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UDC 711.4 (4-15) «15/19» DOI: 10.31650/2786-6696-2022-1-7-17

EVOLUTION OF FORMATION OF HOTEL AREAS IN THE CITIES OF WESTERN
EUROPE XVIII - EARLY XX CENTURIES

Shyriaiev T.V., PhD.,

shiryaev.tv73@gmail.com, ORCID: 0000-0002-8412-9017
National Academy of Fine Arts and Architecture

str. Voznesenskiy spusk, 20, Kyiv, 04053,Ukraine

Abstract. In the research, the urban development aspect of hotel areas in the context of
severe urban changes that took place in the cities of Western Europe during the XVIII - early XX
centuries were analyzed. It was investigated how due to external factors of influence new composite
forms of the location of hotels in urban areas were formed and more modern algorithms of
interaction between current urban planning realities and the formation of new, improved functional
and planning proposals in the design, construction and operation of European hotels were formed in
the second half of the X1X — early XX century.

The scale of evolutionary changes has been constructed during this historical period and the
main stages of the formation of the hotel industry in Europe have been studied. Four main
compositional variants of urban areas were discovered, in which the hotels of that time were built:
the frontal site, through the section, located on the corner and the hotel quarter. The prevailing
forms of the location of hotels in these areas in the urban environment were analyzed, as well as the
external factors of influence not only on the change of the urban construction concept were
investigated, but also on the emergence of new architectural and planning decisions, which in their
basic structure have survived to this day almost unchanged.

Among the main features of the development of urban development, it should be noted the
active development of the area of the former economic yard, which functionally began to be used
directly by the hotel itself. This philosophy of increasing the room number and profitability of the
institution has led to a gradual complication of the composite component and to the complete
development of the hotel area with the selection of one or more internal atriums that were involved
in separate public spaces and hotel areas.

Keywords: hotel, city, Europe, composition, location, land plot, hippodamus system, inner
space, household yard.

Problem statement. One of the most important issues of contemporary architecture is its
frivolous attitude towards past events, historical background and information acquired throughout
centuries. Such a suspension is destructive since it ignores the peculiar algorithm for solving previously
stated problems. Therefore, it is important to conduct a comprehensive analysis of historical
approaches towards the way urban infrastructure was forming and developing in order to find and
prevent recurrent mistakes in present and future as well as discover possible ways to deal with urban
transformations. This aspect is particularly relevant when designing new or renovating existing hotels
in historical areas of a city, where steady urban structure, at the request of time, changes or transforms
its purpose. The examples given in this research vividly demonstrate various ways of hotel plots
development in urban environment and define specific features for each compositional scheme.

Research purpose. Defining evolutional changes in hotel construction from the point of urban
planning and revealing prevalent tendencies in compositional solutions towards locating hotels in
urban environment in 18" — early 20™ centuries. Investigating external factors of influence on
European hotels” compositional structure.

Novelty of the research. The article is dedicated to the theme that has not yet received scientific
attention and has not been the research subject in works of Ukrainian scientists. It remains unexplored
from the point of analyzing European historical experience in hotel construction and its extrapolation
to the contemporary design principles in historical areas of Ukrainian cities. This is the first time to
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define prevailing master planning principles for hotel construction in urban areas in late 18" — 20"
centuries, and investigate external influences affecting urban planning component of hotel construction
in Europe in the 19" century.

Latest research and publications analysis. Hotel construction and renovation in historical
city environment has been researched in greater detail in N. Merzhiievska [1] and O. Rohozhnikova
[2] dissertations. Both of the works are dedicated to adaptation of historical buildings to
contemporary hotel infrastructure in the conditions of reconstruction of Ukraine’s historical cities.
Among the latest scientific studies covering the formation of modern hotel and public infrastructure
in the context of historical quarters’ reconstruction the following researchers should be highlighted:
L. Bridni [3], N. Vatamaniuk [4], N. Merzhiievskoi [5, 6], V. Kyseleva [7], and others.

Despite the fact that the number of works covering the latest methods of hotel design is constantly
growing, the architectural and historical component of the hotel industry formation remains mostly
unexplored. In particular, no thematically related to the presented material works have been found
among contemporary Ukrainian scientific studies. That is why the article is based solely on analysis of
archival sources dating from second half of 19" — early 20" centuries. The most remarkable of those are
works of German and Austrian architects-theorists Damm-Etienne P. [8], Klasen L. [9, 10], Kunz F.
[11], Gluksmann P. [12], Wohler M. [13], Durn J. [14]. Besides investigating architectural and
planning structure, the works also reveal specific compositional approaches of locating hotels in
urban areas. Materials from the architectural encyclopedia of the famous Russian architect, civil
engineer and publisher G. Baranovskyi [15] were used for visual-comparative analysis.

