financial, economic, and
legislative conditions.

The research encompassed the following elements. Legislative Foundation: A thorough
examination of the legislative framework, national building regulations, and the most recently
adopted resolutions of the United Nations General Assembly, particularly those concerning the
transformation of our world by 2030 for Sustainable Development, and reports on the regeneration
of social housing micro-districts [2, 4, 8, 15]. The aforementioned documents, projects, and
analytical instruments were scrutinised to address questions concerning the necessity of co-
financing the modernisation by co-owners of multi-apartment buildings or Condominium, state
involvement, and alignment with the objectives of sustainable urban and community development
during project implementation.

The research methodology involved. Objective Alignment Assessment: Evaluating the
congruence of predetermined objectives with real-world feasibility.

This approach aimed to provide a comprehensive understanding of research goals, financial
considerations, legislative aspects, and their alignment with the principles of sustainable
development within the context of modernising multi-story residential buildings.

Research Findings. The success of a multi-story residential building modernisation project is
contingent on various stakeholders, making balanced management and equitable engagement a
critical factor. The following key points emerged from the research:

1. Balanced Project Management. The management of the project must be executed in a
balanced manner, with equal levels of responsibility and attention afforded to each stakeholder.

2. Sequential Project Management Methods. Project management methods should be
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consistently applied to all activities throughout the entire project lifecycle.

3. Harmonised Coordination. All aspects of project management need to be coordinated and
balanced to ensure the effectiveness of all project elements (components) during its development,
planning, monitoring, and implementation stages.

4. Collaborative Approach. Project management should be collaborative, with the
participation of all stakeholders in the identification, development, planning, implementation, and
monitoring of the project. This approach ensures transparency and alignment, improves quality,
strengthens human resources, and provides guarantees for project realisation at all levels.

5. Ongoing Review and Reassessment. The management processes of reviewing and
reassessing are essential throughout the project's lifecycle to ensure that the development process,
implementation plans, and expected outcomes remain relevant and significant for the present and
the future. This practice enhances the accuracy of project design and planning for subsequent
phases.

The project lifecycle for modernisation can be divided into three phases.

Pre-Investment Phase (Phase 1). This phase involves determining investment opportunities.
During this phase, alternative options are analysed, and the preliminary project selection is made.
This includes technical and economic justification, the decision to invest, and deriving conclusions
from the project.

Investment Phase (Phase 2). In this phase, detailed project planning and contract negotiation
take place. Organisational, financial, and legal foundations are established. Marketing activities are
conducted, personnel are recruited and trained if necessary. The actual construction work is
performed, and the project is handed over for operation.

Operational Phase (Phase 3). The operational phase is examined from both short-term and
long-term perspectives. In the short term, possible issues related to each stage of work execution are
studied. In the long term, the chosen strategy and the cumulative costs of project implementation
are assessed. The results are evaluated in terms of benefits, including social, economic, financial,
political, environmental, and other aspects.

Each stage involves specific actions, which are presented in Table 1.

Table 1 — Summary of Project Lifecycle Phases

Phase 1 Phase 2 Phase 3
Research: Development of project cost Construction and installation
— Studying forecasts estimates or approval of the work:
— Developing a program or developed program: — Modernisation work
searching for an existing one — Project planning — Completion of the
— Aligning the concept — Preparation of modernisation  construction phase of the
work project
— Contract negotiation — Handover of the facility
— Preparatory work — Contract closure
— Analysis of results

The actions mentioned can be slightly altered depending on the organisational and financial
components. However, considering that the Condominium, as the representative of the multi-
apartment building co-owners, is the initiator, the client, or the party providing consent for the
project and is a non-profit organisation under Ukrainian law [5], the financing of modernisation is
carried out through the funds of financial institutions, non-profit organisations, funds, state funds,
and so on. Of course, the work can be funded through loans or by the co-owners, who may
participate in financing or co-financing with other organisations and funds. Given the above, there
is a need to obtain the consent of all co-owners of the multi-apartment building for modernisation.
As practice shows, if financing is covered by organisations, funds, the state, and other parties,
obtaining consent is relatively easy. However, if the project requires co-financing by owners,
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obtaining consent for the work becomes very difficult, as in many cases, the financial capabilities of
co-owners may not cover their participation in the project. There are situations when even with full
financing and the consent of the majority, some co-owners do not give consent or access to their
premises if necessary, due to circumstances or their unwillingness. This is where the biggest
challenge in project implementation arises. Today, typically, project financing for modernisation is
done with the participation of non-profit organisations, funds, and their partners, so the process
must adhere to transparency and compliance criteria. Since projects are usually financed by foreign
organisations, compliance, as a measure of procedures, rules, and control measures, does not always
align with the relevant requirements in accordance with current regulations and legislation, leading
to questions about bringing all necessary processes into compliance.

The problem also arises from the readiness of the Condominium and co-owners to adhere to
rules and procedures, as Condominium also bears significant responsibility for organising and
overseeing the modernisation process in which co-owners must actively participate.

Insufficient organisation, justification, supervision, and coordination of financing are also
problematic, which can lead to project underperformance or even its termination. This not only
jeopardises the achievement of sustainable development goals but can also harm the building's
operation and structure.

Statistics indicate cases where significant investments allocated to building reconstruction,
instead of improving conditions and operational characteristics; significantly deteriorate the
facility's function and structural integrity. These negative consequences usually result from
organisational and construction mistakes and involve a complex and prolonged process that can
worsen the environment, the condition of the structure, and the indoor microclimate. Work stoppage
can lead to the deterioration of the building's walls. Natural and climatic factors can cause material
decay, leading to the release of substances harmful to humans into the environment. As a result,
funds are effectively allocated to worsen operational conditions rather than providing a positive
effect.

The issue transcends from a purely construction problem to an administrative and civil issue.
It pertains to the long-term negative impact on the environment, posing a threat to the health of
residents of the reconstructed objects. This is why significant attention should be given to the
development and oversight of organisational and technological measures. This underscores the
crucial importance of adhering to one of the most essential functions, in addition to transparency
and compliance, that non-profit organisations follow, such as monitoring, evaluation, accountability
and learning (MEAL).

The issues of partial modernisation are addressed in an article discussing the negative
consequences of reconstruction [12]. One drawback is the universality of projects, which usually
cannot cater to the individual needs of each building. This problem was attempted to be resolved
and implemented within the framework of the program "Model Projects: Comprehensive Energy-
Efficient Modernisation of Multi-Apartment Buildings." This initiative, driven by the energy
efficiency in Ukraine agency (dena) and its partners, including Kompetenzzentrum GroB3siedlungen
e.V,, IWO e.V,, and the Competence Centre for Large Housing Estates, was launched at the request
of the Federal Ministry for Economic Affairs and Energy of Germany. The project's goal is to
develop effective and optimised solutions for comprehensive renovation, which is reflected in
organisational, technical, and financial plans [16].

At the initiative of the President of Ukraine, a program for energy modernisation has been
launched. As Prime Minister of Ukraine mentioned on the Government Portal [17], changes were
made to several laws of Ukraine to facilitate the introduction of comprehensive thermal
modernisation of buildings [2]. Additionally, the Government Portal reports the signing of a law to
establish the State Decarbonisation and Energy Efficiency Transformation Fund, which will serve as
a permanent and significant source of financing for numerous energy efficiency programs and
projects in various sectors of the economy [18]. The President of Ukraine initiated a program aimed
at protecting nature and the environment in Ukraine [19].
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Such initiatives reflect the state's significant commitment to integrating European principles
and sustainable development goals — addressing current societal needs with a view to future
generations and environmental preservation. One of these approaches is the intention to modernise
multi-apartment residential buildings without the financial participation of co-owners of these
buildings, which streamlines the coordination of work between Condominiums and project
participants.

Another drawback is the partial nature of modernisation in projects that exist, are ongoing, or
are planned. Projects that are designed for partial modernisation with a view to full modernisation in
the future tend to be more financially demanding and may not fully align with all sustainable
development goals. Modernising a portion of a building to meet contemporary standards leaves the
question of complete improvement, considering all needs, unresolved.

The higher cost of phased projects is related to the need to repeatedly search for or organise
new programs and fund almost all phases of the project lifecycle each time (as shown in Table 1).
Of course, the larger the project, the greater the financial burden. However, it is important to
consider that the budget can be reduced through one-time actions for all work, making
comprehensive modernisation more economically advantageous and aligned with sustainable
development goals. It is also worth noting that phased implementation of full modernisation takes
more time. Over time, circumstances change, leading to potential issues with previous agreements
and plans, which can complicate the organisational aspects of the project and lead to cost escalation.

The repetitiveness of identical, repeatable tasks in the case of phased modernisation, in
comparison to the quantity of work in a full modernisation, is illustrated in Figure 1.

Full modernisation program Staged modernisation program
> single stage << Result >>stage 1< )stage 2< > <

program search | program search || program search “ program searchl

\4 \4

i

coordination | coordination ” coordination ” coordination |
realisation | realisation ” realisation ” realisation |
commissioning | commissioning || commissioning “ commissioning |

Fig. 1. lllustration of the modernisation program

It is worth mentioning that partial modernisation is generally less expensive than a complete
one. However, when the ultimate goal is full modernisation, implementing the project incrementally
will result in a higher overall project cost. Additionally, it may lead to additional engineering and
architectural work due to the necessity of modifying previously completed stages.

Furthermore, it is important to consider that the modernisation program typically does not
cover the entire cost of the work. Therefore, when proceeding incrementally with the perspective of
full modernisation, the Condominium will face the challenge of securing funding and obtaining
approval from co-owners at each stage of the project. For example, you can look at the "Energy
House™ program, which offers several program packages covering up to 70% of the total project
cost, depending on the package of measures (scope of work) [20]. According to program
information, participating in the full package of services will result in significantly greater energy
savings than participating in a package with a partial scope of modernisation. Considering the
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process of obtaining co-owners' approval and co-financing, gaining consent multiple times will be
more challenging than settling the process once.

In planning, it is essential to pay attention to the calculation of project effectiveness, which
involves surpassing the value of the outcome relative to the costs. In the case of residential building
modernisation, efficiency should be understood as the achievement of all project objectives.

Conclusions. One of the goals of sustainable development is to overcome poverty. Achieving
this goal allows us to consider the implementation of projects for full building modernisation,
considering other sustainable development objectives. These projects can be funded by co-owners
of multi-story buildings with the support of the state. These projects should be oriented towards the
individual problems of each building or group of buildings, thus promoting greater consent from co-
owners when the desire for more comfortable living conditions takes precedence over funding
issues. Currently, the primary reason for co-owners' disagreement regarding modernisation is their
financial inability to co-finance the project if it cannot be fully covered by existing programs.
Partial modernisation programs align with sustainable development principles only partially as they
do not cover all the needs and are only partly focused on the requirements for a safe and healthy
environment, especially regarding future generations.

The involvement of the state can reduce the costly part of the project. It allows for
comprehensive modernisation with the development of individual solutions for similar buildings
with identical technical and engineering requirements. As a result, the cost of modernising one
building will decrease, eliminating the need for additional financial expenditure on a new project
for similar constructions when searching for new funding programs.

A comprehensive approach to modernising residential buildings, considering all necessary
reconstruction work and project development for groups of buildings with identical architectural,
engineering, and technical needs, will not only reduce the financial burden but will also enable the
achievement of the goals of sustainable urban and community development. It will make the
process more straightforward and efficient at all stages of the project's life cycle, through
coordination and the identification and resolution of issues with the initial pilot building groups.

The modernisation of multi-story residential buildings in the context of sustainable
development is achievable through a comprehensive approach aimed at achieving all the objectives
related to city and community goals, including responsible resource consumption and production,
industrial development, innovation, infrastructure, poverty alleviation, strong health and well-being,
clean and accessible energy, economic growth, and decent work. Only a comprehensive approach to
all these processes can ensure the successful implementation of projects and their efficient long-
term operation.

Sustainable development as a whole, with goals outlined for the year 2030 and, in particular,
sustainable urban and community development and effective governance, holds paramount
importance in ensuring the quality of life for people [4].

Enhanced and well planned financial and project participation by local and state authorities,
along with the improvement of citizens' economic standards, will provide the foundation for the
prospect of complete modernisation of multi-story housing complexes.
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AHoOTauis. 3a pe3yabraTaMH y3aralbHEHHS; KUIbKICHOTO, SIKICHOTO 1 MOPIBHSUIBHOTO aHaJIi3y
PEKOHCTPYKIII KUTJIOBOI 3a0yJOBM BHU3HAYCHO TEHJCHIII Ta NEPCICKTUBU PEKOHCTPYKINT 1
MoJIepHi3allii 6araTornoBepXoBHUX KUTIOBUX OYIMHKIB 3 YpaxyBaHHIM 3aCall CTAJIOTO PO3BHUTKY.

BusznaueHo npoOiemMaTuky, TEHIEHIi Ta MEepCHeKTUBU PEKOHCTPYKIIi OaraTrornoBepXOBUX
OyIMHKIB, IO Jaj0 3MOTY 3HAaWTH ONTHUMajbHI NUISAXW MOJEpHI3alii >XUTIOBOI 3a0yHoBU 3
ypaxyBaHHSM CIIPHUX MHUTaHb, MOKJIMBOCTEH Ta 11l cTasoro po3BUTKy. CHIpHUM MHUTAHHSIM €
3HalTH OandaHc MK peaJbHUMH MOXJIMBOCTSMHM, MIIOYMMH 1 3alUJAaHOBAHMMHU NPOCKTaMH Ta
NUISIXaMH peatizallii, BpaXxOByHOUH €KOHOMIYHI MOXJIMBOCTI, 3aKOHO/IABCTBO Ta CITIPHI MUTaHHS MIXK
OO0'eTHaHHAMMY Ta CITIBBIIACHUKAMHU 0araToroBepXOBHUX OyITUHKIB.

Bucsitneno mnpoOieMu Ta 3HAWIEHO NUIAXU BUPIMICHHS BIOCKOHAJIECHHS MPOEKTIB 3
MOJIEpHi3aIlii 0araronoBepxoBUX OyIWHKIB. BpaxoBaHO MOXKIMBOCTI 1 BapiaHTH JJII €KOHOMIYHO
BUTIAHOI MoOJEpHi3alii OararonoBepxoBuX OyIuWHKIB. BpaxoBaHO iHTepecH BCIX 3alliKaBICHHX
CTOPIH Ta 3HAWJICHO NUISIXH MOI0JaHHS HETIOPO3yMiHb.

[Ipu BupimieHi BCiX NUTaHb BPaXOBAaHO HE JIUIIE IHTEPECH BUKOHABIS MPOekTy, O0'erHaHHS
crmiBBIacHUKIB OararornoepxoBux OyauHKiB (OCBB), criBBIacHUKIB 0araTormoBEepXoBOro OyITUHKY,
opranizamiii i QoHzaiB, mo (IHAHCYIOTh MPOEKT, a TaKOK MOXJIHMBOCTI JEepXaBU Ta YUHHI
3aKOHONABUlI 1 HOPMATHBHI aKTH, IO PETYIIOIOTh (IHAHCYBAaHHS Ta peai3alilo MPOEKTY
MoOJIepHi3allii baratonoBepxoBux OynuWHKIB. Benuka yBara npujiieHa HijsM CTaloro po3BUTKY MICT
i Tpoman. Ake pu MOJEpHi3alii 6araronoBepXxoBUX OyAHMHKIB HEOOXiTHO OPiEHTYBATHCS HE JIUIIIE
Ha TOTPeOM CHOTONIEHHS, a ¥ BpaxoByBaTHM MOTpeOM MalOyTHIX MOKOJIHb 1 OPIEHTYBAaTUCS Ha
e(eKTUBHI, EKOHOMIYHO BHTiJHI TIEPCIEKTUBUA CHOTOJCHHS Ta JaJIekoro MaHOyTHBOTO, 3
ypaxyBaHHSIM MOTPeOU y 30pOBOMY JTOBKU/LTI. 3aBASKH BHECEHHS 3MiH J0 3aKOHOAABCTBA 3'SIBUJIACH
MOJKJIMBICTh BJJOCKOHAJIUTU €HEProe(EeKTUBHICTh OYIMHKIB Ta BUWTH HA OLIbII SKICHUN pPIBEHb B
MojiepHi3allii 6ararornoBepxoBoi 3a0y10BH.

KuarouoBi cioBa: cranuii po3BUTOK, MOJEpHI3allis, PEKOHCTPYKLIsA, OaraTroKBapTHpHI
OynuHKH, OaraTornoBepxoBi OyAMHKH, KUTIOBA 3a0y/10Ba, )KUTIOB1 OyIMHKH.

Crarts Hamgiinuia 1o penakmii 17.10.2023

Modern construction and architecture, 2023, no. 6, page 26-34


mailto:derkach.sergii@gmail.com

ARCHITECTURE

UDC 728.1.011 DOI: 10.31650/2786-6696-2023-6-35-43

TYPOLOGY AND INFLUENCE OF CRISIS PERIODS ON THE DEVELOPMENT OF
RESIDENTIAL BUILDINGS IN MODERN CITIES

Morozova T.T., post-graduate student,
tanyamorozova0210@gmail.com , ORCID: 0009-0002-5269-8749
Odesa State Academy of Civil Engineering and Architecture

4 Didrihson str., Odesa, 65029, Ukraine

Abstract. The impact of crisis periods on the development of modern cities and residential
development is an extremely important aspect of urban infrastructure analysis and planning.
Different types of crises, including natural crises, economic crises, social conflicts, pandemics,
military conflicts and others, can have different consequences for cities and residential
development. In the context of crisis periods, cities need to be prepared for the challenges that may
arise. This means developing effective action plans that include adapting to new conditions,
restoring the housing stock, ensuring housing affordability and protecting residents from various
threats. It is also important to remember that crises can test the resilience of cities and housing
infrastructure, but they can also create opportunities for improvement and innovation. Bringing
authorities, communities and developers together to work and develop together can help create
more resilient and viable housing estates that meet the demands of the new realities.

The purpose of this paper is to study the typology of crisis periods for modern cities, to
identify different types of crises, their characteristics and impact on the development of residential
development. The study was conducted using graph analytical and mathematical methods. The
research requires the use of methods of both general scientific nature (systematic analysis and
synthesis) and those borrowed from other fields of knowledge (philosophy, economics, sociology,
psychology), which is explained by the phenomenological nature of the research object itself.

In general, given the different types of crisis periods, it is important to develop comprehensive
strategies to ensure the sustainability and safety of housing in modern cities. Responding to and
recovering from crises determines how successful the development of cities and housing
infrastructure will be in the future.

Keywords: crisis periods, urban development, residential development, impact of crisis
periods on urban development, development of residential development in crisis periods.

Introduction. The impact of the crisis periods on the development of residential buildings in
modern cities is the topic that reflects the multi-aspect interaction between social, economic,
technological, and cultural factors in the structure formation of the urban environment. The history
of urban development shows that the crises, regardless of their nature, have always been
accompanied by the impact on urban development and residential development. From the collapse
of economic systems to the global conflicts, from the natural disasters to the epidemics, these crises
lead to the changes in the residents’ lifestyle, new requirements for existing and new development
to help them adapt to new realities.

This article examines the typology of the crisis periods for urban settlements, their impact and
consequences on housing infrastructure and urban structure to better understand the contribution
that crises make to the formation of the modern city.

Analysis of recent research and publications. The scientific work [1] uses the basic
methodology of Kulp and Strauss (2017) to assess the vulnerability of affordable housing (and general
housing for comparison), who defined the expected annual vulnerability — the amount of a certain
variable (e.g., dwelling stock) that is expected to be affected by at least one coastal flood risk event
during a current year. The vulnerability of individual buildings and housing units within them is
assessed by calculating their expected annual exposure and a new metric is introduced — the expected
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annual number of flood risk events — the expected total number of flood risk events that each
building/unit may have. During the crisis, the community members need a clear understanding of what
IS happening and that an effective response to the crisis will not be delayed. People want to know how
the crisis will affect them and how to get help. In addition, the public safety agencies, emergency
services and volunteers need to be informed quickly. Crisis communication is the link between the
local authorities and the community — the community members, civic activists and other groups —
before, during, and after the crisis. The need for crisis communications also lies in the fact that they can
not only lighten or eliminate the crisis consequences but can sometimes build a more positive
reputation for an organization than it had before the crisis [2].

Problem definition. The study of the typology of crisis periods for modern cities, the definition
of different types of crises, their characteristics and impact on the development of residential
development. The vision of the characteristics of crisis periods will help cities to develop more
effective strategies for managing, adapting and responding to the challenges they may face in future.

Aims and goals. To study the typology of crisis periods for modern cities, to identify
different types of crises, their characteristics and impact on the development of residential
development.

Materials and research methodology. The materials for this study are the typology of
residential development in modern cities. In particular, the typology of crisis periods for urban
settlements, their impact and consequences for the housing infrastructure and the structure of the
cities were considered in order to better understand the crises contribution to the formation of the
modern city. The combination of the results research of the available material base and the
theoretical foundations of residential development typology in modern cities became the main
methodological basis of this research paper.

The main part. In today’s world, the cities face a variety of challenges and crises that can
dramatically affect their development and functioning [3]. Providing the constant changes in the
geopolitics, society, technology and environment, the cities are becoming real centers of adaptation
and innovation [4]. In such circumstances, it is important to develop the comprehensive strategies
and action plans to solve various types of crisis situations. Crisis periods for modern cities can be
different according to their nature and consequences. These crises pose the challenges to safety,
economic sustainability, public health, housing infrastructure, and many other aspects of urban life
[5]. In this context, the classification system can be useful for understanding and analyzing crisis
situations. Depending on the cause, the crisis periods for the cities are divided into the following
main groups (Fig. 1).
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Fig. 1. Typology of the crisis periods in modern cities depending on the causes of the crisis
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Natural disasters.

Floods — the high-water levels can lead to urban flooding and damage of the infrastructure
and residential buildings. The most common consequence of floods is the water flooding of the
residential areas [1]. This can lead to the destruction of the buildings, damage of the property, and
life danger. The low-rise residential buildings are particularly affected by the floods (Fig. 2).

The studies show that it is the so-called affordable and social low-rise housing that is most
often affected, as its residents are the most vulnerable group of the community.

Fig. 2. USA, Los Angeles, New Orleans. Residential development and flooding
(Hurricane Katrina), 2005

The floods can also result in the mixing of wastewater with the water bodies, which can lead
to the pollution of water sources and endanger human life or health.

In future, when developing a strategy for the development of residential areas, it is possible to
provide the list of the recommendations and additional requirements for the residential premises [6].
Such as a higher ground floor level, additional drainage systems and other measures to prevent the
future flooding of the residential premises.

Earthquakes — the seismic activity can lead to the destruction of the residential buildings,
infrastructure, and casualties among the city residents. Depending on the development density and
terrain, the earthquake consequences may vary in the scale and number of resources required for the
recovery.

It should also be noted that in the seismic areas, the requirements and building codes for the
design of residential and public buildings are more stringent (especially in terms of the structural
diagram of the buildings). However, there are large-scale earthquake damage almost every year (Fig. 3).

Fires — the forest fires or urban fires can create emergencies (Fig. 4) and lead to the destruction
of residential buildings, including the residential blocks and infrastructure. This can require large
resources to rebuild housing and infrastructure. Such crises create an immediate danger for the lives
and safety of the residents. The residential development should take into account safety standards, such
as availability of layouts to facilitate quick exits and equipping dwellings with fire safety systems.
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Fig. 4. USA, California, Santa Rosa. Effects of the wildfire and
affected low-rise residential buildings, 2017

Pandemics. The global diseases — the pandemics, such as COVID-19, can lead to a large
spread of disease and require the control and treatment measures. In the short term, such large-scale
crises have a significant impact on the urban development. For example, the COVID-19 pandemic
has had a significant impact on the residential development in modern cities, causing a number of
changes and trends.

First of all, it is a change in housing demand. Many people have switched to remote work,
which has led to a greater demand for comfortable, spacious housing in the complexes with the
additional infrastructure for the residents of this building. It has led to the increasing of housing
demand outside the city, in a less polluted environment. Secondly, it is the increasing of hygiene
requirements, namely for the ventilation and air purification systems.

The design and construction of the residential buildings has been adapted to meet these new
requirements. When examining the individual residential units (apartments), the new remote
working lifestyle during the pandemic requires more functional spaces and area separation for
relaxing/entertainment, eating, working and sleeping (Fig. 5, 6). The COVID-19 pandemic has also
influenced the development of public areas in residential complexes, including the space increase
for outdoor terraces, barbecues and sports areas [7].
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Fig. 6. Typical layout of a 1-room apartment — visualization by Grimm-+Parker, 2021

Another aspect is the impact on property values. In some cases, the pandemic has had a short-
term impact on housing prices. The large cities became less attractive for some time period due to
the risks associated with the pandemic, while smaller towns and districts gained popularity. In some
cases, the pandemic has led to rethinking of urban densities, including more space for green areas
and open spaces.

The COVID-19 pandemic has significantly changed the approaches to housing development
in the cities, prompting greater consideration of comfort, safety and hygiene in the residential
complexes [8].

Economic crises.

Recession — the economic contraction may lead to mass unemployment and income loss in the
city, which will have a direct impact on the housing development and the lifestyle of the residents.
The recession can worsen the living conditions of many residents, in particular, lead to the
increasing of housing problems and decreasing of the life quality.

Financial crises have a significant impact on the development of the housing sector [9]. The
following key trends can be during such crises:
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— decreasing of housing demand,;

— the delays in the construction of the residential complexes;

— decreasing of housing prices (lower demand may lead to lower housing prices, which may
affect the price and quality of the construction in the real estate market);

— the complications in loan issues;

— the development and promotion of alternative forms of housing (during the financial crises,
more people may prefer alternative forms of housing, such as renting or sharing);

— the variation in the geography of housing development (new financial realities change the
priorities of the investment and development in different areas);

— the social issues (such as the increasing number of people without a fixed place of the
residence and the growing need for social housing in the short term).

Social crises.

Protests and conflicts — the social conflicts due to the political differences, social inequality,
and racism create the tension and an unsafe environment in the city. The most popular locations for
the protests are usually the central locations or important infrastructure facilities, rather than
residential areas. However, it is systematic and long-term conflicts (such as social inequality or
racism) that lead to the most negative consequences. Such crises endanger human life or health and
create unmanageable social processes.

The impact on the housing development of social inequality, which often leads to the
separation of the residential areas from the affordable and more expensive housing, should be
examined separately. This "separation" contributes to the development of social conflict and
worsens the quality of the urban living environment [10].

Social conflicts can lead to the revision and rethinking of city development plans and housing
projects. The changes of the city development plan, and the planning of new residential areas may
be the response to residents’ demands and complaints.

Crime growth — the growth of crime and violence can lead to the crisis situation for public
safety and urban development.

One of the consequences is housing demand decreasing in this crime-ridden neighborhood
and, consequently, decreasing of property prices. On the other hand, the residents face increased
security costs, including the installation of the security systems and the hiring of the security firms.
This increases the cost of housing and maintenance.

However, Urban science offers simple tools to make the cities safer and more transparent for
the residents [11]. For example, the good street lighting and the presence of people in the street are
much more effective tool than installing the fences or watching cameras.

Technological crises.

Cyber-attacks — the attacks on the information systems can lead to the privacy violation and
the security of the citizens. Such crises are becoming more frequent and primarily affect the security
of the residential environment. Cyber-attacks can be directed both at a single apartment (residential
unit) or an entire residential complex.

Many modern residential premises are equipped with "smart" devices that are connected to
the Internet. Cyberattacks can affect such systems, including the control of lighting, temperature
and other aspects of home comfort. On the other hand, the most common target of cyberattacks is
the personal data of the residents, which poses a threat of privacy and personal security.

Factory accidents — the accidents at the industrial enterprises can lead to the emissions release
and threaten the public health of joint residential areas. Typically, the state building codes and
standards restrict the construction of the industrial facilities near the residential areas. However, a
short-term consequence of an accident at the industrial enterprise may be the evacuation of the
population until the accident is fully remediated and a safe living environment is restored.

Climate change. Extreme weather conditions. Climate change leads to the extreme weather
conditions, such as heavy showers, hurricanes, tornadoes and droughts. It damages camp
accommodation facilities and leads to loss of property and even threats to the livelihoods of city
residents.

Modern construction and architecture, 2023, no. 6, page 35-43



ARCHITECTURE

Speaking long-term, the climate change requires the cities to develop more sustainably, save
resources, and use the recycled and more environmentally friendly materials. The conscious
environmental approach requires the changes of housing design (such as additional opportunities for
waste sorting, the battery charging for electric vehicles, the use of alternative energy sources, etc).

Mass migration. Refugees and forced migrants: The growth of refugees and forced migrants
puts the pressure on the housing market, social services and infrastructure.

With a growing number of the residents, the cities have to adapt the infrastructure and public
services to new needs [12]. This includes the development of transport, education, healthcare and
other branches. Such needs are usually difficult to meet quickly. The temporary housing for
migrants is not often comfortable and safe. Therefore, in the short term, mass migration is a great
stress for the city, its residents and the refugees themselves.

However, in the long run, the arrival of migrants usually leads to increasing of housing
demand in the city. This creates new opportunities for the housing developers and influences the
property prices. Migrants can have a positive impact on the urban development, but their acceptance
and integration require the consideration to various aspects of the housing sector, from housing
affordability to socio-cultural issues and infrastructure development.

Armed conflicts. Military operations and occupation of urban areas. Armed conflicts have a
serious and nonreciprocal effect on housing and housing infrastructure (Fig. 7). Military operations
lead to the destruction and damage of the residential buildings, as well as to the safety threats of the
residents, including physical danger and injury. During the armed conflicts, the residents need to
look for the strong rooms and bomb shelters.

The war forces the residents to evacuate and look for the strong rooms in other places or even
in other countries. This leads to massive migration and creates urgent housing problems for the
refugees. In the long term, the forced migration to other territories is critical to the future
development of the city after the conflict ends.

The infrastructure that serves residential areas, such as water, electricity and transport
systems, is damaged and destroyed during the conflict [13-15]. This leads to a temporary loss of
access to the communication lines, services and comfortable living standard.

Military conflicts also lead to decreasing of the property values in the territories where they
are. It can affect homeownership and mortgages, as well as delays and reconstruction of new
housing developments.

War has long-lasting social and psychological consequences on the residents, including post-
traumatic stress and other health problems.

Fig. 7. Ukraine, Donetsk region, Avdiivka. Consequences of shelling of residential areas
during the russian invasion, 2023
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Conclusions and directions for further research. The impact of the crisis periods on the
development of modern cities and residential development is an extremely important aspect of the
urban infrastructure analysis and planning. The different types of crises, including natural crises,
economic crises, social conflicts, pandemics, military conflicts, and others, can have different
consequences for the cities and residential development.

In the context of the crisis periods, the cities should be prepared for the challenges that may
arise. This means the development of the effective action plans that include adapting to new
conditions, the restoration of housing facilities, providing housing affordability and treat protection.

It is also important to take in account that the crises can test the stability of the cities and
housing infrastructure, but they can also create the opportunities for the improvement and
innovation. The interaction between the local authorities, communities and developers to work and
develop together can create more stable housing developments that meet the demands of the new
realities.

In general, given the different types of the crisis periods, it is important to develop the
comprehensive strategies to provide the sustainability and safety of housing in modern cities.
Responding to and recovering from the crises determine how successful the development of the
cities and housing infrastructure will be in the future.
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THUITIOJIOI'TA TA BIVIMB KPU30BHUX ITEPIOAIB YACY HA PO3BHUTOK
JKATJOBOI 3ABYJOBH Y CYYACHUX MICTAX
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AHoTanisg. BB Kpu30BUX MEpioJiB HA PO3BUTOK CY4aCHUX MICT Ta JKUTJIOBY 3a0yHOBY €
HA/I3BUYAIHO BaXXJIMBUM aCIIEKTOM aHaJi3y Ta IUIaHyBaHHS MichKoi iH(pacTpykrypu. Pi3Hi Tumm
KpH3, BKIIFOYAIOYH MTPUPOIHI KPU3U, EKOHOMIUHI KPU3H, COLIaIbHI KOH(MIIIKTH, TaHaeMii, BIHCHKOBI
KOH(QUIIKTH Ta iHIII, MOXKYThb MAaTH DPi3HI HACHIIIKU JUISL MICT 1 )KUTJIOBOi 3a0yHOBU. Y KOHTEKCTI
KpU30BUX IMEPiOJIiB MiCTa MOBUHHI OYTHM TOTOBMMH IO BHUKIIMKIB, SIKIi MOXYTh BUHUKHYTH. Lle
O3Havae po3poOKy e(PEeKTUBHUX TUIAHIB Jil, SKI BKIIOYAIOTh aJamlTaIlil0 0 HOBHX YMOB,
BiJIHOBJICHHS KHUTIOBOTO (hOHAY, 3a0e3MmeueHHs] JTOCTYIMHOCTI KHUTIA Ta 3aXUCT MEUIKAHIIIB BiJ
pi3HuX 3arpo3. BaxmBo Takok mam'sTaTé, M0 KPU3M MOXXYTb MEPEBIPATH CTIMKICTH MICT Ta
KUTIOBOT 1H(PACTPYKTYPH Ha MILHICTb, ajie BOHU TAKOXX MOXYTh CTBOPIOBATH MOKJIMBOCTI ISt
BJIOCKOHaJICHHsI Ta iHHOBalii. OO0'eHAaHHS 3yCHJIb BIIAJM, TPOMaJ Ta 3a0yJOBHUKIB ISl CIIJIBHOT
poOOTH Ta PO3BUTKY MOXKE JONOMOITH CTBOPUTH OLUIBII CTIMKI Ta >XUTTE3JAaTHI >KUTIOBI
KOMIUICKCH, SIKi BIJ[TIOB1Ial0Th BUMOT'aM HOBHUX pealliid.

Mertoro fgaHOi poOOTH € AOCHIIKEHHSI THUIIONIOTil KPH30BUX MEpIOiB Ui CYYaCHHUX MICT,
BU3HAUCHHS DPI3HUX BHIIB KpH3, 1X XapaKTepHi OCOONMBOCTI Ta BIUIMB HAa PO3BUTOK >KUTIIOBOI
3a0ynoBU. JIOCHIIUKEHHSI NPOBEAEHO 3 BHUKOPUCTAHHAM TIpadoaHalITUYHUX Ta MaTeMaTUYHUX
MeTosiB. Jlyist AOCHiKEHHST HEOOX1JHE 3aCTOCYBAaHHS METOJIB SIK 3arajJbHOHAYKOBOTO XapakTepy
(cucreMHHI aHali3 1 CHMHTE3), TaK 1 3aM03MYEHHX 3 IHIIMX Tamy3ed 3HaHb ((pinocodii, eKOHOMIKH,
COLIIOJIOTI], TICUXOJIOTIi) IO TMOSICHIOETbCS (EHOMEHOJIOTIYHOK IPUPOJIOI0 caMoro o0'ekra
JOCIT1IKEHHSI.

B uinoMy, BpaxoByHOYM pi3HI BUIU KPHU30BHX IEPIOJIIB, BaXJIUBO PO3POOIISITH KOMIUIEKCHI
crparterii ais 3a0e3NedyeHHs CTaJoCTi Ta Oe3MeKH JKUTJIa B Cy4acHUX MicTaxX. PearyBaHHs Ha
KpHU30BI1 CUTYallli Ta BIIHOBJEHHS IMICIS HUX BU3HA4a€, HACKUIbKU YCIIIIHUM OyJie pO3BUTOK MICT
Ta JKUTJIOBOI 1HPPACTPYKTYpPH B MailOyTHEOMY.

KurouoBi cioBa: Kpu30Bl MEpioAM 4Yacy, MICBKUN PO3BUTOK, XXKUTJIOBa 3a0y/0Ba, BIUIWB
KPU30BHX MEPiOJIiB Yacy Ha MICbKUN PO3BUTOK, PO3BUTOK JKUTIOBOI 3a0y/1I0BH B KPU30Bi MEPIOH.

Crarrts magiima go pemaxiii 1.11.2023
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Abstract. In this work, based on an analysis of literary scientific and technical sources and
completed field studies, the problem of degradation of reinforced concrete and metal structures of
long-term operation is formulated and its relevance is noted. The authors analyzed a number of
works on this issue. Examples of the use of modern methods and materials for strengthening
reinforced concrete and stone structures with damage and defects to restore their load-bearing
capacity are described. The paper presents the results of a visual review and instrumental study of
reinforced concrete and metal load-bearing structures of the former “Modul” plant, built according
to the 11-03¢ and II-60c series, as well as external self-supporting expanded clay concrete wall
panels, brick walls, staircases and partitions. General information about the building and its design
is provided. The objectives of the study included establishing the actual technical condition of the
building’s structures and the possibility of its subsequent reliable operation after repurposing.
During the examination, non-destructive testing methods and laboratory tests of materials were used
to obtain actual strength indicators, humidity, the degree of corrosion damage to materials, and
geometric characteristics of structures for their identification. The main reasons that necessitated the
research and development of recommendations for eliminating identified defects and damage, as
well as shortcomings of long-term operation, have been identified. Data are provided on detected
defects and damage that occurred over a long period of time. According to current standards, the
general technical condition of the building has been established as satisfactory (category 2) and
appropriate conclusions have been formulated regarding the need for repair work. Based on the
results of field surveys, relevant calculations and conclusions, recommendations for the repair and
elimination of identified defects and damage were developed.

Keywords: frames, structures, reinforced concrete, steel, walls, brickwork.

Introduction. Currently, buildings and structures play a vital role for the society of any country
and have a significant impact on people’s lives. The quantity and quality of modern buildings and
structures erected is an objective indicator of the development of the economy of civilized states,
science, culture, production and the well-being of the people. All of them must meet certain operational
properties and maintain them throughout their entire service life, including through constant
supervision, which in many cases is not carried out. The importance of this problem is associated, first
of all, with the technical condition of buildings and structures and engineering systems built in the
70-90s and today are in mostly satisfactory technical condition. However, some of them, as a result of
physical wear, have become unusable, and in some cases potentially dangerous for further use. The
presence of a significant number of buildings and structures, the construction of which was stopped in
the 90s, in particular due to a lack of funding and changes in production technologies, also highlights
the problem of studying the residual resource when assessing the load-bearing capacity of buildings,
the condition of structures and their possible repurposing. Of particular concern is the technical
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condition of large-panel residential buildings, in which the design service life is expiring, and over the
past 25-30 years they have experienced accelerated physical and moral aging. You should also pay
special attention to one of the most important problems — housing. In particular, out of 10.4 million
residential buildings in the country, 4.7 thousand are in disrepair, and 36 thousand are classified as
dilapidated and unsuitable for further use. Every third building needs major or current repairs.

It is especially important that such work is necessary now, when the country faces the difficult
task of restoring the building stock, which requires a significant amount of research into damaged
buildings and structures and addressing the issue of ensuring the requirements for their reliable
operational suitability. To improve the technical condition of buildings and structures, relevant
regulations were developed and adopted by government agencies. In particular, in accordance with
Acrticle 11 of the Law of Ukraine On Architectural Activities (687-14) and resolutions of the Cabinet of
Ministers of Ukraine dated July 11, 2007 No. 903, the procedure for technical supervision during
construction was approved. These regulations had a significant impact on the quality of construction
and compliance with the requirements for the correct long-term operation of buildings and structures.

Analysis of the latest research and publications. The basis for reliable and durable operation
of buildings and structures is the prevention of premature physical and moral wear and tear, as well as
the elimination of damage that occurs, which is achieved by periodic inspections and preventative
repairs. An analysis of scientific and technical sources [1-7] gives grounds to state that a scientific
direction has been formed and developed in the research of structures of buildings and structures of
long-term operation, experiencing the aggressive action of the air, soil and water environment, which is
based on the research and application of modern materials and technologies

Let's consider some of them: in work [1] the main design and technological solutions for
strengthening load-bearing reinforced concrete structures with concrete and reinforced concrete are
outlined and highlighted. In particular, the strengthening of such structures with unloading elements
is described. The main practical methods for calculating structures to be strengthened are presented.
Recommendations for strengthening subsidence foundations of buildings and structures are
substantiated and developed, and examples of calculations are given.

The works [2, 3] present the basic principles of technical operation and reconstruction, as well
as the basics of organizing technical operation. In particular, work [2] sets out the basics of
organizing the technical operation of structures of buildings and structures, presents the main
fundamental issues of urban reconstruction and expedient solutions for reconstruction. Methods for
modernizing buildings are also described, taking into account volumetric planning solutions, design
features and technical condition. Recommendations have been developed for the repair and
strengthening of structural elements using modern technologies and materials. And in work [3] the
bases for organizing the technical operation of buildings and engineering structures are outlined.
The features of technical operation and the feasibility of decisions on its organization, development
prospects are given.

The work [4] thoroughly reflects the methods of inspection, reconstruction of buildings and
structures and strengthening of their structural elements. Practical approaches to the reconstruction
of buildings for various purposes are considered, taking into account the actual technical condition,
as well as the technical and economic feasibility of changing the functional purpose. In particular,
in work [5], based on the results of a technical inspection of industrial and civil facilities, the
characteristic signs of degradation of reinforced concrete structures are summarized. The significant
damage and defects identified during the inspection associated with long-term operation in the air
are described. These are design errors, shortcomings and defects that were made during the
construction and operation of objects using the example of reinforced concrete structures of rotating
kilns at a cement plant in Nikolaev, the corrosion destruction of an overpass at the Transnistrian
hydroelectric power station, the destruction of structures at the Three Concrete plant in Stryi, as
well as examples of many other objects (more than 40), where the authors studied the degradation
of reinforced concrete structures. Based on these studies, the main errors made at the design stage,
defects and shortcomings in construction and shortcomings in the long-term operation of buildings
and structures were identified. Modern technologies and materials for repair and renewal work are
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also proposed.

The work [6] presents the results of studies of bridges built in Ukraine after the floods of
1998-2001 and long-term operation. Real situations are considered using the example of a
monolithic frame-cantilever reinforced concrete bridge over the Tisa River in the city of Khust,
destroyed during a flood in 1998 and restored in 2000.

A fragment of a map of the roadway of this bridge is shown, which shows defects - cracks
that appeared after less than 2 years of operation. Instrumental control revealed a large variation in
the strength of concrete during the construction of the roadway of the bridge. It was found that
between some spans there is no design gap between the ends of the beams, which can have a
significant impact on the stress-strain state of the structures. Also presented are the results of an
examination of six steel-reinforced concrete bridges with spans of 11.8 m and 23.6 m, built after the
1998 flood in Kobyletskaya Polyana and Kosovska Polyana. The figures show the structure of the
roadway of bridges during the construction period and tests for static and dynamic loads. It should
be noted that the condition of these steel-concrete bridges, built in 2000, is better than those
mentioned earlier, but they also have significant defects in the form of cracks.

If the examination of the above bridges revealed the low quality of their construction, then in
the structural elements of long-term operation bridges we have a natural degradation of the physical
and mechanical properties of the material. These data are confirmed by the example of a survey of
an overpass in the city of Mukachevo, which has been in operation for 30 years. A scheme for
reducing the service life of a structure is presented. In total, this work describes design errors,
defects and shortcomings in the construction of long-term reinforced concrete (steel-concrete)
bridges and overpasses identified by inspections.

In work [7], based on field surveys, the main problems of degradation of reinforced concrete
structures of buildings and structures of long-term operation are established. Their relevance is
noted. The authors drew attention to the need for systematic technical diagnostics of such structures.
In particular, based on a thorough analysis of many buildings and structures of long-term operation,
the reasons have been identified that significantly influence the accelerated deterioration of the
operational condition of structures. They boil down to the following: errors made at the design
stage, defects and deficiencies in construction, deficiencies in the operation of building structures
and structures. Based on the research results, relevant conclusions are given and recommendations
for carrying out repair work are given.