Research methods. The article is based on the historical-genetic method, implemented to trace
cause-and-effect links between various stages of urban component of the hotel industry formation and
development in the 19™ century Europe. Applying comprehensive analysis, the subject of the research
has been defined as well as the reasons for transformation in hotel planning structure during the 19" —
early 20™ centuries. The typological method was applied in order to reveal urbanistic and planning
features, which allowed not only to analyze general compositional schemes implemented into site
development but also to figure out how these transformations influenced hotels’ functional structure.

Research objectives:

— Distinguishing prevailing}1 compositional schemes in urban site development for hotel
construction in the 19" — early 20™ centuries.

— Investigating urban challenges in European city development in the 19" — early 20" centuries,
which, alongside other influential factors, were generating new urban compositional requirements for
hotel construction in urban areas and creating new compositional approaches in urban planning.

— Defining the most significant transformations that caused revolutionary modifications in
European and North American hotel industry.

Statement of the basic material. The late 18" century Industrial Revolution contributed to
society’s rapid economic development, which affected not only swift industrialization process and
active growth of urban population, but also completely changed stable urban situation that prevailed
in European cities during the 17" — 18" centuries. New factors of influence emerged: building
density, high fiscal charges, and increase in land plots’ value. This encouraged the search of new
development methods.

Previously to the 18" century the global population placement approach subordinated to pre-
industrial society’s principles. The majority of the population was involved into agricultural sector and
small-scale handicrafts. Underdeveloped transport infrastructure also did not contribute to comfortable
long-distance traveling, so the general concept of travelling (commercial travel and religious
pilgrimages) hardly changed since the Middle Ages. On this historical stage, European cities were
mostly quite small, and therefore no extensive network of urban hotel infrastructure existed.

Places, in which a traveler could take shelter for a night, were located on city outskirts and these
were mostly just taverns or inns with rooms to stay. Compositional structure of these sites mostly
implied free planning since construction sites on the outskirts were not significantly regulated. City
facilities with a hotel function looked rather like small furnished rooms or houses for pilgrims at large
churches and monasteries. There were only a few rooms rented out to tenants and no necessary
typological premises for servicing travelers.

Modern construction and architecture, 2022, no. 1, page 7-17
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Frontal plot. Reconstruction of old medieval areas in European cities in the first half of the 18"
century implemented clear and sequenced hippodamian planning system, which contributed to positive
compositional transformations of new construction sites. The blocks consisted of rectangular-shaped
plots that each had a main fagade and a back yard connecting it to the opposite plot with its main
fagade facing the parallel street. This urban development scheme formed a new compositional scheme
— frontal plot.

In first city hotels the residential building (guesthouse) was located along city street, while the
outbuildings serving the main building were located closer to the far of the plot. With such
compositional structure, windows of hotel rooms overlooked both the street and the hotel’s backyard.
The compositional scheme itself with its single main building and no additional annexes significantly
affected hotel’s capacity. Such hotels had a small amount of rooms and a well-developed household
yard, which could have for example a large barn. Therefore, such structure was typical for low comfort
hotels, inns etc.

The key feature for plots formed according to the frontal compositional scheme was
predominance of household yard over residential part. The division ranged from 60% / 40% to 70% /
30%, in favor of household yard. Such predominance of the service area, at that time, was not only
due to large amount of outbuildings (barns; icehouse; food, inventory, hay and firewood storage sheds;
cowsheds and piggeries, etc.), but also to the fact that cities had no centralized waste disposal system
so all the hotel toilets and hotel's cesspit were located in household yard. This also negatively affected
living conditions in hotels (Fig. 1).

m I: O O =1 I:
L[ 1] LT 1
—
d ] |
I 40%
street

[1- Hotel
- Utility buildings 60% i ] 0
[ - Main building area ) R
[ - Household yard area https://famoushotels.org/news/the-first-grand-hotel

Fig. 1. Formation of the hotel frontal plot Fig. 2. «Grand Hotel» London. King Street 43,

the beginning of the 19 th century

Hotels with developed side wings. Long-distance traffic development in the late 18" — early
19" century increased tourist flow, which in turn led to a shortage of number of rooms in Western
European cities. Existing hotels constructed according to the old compositional scheme could no
longer cope with large influx of travelers. Thus, in order to increase hotel’s capacity, side wings
were constructed and attached to a facade building, therefore partly occupying household yard.