Works [8, 9] discuss methods for repairing reinforced concrete structures with long-term
damage to ensure crack resistance, strengthening vertical and inclined sections using steel
reinforcement (clamps, bends), and in work [10] using fiber, non-metallic fiber and carbon tapes
etc. Some of these methods are effective when there is access along the entire height of the bending
elements to inclined sections, and when access is only to the top and bottom edges, they are used to
strengthen normal areas. When studying crack formation processes in bending elements [11], the
appearance and development of critical inclined cracks were studied. The formation of other
dangerous cracks has not been studied. Reinforced concrete elements such as slabs with inclined
cracks are described in [12]. Concrete cross sections without reinforcement and with a multilayer
arrangement of horizontal fasteners, which significantly increase the strength and crack resistance
of inclined cross sections, were studied. In this case, the calculations took into account the dowel
effect in the reinforcement [13].

The purpose of the work is to determine the actual technical condition, develop
recommendations for eliminating identified defects and damage for further reliable operation based
on an analysis of scientific and technical sources and field studies.

Scientific novelty and practical value. The analysis of scientific and technical literature and the
results of field surveys and theoretical calculations made it possible to obtain new data on the actual
stress-strain state of reinforced concrete frame structures and its changes over 40 years of operation. At
the same time, the actual parameters of the depth of carbonization of concrete determined during the
survey, the percentage of corrosion of working reinforcement of reinforced concrete structures and the
decrease in the strength of concrete during this period of operation in the climatic conditions of
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Transcarpathia were taken into account. This made it possible to establish the actual technical
condition of the building’s structures, taking into account the reduction in the load-bearing capacity of
reinforced concrete frame elements compared to the design one, and to develop recommendations for
its restoration, taking into account the repurposing of the building. The practical significance of the
work is to obtain data for the development of a building reconstruction project, which made it possible
to reduce construction costs and reduce its time. The presented recommendations for repairs made it
possible to use modern energy-efficient materials and technologies [16], ensure the restoration of the
load-bearing capacity of structures and bring them to normal technical condition (category 1).

Materials and research methods. The main load-bearing reinforced concrete, stone and steel
structures of the building were examined to identify defects and damage during long-term operation,
establish their danger, influence on the technical condition and its deterioration. To obtain geometric
characteristics (dimensions of cross sections of steel profiles and precast reinforced concrete elements,
diameters of reinforcement, thickness of the protective layer of concrete), all available non-destructive
testing methods were used. The dimensions and deviations from the design position were determined
by the visual method, using tape measures and a 2T-30P theodolite, Greisinger-13 tape measures were
used to determine the distance, and the thickness of the protective layer of concrete, the diameter and
degree of corrosion of the reinforcement of reinforced concrete elements were determined using the
magnetic method (Profometer S5). The moisture content of materials was determined by the method of
contact electrical conductivity (GMH 3830). The strength of welds was monitored using the ultrasonic
method usingnedexrockomnis UD2-70 flaw detectors; the strength of concrete was determined with a
58C0181/G device. Some of the materials (bricks and mortar) were tested in laboratory conditions
using hydraulic equipment (P-125 press and MP-100 tensile testing machine). All measuring
instruments and testing equipment used were verified in accordance with the established procedure.
The methods were certified in Ukraine and made it possible to determine the studied parameters of
structures and materials with the appropriate confidence probability (at least 95%). This made it
possible to reliably determine quantitative indicators of a decrease in the characteristics of structures
and materials, deviations from design ones, and to establish the actual technical condition (category) of
the building as a whole.

Presentation of the main research material. An inspection of the structures of a non-
residential building of the former Modul plant after long-term operation was carried out to order
from the building owner in accordance with Agreement No. 58-2023 dated June 06, 2023 by a team
of leading experts of the private entrepreneur Karkhut I.1. The result was to determine the actual
technical condition of the building's structures and develop recommendations for repairs to ensure
further reliable operation after its repurposing.

The objectives of the survey included a visual inspection of the main load-bearing and enclosing
structures: roofs and roofs, reinforced concrete roofing and floor slabs, columns and crossbars of
frames, steel frames and braces, brick walls and partitions, concrete foundations in order to identify
and establish the causes of defects and damage, disadvantages of long-term use. Based on the analysis
of the survey results and calculations, it is necessary to establish the actual technical condition, check
the load-bearing capacity and develop recommendations for eliminating defects and damage during
reconstruction.

Structural solution of the building. The building consists of three sections. The building of
section 1 is rectangular in plan with axial dimensions of 36x24 m, three-story with a technical floor
and a shelter in the basement, built in the late 1960s. Section 1 is interlocked with section 2. The frame
is reinforced concrete according to series I1-03c. The pitch and runs of the crossbars are 6 m in the
axes. The height of the first and second floors is 3.3 m, the third floor is 4.2 m. Frame columns with a
cross section of 300x300 mm with rectangular consoles. Ribbed coating slabs 300 mm high. Slabs in
interfloor ceilings of type PK-57-15-8A-I11, ordinary and connected. The overlay of the shelter in the
basement is reinforced concrete monolithic ribbed with concrete walls. External self-supporting walls
made of expanded clay concrete panels measuring 6x1.2x0.24m. The foundations of the shelter
under the building are columnar on a natural basis. More detailed data on the design of section 1 are
given in [14]. Sections 2 and 3 in a complete prefabricated reinforced concrete frame according to
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series 11-60c. The floors are prefabricated reinforced concrete, external self-supporting walls are made
of expanded clay concrete panels and brickwork 380 mm thick. Section 2 is interlocked with L-shaped
section 3. The building sections are three-story (four-story) with shelters in the basements. The section
structures are made in the form of transverse prefabricated multi-storey frames with a pitch of 6 m. The
grid of columns is 6x9 m. The frame crossbars are continuous with purlins of 9 m in the axes. The total
length of the sections in plan is 102 m between the axes, width 36 m. The second and third sections
were built in 1976. The height of the 2nd and 3rd floors is 4.8 m, the first floor is 6 m. The columns
of the first floor along the middle axes are 600400 mm in section, the upper floors are 400x400
mm. Columns of the outer axes with a cross-section of 450x400 mm. More detailed data of the 2nd
and 3rd sections are given in [8].

Field inspections of the structures of the Module plant in Uzhgorod revealed:

Section 1. During a visual inspection, traces of slight penetration of moisture between the
covering and floor slabs and cracks in the seams of the slabs were found. The causes of the detected
defects and damage were leaks from the roof during the long-term operation of the flat roof before
repair for about 30 years.

The defects found in the enclosing structures are as follows: leaks in the joints of sheets of
profile flooring, leaks in junctions with walls and in ridges. Destruction of the brick walls of the
staircases was detected to a depth of 30—40 mm due to periodic freezing (Fig. 1, a). Corrosion of
metal structures of frames on the technical floor is insignificant (local) and uniform on the surface.
The technical condition of the metal structures is satisfactory.

The main defects and damage to the shelter structures under Section 1, identified during the
inspection, are minor corrosion damage to the floor structures and self-supporting walls, in
particular corrosion of reinforcement clamps, violation of the tightness of the waterproofing of
walls and foundations, cracks in the protective layer of concrete up to 0.20 mm and in individual
places 0.3-0.4 mm along the working reinforcement.

The overlap of the shelter is reinforced concrete monolithic ribbed. The main defects and
damages detected during visual inspection are the following: cracks on the surface of the slab up to
0.3 mm wide (Fig. 1, b), carbonization of concrete to a depth of up to 15 mm and a decrease in the
strength of concrete up to 15-20% (Fig. 1, b). Photographic recording of defects, damage and
shortcomings of long-term operation is shown in Fig. 1 and in work [14]. It should be noted that the
detected defects and deficiencies are located in separate areas of the floor slab and column capitals
without a clearly defined system (Fig. 1, e). In our opinion, the main reason for their occurrence and
development was prolonged flooding of the shelter.

Consequently, in terms of the totality of defects and damage from long-term operation, the
technical condition of the load-bearing structures of the shelter floor according to the classification
of current standards is satisfactory and in order to bring them to normal technical condition they
need to be repaired with the elimination of identified defects.

Thus, according to the definition of tables [15], the condition of the load-bearing and
enclosing structures of Section 1, taking into account the repairs carried out at the time of the
inspection (06.06.2023), can be qualified as satisfactory. In this condition, there are no defects or
damage that could reduce the durability of structures and their performance.

Sections 2 and 3. When conducting a full-scale inspection of the structures of Sections 2 and
3, the following defects and shortcomings of long-term operation were identified: significant
defects in the roof, in particular leaks and cracks in the seams of the rolled covering, blockage of
water intake funnels, which leads to stagnation of water on the surface (photo [14]). The technical
condition of the waterproofing carpet is unsatisfactory.

The soaking of reinforced concrete structures in leakage areas is significant. Local destruction
of the protective layer of concrete and minor corrosion of the working reinforcement were revealed,
but further soaking can worsen the technical condition of the load-bearing reinforced concrete
structures of the coating, floor and frame as a whole. There are no defects in the ceiling and frame
in the form of excess cracks with an opening width of more than 0.3 mm. The technical condition of
reinforced concrete and steel structures can be assessed as satisfactory.
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Fig. 1. 1. Degradation of structures of buildings of the former Modul plant in Uzhgorod:

a — destruction of the masonry walls of the staircase made of brickwork to a depth of 50 mm
in Section 2 from periodic freezing and thawing; b — traces of flooding of the shelter to a
height of 2 m in the basement of Section 1 (carbonization of concrete and reduction in
concrete strength); ¢ — cracks along the edge of the floor slab on the third floor of Section 2
(corrosion of the working reinforcement in the edge of the slab); d — cracks in the rib of the
floor slab on the second floor of Section 2 (destruction of the protective layer of concrete,
carbonization of concrete, peeling of the protective layer, corrosion of the reinforcement of the
floor slab and capital); f — periodic flooding of the shelter in the basement of Section 2,
resulting in the appearance of damage shown in Fig. 1 a—f

In brick partitions and walls in some places where soaking occurred, minor destruction of the
masonry up to 20 mm was found. In the walls of staircases, destruction is caused by local freezing
and thawing to a depth of 40-50 mm (Fig. 1, a). Minor defects were also identified in the form of
loss of mortar from masonry joints of walls and partitions, which have a local effect on the load-
bearing capacity of structures.

In the shelter under Sections 2 and 3, the main defects discovered during the inspection were
the complete destruction of the equipment of engineering systems and stone brick partitions as a
result of flooding (Fig. 1 and work [14]). The floor is prefabricated monolithic. The main structural
defects detected during a visual inspection are the following: cracks in concrete walls and floor
slabs with an opening width of mainly up to 0.25 mm, and in some places up to 0.35 mm (Fig. 1, c,
d, e); penetration of moisture through cracks in structures.

Carbonization of the concrete of floor slabs, columns and capitals in the shelter, and peeling
of the protective layer of concrete were revealed (Fig. 1, c, d, e). Corrosion of mounting and
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working reinforcement was detected in the ribs of floor slabs and columns and capitals, corrosion of
embedded parts (Fig. 1 c, d, e) and surface corrosion of concrete.

As a result of a visual inspection, damage and shortcomings of long-term operation were
identified and localized, and their descriptions were made. All detected defects as of June 26, 2023
generally have a local effect on reducing the strength and rigidity of individual load-bearing structures
and can be eliminated during repair work. The general technical condition of the 2nd and 3rd Sections
of the building according to the classification tables [15] is satisfactory, taking into account the
reduction in the level of loads during repurposing. Structures require ongoing repairs to eliminate
detected defects and damage. It is recommended to eliminate detected defects and damage to load-
bearing reinforced concrete structures using modern materials and technological solutions given in [16].

Instrumental examination of load-bearing structures. An instrumental examination was
carried out to establish the actual physical and mechanical characteristics of the masonry and
concrete structures, the position and diameter of the reinforcement of reinforced concrete elements
necessary to perform verification calculations and establish compliance with regulatory
requirements. In addition, the degree of development of defects (cracks) and their parameters were
determined to determine the effect on the load-bearing capacity of structures. A list of instruments
used for instrumental examination and determination of geometric dimensions, crack opening and
characteristics of materials of load-bearing structures is given in [14].

During the survey, the geometric parameters of reinforced concrete structures of coating and
floor slabs of series 11-03c and 11-60c were determined, in particular the location of class A-llI
reinforcement in them. The average deviation values from 3-5 measurements turned out to be close
to the normalized ones. Measurements of the dimensions and defects of panel and brick walls and
partitions of sections, load-bearing walls of staircases and ventilation shafts with a thickness of
250-380 mm were carried out. Vertical and inclined power cracks in the masonry and panels were
not detected. Weathering and loss of mortar from the joints was recorded in small areas, the depth
of destruction of the masonry due to thawing was up to 40 mm.

The strength of materials was determined using a non-destructive method to perform
verification calculations during reconstruction (Table 1). The strength of brickwork and mortar was
determined using samples taken from the masonry in accordance with the requirements of current
regulatory documents. Protocols based on the results of determining the strength of mortar and
brick are given in [14].

Table 1 — Results of testing the strength of materials of load-bearing structures

No. Name Strength characteristics
Actual, Section 1 | Actual, Sections2i3 | Design
1 | Monolithic sections of the floor M350 M250-M300 C20/25
2 Hollow slabs M250-M300 - C20/25
3 Ribbed slabs - M250-M300 C20/25
4 Columns 300x300 mm M400 - C25/30
5 Columns 400x400 mm - M450 C30/35
6 Columns 400x600 mm - M450 C30/35
7 Columns 450x400 mm - M450 C30/35
8 Girders 6 M, 9 m M400 M400 C30/35
9 Wall panels M300 M300 C20/25
10 Flights of stairs M300 M300 C20/25
11 Lintels M300 M250-M300 C12/15
12 Facade racks M300 M300 C20/25
13 Porotherm blocks M150 M150 M150
14 Solid ceramic brick M75-M100 M75-M100 M75
15 Construction mortar M75 M75 M75

Modern construction and architecture, 2023, no. 6, page 44-53



BUILDING STRUCTURES

Consequently, when conducting an instrumental examination, non-destructive methods were
used: magnetic to determine the diameter, position and degree of corrosion of the reinforcement;
surface impact to determine the strength of concrete; surface contact for determining the moisture
content of concrete, reinforced concrete structures and brickwork. The strength of masonry walls
and partitions: masonry mortar, brick, hollow blocks, was determined in laboratory conditions using
a P-125 press and an MP-100 tensile testing machine. The characteristics determined in this way
made it possible to clarify the nature and extent of damage and the technical condition of all
structures. Certain characteristics of structures and materials from visual and instrumental
examination are given in [14].

Conclusions. The analysis of scientific and technical sources and a number of field surveys
and theoretical studies, visual and instrumental examination of the load-bearing and enclosing
structures of the building and shelter in the basements, life support systems, and verification
calculations allow us to draw the following conclusions:

1. The degree of development of the identified defects at the time of the survey (06/06/2023)
allows us to unequivocally state that they do not significantly affect the load-bearing capacity of the
main structures of all sections of the building and shelter, taking into account the reduction in the
level of loads during repurposing.

2. The physical and mechanical characteristics of the materials of the load-bearing structures
of the inspected building have deteriorated during the period since commissioning. Their load-
bearing capacity decreased slightly (up to 20%) compared to the design one. But in general, they
meet the minimum requirements of current standards, including those for construction in areas of
high seismic activity.

3. The technical condition of the inspected load-bearing structures is satisfactory (category 2)
and their load-bearing capacity under actual loads after repurposing is ensured. The technical
condition of the shelter's life support systems is emergency, and they need to be completely
replaced. The physical wear and tear of the shelter structures is 24% — the condition is satisfactory
and their repair is economically feasible.

4. Maximum calculated vertical loads on the columns of the first floor frames: columns
300%300 mm — 1.40 MN, columns 600x400 mm — 4.20 MN, columns 450x400 mm — 3.15 MN. It
is possible to reconstruct a building with a superstructure in accordance with the presented
proposals while maintaining the frame-braced structural scheme without reinforcing the load-
bearing structures of frames, walls and overlaps.

5. Enclosing structures must be lightweight to reduce forces from seismic influences. If it is
necessary to fill cavities and level floor marks, it is recommended to use expanded polystyrene
concrete screeds with a specific gravity of 400-500 kg/m?®. Partitions should be made of hollow
materials or frame type. External walls and filling of openings should be brought into compliance
with energy efficiency requirements. Staircases must be brought into compliance with the
requirements of current standards. Existing timber roof structures must be dismantled. All layers of
flat roofs with insulation that are unsuitable for use should be removed and replaced with energy
efficient ones. All internal networks of the inspected sections of the building and the life support
systems of the shelters are also subject to replacement.

6. After selecting materials for the superstructure, check the load-bearing capacity of columns
and girder frames to make a final decision regarding the need to strengthen them. The renovation
project must be carried out by certified professionals. Before dismantling begins, it is necessary to
fence off the building and carry out work in compliance with safety requirements in construction.
The accepted level of reconstruction is "a" "restoration of the condition of structures to the level
prior to damage” according to DBN V. 1.1-12:2014 "Construction in seismic regions of Ukraine™,
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AHoTamnisa. Y naHiii poOOTI Ha OCHOBI aHAJI3Y JIITEPATYPHUX HAYKOBO-TEXHIYHHX JDKEPET Ta
BHUKOHAHUX HATYPHUX JOCIIDKEHb C(OpMYyJIbOBaHO IMpobieMy aerpaaarmii 3aji300€TOHHUX 1
METaJeBUX KOHCTPYKIiN TpHUBajOi eKCIulyaTalii Ta BiA3HaYeHO Ii aKTyaJbHICTb. ABTOpaMU
MIPOaHaIi30BaHO HU3KY POOIT 13 BKa3aHOi mpodieMaTtuku. ONrucaHo TaKOX MPUKIIAAN 3aCTOCYBAHHS
CYy4acCHUX METOJIIB Ta MaTepialliB JUIsl MiJCHIICHHS 3a1i300€TOHHUX Ta MYypOBaHMX KOHCTPYKIIH 3
MOIIKO/DKEHHSAMHU 1 edeKkTaMu A BIJHOBIEHHS iX Hecydoi 34aTHOCTI. B po0oTi mpeacraBieHO
PE3YNIbTaTH Bi3yaIbHOTO OTJISAY Ta IHCTPYMEHTAIBLHOTO JTOCIIHKCHHS 32113006 TOHHUX 1 METaJICBUX
HECYy4YUX KOHCTPYKIIiH KOJHUIIHBOTO 3aBoay «Momaynby, modyaoBanux 3a cepiamu I1-03c i II-60c, a
TaKO’X 30BHIIIHIX CTIHOBUX CAaMOHECYYHX KePaM3UTOOCTOHHUX MaHEJeH, NETISTHUX CTiH, CXOJ0BUX
KIIITOK Ta neperopoaok. HaBeneHo 3araiabHi BiJOMOCTI mpo OyaiBIIO Ta ii KOHCTPYKTUBHE PIIICHHS.
B 3amaui qocmiKeHHsT BXOAMIN BCTAHOBIICHHS JIIHCHOTO TEXHIYHOTO CTaHy KOHCTPYKIiN OymiBii
Ta MOKJIMBOCTI ii momanbiioi HaailHOI ekcrutyaTalii micis nepenpodinoBanus. [Ipu obcrexenHi
3aCTOCOBAaHI METOAM HEPYHHIBHOTO KOHTPOJIIO Ta JabOpaTOpHI OCTIDKEHHS MarepiaiiB s
OTpUMaHHS (PaKTUYHHUX MOKA3HUKIB MIIIHOCTI, BOJOTOCTI, CTYHNEHS KOPO3IMHOTO MOIIKOMKEHHS
MaTepialliB, T€OMETPUYHUX XapaKTEPUCTUK KOHCTPYKIiH mns ix igeHTudikamii. BcranosieHi
OCHOBHI TPHUYMHHU, SKI BUKIUKAIA HEOOXITHICTh IOCHIDKEHHS Ta PO3POOKHM pPEKOMEHIAIlid 3
YCYHEHHsI BHUSIBJICHUX Je(EKTIB 1 MOIIKOKEeHb, HEAOIIKIB TPUBAIOI ekcruryararii. HaBeaeni maHi
PO BUSIBJICHI Je()EKTH 1 MOUIKOMKEHHS, 10 BUHUKIW MPOTATOM TPHUBAIOTO TEPMiHY. 3TiTHO
YUHHUX HOPM BCTAQHOBJICHO 3arajbHUN TEXHIYHUW CTaH OYHIBII — 3aJ0BUIBHUI (KaTeropis 2), Ta
copMynbOBaHi BIAMOBIAHI BUCHOBKM IIOAO HEOOXIJHOCTI NMPOBEACHHS PEMOHTHHX pobit. Ha
OCHOBI pE3yJbTaTIB HAaTypHUX OOCTEXEHb, BIJNOBIAHMX pPO3PAaXyHKIB Ta BHUCHOBKIB Oyiu
Po3po0IIeHi PeKOMEH 1ALl 3 PEMOHTY Ta YCYHEHHS BUSBICHUX JE(PEKTIB 1 MOIMIKOIKEHb.

Kurouosi cioBa: kapkacu, KOHCTPYKIIii, 3a11300€TOHHI, CTaJIEB1, CTIHY, LIETJISIHA KJIAJKa.
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Abstract. In most buildings and structures, reinforced concrete elements, which are operated
with various damages and defects, are used. This article presents the results of theoretical studies of
unevenly damaged reinforced concrete beams using the FEMAP software package. The occurrence
of defects and damages leads to the danger of operation of buildings and structures, changes in the
stress-strain state, and can lead to a decrease in the stiffness and bearing capacity of the structure.
Defects and damages occur under the influence of the external environment, mechanical impacts,
aggressive environment, and because of an explosion. The study aimed at analyzing the effects of
the occurrence of uneven damage to reinforced concrete beams is of great practical importance in
the future calculation of the residual bearing capacity and determination of the stress-strain state of
a reinforced concrete element. Therefore, for theoretical studies, we use the finite element modeling
of reinforced concrete elements in the FEMAP software package. The simulations were performed
with different types of damage caused by wetting, alternating freezing, and thawing, and the
stresses in concrete and reinforcement were analyzed using the finite element method (FEM), which
is an effective numerical method for solving engineering problems. Based on the modeling results,
the stresses were compared with the ultimate stresses, and the deformability of unevenly damaged
reinforced concrete beams was determined. The results of the theoretical studies can be used in the
future for practical experiments and are of practical importance in choosing the optimal method for
calculating the residual bearing capacity of a reinforced concrete element. The importance of this study
lies in its potential ability to improve the safety of building structures and reduce the risk of hazards
during the operation of structures. The effectiveness of the FEM method, combined with these results,
opens up new opportunities for engineers and researchers and can serve as a basis for improving the
methods of calculating reinforced concrete elements under load using the latest finite element
modeling technologies.

Keywords: damage, reinforced concrete beams, FEMAP, deformability.

Introduction. Determination of the residual load carrying capacity of reinforced concrete beams
under various damages is an urgent task for the construction industry and is of great importance for
design engineers. Damage to concrete can occur for various reasons, such as chemical attack,
mechanical damage, improper operation, and other types of damage classified in [1]. This can lead to a
decrease in the bearing capacity of beams and an increase in the risk of accidents, as well as to the
occurrence of complex types of deformations of reinforced concrete elements that are not
predictable in the design [2].

Research in this area is aimed at understanding the mechanisms of damage and its impact on
the bearing capacity of reinforced concrete beams. The results of such studies can be used to set
safety standards and develop recommendations. Accordingly, the assessment of the technical
condition of reinforced concrete structures is the main diagnostic tool during operation, so there is a
need to determine the bearing capacity and selecting the optimal reconstruction method.
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This article discusses the stress analysis and deformability of reinforced concrete beams with
non-uniform damage using the Femap software package based on NX Nastran.

Analysis of recent research and publications. The study of reinforced concrete beams with
damage is a relevant area. When the compressed zone of concrete is damaged, the bearing capacity
of the beam decreases, deformations and stresses change. Determination of the bearing capacity of
reinforced concrete beams with damage to the compressed zone is investigated in [3].

The use of numerical analysis of the effect of damage to the compressed zone of concrete in a
reinforced concrete beam provides important information for understanding the behavior and
prediction of performance. Numerical methods are used to analyze the effect of concrete damage on
the bearing capacity of beams and to study the mechanical characteristics of such structures.

Having considered the papers [4-5], which investigate the influence of cracks in the concrete
compressed zone on the bearing capacity of reinforced concrete beams and their impact on the
mechanical characteristics of structures. These articles are substantiated by numerical and
experimental research methods. The main attention is paid to the analysis of the effect of cracks on
the change in the bearing capacity of beams, in particular, various factors such as the depth and length
of cracks, reinforcement, and material properties are taken into account. The results of the study of
crack formation and failure of the concrete compressed zone contribute to a better understanding of
this effect on the performance of reinforced concrete beams and its bearing capacity. In [6], typical
flexural failure was observed in damaged beams. Bending cracks increased and propagated upward in
the high moment region with increasing load. After reaching the yield strength, an upward shift of the
neutral axis was observed, which led to concrete crushing in the compressed zone. Small inclined
cracks of minor impact appeared throughout the span.

Klymenko E.V. [7] carried out the study of damaged reinforced concrete elements, the main
direction of work was to create the basis for a methodology for determining the technical condition
of damaged reinforced concrete structures and assessing the possibility of their further normal
operation based on field tests. During the operation of reinforced concrete elements, there was a
need to protect the bearing structures of the eastern stand of the stadium from atmospheric moisture.
Prolonged soaking of reinforced concrete structures led to the destruction of the cover, corrosion of
the longitudinal and transverse reinforcement. These damages necessitated the determination of the
bearing capacity and deformed state.

The analysis of the stress-strain state and the determination of the residual bearing capacity of
reinforced concrete elements using the FEMAP software package were performed in [8]. The basis
for the research work was significant damage to reinforced concrete elements, errors in the
manufacturing technology, non-compliance with the minimum cover, violations of the formwork
geometry, and installation deviations. The objective of the study was to systematize the approach
and factors that influence the decision-making process for strengthening a damaged reinforced
concrete element, as well as to analyze the factors that influence the process of modeling an existing
reinforced concrete element in order to determine the actual bearing capacity.

The most modern methods of modeling reinforced concrete structures using FEMAP and
NASTRAN software are proposed by S. Kumar [9]. The author discusses methods of modeling,
analysis and design of reinforced concrete elements and describes the process of creating models,
determining loads, performing analysis and evaluating the bearing capacity and stability of
reinforced concrete structures. The author also discusses in detail the use of software products for
calculations and optimization of structures. The final results confirm that Femap and NASTRAN
can be useful tools for modeling reinforced concrete structures and analyzing their behavior.

Among the publications, a broad overview of modeling and analysis of a reinforced concrete
beam using the FEMAP software package is presented in [10]. In particular, the authors describe
the methodology for constructing a geometric model, the correct input of material properties, and
loading conditions. The process of analyzing a reinforced concrete beam with setting up boundary
conditions and performing numerical analysis. Examples of modeling and analysis of reinforced
concrete beams are presented to demonstrate the effectiveness of Femap and NASTRAN. The
results indicate that these software products can be used to determine stresses and strains.
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Research objective. Modeling of reinforced concrete beams with non-uniform damage under
load in the Femap complex using the finite element method. Based on the modeling, to analyze
stresses and strains.

The object of research is reinforced concrete bending structures of buildings and structures
under conditions of long-term operation.

Materials and methods of research. For theoretical research and modeling, a normally
reinforced concrete beam was designed, which will be used for experimental testing and comparison of
the results with theoretical data. The geometric dimensions of the reinforced concrete beam are: length
[=2100mm, height h=200mm, width b=100mm, distance between supports 1;=1900mm. The working
reinforcement in the tensile zone of the beam is designed from rolled steel @16A500S (Young's
modulus E=209200, Poisson's ratio = 0.29), upper reinforcement 2006 A240C, concrete of class C30/35
(Young's modulus E=34500, Poisson's ratio =0.21). The transverse reinforcement is made in the form
of U-shaped clamps @6A240C with a pitch of 75 mm (Fig. 1).
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Fig. 1. General view of beam reinforcement

The reinforced concrete beam was designed to be installed on the test bench in such a way
that its failure is expected in the zone of pure bending. To create the model and perform the
calculations of the reinforced concrete beam, I used Femap, a widely used and modern software
package for engineering analysis that facilitates the construction of finite element models.

The modeling starts with creating the necessary layers and entering the parameters of concrete
and steel — Young's modulus, Poisson's ratio (Fig. 2).
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Fig. 2. Characteristics of reinforced concrete beam materials

The next step was to create a finite element mesh. To ensure the compatible operation of the
reinforced concrete element, the modeling was performed with the condition that the edges and
nodes of the concrete finite element mesh coincide. Formation of the element mesh included the
creation of a plane from which finite elements were created using the "extrude” method along the
entire length of the beam. To obtain accurate data, the finite element mesh was created from
10x10mm and 15x10mm cubes. The reinforcement was modeled using the BEAM element. After
completing the mesh creation, all model nodes need to be merged using the "merge coincidence™
command, which removes all unnecessary nodes and solves the problem of errors during the
subsequent calculation of a damaged reinforced concrete beam.
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After that, we create supports at a distance of 100 mm from its edge in the lower nodes of the

beam along its entire width. On the one side — fixed support with a ban on movement along the TX,
TY, TZ axes. The load with the value F (kN) is applied in 1/3 of the span (Fig. 3) to ensure a clean
bending zone. The applied load F = 35.3 kN.

F F

200

00 635 | 630 l 635 100
g 1900 :

Fig. 3. Scheme of load application

For further study and analysis of a reinforced concrete beam with uneven damage, 6
variations of damage with variable values were selected and modeled (Fig. 4). The damage
parameters are the following values:

— depth;

— is the damage angle a;

— is the value of the slice run delta a.

Damage may occur as a result of wetting or alternating wetting, freezing and thawing.
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Fig. 4. Scheme of damage to a reinforced concrete beam
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There are several ways to create a computational model fault in the FEMAP program [10], in this
case, we chose to create it by deleting mesh elements. After deletion, the "merge coincidence” command
must be used again to prevent errors. It is assumed that this damage may cause a change in the stress-
strain state of the reinforced concrete element. As a result of modeling and static calculation using the
Femap software, models and isofields of the reinforced concrete beam B-1 (Fig. 5, Fig. 6),
displacements in the Y-axis (Fig. 7) and along the X-axis (Fig. 8) were obtained.

Fig. 5. General view of damage and stress isopleth of concrete of beam B-1

Fig. 6. Stress isofields in the reinforcement of beam B-1

B-4modfem : Untitled X

Fig. 7. Movement of the damaged beam B-1 along the Y-axis
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The theoretical results of unevenly damaged reinforced concrete beams are shown in Table 1.

Fig. 8. Movement of the damaged beam B-1 along the X-axis

-1,2613

The analysis of these data allows us to understand which of the damage parameters can play a role

in increasing the deformation under the load.

Table 1 — Summary indicators of damaged reinforced concrete beams

Denth Displace- Max | Max stress in
Title | Damage OF]Z Length of ment Displacement stress In the
angle damage the cut alongthe | in the X-axis concrete | . forcement
Y-axis GC os
o 100mm/
B-1 45 400 mm 5.83mm 1.26mm 375N | 135.58 mPa
100mm
B-2 30° - 400 mm | 6.29mm 1.44mm 40.5kN | 146.42 mPa
B-3 45° - 400 mm 7.06mm 2.03mm 45.36 kN 156.4 mPa
B4 | 45 | 200M™ gehmm | 6.41mm L4mm | 4123 N | 14221 mPa
100mm
B-5 30° - 550 mm 6.97mm 1.6mm 44 52kN 158.3 mPa
B-6 45° - 550 mm 7.91mm 2.3mm 49.28 kN | 167.7 mPa

Conclusions and Prospects for Further Research. Having analyzed the data obtained in the
course of the work, the following conclusions can be drawn:

1. The use of finite element modeling of existing reinforced concrete elements will allow
obtaining accurate results compared to analytical methods.

2. The theoretical study of unevenly damaged reinforced concrete beams in the FEMAP
software environment allows us to study in detail the stresses in concrete and reinforcement under
different variations of damage, to analyze displacements depending on the damage parameters. The
results demonstrate the impact of the compressed zone on the reinforced concrete beam, as each
centimeter of damage reduces the effective working height of the concrete, its bearing capacity, and
changes the inclination of the neutral axis.

3. The modeling makes it possible to assess the impact of damage to elements and defects
that occur in existing building elements under load.

4. We can conclude that this study is not complete and requires further refinement and
comparison of theoretical results with experimental data.
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AHoTanis. Y OuibmocTi OyniBedb Ta CHOPYJ BUKOPUCTOBYIOThCS 3alli300€TOHHI €JIEMEHTH,
K1 eKCIUTyaTyIOTbCS 3 PI3HMMM TMOIIKO/DKEHHSIMHM Ta JAedextamu. Y AaHiil CTaTTi HaBeJIEHO
pe3yabTaTH TEOPETUYHUX OCTIKEHb HEPIBHOMIPHO MOIIKOIKEHUX 3a1i300€TOHHUX Oanok 3a
nonomororo nporpamHoro komiuiekcy FEMAP. BunukHeHHs neekTiB Ta MOUIKOKEHb
MIPU3BOMATH /10 HEOE3MeKH eKCcIuTyararii OyaiBeslb 1 CIOopy., 3MIHM HampyXKeHO-1e(hOopMOBaHOTO
CTaHy, MOXYTb IIPU3BECTH JI0 3MEHILIEHHS )KOPCTKOCTI Ta HECYUoi 31aTHOCTI KOHCTPYKIii. [ledexTu
Ta MOLIKO/KEHHS BHHMKAIOTH IIiJ{ BIJIMBOM 30BHIIIHBOTO CEpPEJIOBHUINA, MEXaHIYHUX BIUIMBIB,
arpecMBHOTO CEPEIOBUIIA Ta BHACHIIOK BUOYXY.
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JlocmikeHHsT CIpSIMOBaHHI Ha aHATI3 BIUIMBIB BUHUKHEHHS HEPIBHOMIPHHX IOIIKOKCHB
3aJ11300€TOHHUX OaJIOK Ma€ BEJTMKE MPAKTUYHE 3HAYCHHS Y MaOyTHbOMY PO3PaXyHKY 3aJIUIIKOBOT
HEeCy4oi 3/IaTHOCTI Ta BU3HAYEHHI HANPY>KEHO-1e()OPMOBAHOTO CTaHY 3aJ11300€TOHHOTO CJIIEMEHTY.
Tomy s TpOBEACHHS  TEOPETHMYHHMX  JOCHI[UKCHb  BHKOPHCTOBYETHCS  MOJCIIOBAHHS
3113006 TOHHUX €JIEMEHTIB METOJIOM CKIHYCHHHX €JIEMEHTIB y mporpamHomy komruiekci FEMAP.
MopenmoBaHHs BHKOHYBAJOCh 13 PI3HUMH THUIIAMH TIONIKO/DKEHb, $IKIi BHHHKAIOTH BHACIIIOK
HAMOKAaHHS, MOMEPEMIHHOTO 3aMOPOKYBAaHHSI-PO3MOPOKYBAHHS, a TAaKOX TPOBEACHO aHaJi3
Hanpy>KeHHsT B OCTOHI Ta apMmarypi, MeTooM cKiHdeHHuX eneMeHTiB (FEM), sxuii € edexrHum
YHCEIbHUM METOJIOM [yl BUDILICHHS 1H)XXEHEpHUX 3agad. Ha ocHOBI pe3ysibTaTiB MOJETIOBAHHS
MIPOBEJICHO TIOPIBHSIHHS HANPYXEHb 13 TPAHUYHUMHU HAIPY)KCHHSIMH, BU3HAYCHO J1e(hOpMaTHBHICTh
HEPIBHOMIPHO TIOIIKO/DKEHUX 3aTi300€TOHHMX Oayiok. Pe3ynpTaTH TEOPETHYHUX JTOCIIIKEHb
MOXYTh BHKOPHUCTOBYBATHUCH B IOJNAIBIIOMY JUIA TNPAaKTHYHHX JOCTIIIB Ta MAlOTh MPAKTHYHE
3HAYCHHS TPH BUOOPI ONTHUMAJIBHOTO METOJY pO3PaXxyHKY 3aJHIIKOBOI HECY4oi 3JaTHOCTI
3aJ11300€TOHHOTO €NIEMEHTY. Ba)ITUBICTh IIBOTO JOCIIKEHHS MOJISATa€ B HOTO TIOTEHITIHIN 31aTHOCTI
MOKpaLMTH 0e3neKy OyiBelbHIX KOHCTPYKIIiM Ta 3MEHITUTH PU3UK BUHUKHEHHS HEOE3MEKH i1 yac
excrutyatanii criopya. [ieBicte Mmetogy FEM y moenHaHHi 3 naHUMH pe3yjbTaTaMH BiJKPUBAa€e HOBI
MO>KJIMBOCTI /ISl 1H)KEHEpiB Ta JOCIIAHUKIB 1 MOXE CIY>KUTH OCHOBOIO JUIsl TIOKPAILIEHHS METOJIB
PO3paxyHKy 3aii300€TOHHMX €JEeMEHTIB MpH MAii HABaHTAXKEHHS 13 BUKOPUCTAHHSM HOBITHIX
TEXHOJIOTIM MOJICJTFOBAHHS METOJIOM CKIHUCHHHUX €JICMEHTIB.

KurouoBi cioBa: nomkopkenns, 3amizooeronni 6anku, FEMAP, nepopmaTuBHICTS.

Crarts Hagiimia go pexakiii 11.09.2023
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Abstract. The paper presents the results of a study of the load-bearing capacity of a beam
damaged during hostilities, which was reinforced with steel fiber concrete. A beam with 20%
damage in the compressed zone is considered. Before concreting, a foam liner was installed in the
area of the planned damage, the shape and dimensions of which corresponded to the planned
damage. After the concrete gained 70% of the brand strength, the liner was removed, and the
resulting cavity was filled with a 2% mixture of fiber-reinforced concrete. This is one of the options
for strengthening a beam in a comprehensive testing program for damaged beams, which involves
studying a series of beams with different types of damage, damage zone (tension and compression)
and its size, geometry and method of strengthening. The authors have developed a special stand for
testing. Plane transverse bending of the loading of the beam under test is created using a hydraulic
jack and a metal I-beam with a traverse that transmits two equal concentrated forces to the beam.
The created load is controlled by an exemplary dynamometer of the Tokar system and a ring
dynamometer, which acts as a support. Experimental studies have shown that a beam, the cross-
section of which is 20% damaged in the middle compressed zone, and the shape of the damage is
close to rectangular, has a load-bearing capacity of 93.6 kN, which is 95.0% of the load-bearing
capacity of an undamaged beam (98.5 kN). Crack formation began on the 5™ stage of loading, when
the load value was 32.5 kN, that is, 34.7% of the load-bearing capacity of the damaged beam. In
this case, 4 cracks formed in the pure bending zone. At the sixth stage, three more cracks appeared.
At stages 9, 10 and 14 of loading, 7 more cracks formed. The maximum final crack opening width
was 0.8 mm. throughout the testing process, the fiber-reinforced concrete liner worked with the
beam as a single unit. It can be argued that strengthening a beam with 20% damage in the
compressed zone using the method considered in the work makes it possible to achieve its load-
bearing capacity, which is 95% of the load-bearing capacity of an undamaged beam.

Keywords: damaged beam, steel fiber concrete, experiment, test stand, load-bearing capacity,
crack.

Introduction. The construction industry is characterized by the widespread use of reinforced
concrete structures, which are one of the main load-bearing elements of buildings and structures.
Most of these elements operate under bending conditions. For various reasons, these structures can
be damaged, this can be either mechanical damage associated with the destruction of concrete and
corrosion of reinforcement as a result of long-term operation, or damage as a result of military
operations. Unfortunately, the latter problem becomes especially relevant in our time, when
hostilities are taking place in many countries of the world. And if we add to this damage from
various natural disasters, then naturally the problem arouses great interest. It is not always advisable
to change the design; in most cases it is more economical to strengthen the damaged part without
completely replacing it. An effective method of strengthening reinforced concrete elements is the
use of high-strength materials such as steel fiber concrete.

Analysis of research and publications. In article [1], the use of a fiber-reinforced concrete shell
is proposed to strengthen reinforced concrete beams. Full-scale tests were carried out on beams 4.55 m
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long. A 40 mm thick fiber-reinforced concrete shell was applied directly to the surface of the beam.
Both strengthening and repair of reinforced concrete beams have been studied. In particular, in the
latter case, the beam was initially damaged and then repaired. Numerical analysis is also carried out.
Experimental and numerical results show the effectiveness of the proposed technology.

Article [2] discusses the use of steel-polymer (SRP) composites for repairing and
strengthening damaged concrete structures. The test program involved the examination of six full-
scale reinforced concrete beams that were damaged in the middle region and reinforced using SRP
sheets. The number of layers and the number and distribution of U-winding strips were varied. Test
results showed that repairing beams with SRP layers and U-strips restored their load-bearing
capacity to a level similar to a reinforced concrete beam without damage.

Work [3] is devoted to determining the ability of reinforced concrete beams with steel fiber to
absorb energy under explosive loads. The compressive strength of concrete with and without steel
fibers was measured, and the load-bearing capacity of reinforced concrete beams was determined
using a two-point compression test. The damage levels under blast load applied to reinforced
concrete beams were observed and the results showed that reinforced concrete beams manufactured
with the addition of steel fibers were less damaged than conventional reinforced concrete beams.

Article [4] describes the strengthening of damaged beams using a fiber reinforced polymer
(fiberglass) composite. The problems of ensuring the stability of reinforced beams to bending,
shear, torsion, fatigue, impact and blast loading are considered.

Generally speaking, strengthening of damaged beams is carried out in both compression and
tension zones. In this case, two main methods are used: installing unloading elements and (or)
increasing the cross-section of the structure.

Strengthening beams in the tension zone is presented in numerous publications, of which we
note the works [5-8]. No less research is devoted to strengthening beams in a compressed zone —
works [9-12], etc.

Significant research is related to the use of new highly efficient building materials, such as
high-strength concrete, steel fiber concrete, polymer concrete, basalt concrete [13, 14]. Composite
reinforcement based on aramid (AFRP), glass (GFRP) and carbon (CFRP) fibers is widely used.
Such materials have a number of advantages: high static and fatigue strength, elastic modulus close
to metal, low dead weight, high corrosion resistance, etc. [15-19].

The use of fiber-reinforced concrete to strengthen beams is considered in [10, 11, 20-27].

The purpose of this work was to study the load-bearing capacity of a beam damaged during
combat operations, which was reinforced with steel fiber concrete.

Materials and methods of research. All studies were carried out in the laboratories of the
departments of structural mechanics and strength of materials of the Odessa State Academy of
Construction and Architecture. To make samples of the material, when mixing the concrete mass,
fiber was evenly added, the total volume of which was 2% of the volume of the product itself.
Previous studies had determined the optimal fiber volume to be 1%, but this was doubled to
strengthen the damaged structure. The tests were carried out on prisms and cubes with dimensions
of 100x100x400 mm and 100x100%100 mm, respectively, aged for 28 days. Prisms and cubes are
made in accordance with regulatory documents [28]. 2 groups of prisms and cubes were made. One
is made of ordinary concrete (with coarse aggregate sizes up to 10 mm) class C20/25 and the
second is with anchored steel fiber. Each group consisted of six samples. To study the beams,
experimental methods of mechanics and the strain gauge method were used.

Results and discussion. To conduct experimental studies, a special stand was developed,
consisting of a rigid metal frame with a composite cross-section and two metal strands <16 mm
(Fig. 1). The upper part of the rods ends with a thread, with the help of which a traverse is fixed,
which serves as a stop for the model dynamometer. The traverse is fixed using nuts. Plane
transverse bending of the loading of the beam under test is created using a hydraulic jack and a
metal I-beam with a traverse that transmits two equal concentrated forces to the beam. The created
load is controlled by an exemplary dynamometer of the Tokar system and a ring dynamometer,
which acts as a support. During the tests, the load transmitted to the beam, deflections and
deformations of individual concrete fibers were recorded.
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Fig. 1. Test bench

The load was applied in steps of 0.05 from the destructive load, the magnitude of which was
determined during preliminary loading. The load at which there was a sharp increase in the rate of
deformation of individual concrete fibers was taken as the destructive load.

Each loading step was followed by a holding time of 8-10 minutes. Between loading stages,
the process of the onset and development of crack formation was monitored. Deflections were
measured using a Maximov deflection meter, and deformations were measured using dial indicators
with a division value of 0.01 mm. The indicators were located in the characteristic zones of the
beam operation. The first four indicators are located in the middle part of the beam where pure
bending occurs. Another 6 indicators are in load transfer zones. The base for measuring
deformations of all indicators is 24 cm.

The test program provides for the study of a series of beams with different types of damage.
The damage zone (stretched and compressed), the geometry of the damage zone, and the method of
reinforcement varied. This paper describes the results of strengthening a beam whose cross-section
IS 20% damaged in the middle compression zone, and the shape of the damage is shown in Fig. 2
(all measurements are in cm).

20

r
A
=

B

Fig. 2. Nature of beam damage

The studies were carried out on rectangular beams with dimensions of 200x120 mm,
reinforced with two vertical frames (Fig. 3). Lower longitudinal reinforcement — @12 mm, upper —
@8 mm. For transverse reinforcement, &6 mm rods with a pitch of 87.5 mm were used. In the
shear span area, transverse reinforcement is made with &4 mm bars (A400 class fittings). Shear
span length 2h, . Working section height 170mm.
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Fig. 3. Beam reinforcement

Before concreting, a foam liner was installed in the area of planned damage, the shape and
dimensions of which corresponded to the damage. After the concrete gained 70% of the strength,
the liner was removed, and the resulting cavity was filled with a 2% mixture of fiber-reinforced
concrete.

The load-bearing capacity of the damaged beam was 93.6 kN, which is 95.0% of the load-
bearing capacity of the undamaged beam (98.5 kN). Crack formation began at the 5th stage of
loading, when the load value was 32.5 kN, that is, 34.7% of the load-bearing capacity of the
damaged beam. In this case, 4 cracks formed in the pure bending zone. The formation of cracks
(Fig. 4) and the width of their opening at all stages of loading are given in Table 1.

Fig. 4. Formation of cracks in a damaged beam

Table 1 — Cracks in a damaged beam

Stage | Magnitude | Number Final width
loads | load, kN | cracks opening, mm
1 6.5
2 13.0
3 19.5
4 26.0
5 325 1,3-0.3;2-0.1;4-0.2
6 39.0 5-7 5-0.2;6,7-0.1
7 455
8 52.0
9 58.5 8-11 8,9,11-0.1;10-0.05
10 65.0 12-13 12-0.7;13-0.8
11 71.5
12 78.0 14 0.7
13 84.5
14 91.0
15 93.6

Modern construction and architecture, 2023, no. 6, page 62-68

65



66

BUILDING STRUCTURES

It should be noted that until its destruction, the steel-fiber-concrete liner worked with the
beam as a single whole.

Conclusions. Thus, experimental studies have shown that a beam, the cross-section of which
is 20% damaged in the middle compressed zone, and the shape of the damage is close to
rectangular, has a load-bearing capacity of 93.6 kN, which is 95.0% of the load-bearing capacity of
an undamaged beam (98.5kN). Crack formation began on the 5™ stage of loading, when the load
value was 32.5 kN, that is, 34.7% of the load-bearing capacity of the damaged beam. In this case, 4
cracks formed in the pure bending zone. At the sixth stage, three more cracks appeared. At stages 9,
10 and 14 of loading, 7 more cracks formed. The maximum final crack opening width was 0.8 mm.
throughout the testing process, the fiber-reinforced concrete liner worked with the beam as a single
unit. It can be argued that strengthening a beam with 20% damage in the compressed zone using the
method considered in the work makes it possible to achieve its load-bearing capacity, which is 95%
of the load-bearing capacity of an undamaged beam.
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AHoTanif. Y poOOTI HaBeEHO Pe3yibTaTHU IOCIHIIKEHHSI HECY4Oi 3AaTHOCTI MOIIKOHKEHOT
g yac 0oifoBuX il Oankw, sika Oyia apMoBaHa ctanediopodeTonom. Posrnsgaerses Oanka 3 20%
MOIIKO/DKEHHAM y CTUCHYTIM 30Hi. Ilepen OeToHyBaHHSM B 30HI IUIAHOBOTO TIOUIKOKEHHS
BCTaHOBJIIOBABCS MMIHOIJIACTOBHMA BKJIaIuII, (GopMa i pO3MIpH SKOTO BiJNOBINANK IJIAHOBOMY
notko pkeHHI0. [licis Habopy 6eTonoMm 70% MapouyHOi MIITHOCTI BKIIAIWII BUAAJSUIA, & YTBOPCHY
MOPOXKHUHY 3amnoBHIOBaIU 2% cymiminio ¢pidpoderony. Lle oaun 13 BapiaHTIB 3MillHEHHS OalKu B
KOMIUIEKCHIM mporpami BHUMpPOOyBaHb MOUIKOKEHUX OalloK, sika mepeadavae AOCTIIKEHHS cepii
0aNoK 3 PI3HUMH BUJAMH MOIIKOKE€Hb, 30HU MOIIKOKEHHs (PO3TATHEHHS 1 CTHUCHEHHS) Ta ii
po3MipiB, reoMeTpii Ta crocoOy 3minHeHHS. [ TeCTyBaHHS aBTOPU PO3POOWIH CHEIiaTbHHUN
crenn. [lnocko-momepedHuil BUTMH HABAaHTAXKEHHS JIOCHIKYBaHOT OalKd CTBOPIOETHCS 3a
JIOTIOMOTOFO T1JIPaBJIIYHOTO JOMKpaTa 1 METaJleBOi TBOTABPOBOI OATKH 3 TPaBEPCOIO, sIKa IMepeae
Ha 0anKy J1B1 piBHOBENHKI 30cepemkeri cuii. CTBOpeHe HaBaHTAKEHHsI KOHTPOIOETHCS 3Pa3KOBUM
OUHAMOMETpPOM cucteMu Tokaps 1 KUIBIEBUM JUHAMOMETPOM, SIKHI BHUKOHYE pOJIb OIOPH.
ExcriepuMeHTanbHUMHU JOCTIPKEHHSMU BCTAHOBJICHO, IO Oaika, MOMEpeYHUud mepepi3 Kol y
CepenHiil CTHCHYTIM 30HI momkomkeHnid Ha 20 %, a dopma MOIIKOHKCHHS HaOKeHa JI0
NpSIMOKYTHOI, Mae Hecydy 3aatHicte 93,6 kH, mo cranoButh 95,0 % Bim Hecydoi 3aaTHOCTI
HernomkopkeHoi Oanku (98,5 kH). TpimMHOYTBOPEHHS MOYajocs Ha S5 CTyNEHI HaBaHTa)XKCHHS,
KOJIM 3HaUY€HHs HaBaHTa)XeHHs cTaHoBWIO 32,5 kH, To0TO 34,7 % Hecy4oi 31aTHOCTI MOMIKOKEHOT
6anku. [Ipu poMy B 30HI YUCTOrO BUTHHY yTBOpHIOCcS 4 TpiuuHu. Ha moctomy erami 3'sBummucs
mie Tpu TpimmHU. Ha 9, 10 1 14 etanax HaBaHTa)k€HHs YTBOPHJIOCS Il 7 TpiluH. MakcumalibHa
KIHI[EBa IMPUHA PO3KPUTTA TpiuHU ctaHoBmia 0,8 mm. [IpoTsirom ycworo mporecy BUNIpoOyBaHb
($16poOeTOHHUI BKJIAAMII TpaIoBaB 3 Oankolo, SK €AuHe ILijge. MoKHa CTBEpIKYBaTH, IO
nigcwieHHs 6anku 3 20% TMOMIKOKEHHSIM Yy CTUCHYTIH 30HI PO3TISIHYTUM Yy poOOTI METOI0M
JI03BOJIIE JOCATTH ii Hecydoi 30aTHOCTI, sKa CTaHOBUTH 95% Big Hecy4oi 3IaTHOCTI
HEMOIIKOKEHOT OaKu.

KurouoBi ciaoBa: momkompkeHa Oanka, cTanediOpoOETOH, €KCIEepPUMEHT, CTEHJ, Hecyda
3/IaTHICTb, TPIIIMHA.

Crarrs Hagidnura qo penakmii 20.10.2023
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Abstract. The research of operating modes of hoisting mechanisms and machines, in
particular, overhead and city-building cranes is carried out. Based on dynamic analysis of operating
modes of mechanisms of the mentioned machines the character of load occurrence in their elastic
elements (ropes) is established. The synthesis of optimum transient modes of operation
(start/braking) of city-building and overhead cranes is carried out. The models of L.D. Landau and
N.A. Lobov for physical and mechanical analysis of motion of the specified machines are used, on
the basis of which with attraction of methods of classical calculus of variations the laws of motion
of a cargo and a cargo carriage of similar cranes which optimize (minimize) inevitably arising
pendulum oscillations of a cargo on a rope (as in the period of start-up of the crane, and at its
braking, up to full stop) are received analytically.

The evaluation of motion modes in the work is carried out by using a criterion with sub-
integral functions in the form of "energy" of accelerations of higher orders (third, fourth, etc.).
Exactly such criteria are used in the selection of modes of motion of lifting mechanisms of cranes of
bridge/bridge-building type, which have in their composition elastic elements (ropes). The above
approach makes it possible to achieve continuity of functions of velocities and accelerations of
various links of the system, which leads to a significant reduction in their oscillations. The analysis
of modes of motion of the system, which is described by the main coordinate of motion and elastic
coordinates, allowed one to establish the regularity of using the proposed criterion to minimize the
elastic vibrations of individual links (ropes) of the crane hoisting mechanism.

The results of this study can be further used to clarify and improve existing engineering
methods for calculating loads in flexible/elastic elements (ropes) of bridge and city-building cranes
both in the design of hoisting mechanisms and in the modes of their real operation when
mechatronic control systems are used in controlling the movement of the load carriage.

Key words: analysis, dynamics, optimization, transient motion modes, starting, braking,
hoisting mechanisms, overhead and urban cranes.

Introduction. The nature of movement of the main links of lifting and transporting
mechanisms and machines significantly affects the quality of the performance of technological
processes by such machines and mechanisms, their productivity, reliability, durability, etc. Thus,
the law of change determines the mode of movement of this or that link of the mechanism or
machine in time or position of kinematic characteristics (displacements, speeds, etc.) and time of
movement. For a certain design of a hoisting crane mechanism, the law of motion of an individual
link (for example, the drive of a city building or bridge crane) determines the law of motion of other
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links. The complete time of motion of a hoisting mechanism is the time interval from the beginning
of motion to its end. It is the complete cycle of motion of a hoisting crane, conveying machine or
mechanism can be divided into three main stages: 1) stage of start (run-up, acceleration); 2) stage of
steady motion (with constant speed; 3) stage of stop (run-out). Each of the above stages is
characterized by the duration in time and the laws of motion of the links. In this study, we will
assume that the durations of the stages considered are set, and it is necessary to determine on them
such modes of motion that minimize certain criteria of quality of motion or the hoisting/transporting
mechanism or machine itself.

In particular, the start-up stage of a hoisting mechanism, transporting machine is characterized
by the growth of the speed of a link, for example, a drive, from zero value to a certain value. In this
case, various modes of motion minimizing inertial loads, the power of the drive itself, loads of
oscillatory nature (on elastic elements - ropes of hoisting mechanisms of cranes, for example, of the
city-building or bridge types) or a complex of such characteristics can be used. In addition, at the
stage of start-up can be found modes of motion, which at given restrictions on the above
characteristics provide, in particular, and the minimum duration of start-up.

This study is devoted to the solution of the problems outlined above.

Analysis of publications on the topic of research. The authors [1-21] have investigated in
sufficient detail the main features of the dynamics of the functioning of overhead/bridge cranes and
have given scientifically justified conditions and laws of motion of the hoisting carriage and the
load on the crane rope, under which the arising pendulum vibrations of the load can be minimized,
however, the results obtained in the cited works do not always have a justified physical meaning
and can be implemented in the real operation of hoisting mechanisms, since they are based on
incorrect initial and final (terminal) conditions. In particular, usually the works cited above consider
only kinematic conditions of motion, both at the beginning and at the end of the transient period
(say, the start-up mode). There is a problem with this approach, since the terminal conditions (at the
beginning of the motion) lack the cause that led to the motion - the force factor. Also, after the end
of the start-up period, when the crane system enters the steady state (and begins to move at a
constant speed), based on physical considerations, Newton's first law must be fulfilled, and the
force factor is absent, or the equidistance of all forces is zero. Among the published and cited above
works, the authors of this study have nowhere (not once!) met the confirmation of these relevant
reasoning. It should also be noted that when considering the forces of resistance to movement,
which are reduced in the start-up period of the crane system, as a rule. to the forces of dry friction,
the horizontal component of these forces is considered only in one phase, when only the movement
from the place begins (ie, the crane trolley ahead of the movement of the load on the rope), but the
start-up period can last for a period of time when the sign of this force is reversed (the load on the
rope pulls the trolley). Therefore, the generalized dry friction force can lead to chaotic oscillations
of the system (dynamic, deterministic chaos). This is confirmed by numerical analysis of the
problem on a PC computer. Consequently, when correctly formulating the problem, it is necessary
to clearly limit exactly what time interval is described by the proposed model equations of motion.
It is these above-mentioned circumstances that force the authors of this study to correct the results
previously obtained in the above-quoted works, to adjust them to satisfy the generally recognized
laws of classical mechanics.

Goal and task lie in the substantiation of the physical and mechanical model and laws of
motion of the cargo trolley and the cargo on the rope of overhead and city-building cranes, at which
the pendulum oscillations of the cargo in the transient modes of operation of these cranes can be
minimized. At the same time, two basic models of motion of mechanical system (model of Lobov
N.A. [3] and model of Landau L.D. [1]) are used to achieve the purpose of the research. The
author's model [3] is linear, and the model of work [2] is linearized in this study.

Research data and methodology. The methods of mathematical modelling, classical
calculus of variations and mathematical physics are used in this work. In addition, the results of
works of domestic and foreign scientists on the methodology of research, analysis and synthesis of
optimal transient motion modes (starting, braking, reversing) of hoisting mechanisms of
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urban/bridge cranes have been used.

Research outcomes.

1. Calculation of optimal modes of motion of the hoisting mechanism of the bridge/bridge
crane in the framework of the model of Lobov N.A. [3].

1.1. The starting mode of the hoisting mechanism in which pendulum oscillations are
minimised. As an analogue scheme of pendulum oscillations of the load, we use the dynamic system
of work [3], shown in Fig. 1. The designations of the above model are retained in this study.

—> —
C ~
/ 7 Vo4

Fig. 1. Analogue circuit of pendulum oscillations of the crane load [2, 7]

In Fig. 1, the following notations are introduced: m; — the mass of the crane or load trolley
given to the translational motion of the crane or trolley; m,— mass of the load; ¢ =m, - g — weight

of the load; 9 — free fall acceleration (g =981 m/ cz); P _ total traction or braking force of the

crane or trolley drive wheels; W - the force of resistance to the movement of the crane or trolley
(non-linear) and is described by the Coulomb-Amontons law (dry friction), W =W - sign(xl), W -
amplitude of dry sliding friction force; X;and X, — horizontal displacement of massesm; and m,;
S — total cable tension; @ — angle of deflection of the ropes from the vertical; 7' — horizontal
component of forces in ropes; H — the length of the cables' tangs; ¢ — cable rigidity (horizontal)
(c=myg/H).

Since the maximum deviations of the cables from the vertical do not exceed (10...12)°, let us
assume that sing =~ @, cos@ ~1,0. Having made that assumption [2]:

X, =% +H -9, s=G=m,g, and the horizontal component of rope tension has the form of:
T=s-p=m,g-(x,—%)/H. (L)
Equation of motion of a crane or trolley(mass m; ) assumes the following form:

m ~ i
ml-X1+%g-(x1—x2):P—W:P—W-S|gn(>'(1), ?)
a equation of motion of the load in the horizontal direction (for mass m,):
" m
m2-x2+%g-(x2—xl):0. (3)

In the scheme shown in Fig. 1, within the framework of the given dynamic model of the
system, the mass m, slides along the supporting surface without friction [2, 7]. The movement of
such a mechanical system is described by the following equations:

My - % +C- (X — Xy ) =P —W -sign(x,);
{mz %o +C-(Xy —%)=0.

Comparing (4) with (2) and (3), we see that both systems of equations are identical if we

assume c¢=m,-g/ H . It follows that the dynamic effect of an oscillating load on a crane (or

(4)

trolley) is similar to that of a load attached by springs with stiffness of (C) that equals G/ H [2, 7].
It is this analogy that allows us to visualize the effect of a swinging load on the motion of the crane.
When x; > X,, the deflected load increases the resistance forces to the crane's movement.
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Coefficient ¢ =G/ H can be called an analogue of the transverse rigidity coefficient of cables.
Indeed, when x; > X, :

my - % =P —W -sign(X)—c-(x —x,)=P W -sign(¥ )+c-(x —x,)}, ()
and the total drag force (friction + the effect of the load on the rope) will be:
Fonopy =W -sign(¥; ) +c- (% —X,), (6)
with x; >0 from (6) it is obvious that in the case of x; > X, drag force increases.
When x, > X; in (6), as long as x; >0 it is obvious, that the total drag force decreases.

During the period of crane acceleration we consider that x; > 0, then instead of system (4) we
have:

{ml-xl+c-(x1—x2)=P—W; .
m, - %, +C- (X, — % )=0.

By simple transformations and by introducing substitution of variables on & = (xl - x2) the
system (7) can be reduced to:

5{“&)&.5:”"", )
m ) H my
else:
frot.e-PW sz(l+ﬂj-i )
my m; ) H
As initial conditions for equation (9) we choose the following:
Ml =Yelig =0 &g =0 Hl_=Y%|,=0= é‘t:O =0. (10)

Then the solution of equation (9) under initial conditions (10) has the form:
.f(t):(P_Wj-iz-(l—cosﬂt)z(P_WJ 2 sin? (QJ (11)
my Q my 2

The modulus of the tension force of the rope with the load (in the horizontal direction)
acquires a value:

P-W) 2 oty my-g (P-W 2 ot
|T|:C.|X1—X2|:C. — .sinél == | = . . sn =
m O 2 H my [ mzj g 2
s )

my
=2.—2.(P-W)- b in (Qtj=2 — M (p_w)-sin (Qt). (12)
m ( sz 2 (my +m,) 2
1+—=
my
At the time t: , the following can be deduced:
ta > Z.(2n-1), neN, (13)
significant overloading (force, dynamic) of the crane rope system occurs because:
my
T —a—(P-W). 14
ety =2 Gy @) (14)

Such situations in the operation of hoisting mechanisms of overhead travelling cranes and
urban construction cranes are undesirable, as such overloads of ropes may lead to rope breaks and

consequently to accidents. Therefore, it is desirable to avoid such states of the hoisting
system/mechanisms of the above cranes.
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Let's determine the mode of motion of the crane hoisting mechanism (trolley and load), at
which the force and dynamic loads on the rope will be minimal during the start-up period of the
crane system. Duration of the start-up period of the hoisting mechanism is denoted byzs. The
criterion of the quality of movement, at which the start of the crane load lifting mechanism creates

minimum loads on its (crane) rope system, takes the following form:
1

1 7 2 2 .
I —{—- I(c-é‘) dt} = min. (15)
Ts 0

Using equation (9), the criterion (15) can be represented in the following form:
1

A e

The necessary condition for realization/achievement of criteria (15), (16) is the Euler-Poisson
equation [9, 12, 13], which in this case (for constant, independent of time t, values P and W
assumes the form:

£ <o, 17)
We will look for the solution of equation (17) in the form of t a third-order spline:
Et)=ap +ay -t+ay-t> +ag-t3, (18)
where constants 8,8y ,8; az are found from the following terminal conditions:
P-W .
&io=0s &_,=0: & _,= — g, =0 (19)
Applying the coefficients ay,a;,8, a3 obtaining:
2 . ml 3'2’5 <My
Thus for f(t), that satisfies motion quality criteria (15), (16), one would obtain:
2 3
g(t)gp—w),tz_<P—w>,t3=<P-vv>,{t__ t } o<t<r,, 1)
2-m1 3'Ts'm1 mq 2 3'2'3
with &(t), (21) for T/ one has:
2 3
T|=c-l¢]=c . (P-W) W)-{t—— ! } 0<t<zs. (22)
my 2 3'2'5

The minimal value |T| reaches at the time t=0 (at the start), and it reaches its maximal
value ¢ — 7

(P—W) 752 Tg (P_W) 2
| ||’THX | ||t:‘[s c ml 2 3.1‘5 ¢ m16 TS ( )
Then,
B _meg (P-W) »
. _|T||t:r5 a0 e, 75 (24)

Graph, that reflects the relationship between |T| and t shown on Fig. 2, has smooth (rather
then sharp) character of change with time.
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>/

0

Fig. 2. Dependence |T| on t the optimal starting mode of the crane system

Let's find out what the laws of motion should be with xq(t) and x,(t), so that the motion
quality criteria (15), (16) under initial conditions are satisfied:
Xtl,_o = X2l =0; Ha|_g =%o|;_o =0- (25)
In order to find X, (t) let’s apply the condition (25) and the second equation from the system
(7), obtaining:

c

Xo =— - £(t). 26
2= £(t) (26)

Integrating twice (26) over t (accounting for (25)), one gets:

c 4t
= (P-W){————1, 27
) my -m, ( ){24 60-15} (@7)
Since &(t)= X, — X5, one has:
X (t)=x,(t)+&(t), (28)
c tt | (P-w) |2 £

t)= (P-w) L - AL . 29
%) my - m, ( ){24 6O-TS}+ m, {2 3.7 (29)

therefore it is evident that Xl('[) (29) and xz(t) (27) apply only to the time period t [0, 7].
Using mechatronic control system of the crane trolley drive frequency (ml), it is possible to

establish exactly during the start-up of the crane system on the time interval t<[0,zs] the laws of
motion of the load (27) and the load trolley (29) [7].
Noted, the equation [T| _ (24) with [T| _(14) demonstrates:

(30)

in the mode of motion according to laws (27), (29) smaller values of dynamic loads are achieved

with the cable system of the crane. For H=10m, % ~ 0,5 the value 7 for (30) gives 74 <3s.
1

1.2 The mode of coasting (braking) of hoisting mechanism at which pendulum oscillations are
minimized. By analogy with paragraph 1.1. analyze and optimize the mode of motion of the hoisting
mechanism of the crane, at which minimize the pendulum oscillations of the load on the rope,
which corresponds to the braking of the crane to a complete stop (run-out mode of the speed of
rotation of the drive of the load carriage).

Instead of P one enters (8) Pg — braking force (which is a constant value independent of time

t . Let us denote the duration of the braking process aszg .
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To fulfill the traffic quality criterion:
1

T8 2 |2
|*_{i. | {C.LF’B -W _gjiz} cn}2 = min, (31)
B 0 my Q

a necessary condition for the realization of which is the Euler-Poisson equation (17), we search for
the solution of (last) in the form of a spline t of the third order:
Et)=8y+3; - t+a, t>+3, -3, (32)
where constants (8,3, ,8 83 ) are found from the following terminal conditions:
W

—0- £ —o- # _PB—W. _
'§|t=0 =0; é:‘t:o =0; f‘t:O Coom ‘t:rB =0 (33)
Applying (32) for coefficients g ,8;,8, a3 one has:
= = _qn. = _(Pg-W). - (Pg-W)
3,-0; &-0 zm,-PeW. 5 _ (Pg-W) 34
0 1 a2 2m, as 37, my (34)
Therefore, with &(t) (32) one gets:
(Pg-w) [t 3
t)=—"—2———1, 0<t<rg. 35
&(t) m 2 3rg B (35)

Ratios for |T|max braking the crane to a complete stop have a form similar to (23), (24), but
with replacement in them 7, — 75, P > Pg:

_ _(Pe-W) > _my-g (Pg-W) >
max _|T||t:TB -¢ 6'm1 ‘BT H 6-m1 ‘B (36)

Relationship between |T| and t in the braking process of the crane mechanism has a form

i

similar to the one shown in Fig. 2 with an obvious substitution [T| _ (36) and on the time axis (t)
Tg —>17Rg-
Let us further elucidate the laws of motion of masses: m, — X, (t) and my — xl(t), at which
the motion quality criterion (31) under initial conditions is fulfilled:
Xlpog =Xoliog =0: Hali_g = Yol =V (37)
where: V — initial speed of uniform motion (without pendulum oscillations) of the load lifting
mechanism (load trolley and load on the rope). For X, (t)one has:

xalt)=—C .(pB_w).{ﬁ_ ¢ }+V-t, (3)

mq -mo

xy(t)=—C .(pB_w).{ﬂ_ c }+V-t+(PB—_W)-{ﬁ— ¢ } (39)

_ml-mz mq 2 3'TB

Formulas (38) and (39) take place only in the time interval t [0,z ].
The estimation (30) is also valid for the case of braking of the hoisting mechanism:

(40)

It should be noted that the control of the motion parameters of the trolley and the load on the
rope, as well as the actual values of the z¢,zg belong to a special mechatronic control system [7].
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2. Calculation of optimal modes of motion of the lifting mechanism of the bridge/bridge crane
based on D.L. Landau's model [1].

2.1 Start-up mode. We use the approach of [6] to analyze the dynamics and optimize the
modes of motion of the elements of the hoisting mechanism of an overhead/bridge crane. In this
case, the model of the problem is presented in Fig. 3 and is reduced to the following.

X TI

(0]

Y

)

Fig. 3. Geometry of the problem (L.D. Landau model [1])

Flat pendulum with mass m,, whose point of fixture (with point mass m;) can move along a

horizontal straight line (Fig. 3).
Entering the coordinate of X point and my (crane load trolley) and angle ¢ between the

pendulum cable (of length 1) and the vertical axis. The load has mass m, and its coordinate OX :
Xo =X+1-sing. (41)
For ¢ <<1 instead of (41) one has:
Xo =X+1-¢. (42)
This formulation of the problem is fundamentally different from the model of N.A. Lobov
considered above, since in the model of L.D. Landau X, is a coordinate depending on X (x =X

since N.A. Lobov's model). In addition, in the L.D. Landau model in the refined formulation one
should also consider the motion in the direction perpendicular to the axis OX. (Recall that in the

model of N.A. Lobov X, — independent from X; coordinate, and the motion of the system is

considered only in the horizontal direction). Therefore, the results obtained in the L.D. Landau
model will differ from those obtained in the N.A. Lobov model. The authors of this study, believe
that the L.D. Landau model, refined in this study and supplemented by taking into account the
forces acting on mass my is more accurate.

The Legrange function for this problem has the form:

L:(ml+m2) 2 ﬁ|2

%24 -2+ My -1-X-¢-COSp+Mmygl-cosp+ X- F(t), (43)

where: F(t) describes the reciprocal of all forces (driving/braking, frictional forces) acting on
the mass m, in the horizontal direction (along the axis OX)and create its motion along the specified
axis. Further, to analyze the transient modes of crane operation (starting, braking), we consider the
force to be F(t) constant value and not depend on time (t).

Then the equation of motion of the mechanical system at such a Lagrange function L (43) are

as follows:
{(m1+m2)-5<'+m2-l-(¢c05gosingo-(pz)F; (44)
g-sinp+1-¢p+Xcose=0.
For ¢ <<1 let us linearize the equations of the system (44) (sinp =~ @; cosp~1):
(my+my)-%+my-1-g=F;
{g p+1-p+X=0.
After simple transformations, from (45) we can obtain:
(M +my)-g-p+my-1-g=-F, (46)
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or:
(m1+m2)-g-(p+¢:i. 47)
my - my - |

Note the notation:
, (48)

where: €2 — is the natural frequency of oscillations of the system under consideration. From (47),
(48) it is easy to obtain:

P = : (49)

One shall examine the laws of motion ¢(t) with this mechanical system (within the model’s
parameters, that is being considered, and the approximation ¢ <<1), that lays out the nest motion
quality criteria (at the start, for the durationz;):

1 Ts 2
1" == [{pPdt} = min. (50)
T 0
Given (49), the criterion (50) can be represented in this form:
1
2 ]2
* 1 | 9T mq -l .
| = > dt: = min. (51)
tn Q

A necessary condition for the realization of criterion (50) or (51) is the Euler-Poisson
equation:
oV =0, (52)
with condition that F =const.
We will search for the solution of equation (52) in the form of cubic spline by 1 :
p(t)=by +by-t+by 12 +by 3. (53)
Constants (bo,bl,bz,bg,) for the crane starting mode is found from the following terminal

conditions:
F .

(p|t:0 :Ov ¢|t20 ZO, ¢|t:0 :_m ¢|t_,[s :_T' (54)
Therefore:
F (_VIOJJr mF |t
bp=0; by =0; by, =— C e = 1 . 55
0=0; by 2= 372 (55)
In (54), (55) V- speed of steady motion of the crane trolley at the end of start-up.
Finally, (t) assumes the following form:
F 2 F-zg Vg 1 3
t)=|— A — - | —t°. 56
ot ( 2m1-l) +(m1-l | J 372 (56)

in (56) tel0,7s].
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The second equation of the system (45) gives:

X=—{g¢+|¢}=—{g-[(—ﬁz}t2 +(%_¥j%}_

(57)
- i+(F.TS —VoJ‘Z_; :
my my g
Twice integrating (57) at t with zero initial conditions (x|t:0 =X, :0), for x(t):
2 . 3 . . 4 . 5
x(t):F't—FTS—VO-tZwLth _g.i_ﬁ. t2l (58)
2m1 mq 3'TS 24m1| ml'l | 60.‘[5
For X,(t)=x(t)+1-(t):
F.g-t? Forg Vo) t°
t)= _g. Yo, . 59
x2(t) 24m, -1 g (ml-l I ) 60-72 59)

in (58), (59) te[0,7].
The maximum load of the cable, as well as its current load Fy(t), can be found from the
relationship:

P ()= 27 ra 1) = (0= 2 o) 1 = mp - [ lt) =

3 (60)
—my g - |2 FTr Vot
2 2m, -1 m-l 1) 3.¢2]
el -5l ) 0| 55 (£ &

2.2. Braking mode. In the crane system-braking mode, the considerations given in paragraph
2.1 above are repeated. Only replacements should be made: g —7g; F;=F — Fg and accept the

following terminal conditions for the definition qo(t):

0 Fg . . _
m, ¢|t=TB =0. (62)

. V
(/’|t=0 =0; (/’|t:o =

I ; ¢|t:0 -

In (62) Vg — initial speed of uniform motion of the crane trolley, which decreases to zero at
the moment of the end of the braking process, i.e. at t=rg.

Coefficient (BOB_LEZE);) for denoting (p(t)when braking, therefore:

p(t)=by +by -t+b, - t2 +bg -3, (63)
Accounting for (62) assumes the following form:
= - Vo Fg
=0 by =——=; b=~ ;
0=0n by="7% b2 2m; -1

(64)

Therefore, the expression go(t) for braking assumes the following form:

olt)=| -0 |.ts| -t |24 L Yo Ferrel 3 (65)
I 2m1| 37é I ml-l

For x(t) from the expression (45):
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%=—(g-p+l -¢)=(—9)-{—\/—5J-t+[+ﬂj-t2 +(—_92){V_5+M}.t3+

I 2myq -1 . I mq -l
1 3-78 1 (66)
+F—B—2—;-{VJ+ Fe 78 }
my 7B my
Integrating twice over t (66) with the following initial conditions:
X,_o=0; X_,=Vo- (67)
Then:
* 4 * 2
-+ | oo S 0 Lol M Focta s B
. 1 7B 1 1 (68)
+V5-t— t 3 -{V5+ Fe-7p }
3'TB my
Xo(t)= x(t)+1- @(t) come from the relation:
* 4 *
X, (t)= Vo |3, Fegt g Vo ,Fe78 |5 (69)

The rope load as well as its maximum value for the braking mode of the crane system can be
found from the relations:

mo -
Fr(t)= 2| :

* 2 *
J-Mo | Fet" 1 tM Fs7e |3
I 2m1-| 3.72 I ml-l

%2 ()= xg (t) =Mz - g -Je(t) =my - g -|elt) =
(70)

B
[Fir (O =Fiilt™) " ez, (72)
where t is found as a real positive root of the quadratic equation:

iz' Vo Fere |2 _Fet Vo _, (72)
T8 | ms - | mq - | [
It should be noted that both in the operating mode of the crane system at its start-up and at its

deceleration (o(t) # 0 with t> 74 else t>zg, i.e. there are residual vibrations of the load on the rope.

When approaching t — z5 else t — zg one (for qo(t) else gb(t))will be non-zero and therefore,
due to the inertial properties of the system, residual oscillations will exist.

The results obtained in this study allow only to determine such modes of crane system
startup/braking, at which during the transition period (t<[0,z] else te[0,zg]) oscillations of the

load on the rope are minimized. Actually, such modes of operation of the hoisting mechanism of the
bridge/bridge crane are called optimal in this paper.

Conclusion:

1. Dynamic analysis of transient modes of motion (startup/braking) of hoisting mechanisms of
overhead/urban cranes has been carried out. The scientific novelty of the work consists in the fact that for
the first time correct (terminal) initial and final conditions of motion of the crane system in the transient
mode of its functioning (in the period of start-up/braking), in which there is (and in the conditions stated)
a physical cause of such motion, and the laws of motion are constructed by means of spline functions (in
time), and the defect of the time spline is equal to zero (that is, the number of terminal conditions
corresponds to the number of uncertain constants of the time spline). The latter circumstance indicates the
correctness of the law of motion of the crane system in time defined in this way.

2. Within the framework of classical models of motion of the crane system (Lobov N.A. [3]
and Landau L.D. [1]) the basic parameters of stresses in ropes and kinematic characteristics, at
which pendulum oscillations of a cargo are minimized exactly during the whole transient mode of
functioning, are determined.
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3. The results obtained in the work can be further used to clarify and improve the existing
engineering methods for calculating the parameters of lifting mechanisms of bridge/grading type
cranes in order to reduce the negative impact of pendulum oscillations arising in the system.
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AHAJII3 TUHAMIKH TA ONTUMBALS HEPEXITHUX PEXKUMIB PYXY
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Anoranis. IIpoBeneHe AOCIIIKEHHS PEXKHMMIB POOOTH BaHTAXKOMIAHOMHHMX MEXaHI3MIB 1
MaIlldH, 30KpeMa, MOCTOBHX Ta MICTOOyIiBeIbHUX KpaHiB. Ha OCHOBI IWHAMIYHOIO aHali3y
peXKUMIB pOOOTH MEXaHI3MIB BKa3aHUX MAIllMH BCTAHOBJICHUM XapaKTep BUHUKHCHHS HaBaHTaXXEHb
y IX IPYXHUX eIeMEeHTaxX (KaHaTax). BUKOHAHO CHHTE3 ONTUMATBHUX MEPEXITHUX PEKUMIB POOOTH
(myck/raJlbMyBaHHS ) MiCTOOYIIBEJILHUX Ta MOCTOBUX KpaHiB. Bukopucrani moaem JI.JI. Jlannay ta
H.A. JloboBa mis (i3MKO-MEXaHIYHOTO aHAJI3y PYyXy BKa3aHMX MAaIllMH, Ha OCHOBI KOTpHX i3
3aJIy4CHHSIM METOIB KJIACHYHOI'O Bapial[iiHOTO YHCJICHHS OTPHMAaHI aHATITUYHUM IIUIIXOM 3aKOHH
PYXy BaHTaXy Ta BaHTAXXHOTO Bi3Ka MOMIOHUX KpaHiB, K1 ONTUMI3YIOTh (MIHIMI3YIOTh) HEMUHYYE
BUHUKAIO4l MasTHUKOBI KOJMBAHHS BAaHTAXy Ha KaHaTi (SIK y Mepioj MyCKy KpaHa, TaK 1 mpu Horo
raJbMyBaHHI, 10 TIOBHO1 3YITUHKH ).

OrmiHka peXUMIB pyxXy y poOOTI 3HIMCHEHHS IUIAXOM BHUKOPUCTAHHS KpPUTEPIIO 3
MiTIHTerPATbHUMHE (DYHKINISIMU Y BUTJISJII «EHEPTil» MPUIIBHANIEHb BHUIIUX MOPSAKIB (TPETHOTO,
yeTBepToro i T.4.). Came Taki KpuTepii BHKOPHCTOBYIOTBCS TIpH BHOOPI PEXKHUMIB PyXy
BAHTAXXOMIIJHOMHUX MEXaHI3MIB KpPaHiB MOCTOBOI'0/MiCTOOYIIBEIIEHOTO THITY, K1 MAlOTh Y CBOEMY
CKJIaJl TIPY>KHI elleMeHTH (KaHatu). Bkazanuil miaxia ga€ MOXKIUBICTh JOCATHYTH HEMEPEpBHOCTI
(GYHKIIA MBUAKOCTEH 1 MPUIIBUANICHD PI3HUX JAHOK CHCTEMHM, IO 1 MPU3BOJMTH JO 3HAYHOTO
3MEHIIIEHHS 1X KOJHMBaHb. AHANI3 PEKHUMIB PyXy CHCTEMH, SIKa OIHCYEThCS OCHOBHOIO
KOOPJIMHATOI0 PyXy 1 TPYKHHMH KOOPJWHATaMH, JIO3BOJIMB BCTAHOBHTH 3aKOHOMIPHICTB
BUKOPHUCTAHHS 3alPOTIOHOBAHOTO KPUTEPIIO A MiHIMIi3allli IPYyKHUX KOJHUBAaHb OKPEMHUX JIAHOK
(kaHaTiB) BAaHTaXXOITIIHOMHOTO MEXaHI3My KpaHa.

PesynbraTtu JaHOTO JOCTIIKEHHS MOXKYTh OYTH Y MOJAIBIIIOMY BUKOPUCTAHI JUIsl YTOUHEHHS
1 BJIOCKOHAJICHHS ICHYFOUHMX 1H)KEHEPHUX METOJIB PO3PaXyHKY HAaBAHTAXXEHb Yy THYUKUX/TIPYKHUX
eleMeHTax (KaHaTaX) MOCTOBHX Ta MICTOOYIIBEIbHUX KpaHIB SK TPH IPOSKTYBaHHI
BAHTAXKOMITHOMHUX MEXaHI3MIB, TaK 1 y PeKUMaxX iX peaabHOl eKCIuTyaTallli mpu 3aCTOCYBaHHI y
KEpyBaHHI pPyXOM BaHTQKHOTO Bi3Ka MEXaTPOHHUX CHCTEM YITPaBJIiHHSA.

KuarouoBi ciioBa: aHami3, IuHAMika, ONTUMI3allisg, MEPEeXigHI PEKUMHU PYXY, IYCK,
raJIbMyBaHHS, BAHTXXOMIMOMHI MEXaHI3MH, MOCTOB1 Ta MICTOOYAiBEIbHI KpPaHHU.

Crarrs Hagidnuia go penakimii 7.11.2023
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AKTHUBAIIA LHEMEHTY I if BILVIUB HA CTPYKTYPOYTBOPEHHSI
HEMEHTOBMIINYIOYUX KOMIIO3UIIN
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1l'[ip0r015 1.0., acmipasr,

pirogovdima45@gmail.com, ORCID: 0009-0003-4096-3186
Y00ecora depoicasHa akademis 6yO0iGHUYMBA Ma apxXimexmypu
By Jlinpixcona, 4, m. Oneca, 65029, Ykpaina

AHOTanig. Y cTarTi po3risHYTI NMUTAHHS, SIKI MOB’s3aHI 3 MEXaHOXIMIUYHOIO aKTHBAIIIEIO
[IEMEHTHOTO B’SDKYyYOro B CIEI[iaJIbHO CKOHCTPYHOBAaHOMY POTOPHOMY HPOTHUTEHIHHOMY MIIHHI.
[TpuBeneHnii KOPOTKUI OMUC KOHCTPYKIIl MPOTHTEUIMHOTO MIIMHA /A€ 3arajbHE YSBJICHHS PO
OPUHIUN HOro mii SK axKTHBAaTOpa IOBEPXHEBOI 30HM MIHEPAJIBHOTO B’SHKYYOro. 3a3BUYAH,
MO3UTHUBHOIO XapaKTEPUCTHKOID MIHEPaIbHUX B SHKYUYHX € iX MBHAKUKA HaOip MinHOCTi. Tomy
aKTyaJIbHUMHU € HAayKOB1 OCII/DKEHHS, SIKi TOB’si3aHi 3 PO3pOOKOI0 TEXHOJIOTIi, CIpsMOBaHOI Ha
IHTeHCH(IKaIII0 TPOIECIB CTPYKTYPOYTBOPEHHS IIEMEHTHOT'O TICTa Ta KaMEHI0O Ha HOro OCHOBI.
3acTocyBaHHS JaHOI TEXHOJOTil JTO3BOJSIE CYTTEBO IMIJBUIIMTH MUTOMY IOBEPXHIO LIEMEHTY B
mporieci HOro akTUBaIlil, CKOPOTHTH TEPMiHH TY>KaBJICHHS, ITIIBUIIUTH KUTBKICTh XIMIYHO 3B’ A3aHOT
BOJIM Ta IHTEHCU(IKYBaTH €K30TEPMIYHHIA PO3IrpiB TBEPAHYYOTO IIEMEHTHOro KameHio. HaBeneHi
eKCTIIEpUMEHTAIIbHI JJaHi I03BOJIMIIM ONITUMI3yBaTH TEPMiH aKTHBAIii B SHKY4OTO0, IKHH KOJIMBABCS B
niana3oni Bixm 60 mo 600 cek. BcraHoBiIeHO, IO ONTUMATBHHUM, 3 TOYKH 30py €HEPrOEMHOCTI
npoIiecy, € TepMiH akTuBalii B’ spKydoro BrpoaoBx 300 cek. [IpoTsrom mporo TepMmiHy akTHUBaIlil
CTIOCTEPITaeThCsI 3POCTAHHS MMUTOMOI MTOBEPXHI IIEMEHTY B cepenHbomy Ha §...10 %, npuckopeHHs
TepMiHiB TyxaBieHHs Ha 50...60 XB, 3pocTaHHs KUTBKOCTI XIMI4HO 3B’513aHOI BOJU B 28-U IEGHHOMY
Billi 3 13 o 16,3 %, 3pocTaHHs MaKCUMAaJIbHOI TEMIEPATypu €K30TEPMIYHOTO PO3IrpiBy LIEMEHTHOTO
kameHto 3 53,8 o 64,0 °C. Ilogansiie 3poctanHs TepMiHy aktuBaiii (10 600 cex) He3HAYHO BILIMBAE
Ha 3MiHy IlepepaxoBaHMX BJAaCTMBOCTeH. BIUIMB MeXxaHOXIMIYHOi aKTUBaLli B 3HAYHIA Mipi
BIJI3EPKATIOETHCS] HA MILHOCTI LIEMEHTHOTO KaMEHIO Ha CTHUCK. BCTaHOBJIEHO, 1110 aKTUBALlis LIEMEHTY
BIIpoaoBk 300 cek BUKIMKAE 3pOCTAaHHS MIITHOCTI IIEMEHTHOTO KaMeHIo Ha cTuck 3 48 no 57 Mlla,
ToO0TO Maibke Ha 20%. Ilizcumioe epekT MexaHOXIMIYHOI aKTHBALl LIEMEHTY BBEIEHHS 10 Horo
CKJIaJly KBapLIOBOTO IMicKy. EKCriepyMeHTalbHO BCTAHOBIJIEHO, IO AKTUBALlisA LIEMEHTY 3 J100aBKOIO
20% KBapLOBOrO MICKY MiJBUIILYE MIIHICTh HAIIOBHEHOT'O IIEMEHTHOTrO KameHio Maibke Ha 30% mo
BIJTHOIIIEHHIO JI0 MIITHOCT1 KaMEHIO Ha 6e3/100aBOYHOMY 1IEMEHTI, SIKUil MEXaHOAKTUBAIIi{ HE MiJIATaB.