The emergence of hotels with developed side wings modernized site composition
significantly and provided an opportunity to form a new hotel development concept. Interestingly,
this was the scheme used to construct city residences and gentlemen clubs in 17" — 18" century in
Western Europe. In the late 18" — early 19™ centuries many of these establishments were
transformed into luxury hotels. For example, the world’s first "Grand Hotel” was located in a
former Graf Ordoft’s residence on 43 King Street in Convent-Garden neighborhood, London. The
residence was renovated and turned into a top-class hotel by its owner David Low in 1744 [16]. The
main hotel building had a few annexes with two-room hotel rooms for 15 shillings a night (Fig. 2).

Hotels arranged according to new compositional principles mostly had T- and L-shaped
floorplans while more complicated floorplans (H- O- U- and E-shaped ones) were pretty rare which
was due to lack of space on land plots and low profit since rooms in side wings were mostly cheap
ones (Fig.3).
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Fig. 3. Accommodation on the plot of hotels with several side wings

Therefore, complicated floorplans were mostly common for low-comfort hotels and furnished
rooms that counted on minimal cost of rooms, which was possible because of overall amount of
rooms and average rental duration. The number of rooms tended to increase by constructing
additional buildings on a plot. Quality of service, comfort, decoration and equipment were not a
priority for that category of hotels. Hence, this construction principle proved quite successful for
low comfort hotels and remains largely unchanged to the present day (Fig. 4).
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Hotel «Altona» Gamburg (Germany). (Germany).
H - shaped hotel building with separate outbuildings for services O - shaped hotel building
Second floor plan and perspective image of a hotel [15] Plan of the first and second floors [15]

Fig. 4. Examples of European hotels with a complex form of plans on frontal urban plots

However, despite difficult urban conditions, some hotels kept trying to maintain high standards
of service and comfort. These were isolated cases, but they did occur. For example, the Reichshof
Hotel (architect Albert Bohm), that was built in 1893 in Berlin and had a U-shaped compositional
scheme, was not directly on the list of first-class hotels (mainly because of its urban component), but
had beautifully decorated interiors and facade, as well as high-tech equipment and facilities. At the end
of the 19" century The Reichshof had all the benefits of a first-class hotel: electric lighting, central
heating, elevator, bathrooms, and a restaurant where concerts took place in the evenings [17].

However, there was the urbanistic component (including problems with the number of rooms)
that did not allow the "Reichshof" to actually obtain the status of a high-class hotel. One of the main
requirements for a first-class hotel was the maximum possible amount of “luxury” rooms overlooking
the main street (at that time it was considered the confirmation of hotel’s high level of comfort). For
hotels built according to the frontal scheme, this requirement was the essential obstacle. Only 27% of
total number of Reichshof’s rooms (15 out of 54 rooms) overlooked the city street. 66 % of deluxe
rooms, which made up 33% of the total number of hotel rooms, were located in side wings of the hotel
and overlooked the yard due to limited size of the site. Such a large percentage of "yard" rooms
strongly affected hotel’s prestige level and automatically reduced its class (Fig. 5).
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Fig. 5. Hotel «Reichshof» Berlin (Germany). Arch. A. Bohm 1898
Perspective image, plans of first and second floors, the interior of the restaurant [15]

Therefore, such hotels, while suggesting quite high level of comfort, were characterized in tourist
guides as "quiet and popular mainly among families or single women who want to rent for short term".
Such characteristics were rather common for furnished rooms or small hotels [18].

Construction of additional residential buildings changed hotel site planning strategy dramatically.
The increase in the number of rooms allowed enlarging the residential part of the plot with the
proportional ratio from 70% / 30% to 80% / 20%, with its predominance. Such a transformation
became possible due to decrease of the amount of utility buildings in a yard. Now these were only the
most important for a hotel’s functioning services ones: icehouse, goods and inventory storage,
firewood storage. Besides that, internal sewage system was significantly modernized: water closets
were relocated from a yard to a hotel building. The only serious disadvantage was the fact that cesspit
was still located on the territory of a hotel. Despite the internal structure of public toilets, sewage still
descended into the hotel latrine, which turned the household yard into a cesspool.