Ki1r040Bi ci10Ba: 11eMeHT, akTHBAIlis, €EK30TEPMIYHHUH PO3IrpiB, MEXaHOAKTUBOBAHE B’ sKYyUE.

Beryn. 3a paxyHOK 3pOCTaHHSI aKTHMBHOCTI MIHEPAJbHUX B SKYUYHMX MOXIIMBO BHPIIIYBaTH
P BXIIMBUX 33Ja4 TEXHOJOTIYHOTO 1 €KOHOMIYHOTO HANpsMIB, OB S3aHUX SK 13 MiABHILEHHIM
MEXaHIYHUX 1 eKCIUTyaTalllfHMX XapaKTepUCTUK OETOHIB, TaK 13 3HMKEHHSAM iX eHepro- 1
MmatepianioeMHocTi. Cepenl pi3HOMaHITHUX (GOpPM akTHBalii B’SDKyYMX BUJAHE MicLie 3aiiMaroTh
MEXaHOXIMIYHI METOJM, SKI TOB’s3aHI 3 BUKOPHUCTAHHSIM MIIMHIB CIEMIAIBHUX KOHCTPYKIIIH.
BukopucraHHs TakuxX MIIMHIB J03BOJISE€ OJEpKyBaTH KOHAMLINHI OyiBenbHI MaTepialid Mpu
3HIKEH1M BUTPATI MIHEPAJIbHUX B SKYUYHUX 1, 30KpeMa, MOPTIaH/ILEMEHTY.

AHaJi3 ocTaHHIX AociaigxkeHb Ta myOjikamiid. CydacHi crmocoOu akTHBaIlii rigparamii i
CTPYKTYPOYTBOPEHHSI I[EMEHTOBMIIIYIOUMX KOMITIO3HUINA Ty>K€ PI3HOMAaHITHI 1 00’€HaHI TIIbKH
CIUIBHICTIO TEXHOJOTiYHOI MeTH. J[0 OCHOBHMX METOMIB AaKTHBAllii MiHEpaIbHUX B SDKYUHX
BIZIHOCSATBCS: a) OUIbI TOHKHIA Tomen [1-3]; 0) BBeJICHHS TOBEPXHbO-aKTHBHUX PEUOBUH B MPOIIECi
nomeny KiiHkepy [4-7]; B) BBeJeHHS B CKJIa]] MOPTIAHIIIEMEHTY aKTHBHUX MIHEpaJIbHUX J00aBOK
[8-14]. Cepen MeToiB MiABHIIIEHHS aKTUBHOCTI B’SDKYYHX OCOOJIMBE MiCIle 3aiMar0Th MEXaHOXIMIUHi
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CIIOCOOM aKTHBAILLil, sIKi JOCUTBH JIETKO YB’SI3yIOTHCS 3 1HIIMMH Criocobamu (Pi3MKO-XiMIYHOI aKTHBAIlii
(BiOpoakTHBaIIis, YIbTpa3ByKoBa 00OpoOKa, MarHITHUN BIUIMB Ta iH.). [[epCIeKTHBHIM HAMPSIMOM CITiJ
BBOKAaTH MEXAHOXIMIYHY OOpOOKY MiHEpalbHUX B’SDKY4MX B TpUOO3MilIyBayax OCOOIMBUX
KOHCTPYKIIIH, $KI JOCHTh €(QEKTUBHO 3a0€3IMeUyIOTh 3POCTaHHS IOBEPXHEBOI CHEPrii YacTOK
B’spKydoro [15, 16]. Bimomo, 1110 BHACHIZOK MEXaHIYHOI Jii HAa JUCIIEPCHI YaCTKU B’SDKYYOro Ha iX
MIOBEPXHI BUHUKAIOTh, X04 1 Ha JTy’e KOPOTKHI 4ac, BACOKOCHEPreTUYH1 CTaHU.

Buxonsun 3 mporo, MOXKIMBO KOHCTATyBaTH, IO HE3AIEKHO BiJl XapakTepy MEXaHiyHOTO
BIUIMBY Ha TOHKOJUCIIEPCHI YaCTKHU B’SDKy4Oro B II0YaTKOBHMM MOMEHT BHHHUKAE IPYKHA
nedopmartisi, sKka MPU3BOAUTH 1O 3MIHH JIOBKMHHU 3B’S3KiB y TBepAoMy Timi. llepeBumeHHs
MPYKHOI Aedopmariii BUKJIMKAE PO3BUTOK IIACTHYHOI, HE3BOPOTHOI nedopmartii i, SK HaACIIJIOK,
pyiiHyBaHHS. B MOMEHT XaOTHYHHUX IEpEeMillleHb YacCTOK, SIKi JIETATh 3 BEIHMKOIO IIBUAKICTIO, B
MICIISIX 1X 31TKHEHBb B 30HaX CYOMIKpOCKOMIYHOI Aedopmariii BiIOyBaeThC aKyMyJIIOBaHHS €HEPTIi.
BHacnigok 1poro mpouecy B MICISX KOHTaKTiB YTBOPIOIOTHCS Ha TyXe KOPOTKHH 4ac 30ymKeHi
CTaHW, Kl B 3HAYHIN Mipl MOCIA0JSIIOTh KPUCTATIYHI penriTku. ExcriepuMeHTanbH1 TOCTIIKSHHS
MOKa3aJH, 110 B 00JIaCTi yJapy yTBOPIOETHCS SCKPABO BHPAKEHA pa3ynopsiaHeHa cTpykrypa [17].
TakuM YMHOM MOKJIMBO KOHCTaTYBaTH, IIIO BHACIIJOK MEXaHOXIMIYHOI aKTHBaIlli Ha BCIH MOBEpPXHI
JMCTIEPCHOTO MaTrepially pPO3BHBAEThCS TPAHUYHA 30HA, YIOPSAKOBAHICTH SKOI Oe3mepepBHO
3HM)KYETbCS. 3pOCTaHHS 1HTEHCHBHOCTI aKTHBAIlli TOHKOAMCIEPCHUX YacTOK IPUBOAE O TOro, IO
MIEPBICHI IUTACTUYHI Jedopmaltii 3MIHIOIOTBCS TIOSBOIO TPILIIMH 3 YTBOPEHHSM HOBUX IOBEPXOHB. J[is
JOCSITHEHHSI BUCOKOI'O CTYIEHs aKTHUBALlli TOHKOJAMCIEPCHUX YACTOK B’SKYYOIO BUKOPHCTOBYETHCS
YCTaTKyBaHHS, y SIKOMY €(QEKTUBHO 3JIHCHIOETHCS TOHKE MOJPIOHEHHS MaTepialy 0 YTBOPEHHS
3HAYHOI MUTOMOI MNOBepXHI. TakuM 4YMHOM, OJEp)KaHHS LEMEHTY 3 IiJBUILEHOI aKTHUBHICTIO
OB SI3aHO 13 3pOCTaHHIM TOHUHU TOMeNy B’sKy4oro. KyiapoBi MITMHH, SIKi BUKOPHCTOBYIOTHCS JUIS
aKTHBallii [IEMEHTY, 3HAYHO MiABUIIYIOTh COOIBAPTICTh MPOAYKIIi 32 paXyHOK 3HAYHOTO 3POCTaHHS
BUTpaTu eneKkTpoeHeprii. s BHpImeHHS I1i€i TpoONeMH MPOMOHYEThCA CIOCIO CTUPAIOYOro
MOJPiOHEeHHs, SKUW pealli3yeThCsl B KyJIbOBUX MJIMHAX, 3aMIHUTH Ha IHIIWH CHocid TOHKOTO
nopiOHeHHs. BUXos1uu 3 TOro, M0 HaWOLIBII MEePCHEKTUBHUM HAIPSIMOM 3HIKEHHS cOOIBapTOCTI
aKTHUBALlll LIEMEHTY € 3HMKEHHS €HEPrOEMHOCTI CaMOro Ipolecy MOApiOHEHHsS, TO BUKOPHCTaHHS
TaKUX arperartiB K CTPyMEHEBI MIIMHU, MOXXE PO3IIIAAATUCS SK O€3aJbTePHATUBHHIA CIOCIO
I1/IBUILIEHHS aKTUBHOCTI B’sKy4oro. IlepcrieKTMBHUM HanpsiMOM MOXKJIMBO paxyBaTH MEXaHOXIMIYHY
00poOKy MOPTIAH/ILIEMEHTY B CIEIaJIbHO CKOHCTPYHOBAaHOMY POTOPHOMY MPOTUTEUIHOMY MIIMHY,
SIKUIA € PI3HOBHIOM CTpyMEHeBHX MiHHIB [18].

Meta Ta MeTOoaM AOCTiIAKeHHsI. AHAIII3 HAYKOBUX POOIT,MOB'SI3aHUX 3 JAHOK TEMATHUKOIO,
3YMOBUB MeTy JaHOi poOOTH, sKa TMOJSIrae B IOKpALIeHHI (i3MKO-TEeXHIYHUX XapaKTePHUCTUK
B’SKYYOTO 32 paxyHOK HOT0 MEXaHOXIMIUHOI akTHBAalii. B ekcriepuMeHTalIbHUX TOCHIJIKEHHSIX IS
aKTHBallii B’sKy4yOoro BUKOPHCTOBYBABCS CIEL[IaIbHO CKOHCTPYHOBaHUN pOTOPHUM MpOTUTEUIHHUIMI
MIMH. B xopryci MiauHa, SIKMf Mae BUIJISLT IBOX 3Bape€HUX MK cOOOIO LIMIIHAPIB, BCTAHOBJIEHO JBa
BEpTUKAJIBHUX poTopu. KoXKHMI 13 pOTOPIB CKIAAAEThCS 3 Baly, JI0 SKOTO KPIIUIATHCS IUIACTUHHU 13
BHCOKOMIIIHOI cTali. B 3a30p Mk poTopamu uepe3 natpyOoK, SKUi po3TallloBaHUH Y BEpXHI YacTUHI
MJIMHA, TTOJIA€ThCSL MaTepiai sl TOHKOTO moMeny. B HIbKHIM 30H1 MiTMHA, HA OHIN OCi 13 KUBHJIBHUM
naTpyoKOM, 3HAXOJUTHCS MAaTPyOOK AJIsi BUXOAY MesieHoro Matepiany. [licis 3amycky mimHa oOuaBa
POTOPHU MOYMHAIOTH 00EPTATUCh HA 3yCTPid OJUH oHOMY i3 mBHAKicTI0 11000 06/xB. [Ipu oGepranHi
pOTOpIB Tepe1 MIaCTUHAMU CTBOPIOETHCS O0JIACTh MiJBUILEHOIO MOBITPSIHOTO TUCKY, KU 3MYIIY€E
pyxaTHch MOAPIOHIOBAaHUN MaTepian Mo padiaibHiil TpaekTopii. Po3irHaHuil KOXKHHUM i3 pOTOPIB /10
MEBHOI MIBUJKOCTI MOJPIOHIOBAaHUN MaTepiajl TMEepeMIllyeTbCs B HIDKHIO YacTUHY MJIMHA 1
TPaHCIIOPTYETbCSI B J103aTOp  OETOHO3MIIIyo4oro  BijjuieHHA. [Iporpamoro  1ociikeHb
nepeadavanocs BUBUEHHS BIUIMBY MEXAHOXIMIYHOI aKTHUBALll B’SXKYyIOro B IPOTUTEUIHOMY MIIMHI Ha
BJIACTMBOCTI IIeMEHTy (IIMTOMa MOBEPXHs), LEMEHTHOro TicTa (HOpMajbHa TyCTOTa, TEPMiHU
TYXKaBJIEHHS, €K30TE€pMisl TBEpAIIOUOr0 IIEMEHTHOTO TICTa, KUIBKICTh XIMIYHO 3B’S3aHOI BOJM) 1
KaMEHIO Ha 10ro OCHOBI (MIITHICTh Ha CTUCK IIEMEHTHOTO KaMEHIO B 28-U JIECHHOMY BiIli).

Pe3ysabTaTn gociigkensb. B 10ocmiKeHHSX, TOB'SI3aHUX 3 BH3HAYCHHSM BIUIMBY aKTHBAIIii
Ha BJIACTHUBOCTI IIEMEHTY Ta IIEMEHTHOI'O TICTa, BHMKOPHCTOBYBABCS CYIb(aTOCTIHKUN

Modern construction and architecture, 2023, no. 6, page 82-89

83



84

BUILDING MATERIALS AND TECHNIQUES

nuakonoptianauemMent CCLUIIL] M400-/1-60. /Ins BUBuUEHHS BIUIMBY TEPMIHY MEXaHOXIMIYHOI
aKTHBAIlli IIEMEHTY Ha 3MiHy WOro NHUTOMOI TIOBEpPXHI B’sDKydYe ITiI1aBaAIOCh 0OpoOIi B
npoturediiiHoMy minHy npotsarom 60, 180, 300 ta 600 cek. {1 KOHTPOIIO BUKOPUCTOBYBAIOCS
B’sDKy4e, sIKe akTuBalii He misirano. [IpuBeneni B Tabn. 1 ekcriepuMeHTaIbHI JaHl CBiA4aTh MPO
Te, 1[0 MEXaHOXIMIYHa 00pOOKa B’SKYyYOro B MPOTUTEUIHHOMY MIIMHY IPUBO/JIE 10 3POCTAHHS HOTO
MMATOMOT MOBEpxHi 3 415 M2/KT (axTuBaris BiacyTHs) 10 450 M2/KT (axTuBaris npotsrom 600 cek).

Tabmuust 1 — BriutuB Tepminy akTuBallii Ha 3MIHY TUTOMOI ITOBEPXHI [IEMEHTY

TepMmiH akTHBAaIlii B’ SDKYUOTO, CEK
0 (xontposp) | 60 | 180 | 300 | 600
TIuTOMA [OBEPXHS, M/KT 415 430 | 440 | 445 | 450

Bun BunpoOyBaHHs

Crig BIAMITHTH JOCUTH IHTEHCHBHE 3POCTaHHS MUTOMOI MOBEPXHI IIeMeHTY B mepiri 60 cek
axktuBanii (Big 415 mo 430 MZ/KF). B nmopanbpmiomMy 3pocTaHHsS TUTOMOI MMOBEPXHI CHIOBUIBHIOETHCS,
nocsratoun 445 m%/xr micas 300 cex axtuBarii. Iloxansima 0Gpo6Ka [EMEHTY B MPOTHTCHIHHOMY
miuHi (Bix 300 1o 600 cek) BUKIMKAE HE3HAYHUI MPUPICT MUTOMOT MOBEPXHI (HE OijbIne HIK Ha
5 MY/kr — 3 445 110 450 MY/KT).

ExcriepyMeHTanbHO BCTaHOBIEHO, 110 AKTHBAlliSg IIEMEHTY B POTOPHOMY MPOTUTEUIITHOMY
MIIMHY BHKJIMKA€ 3pOCTaHHS HOPMAalbHOI T'ycTOTH B’spKydoro 3 28,0 (akTuBaiis BiACyTHS) 10
29,0% (axktuBauis BopoaoBxk 300 cek), Tadm. 2.

Tabmuis 2 — BruiuB TepMiHy akTUBAaIlli IEMEHTY Ha 3MiHY HOPMaJbHOI I'yCTOTH LIEMEHTHOTO TicTa

TepmiH akTHBaIlii B’ SDKy4OT0, CEK
0 (kontposip) | 60 | 180 | 300 | 600
HopwmanpHa rycrora, % 28,0 28,4 | 28,7290 | 29,2

Bun BunpoGyBaHHS B’ sKY4OTr0O

3pocranns Tepminy aktBamii memeHTy Bix 300 mo 600 cex BHKIMKAae HE3HAYHE 3POCTAHHS
HOPMAJIbHOI TYCTOTH B shKy4oro 3 29,0 no 29,2 %. Takum 4nHOM, MOXKIIMBO BBaXKaTH B PO3paxyHKax,
MOB’sS3aHUX 3 MIIOOpOM CKIIamy OeTOHY, IO 3pOCTaHHS HOPMAIBHOI TYCTOTH LIEMEHTHOTO TicTa
BHACNIZIOK MEXaHOAKTHBAllli B’spKydoro He mnepeBuirye 3...5 % (B TMOpIBHAHHI 3 KOHTPOJEM).
ExcniepyuMeHTanbH1 1aHl TEPMIHIB TY)KaBJIEHHSI LIEMEHTHOI'O TiCTa HOPMaJIbHOI T'yCTOTH CBLAYATh IPO
Te, 110 aKTUBALliS LIEMEHTY B MMPOTUTEUIHHOMY MIIMHI BUKJIMKAE ITPUCKOPEHHS K MMOYATKY, TaK 1 KIHII
TyXaBJIeHHs, Tab. 3.

Tabnuus 3 — BnuB akTuBalii IeMEHTY B pOTOPHOMY MJIMHI Ha TEPMiHH TY>KaBJIEHHS LIEMEHTHOTO
TICTa HOPMAJIbHOI TYCTOTH

Tepmin aktuBauii, cex | [louarok TyxaBieHHs, roa-xB | Kinenp TyxaBleHHs, TOA-XB
0 2-55 4-50
60 2-25 4-20
180 2-05 4-00
300 1-55 3-40
600 1-50 3-30

Crig BiI3HAYUTH, 10 aKTUBAIS LIeMEHTY npoTsaroM nepmux 300 cex BUKIMKAaE CKOPOUYEHHS
TEpMiHIB Ty>KaBJIEHHs (B MOPIBHSAHHI 3 KOHTpojeM) B cepeanbomy Ha 1 rox. Iloganeiia oO6poOka
LIEMEHTY B MPOTUTEUYIHOMY MJIMHI MPAKTUYHO HE MO3HAYAETHCS HA CKOPOYEHHI K MOYaTKYy, TaK 1
KIHLS TYKaBJICHHS.

B nocnimkeHHsX, SKI OB s3aH1 3 BU3HAYEHHSM MEXaHi3My TijpaTallii akTHBOBAHOTO I[EMEHTY
70 TEepUIOYeproBHX  3a7ad  BIAHOCATh BU3HAYEHHIO KIHETMYHUX TapaMeTpiB  MpOLECIB
CTPYKTYPOYTBOPEHHS 1, 30KpeMa, KITBKOCTI XIMIYHO 3B’s3aHOi BOAW. SIK BiA3HAUasnocs paHilie, B
pe3yJbTati 3ITKHEHHS JBOX TBEPAMX TUT B JIOKAIBHIHM 30HI CIIOCTEPIraeThesl pyHHYBaHHS KPUCTATIYHOL

Modern construction and architecture, 2023, no. 6, page 82-89



BUILDING MATERIALS AND TECHNIQUES

PELIITKY, 10 MPUBOJE 10 3apPOKCHHS TPILIMH B 3€pHAX LEMEHTY. 3ITKHEHHS YacTOK B’SKY4OTrO
BUKJIMKAE 3POCTAHHS THUTOMOI MOBEPXHI IEMEHTY. 3pOCTaHHs MUTOMOI TOBEPXHI BUKIIMKAE IOSBY
HOBO{ KIJIbKOCTI aKTUBHHX LIEHTPIB B OMHHUII 00’ €My, 10 BeJe 0 3MiHH YMOB KOHTAKTYBaHHS YaCTOK
IIEMEHTY K MK COOOI0, TaK 1 3 JMUCIEPCIMHUM CEpelOBHUINEM. TakKUM YHWHOM, B3AEMOJIIS YaCTOK
LEMEHTY TpH iX 3ITKHEHHI BHUKJIMKAae amop@izaliio iX MOBEpXOHb, IO BeAE 1O IMiJABUIIECHHA iX
peaKIiiftHOl 3IaTHOCTI, KA BiII3EPKATIOETHCS KUIBKICTIO XIMIYHO 3B’s3aHO1 BoaM. JIsi BH3HAYEHHS
KIUJIBKOCTI XIMIYHO 3B'Si3aHOI BOAM Mependavyanoch BUTOTOBIICHHS IieMeHTHoro Ticta 3 B/Il = 0,28
(HOpMaJTbHA TYCTOTA) 13 SIKOTO BUTOTOBJISUIMCH 3pa3KH (110 OJTHOMY JUISI KOJKHOTO TEPMIHY aKTHBAIl —
60, 180, 300 i 600 cek), i siKi BATPUMYBAJIHCS B HOPMAIBHUX yMoBax mpoTsiroMm 1, 3 ta 28 ni6. Yepes
3a/laHi TEPMIHM TBEPIHEHHS 3Pa3Kd TOHKO IMOAPIOHIOBAIMCA 1 MiJISTald BHUCYIIYBaHHIO TIPH
temmnepatypi 105...110°C mo mocriitnoi macu. Bucymeny HaBicky (MpUOIU3HO 5T) pO3MIIyBalIu y
MOPIESITHOBOMY THIJI 1 MMiJAaBaJid MPOKAPIOBAHHIO JI0 MOCTIHHOI Mach mpu Temmeparypi 950 —
1000°C. Kinbkictb xiMiuHO 3B'13aH01 Boju B (B %) po3paxoByBainacs 3a ¢popmyoro (1):

B=27P 100, )

a
1e: a —maca abCOIOTHO CyXOro 3pa3ka JI0 MPOKAPIOBAHHS, T
b — maca nposkapeHoro 3paska, T.

[TpuBeneni rpadivyni 3amexHOCTi, puc. 1, CBiAYaTh Mpo Te, IO AKTUBAIs 3€peH IIEMEHTY
BHUKJIMKA€E IMIJIBUIICHHS KUTBKOCTI XIMIYHO 3B’S13aHOI BOJM (B MOPIBHSHHI 3 IIEMEHTHUM KaMCHEM,
B’SDKydYe SKOTO aKTHBAlii HE MiArano). AHami3 rpadiuHuX 3aleKHOCTEH MOKa3ye, M0 TEpMiH
aKTHBAIll IEMEHTY BIUIMBA€ Ha KUIBKICTh XIMIYHO 3B’S13aHOi BOJAM, JOCSTAOYM MaKCHMaJbHOT'O
3Ha4eHHs Tpu Woro 10-T XBWIMHHIE 00poOIi B pOoTOpHOMY mpoTuTedidHOMY MimHI. Ciin
BiJI3HAYUTH, 110 OCHOBHA KUIBKICTh XIMIYHO 3B’S13aHOT BOJAU JIOCSTAETHCS MPU aKTHBAIl IIEMEHTY
npotsirom 300 cek. [loganbie 3poctanns Tepminy aktuBanii (1o 600 cex) He3HAYHO BIUIMBAE HA
301IBIICHHS KIIBKOCTI XIMIYHO 3B’513aHO1 BOJIU 1 HE nepeBHInye 3...5 %.

2 20
< 3
=
o
M b
§ '/'//
- 2
5 10T
S

R
< 5
]
3
2
[2a]

0 60 180 300 600

TepMiH akTuBalii T, cEK
Puc. 1. Brutue TepMiHy akTUBAIIiT [IeMEHTY (CEK) Ha KiTBKICTh XiMi4HO 3B’s13aH0i Bou (%0) B
LIEMEHTHOMY KaMeHi:
1, 2, 3 — TepMmiHU TBEpHEHHS IIEMEHTHOTO KaMeHto 1, 3 ta 28 116 BiAMoOBiIHO

BaxnmBow XapaKkTepUCTHUKOIO B’SDKYYOTO € HOTO KiHETHMKa €K30TePMIYHOTO PO3IrpiBy, SKa
JOCIIJKyBaJIacsi 3a JIONIOMOTOI0 TEPMOCHOI YCTaHOBKM 3 BUKOpPUCTaHHsAM cocynaa [I’roapa. s
BHU3HAUEHHSI €K30TEpMIYHOIO PO3IrpiBy TOTYBaJUCS 3pa3Ku 13 HeMeHTHoro Tticta 3 B/I1=0,28.
dikcanisg TeMIepaTypy TBEpAHYYOTO IIEMEHTHOTrO TicTa 3/iMCHIOBasacs 4epe3 KOXKHY TOAMHY 10
TOTO MOMEHTY, KOJIM HACTYITHUHN MOKA3HUK PO3IrPiBY HE 3MIHIOBABCSA 10 aOCONMIOTHIN BeU4MHI a00
OyB HIDKYE TMONeperHboro. MeXaHOaKTHBAIlisl IIEMEHTY 3[iliCHIOBajacsi B  pPOTOPHOMY
npoturediitHoMy MiuHI ipotsrom 60, 180, 300 i 600 cex. It KOHTPOIIO BUTOTOBIISBCS 3Pa30K i3
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[IEMEHTHOTO TiCTa HA HEMEXaHOAKTHBOBAHOMY B’SDKydoMy. Pe3ynbTaTH €K30TepMi4HOTO PO3iTpiBy
TBEPHYYOTO IEMEHTHOTO KaMEHIO MPUBEJICH]I B Ta0. 4.

OpepxaHi eKCIEPUMEHTaIbHI pe3yabTaTH CBiAYaTh MPO TE, IIO AKTHUBAIS IIEMEHTY B
POTOPHOMY TPOTUTEUYIHHOMY MIIMHI CYTTEBO BIUIMBAE€ HAa KIHETHUKY EK30TEPMIYHOTO pPO3IrpiBy
TBEPJIII0YOTr0 IIEMEHTHOTrO KameHto. CiJl BiAMITUTH SKICHUN BIUIMB 3pOCTAHHS TEPMiHY aKTHUBALlii
(mo 300 cex) Ha BeTUYMHY MaKCHMAJIBHOTO PO3IrpiBy IIEMEHTHOTO KaMEHIO. 3POCTaHHS TEPMIiHY
aktuBanii nementy Bixm 300 mo 600 cek crpuse TIABUIICHHIO €K30TEPMIYHOIO PO3ITpiBYy, aie B
3HAQYHO MEHIIIKA Mipi, HiX Tpu aktuBamii BpogoBxk 300 cek. Tak, SKIIO 3pOCTaHHS TEPMIHY
axktuBaiii Big 0 10 300 cex crnpuse 3pOCTaHHIO MaKCUMAJILHOI TeMIepaTypu po3irpiy Bix 53,8°C
1o 64,0°C (akruBamis — 300 cex), To monanbina aktupaiist ieMeHty (Big 300 mo 600 cex) BUKIIUKAE
3pOCTaHHS TEMIIepaTypH PO3irpiBy IEMEHTHOT'O KaMeHIo He OubIne, Hixk Ha 2,1 °C.

Ta6muist 4 — BriiuB akTHBaIlii Ha €K30TEPMIUYHHUNA PO3ITPiB IIEMEHTHOTO KAMEHIO

Tepmin | Ilouar-

aKTHBAIlli | KOBa TemmnepaTypa €K30TepMIYHOTO PO3IrPiBY IEMEHTHOTO KAMEHIO Yepes, IO
LIEMEHTY, | TEM-pa

ceK HM o | 4 | 6| 8 | 10|12 | 14| 16 | 18 | 20 | 22 | 24
Ticta, C

0 206 |206 206|207 |21,0220262|300|348]|445|538]53,6|531

60 20,4 | 204204210218 (227 269328392502 ]592]592]58,6

180 205 |20,5|20,7|218|226|258|31,4|380|491)|61,0)60,8]|60,4]|594

300 20,3 [20,3|20,3|232|264|315|40,6|51,1|64,3|643|64,0]|63,8] 63,6

600 205 |20,5|20,5|239|284|340|424|57,8|66,2|66,2|66,1|66,0| 655

ExcriepruMeHTabHO BU3HAYABCS TAKOXK BILIMB MEXAHOXIMIYHOI aKTHBALil IEMEHTY 3 JJ0OaBKOIO
KBapIIOBOrO MiCKY (B KiMbKOCTi 10 50 % Macu B’sDKydoro) Ha MILHICTh HAIIOBHEHOTO IL[EMEHTHOIO
KaMeHI0 B 28-u JeHHOMY Billi. B mpoMy pasi B JOCHTIDKEHHSX BHKOPUCTOBYBABCS MOPTIAHALIEMEHT
I1LT II/A-I1I-500 3 Bucokum BMmicToM KiiHkepy (Big 80 mo 94%) Ta kBapuoBuii micok 3 Mk=2,5.
MexaHOXIMIYHA aKTHBALis TOPTIAHIIEMEHTY, a TaKOX CyMimn (TOpTIaHAIEMEHT + KBapIOBHI
MICOK) B POTOPHOMY MPOTHTEUIHHOMY MIIMHI 3fiiicHIoBanacs npotsrom 60, 180, 300 i 600 cek.
OpneprkaHe LIEeMEHTHO-TIIIAaHe B ShKyde MICIs MEXaHOaKTHBallli TPAKTYeThCA SIK 3MilaHe B'sokyde. /g
KOHTPOJIIO BUKOPUCTOBYBABCSI MOPTIAH/IIEMEHT 3 J0OABKOIO HEMEJICHOTO KBAPIIOBOI'O MICKY B TiH ke
kimbkocTi (Bim 10 mo 50 % macu nementy). OnmepikaHa Cymilll MEXaHOAKTHBAIlli He miajsrana. B
eKCIIEPUMEHTI BU3Hayajacs MIIHICTh Ha CTUCK 3pa3KiB-O0anouok po3mipoM 4x4x16 cm, ski Oynu
BUTOTOBJIEHI 3 BHUKOPHMCTaHHSM 3MIIIAHOTO B'shKydoro. Burpara Boau BU3Hauanacsi AlaMeTpoOM
PO3IUIMBY IIeMEHTHOro TicTa Ha npubopi Cyrrapaa B niamazoni 90+5 mm. HaBeneni Ha puc. 2
eKCIEepUMEHTAJIbHI KpUBI CBIIYaTh MPO Te€, IO AaKTUBAllisd 3MIIIAHOTO B'SHKY4YOr0 BHKIIMKAE
M1ABUIIEHHS MIITHOCTI HA CTUCK IIEMEHTHOT'O KaMeHIO B 30H1 MakcuMyMma 3 52 MIla (Tepmin akTuBarii
60 cex) no 62 MIla (Tepmin aktuBaitii 300 cek), T00TO Maibke Ha 20 %. 3pocTaHHs TEPMiHY aKTHBAIT
10 600 cek He3HAYHO BIUIMBAE HA 3pOCTAHHS MIITHOCTI IIEMEHTHOTO KaMeHIo 1 He nepeBuuiye 3...5 %.
Crin BIAMITUTH HEOJHO3HAUHUM BIIMB BMICTY KBapllOBOIO MICKY Ha MIIHICTh IIEMEHTHOTO KaMEHIO
JUISL PI3HUX TEXHOJIOTiM BUTOTOBIEHHS B’SDKYy4YOro. SIKIIO sl KOHTPOJBHUX 3pa3KiB XapaKTEpHO
3HIKEHHS MILIHOCTI Ha CTHCK ITPU 3pOCTaHH1 BMICTY B IEMEHTI KBapLIOBOI'O MICKY, TO JJISl LIEMEHTHOTO
KaMEHIO Ha 3MIIIaHOMY B'SDKYYOMY CHOCTEPIraeThCsl MiJBUIIEHHS MIIHOCTI 13 3pOCTaHHSIM BUTpATH
KBapIOBOro MicKy. MakcuMallbHUI MpPUPICT MILHOCTI CIIOCTEPIraeThCsl MPU BBEACHHI B 3MillIaHEe
B'spKyue 20 % KBapLoBOro MicKy. B 11boMy pa3i MIIHICTh Ha CTUCK LIEMEHTHOTO KAMEHIO CTa€ PIBHOIO
62 Mlla (tepmin axtuBarii 300 cek), mo Ha 10 % mepeBuIye MiHICTH 0€37100aBOYHOTO IIEMEHTHOTO
KaMEHIO Ha MEXaHOAKTUBOBAaHOMY MOPTIAHILIEMEHTI.

Crnig BIAMITHTH, IO MIIHICTh IIEMEHTHOTO KaMEHIO Ha 3MimaHoMy B'skydomy 3 20%-HOoro
100aBKOIO KBapLOBOro Tmicky Maibke Ha 30 % mepeBuIllye MIl[HICTh LIEMEHTHOTO KaMEHIO Ha
MOPTJIAH/IIEMEHTI, SIKWH MEXaHOAKTHUBAIIIl HE ITi JIsITaB.
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Puc. 2. Bimu BMiCTy KBapIIoBOTO MICKY Ha MII[HICTh IIEMEHTHOTO KaMEHIO B Billi 28-1 JHIB:
1, 2, 3 — nemeHTHHI KaMiHb Ha 3MIIIAHOMY B'SHKY40OMY, akTHBOBaHOTO mpoTsiroM 60, 300 1 600 cek;
1' — ueMeHTHUI KaMiHb HA HEMEXaHOAKTHUBOBAHOMY LIEMEHTI 3 T0OOABKOIO KBapILIOBOTO MIiCKY
(KOHTpPOJIB)

BucHoBkwu.

1. ExciepuMeHTallbHI  JaHI CBiq4aTh MpO Te, IO AaKTHBAIiA I[IEMEHTY B POTOPHOMY
MPOTUTEUIHHOMY MIIMHI BHKIIMKA€ MiJABUIICHHS IIBUAKOCTI peakiii rifparamii B’sSHKydoro, Io
BiTOOpakaeTbcs Ha CKOPOUEHHI TEPMIHIB TYKaBJICHHS LEMEHTY, MiABHIIEHHI KUIBKOCTI XIMIYHO
3B’S13aHOT BOAM, IHTEHCH(]IKAlil eK30TEepMIYHOTO pO3IrpiBy Ta 3pOCTaHHI MIIIHOCTI HA CTHCK
[IEMEHTHOT'O KaMCHIO.

2. OnepxaHi eKCIEpUMEHTalIbHI pe3ylbTaTh CBiAYaTh MPO T, IO ONTUMAIBHHUA TEepMiH
aKTHBalii IeMEHTy B mpoTuTediiiHomy MimHI He mepeBuinye 300 cex. Ilomambiie 3pocTaHHS
TEPMiHYy aKTHBAIlil HE3HAYHO BIUIMBAE€ HA IIOKPAIICHHS JIOCIIHKYBAaHUX XapaKTEPUCTUK SIK
[IEMEHTY, TaK 1 TBEPHYYOTO IIEMEHTHOTO KaMEHIO.
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ACTIVATION OF CEMENT AND ITS INFLUENCE ON STRUCTURE FORMATION OF
CEMENT-CONTAINING COMPOSITIONS

'Barabash I.V., Doctor of Engineering, Professor,
dekansti@ukr.net, ORCID: 0000-0003-0241-4728

'pirogov D.O., graduate student,
pirogovdima45@gmail.com, ORCID: 0009-0003-4096-3186
'0Odessa State Academy of Civil Engineering and Architecture
4, Didrikhson str., Odessa, 65029, Ukraine

Abstract. The article discusses issues related to the mechanochemical activation of the
cement binder in a specially designed rotary counterflow mill. The given brief description of the
design of a counterflow mill gives a general idea of the principle of its operation as an activator of
the surface zone of a mineral binder. Typically, a positive characteristic of mineral binders is their
rapid increase in strength. Therefore, scientific research related to the development of technology
aimed at intensifying the processes of structure formation of cement paste and stone based on it is
relevant. The use of this technology makes it possible to significantly increase the specific surface
area of cement during its activation, reduce the setting time, increase the amount of chemically
bound water and intensify the exothermic heating of hardening cement stone. The presented
experimental data made it possible to optimize the activation period of the binder, which ranged
from 60 to 600 seconds. It has been established that the optimal time from the point of view of the
energy intensity of the process is the activation period of the binder for 300 seconds. During this
activation period, there is an increase in the specific surface area of cement by an average of
8...10%, acceleration of setting time by 50...60 minutes, an increase in the amount of chemically
bound water at 28 days of age from 13 to 16.3%, an increase in the maximum temperature of
exothermic heating cement stone from 53.8 to 64.0 °C. A further increase in the activation period
(up to 600 seconds) has little effect on the change in the listed properties. The effect of
mechanochemical activation is significantly reflected in the compressive strength of cement stone.
It has been established that activation of cement for 300 seconds causes an increase in the
compressive strength of cement stone from 48 to 57 MPa, that is, by almost 20%. The effect of
mechanochemical activation of cement is enhanced by the introduction of quartz sand into its
composition. It has been experimentally established that the activation of cement with the addition
of 20% quartz sand increases the strength of the filled cement stone by almost 30% relative to the
strength of the stone using unadded cement that is not subject to mechanical activation.

Keywords: cement, activation, exothermic heating, mechanically activated binder.
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AHoTarnid. vy p060Ti JOCIIIJDKYETBCSI  MOJKJIMBICTH ~ MOJICJIFOBaHHSI  IPOIIECIB
CTPYKTYPOYTBOPEHHSI y B’SDKY4YHX MaTepianax 3a JOMOMOTOI0 ACSIKHX METOJIB Teopii KaracTpod.
AHaJ'IlByI-OTBC}I noJii Ha MaciuTaOHOMY piBHI CIIBICHYBaHHA 1 B3a€MOJIl MakKpOCKOMIYHHUX 1
MIKpOCKONIYHMX sBUII. JIMHaMika TIEepeTBOPEHb Ha IbOMY pIBHI oOprasizamii wmarepiany
pO3IIISIAETbCA 32 JONOMOIOK  METOJy  CTPYKTYpHOrO — TOTEHILIaldy,  aHaJOriyHOro
TEPMOJUHAMIYHOMY, 3 MOXJIMBICTIO HOro emmipuyHoi imeHTu(iKamii Ha OCHOBI 00pOOKH
MIKpOCKOMIIYHUX 300pakeHsb. Ilepexin 1o moTeHnianbHuX QyHKIH Teopii karacTpod 3a1HCHIOETCS
[UIIXOM TEeOMETpUYHOI mapaMeTpu3allii — BHIUICHHS JUISHOK o00'eMy, 3aiimMaHoro ¢azamu
Marepially Ta JAUISHOK, TMOB'SI3aHUX 13 MeXaMu po3airy. Mojens CTpYKTypOYTBOPEHHS
IPEJCTABISETbCS SIK SBUIIE B CTOXACTUYHUX T'PAJIEHTHUX CHCTEMaX, 3yMOBJICHE BUHHKHEHHSIM
0COOIMBOCTEH CTPYKTYPHOTO MOTEHINialy Ta iXHBOI TpaHcopmalii npu 3MiHI Kepyrodnx (i3uko-
ximMiyHux  mapameTpiB. [lokazaHo MoxnuBicTh anjanTamii  amapaty  ¢$a3oBUX Jiarpam
TPUKOMITIOHEHTHHX CHUCTEM 0 PO3TJSTHYTHX 3aBAaHb Ta MOTO CHOPIAHEHICTH i3 MOJEISIMHU Teopii
karactpod. CtpykrypHO-(ha3oBa giarpama OyayeTbcs 3a aHaoriero A0 Metony ['106ca-Po3ebymy
Ha TPUKYTHHKY, KOOpAMHAaTAMH NpPU [bOMY € YaCTWHU KOMIIOHEHTIB 3 Pi3HOI0 T€OMETPUYHOIO
CTPYKTYpOIO — OPOKHUHAMHU, CYLIJILHUM MIPU 00YMOBJICHOMY MaciiTabl MaTepiajoM 1 TpaHUISIMU
pO3aTy 3 OTOUYIOUMM TpaHCHOPMOBAHUM MaTepiaioM. 3 TMOTEHHIATbHUX (QYHKIIA Teopil
KaracTpod oOIpyHTOBaHO BH/iJIEHI Taki, 110 BIMOBIIAIOTH MPOAHANI30BaHIN cUCTEMI — OMOLIIUHI
GyHKIIi, a OpU CHPOLIEHOMY BapiaHTI — MOTEHIlalX OjAHI€l 3MiHHOI. Po3pobneHo cxemy
JOCIIJDKEHHST MaTepiaiiB 3a JIOMOMOTOI0 METOMAIB CTPYKTYPHUX MOTEHIajiB, 10 0a3yeThCs Ha
BHU3HAUEHHI ME30CKOIMIYHUX MaclITallB JJi1 MaTepiaiy, sSIKuid BUBYAE€ThCS, TIEPEXO/Il 10 YaCTOTHUX
XapaKTepUCTUK 300pa)KeHHs, Jall — A0 CTPYKTYpHOIO MOTEHIlially, 110 BU3HAYa€ ACOPTHUMEHT
CTPYKTYp, SIKI pealli3yloThCsl y MaTepiail 1, Yy HEpCleKTHBI, 10 MEepexXOoay BiJl CTPYKTYPHUX
MOTEHIialiB A0 (I3UYHUX BIACTUBOCTEH.

KuarouoBi cioBa: CTpyKTypOyTBOpPEHHs, CTPYKTYPHHIl NOTEHIIad, Teopis KaracTpod,
oMOiriKka, aiarpama.

Beryn. OnHiero 3 meHTpadbHUX TPoOieM OyIiBETbHOTO MaTepiajJo3HABCTBA € YIPABIIHHSI
TEXHOJIOTIYHUMH BJIACTHUBOCTSIMM MaTepialliB 3a JOMOMOIOI0 CIIPSMOBAHOTO MiAOOpYy peLenTypHO-
TEXHOJIOTIYHHUX (aKTOpiB. 3B’SI30K MK pPEUENTYPHO-TEXHOJOTTYHUMHU (aKkTopaMu Ta (PI3UYHUMHU
BJIACTUBOCTSAMHU KOMIIO3MIIIHHOTO MaTepially 3[1HCHIOETBCS Yepe3 CTPYKTypy MaTepiany, II0
BUHUKA€ Ta 3MIHIOETbCS B MpPOIECt CTPYKTypoyTBOpeHHs. OniHak BIACHIAKYBaTH BiJMOBIAHHMA
MPUYMHHO-HACIIIKOBUH JIAHLIIOT JIOBOJI CKJIQJHO 3aBJASKH BIUIMBY CTPYKTYD, 110 (JOPMYIOTHCS Ha
PI3HHUX TPOCTOPOBUX MacmTabax 1, OCOOJIMBO, 3aBISKM BHHHUKHEHHIO YK€ IIMPOKOTO
ACOPTUMEHTY CTPYKTYp Ha KOXXHOMY MacmTaOHOMy piBHI. OAMH 3 NEpCIEeKTUBHUX HAaNpsMKiB
MIOJI0JIAHHS BIATOBITHUX TPYJHOILIB HOJSATa€ B €HEPreTUUHOMY IMIIXO[1, MPH SIKOMY BJIaCTUBOCTI
MaTepiajly BH3HAUYalOThCSl 3a JIOTIOMOTOI0 CTPYKTYPHHX MOTeHUiadiB. Ilpu 1mboMy MOKIMBHIA
BUIIAJIOK, KOJIM AY)K€ PI3HOMAaHITHI €JIEMEHTH CTPYKTYpH MaTepiajly MOKYThb BIAIOBLAATH Maibke
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OJTHAKOBOMY PIiBHIO CTPYKTYPHOT'O MoTeHIiany. [lepeTBOpeHHsI CTPYKTYpHOTO MOTEHLIANY 3aBISIKU
3MiHI KEpYIOUHX T[apaMeTpiB, OAHI 3 SKUX 3ajekaTh OE3MOCepeHhO BiJ PEIENTypHO-
TEXHOJIOTIYHUX (DAaKTOpiB, a IHII MOXKYTh MOBUIHHO 3MIHIOBATUCS Y Yaci MPOTATOM aKTUBHOI (pazu
CTPYKTYPOYTBOPEHHSI, MOXHA AOCIIJUTH METOAAaMHU Teopii KaTacTpod, YOMy 1 NMPUCBSIYEHA JaHa
pobora.

AHami3 ocTraHHiX XochailkeHb Ta myOJikamii. OIHMMH 3 BaXUIMBIIIHMX IPOIECIB, IO
BiIOYBaIOThCA Yy B'SOKYUHMX Marepiajiax pi3HOi MPHPOJH, € TyXKaBJICHHS Ta TBEPHAIHHS, MOB'SA3aHE 3
MepeXo/I0M BSDKYYHX MarepiaiaiB Ta KOMIIO3MTIB Ha iX OCHOBI Y KaMEHENoAiOHW# cTaH. 3MmiHa
CTPYKTYPHO-MEXaHIYHHUX BJIACTUBOCTEH MaTepiaiiB y Mpoleci TBepAiHHS BiIOYBa€ThCSI OJJHOYACHO
3 SABHUUIAMU  CTPYKTYpoyTBOpeHHs. OCHOBHa YacTMHa TakUX IpoleciB  00yMOBIIEHa
TpaHchopmaliero 6araroMacmTabHOi MPOCTOPOBOI CTPYKTYPHU Marepiaiy, IO BiOYBa€TbCs IiJ
BIUIMBOM IIPOIIECIB HAa MOJICKYJIIPHOMY piBHI opraHizarmii (HampuKiaa, MpoIeciB Tiaparailii Ta
nonimepu3anii). He3Bakaiounm Ha Te, MIO0 MPOLECH CTPYKTYPOYTBOPEHHS CTOCYIOThCA BCIX
MacmTaOHUX PIBHIB Bil MOJEKYISIPHOTO JO MAaKPOCKOIMIYHOTO, Ha SIKOMY IPOSBIISIIOTHCS
eKCIUTyaTalliiiHi BIaCTHBOCTI MaTepiaiy y 3pa3Ky, BUpoOi a00 KOHCTPYKIIii, HAOIbIIHIA BIULTUB Ha
eKCIUTyaTalliiiHi BJACTUBOCTI Ma€ MPOMIXHUN, ME30CKOIMYHUN CTPYKTYpHUH piBeHb [1] (300 HM —
0,1 mm). Tpanchopmariist MaTepialy Ha IbOMY PiBHI MPEACTABIISETHCS TAKOFO, IO BIAOYBAETHCS ITi]T
BIJIUBOM MOMEPEAHHOr0 (MOJIEKYISIPHOro abo MIKpOpPIiBHS) 1 MOB'A3aHa 3 BUHUKHEHHSM BUCOKHX
HNOTCHLIAHKUX Oap'epiB (ICTOTHO BHIIE PIBHS TEPMIUHUX (DIyKTyalliif), 10 BiJOKPEMIIIOIOTh OIHY
rpyny (kmacrep, ancamb6ip [2, 3]) B3aemomiouMx 4YacTHHOK Bia iHmmoi. Lle sBHIE 3yMOBIIOE
nepexix Marepiaiy SK IUIOTro B KameHenoioue Tio. CriopinHeHi ¢i3uyHi ySaBIEHHS CBiIYaTh MO
301IBIICHHS CTPYKTYPHOT B'SI3KOCTI MaTepiaily B [bOMY BUIAJKY.

B3aeMotisi 4aCTHHOK KOMITO3HUIIHHOTO MaTepialy Ha MOJICKYJISIPHOMY 1 KOJIOIZHOMY piBHI B
IPUCYTHOCTI PO3YMHHUKA a00 IHIIMX YaCTHMHOK JUCHEpPCIiHOro cepeloBHINA, TaK CaMo fK 1
B3a€MOJIiSi YAaCTMHOK HAIOBHIOBaYa B MATPUYHOMY MaTepiami, MiJIOPSIAKOBYEThCS JIOCHTH
CKJIQJIHUM 3aKOHOMIPHOCTSIM, a BIANOBiAHI €(EKTUBHI MOTEHIIATN € CYMOIO 0ararboxX CKJIaJJOBHX.
Hagits y mpocromy BapiaHTi, mo po3risgaerscs B Teopii JJIDPO [4, 5], Takux CKIag0BHX, IO
MiCTATh HaOIp MmapameTpiB, BXKE JBi, BIAMOBITHO 0 BKIATIB €ICKTPOCTATHYHOI Ta JUCIEPCIHHOI
B3aemoAii. ToMy iHTepec MpeNCTaBisS€ TaKe MOJEIIOBAHHS CTPYKTYpPH MaTepiaiiB 1 MHpOIECIiB
CTPYKTYPOYTBOPEHHSI, 110 JO3BOJHTH 3BECTH ICTOTHE PO3MAITTS CTPYKTYPHHUX €JIEMEHTIB (TpIlIvH,
ip, KanIsgpiB) 10 KUIbKOX T€OMETPUYHMX IapaMeTpiB, TOOTO BUKOPUCTATH METO/1 apaMeTpHu3allii.

Metow po06oTHM € aHali3 METOAY CTPYKTYPHOTO TOTEHIaly 1 MOXIMBOCTI HOTO
3aCTOCYBAaHHS NpPU JOCHIKEHHI NPOILECIB CTPYKTYpPOYTBOPEHHS. BilNOBIIHUMH 3aBAaHHSAMH €
ajanranis Meroay (a3oBHX JiarpaM TPUKOMIIOHEHTHHX CHCTEM 1O ME30CTPYKTYPHHX 3MIH Yy
Mmatepiaji Ta OOrpyHTOBaHMN BMOIp MOTEHLIadiB Teopii KaTacTpod, AKi BIANOBITAIOTH 3amayi
aHaJIi3y CTPYKTYpHU MaTepiaiy.

MeTtoauka [JOCHiIKeHHS1 TOJNAra€ B MOJEIIOBaHHI CTPYKTYpPHUX II€PETBOPEHb B
KOMITO3HIIIHTHOMY Matepiajii 3a JOMOMOTOI TPAAIEHTHUX CTOXAaCTHYHHMX CHUCTEM Ta BiAMOBIIHUX
piBHsAHb JlamkeBeHa Ta Doxepa-IlnaHka, TOCHIIKEHH] CTalllOHAPHUX PIlLIEHb Ta iX CTPYKTYpHO-
OpIEHTOBAHOMY TJIYMAU€HHI.

PesyabTaTn AOCJiTKEeHb. Metoau CTPYKTYPHO-OpPI€HTOBAHOT'O JIOCITIJIKEHHS
KOMITO3UIIMHUX MaTepiajliB MOXKYTh OYTH 3aCHOBaHI Ha pi3HUX migxonax. OauH 3 HUX Oa3yeTbcs
Ha BUJUIEHH] OKPEeMUX KOHKPETHUX 00’ €KTiB, 110 BIUIMBAIOTh HA Ba)KJIMBI BIACTUBOCTI MaTepiaiy.
Hanpuxnan, B 6ararboX BHMAJKax CIiJl y HEepUIy 4Yepry BUAUIMTH BHYTPILIHI TPaHUI PO3ILTY,
MOpH Ta MIKPOTPIIIMHY, IO NPUCYTHI B JOCHIPKYBaHOMY Marepiaii. Ajne pi3HOMaHITHICTb
MOTEHIIIHHO aKTUBHUX 00’ €KTIB, PO3BUTOK KX O0YMOBIIIOE TIPOIIECH TIPH CTPYKTYPOYTBOPEHHI Ta
pyiiHyBaHHi, TocuTh Bucoka [6]. Hanpukian, B TEmoi3oiroruMX KOMIO3WIIHHUX Marepianax
4acTO BUSBISIOTHCS 00JIaCTI HAKONMUYEHHS 1HEPTHUX YAaCTUHOK 3allOBHIOBAYiB — TAKUX €JIEMEHTIB
CTPYKTYpH, II0 He 3a0e3MeuyloTh MilHicTh. DaKkTOp PI3HOMAHITHOCTI CTPYKTYPHHUX €JIEMEHTIB
KOMITO3UIIHHUX MaTepiajiiB MPUMYIIYE 3aCTOCYBATH METOAM IapaMmeTpu3allli, 3riIHO 3 SIKUM YycCl
CTPYKTYpHI €NE€MEHTH pO3IJIAAal0ThCcs TNPUHIMIIOBO OJHAKOBO — JUIi HHUX BH3HAYAE€THCS
BIIOOpaXEHHS Ha TMpPOCTIp JESIKOr0 HEBEJIMKOro Habopy mapaMeTpiB — T€OMETPUYHUX,
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TOTMOJNOTIYHNX a00 E€HEePreTUYHMX, 1 MOCIIHKCHHS Takux mapamerpiB. [lpu mpomy CTpyKTypam
PI3HOTO THITY BiJIMOBIIAIOTh Pi3HI KOOPIUHATH IIPOCTOPY MapaMeTpiB.

Haii0inpmr  o4eBMOHMM 1 [PUPOJHUM METOAOM MapaMeTpu3alii € TeoMeTpuyHa
napamerpusaiis. [IpoBoIUTBCS PO3OUTTS MOCIIIKYBaHOT TUISHKH 3pa3Ka 3a JOMOMOTOK) CITKH
Kamiopy,. 6;,i = 1,---,M, 1m0 3MEHIIYEThCHA, 1 Jali OOYHMCIIOEThCA OO0'€eMHA 4YacTKa, 3aiHATa
KJIIITHHAMH, IO MICTATh TpUBUMIpHI (00'€eMHI, TIpH 3a7aHOMY MacmiTadi) MIISTHKH MaTepiainy 1,
o0'eMHa 4YacTka, 3aifHATa JBOBHMIPDHHUMH IOBEPXHSIMHU PO3IULY 7, 1 00'€eMHa YacTKa BUIBHHX
ocepekis 775(1):

Uv:%» 775:%, nf:%’ (1)
tyr N = N,, + Ng + Ny— cymapHa KillbKicTh OCEPE/IKiB i, BiIMOBiHO (2):

ny+ ns+ np=1 (2)

AHaJIOTIUYHY TIapamMeTpH3allilo MOXKHA peaji3yBaTH 1 JUIsi KOMITO3HMIIIHHOTO MaTepiairy, Npu
IbOMY HEOOXiZIHO BpaxOBYBaTH ICHYBaHHsS CHUCTEMH 3 JEKUIbKOX (a3 (Hampukianm, «MaTpUIls-
HAMOBHIOBAY») 1 KiJIbKa BUJIB MEX PO3ALTY.

[Ipouec CTpyKTypyBaHHS IS MPUAHATOI MapaMmeTpu3allii MOKHA PO3TIISIIATH HACTYITHUM
yuHOM. Hexail marepian Moxke OyTu po30OUTHIA 3a JOIIOMOT'OI0 CITKA Ha ME3OCTPYKTYPHI OCEpEIKU
(Benuke po30UTTS, Kaiiop CITKU € >> §;), y KOXKHIH 3 IKUX 00UHUCITIOIOTHCA MOKa3HUKH (1).

CTpyKTypHI XapaKTepUCTHKH KOXKHOI BEIMKOMACIITAaOHOI KOMIPKHM MOXKHa 300pa3uTH,
HaTpUKJIad, 3a JOMOMOrOK aJanTOBAaHOrO TIpadivyHOro amapary TPUKOMIIOHEHTHUX (i3uKo-
XiMiuHUX cucTeM. Pi3UKO-TeOMETPUYHUI CTaH MaTepialy y BeTUKii KoMmipii (a iHOI, SIKIIO I[bOTO
JOCTaTHBO I  CTPYKTYpHO-OPI€EHTOBAaHOTO  JOCHIMKEHHS, 1 i BChOTO  MaTepiamy)
BiJI0OpaXkaeThCsl Ha BIAMOBITHOMY TPUKYTHUKY ['166ca-Po3ebyma [7] (puc.1).

80 5
JAVAVAVAVAVAAVAVANR AL

100 /NN N NN\ NN\ o

N, o 20 40 _ 60 80 100 M

%/—/
%M,

Puc. 1. 3acrocyBanHs rpadiuHUX METOMAIB TEOPii TPUKOMIIOHEHTHUX (DI3UKO-XIMIYHUX CHUCTEM JI0
BiJJ0OpaxkeHHs (13MKO-TEeOMETPUYHHMX XapaKTePUCTUK MaTepiany: 7y — 00'eMHa YacTHHA
TPUBUMIPHOIO MaTepiaiy; #s — 00'eMHa 4YacTHHA KOMIpOK, 10 3aiHATI JBOBUMIPHUMHU
CTPYKTypaMu; #s — 00'eMHa YacTHHA KOMIPKH, 1110 3aifHATa BUIbHUM 00'€éeMOM a00 MaTepialioM y
po3unHeHil (Gopmi; Touka P BianoBigae (Gi3MKO-T€OMETPUYHOMY CTaHy MaTepially; CIIOJIONIHI JiHIi
BIJIMOBIAAIOTH MeTOAy ['100cy, myHKTHpHI — MeTo1y Po3eOymy
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[Ipoulecu B ocepeAkax MPHUITYCKAEMO HE3aJICKHUMHU, M0 YTBOPIOIOTh CTATHCTUYHY
CyKymHicTh. To/ll Ha MiACTaBl BUMIPIOBaHbh MOYKHA BIIHOBUTH €MITIpUYHY IIIIBHICTD po3noaury (3):

f(omsmy ).f fdn =1, ©)
Ta 00unciuTh edekTuBHuUil nmoreniiai [8, 9] (4):
H(U: CI) = —lnf(ﬂ, q)! (4)

TyT 1 = [nv, Ns, Ny ]; g — BEKTOp HapaMeTpiB YIpaBIiHHS, BIANOBITHUHA BIUIMBAM SIK 3 HH)KYOTO
MIKPOCKOTIIYHOTO PiBHSI, TaK 1 3 MAKpOPiBHsI (IIPHUKJIA]l — HABAHTAXKCHHUI MaTepian y opmi BHpoOy).

[Iporecy CTpyKTYpOYTBOPEHHS B KOMITO3UIIITHUX MaTepiajiax 3 MO3UIliH, IO MPOMOHYIOThCS,
MOJKHA 3ICTaBUTH YaCOBY €BOJIIOLIIIO0 KepoBaHoi cuctemu Jlamkesena [9] (5):

an; _ _ 9H®.q) ,
dt - anl + Fl ' (5)

Tyt (5) BU3HAYae penakcamiitHuil mporec mig yac mii ¢paykryarii F; 3 1HIMX MacmTaOHUX
PiBHIB — MIKPO- 1 MAKPOCKOIIIYHOTO.

XapakTepHO Te, IO YNPABIIHHSA ( MOXKE 3MIHIOBAaTHCS B 4Yaci 1 MPEACTABISATH BiAOMY
¢ynkuiro (t), o omnmcye CTpyKTypHO-XimiuHi npouecu. Cucrema (5), 3arajioMm Kaxy4u, Mae OyTu
JIOTIOBHEHA CIIBBIAHOUICHHIMH ISl KIHETHKU (PI3UKO-XIMIYHUX TPOLECIB, IO CYMPOBOIKYIOThH
cTpykrypoyTBopeHHs. [lami Oynme mepexbavartucs, mo mporecu penakcamii (5) mepeBakaroTh, a
piBusaHHa Doxkep-Ilnanka (6), BignmosigHe (5), OMHCYE MOCSATHEHHS CTAI[lOHAPHOTO PO3MOMALTY
imogipHocri f ., [10]:

ofma) _ 9 4 0% f(n.q)
ot =y Qi a)f(m @) + D=5 (6)
TYT BUKOHY€ETbHCS (7):
0H(n,9) o(n(f(n.9))
A, @) = —— = =—D——" == ©)

[Ipu 3pobOneHMx mnpuUNylmIeHHSAX BigHOBIeHAa (QyHKUis posmoxiny (3) BiAmosizae
CTAI[IOHAPHOMY PO3TOJUTY SIK CTAlliOHAPHOMY pillleHHIO (6) 3a yMOBH rpaaieHTHOCTI (7). DyHKITis
posmoziny f(n, q)3anae norenian H(n, q) i3 TOYHICTIO 10 MOCTIHHOTO MHOKHHKA.

Jlo BuBUEHHS BiacTUBOCTEH moteHmiany H(7,q), BU3HAYUTH KU 3 (I3MYHUX MIpKyBaHb
JUIL JaHOTO BWIIAJKy JOBOJI BaKKO. MOJKHa 3acCTOCYBaTH METOJU amnpoOKCHMAIli J0 (yHKIIH
katactpod. BapianTu Takoro 3acTOCYBaHHsS CYTTEBO 3aje€kaTh BIJ 3MICTOBHOI CyTi 3aBllaHb
MaTepiaTo3HaBCTBA, a CaMe BiJ] KUTBKOCTI CTYNEHIB CBOOOIU CHCTEMHU.

VY pa3i HalOLIbII MOMIMPEHOT ONMKUCAaHOT BUIIE 3aaul («MaTepiall — MeXa po3JAuTy — MYCTOTHA
¢daza») sSK anpoKCUMYIOYMH MOTEHIian Teopii KaracTpod, KepyruHuch I'€OMETPHUYHUM 3MICTOM
3allpONOHOBAHOI0 ONUCY (2) 32 JONOMOTOI0 3MIHHHUX 7g, 1y, (TPETS BUKIIIOYAETHCS 32 JIOTIOMOIOIO
(2)), mepexomumo g0 karactpod i3 JABOMA 3MIHHUMH — OMOUTIYHMMH TOTEHI[iaJaMud Teopil
katactpod (tadm. 1). JInsg mporo Takox MOMIIMBO MOMEPEIHBO 3aCTOCYBATH JHIWHI MEPETBOPEHHS
KOOpAMHAT abo nepeTBopeHHs (§):

=1s =
X= Nv Y '’ (8)
ITpu poMy ci1ijt BpaxoByBaTH piBHICTH (9):
H( q) = C(x,y, ). )

Tabmuus 1 — Iorenmianu oMOUTIYHUX KaTacTpod

Tun karactpodu dopmyna
[inep6oniuna oMGinika Cla,b,c) =x3+y3 +axy +bx+cy
3
. . x
Enintuyna omOinika C(a,b,c) = o xy? + a(x? +y?) + bx +cy
[TapaGosiuna omOitika Cla,b,c,d) =yx* +y* +ax®* + by* + cx + dy

300pakeHHs BINOBITHUX OMOUTIYHUX ITOBEPXOHb HaBeIeHO Ha puc. 2, 3 [11, 12].
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Puc. 2. IToBepxHs nmapaboiyHOT OMOUTIKK

a) 6)

Puc. 3. I'imep6o:miuna (a) Ta enintuyHa (6) omOinika

Inutepec mpencraBisie MUTaHHS, YU MOKHA MOOyAyBaTH €(EKTUBHY MOJENb CTPYKTYpHOL
TpaHchopmarlii Marepiany (IpuHAMHI IesKuX ii BUIIB) 3a JOMOMOTOIO OLIBII MPOCTHX (YHKIIN
Teopii KaTtacTpod, 10 MICTATh TIABKH OJHY 3MIHHY 1 psii Kepytouux napaMeTpis. OJJHUM 13 HIIAXIB
TAKOTO MOJIEITIOBAHHS € MPHITYIIEHHS PO Te, IO MPOMOPIIS MiXK elleMeHTaMu 00'eMy, 110 3aiimae
MOBEPXHS po3aiTy ¢a3, i BUIbHUM 00'eMoM 30epiratoThes moctiiaumu (10):

Ny = kns . (10)

Take CHIBBIJHOIIEHHS TEOMETPUYHUX MapaMeTpiB € TpyOOI MOJEIUII0 TPILMHU 3
OJTHOPIZTHUM PO3KPUTTSIM K. SIKIO TPUIHATH Taky OrpyOJieHy MOJeNb TPINIMHU 1 BigoOpasuTh
IpoIeCH TPIIIMHOYTBOPEHHS Ha CTPYKTypHOMY TpUKYTHHKY ['100ca-Po3eOyma, TO edekr
TPIIIMHOYTBOPEHHSI MOXE€ OyTH ONWCAaHW SK TEepeMIIleHHS B3JIOBX BiJpi3Ka, MIO BUXOIUTH 3
BEpIINHH 1), = 1 («CYIIBHUI» MPH aHATI30BaHOMY MacIITaOHOMY pPiBHI Mmarepiain), abo 3 Oynb-
SIKOT 1HIIIOT BHYTPINIHBOI TOUYKH TPUKYTHHUKA JJISI MaTepiany 31 CKIQJHOI CTPYKTYPOIO 1 HAsIBHUMH
CTPYKTYPHUMH ejleMeHTamu (puc. 4).

Tak sx y mpOMy BHMAAKy CHUCTeMa CTa€ (OpMaIbHO MOHOBAPIaHTHOIO, €IMHOK) 3MIHHOIO
3aIUIIAEThCS A1, = 1,4 — 1y2, TOB'SI3aHOI0 3 TPINMHOYTBOPEHHSM, TIPHU TOMIMPEHHI TPIIIMHA 1],

3MEHIIYEThCS.
[Tepeiinemo 1o HOpMOBaHOTO TTOKa3HUKA (11):
A
x=1-——r_ (11)
ANy max
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n, Ny

100
0
o, M, M0 2 40 6 8 100 Lj

100
‘r]s 0 20 40 60 80 10

Puc. 4. Jlinii nocriiinux crniBBigHomeHs (10) B TpuxyTHHKY ['106ca-Po3eOymy (myHKTHD)

Moro MoxHa BHKOPHCTOBYBATH JUIsl H06Yyn0BH notenuianis C(x) [13, 14] (muB.(9)) (tabm. 2).
CraTucTiuHa pEeKOHCTPYKIIisl T03BOJISE 11 31icHUTH Yepe3 pyHKLio po3noaity (3).

Tabmuns 2 — [ToTeHiianu Teopii kKatacTpod SK aIPOKCUMYIOUl MOJIEIi KEPOBAHOTO

TPIIIUHOYTBOPEHHS
Tun karactpodu dopmyna
1
Cxiaska C(x,a) ==x3+ax
1 3 1
36ipka C(x,a,b) = Zx“ + Eax2 + bx

. . 1

«XBICT NACTiBKH» C(x,a,b,c) = = x5 + 3 ax3 + 5 bx? + cx
«MeTenuk» C(a,b,c,d) = x® + ax* + bx3 + cx? + dx

VY BcCiX IMX BUMAJKax IMapaMeTpaMu YIPaBIIIHHA MOXYTb OyTH SIK pelenTypHO-TEXHOJIOT1UH1
(dakTopu KOMIIO3UTY, TaKk 1 XapakTep HaBaHTaKEHHs Marepially B KOHCTPYKIIi 1 3pasky mpu
BunpoOyBaHHi. PosrisiHemo, Hampukiaa, Hadmpoctimy karactpody 30ipku  (puc. 5). Tyt
BifoOpakaeThest He moteHmian H abo C, a ioro moximHa A4 (7).

A
{
~1
A
“A
]
i

1

J

Puc. 5. SIxicHa inTeprpeTaliist mporeciB 06'eMHOT0 pyiHYBaHHs MaTepiary 3a JIOIIOMOIO0 Teopii
Karactpod
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HeobOopoTtHe 3poctanHs 00’eMy, 3alHATOrO TPIMHOIO 3 1i OeperoBMMH TMOBEPXHIMH,
MOJICITIOETLCST TicTepe3rucoM (puc. 5, 2) 1 cTpuOkonomiOHNM cragaHasM X. SKIo KpuBa mepepizy
CKJIaJ[aHHsl TMPUCIKAE Bich opauHAT (TyT X), TiCTepe3WCHI 3MiHM TpaHC(HOPMYIOTHCS B HE3BOPOTHI
(MozeNb  KJIACUYHOTO PpYyWHYBaHHS). 3aJe)KHO BiJl BIACTUBOCTEH Marepialy Mpolec KiHIEBOi
nedopmarii B IesKkoMy Jiarma3oHi € o0opoTHUM (puc. 5, 1), BiANOBITHUM, Hampukiaa, 00OpOTHUM
3MiHaM CTPYKTYpHU TpY NpYKHUX aedopmarisx. [osiBa HOBUX mapaMeTpiB YIpaBJIiHHS MPH ITEPEXOIi
70 OUTBII CKIIAJHUX KaTacTpod (<«UIacTiBYMH XBICT», «METEIMK», pUC. 4) MPU3BOJUTH O 30LIbIICHHS
PI3HOMAHITTS JUHAMIYHHUX PEKHUMIB JOCITIHKYBAaHOTO MaTepially 3a Pi3HUX BHUIIB KEPYIOUHMX BIUIMBIB.

[ToTenianu K i3 ABOMa, 1 OAHIET 3MIHHOI, IO HAWYACTIIIE PEATI3YIOThCS, BITHOBIIOIOTHCS
IIISIXOM CTaTHCTHYHOI peKOHCTpYKIil. O0'€iHaHHS METOIB reoMeTpu4Hoi napamerpusanii (1, 2),
CTaTUCTHYHOI PEeKOHCTpyKwii (3-7), MeronmiB Teopil KaTacTpod Ta CTPYKTYPHO-TEOMETPUYHHX
niarpam ['106ca-Po3ebyMy m03BOJIIE€ 3amMpONOHYBATH €IWHUM aITOPUTM JOCTIIKCHHS CTPYKTYPH
Marepianxy Ta MpoleciB CTPYKTYpOyTBOpPEeHHS (puc. 6).

BinmoBigHO 10 MBOrO aNTOPUTMY 3IIHCHIOETHCS aHAMI3 YAaCTOTHHX XapaKTEPUCTHK
Marepiany, 3MIMCHIOEThCS TIEPeXiJl 0 CTPYKTYPHUX TOTEHINAIIB, SIKI € OCHOBOIO JIJISl TIPOTHO3Y Ta
YIpaBIiHHS eKCIUTyaTaIllliHUMH BJIACTUBOCTSMHM KOMIIO3UIIIMHUX OYy/IIBEIbHUX MaTepiaiiBb.

Crin 3a3HaYMTH, IO 3aIPOTNIOHOBAHA CXEMa, IO 0a3yeThCs Ha CTPYKTYPHHUX MOTEHIaax y
BHUIJISIZII TTOTEHITIAIB Ta CHCTEM Teopii KaracTpod, € MPUCTOCOBAHOIO JJIi BUBYEHHS IPOIIECCIB
CTPYKTYPOYTBOPEHHSI B KOMITO3UIIHHAX Marepiajax. EKCiepuMEeHTaIbHOK OCHOBOKO TYT MOXYTh
OyTH cepii «MUTTEBHX» 3HIMKIB CTPYKTYpH Marepiany, mo (GpopMmyerbes, mapaMeTpu MOTEHITIaIB
PO3TIISAIAIOTECS MIPH IIbOMY SK (YHKIIIT 9acy akTHBHOI (a3u CTPYKTYPOYTBOPCHHSI, HAIPUKIIA,
Ty)KaBJiHHsA. Takuii BBaXKAETbCSA MEPCHCKTHUBHUM I CKCIIEPUMEHTAIbHO-CTATHCTUYHOTO
MO/IEIIFOBAHHS TPOIIECIB CTPYKTYPOYTBOPEHHS MaTepiaiB.

PeuenTtypHo- MikpockoniuHa
TEXHOMNOIYHI CTPYKTypa ~. YacToTHi
hakTopu A "~-al  (imoBipHicHi)
I \ XapaKTepuUcTUKMA
¥ \,\ CTPYKTYDK.
M , / BusHauawThen
. e30ckontna \ EKCNEPUMEHTANLHO. _ _
WepapxidHa CTPYKTYpa -\/ Qi3nyHI
CTpyKTya (piBEHbL s\ BMNACTMBOCTI
Baaemogil) |/ Ay maTepuany
A
. . A . .
v R4 MoTeHuiansHi O—»0
F.a
M , XapakTepucTUKA 1
aKpoCKoNivHa
po > CTPYKTYDMW. [oEERREES )
CTpykTypa  |--—"— 9
BuaHavaoTben 3a
apaska
P YACTOTHUMM. O=+=+ =0
(8upoby) 3

Puc. 6. AITOpUTM CTPYKTYPHO-OPIEHTOBAHOTO JOCIIKEHHS CTPYKTYPH MaTepialliB Ta MpoLeciB
CTPYKTYpOYTBOpPEHHS: 1 — mepexoau Mix eTarnamMu, 2 — BIATIOBITHOCTI, 3 — MPUXOBaHi BILJIBY;
MIPOMTOHOBAHUN MapUIPYT JAOCHIKEHHS 3aTEMHEHUH

BucHoBku. Po3rnsHyTi 0COOJMBOCTI 3aCTOCYBaHHS METOMIB Teopii KaracTpod mpH
JOCTIPKEHHI TIpoOJieM CTPYKTYPOYTBOPEHHS Y .Mmamepianax. Bu3HadeHi TOTEHIIanw Teopii
Katactpod, 10 BIAMOBIAAIOTh opMaM CTPYKTypHOTO ToTeHmiary. [lomii, mo BimOyBarOThCs Mia
4ac CTPYKTYpPOYTBOPEHHsI, MOJENIOIOTHCS 3MIHAMHU IapaMeTpiB CTPYKTYPHHUX IOTEHIialiB.
Po3pobnennii anropuT™M MOCHIOBHOTO TMEepexoay Bil 300pakeHb IMOBEPXOHb Martepialy Ha
ME30CKOMIYHOMY MaciuTabl /10 4YaCTOTHHX XapaKTePUCTHK CTPYKTYypH 300paxkeHb 1 Aaii, A0
CTPYKTYpPHOTO MOTeHIany 1 (G13MYHUX BIACTHUBOCTEH KoMmo3utTy. [Iiaxif, KUl 3anponoHOBaHo, €
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NEPCIICKTUBHUM a0 CKCIICPUMCHTAJIIbHO-CTAaTUCTUYIHOI'O MOACIIOBAHHA mnponecy 6araT0
0CEPEIKOBOTO CTPYKTYPOYTBOPEHHSI.
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Abstract. The paper examines the possibility to model the structure formation processes in binder
materials using some methods of catastrophe theory. Events at the level of coexistence and interaction
of macroscopic and microscopic phenomena are analyzed. The dynamics of transformations at this level
of material organization is considered using the method of structural potential, similar to the
thermodynamic one, with the possibility of its empirical identification based on the processing of
microscopic images. The transition to the potential functions of the theory of catastrophes is carried out
by means of geometric parameterization — selection of areas of the volume occupied by material phases
and areas associated with interface boundaries. The model of structure formation is presented as a
phenomenon in stochastic gradient systems caused by the emergence of features of the structural
potential and their transformation upon changing the controlling physicochemical parameters. The
possibility of adapting the apparatus of phase diagrams of three-component systems to the considered
tasks and its affinity with catastrophe theory models is shown. The structural-phase diagram is
constructed by analogy to the Gibbs-Roseboom method on a triangle, while the coordinates are parts of
components with different geometric structures — cavities, continuous material at a given scale and
interfaces with the surrounding transformed material. From the potential functions of the theory of
catastrophes, those that correspond to the analyzed system are reasonably selected - umbilical functions,
and in the simplified version — potentials of one variable. A scheme for the study of materials using
methods of structural potentials has been developed, which is based on the determination of mesoscopic
scales for the material being studied, on the transition to the frequency characteristics of the image, then
to the structural potential, which determines the range of structures realized in the material and, in the
future, to the transition from structural potentials to physical properties.

Keywords: structure formation, structural potential, catastrophe theory, umbilical surfaces,
diagram.
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AHoTanis. 3a 15-TM TOYKOBMM CHUMETPUYHUM IUIAHOM IIPOBEJEHO EKCIIEPUMEHT, B SIKOMY
BapitoBanucs HacTymHi (aktopu ckiagy (iOpoOETOHIB KOPCTKOTO JOPOXKHBOTO TMOKPHTTS:
KinbKicTh moprianamementy (Bix 290 mo 350 kr/m®), kimekicts GazamsroBoi di6pn BAUCON®-
bazalt 3 momxuHOK BONOKOH 12 MM i miamerpom 18 mxm (Big 0,9 m0 1,5 kr/m®), KimbKicTs
cyneprutactudikaropy STACHEMENT 2570/5/G (Bix 0,6 no 1% Bix macu nementy). Bcei cyminri
Manu piBHY pyxomicte 3 OK=2..3 cm, mo mocsiranocst migdopoM KiTbKOCTI BOJAHM 3 BiANOBIIHUM
KOoperyBaHHsM ckiany Gpidpoberony.

BcranosneHo, 110 npu 3011bIIeHH KUTBKOCTI HopTiaananemMenty B/L] 6eTronHoi cymiti piBHOT
PYXOMOCTI OUIKYBAHO 3HIKYETBHCS. 3a PaxXyHOK MIJABHILEHHS KUIBKOCTI cynepruiacTugikatopy 10
0,9-1,0% Big mMacu nementy B/L cymimni 3HMXKYeTbCA, a MPU MiJBUIIECHH] KUTBKOCTI 6a3aibTOBOT
¢i6pu Bix 0,9 1o 1,5 kr/m° B/L1 MIPaAKTUYHO HE 3MIHIOETHCS.

Busnauanacst minHicTh (iOpoOETOHIB Ha CTUCK 1 Ha pO3TAT Hpu 3ruHl y Bimi 3 1 28 nib.
BcranoBneHo, 1o 3araibHUil XxapakTep BIUIMBY BapiiioBaHuX ()aKTOpiB HA MIIHICTh Y PaHHbOMY 1
MIPOEKTHOMY BiIll € aHanmoriyHuUM. Y Bimi 3 110 MILHICTh Ha CTUCK IOCHiIKEeHUX (iOpoOeToHIB
CTaHOBUTH 65-68% Bim piBHA iX MIIHOCTI y 28 JE€HHOMY Billl, MIIIHICTh Ha PO3TAr MPHU 3THHI
CTaHOBUTH 73-75% Bin 28 neHHOT MIITHOCTI.

3a paxyHOK HiJIBUIIEHHS KUIBKOCTI MOPTJIAHALEMEHTY Yy CKJajai MIIHICTh (PiOpoOeToHIB
OYIKYBaHO 3pOCTa€, MPH IIbOMY OUIBII BIJYYTHO y MPOEKTHOMY Billl. IIpy migBUIIEHH] KIJIBKOCTI
6azanbroBoi idbpu 3 0,9 mo 1,5 Kr/M° MIIHICTh Ha CTHCK 3pOcTa€ HecyTTeBO. [linBUIEHHS
no3yBaHHs cynepruiactudikaropy 3 0,6 1o 0,9-1% Buxiukae 3HwkeHHs B/LI, 3a paxyHOK 4oro
MIIHICTh Ha cTHCK (piOpoOeToHiB 3poctae y Bimi 3 ai6 Ha 2,3-2,6 MIla, y Bimi 28 ai6 — Ha 3,2-
3,8 MI1a.

Ha piBeHp MIIHOCTI Ha PO3TAT HpPU 3TMHI HAaWOUIbLI CYTTEBO BIUIMBAE KIIBKICTH LIEMEHTY Y
CKJani. 3a paxyHOK 30inblIeHHS KiTbKOCT1 6azanpToBoi (idpu 3 0,9 mo 1,3-1,4 Kr/M° MiHiCTb Ha
po3Tar npu 3ruHil ¢idpoderoHiB y Biui 3 116 3poctae Ha 0,5-0,6 MIla, y Bimi 28 116 — nHa 0,7-
0,8 MIla. 3miHa KUTBKOCTI cynepruracTugikatopy B Mexax (PakTOpHOTO MPOCTOPY €KCHEPUMEHTY
HECYTT€EBO BIUTUBAE HA MIIHICTh (iOPOOETOHIB HA PO3TAT.

Takum ynHOM B JociikeHux (piOpobeToHax palioHaJBHOIO KUIBKICTh 0a3anbToBOI (GiOpu
BAUCON®-bazalt MoxHa BusHatH 1,3 Kr/m>, paIioHaIBHOIO KITBKICTIO CyIepruiacTugikaTopy
STACHEMENT 2570/5/G — 0,9% Bix macu 1ieMeHTY.

3aBISKM 3aCTOCYBaHHIO pAIliOHANIBHOT KIJIBKOCTI 0a3anbTOBOT AMCIEPCHOI apMmarypu i
cynepractudikaropy orpumano ¢iopobdeTonn 3 MimHICTIO Ha cTtuck Big 40 go 55 MIla ta 3
MIIHICTIO Ha PO3TAT HpH 3ruHi Big 4,5 1o 6 MIla B 3a51e)KHOCTI BiJ KUIBKOCTI LIEMEHTY Y CKJIAJ.

KuarouoBi ciioBa: XopcTke AOPOXKHE MOKPUTTS, OazanbroBa (ibpa, cymepruiacTugikarop,
MILHICTb, TJIAHOBAaHUI €KCIIEpUMEHT.

Beryn. JKopcTki 11eMEHTOOETOHH1 JIOpOXKHI TMOKPUTTS MalOTh HU3KY IepeBar mepen
acanbTOOETOHHUMHU MOKPUTTAMU. HailOimbIn cyTTEBUMH 3 IIUX MEepeBar MOXXKHA BBaXKaTU BHCOKY
JIOBTOBIYHICTH MOKPHUTTIB Ta CTIAKICTh JI0 YTBOPEHHS KOJIi Ta 1HIIMX XBWICTIOAIOHUX Aedopmariii.
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3a paXyHOK MEHIIOTO IPOTHHY JOPOXHBOTO IMOJIOTHA TPAHCHOPT 3HMKYE BUTpATy MalMBa, L0
KOPHCHO 3 €KOHOMIYHOI Ta €KOJIOT19HOI TOYOK 30py. [Ipu iboMy cobiBapTicTh OYIIBHHUIITBA JOPIT 3
[IEMEHTOOETOHY B OCTaHHI POKHM Maibke 3piBHsuIacs 3 coOiBapTicTIo OyIiBHUITBA IOpIr 3
ac(anbTOOETOHHUM HOKPUTTAM. lle 3ymMoBIIO€ Bce OUIBLI IIMPOKE BUKOPHCTAHHS >KOPCTKUX
JOPOXKHIX MOKPHUTTIB y 6araTbox KpaiHax CBITY, BKJIIOYAIOUM YKpaiHy.

[IpoTe 3 BpaxyBaHHSM IOCTIMHOTO PO3BHUTKY I1HAYCTpii OyIiBEJIBHMX MaTepialiB HE MOKHA
BBAXATH IMIOBHICTIO BHPIMICHOIO 3a7ady po3poOku e(eKTHMBHHUX OETOHIB JUIsl BIIAIITYBaHHS
JOPOXKHIX TOKPHUTTIB. 30KpeMa akTyaJlbHUMH 3QJIMLIAIOTHCA JOCHIDKEHHS, CIpSIMOBaHI Ha
BJIOCKOHAJICHHS CKJaliB (iOpOoOETOHIB 3 pI3HMMH TUHAMH AMciiepcHOi apMaTypu. CrpHYMHEHi
0OMOBMMH isIMH B HaIllili KpaiHi 4YuceIbHI PYHHYBAaHHS JOPOXKHBOI 1HGPACTPYKTYpPH POOJIATH
3amady po3poOku epekTuBHUX (iOpOOETOHIB JOPOXKHIX MOKPUTTIB M€ aKTyaJbHIIIOM. 3
BpaxyBaHHSIM CEKOHOMIYHUX IIEPCHEKTHUB IICISIBOEHHOTO BITHOBJICHHS IMPU PO3POOI CKIIAJIB
($10po0eTOHIB BaXXJIMBO CHUPATHCS Ha MaKCHMajbHE BHUKOPHCTAHHS BITYM3HSIHUX KOMIIOHEHTIB,
BKJTFOYAIOYU MOJAU(IKATOPH 1 TUCTIEPCHY apMaTypy.

AHani3 gociimkens i myOuaikamiii. KoHCTpYKIiT TOpOKHIX MOKPUTTIB €KCIUTYyaTyIOThCSA Y
JOCTaTHbO OPCTKUX YMOBaxX HpU 3MIHHOMY HampsIMKy Aii HaBaHTaXXEHHs BiJ] TPAHCHOPTY Ta
OJTHOYACHO MiIAAI0ThCSA AMHAMIYHUM BIUIMBAM, Jii 3aMOPOKyBaHHsI Ta BiTaBaHHS, CTUpaHHIO [1,
2]. Martepianom KOPCTKUX JOPOXKHIX MOKPUTTIB € 0€TOH, poOOTa SKOTO MPHU HAMPYKEHHSIX CTUCKY
Ta PO3TATYBAHHS CYTTEBO BIAPI3HAETHCS. 3 paXyBaHHIM BHILE 3a3HAYCHUX YNHHHKIB 3aCTOCYBAHHS
JMCIIEPCHOTO apMyBaHHS MOXKHA BB@)KaTH OJHUM 3 HAWOULIbII €PEeKTUBHUX METOJIB MOKPALICHHS
MEXaHIYHHUX BJIACTHBOCTEH 1 IMiIBUIIICHHS JTOBIOBIYHOCTI OETOHIB JOPOXKHIX MOKPHUTTIB [3-5].

JU1st TOpO’KHIX OETOHIB y SIKOCTI IMCHEPCHOI apMaTypU BUKOPUCTOBYIOTbCS BOJIOKHA PI3HUX
tuniB. Haif0iipm gacTo 3aCTOCOBYIOTH MOJIiMEpHY, 0a3anbToBy i craieBy (iOpy [3-6], € meBHuit
JOCBil BUKOpHCTaHHA cKJsiHOI (iOpu [3, 7]. EdextuBHicTs Oyap SKOro 3 THUMIB AMCIEPCHOTO
apMyBaHHS 3aJIEKUTH BiJl 0araTb0X YMHHHKIB, 30KpeMa F€OMETPUYHUX OCOOIMBOCTEI BOJIOKOH Ta
iX 3YemyieHHs 3 LEMEHTHO-IIIIAHOK MaTpullel0. AJje MOXHA BIJI3HAYMTHU IIE€BHI IE€peBaru
0a3aIbTOBOTO BOJIOKHA, $IKI € BaXKJIMBHAMH CaMe IS JIOPOKHBOro OymiBHHITBA. Takumu
IepeBaraMu € MOPIBHAHO HHU3bKa BapTICTh, AOCTATHBO JIETKUH PO3MOALT BOJOKOH Yy CyMilli B
MpOIIeCi MepeMilllyBaHHsI, a TAKOK BHCOKa KOpO3iifHa cTilikicTh [4, 8, 9].