The real turning point in hotels’ urban concept reformatting took place in the first half of the 19"
century. Reconstruction of central areas of European cities, sharp growth of urban population,
increasing tourist flow, urban environment transformations, new transport communications between
cities and countries, led to the point when hotel companies began to play an important role in the city
life. Due to new system of visitors’ placement in European cities, hotels became more prioritized and
therefore often located in city central areas or on the best plots at main city highways. The
development of tourism and the influx of travelers on one hand and increasing cost of land plots in
central areas as well as high tax rates on the other, led to the formation of new planning and
compositional approaches for hotels in urban areas.

Through plot. We should consider the adoption of the unspoken rule for hotel owners to
maximize the number of most expensive rooms, which made up the lion's share of the establishment's
profit, a turning point in the typology of the world hotel industry. One option for achieving this goal
was to combine two or more adjacent plots to obtain another frontal exit to the opposite street.

In the first half of the 19" century the scheme of combining plots on the backside became
widespread — a through plot that made it possible to create a transit passage between two parallel
streets, which increased the efficiency of using the plot area. At the same time, the number of
expensive rooms increased at least twice - and a new functional and planning zone was created on the
site of household yard — utilized internal space of a hotel (Fig. 6).
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Fig. 6. Principles of forming a through plot by combining two adjacent frontal plots
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Such a step forced a review of established urban planning traditions, because until now all
hotels had a clear division into a residential area, which contained rooms and a household yard,
where all service facilities were located. The development of former household yard in the center of
the newly created plot led to the transformation of the entire plot area into a single hotel complex
with the predominance of residential area (Fig. 7).

street street
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street

[1- Hotel
[_]- Hotel courtyards
Z - Household yard
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Hotel «City» Berlin. Arch. Dammeier.
Scheme of the site formation, plans of the first and second floors [15]

Fig. 7. Examples of locating hotels on through plots

Depending on the size, the courtyard of the hotel was either open, when the dimensions did
not allow it to be covered (as a rule, if its dimensions were more than — 20x20 m.), or turned into an
internal space, glassed on the top, where the most important premises of the public area were
located — the lobby, the restaurant hall, the main salon of the hotel, the large winter garden — and
compositionally served as the main unifying element of the entire hotel (Fig. 8).

Hotel «Penssylvania» New York 1919

Plan of the second floor and section through the central lobby of the hotel [15] Interior of the central lobby
https://www.thecityreview.com/hotelpenn/html

Fig. 8. Examples of glazed inner spaces in hotels of the early 20th century

Also, size of a courtyard affected the number of rooms of an establishment. If its dimensions
were insufficient, rooms of a cheaper price category were located in the middle of the yard. If the
size of the plot was large, then the frontal buildings could even be combined with three
perpendicular wings, which allowed placing rooms with higher level of comfort there.

The principle of combining several adjacent plots made it possible to use up to 100% of plot
area for the residential and public needs of a hotel. This served as an indicator of establishment’s
highest class, because such a compositional scheme was built on a model revolutionary for the 19"
century: insertion of the former household yard directly into the structure of the hotel building. In
fact, external area of a household yard was reduced to the area for delivery and unloading of
products and fuel, and all storage and technical premises were henceforth located on hotel’s

Modern construction and architecture, 2022, no. 1, page 7-17



ARCHITECTURE

basement floors. The development of new engineering systems and communications in residential
construction made it possible not only to make the most flexible and convenient interaction scheme
of public and service areas, but also to subordinate the entire area of a hotel site to the residential
part, making it the main and only compositional element of hotel complex spatial structure.

Corner plot. Significant changes occurred in Western European urban planning in the first
half of the 19" century. New highways and squares were constructed; many entertainment and
recreation venues (embankments, parks, etc.) were rebuilt. These transformations also affected hotel
industry. Accent zones of transport corridors’ intersections and areas at corners of newly created
squares gained particular importance in new urban planning concept. Gradually, building hotels on
street corners turned into predominating tendency. Corner plots were advantageous since
overlooking several different city panoramas at once. It should also be noted that the principle of
locating hotels at street corners gained most popularity among newly built establishments in
Western Europe in second half of the 19" — early 20™ century. At this time, several main variations
of this compositional scheme were formed: classical angular, three-sided and trapezoidal (Fig. 9).
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«Germania» Karlsruhe «Grand Hotel» Vien «Belle Vue» Berlin «Grand Hotel» Scarborough
1878 Arch.J.R.Schmaedel 1882 Arch. K.Tietz 1888 Arch.Heim 1868 Arch. O.Brodrick