JucniepcHe apMyBaHHs 0a3ajbTOBOIO (DiOpOIO MiABMINYE MIIHICT, MOPO30OCTIMKICTB 1
TPIIIMHOCTIMKICTh OETOHIB JTOPOXKHIX TOKPUTTIB, 3HIDKYE ayTOTeHHY ycanaky [4, 8-12]. Hampuxian
y [12] 3a paxyHOK BHKOpHCTaHHS 0a3anbToBOi (hiOpU MIIHICTE Ha 3TUH OCETOHIB JIOPOKHIX
MOKpUTTIB 3pocTana Ha 20%, MinHICTh Ha CTHUCK — Ha 9%. Ilpu npomy aBTOpPH IOCIHIIKEHHS
BiIMIYaIM CYTT€BUH BIUIMB JOBXHHHU BOJOKOH (iOpu. AHanoriuHi pe3ynpTaTu Oyau OTpHUMaHi y
[13], me waiiGinby e(eKTHBHICTH OYJIO BiAMIYEHO TpPH 3aCTOCYBaHHI 0a3aJlbTOBHX BOJOKOH
JOBXHUHOIO 36 MM y KUIbKOCTI 8 kv, Y [4] JMCIIEpCHE apMyBaHHs 0a3anbTOBOIO (HiOPOIO
IT1JIBUIIYBAJIO MIIHICTh OETOHY Ha CTUCK Ha 5% 1 AMHAMIYHUI Moaynb npyxHOCTI Ha 14%. brinspki
pe3yabTaTu OTpuMaHo y poOoti [14], B sKii 3aBIsKM BHKOpHCTaHHIO (iOpu MIIHICTE OETOHY
niBuIyBanacs Ha 6-14%, monynb npyxHocTi Ha 7,6%.

[IpoTe nucnepcHa apMaTypa BIUIMBAa€ Ha PEOJIOTiUHI XapaKTEPUCTUKU OETOHHUX CyMIIIEH.
BianosiaHo npwu ii 3acTOCyBaHHI SIK MPAaBUIIO HEOOX1AHO a00 301IBITYBATH KIJTBKICTh BOJM Y CKJIA/I,
110 He € OakaHuM, a00 KOMITEHCYBATH 11eH eheKT 3MIHOI0 KUTbKOCTI utactudikaropy [5, 14, 15].

TakuM 9YMHOM IS KOXKHOTO THUIY OETOHY JOPOXHBOTO TOKPHUTTS HEOOXiJHO BH3HAYUTH
panioHalIbHy KiIbKICTh (iOpu Ta miuacTudikatopy B 3aJie)KHOCTI BiJf BUMOT JI0 OETOHY Ta BiJ
ocobnmuBoctelr #oro ckiamny [16]. Ilpu 1mboMy 3 BpaxyBaHHSAM 3HAYHHX O0CATIB pOOIT, sKi
HEOOXiTHO BUKOHATH JUIA BIJHOBJICHHS 3pYHHOBAaHOI IIiJl Yac BOEHHUX [l JOPOXKHBOI
1H(GpacTpyKTYpH, BaXJIMBO BPaxOBYBAaTH HAsBHI HAa PUHKY BITYM3HSAHI IIEMEHTH, 3alIOBHIOBaYl Ta
Mo (iIKaTOPH.

MeTo10 po60TH € BU3HAUYCHHSI BIUTMBY KUTHKOCTI 0a3abToBOI GiOpu 1 cymepriacTudikatopy
MOJIIKapOOKCUIATHOTO THUMY Ha MILHICTh (PIOPOOETOHIB KOPCTKUX JOPOXKHIX IOKPUTTIB Yy
PaHHBOMY 1 IPOEKTHOMY BILI.
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Matepianim i Meromm jochaikeHb. [lis mpurotyBaHHsS (iOpOOETOHHHMX —cyMmimeit
BHKOPHUCTOBYBAJIM HACTYITHI MaTepiain:

— noptaarauement 1L I-500P-H Bupo6uunTsa ¢inii «Bonuab-Lement» I[TPAT «/likeprodd
Lement Ykpainay;

— KBapIOBUH MICOK 3 MoayJsieM KpynHocTi 2,0, mutuil. [Toxomkenns nicky — Bo3HeceHchKuit
paiion MukonaiBcbkoi 00J1acTi;

— rpaniTHui me6iHp ¢pakmii 5-20 mMm. [loxomxenns mebenro — HoBoOy3bkuil paiioH
MukonaiBcbKo1 001aCTi;

— nobaska cynepmiactudikarop STACHEMENT 2570/5/G Bupoonunrea TOB «Craxema
JIpBiB-cepBicy». BupoOisieThcsi Ha OCHOBI MOJIIKAPOOKCHUIIATIB;

— GazanproBoi ¢Giopu BAUCON®-bazalt 3 noxunoro BosiokoH 12 MM i giamerp 18 MKwM;
Bupo6nuk ¢iopu — TOB «bayrex-Ykpainay.

JlochipkeHHST TIPOBOAWIINCS 3 BHKOPUCTAaHHSM METOJIB IUJIaHYBAHHS EKCIIEPUMEHTY 3a
ONTUMAIBHUM 15-TH TOYKOBUM CUMETPUYHHM 3-X (akrtoprum rmianom [17, 18]. BapitoBammcs
HacTynHi hakTopu cknagy GpidpoOeToHiB:

— X3, KUTBKICTh MOpTIaHALeMeHTY, Big 290 go 350 KF/MS;

— X», KUTbKiCcTh 0a3anbpToBO1 idpH, Big 0,9 no 1,5 KT/MS;

— X3, KUTBKICTh cynepruiactudikatopy, Big 0,6 10 1% Big Macu neMeHTy.

[Tnan excriepuMeHTy 1 ckiaau aociipkenux (idpoderoniB HaBexeHi y tabmumi 1. Ilepexin Big
HATYpaJIbHUX JI0 KOJOBAHUX 3HAYEHb PiBHIB (DAKTOPIB BUKOHAHO 3a TUIIOBOO Tporieayporo [17, 18].

Tabmus 1 — [Inan ekcepuMeHTy 1 CKIIaAU JOCTiHKeHUX GiOpoOeToHIB

PiBHi ¢akTopiB Cxnan (ibpoberony (kr/m°)

= < = <
2 = = | B3| & = < | 3§38 = |
= < o~ /A ©® o LW = ¥} 159 M < W = =
s | FE|RE|FEL 5 | B | & | 2 |€x] &

S| £ %% £ | F SRR

o a

o) p = o Q =

= O w = 2 n
1 -1 -1 -1 290 1225 830 0,9 1,74 126 | 0,434
2 -1 -1 1 290 1225 837 0,9 2,90 122 | 0,421
3 -1 0 0 290 1225 833 1,2 2,32 125 | 0,431
4 -1 1 -1 290 1225 830 1,5 1,74 127 | 0,438
5 -1 1 1 290 1225 834 15 2,90 124 | 0,428
6 0 -1 0 320 1215 803 0,9 2,56 133 | 0,416
7 0 0 -1 320 1215 798 1,2 1,92 136 | 0,425
8 0 0 0 320 1215 801 1,2 2,56 134 | 0,419
9 0 0 1 320 1215 803 1,2 3,20 133 | 0,416
10 0 1 0 320 1215 801 15 2,56 134 | 0,419
11 1 -1 -1 350 1205 765 0,9 2,10 146 | 0,417
12 1 -1 1 350 1205 772 0,9 3,50 141 | 0,403
13 1 0 0 350 1205 770 1,2 2,80 143 | 0,409
14 1 1 -1 350 1205 763 15 2,10 147 | 0,420
15 1 1 1 350 1205 768 1,5 3,50 144 | 0,411

Taxuit gianma3oH BapitoBaHHs (akTopiB OyB NMPUNHHATHI 3 BpaXyBaHHSAM Pe3yJIbTaTiB NEPILIOTO
eTany eKCIEePUMEHTAIbHUX JIOCHiIKeHb, B sKOMYy Oynu oTpuMaHi (iOpoOeTOHH IOpPOKHIX
MOKPUTTIB 3 MIMHICTIO Ha cTtuck g0 60 MIla i mimHicTIO Ha po3tsar monany 6 MIla [19]. Ha
3raflaHoMy TepIioMy eTami Oyiau  JOCTIDKEHI BIACTHBOCTI OETOHIB TpU  KUIBKOCTI
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MOpTIaHAleMeHTy 350 KI/M° Ta BHSBICHO [O3UTHBHMH BIUIMB IHCIIEPCHOTO apMyBaHHS
6a3anpToBOIO (hiOporo. OnucaHii y 1aHii poOOTI eTal eKCIePUMEHTATBHUX JOCIIIKEHBb PO3IIUPIOE
Jiama3oH BUKOPUCTAHHS OTPUMAHUX Pe3yibTaTiB Ul BIAIITYBAaHHS >KOPCTKUX IOKPHUTTIB JOPIr
pI3HUX KaTeropiii Ta BHSBISE BIUIMB KIIBKOCTI cymnepruiacTudikatopy i GiOpu Ha BIacTHBOCTI
O€TOHIB 3 Pi3HOIO KUTBKICTIO IIEMEHTY.

Bci 6eTonni cymimi manu piBHY pyxomictb S1 nmpu OK = 2..3 cMm, 1m0 gocsranocs miadopom
KUTPKOCTI BOJM 3 BIAMOBIIHUM KOpPET'YBaHHSIM CKiIagy OeToHy. Taka pyXxoMICTh BiAMOBigae
Bumoram JIBH B.2.3-4:2015 mnpu TexHojoOrii BIamTyBaHHS TOKPUTTS 3 BUKOPHUCTAHHSIM
0eTOHOYKJIa/1a4ya 3 KOB3HOIO ONAITyOKOIO.

Pe3yabTaTi gociigkenb. Sk 3a3HaueHO BHINE, CYMIIIl BCIX JOCTIDKEHUX OETOHIB 1
¢i6poOeToHIB Manu piBHY pyxoMicTb. Bimmosimno ix B/L] 3anexano Bix ckmany (tabmums 1).
Excnepumentanbao-ctatuctudda (EC) mozxens [17], mo onucye BrumB (akTopiB ckimany Ha B/L]
Ma€ BUTIISA;

B/L] = 0,418 —0,009x; +0,002x;>  +0xiX» =+ 0x1X3
+0,003x, — 0,001x,° +0,001X,X3
—0,006x3 + 0,001x3> (1)

3a EC-momemmo (1) Oyma moOymoBana nmiarpama y ¢opMi Ky0a, ska OUIBII HAO0YHO
Bi/IoOpa’kae BILTMB BapiiioBaHMX (PAKTOPIB Ta sIKa IOKa3aHa Ha puc. 1.

1.2

0.9 lobaBka
290 /X3(%)

1.0
0.8

ement
(kr/M?%)

Puc. 1. Bimus BapiiioBanux ¢axtopis ckiaay Ha B/L] cymimiei piBHOT pyxomocTi

Sk MOkHA MOOAYMTH HA HABEACHIHM Aiarpami, Mpu 30UTbIIEHHI KITBKOCTI MOPTIAHIIEMEHTY
B/Il GetoHHOI cyMmiml pIBHOI PYyXOMOCTI OYIKYBaHO 3HMXKYEThCA. 3a PAXyHOK IM1JBUIICHHS
KUTbKOCTI cynepmiactudikaropy 3 0,6 1o 1,0% Big macu uementy B/Ll cymii 3HMKY€EThCS, TpOTe
HE 1CTOTHO — B cepeaabomy Ha 3%. Lle mosicHIoeThes THM, 110 BXke Tipu j03yBadHi y 0,6% mobaBka
STACHEMENT 2570/5/G € npocuth edektuBHoro [19]. Ilpum 1mpoMy 3pocTaHHS KiIBKOCTI
cyneprutactudikaropy 3 0,9 mo 1% ne 3Hmkye B/I] cymimi. ToOTO palioHaJIEHOK KiTBKICTIO
no6asku € 0,8-0,9% Bix macu nementy. [lpu miagBHUIEHHI KiTbKOCTI 6a3anpToBOi ¢idbpu Big 0,9 mo
1,5 kr/m® B/ CyMillll PIBHOT PYXOMOCTI NpPaKTHYHO He 3MiHIO€ThcsA. HaBiTh 3acTocyBaHHS
MaKCUMaJIbHOI KibkocTi (i0pu Bumarae minsuieHHs B/L] cyminri B mexax 1,5%.

Jst Bcix mocmimkenux ¢iopoberoniB sriqHo JACTY b B.2.7-214:2009 Bu3nauamacs ix
MIIHICTh Ha CTUCK 1 Ha PO3TAT Ipu 3ruHi y Biui 3 1 28 116 (Tabnuus 2).

102 Modern construction and architecture, 2023, no. 6, page 99-108



BUILDING MATERIALS AND TECHNIQUES

Tabmuus 2 — MitHicTh gocnipkeHux (i0poOeToHiB Ha CTUCK 1 Ha po3Tar npu 3ruHi (MlIla)

MILHICTE HA CTUCK MilnHicTh Ha pO3TAT MPH 3THHI

Ne Toxm y Biti 3 116 y BiIi 28 ni6 y Biri 3 110 y Bimi 28 n1i6
1 24,0 36,1 2,76 3,68
2 26,6 39,3 2,94 3,97
3 274 40,4 3,41 4,58
4 25,5 38,8 3,28 4,46
5 26,9 40,7 3,41 4,60
6 33,6 49,7 3,89 5,23
7 32,0 48,2 4,09 5,50
8 34,9 52,2 4,23 5,68
9 34,8 51,8 4,14 5,62
10 34,1 51,5 4,23 5,67
11 36,2 54,3 3,89 5,29
12 38,8 58,5 4,13 5,56
13 39,2 59,6 4,71 6,35
14 37,0 56,4 4,49 6,11
15 39,2 59,8 4,62 6,30

3a gpaHuMmu, BeAeHHMMH Yy Tabnmuimi 2, Oymu mnoOymoBaHi BiamoimHi EC-mopmemi, ski
BiJOOpaXXaroTh BIUIMB BapiiioBaHUX (PAKTOpIB CKIIaAy Ha MIIHICTh HAa CTUCK (HiOpoOeTOHIB y Bili
BiAmoBiAHO 3128 1i0:

fons (MITa) = 34,54 +6,00x; —1,14x,°> +0xiXo + 0,10X;X3
+0,35%; —0,59%;° — 0,20%2X3
+1,16x3 — 1,04%5° 2)
fon (MIIa) = 51,58 +9,33x; —1,43x,°> 4 0xyXo + 0,31x:1X3
+0,94%x, —0,78%,° — 0,26X2X3
+1,63x3 —1,43%5° (3)
3a nanumu EC-moznensamu noOynoBaHi Aiarpami, ki MokasaHl Ha puc. 2.
X,/ (@) ®)
1.57 >
1.2 1 1.2 1 ‘:,‘
H
0.9 JlobaBka
290 /X3(%)
1.0 )
0.8
Iement
X, (Rr/™M3) . X,
Puc. 2. BinmuB BapiifoBaHux gakTopiB Ha MIIHICTh (10Op0OETOHIB Ha CTUCK Y Billl 3-X (a) 1 28-Mu

1i6 (0)
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Sk BUIHO 3 miarpaMm Ha puc. 2, 3arajbHUN BIUIMB BapiiioBaHWX ()aKTOPIB HA MIIHICTh TPH
CTHCKY y PaHHBOMY 1 IIPOEKTHOMY Billi € aHasoriyHuM. [Ipu npomy y Bini 3 Ai0 MIIHICTh Ha CTUCK
nocmikeHnx GiopobeToHiB cTaHOBUTH 65-68% Bij iX MiHOCTI y 28 IEeHHOMY Billi.

3a paxyHOK IIiJIBHIICHHS KUIBKOCTI MOPTIAHALIEMEHTY Yy CKJaai MilHIcTh (iOpoOeToHIB
OYIKYBaHO 3pOCTa€, MPU IIbOMY OUIBII BIIYYTHO y MpoekTHOMY Bili (10 47%). Ilpu migBuiieHHi
KiTbKOCT1 6azanbToBOi idpu 3 0,9 mo 1,5 Kkr/m® MIIHICTh Ha CTUCK JOCIHIKEHUX (PiOpoOETOHIB
HecyTTeBO 3poctae: Ha 0,7-1,0 MITa y Bimi 3 ai6 ta Ha 1,5-2,1 MIla y Bimi 28 xi6. [linBumnieHHs
nosyBanHs cynepractudikaropy STACHEMENT 2570/5/G 3 0,6 no 0,9-1% Bim mMacu meMeHTy
BUKJIMKA€ 3HKeHHs B/, 3a paxyHOK 90ro MIIHICTh Ha CTUCK O€TOHIB 3pocTae y Bii 3 nib Ha 2,3-
2,6 MlIa, y Bii 28 116 — Ha 3,2-3,8 Ml]a.

Jlocuth OOMEKEHE 3pOCTaHHS MIITHOCTI Ha CTHCK MpHU 301IBIICHHI KUTHKOCTI 0a3aibTOBOI
¢i6pu 1 cynepruiactudikatropy O0OyMOBIEHO THM, IO B MeEXax (DAKTOPHOTO MPOCTOPY
eKCIIEPUMEHTY BKE MPH MiHIMAIbHHX PiBHSX (aKTOpiB X i X3 (0,9 kr/m° ¢ibpn i 0,6% K06aBKIH)
BOHU OKa3yIOTh JIOCUTh BITUYTHUH BIUTMB Ha MIIHICTh OETOHY, 1110 OYJI0 BCTAHOBJICHO HA MEPIIOMY
eTarli eKCIePUMEHTATBHUX TOCTiKeHb [19].

[Ipote st GETOHIB KOPCTKUX JOPOXKHIX MOKPHUTTIB OLIBII Ba)KIIMBHM ITOKa3HUKOM SIKOCTI,
HDK MIIHICTh HA CTUCK, € MIIIHICTh Ha PO3TAT MpH 3ruHi. Lleil moka3HUK € OJTHUM 3 OCHOBHUX IPH
PO3paxyHKy KOHCTPYKI[I JOpir 3 >KOpCTKUM TOKpUTTsM [20], 1m0 00YMOBJIEHO OCOOJIMBOCTAMHU
HaBaHTAXXCHb Ha JTOPOXKHIH omsr [2, 5].

3a HaBejieHUMH y TabnuIi 2 nanuMu Oynu nodynosani Biamosiaai EC-moneni, ananoriusi (2)
i (3), sxi BimoOpa)xaroTh BIUTUB BapiioBaHMX (DaKTOPiB CKIAay HA MILHICTh Ha PO3TST MPH 3THHI
nociimkeHux ¢iopoderoniB y Bimi 3 i1 28 ni6. 3a EC-mopensmu Oynu moOynoBaHi Jiarpamu y
¢dbopmMi ky0iB, sIKi TOKa3aHi Ha puc. 3.

(6)

X, @i (a)

1.2 1

JobaBka

/x3(%)
1.0

35006 LemenT

(kr/M3)

Puc. 3. Biu BapiifoBaHux (hakTopiB Ha MilIHICTh (piOPOOETOHIB HAa PO3TAT MPHU 3THHI Yy Billi 3-X (a)
128-mu 1116 (0)

AHani3 niarpaM Ta JaHUX TaOnuIll 2 MOKa3ye, 110 BXKe y Billl 3 10 MIIHICTh JOCHIHKEHUX
($16po6eTOHIB Ha PO3TAT MPU 3TUHI CTaHOBUTH 73-75% Bix piBHSA iX MPOEKTHOI MIIIHOCTI y Bili 28
116. Ile BaXJIMBO 3 TOYKU 30pY MOKJIMBOCTI MIPOBEACHHS HEOOXITHUX MOAAIBIIMX TEXHOJIOTTYHUX
orepailliii, 30KkpemMa Hapi3aHHS IIBIB.

Haii0inb1 cyTTeBO Ha piBEHb MIITHOCTI Ha PO3TSAT MpPH 3TUHI BIUIMBAE KUIBKICTH LIEMEHTY Y
CKiani. 3a paxyHOK IiJIBUIIEHHS A03yBaHHA B sbKydoro 3 290 mo 350 Kr/M> MitHiCTB ¢$16pobeTony
migBuIyeThess mpubiam3no Ha 1,2 MIla y Bimi 3 116 ta Ha 1,6-1,8 MIla y Bimi 28 mi6. 3miHa
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KUTBKOCT1 CymepriiacTu(ikatopy B Mekax (PaKTOPHOTO MPOCTOPY EKCIEPUMEHTY HECYTTEBO
BIUIMBa€ Ha MIIHICTh (iOpOOETOHIB HAa pPO3TAr — TMpH 30UIBIICHHI KIJIBKOCTI J100aBKH
STACHEMENT 2570/5/G 3 0,6 no 0,9% Big mMacu IeMEHTY MilHICTh 3pocTae nuiie Ha 0,25-
0,35 MITa.

3a paxyHOK 30iIbIIeHHS KiUTbKOCTI 06a3anbToBoi (idbpu 3 0,9 mo 1,3-1,4 Kr/M° MiuHicTh Ha
po3Tar npu 3ruHi ¢$idpoderoHy y Bimi 3 mi6 3pocrae Ha 0,5-0,6 MlIla, y Bimi 28 116 — nHa 0,7-
0,8 MITa. Tobro mucmepcHa apmarypa JOCTaTHbO €()EKTHUBHO TMiJBHINYE MIIHICTh OETOHIB
JIOPO’KHIX MOKPUTTIB HA PO3TSAT IPH 3THHI.

Takum ynHOM B AociikeHux (ibpodeToHax KijbKicTh 6a3anbroBoi ¢iopn BAUCON®-
bazalt 1,3 KI/M° MOKHA BU3HATH paIioHAIBHOIO 3 TIO3UIIIT TOCATHEHHS BUCOKOT MIITHOCTI HAa PO3TAT
Opu 3TUHI, a TakoXX HAa CTHCK. AHAJNOTIYHUM YHUHOM  pAIliOHAIBHOI  KUIBKICTIO
cynepmiactugikaropy STACHEMENT 2570/5/G moxna BusHatu 0,9% BiJ MacH LIEMEHTY.

BucHOBKHM i mepcneKTHBH MOJANbIIKX JOCTIIKeHb. 32 paXyHOK peaiizailii miaHOBaHOTO
EKCIIEpUMEHTY OTpuMaHO Komiuiekc EC-mopnenel, siki ONMUCYIOTh BIUIMB KUTBKOCTI I[EMEHTY,
cymnepruiacTuikaTtopy Ha OCHOBI MOJIIKapOOKCHIATIB 1 6a3anbToBOI PiOpH HA PaHHIO 1 MPOEKTHY
MIIHICTB (10POOETOHIB KOPCTKOTO TIOPOKHBOTO MTOKPUTTS.

3aBIAKH 3aCTOCYBAaHHIO pAIliOHAIBHOT KIJIBKOCTI 0a3aJbTOBOi TUCIIEPCHOT apMaTypH i
cynepmiactudikaropy orpumano (idpobderonu 3 wminHicTio Ha ctuck Big 40 go 55 Mlla Tta 3
MIIHICTIO Ha po3TAT mpu 3ruHi Bix 4,5 mo 6 MIla B 3a51e)KHOCTI BiJl KIJIBKOCTI IIEMEHTY y CKIIaJi.
Takox oTpuMaHi OETOHH XapaKTEPU3YIOThCS BUCOKOK PAHHBOKO MIIIHICTIO.

Y  nmojamemmMx  JOCHIDKEHHSX — mepeadayeHo  BU3HAUEHHS  BIUIMBY  KUTBKOCTI
MoJIiKapOOKCUIIaTHOTO — cynepractudikaropy 1 0azanbroBoi (idpu Ha MOPO3OCTIHKICTH 1
3HOCOCTIMKICTh (hiOPOOETOHIB KOPCTKUX AOPOXKHIX MOKPHUTTIB. Lle 0OymMOBIeHO THM, 10 cami i
MOKA3HUKH B 3HAYHIN Mipi 3a0€3MeuyI0Th JOBTOBIYHICTh JOPOKHIX [IEMEHTOOETOHIB B TUIIOBUX IS
VYkpainu Ta OUTBIIOCTI €BPONEHCHKUX KpaiH YMOBaX €KCILTyaTallii.
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THE INFLUENCE OF BASALT FIBER AND SUPERPLASTICIZER ON THE STRENGTH
OF CONCRETE FOR RIGID PAVEMENTS

'Kroviakov S.0., Doctor of Engineering, Professor,
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! Shestakova L.E.,
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'0dessa State Academy of Civil Engineering and Architecture
4, Didrichson street, Odessa, 65029, Ukraine

Abstract. The experiment was conducted according to a 15-point symmetrical plan. The
following factors of the fiber concrete composition of the rigid pavements were varied: the amount of
Portland cement (from 290 to 350 kg/m®), the amount of BAUCON®-basalt fiber with a length of
fibers 12 mm and a diameter of 18 um (from 0.9 to 1.5 kg/m®), the amount of superplasticizer
STACHEMENT 2570/5/G (from 0.6 to 1% of the mass of cement). All mixtures had equal mobility
with a cone slump of 2..3 cm, which was achieved by selecting the amount of water with appropriate
adjustment of the fiber concrete composition.

It was found that the W/C of a concrete mixture of equal mobility decreases as expected with an
increase in the amount of Portland cement. The W/C of the mixture is reduced by increasing the
amount of superplasticizer to 0.9-1.0% of the cement mass. When increasing the amount of basalt fiber
from 0.9 to 1.5 kg/m®, W/C practically does not change.

The compressive and flexural strength of fiber concrete at the age of 3 and 28 days was
determined. It was found that the general nature of the influence of various factors on strength in
early and project age is similar. The compressive strength of the investigated fiber concrete at the
age of 3 days is 65-68% of the level of their strength at the age of 28 days. The flexural strength at
the age of 3 days is 73-75% of the 28-day strength.

The strength of fiber concrete is expected to increase due to the increase in the amount of
Portland cement in the composition. At the same time, the strength increases more noticeably in the
project age. When increasing the amount of basalt fiber from 0.9 to 1.5 kg/m?, the compressive
strength increases insignificantly. Increasing the dosage of superplasticizer from 0.6 to 0.9-1%
causes a decrease in W/C, due to which the compressive strength of fiber concrete increases. The
strength at the age of 3 days increases by 2.3-2.6 MPa, at the age of 28 days increases by 3.2-
3.8 MPa.

The level of flexural strength is most significantly affected by the amount of cement in the
composition. The flexural strength of fiber concrete at the age of 3 days increases by 0.5-0.6 MPa
due to an increase in the amount of basalt fiber from 0.9 to 1.3-1.4 kg/m®. At the age of 28 days, the
strength increases by 0.7-0.8 MPa. Changing the amount of superplasticizer within the factor space
of the experiment does not significantly affect the flexural strength of fiber concrete.

Thus, the amount of basalt fiber BAUCON®-basalt 1.3 kg/m® can be considered rational in
the investigated fiber concretes. The amount of superplasticizer STACHEMENT 2570/5/G of 0.9%
by weight of cement is also rational.

Fiber concrete with compressive strength from 40 to 55 MPa and with flexural strength at
bending from 4.5 to 6 MPa, depending on the amount of cement in the composition, was obtained
thanks to the use of a rational amount of basalt dispersed reinforcement and superplasticizer.

Keywords: rigid pavement, basalt fiber, superplasticizer, strength, planned experiment.
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EFFECT OF DEICING AGENTS ON THE WATER STABILITY OF ASPHALT
CONCRETE UNDER FREEZE-THAW CYCLES
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Abstract. Asphalt concrete pavement, as the main form of high-grade roads today, occupies
an important place in modern road construction due to its advantages such as low noise level, ease
of repair and short construction period. This road type is widely adopted worldwide and provides a
reliable foundation for road networks in cities and villages. In cold regions, snowy weather tends to
cause ice on the road surface, posing a serious safety hazard for vehicle travel. The problem of road
accidents in winter is relevant both for regions with extremely cold climatic conditions and for the
temperate continental climate that prevails almost throughout Ukraine. To solve this problem,
deicing agents are widely used to improve the safety of road travel. The application of deicing
agents effectively reduces the impact of snow and ice on roads and ensures the safe passage of
vehicles in adverse weather conditions. However, while deicing agents play an important role in
improving traffic flow, their widespread use has also brought some problems that should not be
ignored. The chemicals in deicing agents may have adverse effects on pavement materials,
especially on asphalt concrete roads.

For studying the effect of deicing agents on asphalt concrete, this paper presents an
experimental investigation of the effect of deicing agents on the water stability of asphalt concrete
under the conditions of freeze-thaw cycle test. The impact of deicing agents and freeze-thaw cycles
on asphalt concrete was investigated by evaluating the variation patterns of three key parameters:
stability, residual stability and air void content.

The experimental results showed that the stability and residual stability of asphalt concrete
showed an overall decreasing trend with the increase of the number of freeze-thaw cycles,
indicating that the asphalt concrete was damaged or degraded under the conditions of freeze-thaw
cycles. The higher concentration of the deicer solution corresponded to the more pronounced
changes in the test parameters, indicating a significant effect of the deicer on the asphalt concrete.
At the end of 27 cycles, the average loss of stability, residual stability and void ratio were 29%,
22% and 73%, respectively. This indicates that the combined effect of freeze-thaw cycles and
deicing agent is more significant for air void content.

Key words: asphalt concrete, deicing agent, water stability, freeze-thaw cycle, pavement
performance.

Introduction. The problem of road accidents in winter is relevant both for regions with
extremely cold climatic conditions and for the temperate continental climate that prevails almost
throughout Ukraine [1-2]. In order to effectively deal with this problem, the extensive use of
deicing agents has become an indispensable measure to ensure road traffic safety. The main
function of deicers is to melt snow and ice as quickly as possible, improving the grip of vehicles
and effectively reducing the number of traffic accidents [3-4].

However, while deicing agents play a key role in improving traffic flow, their long-term
effects on road materials are a growing concern [5-6]. With the widespread use of deicing agents,
especially chemical deicers like calcium chloride (CaCl,) being used in large quantities, close
attention is being paid to the potential impacts of these chemicals on road materials. In this context,
asphalt concrete, a key material commonly used in road construction, has excellent compressive,
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shear and durability properties that make it the material of choice for road construction [7-8].
However, the long-term effects of deicing agents may lead to deterioration of the asphalt in asphalt
concrete, crack generation, and overall structural damage, which can negatively affect water
stability [9-10].

As a result, the widespread use of deicing agents has raised concerns about the long-term
health of road materials. At the core of this concern are possible interactions between the chemicals
in deicing agents and road materials, which can have potentially adverse effects on the durability,
structural performance and overall stability of pavements [11-12]. In order to address this concern,
it is important that we conduct in-depth research into the combined impacts of deicing agents on
roadway infrastructure and develop a scientific and sustainable strategy for the use of deicing agents
to ensure that the long-term health of roadway materials is not jeopardized while improving the
smooth flow of traffic [13].

Analysis of recent research and publications. To identify the effect of deicing agents on
asphalt concrete, some scholars have conducted some research. Wu [14] investigated the water
sensitivity of asphalt concrete by dry and wet cycle tests, and the findings showed that the
deterioration of asphalt concrete properties was mainly related to water and deicing agents. Hassan [15]
compared the effects of sodium formate, potassium acetate, and urea on the durability of asphalt
concrete, with the test results showed that urea caused the most damage, while the other deicing
agents caused damage comparable to distilled water. Zhang [16] conducted an in-depth study on the
reaction mechanism between asphalt and deicing salt solutions, suggesting that chloride ions in the
deicers replaced hydrogen ions in the asphalt. However, these related studies on the influence of
CaCl, on the water stability of asphalt concrete are currently incomplete, thus limiting its
applicability as a regionally relevant reference for road design and maintenance.

Goals and objectives. To further study the effect of CaCl, on the water stability of asphalt
concrete, this paper carries out freeze-thaw cycles on AC — 16 asphalt concrete after immersing in
different concentrations of CaCl, solution in order to simulate the environment to which the
pavement material is subjected on the actual road, and evaluates the damage rule of the water
stability through the Marshall water immersion test and the air voids content test.

Research methods. In this study, five concentrations of CaCl, solutions, 2%, 4%, 6%, 8%
and 10%, were selected to conduct freeze-thaw cycle tests on Marshall specimens (63.5 mm + 1.3 mm
in height and 101.6 mm + 0.2 mm in diameter) of AC — 16 asphalt concrete. The test parameters for
a single cycle were as follows: freezing temperature of -18°C+1°C, freezing time of 24h+0.5h,
thawing temperature of 20°C+1°C, and thawing time of 24h+0.5h. A total of 28 cycles were
conducted, and the Marshall water immersion test and air void content test were carried out at the
end of 0, 3, 6, 9, 12, 15, 18, 21, 24 and 27 cycles, respectively. The parameters tested included
stability, residual stability and air void content.

Table 1 — Stability of asphalt concrete after multiple freeze-thaw cycles

Number of freeze-thaw cycles Stability, kN
2%CaCl, | 4%CaCl, | 6%CaCl, | 8%CaCl, | 10%CaCl,
0 11.24 11.24 11.24 11.24 11.24
3 11.06 11.05 11.05 11.04 11.01
6 10.91 10.91 10.89 10.87 10.85
9 10.70 10.60 10.59 10.58 10.57
12 10.31 10.26 10.23 10.20 10.18
15 9.86 9.79 9.66 9.63 9.61
28 9.42 9.25 9.14 9.11 9.04
21 8.86 8.67 8.51 8.39 8.38
24 8.55 8.31 8.14 8.07 7.98
27 8.39 8.14 7.96 7.86 7.76
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Results analysis and discussion. The Marshall water immersion tests were conducted on
asphalt concrete after multiple freeze-thaw cycles. Results of the test for stability and residual
stability are shown in Tables 1 and 2, and the corresponding loss rates are shown in Figures 1 and 2.

From the experimental data in Table 1, it can be observed that the stability of asphalt concrete
gradually decreases as the number of freeze-thaw cycles increases. This indicates that the asphalt
concrete was damaged or degraded to some extent under freeze-thaw cycling conditions.
Meanwhile, it was observed that at each number of freeze-thaw cycles, the stability showed a
different trend with the increase of CaCl, concentration, and this trend was more obvious with the
increase of the number of freeze-thaw cycles. At the end of 27 cycles, the stability corresponding to
different concentrations of CaCl, solutions were 8.39 kN, 8.14 kN, 7.96 kN, 7.86 kN, and 7.76 kN,
respectively.It can be observed from Fig. 1 that the loss rate of stability shows a trend of slowly
increasing at first, followed by an extremely rapid increase, and then finally a slow increase. At the
end of 27 cycles, the loss rates of stability corresponding to different concentrations of CaCl,
solutions were 25.38%, 27.62%, 29.17%, 30.06% and 30.95%, respectively.

32
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Fig. 1. Loss rate of stability of asphalt concrete after experiencing multiple freeze-thaw cycles

Table 2 — Residual stability of asphalt concrete after multiple freeze-thaw cycles

Number of freeze-thaw Residual stability, %
cycles 2%CaCl, | 4%CaCl, | 6%CaCl, | 8%CaCl, | 10%CaCl,
0 85.70 85.70 85.70 85.70 85.70
3 84.72 84.65 84.44 84.35 84.17
6 83.73 83.67 83.50 83.24 83.20
9 82.65 82.05 81.85 81.34 81.12
12 80.83 80.66 80.04 79.71 79.44
15 78.52 77.55 76.82 75.83 75.61
28 75.79 74.29 73.78 72.67 71.61
21 72.65 71.33 70.65 68.95 68.25
24 71.12 69.44 68.35 66.82 65.64
27 69.78 68.11 67.30 65.25 64.40

From Table 2, it can be observed that there is a gradual decrease in residual stability as the
number of freeze-thaw cycles increases. This is in line with the expectation since freeze-thaw cycles
usually lead to deterioration and decrease in the stability of the material. Meanwhile, it was
observed that the value of residual stability corresponding to the higher concentration of CaCl,
solution was smaller for the same number of freeze-thaw cycles, indicating a remarkable effect of
deicing agents on the water stability of asphalt concrete. At the end of 27 cycles, the residual
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stability corresponding to different concentrations of CaCl, solutions were 69.78%, 68.11%,
67.30%, 65.25% and 64.40%, respectively. It can be observed from Fig. 2 that similar to the loss
rate of stability, the loss rate of residual stability also showed a trend of slowly increasing at first,
followed by an extremely rapid increase and finally a slow increase. At the end of 27 cycles, the
loss rates of residual stability corresponding to different concentrations of CaCl, solutions were
18.58%, 20.52%, 21.47%, 23.86% and 24.85%, respectively.
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Fig. 2. Loss rate of residual stability of asphalt concrete after experiencing multiple freeze-thaw
cycles

A comprehensive comparison of the experimental data on stability and residual stability
revealed that at the end of 27 cycles, the average loss rate of stability was around 29%, while the
average loss rate of residual stability was around 22%, indicating that the combined effect of
freeze-thaw cycles and deicing agents is greater for stability. Meanwhile, at the end of 27 cycles, the
loss rate of stability corresponding to 10% CaCl, solution was 21.9% higher than that
corresponding to 2% CacCl, solution, and the loss rate of residual stability corresponding to 10%
CaCl; solution was 33.8% higher than that corresponding to 2% CaCl, solution, which indicates
that the effect of deicing agent is more important for residual stability.

The air void content test was carried out on asphalt concrete after undergoing multiple
freeze-thaw cycles, the experimental data on air void content are shown in Table 3, and its
corresponding loss rate is shown in Figure 3.

Table 3 — Air void content of asphalt concrete after multiple freeze-thaw cycles

Number of freeze-thaw cycles Alr void cantent, %
2%CaCl, | 4%CaCl, | 6%CaCl, | 8%CaCl, | 10%CaCl,
0 412 412 412 412 412
3 4.24 4.25 4.27 4.29 4.30
6 4.42 4.46 4.47 4.49 4.56
9 4.59 4.64 4.65 4.74 4.76
12 4.79 487 4.88 4,94 5.02
15 5.10 5.13 5.22 5.31 5.33
28 5.40 5.53 5.59 5.70 5.80
21 5.78 5.99 6.04 6.19 6.33
24 6.27 6.44 6.61 6.81 6.91
27 6.74 6.94 7.09 7.33 7.51
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From Table 3, it can be observed that the air void content of asphalt concrete shows an overall
increasing trend with the increase in the number of freeze-thaw cycles due to the fact that the
freeze-thaw cycles may lead to the deterioration of asphalt concrete materials, which increases the
air void content. Also, it was observed that for the same number of freeze-thaw cycles, the air void
content showed an overall increasing trend with the increase in CaCl, concentration, which
indicates that the deicing agent had a certain effect on the air void content of the asphalt concrete.
At the end of 27 cycles, the air void content corresponding to different concentrations of CaCl,
solutions were 6.74%, 6.94%, 7.09%, 7.33% and 7.51%, respectively. It can be observed from Fig. 2
that the growth rate of air void content shows a trend of slow increase at first and then a rapid
increase afterwards. At the end of 27 cycles, the growth rates of air void content corresponding to
different concentrations of CaCl, solution were 63.58%, 68.47%, 72.04%, 77.86% and 82.16%,
respectively. The average growth rate was about 73%, which was significantly higher than the loss
rate of stability and residual stability, indicating that the air void content was greatly affected by the
freeze-thaw cycle, which indirectly indicated that the freeze-thaw cycle caused the destruction of
the asphalt membrane inside the asphalt concrete.
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Fig. 3. Growth rate of air void content of asphalt concrete after experiencing multiple freeze-thaw
cycles

Conclusion. In this paper, the following conclusions can be drawn by comparing and
analyzing the experimental data of stability, residual stability and air void content of AC-16 asphalt
concrete by conducting freeze-thaw cycle tests:

1. As the number of freeze-thaw cycles increased, the stability and residual stability of asphalt
concrete showed an overall decreasing trend, indicating that asphalt concrete was damaged or
degraded under freeze-thaw cycle conditions.

2. The loss rates of stability and residual stability corresponding to 10% CaCl, solution were
21.9% and 33.8% higher than those corresponding to 2% CaCl, solution, respectively. This
indicates that the effect of high concentration of CaCl; on residual stability is more significant.

3. The higher concentration of deicer solution corresponded to the more significant changes in
the test parameters, indicating the significant effect of deicer on asphalt concrete.

4. At the end of 27 cycles, the average losses of stability, residual stability and air void content
were 29%, 22% and 73%, respectively. This suggests that the combined effect of freeze-thaw cycles
and deicing agent has a more significant effect on air void content.
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BILIVB NPOTUOXEJEIHAX PEYUOBUH HA BOJOCTIHKICTD
ACPAJIBTOBETOHY B YMOBAX IUKJIIB 3AMOPOKYBAHHS-BIITABAHHA

1Cepzuolc B. P., n.1.H., mpodecop,

serdyukvr@vntu.edu.ua, ORCID: 0000-0002-2284-7371
1XpI/ICTI/I'l O. B., K.T.H., JOIIECHT,

dockhristich@i.ua, ORCID: 0000-0003-0166-547X
1BiHHuubKuﬁ HAYIOHANbHUL MEXHIYHUL YHIgepCcUumem

Byn1. BoiniB-IHTepHarionanictis, 7, M. Binaui, 21000, Ykpaina

AHoTanifi. AchanbroO0eTOHHE MOKPUTTS, K OCHOBHAa (pOpMa BHUCOKOSKICHUX JIOPIr, 3aiiMae
BOXUIMBE MICIIE B CY4acHOMY JOpPOKHBOMY OYIIBHUITBI 3aBISKH CBOIM IepeBaram, TaKUM SK
HU3BKUN PIBEHB IIIyMY, IMPOCTOTa PEMOHTY Ta KOPOTKHH TepmiH OymiBHumrBa. Lleli Tum mopir
IIUPOKO 3aCTOCOBYETHCS B YChOMY CBITI 1 3a0e3medye HaAiliHy OCHOBY JUISI JOPOXKHIX MEPEX Yy
MmicTax 1 cenax. IIpobiema qOpOKHBO-TPAHCTIOPTHUX MPHUTOJ B3UMKY aKTyajbHa SIK JJIsl PETiOHIB 3
JOCUTH XOJOAHUMHM KIIMAaTUYHUMH YMOBAMHU, TaK 1 JUIsl IOMipHO-KOHTUHEHTAIBHOTO KIIIMATYy, sSIKUH
MEPEeBAXHO XapaKTepHUH Maibke Ui Bciei Tepuropii Ykpainwm. st BUpimneHHs i€l mpodiemu
IIMPOKO 3aCTOCOBYIOTHCSI TMPOTHOXKETIEIHI PEYOBHHH, IO CIHPHUSIIOTH MiABUIICHHIO O€3MeKH
JOPOXKHBOTO PYXy. 3aCTOCYBAHHS MIPOTHOXKEIICAHUX PEarcHTIB e(EKTHBHO 3MEHINY€E BILTUB OXKEICIi
Ta CHIT'Y Ha Joporu 1 3a0e3medyye Oe3meUHUN MPOI3Jl TPAHCIOPTHUX 3acO0IB 32 HECHPUATIMBHUX
norogHuX yMoB. O/IHaK, HE3BAXKAOYH HA T€, IO MPOTHUOXKEIEIHI CyMIlIi BiAIrpatoTh BaXIIUBY POJIb
y TOJIMNIICHHI TPAaHCHOPTHOTO IMOTOKY, iX MacmTaOHEe BHUKOPHUCTAaHHS TaKOXX CTBOPIOE TEBHI
npobjaeMu, Ha SIKi BapTO 3BEPHYTH YyBary. XiMi4HI pPEYOBHHHM, IIO BXOJSATH IO CKJIAAy
MIPOTHOXKENIEAHUX PEareHTiB, MOXYTh MaTH HEraTUBHUN BIUIMB Ha Marepiaid JOPOKHHOTO
MOKPUTTSI, 0COOIMBO HA acPaIbTOOCTOHHUX JOPOTax.

3 METOI0 BHMBYECHHS BIUIMBY IPOTHOXEJIECIHHX PEUYOBHMH Ha BIACTUBOCTI acdanbroOeTOHy
MPOBEIEHO EKCIIEPHUMEHTAIbHE JIOCHIPKEHHS CTOCOBHO il MPOTHOXKEIEAHUX pPEYOBHUH Ha
BOJIOCTIHKICTh ac¢anbroO0eTOHYy B YMOBAaX IIMKIIIB 3aMOpPOXKYBaHHS Ta BiaTaBaHHS. Bruins
MPOTHOXKEIIEAHUX PEYOBUMH TMPH IUKIIYHOMY 3aMOPOKYBaHHI-BiITaBaHHI Ha ac(anbTo0eTOH
JNOCHIDKYEThCSI LUISIXOM  OLIHKK 3aKOHOMIPHOCTEM 3MIHM TPhOX KIIOYOBHX MapaMeTpiB:
CTaOUIBHOCTI, 3JIMIIKOBOT CTa0IIbHOCTI Ta 3aJUIIKOBOI TOPUCTOCTI.