Fig. 9. Examples of hotel placement on corner plots [15]

According to the classical angular scheme, hotels were located on the intersection of two streets
and had an L-shaped residential building. Ancillary services were located in a household yard. The
main feature of the angular version was the accent on continuous planar perception of the main facade
as a single compositional element. Just like the hotels constructed on through plots, ones with angular
scheme had two main facades, and rooms with highest level of comfort overlooked these facades.
However, the area of former household yard was used not particularly efficiently since due to small
size of corner plots, there was lack of space to locate additional side buildings conveniently. The ratio
of building density and efficient use of outdoor and interior spaces turned out much smaller than the
one for a through plot. Thus, high comfort hotels with a large number of public spaces gradually left
this compositional scheme behind. Consequently, the angular scheme either gradually transformed into
more universal ones: three-sided and trapezoidal, or only remained relevant for low comfort hotels.

Since it was impossible to locate large hotels with high level of comfort on angular plots, the
owners started looking for options that were more acceptable. One of those were hotels overlooking
three adjacent city highways. Generally, such tripartite sections were located at city squares’ and two
adjacent streets intersections and less frequently at intersections of three streets. The main advantage of
the three-sided composition was increase in number of expensive rooms by 1.5-2 times and
opportunity for additional rental use of many rooms on the ground floor, which were leased to retail
space to third-party tenants. With three equivalent residential blocks, it became possible to form a zone
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of central interior space, which was a unifying compositional element of hotel planning structure. As in
the case of a through plot, the interior space, depending on its size, could be either open — with
landscaping elements, or glassed and uniting apartment blocks and main public areas around it.

Another variation of "corner section” compositional scheme was its trapezoidal version,
according to which hotels were located at the intersections of city squares and formative ray-shaped
streets. In reconstruction plans for 19™ century European cities, many squares were formed with
ray-shaped transport routes. Thus, the above-mentioned scheme for locating hotels on city plots was
quite widespread. In contrast to the tripartite scheme that implied interaction of three "equal”
facades, the trapezoidal composition was sometimes so narrowed to the top that it became almost
triangular, generating more dynamic perception of an architectural object in urban landscape. In
terms of scenic effect, this scheme had its own unique charm because of visual perspective cuts, but
it was not particularly successful from functional point of view.

Reducing the build-up area and narrowing the shape of the courtyard resulted into a need to
reformat hotels’ room capacity. Instead of quite comfortable rooms overlooking inner yard, in
hotels constructed according to three-sided scheme inner side was either occupied by cheap rooms,
or remained unoccupied at all, which significantly affected establishment’s profitability and
competitiveness.

Hotel quarter. Another compositional scheme that played a key role in the evolutionary process
of urban dimension of hotel development in Europe and the world was the hotel quarter. Only the most
expensive hotels could afford occupying the whole quarter (Fig. 10).
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Fig. 10. The principle of the formation of the hotel quarter

Worth noting, that the design of the hotel quarter was formed under the effect on the market by
affluent society who needed secluded and multifunctional places to stay. Therefore, the key
precondition for emergence of this hotel type was increased demand for highest level of comfort and
service. For implementing these grand ideas adjacent land plots were bought out which made it possible
to build a single hotel block.

The prototype for such large hotels were gentlemen clubs and large private residences, for
which comfort was associated with recreational function in the first place. For this reason, this kind
of planning system usually included a few restaurants, luxury stores, greenhouses, exhibition halls,
various recreational and entertainment zones and even theatres. Such hotels were most popular in
big cities of the USA (New York, Chicago, Philadelphia, etc.) since hippodamian urban planning
system made it easy to implement this approach (Fig. 11).
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Hotel «Pennsylvania» New York 1910 Hotel «Waldorf Astoria» New York 1898

Ground floor plan and perspective Third floor plan and perspective
https://commons.wikimedia.orgwikiFileHotel_Pennsylvania_main_floor_plan https://commons.wikimedia.org/wiki/File:Waldorf-Astoria_floor_plans_1898.jpg
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Fig. 11. Examples of large American hotels formed according to the principle of building a hotel quarter