Pesynpratu ekcmepuMeHTy TOKa3aid, IO CTaOiIpHICTh 1 3aJMIIKOBAa CTaOLIBHICTH
ac(hanbTOOETOHY MaJld 3arajbHy TEHJICHIIO 10 3HIKEHHS TpH 30UTbIIEHHI KITBKOCTI IHKJIIB
3aMOpOXKYBaHHS-BIITaBaHHs, M0 BKa3ye Ha 4YacTKOBE IOIIKOKEHHS a0o po3llapyBaHHS
ac¢anbroO0ETOHY B yMOBax LUKJIIB 3aMOpOXYBaHHS-B1JTaBaHHSA. Builla KOHILIEHTpalis pO3YUHY
MPOTHOXKEJIEAHOT PEUYOBHMHM XapakTepusyBajacs OUIbII BHUpPAXEHUMH 3MIHAMU HapameTpiB
TOCTIDKeHHS, [0 CBIMYUTH TPO 3HAYHHWH BIUIMB TPOTHOXKEIECTHOI PEYOBHHHM HA BIIACTHBOCTI
acdanproderony. Ilicns 27 nuxiiiB BUIPOOyBaHb CEpeHI MOKa3HUKU BTPATH CTIMKOCTI, 3aJIMIIKOBOI
CTIMKOCTI Ta 3aJMIIKOBOI MOpUCTOCTI cTaHOBWIN 29%, 22% Ta 73% BinnosigHo. Lle cBiquuth npo
T€, L0 BIUIUB MPOTHUOXKEJIEJAHOTO PEAreHTy NpU LHUKIIYHOMY 3aMOpOXYBaHHI-BiATaBaHHI Mae
BaroOMIIINi BIUIMB Ha TIOKA3HUK 3aJIMIIKOBOI MOPUCTOCTI.

KuarouoBi cioBa: acdanbroOeToH, MpOTHOXKENEAHA pPEYOBUHA, BOAOCTIHKICTh, LUKI
3aMOpOXKyBaHHS-BiITaBaHHsI, EKCIUTyaTalliliHi XapaKTePUCTUKHU JTOPOKHBOTO MTOKPHUTTSI.

Crarrts Hagiinwia qo pegakmii 12.11.2023
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Abstract. The current waterfront of Ukrainian ports includes structures that have been
developed in the past and have over 50 years of experience. Open-piled quay walls and sheet-pile
quay walls are the most common types of quay walls used for berths in Ukrainian ports. However,
there are gravity-type quay walls. The share in the total the waterfront is not large. They were built
in the past and require modernization and reconstruction. Most of these berthing structures have
defects in concrete and reinforcement, which reduce the durability and bearing capacity.

Furthermore, the development of freight and passenger maritime traffic and the construction
of modern ships led to the need to increase the depths at existing berths and define the operational
loads meeting modern requirements.

Thus, the issue of reconstruction of gravity-type quay walls is relevant for many ports of
Ukraine. The choice of the reconstruction method depends on the correct estimation of the actual
technical condition of an existing structure. Gravity-type structures are those that rely primarily on
their weight and grip on the foundations to resist any possible adverse load combinations. The
requirements for such structures lead to the solution of one of the main tasks — the determination of
the reactive capacity of the soil base.

The reactive capacity calculation of the soil bases for considered structures is essential. The
purpose of the calculation is to provide both strength and stability of soil bases. An improved
method for determining the reactive capacity of the soil base of gravity-type quay walls has been
developed. This method allows determining the reactive capacity of the soil base in conditions of
the mixed stress state (limit and sublimit stress state zones in the soil base are considered).

This paper reviews some results of applying the proposed method for the reactive capacity
estimation of the soil base of gravity-type quay walls. The obtained results have been used to analyze
the preliminary reconstruction options for the mentioned structures and determine operational loads.

Keywords: the reactive capacity, gravity-type quay wall, limit and sublimit stress state,
reconstruction and operational loads.

Introduction. The sea ports are the most important component of Ukraine's transport
infrastructure and export potential. The transport complex competitiveness in the world market
depends on sea ports functioning efficiency, the level of their technological and technical equipment,
the management system and the development of infrastructure with modern international requirements.

The main conditions for the development of sea ports are the reconstruction and renovation of
existing ones and also the construction of new deep-water transshipment complexes that allow the
serving of large sea vessels. The current waterfront of Ukrainian ports includes structures that have
over 50 years of experience. Open-piled quay walls and sheet-pile quay walls are the most common
types of quay walls used for berths in Ukrainian ports. However, there are gravity-type quay walls. The
share in the total waterfront accounts for approximately 10%. They have been built in the past and
require modernization and reconstruction.

The constantly growing cargo turnover affects the size of the marine fleet. Construction of
modern vessels with drafts 12.0-17.0 m leads to the necessity of increasing the depths at existing
berths and updating operational loads. Thus, the issue of reconstruction of gravity-type quay walls
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is relevant due to the growing number of berths that do not meet modern requirements as well as
having an exceeded design life and physical deterioration.

Statement of the problem. For the development of Ukraine as a transit state in the global
transport system, it is necessary to take measures to increase transit cargo flows and solve the
problem of the functioning and development of seaports.

Seaports of Ukraine have an advantageous transport and geographical position to strategic
directions of cargo flows and proximity to European and Middle Eastern markets. Ports with developed
infrastructure, sufficient depths, and a high level of mechanization of loading and unloading work
make it possible to consider seaports of Ukraine as convenient transshipment points for transit cargo
flows. Thus, the reconstruction of berths and dredging works for the renewal and development of
Ukrainian port infrastructure will solve some key issues that are relevant and need to be resolved. The
reconstruction method depends on the constructive scheme of the existing structure and its actual
technical and deformable states.

As mentioned above, a great variety of gravity-type quay walls has been developed in the past
and require modernization and reconstruction. Gravity-type structures are those that rely primarily on
their weight and grip on the foundations to resist any possible adverse load combinations. The
requirements for such structures lead to the solution of one of the main tasks — the determination of the
reactive capacity of the soil base.

Analysis of research and publications. The traditional design method of foundations of
gravity-type structures is based on the concept of bearing capacity. The fundamental basis of
methods for the bearing capacity assessment of the soil bases is limit equilibrium theory. It should
be noted that the practical significance of the solutions of limit equilibrium theory is used until now
despite the widespread use of different elastic-plastic deformation analysis methods of soils. Static
solutions of limit equilibrium theory are repeatedly tested in practice and allow reliably determine
limit load value on the soil bases [1]. Therefore, the results of these solutions are included in the
regulatory documents for performing calculations of the soil bases of structures [2].

The methods of the bearing capacity calculation of the soil bases based on limit equilibrium
theory are described in well-known works by M.V. Malyshev [3], P.I. Yakovlev [4], S.G. Kushner [5],
Yu.K. Zaretskiy [6], V.G. Fedorovskii [7], N.K. Ameta [8], J.M. Raut et al. [9].

A Literature review has been done that gives the idea of new methods for the bearing capacity
calculation of the soil bases. Y. Guang-hua et al. [10] proposed a new method for determining the
bearing capacity of the soil base that considers the size, buried depth, and settlement of the foundation.
New solutions for the bearing capacity calculation of the soil bases with the use of modern numerical
methods based on limit equilibrium theory have been analyzed by A.M Karaulov et al. [11]. However,
the use of the finite element method to describe the limit state of soils remains understudied, despite its
widespread use in geotechnical calculations. Researchers [12] provided information about the
significant impact of soil inhomogeneity on the reactive bearing estimation of the soil base.

Based on the above, it should be noticed that a number of fundamental issues related to the
development and improvement of practical methods for the reactive capacity estimation of the soil
bases of gravity-type quay walls remain unresolved.

The purpose of the studies is to apply the proposed method of the reactive capacity calculation
of the soil base for some gravity-type quay walls [13, 14]. Special attention is given to the reconstruction
issues of gravity-type quay walls and clarification of the scheme of permissible operational loads.

The research method is theoretical with the development of a calculation model of the
"structure — soil base" system, which allows determining the reactive capacity of the soil base of a
gravity-type berthing structure as well as estimating the reserves of its bearing capacity.

The results of the research. According to the instruction of the document [15], one of the
important factors affecting the choice of reconstruction scheme of a gravity-type quay wall is the
reactive capacity estimation of the soil base. The strength and the reactive capacity of soil bases of
mentioned structures during the operation depend on operational load values.

Based on the above, the method of the reactive capacity calculation of the soil base has been
developed [13, 14]. The method is based on the theory of limit stress state but compared to other
approximate methods, considers two zones of stress state (limit and sublimit) and the friction on the
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contact of the base of the foundation structure and the soil base. In the paper, concrete blocks quay
wall with the immersed stone bed in the soil is considered. Here, the friction on the contact of the
stone bed and the base of the foundation structure is taken into account (Fig. 1).

Where b, — the width of the contact zone of the stone bed interacting with the base of the
foundation structure in limit stress state; B — the width of the base of the foundation structure interacting
with the stone bed; /™ — the intensity of the friction forces on the contact of base of the foundation

structure within the width of limit stress state zone; f* — the intensity of the friction forces on the contact

base of the foundation structure within the width of sublimit stress state zone; E — the lateral backfill
pressure.

Backfill lateral The structure
pressure
e U| Structure Bottom
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The width of sublimit ~ The width of limit
stress state zone stress state zone

Fig. 1. The calculation scheme for determining the width of limit and
sublimit stress state zones of the soil base

The resultant of the reactive capacity of the soil base N can be determined as the vector sum of
two components: limit N, acting within the wide b, and sublimit N’ acting within the wide B-b, . In
this case, the resultant of the reactive capacity of the soil base N can be expressed by the equation
N =[NZ+N2+2-N,-N-cos(s, - &)

The design scheme for determination of the resultant of the reactive capacity of the soil base
N is shown in. Fig. 2. It should be noted that the equilibrium conditions of each zone of strain stress

should be consistently considered for the determination of limit N, and sublimit N’ components of

the reactive capacity of the soil base. The definition of all necessary components of the design
scheme is described in the work [14].
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Fig. 2. The sliding surfaces and the outlines of limit and sublimit stress state zones
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The cohesive soil characterized by specific cohesion ¢ can be taken into consideration by
loading of an uniformly distributed load acting downward on the top surface of the soil base. The
intensity of the load within limit stress state n2e = c2/tg¢p2e the intensity of the load within

sublimit stress state n2' = c2/tgp2 as shown in Fig. 2. The angels s and Og, determine as
tgs5'=E /G and t9d, = E, /G, where E,,G, and E,G horizontal and vertical components of the

resultants N, and N' accordingly in the range of limit and sublimit stress state zones.

There are two phases of the interaction of a gravity-type quay wall and the backfill. First is
the phase of structure construction. It includes the process of formation of the backfill. Second, is
the operation phase. The paper studies the second phase. In this case, the growth of a uniformly
distributed load q leads to an increase of the lateral backfill pressure and a decrease of the reactive
capacity of the soil base (due to the appearance and development of limit stress zone in the soil
base). This process will continue until the reactive capacity of the soil base does not reach of limit
value. Further increase of load q will lead to loss of stability of the structure due to the exhaustion
of the bearing capacity of the soil base.

This paper reviews the results of reactive capacity calculation of the soil base of some gravity
berthing structures for the choice of the reconstruction scheme and determination of operational
loads. The design of the reconstructed gravity-type quay wall is shown in Fig. 3. The quay wall
comprises four courses of concrete blocks on a stone bed and a superstructure made of reinforced
concrete elements of an L-shaped type. The backfill material — stone and gravel filter.

The reconstruction scheme of the berth has been chosen based on the reactive capacity of the soil
base calculation of the existing berth. The reconstruction of the existing berth provides the construction
of a new high pile grillage structure on the seaward side and carrying out dredging works.

A high pile grillage with steel sheet pile wall and back steel pipe piles is shown in Fig. 3. The wall
and steel pipes are rigidly embedded in the grillage. The grillage is a monolithic reinforced concrete
element. The front crane rail is designed on a pile foundation and consists of one row of vertical and
inclined steel pipe piles. The rear crane rail is laid along a reinforced concrete beam on piles.
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Fig. 3. Cross — section of reconstructed berth

The reactive capacity calculation of the soil base of concrete block quay walls by two
methods (the traditional method accordingly [1, 2] and the proposed method described above [13,
14]) have been performed. The calculations have shown that the value of the reactive capacity of
the soil base obtained by the proposed method is 1.35 times greater than the value obtained by the
traditional method. It allowed increasing the uniformly distributed load intensity in the rear zone of
the berth: in zone C from 60 to 80 kN/m? and in zone D from 100 to 120 kN/m?. The scheme of
operational loads is shown in Fig. 3.

Berths 24 and 21 of Odessa Commercial Sea Port are considered. Cross-sections of berths are
shown in Fig. 4, 5. The berth design is an open-piled quay wall with a concrete block gravity wall
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on the coastward side. The reactive capacity calculation of the soil base of a concrete block gravity
wall made it possible to clarify the values of operational loads on the berthing structures. The
reactive capacity of the soil base has been calculated by the methods described above.

Portal crane

20 (30) kN/m?
5 (10) kN/m* ) K Reinforced concrete 30 (40) kN/ ’ 'J' 10 (20) kNfr?
Deck level J’ll’llllll Deck level dock B T T I O
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J'II vall = / wall
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L, | N, Lofl 1l Ly N
Fig. 4. Cross-sections of Berth 24 Fig. 5. Cross-sections of Berth 21

For berth 24, the calculations have shown that the value of the reactive capacity of the soil
base obtained by the proposed method is 1.36 times greater than the value obtained by the
traditional method. It allowed increasing the uniformly distributed load intensity within the
superstructure of an open-piled quay wall from 5 to 10 kN/m?, behind a concrete block gravity wall
from 20 to 30 kN/m?.

For berth 21, the calculations have shown that the value of the reactive capacity of the soil
base obtained by the proposed method is 1.42 times greater than the value obtained by the
traditional method. It allowed increasing the uniformly distributed load intensity within the
superstructure of an open-piled quay wall from 30 to 40 kN/m?, behind a concrete block gravity
wall from 10 to 20 kN/m?.

Conclusions. The development of foreign trade and the export orientation of strategic sectors
of the Ukrainian economy lead to the development of maritime transport infrastructure. The rational
direction for its development is the construction of new ports and cargo terminals, as well as the
reconstruction of existing ones. The results of the research have been used to evaluate the developed
method for the reactive capacity calculation of the soil base of a gravity-type quay wall for
particular operating conditions. The most important conclusions are:

1. For the selection of a reconstruction scheme of gravity-type quay walls, it is necessary to
evaluate its actual technical condition, considering the results of the reactive capacity calculation of
the soil base. The safe operation and the durability of the operated berthing structures depend on the
values of the operational loads.

2. The method of the reactive capacity calculation of the soil base of a gravity-type quay wall
is proposed. The method is based on the theory of limit stress state but compared to other
approximate methods, considers two zones of stress state (limit and sublimit) and the friction on the
contact of the base of the foundation structure and the soil base.

3. The application of the proposed method for the reactive capacity calculation of the soil base
of gravity-type quay walls made it possible to consider reconstruction schemes and clarify
permissible operational loads.

4. The calculation results can be used for the assessment of the bearing capacity reserves of
operated berthing structures.
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PE3YJbTATH TEOPETUYHUX TOCJIKEHD IIOJ0 BUSHAYEHHS
EKCIINIYATAHIMHUX HABAHTAKEHD HA TTPUYAJIbHI CIIOPY U
TPABITAIIHHOI' O TUITY

YXonenis H.H., x.T.H., TOIICHT,
khonelianatela@gmail.com, ORCID: 0009-0000-4323-0293
Llonatin K.O., acnipasr,

SLodessa80@gmail.com, ORCID: 0009-0002-0794-8366
Oo0ecvruil HaYiOHANbHULL MOPCLKULL YHIBEepCUmem

ByJ1. MeunukoBa, 34, Oneca, 65029, Ykpaina

AHoTanisi. AHam3 0coOIUBOCTEN MPUYATBHOTO (PPOHTY MOPCHKUX MOPTIB YKpaiHU CBIYHTH
PO 3aCTOCYBAHHSI, TOJIOBHUM YHHOM, CIIOPY[l SIKi 3B€/ICHI, B OCHOBHOMY, y mepion micis [pyroi
CBITOBOiI BiiHH. [IpW 1mbOMY HAHMOIIMPEHIIIUMH KOHCTPYKTHUBHUMH pIIICHHAMH OyJd MaabOBI
€CTaKa/Iu, BKIIFOYal0uu OOJISAMIBKH 1 00JIbBepKH 31 mimyHTa. OHAK € CIIOPYAH TPaBiTAIHOTO TUITY,
saKi Oynu moOynoBaHI B MHUHYJIOMY Ta IMOTpeOyIOTh MoJepHizamii W pexkoHcTpykilii. YacTka y
3arajJpHOMY IPHYAILHOMY (POHTI TakWX CHOPYHA ckiagae npuOim3Ho 10%. Binbmicte Takux
MPUYATBHUX KOHCTPYKIIH MaroTh AcheKkTH OEeTOHy Ta apMaTypH, IO 3HUXKYE IOBTOBIUHICTH 1
HeCcydy 37aTHicTh. KpiM TOro, pO3BHTOK BaHTXHHX 1 MACaXHPCHKUX MOPCHKUX IIEPEBE3CHH Ta
OYIIBHHMIITBO CyYaCHUX CYJICH NMPHU3BEIM J0 HEOOX1IHOCTI 30UIbIIEHHS IMMHOMH Ol mpHYamiB i
BU3HAYCHHS €KCIUTyaTalliiHIX HaBaHTa)XEHb, 10 BiNOBIIAIOTh Cy9aCHHUM BHUMOTaM. BaxmuBumu i
aKTyaJlbHUMHU HampsMaMy MOJAIbIINUX JIOCHIIKEeHb, CIPSIMOBAHUX HA BIOCKOHAJICHHS 1 PO3BUTOK
MpUYaIbHOTO (POHTY MOPCHKUX IMOPTIB YKpaiHU, € po3poOKa 1 BIPOBAIKEHHS B TPAKTHKY
MOPTOBOTO TIAPOTEXHIYHOTO OYIIBHUIITBA BJOCKOHAJIEHUX METOJIIB MPOEKTYBaHHSA, OYIIBHUIITBA 1
PEKOHCTPYKIIIT TPATUIIIHHUX KOHCTPYKIIA TPUYAILHUX CIOPY/I.

Bubip mMeTony peKOHCTPYKIIIi 3aJIeKUTh BiJl MPABHJIBHOI OIIHKA (DaKTUYHOTO TEXHIYHOTO
CTaHy peKOHCTpyHoBaHOi cropyau. Jlius 3a0e3rmedeHHs MIHOCTI Ta CTIHKOCTI  CIIOPYH
rpaBiTalliiHOTO THUIY Ba)XJIUBUM € PO3PAaXyHOK BIAMOPHOI 3JaTHOCTI IPYHTOBHX OCHOB.
[IporoHyeThCsl po3paxyHKOBa MOJENIb «CIOpyJa — IpyHTOBa ocHoBa». Ha ocHOBI 1mi€i mozeni
pPO3pO0JIEHO METOJl PO3PaxyHKY BIJIIMOPHOI 31aTHOCTI I'PYHTOBHUX OCHOB HPUYAIBHHUX CIIOPYX
rpasitauiinoro tuny. el MeTron A03BoJisi€e BUSHAUUTH BIAMOPHY 3JaTHICTh T'PYHTOBOI OCHOBHU Y
paMKax Mojedl 3MIIIAHOTO HaNpyKeHOro craHy (OoOJiK TpaHWYHOTO Ta JOrPaHHUYHOIO
HaNpYy>KEHOTO CTaHy I'PYHTY OCHOBH).

Posrnsimatotbess Jesiki pe3yNnbTaTd 3aCTOCYBAaHHS 3alpOIIOHOBAHOTO METONY MMl OLIHKHU
BIJIMOPHOI 3/1aTHOCTI IPYHTOBOI OCHOBHM MNPUYAJIBHUX CTIHOK TIpaBiTauiiHoro tumy. OTpuMaHi
pe3yabTaTH BUKOPUCTAaHI JUIsl aHali3y MONEpeIHIX BapiaHTIB PEKOHCTPYKLII Ta YTOYHEHHs
eKCIUTyaTal[ifHIX HaBaHTaKEHb.

KurouoBi cioBa: BiAmopHa 31aTHICTh, TPYHTOBa OCHOBA, CIIOpYAa TPaBiTalliifHOTO THILY,
IPaHUYHUIA Ta JOTPAaHUYHUN HaIMpYyXEHO-Ae(POPMOBAHHUM CTaH, PEKOHCTPYKIIS, €KCILTyaTaliiHi
HABaHTAKCHHS.

Cratta Haaidnuia 1o penakuii 12.11.2023
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MOJAEJIIOBAHHA IIOKA3HUKIB E@EKTUBHOCTI 3BEJEHHSA
’KUTJIOBOI'O KOMILITEKCY «ABIHbHOH»
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AHoTanig. CTarTs NpUCBSIYEHA MOJEIIOBAHHIO IOKA3HMUKIB €(PEKTHMBHOCTI KOMIUIEKCHOTO
MPOIIECY 3BEACHHS JKUTIOBOTO KOMIUIEKCY «ABIHBHOH» 3 BUKOPHUCTAHHSM HE3HIMHOI ONManyOKH.
MopenoBaHHsl TIOKa3HHUKIB Bi0yBajJoOCh 3a JOMOMOTOK BHUKOPUCTAHHS CYYacCHHX MPOTPAMHUX
KOMIUIEKCIB TIpH BapitoBaHHI (PaKTOPiB, IO HA HUX BIUIMBAIOTH 3 YPaxXyBaHHAM JIIOYUX OOMEKECHb.
[limx dWac MoJeOBaHHSA y SKOCTI CKJIAJ0BOi KOMIUIGKCHOTO TIPOLIECY 3BEACHHS OyiBIIi
BUKOPHCTOBYBAJIOCh HACTYITHE DIIICHHS 31 3BEICHHS CTIH — BCTAHOBJICHHS JIETKUX CTaJIeBUX
ToHKOCTIHHUX KOHCTPYKIid (JICTK) 3 oOmmBaHHSM HE3HIMHOIO OIATyOKOI Ta HANIOBHCHHSM
MiHOIOJIICTHPOIOETOHOM. B momepenHix OCTiKeHb BCTAaHOBJIECHO, IO II€ KOHCTPYKTHBHO-
TEXHOJIOTIYHE PIllICHHS € HAWOUIbIT e()eKTUBHUM 3 IOPiBHIOBAHUX.

[pyHTYIO4MCh Ha TIONEPENHIX OCHIPKEHHAX BHKOHAHO EKCIIEPUMEHTAIBLHO-CTATHCTHYHE
MOJICTIIOBaHHS TMOKAa3HUKIB «TPUBATICTh OYyIIBHUITBAa», «BApTICTh OyIIBHUITBA», «CEPEIHS
IHTEHCUBHICTh (DIHAHCYBaHHSI» Ta «MaKCHMaJbHAa IHTEHCUBHICTH (piHAHCYBaHHs» IPH BapitOBaHHI
3MIHHHX (DaKTOPIB: «KOE]ILIEHT CYMIIIEHOCTI MPOIIECIBY» Ta «KUTBKICTh POOOYHX TOJMH HA THKACHBY.
MopemoBanHs  BiOyBaliock 3a JjornomMoroto mporpamHoro komrmuiekca COMPEX. 3naueHHs
MOKa3HMKIB €()eKTUBHOCTI OTPUMaHI1 3T JHO OOpaHKX IJIaHIB EKCIIEPUMEHTIB 3a JIOIIOMOT'010 MT00Y10BH
€KOHOMIUHMX (KOLITOPUCHI PO3paxyHKH) Ta OpraHI3aliiHO-TEXHOJIOTIYHUX (rpadikyd BUKOHAHHS
po0iT) Mozenei BiAnoBiaHO B mporpaMHux komiiekcax ABK 5 ta Microsoft Project.

[lix 4dYac TmpoBemeHHS EKCIEPUMEHTAIbHO-CTATUCTHYHOTO  MOJIETIOBAHHS ~ BHU3HAUEHO
eKCTpPEMYMH MOKa3HUKIB €(eKTUBHOCTI Ta BIANOBIIHI 3HAYEHHS MO€JHAHb (DAKTOPIB, 11O HA HUX
BIUIMBAIOTh. BH3HaueHO XapakTep Ta CTYMiIHb BIUIUBY (AKTOpIB Ha JOCIIIKYBaHI IOKa3HUKH
€(eKTUBHOCTI.

Ha moka3Huk «BapTicTh OYAIBHUITBA» HAKIQJACHO [if0oue OOMEXEHHsS Yy BUIIISAII
BUKOPUCTaHHA KpEIUTHUX KOWTIiB. PO3paxyHOK BIUIMBY HakIaJeHHA MII0YOTO OOMEXEHHs
BHUKOHYBaBCs B mporpamHomy komriekci Microsoft Excel. Ilpu BapitoBaHHs (pakTOPHOTO IPOCTOPY
noOyJOBaHO JiarpaMH 3MiHM BapTOCTi 3BEJEHHsA OY/iBJII Ta PO3Mipy KOIUTIB, HEOOXITHMX Ha
3a0e3neueHHs BiACOTKIB Mo kpeauty. Ilpu cymimeHHi (cymyBaHHI) LMX JiarpaM MHOOYAOBaHO
3HAYeHHs MOKa3HMKY BapTOCTi OyIIBHUITBA 3 YpaxyBaHHSAM BIUIMBY BIJICOTKOBOI CTaBKH
KpPEIUTHUX KOWITIB. BU3HAueHO, 10 MpU BUKOPHUCTaHHI KPEIUTHHMX KOMITIB B 00cs3i 90 % 3a
PaxyHOK BIJICOTKIB TiJla KPEIUTY 3HaYHO MiJABHUIYETHCS BapTICTh 3BeIeHHS OyaiBii. B cepennbomy
1€ TiABUIIEHHS cTaHOBWIO 183,8 MiIH. TpH.

IToGynoBa rpadiyHnx 3a5IeKHOCTEN BUKOHYBAIHMCH B IporpamMHoMy komruiekci CorelDraw X6.

Kiro4oBi cjoBa: KOHCTPYKTHUBHI Ta OpraHizalifHO-TEXHOJIOTIYHI pIlIEHHsS, CTiHOBI
KOHCTPYKIIii, HE3HIMHA onaixyOKa, eKCIIepUMEHTAIbHO-CTATUCTUYHE MOJICITIOBAHHS.

Beryn. ByniBii, OCHOBHA YaCTHHA SIKUX BUTOTOBJIEHA 3 MOHOJITHOTO 3a1i300€TOHY IMOKa3alln
cebe HaOIBII CTINKUMH i/ Yac Jii Mo3ampOeKTHUX BIUIMBIB, 10 BUKIUKAHI BOEHHUMH JisIMH. 3a
UMM TEXHOJIOTiIMH aKTHBHO 3BOJATH OyaiBimi B ycbomy cBiTi. Lli TexHomoriii MaroTh CBOi
Henoniku. Hampukian, HEOOXiAHICTP po30MpaHHSA OMAdyOKH, BCTAHOBJICHHS PO3TalyKEHHX
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CIUIETIHb apMaTypu Bpy4YHYy Tomio. lle mpu3BomuTh A0 30UIBIIEHHS TPYAOMICTKOCTI, TPUBAJIOCTI
3BEJICHHS Ta BapTocTi. B OaraTomoBepXoBUX OYHIBJIAX 3BEIACHHS MOHOJITHHX 3ai300€TOHHHX
€JIEMEHTIB Ma€ 3a3BHWYail BUPIIIAIGHUN BIUIMB Ha MOKa3HUKU e(peKTHUBHOCTI OyniBHUITBA. Kpim
I[bOTO, AKTYaJTHHOIO Ta PO3MOBCIOKEHOIO TPOOJIEMOIO € HEIOCTATHICTh HASBHOCTI BJIACHHUX KOIITIB
1 3BeieHHs OyaiBii. Hepinko HOBOAWTHCS 3almydaTd KpenuTHI KOmTH. Tomy, Ciil po3rsiHyTH
gkl Olmpm  epexkTuBHI pimeHHS (KOHCTPYKTHBHI Ta Oprai3amiifHO-TEXHOJOT1YHi) MOXJIUBO
BUKOPHUCTOBYBATH IIPU 3BEJICHHI MOHOJIITHUX 3a11300€TOHHHUX €JIEMEHTIB.

OnHUM 3 aKTyalbHUX HANpsMKIB € JIOCTI/DKCHHS IOKa3HUKIB €(QEKTHBHOCTI 3BEICHHS
OyaiBesb 3 BJAIITYBAaHHSIM CTIH y HE3HIMHIW omanyOi, y BHUIJsAAi OJoKiB, maHesned tomio. Lle
JI03BOJISIE BIIAIITOBYBATH CTIHM Bipa3y 3 BHYTPIIIHIM 03100J€HHSAM (HANpHUKIAJ, TilCOKapTOHI
JIUCTH) Ta 30BHIMIHIM 0300JICHHAM (HANPHUKJIa], CKIOMAarHieBi abo 1EMEHTHO-CTPY)KKOBI TUTHTH).
[Tpu 1bOMY BOHU BUKOHYIOTH III€ i POJIb HECYYHX €IEMEHTIB Ta € e()eKTUBHIIIMMHU HIK TpaaulliiiHi
TEXHOJIOT11 OETOHYBaHHS.

AHaJTI3 OCTaHHIX [Kepes JocjaikeHb 1 myOaikauniid. B ocranHiX pociikeHHAX OyB
BUKOHAHUH TMOIIYK BIJIOMHUX KOHCTPYKTUBHO-TEXHOJIOTIYHMX pIIEHb JJsI 3BEAEHHS CTIH 3
BUKOPUCTAHHSIM HE3HIMHOI onainyOku [1]. Po3po0ieHO KOHCTPYKTHBHO-TEXHOJIOTIYHE PINICHHS Ta
oTpuMaHo nateHT Ha KopucHy mojenb (UA Ne 149402 «Crina Oynimi») [2]. Lle pimeHHs BKIIIOYa€e B
cebe BHYTpIIIHIM 1 30BHINIHIA OTOPOKYIOYI Imapu. MiK HMMH IIapaMH BCTAHOBIIOIOTHCS JIETKi
craneBi ToHkocTiHHI KOHCTpYKIi (JICTK) Ta BHKOHYETHCS 3alIOBHEHHS 3 MIHOMOIICTUPOIOETORY [2].

B po6Gori [1] BukOHAHO aHami3 €PEKTUBHOCTI 3aCTOCYBAHHS BIJJOMHX Ta PO3POOJICHOTO
KOHCTPYKTUBHO-TE€XHOJIOTIYHUX PIIIE€Hb JJIs 3BEICHHS CTIH 3 BUKOPUCTAHHAM HE3HIMHOT ONaTyOKH.
BusnayeHHss e(eKTHBHOCTI 3aCTOCYBaHHS pIIIEHb BHKOHYBAJOCH 3a JOMOMOTOI0 METOIUKH
OaraToKpUTepialbHOro aHamizy [3-6] mo KiTbKICHUM Ta SKICHUM KPHTEpisM. 3a pe3ysibTaTaMu
aHaizy HaHOLIbII eQEeKTHMBHUM pINICHHSAM JUIS 3BEICHHS CTiH y HE3HIMHIN omamyOmi €
KOHCTPYKTHUBHO-TEXHOJIOT1YHE PILLICHHS, BUKOHAHE 3a 3al1aTeHTOBAHOO TEXHOJIOTI€E [2].

B po6oti [7] HaBemeHO pe3ynbTaTH MOCTIIKEHb (Di3MKO-MEXaHIYHUX MapaMeTpiB HOBOTO
PO3pOOIIEHOTO KOHCTPYKTUBHO-TEXHOJIOTIYHOTO PIIIEHHS — CTIHM 3 TMIHOMOJICTUPOJIOETOHY B
HE3HIMHIM omanxyOui 3 BHKOPHCTAHHSIM JIETKUX CTaJeBHX TOHKOCTIHHMX KOHCTPYKILIA. A came,
MIPOBEICHO EKCHEPUMEHTAlbHI JOCIIPKEHHS: 3 BU3HAUEHHS TEpMiHY e(QEeKTHBHOI TEIIOBOi
eKCIUTyaTallll CTIHM; BIUIMBY LUKJIIYHMX 3MIH TEMIIEpaTypd Ha TEIUIONPOBOAHICTH OCHOBHOI'O
Marepiaiy, 110 130J10€ — MiHONoJicTUpoa0eTony. IIpoBeieHo akycTHYHI BUITPOOYBaHHS CTIHU.

BusHaueHO MeTONIUKY, 32 SIKOIO CJi/1 BU3HAYaTH XapaKTep 3MIHU MMOKAa3HUKIB €(EKTUBHOCTI B
3aJeKHOCTI BiA (akTopiB, 110 HAa HUX BIUIMBAIOTh — EKCIIEPUMEHTAJIbHO-CTATUCTUYHE
moaemoBants (ECM) [8-15]. TlpoBeaeHo MojenoBaHHS, BH3HaueHO rpadidHi W aHATITHYHI
3aJIeKHOCTI 3MIHM TOKa3HUKY «PEHTA0eNIbHICTh OyIIBHHUITBA» NMpPU BapilOBaHHI JOCHIIKYBaHHX
(bakTopiB: «KOEQIIEHT CYMIIIEHOCTI MPOIECIB» Ta «KUIBKICTh POOOYMX TOAWH Ha THXKICHBY.
Bu3nayeHo, 1o mnpu 3acTOCYBaHHI MaKCUMaJlbHUX 3HAau4€Hb OOpAaHMX IOKAa3HUKIB MOKJIMBO
OTpUMATH HaWOUIbII €(pEeKTUBHUN MOKa3HUK peHTadenbHOCTi. OTpUMaHO 3HAYEHHS MOKAa3HHKIB
«BapTICTh OYMIBHHUIITBAY» Ta «TPUBATICTH OyaiBHUIITBa» [16].

IMocTaHoBKa MeTH Ta 3aBAaHHA. MeTa JOCIIPKEHHS — BU3HAUYUTH 3HAUEHHS Ta XapakTep
3MIHM TIOKa3HMKIB €(EeKTHBHOCTI NpU BapiloBaHHI ()AaKTOPHOIO MPOCTOPY Ta BIUIUBI IIFOUYHUX
oOMexeHb Oy/11BeIbHOTO BUPOOHUIITBA.

JUist TOCSITHEHHSI TOCTABJICHOT METH BUPIIIIEHO HACTYITHI 3aBIaHHS:

1. IlpoBeneHO  eKCHEPUMEHTAIbHO-CTATUCTUYHE  MOJETIOBAHHA  3MIHM  ITOKa3HHKIB
e(EeKTUBHOCTI MpU BapilOBaHHI (PAKTOPIB «KOEQIIIEHT CYMIIIEHOCTI IMPOLECIB» Ta «KUIBKICTh
POOOYHX TOAMH HA THKICHDBY.

2.Ha moka3HMK «BapTicTh OyMIBHHIITBA» HAKIAICHO [if04e OOMEXKEHHs Yy BUTISAIL
BUKkopucTaHHs 90 % KpeIUTHHUX KOIITIB.

3. Po3paxoBaHO 3HaueHHsS MOKAa3HUKY «BapTiCTh OYyIIBHUITBa» 3 ypaxXyBaHHSM BIUIUBY
BIJICOTKY 3a0e3ledyeHHs Tila KpPeIuTy Ta BH3HAUEHO XapakTep BIUIMBY (aKTOpIB MiJl 4Yac iX
BapilOBaHHA.
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Marepiann Ta wMeroaum ociimxeHns. [loOymoBa eKOHOMIYHHMX Ta OprasizaiiiHo-
TEXHOJIOTIYHMX MOJEJIeH BHUKOHYBajlaCch 3a JIOMOMOTOI0 mporpamMHux komiuiekcieB ABK 5 Ta
Microsoft Project.

ExcniepuMeHTanbHO-CTATHCTUYHE MOJICIIOBAaHHS BHKOHYBAJIOCh B IPOTPAMHOMY KOMILICKCI
COMPEX. MopentoBaHHS 3iHICHIOBAJIOCH 3 BUKOPUCTAHHSAM TEOpii IMJIaHyBaHHS €KCIIEPUMEHTY Ha
OCHOB1 OOpaHUX IUIaHIB €KCIIEPUMEHTIB.

Po3paxyHOK BIUIMBY HaKIaJeHHSA [if04oro oOMexeHHs (ypaxyBaHHS BIUIMBY BIJCOTKY
3a0e3neueHHs] Tijla KPEAWTYy Ha TOKa3HUK e(EKTUBHOCTI «BapTICTh OYyIBHHUIITBA») Ta MOOYAO0Ba
rpadiuHIX 3aJIeKHOCTEN BUKOHYBAIMCH B TiporpaMHmx komruiekcax Microsoft Excel Ta CorelDraw X6.

OcHoBHHUIT MaTepiaJ i pe3yabTaTn. B MpoAoBXKeHHS MONEpeaHix pocmimkens [1, 2, 7, 16]
3BEJICHHS CTiH OY/iBeNb, IO BUKOHAHI 3 JICTKUX CTaJeBUX TOHKOCTIHHMX KOHCTpykHii (JICTK)
3all0BHEHUX IIHOMONICTUPOJIOETOHOM Ta 03100JC€HUX eJeMEHTaMH HE3HIMHOI omajayOKu Ha
MPUKIIAL XKUTIOBOTO KOMIUIEKCY «ABIHBIOH» BUKOHAHO HACTYIIHE.

Ha ocHoBi panime noOymoBanmx mojeneii B ABK 5 Ta Microsoft Project BuszHaueHno
3HAYEeHHs MOKAa3HHUKIB CEPeAHbOI Ta MAaKCHMaJbHOI IHTEHCHBHOCTI (piHaHCyBaHHS (Tabu. 1) mpu
BapitOBaHHI (paKTOPiB, 110 HA HUX BIUIUBAIOTb.

[Ipu po3paxyHKy TOKa3HUKIB I1HTEHCHBHOCTI (DiHAaHCYBaHHS BpaxOBYBABCS IapaMeTp
«3arajbHOBHUPOOHUY1 BUTpaTH». BiH MpsAMO 3alexuTh BiJ 3MiHH 00OpaHuX (HaKTOPIB EKCIIEPUMEHTY
i TpuBasnocti OyniBHUNTBA. [laHnii mapaMeTp y BiJICOTKOBOMY CITiBBiTHOIIICHHI Ma€ 4acTky 8-12 %
BiJl 3araJibHOi CyMHU OY/iBHHUIITBA Ta BHOCHBCS B MOOYAOBaHI OpraHi3aliiHO-TEXHOJIOTIYHI MOJENi
(rpadixu BUKOHAHHS po0iT) B mporpaMHOMy KoMmIutekci Microsoft Project.

Tabnuis 1 — 3HavueHHs MOKA3HUKIB IHTEHCUBHOCTI (JiHAHCYBAaHHS MIPH BapitOBaHHI (AaKTOPHOTO

POCTOPY
X2
X1 KinbkicTs X1 Kiniiczicnn Cepenns MakcuManbHa
Ne Koeodinient | pobounx | Koedimient 060X IHTEHCHUBHICTh | IHTCHCHBHICTb
TOYKH | CyMIIIEHOCT1 | TOJMH Ha |CyMIIIEHOCTI fo W Ha (iHaHCYBaHHS, | (IHAHCYBaHHS,
nporecis, % | THXaeHb, IpoIIeciB TI/II)[K CHE IpH/MIC. IpH/MIC.
TOI. g
1 74,61 40 -1 -1 16 315461 17 326 977
2 79,91 40 -1 20 490423 21 997 942
3 85,21 40 -1 27 804320 32 802 940
4 74,61 60 -1 0 20 306388 23 381 562
S 79,91 60 0 25583 10 29 271 008
6 85,21 60 0 34 636866 42 895 910
7 74,61 80 -1 1 32 342760 33 193 655
8 79,91 80 1 40 693255 43 627 268
9 85,21 80 1 56 744422 61172 774

Ha ocHoBi 3HaueHb, BU3Ha4eHWX B [16] Ta B Tabmuii 1 mpoBemeHO eKCIepUMEHTaIbHO-
CTaTUCTHYHE MOJIENIOBaHHA B nporpamMHoMmy komiuiekci COMPEX. BceraHoBineHo xapakrep 3MiHU
MOKa3HUKIB €(EeKTUBHOCTI «BapTICThb OYIIBHULTBA», «TPUBAIICTh OYAIBHUITBA», «CEPEIHS
IHTEHCUBHICTh (pIHAHCYBAHHS» Ta «MaKCHUMajbHa 1HTEHCUBHICTb (DiHAHCYBaHHS» NPH BapilOBaHHI
(hakTopiB «KOEDIMIEHT CYMINIEHOCTI POIIECIBY» Ta «KITBKICTh POOOUYNX TOAMH HA THKIICHDBY.

B 30ni 3nHauens minimymy noxaznuxa «mpusanicms 0yoisHuymea» HakTopu MalOTh CYTTEBHMA
BB — 73 Ta 100 %. 3HayHO OIpIIMIA BIUIMB Mae (PAKTOpP «KUIBKICTH POOOYMX TOAWH Ha
THXIECHBY (pHc. 1).
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100

80

60 73

40

20

0
CTyniHb BINHBY (akTopy CTymniHb BIITHBY QaKTOpy
«Koe(iLieHT CyMIMEeHOCT] «KITBKiCTH pOOOYHX T'OJIIH Ha

TIpoIeciB» THAKIEHb»

Puc. 1. PiBenb BrumiBy (hakTopiB «koe(illi€eHT CyMILIIEHOCTI MPOLECIBY» Ta «KUIBKICTh POOOUHNX
TOJIMH Ha THXKICHBY» Y 30HI MIHIMYMY MOKa3HHKA «TPUBAIICTH OyTIBHUIITBA

3 pUCYHKY 2 BHUIHO, 110 HpU 30UIbLICHHI 3HAa4eHb (PAKTOPIB «KOE(DIIIEHT CYyMIIIEHOCT1
MPOIIECiB» Ta «KUIBKICTh POOOYMX TOAMH HAa THKIEHBY IOKAa3HUK «TPUBAIICTH OYHAIBHHUIITBA

SMCHIIYETHCA.

KinekicTs podounx
TOJNH Ha TIDKIeHb 272

N\ |500

\J700 \\
\\ N

>

60
\ KoeopimieHT

AN N CYMIIIIEHOCTi Iponecin

N\ \
\%0
\ \

40 6238\
74.61%

Puc. 2. I30miHii 3Ha4eHb MMOKAa3HNUKA «TPUBATICTH OYAIBHHUIITBA)» NIPU BapifOBaHHI ()aKTOPiB
«KO€(]IIIEHT CyMIIIEHOCTI MPOIIECIB» Ta «KITBKICTh POOOUUX TOJIMH HA THKIACHDY

A\
79,91% 85,21%

Excrpemymu ¢yHKIIT MOKa3HUKA «TPUBATICTD OyNIBHUIITBA» HACTYIIHI:

Y max = 958 nuiB (X1= 40 roguHu Ha THXKIEHD; X2 = 74,61%);

Y min = 272 nuiB (X1 = 80 roauH Ha THXICHB; X, = 85,21%).