In big European cities, hotels of this type had smaller size, building height and overall
capacity, and were mostly occupied with catering establishments and recreation areas. Significant
size of a newly constructed complex made it possible to form a few separate zones and inner spaces,
different by function and structural interaction, with hotel’s main premises. The essential goal of
this approach is the structural multifunctionality of hotel complexes: in order to differentiate
financial risks during maintenance, the owners were trying to fill the complex with diverse and self-
sufficient infrastructure. This feature together with the fact that a hotel quarter was a private
territory and a fully autonomous object lead to revolutionary transformations in the forming process
of complicated inner planning structure such as differentiation of services, effective interaction
between different functional zones, invention of new technological processes and implementation of
new equipment. Such hotels were world’s first multifunctional complexes that combined
accommodation, service and entertainment options.

The key period of hotel urban planning development took place in 19" century, when industrial
society began to evolve on the basis of the first Industrial Revolution. Rapid urbanization, development
of science and technologies as well as expansion of long-distance transport, led to the creation of a new
economic paradigm in the 19" century Western Europe and America. It became a catalyst for
evolutionary processes in the global hotel industry. Thus, there is clear interdependence between the
complexity of architectural and planning composition of hotels in urban areas and active society
development, both industrial and economic. Over the centuries, hotel industry made its way from
compositionally simple frontal area scheme to self-sufficient functional hotel quarters. Increasing
capacity of hotels, new requirements towards living conditions for hotel residents and quality of
service, technological and engineering innovations have led to significant transformations and
predominance of compositional scheme, in which up to 100% of a land plot was occupied with hotel
buildings instead of former courtyards. Due to this complicated shapes of residential buildings evolved
as well as multifunctional organization of hotel public areas (Fig. 12).

Conclusion. The conducted research revealed an interesting pattern: the transformational
processes that took place in the hotel industry during the 19" century under the influence of many
external factors, formed a whole series of compositional, town-planning options for placement of
hotels on city sites, which in their basic planning structure, have survived to this day. Industrial
revolution of late 18" and early 19" centuries changed not only social, demographic and urban
structure of the world, but also gave a powerful impetus to hotel industry development. Thanks to
the conducted analysis, four main compositional options for hotel construction in urban areas were
singled out, as well as the factors that influenced their formation were investigated.

During the 19™ century, global hotel industry has gone through a rapid evolutionary path from
the simplest compositional schemes for development of urban areas to multifunctional hotel
complexes that occupied whole blocks and formed the most effective model that allowed revealing
the full potential of urban planning component in conditions of dense urban development.
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Fig. 12. The evolution of the formation of the compositional component of the development of hotel plots
during the XXth - early 20th centuries

Among the main revolutionary changes in urban planning component, we should note the
active transformation of the area of the former household yard to meet public needs of a hotel. The
philosophy of increasing the amount of rooms for the benefit of establishment’s profitability led to
gradual complication of compositional arrangement scheme, up to complete development of the
whole hotel plot with the separation of one or more internal atriums used for separate public rooms
and areas of a hotel.

Taking into account limited amount of modern scientific material on this historical period,
which was important for the world hotel industry formation, the importance of deeper study of this
topic is noted, since it not only contributes to a better understanding of processes that took place in
European urban planning during the 19" century, but also allows extrapolation of research data on a
similar historical stage of development in Ukrainian architecture, especially in the context of
modern construction or reconstruction of hotels in city's historical quarters.
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EBOJTIONIA ®OPMYBAHHS 3ABY1OBU I'OTEJIBHUX JALIAHOK B MICTAX
3AXIZTHOI €BPOIIN XVIII - TIOYATKY XX CT.

HIupses T.B., k. apx.,

shiryaev.tv73@gmail.com, ORCID: 0000-0002-8412-9017
Hayionanvna akademis oopazomeopuoco mucmeymasa i apximexkmypu
ByIl. BozHecencwkuii y3Bi3, 20, m. Kuis, 04053, Ykpaina