B 30ni 3HaueHb MiHIMYMY NOKA3HUKIE «cepedHs IHmeHCUsHIicmy ginancysannsy (puc. 3, a) Ta
«MaxkcumanvbHa iHmencueHicmos @inauncysannsy (puc. 3, 0) dakTopu MalwTh CYTTEBUI BIUIMB.
3HauHO OUIBIIMI BIJIMB Mae (PAKTOp «KUIBKICTH poO0ouMX roauH Ha TwxaeHb» (100 %). daxtop
«KOoe(DIIIEHT CyMIIIEHOCTI MPOLIECIB» Ma€ MEHIIHH nMopiBHAHO MeHIMi BIuB (77 Ta 81 %).
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100

:380 3 100 80 3 100
60 3 77 60 7 &
40 3 40 3
20 3 20 A
0 0 : -
CTYH].HB BILIIIBY CTYIILHB BILIIIBY CTy'HlI—IB BILTIIBY CTYHIHB BILIIIIBY
dakTopy daxTopy daxTopy daxTopy
«xoedimieHT «KITBKIiCTB «xoedimieHT «KITBKICTB
cyMimesocTi pOBOYNX TOIIH CYMIIIIEHOCTI poOOYNX TOANH
HpoIeciey» Ha TIDKJICHB) IPOIIECiBY» Ha TIDKIEHbY
a) 0)

Puc. 3. PiBeHp BIUIMBY (DakTOPIB «KOEPIIIEHT CYMIIIEHOCTI MPOIIECIB» Ta «KUIBKICTh
poOOUYMX TOAMH Ha THXKJICHBY Y 30HI MIHIMyMY MOKa3HUKIB «CEPEHs IHTEHCHUBHICTh
(dhiHaHCYBaHHS» (a) Ta «MaKCUMajbHa IHTEHCUBHICTh (hiHaHCYBaHHS» (0)

[Ipu 30inbIIeHH] 3HauYeHb (PAKTOPIB «KOE(ILIEHT CYMIIIEHOCTI MPOIECIB» Ta «KUIbKICTh
poOOYMX TONWMH HA THXKICHBY» TOKA3HUKHA «CEpeAHs IHTCHCHUBHICTh (iHAHCYBaHHS» Ta
«MaKcHMallbHa IHTEHCUBHICTH (piHAHCYBaHHS» 30UIbIIYyI0ThCA (puc. 4, a, 0).

KineKicTh podounx KitekicTs  po6odmx
TOIIH Ha TILKIEHSb, TOJL. R —
80 56,74 61,17
S 40 2 %0 5 52
™~ 3
~L N (40—
T~ N N
I N \
60 g < &5 e N\
F) = ~ - .
e § Koedimient h N o N KoedinienT
N cyMimeHocTi =< cyMmimeHoc
N npomuecise, % 2 :;o npotecis,
'. 16,31 \ . \\
\ 17,33 N
& 0061 79.91 3501
74,61 7991 85,21 2 : =
a) 6)

Puc. 4. [30mn1Hi11 3HaU€Hb MOKA3HUKIB IHTEHCUBHOCTI (DiHAHCYBAHHs ITPH BapitoBaHHI (hakTopiB
«K0oe(DIIIEHT CyMIIIEHOCTI MPOIIECIBY Ta «KITBKICTh POOOYUX TOJIMH HA TUKACHDY!
a — MIOKa3HUKa «CepeHs IHTEHCUBHICTD (DIHAHCYBaHHS»; O — MOKa3HMKA «MaKCUMasbHa
IHTEHCUBHICTh (pIHAHCYBAaHHS»

ExctpemyMu (yHKIIT BiIMOBIIHO MOKA3HUKIB «CEPEIHsS IHTEHCUBHICTh (DIHAHCYBaHHS» Ta
«MaKCUMaJlbHa 1HTEHCHBHICTh (PiHAHCYBAHHS» JOCATAIOTh B TAKUX TOYKAX:

Y max = 56,74 muH. TpH B Micsin (X1=80 rox.; X,=85,21%);

Ymax = 61,17 mutH. rpH B micsub (X1=80 ro.; X»=85,21%);

Y min = 16,31 muH. TpH B Micsip (X1 = 40 rox.; X, =85,21%);

Y min= 17,33 mute .rpH B Mmicsinb (X1 = 40 rox.; X, = 85,21%).

B nonepennix nocmijpkeHHsX [16] Oymno po3paxoBaHO 3HAYEHHsS MOKAa3HHKA <«BapTICTh
OyaiBHMIITBa». OHAK B Cy4acCHOMY OYIBHHIITBA HE MOXKIIMBO 3aB)K/IM TIOKJIQJATUCh HA BUKOPUCTAHHS
JIMIIIE BIACHUX KOWITIB. TOMy NMpUIHATO 0OMEXeHHS — HeOOXIHICTh CIUIaTH BIACOTKIB 32 KPEIUTHUMHU
kommramu. [IpuitHsITO, 1O Y CKJIAIOBIA «BapTICTh OymiBHUITBa» Oyne HasBHO 10 % BIacHMX KOIITIB
nignpuemctBa ta 90 % kpequtHux. [Ipy 11bOMy KpeAWTHUI BiICOTOK BCTaHOBJIEHUH 31 cTaBkoro 10%
piunnx Ta 1% Komicii 6aHKy 3a IIOMICSIUHE BHECEHHSI KPEAUTHHUX PAXYHKIB. 3 ypaxyBaHHS BBEJICHOTO
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OOMEXEHHsT BHU3HAYEHO 3HAUCHHS TOKAa3HUKY «BAPTICTh OYNIBHMITBA 3 ypaxyBaHHSAM KpPEIUTHUX
KomTiBy (Tadm. 2).

Tabmuus 2 — 3HaueHHs MOKa3HUKA «BapTICTh OyIIBHUITBA 3 YpaXyBaHHIM KPEIUTHHX KOIITIB
IpH BapitoBaHH1 (h)aKTOPHOTO IIPOCTOPY

. [oxa3HuK «BapTicTh OyIIBHUITBA 3
[ToennanHs 3HaueHb (HaKTOPIB .
ypaxyBaHHSM KPEIUTHHUX KOIITIBY», TPH
.. . . T 0
X1 KOG(PIHIGHT cymimeHocTi mpormeciB — 85,21 % 701 228 568
X2 Kinbkictb pobounx rogus Ha THxaAeHb — 40 ro.
.. . . T 0
X1 KOG(PIHIGHT cymimeHocTi mpormeciB — 85,21 % 653 943 477
X2 Kinbkictb po604MX rouH Ha THXKAEHBb — 60 ToI.
. . . T 0
X1 KOG(PIL[I(ZHT cyMimieHocTti mporeciB — 85,21 % 632 484 949
X, KinbkicTh poO0o4HX TOIUH Ha THXACHD — 80 TO/I.
. . . T 0
X1 Koeti)luleHT cymimieHocti mporeciB — 79,91 % 750 449 255
X, KinpkicTh poO0o4MX TOIUH Ha THXACHD — 40 TO/I.
. . . T 0
X4 KO@(PH_IIGHT cyMimieHocTi nporueciB — 79,91 % 695 581 554
X2 KinpkicTs po60UYMX TOAMH Ha THXKIEHb — 60 roJ.
. . . o 0
X3 KO@(PH_IIGHT cymimieHocTi mporeciB — 79,91 % 656 323 882
X2 KinpkicTs po6ounx roaut Ha THxeHb — 80 rof.
. . . T 0
X1 Koeti)luleHT cyMimieHocTi mporeciB — 74,61 % 805 268 383
X, KinpkicTh poO0o4MX TOIUH Ha THXACHD — 40 TO/I.
. . . T 0
X1 Koeti)luleHT cymMimieHocTi mporeciB — 74,61 % 724 793 581
X2 KinpkicTh poO0OYMX TOIUH Ha THXKACHDb — 60 TO/I.
. . ) T 0
X1 KOG(PII_IEHT cyMitieHocTi mporeciB — 74,61 % 690 900 186
X2 KinpkicTs po6ounx roaut Ha THxeHb — 80 rof.

3 rpadiky (puc. 5) BHAHO, IO MPU HEOOXIAHICTH CIUIATH BIJCOTKIB 32 KpEeOUTOM (CHHIM
KOJIIp) 3HA4YHO 30UIbLIYE BapTICTh (3€JIEHUH KOJIIp) 3BeJIeHHs OyAiBII IPU BUKOPUCTAHHI CTIHOBHUX
KOHCTPYKLIN 3 HE3HIMHOIO onaiyoKkoro. B pe3ynbraTi BBeIEHHS AiI040r0 OOMEXEHHS OTPUMAEMO
MIJBUIIEH] 3HAYEHHS MOKAa3HUKA «BAPTICTh OYJIBHUIITBA 3 YpaxyBaHHSIM KPEAUTHHUX KOUITIBY
(Tabn. 2, puc. 5). Lle niABUILIEHHS CTAHOBUTH B cepeHboMy 183,8 MiIH IpH.

MiHiManbHe 3HAUYEHHS I[IOKa3HMKa «BapTICTh OYyIIBHMUIITBA 3 YypaxXyBaHHSM KpPEAUTHHUX
KOIITIB» CKIANO0 Ymin = 632,49 muH. [Ipu nipoMy 3Ha4YeHHS (HaKTOPIB CTAHOBUIIU: «KOEQIIIEHT
CyMileHOCTI mpoueciB» — 85,21 %, «KiIbKiCTh poOOUNX rOAMH Ha TWXKAEHb» — 80 roJ.

MakcumanbHe 3HAYeHHS TOKa3HUKa «BapTICTh OYJIBHUITBA 3 YPaxyBaHHSAM KpPEIUTHHUX
KOIITIBY» CKIAN0 Ymax = 805,27 M. [Ipu oMy 3HaueHHs (aKTOPIB CTAHOBUIIU: «KOEPIIIEHT
cyMimieHocTi nporeciB» — 74,61 %, «KigbKicTh poOOYMX TOAMH Ha THOXIEHB» — 40 rof.

SAxio mpoaHasizyBaTH MiHIMaJIbHI Ta MAaKCUMAJTbHI 3HAUEHHSI TOKA3HUKA «BAPTICTh OYIIBHUIITBA
3 YpaxyBaHHSM KpPEIUTHHX KOIITIB» MOXIIMBO 3pOOMTH HACTYNHHHA BHUCHOBOK. UMM OuIbLIOID €
TPHUBATICTh 3BEJCHHS OY/IBI, a BIAMOBIAHO — YMM MEHIIMMHU € 3HA4YeHHs (DaKTOPIB «KOEPIieHT
CYMIIIIEHOCTI MPOIIECIBY» Ta «KUIBKICTh POOOYMX TOUH HA THXKICHBY TUM OLTBIINN BIUIUB 3IHCHIOETHCSI
Ha M1/IBUIIEHHS BapTOCTI 3BeJICHHS OYy/IBJI1 PY BJIAIUTYBAHHI CTIH 3 HE3HIMHOI OMATyOKH.
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KoIToprcHa BapTicTh 301IpIIeHHS BapTOCTI BHACILIOK 3aCTOCYBAHHA BapTICTh Oy AIBHHUITEA 3
. OyIIBHHIITBA . KpeIHTHHX KOIITIiB YPaXyBaHHSM KPeIHTHHX
KOIITIB

Puc. 5. Jliarpama 3miau BapTOCTi OyIIBHUIITBA ITPH BapitOBaHHI (PAKTOPHOTO MIPOCTOPY 3
BBE/ICHHSAM OOMEKEHHSI (BUKOPUCTAHHAM KPEIUTHUX KOIIITIB)

BucnoBku:

1. ExcriepuMeHTalIbHO-CTATUCTUYHE MOJICITIOBAHHS TIPOLIECY 3BEICHHS KHUTIOBOTO KOMILIEKCY
«ABIHBIOHY» 3 BUKOPUCTAHHSM CTiH B HE3HIMHIN OMaiyoO1li, ke BUKOHAHO Y MMPOrPaMHOMY KOMITJICKCI
COMPEX 103BONMIIO BUSIBUTH, IIO Y BCTAaHOBJICHHX MEXaX BapiloBaHHS (PAKTOPIB «KOEQiIieHT
CYMIIIEHOCTI TMPOIECIB» Ta «KUIBKICTh POOOYMX TOAWMH HA TIDKIACHb» 3HAUYEHHS MOKA3HUKIB
e(EeKTUBHOCTI MOXKYTh 3MIHIOBaTUCh HACTYITHUM YHHOM:

— «TpuBalicTh OyaiBHUIITBa» Y = 272...958 nHiB;

— «cepeliHs IHTEHCUBHICTh iHaHCyBaHH» Y = 16,31...56,74 MiuH. rpa/Mic.;

— «MaKcUMaJibHa IHTEHCUBHICTb (piHaHcyBaHHA» Y = 17,33...61,17 MuH. rpH/MIC.;

— «BapTICTh OYAIBHHUIITBA 3 ypaXyBaHHSIM KpeIUTHUX KOmTIiB» Y = 632,49...805,27 MuH. rpH.

2. IlpoBenieHe MOJETIOBAHHS J03BOJIMIO BU3HAUYUTH XapakTep Ta CTYMiHb BIUIMBY 3MiHHU
3Ha4eHb (PaKTOPHOI'O MPOCTOPY Ha JIOCIIIKYBaHI MOKa3HUKH €(heKTUBHOCTI.

3. HaxmaneHHs [niro4oro OOMEXKEHHS Ha TMOKAa3HHK «BAaPTICTh OYyIiBHUITBA» Yy BHIJISII
BUKOpHUCTaHHS 90 % KpeaAUTHHUX KOUITIB (HEOOX1AHOCTI 3a0e3MeueHHs] BUIJIATH B1JICOTKIB 3a T1JIOM
KpEIUTYy) JAO3BOJIMJIO BUSIBUTH CEPEIHE MIABUIIEHHS BapTOCTI, MmO ckianae 183,8 muH. TpH. A
TaKOX XapakTep BIUIMBY IbOTO IT/IBUIIEHHS NP BapitoBaHHI ()aKTOPHOTO MPOCTOPY Ha MOKa3HUK
«BapTiCTh OY/AIBHULITBA 3 YPAXyBaHHAM KPEJUTHUX KOIITIBY.

4. Pe3ynpTaT JOCHIKEHb JO3BOJWIM BHM3HAYUTH TMEPCHEKTHBHI HANPSMKU I0AATIbIIOL
HayKOBOi1 po00TH y cdepi TOCTIHKEHH KOMIUIEKCHOTO TIPOIIECY 3BEICHHS OY/IiBeIbh 3 BUKOPUCTAHHSIM
HE3HIMHOI ONaTyOKH.

IlepcnekTHBHI HANPAMKH MNOJANBIIMX JOCHIKeHb. OTpUMaHi pe3yabTaTH JIOCHTIHKEHb
JI03BOJISIFOTh BU3HAUUTH HAMPSMKH MOAAIBIIOI HAYKOBOI poOOTH Yy cepl TOCTIIPKEHHS! KOMIUIEKCHOTO
TIPOIIeCy 3BeJICHHS Oy/iBeb 3 BAKOPUCTAHHSIM HE3HIMHOI OMATyOKH.

Bunineno HacTyImH1 HaITPSIMKH TIOJATTBIINAX TOCTIHKEHb.

1. Po3poOka HOBHMX Ta BJOCKOHAQJIIEHHS ICHYIOUMX KOHCTPYKTHBHO-TEXHOJIOTIYHHUX pIllIEHb
3BEJICHHS BEPTUKAJIbHUX €JIEMEHTIB Oy/IiBeJIb 3 BAKOPUCTAHHIM HE3HIMHOI OMaTyOKH.

2. JlocnipKeHHsT TIOKa3HUKIB €()eKTUBHOCTI 3BEACHHS IHIIMX O0’€KTIB Ta 30UTBIICHHS CIEKTPY
JOCTIPKYBAHUX TTOKA3HUKIB.

3. IIponoBxeHHsT JisUTBHOCTI 3 BIPOBAPKEHHS PE3YNIBTATIB JIOCHIIKEHb B OCBITHIM mporiec,
HAyKOBY po0OoTy Ta OyiiBesbHE BUPOOHULITBO.

Modern construction and architecture, 2023, no. 6, page 123-132

129



TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

Jliteparypa

1. Meneylyuk O.L, Kyryliuk S.V., Bochevar K.I. Evaluation of the new constructive-
technological solution of the fence structure in the non-removable formwork. Modern construction
and architecture. 2022. Ne 2. P. 113-122.

2. Crina Oynisimi: mar. 149402 Vkpaina : E04C 2/00; E04C 2/292. Ne u 2021 00397 ; 3asBi.
02.02.2021 ; omy6u1. 17.11.2021, Bron. Ne 46. 6 c.

3. OnTuMu3anusl OpraHU3allMOHHO-TEXHOJIOTUYECKUX PEIICHUH PEKOHCTPYKIIMU BBICOTHBIX
MH)XEeHEepHBIX coopyxennii / A. V. Meneiimok, M. H. Epmos, A. JI. Hukudopos, M. A. Meneiiniok.
K.: TOB HBII «IaTepcepsicy, 2016. 332 c.

4. Volkmann G., Schubert W. Optimization of Excavation and Support in Pipe Roof Supported
Tunnel Sections. Tunnelling and Underground Space Technology. 2006. Ne 21 (3-4). P. 404-404.

5. Meneylyuk O., Nikiforov A., Meneylyuk 1. Transport construction cost management by
rational organizational and technological solutions. Eastern-European Journal of Enterprise
Technologies This link is disabled. 2020. Ne 3 (3-105). P. 16-24.

6. Meneiluik, A., Nikiforov, A. Knowledge management by construction management
template for sustainable entrepreneurship. Organization, Technology and Management in
Construction. 2022. Ne 14 (1). P. 2601-2615.

7. Meneylyuk O., Bochevar K., Nikiforov O. Long-term thermal productivity of polystyrene
concrete in a new composite wall in a fixed formwork. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu. 2023. Ne3 (195). P. 66-74.

8. Boznecenckuii B. A., Jlamenko T. B., OrapkoB b. JI. UucneHnHnble MeTOABI peLICHUS
CTpOUTENbHO-TEXHONOrnYeckuX 3a1a4 Ha OBM. K.: Buma mik., 1989. 328 c.

9. KoanmboB B. B., Jlanumosa T. B., €nidanneBa C. B. CucremaTuzaiisi opraHi3aiiiiHo-
TEXHOJIOTIYHUX Ta IHMMX (PAKTOpiB, SKI BIUIMBAIOTH HA BApTICTh OyIiBHUITBA 00 €KTIB, 3
ypaxyBaHHSIM BHMOT MIOAO iX €HEproe()eKTUBHOCTI 1 eKoJoriuHocTi. Bicuux IIpuoninpoecvkoi
oeporcasnoi akademii Oyoisnuymea ma apximexmypu. 2018. Ne 6. C. 57-64.

10. Rassouli B., Soheil Shafaei S., Ayazi A., Farahbod F. Experimental and numerical study
on steel-concrete composite shear wall using light-weight concrete. Journal of Constructional Steel
Research. 2016. Ne 126. P. 117-128.

11. Ahmed S.N.A., David N.C. Numerical modelling of tunnel face stability in homogeneous
and layered softground. Tunnelling and Underground Space Technology. 2019. Ne 94. P. 103096.

12. Billaux, D., & Dedecker, F. Numerical rock modeling and fracturation: from continuous
to discontinuous. Revue Frangaise de Géotechnigue. 2018. Ne 155, 2. P. 1-6.

13. Allen, T. T., Yu, L., and Schmitz, J. An Experimental Design Criterion for Minimizing
Meta-Model Prediction Errors Applied to a Die Casting Process Design. Applied Statistics. 2003.
52.P. 103-117.

14. Apytionsin [LA., KoBanenko M.I'. JletepmiHOBaHI Ta HeJETEPMIHOBaHI (aKTOPH, IO
BIUIMBAIOTh Ha BHXiJHI YMOBHM 3a/lay ONTHUMI3allifHO-OpraHi3allifHUX MpoIeciB OyAiBeIbHOIO
BUPOOHMUTBA. [[lnsaxu nioguwenns egpekmugnocmi 6y0ienuymea 6 ymosax opmyeanHs pUHKOSUX
sionocun. 2020. Ne 43. C. 59-66.

15. Carlyle, W. M., Montgomery, D. C., and Runger, G. C. Optimization Problems and
Methods in Quality Control and Improvement. Journal of Quality Technology. 2000. 31. P. 1-17.

16. Memnetimrok O.1., Bouerap K.I., ManbkiBchka [[.A. 3MiHM peHTAO0CIBHOCTI OYIiIBHHIITBA
KHUTIOBOTO KOMIUIEKCY «ABIHBHOH» TIiJl BIUIMBOM OpraHizauidiHux QaktopiB. bydisenvhe
supobruymeo. 2022. Ne74. C. 30-34.

130 Modern construction and architecture, 2023, no. 6, page 123-132



TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

References

[1] O. Meneylyuk, S. Kyryliuk, K. Bochevar, "Evaluation of the new constructive-
technological solution of the fence structure in the non-removable formwork", Modern
construction and architecture, no. 2, pp. 113-122, 2022.

[2] V. Mohilnikov, K. Bochevar, "Stina budivli”, Ukrainian Institute of Intellectual Property
UA 149402, November 17, 2021.

[3] A. Meneiliuk, M. Ershov, A. Nykyforov, Y. Meneiliuk, Optymyzatsyia
orhanyzatsyonno-tekhnolohycheskykh reshenyi rekonstruktsyy vusotnukh ynzhenernukh
sooruzhenyi. Kyiv, Ukraine: TOV NVP «Interservis», 2016.

[4] G. Volkmann, W. Schubert, "Optimization of Excavation and Support in Pipe Roof
Supported Tunnel Sections”, Tunnelling and Underground Space Technology, no. 21 (3-4),
pp. 404-404, 2006.

[5] O. Meneylyuk, A. Nikiforov, I. Meneylyuk, "Transport construction cost management by
rational organizational and technological solutions”, Eastern-European Journal of
Enterprise Technologies This link is disabled, no. 3 (3-105), pp. 16-24, 2020.

[6] A. Meneiluik, A. Nikiforov, "Knowledge management by construction management
template for sustainable entrepreneurship™, Organization, Technology and Management
in Construction, no. 14 (1), pp. 2601-2615, 2022.

[71 O. Meneylyuk, K. Bochevar, O. Nikiforov, "Long-term thermal productivity of
polystyrene concrete in a new composite wall in a fixed formwork", Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, no. 3 (195), pp. 6674, 2023.

[8] V. Voznesenskyi, T. Liashenko, B. Oharkov, Chyslennue metodu reshenyia stroytelno-
tekhnolohycheskykh zadach na EVM. Kyiv, Ukraine: Vyshcha shkhola, 1989.

[9] V. Kovalov, T. Danylova, S. Yepifantseva, "Systematyzatsiia orhanizatsiino-
tekhnolohichnykh ta inshykh faktoriv, yaki vplyvaiut na vartist budivnytstva obiektiv, z
urakhuvanniam vymoh shchodo yikh enerhoefektyvnosti i ekolohichnosti”, Visnyk
Prydniprovskoi derzhavnoi akademii budivnytstva ta arkhitektury, no. 6, pp. 57-64, 2018.

[10]B. Rassouli, S. Soheil Shafaei, A. Ayazi, F. Farahbod, "Experimental and numerical
study on steel-concrete composite shear wall using light-weight concrete”, Journal of
Constructional Steel Research, no. 126, pp. 117-128, 2016.

[11]S.N.A. Ahmed, N. David, "Numerical modelling of tunnel face stability in homogeneous
and layered softground”, Tunnelling and Underground Space Technology, no. 94, 2019.

[12]D. Billaux, F. Dedecker, "Numerical rock modeling and fracturation: from continuous to
discontinuous", Revue Frangaise de Géotechnique, no. 155 (2), 2018.

[13]T. Allen, L. Yu, J. Schmitz, "An Experimental Design Criterion for Minimizing Meta-
Model Prediction Errors Applied to a Die Casting Process Design”, Applied Statistics, no.
52, pp. 103-117, 2003.

[14]1. Arutiunian, M. Kovalenko, "Determinovani ta nedeterminovani faktory, shcho
vplyvaiut na vykhidni umovy zadach optymizatsiino-orhanizatsiinykh protsesiv
budivelnoho vyrobnytstva”, Shliakhy pidvyshchennia efektyvnosti budivnytstva v
umovakh formuvannia rynkovykh vidnosyn, no. 43, pp. 59-66, 2020.

[15]W. Carlyle, D. Montgomery, G. Runger, "Optimization Problems and Methods in Quality
Control and Improvement”, Journal of Quality Technology, no. 31, pp. 1-17, 2000.

[16]O. Meneiliuk, K. Bochevar, D. Mankivska, "Zminy rentabelnosti budivnytstva
zhytlovoho kompleksu "Avinion” pid vplyvom orhanizatsiinykh faktoriv", Budivelne
vyrobnytstvo, no. 74. pp. 30-34, 2022.

Modern construction and architecture, 2023, no. 6, page 123-132

131



TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

MODELING PERFORMANCE INDICATORS OF BUILDING CONSTRUCTION USING
NON-REMOVABLE FORMWORK

'Russyi V.V., PhD,

viruswot@odaba.edu.ua, ORCID: 0000-0002-5884-2097
'Bochevar K.I., PhD student,

4871416k@gmail.com, ORCID: 0000-0003-4589-8080,
'Odessa State Academy of Civil Engineering and Architecture
4, Didrikhson str., Odessa, 65029, Ukraine

Abstract. This article is dedicated to modeling performance indicators of the comprehensive
process of constructing a multi-story building while varying influencing factors, taking into account
existing constraints, and utilizing modern software complexes. During the modeling process, the
following solution for wall construction was employed as a component of the comprehensive building
process: the installation of lightweight steel thin-walled structures (LSTW) with non-removable
formwork cladding and filling with polystyrene concrete. Previous research has established that this
construction and technological solution is the most effective among the compared alternatives.

Building upon prior investigations, experimental-statistical modeling of the «construction
duration», «construction cost», «average intensity of funding», and «maximum intensity of funding»
indicators was performed, varying factors such as the «overlap coefficient of processes» and «number
of working hours per week». Modeling was conducted using the COMPEX software complex. The
values of efficiency indicators were obtained according to selected experimental plans by constructing
economic (budgetary calculations) and organizational-technological (work performance schedules)
models using the AVK 5 and Microsoft Project software complexes, respectively.

During the experimental-statistical modeling, extremes of efficiency indicators and
corresponding values of factor combinations influencing them were determined. The nature and
degree of the factors' impact on the investigated efficiency indicators were identified.

The «construction cost» indicator was subjected to an existing constraint in the form of using
credit funds. The calculation of the impact of imposing this existing constraint was performed in the
Microsoft Excel software complex. While varying the factorial space, diagrams of changes in the
budgetary cost of building construction and the amount of funds needed to secure the loan were
constructed. Combining these diagrams resulted in values for the «construction cost with consideration
of credit funds». It was determined that the use of credit funds at a level of 90% significantly increases
the cost of building construction. On average, this increase amounted to 183,8 million UAH.

Graphical dependencies were constructed using the CorelDraw X6 software complex.

Keywords: constructive and organizational-technological solutions, wall structures, non-
removable formwork, experimental-statistical modeling.
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132 Modern construction and architecture, 2023, no. 6, page 123-132



BUMOTH IO O®POPMJIEHHS CTATEH
y 301pHUKY HAYKOBHUX ITpallb
“CyuacHe OyJiBHHIITBO Ta apXiTeKrypa”

Jlo onyOmikyBaHHS y (axoBiii 30ipui HAyKOBHX TMpalb  HPUHAMAIOTBCA paHille He
OIryOJIiIKOBaHI HAyKOBI CTATTI, 13 3a3HAYCHOIO HIDKUE TEMATHKOK MyO TiKamiii:

1. Apxitekrypa.

2. ByniBenbHI KOHCTPYKIIIi.

3. ByniBenbHI MaTepiaiy Ta TEXHOJOTII.

4. 'igpoTexHivuHe Ta TPaHCTIOPTHE OYIIBHUITBO.

5. ImxenepHi Mepexi Ta 00aHAHHS.

6. OcHOBH Ta HyHIAMEHTH.

7. TexHozorist Ta oprasizaist Oy iBeJIbHOTO BUPOOHHIITBA.

CrarTs NIOBHHHA BiANOBiIaTH TeMaTHLi 30ipHUKA, NY0JiKyBaTHCS BIIepLIe | BKIKYATH TaKi
eJIEeMEeHTH:

* aKTYaJbHICTh Ta IMOCTAHOBKY MPOOJIEMH Y 3arallbHOMY BUTJISAL, 11 3B'SI30K 13 BaKJIUBUMH
HAyYKOBUMH YU MPAKTUYHUMH 3aBIAHHIMH,

* aHaN3 OCTaHHIX JOCHIKeHb 1 MyOmikamii, y SKHX TNpEACTABICHO BUPIMICHHS IaHOi
nmpoOjieMd 1 Ha SKi CIUPAEThCSA aBTOP; BUILICHHS HEBUPINICHUX paHIIIE YacTHH 3arajibHOl
poOJIeMH, SIKUM TPUCBSIIYETHCS 1aHa CTATTS,

* (opmymroBaHHS METH CTATTI (IOCTAaHOBKA 3aBJaHHS);

* BHUKJAJ OCHOBHOTO Marepialxy IOCTI/DKCHHS 3 IOBHHUM OOTPYHTYBAaHHSM OTPUMAaHHX
HAyKOBHX PE3yJbTaTiB;

* BUCHOBKH 3 JIAHOT'O JIOCITI/KEHHS 1 TIEPCIIEKTHUBY MOATIBIIIOTO PO3BUTKY Y TAHOMY HATIPSIMKY;

* CIICOK JIiTepaTypHu.

3araJjbHi BHUMOTH 10 0()OPMJICHHSA TEKCTY

CratTi noJaroThCs B eNeKTpoHHOMY Burisial dainom Word 97 — 2003 B ¢opmari .doc. Ha3sa
¢aily Mae MICTUTM HOMEp TEMaTHKM IyOuikaiii Ta Mpi3BUILNE MEpUIOro aBTopa (HAmpukKiIaa, S5
IBanoB.doc).

CraTTi IoAarThCsl YKPaiHCHKOIO YU aHTJIICHKOI0 MOBOIO 1 APYKYIOTHCSI MOBOIO OpHTiHATY.

TekcroBa 4acTMHA CTAaTTi HaOWpaeThesi Ha apkymax Qopmary A4 mpudrom Times New
Roman 12 nT uepe3 oguHapHUI IHTEPBal, BUPIBHIOETHCA 110 IUPHUHI CTOPIHKY, HOJS 1O 2 CM 3 YCIX
60kiB, ab3arHuii Biactyn — 1,0 cm. O0csr cratTi 7-16 NOBHUX CTOPiHOK Pa3oM 3 aHOTALIAMHU.

Crpykrypa crarri:

— indexkc Y/[K (BUpPIBHAHO IO JIiBOMY Kparo Oe3 a03al[HOro BIACTYyIy, NPONHUCHUM,
HaMBXUPHUN);

— Ha3zea cmammi (BIALEHTPOBaHa, yci JITEpHd NPOMMCHI, HAMIBKUPHI, NEPEHOCH He
JIOTTYCKaIOThCA);

— npizeuwe, inHiyianu 6cix aemopis, HAyKoGUil cMyniHb, é4eHe 36aHHsa (BUPIBHSHO IO
PaBOMY Kpao, MPIi3BHUIIE — HAIIBXUPHUHN; CTYIIHb 1 3BaHHS — PSIIKOBHIA);

— HO6HA HA364 GUWLO20 HABGUAIbLHOZ0 3AK1Ady uu opzauizayii (KypcuB, BHUPIBHSIHO IO
MPaBOMY KParo; SKIIO aBTOPH 3 PI3HUX HABYAIBHHX 3aKJIAIiB, TO KOXKEH aBTOP 3 OKPEMOTO PSIKA);

Modern construction and architecture, 2023, no. 6, page 133-135 133




— enekmpona nowma (BUPIBHSIHO MO IPAaBOMY Kparo Ta nopsia yHikanbauit Homep ORCID);

— anomauyii 0o cmammi (a03aIHUI BiACTYI, Ha3Ba HAIIBKUPHA, aHOTAIlli MHUIITYTHCSA JIBOMA
MOBAaMU: YKPATHCHKOIO 1 aHTIIHCHKOIO.

Texcr nepmioi aHoTalii NUIIETHCS MOBOIO OCHOBHOI'O TEKCTY CTaTTl Ta IOBUHEH OyTu He
Menul sk 1800 3naxiB.

Tekcr gpyroi aHoTalli, SKIIO BUAAHHS HE € MOBHICTIO aHTJIOMOBHHM, KOXKHA ITyOJIIKallls HE
AHTJIIHCHKOI0 MOBOIO CYITPOBOKYETHCS aHOTAIIIE€I0 aHITIMCHKOI0 MOBOIO 00csiroM He MeHmn sik 1800
3HAKIB. SIKII0 BUJaHHA HE € MOBHICTIO YKPAiHOMOBHUM, KOKHA ITyOJIKaILlisl HE YKPaiHCBKOIO MOBOIO
CYIPOBOJDKYETHCS AHOTAIIEI0 YKPATHCHKOIO MOBOIO 00csiroM He MeHm sik 1800 3makiB. [[pyra
aHOTAITisl PO3MIIITYETHCS B KIHII CTATTI MICIISI CIIUCKY JITepaTypH Ha aHTJIHCHKii MOBI.

JIBi aHOTAMii MOBUHHI KOPOTKO MOBTOPIOBATH CTPYKTYPY CTaTTi, IO BKJIIOYAE BCTYIH, METY,
METOAMKY, pe3yJbTaTH, BACHOBOK. MalllMHHUI [TepeKIaj He 103BOIAEThCS.

— Kawuoei croea (MDKPSIKOBHI IHTEpBal HE pOOUTHCS, al3alHMW BIJICTYN, Ha3Ba
HaIBKHUPHA, TEKCT KJIOYOBHUX CIIiB HE Oibine 6—8 CIIiB).

Hasga crari, mpi3Buie i iHilianyd, HAYKOBUH CTYyIiHb, BYCHE 3BaHHA, MicIle poOOTH, aHOTAITis
1 KJIFOUOBI CJI0BA — IOBTOPIOIOTHCS YKPATHCHKOIO Ta aHIJIIHCHKOK MOBaMH.

Mix psakamu 3 iHgekcom Y JIK, Ha3Boro crari, MPI3BHINEM aBTOPIB, AaHOTAIIIEI0, OCHOBHUM
TEKCTOM 1 MEPeNiKOM JITepaTypu, JIITepaTypol0 Ha AaHMNMCHKIA MOBI Ta JPYrol0 aHOTAli€l0
OJIMHAPHHIA IHTEpPBAJL.

— OcHOGHUIl mexcm cmammi.

CTpyKkTypa OCHOBHOTO TEKCTYy CTaTTi 3rigHO 3 moctanoBoro BAK VYkpainu Ne 7-05/1 Big
15.01.2003 p. (bronerenr BAK VYkpainu Nel, 2003 p.) noBuHHa MaTH Taki HEOOXiIHI €JIEMEHTH
(nazeu cmpykmyphnux enemenmie 6 mexcmi cmammi ROMPIOHO 6UOLTUMU HANIEHCUPHO):

— BCTyn (IIOCTaHOBKAa NpOOJeMM Yy 3arajJlbHOMY BHIVIAAI Ta ii 3B’SI30K 3 BaKJIMBUMHU
HAYKOBUMH UM NMPAKTHYHUMHU 3aBJJAaHHSIMH );

— aHaJi3 OCTaHHIX JpKepelN AOCHTIKEHb 1 MmyOsikaliid, y sSKUX 3al04aTKOBAaHO PO3B’S3aHHS
npobnemu (OGakaHo, mo0 1e OyB aHami3 ocTaHHIX myOiikamiii y ¢axoBux kypHanax) i Ha sKi
ONUPAETHCSI aBTOpP, BUJUICHHS HE pO3B'I3aHUX paHIlle YacTUH 3arajbHOi MpoOJeMH, SKUM
MPUCBAYYETHCS CTATTS;

— IIOCTaHOBKA METH Ta 3aBJaHHs ((HOPMYITIOBaHHS METH Ta 3aBAaHb JOCIIKEHb);

— MareplaJii Ta METOAU JIOCHIUKEHHsS (ONMHUC BUKOPHUCTAHUX MaTepiajiB Ta MeETOJIB
JOCTIKEHHS TPOOJIeMH, 110 PO3TIISIAETHCS Y CTATT1);

— OCHOBHHUHM MaTepiall 1 pe3yJbTaTu (BUKJIAJ OCHOBHOTO MaTepialy JOCHIKEHHS 3 TTOBHUM
OOI'pYHTYBaHHSAM OTPUMaHUX HAYKOBUX PE3YNbTaTiB);

— BHCHOBKM (HayKOBa HOBH3HA, HAYKOBE Ta MPAKTUYHE 3HAUYEHHS PE3y/IbTATIB OCIIKEHHS,
NEPCHEKTUBH MMOATBIINX HAYKOBUX PO3POOJIECHB);

— Jimepamypa (BiILIEHTPOBAaHA, HAIIBXUPHA; TOCWJIAHHSA B TEKCTI TOJAIOTh Y KBaJpaTHUX
ayxkax [2]; cnucok miTepaTypu HABOAWTHCS BIAMOBIAHO MOPSIKY MOCKIAHb Y TeKCTi 3rigHo 3 JICTY
8302:2015 Ta 3ammcyeThCs B CTOBITYMK; HanucaHHs «J/[kepena indopmartii», «Ileperik miteparypm» He
nomyckaerbest). biOmiorpadidHuii CIMCOK HABOJUTHCS MOBOK) OpHTIHAITY Ta TPaHCIITEPYETHCSL.
KinbkicTe mocuianp Ha JITEpaTypHI JKEpena y CTaTTi MOBUHHO OyTH He MeHIue 15 mkepen. Ocobnusa
yBara npuaiIsieTbesl CydacHUM aHTJIOMOBHUM CTaTTAM, 30KpeMa iHaekcoBaHux WoS abo Scopus.

— oioniocpaghiunui cnucox (References). [lns BiATBOpPEHHS YKpaiHCHKMX BIIaCHUX Ha3B
3ac00aMH aHIINACHKOI MOBM TpH MeEpeKyaai MyOmikaiii aHTIHCHKOI0 MOBOIO 3aCTOCOBYETHCS
TpaHchiTepariisi. HaliMeHyBaHHsSI opraHizaiiii Ta yCTaHOB, IO HE TEPEKIAJTAOThCS HA aHTIIHACHKY
MOBY, TaKOX TPaHCIITEPYyIOThCs. TpaHciTepallis Mpi3BUIL aBTOPIB BUKOHYETHCS 3aJI€KHO BiJ] MOBH
OpHriHay Jkepena BianoBiaHo 10 BuMor [loctanosu Kabinery MinictpiB Ykpainu Bin 27.01.2010 p.
Ne 55 «Ipo BopsaKyBaHHS TpaHCIiTepalii ykpaiHcbkoro andasity gatuHunero». bidmiorpadiunuii
CIIHCOK TOBWUHEH Oytu odopmiienuii 3 BukopuctanHsm ctuinst |EEE STYLE s3rigro 3
«MDKHapOJHUM CTHJIEM LIMTYBAaHHS Ta MOCUJIaHHS B HAyKOBUX poboTtax», Kuis, 2016.

Tabauyi cnin BUKoHyBaTH B pemakTtopax Word 6e3 3anuBanHs. Koxxna tabmuiis mae OyTu
HaQ/IpyKOBaHa 3 BIAMOBIIHUM 3arojIOBKOM Ta HyMepalli€lo IMicis NepIIoro MOCHWJIAHHS Ha Hei.
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[upuna Tabiuipe HE MOBMHHA MeEpeBHINYBaTH Nojs cropiHkd. IlpudTt B Tabmuii noBUHEH
BIIMOBIIaTH MIPUQPTY CTATTI.

@opmynu MaroTh OyTH BHKOHaHi B penmakropi ¢opmyn Equation 3.0 un MathType 3
BUKOPHCTAHHSAM TUIbKHM 3aranbHOnpuiiHATHX MmpudTiB (Times New Roman; Symbol). Koxna
dopmyna HaOHpaeThes K OAUH 00’ €KT, Hymepalis (opMyn apabCbKuMH IU(ppaMu CrIpaBa B Ty Kax
BHUPIBHSHA 10 IIUPHHI CTOPIHKH.

Pucynku (nmiarpamu, (oTo), MOAAIOTHCS y HYOPHO-OUIOMY, KOJHLOPOBOMY BapiaHTi abo y
rpajiallisx ciporo KOJbOpy MiCJs MEPIIOTro MOCWIAHHS Ha HUX; MalOTh OyTH 3TPYIOBaHi Ta SBISATH
co0or0 oauH rpadiuyHuii 00’ €KT; MaTH HyMEpaLilo Ta MiANKC MO3HAYeHHS 0Ch KoopauHat. Po3mipu
MIJIMKMCIB HAa pUCYHKY MTOBUHHI BiamoBigatu mipudty Times New Roman 12 mr.

Pa3om 3i cTarTero nogaTLCA:

— BIIOMOCTI TIpo aBTopa (aBTOpChKa JIOBijAKa): Mpi3BUIIe, iM s, MO0 OaTHKOBI (TIOBHICTIO);
BUCHE 3BaHHS, BUCHHI CTYIIIHb, 110Ca/a, MicIle pOOOTH; KOHTaKTHI aJpecu W TenaedOoHH; MOIITOBA
azipeca, Ha SIKy HaJICUJIaTH IPUMIPHHK 30ipHHUKA

— peIeH3is Ha CTaTTIO, SKIIO0 aBTOPOM € acmipaHT Oe3 CITBAaBTOPIB 3 BYCHHUM CTYIICHEM Ta
BUYCHUM 3BaHHSIM.

CrarrTi, sIKi He BIINIOBIIAIOTH HABEAEHUM BUMOIaM, 10 PO3IJIsIAy He IPUHMAKThCS.

[Tomani MaTepianu MiUIATral0Th JOJATKOBOMY PEIICH3yBAaHHIO WIEHAMHU PEIKOJerii a0o mpoBiAHUMHU
¢daxiBUsMH 3a HAYKOBHMH HampsMaMd, TOMY MOXYTh OyTH TIOBEpHEHI aBTOpaM Ha
JOOTIPAIFOBAHHS.

OcrartouHe pimeHHs o0 MyOTiKamii CTaTTi MpuiiMae peakiiiifHa KoJerist BUJaHHS.
BinxwieHnii opuriHal He IOBEPTAETHCA.
Omutara 301HCHIOETHCS TUTBKH MiCTS MIATBEPAKEHHS IPUMHSTTA CTATTi 10 IPYKY.

Bapricte my6mikamii crarti 1100 rpu. 30ipHUK BUXOAWTH 4 pa3uW Ha piK MIOKBapTaIbHO, B KiHII
KO)KHOTO KBapTaiy. CTaTTi HeoOXiJHO HajcWiIaTh A0 | Yuclia OCTaHHBOTO KBapTally (HampUKIa,
SKILO 301pHUK BUXOAWUTH B KIHIIl YEPBHS, TO CTATTI MpUiiMaloThes 10 1 yepBHS). Aje npuiioM crareit
MOXe€ 3aKIHUUTUCH PaHillle BKa3aHOTO TEPMiHY, SIKIIO Oy/e HabpaHO HEOOXiJHY KUIbKICTh CTOPIHOK.
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