AHOTanisg. Y crarTi mpoaHaJgi30BaHO PO3BHTOK Ta (POPMYBAaHHS MICTOOYIIBHOTO acCHEKTY
3a0yJ0BU TOTENFHUX IUISHOK B yMOBaX CEpHO3HHMX ypOaHICTHYHHUX 3MiH, IO BiAOyayBajucs B
Mmictax 3axigHoi €Bponu mpotsarom XVIII — moyarky XX cr. JlocnimkeHo, K 3aBAsSKA 30BHIIIHIM
dakTopaM BIUIMBY (OPMYBAIHCS HOBI KOMITO3HIIIMHI CXEMH PO3MIIIECHHS TOTENB Ha MICBKUX
TUISTHKAX Ta BUOYIOBYBAJIUCS OLIBII Cy9acHI aITOPUTMHU B3a€MO/IiT MK YHHHUMH MiCTOOYIIBHUMHU
peanmisMu ¥  (QopMyBaHHSM HOBITHIX Ta BJOCKOHAJICHHMX (YHKI[IOHATHHO-TUIAHYBAJIBHUX
MPOMO3UII Y MPOEKTyBaHHI, OyIIBHMIITBI Ta eKCIUTyaTalii €BpONEHCHKUX TOTENIB Jpyroi
nonoBuHU XIX — moyarky XX cr. [loOynoBana mikaia eBOJIOMIMHUX MiCTOOYIIBHUX 3MiH 3a IeH
ICTOPUYHUI T1EePi0J Ta BUSBICEHO YOTHPU OCHOBHUX KOMIO3HUIIIITHUX BapiaHTIB MOOYA0BU rOTENIB Y
MICBKOMY cepeloBHIli: (pOHTaTIbHA AUISHKA, HACKPI3HA IUISHKA, HaphKHA TUISTHKA Ta TOTENbHUN
kBapran. [IpoaHanizoBaHO NPEBATIOIOYU CXEMH pPO3TAIIyBaHHS TOTENB HAa [HMX JUISSHKaX Ta
JOCIIPKEHO, SKUM YHWHOM 30BHIIIHI (AaKTOpH BIUIMBY HE TUIBKM 3MIHWIA MICTOOYIIBHY
KOHIIETILI0, a ¥ CHPUSUIM MOSBI PEBOMIOLIMHUX apXITEKTYypHO-TUIAaHYBAJIbHUX PIIIEHb, SIKI Yy CBOIN
OCHOBHIH CTPYKTYpi, Maiike 0e3 3MiH, 30€peryiics 10 HalINX JTHIB.

Cepen TOJOBHUX OCOOJMBOCTEM PO3BUTKY MICTOOYIIBHOI CKJIaJ0BOi 3a0yJOBH TOTEIHHOT
JUISHKY, CIIiJ BIA3HAYUTH aKTUBHE OCBOEHHS TEPUTOPIl KOJHUIIHBOTO TOCHOJAPCHKOTO MOABIpP S
roTeniB, ske Oyl0 OpraHidyHO JOAAHO JA0 (YHKIIOHANIBHO-TIJIAHYBAJIBHOI CTPYKTYpU Ta
MEpPEeTBOPUIIOCST HA  TMOBHOLIHHY JOAATKOBY TIpoOMaJCchbKy 30HYy rortemto. Dimocodis
nepedopmMaTyBaHHs KOJHUIIHBOI CIIYy:KO00BO1 30HU JJO3BOJIMJIA HE TIJIBKU 30UIBIIUTH HOMEPHUI (POHTT
Ta TIABUIIMTH pPEHTa0eNbHOCTI 3akiady, a W Tpu3Bera [0 MOCTYNOBOIO YCKJIQIHEHHS
KOMITO3HIIHHOT CKJIAJJOBOI Ta TMOBHOI 3a0yJOBH JUISHKM 3 BHWAUICHHSIM OJHOTO YM JEKITBKOX
BHYTpILIHIX aTpiyMiB, iK1 OyJIM 3a]1y4eHl B OKPEMUX I'POMAJCHKUX MIPOCTOPAX Ta FOTEIbHUX 30HAX.

Ha 111 HasiBHOCTI 0OMEKEHOT KITBKOCTI ICTOPUYHOTO JOCTIAHUIILKOTO MaTepiaiy, 3ayBaxeHa
BOKJIMBICTh TJMOIIIOTO BUBYEHHS JaHOI TEMH, OCKUIBKM BOHA CIPHUSE KpalloMy pPO3yMIHHIO
MpoIIeCiB, sAKi BiAOyBamuCs y MICTOOYIBHIN CKJIAIOBIM TOTEIHHOTO TOCIOAApCTBA B MicCTax
VYkpainu apyroi momoBuHu XIX — mowatky XX cT., 0COOJMBO B KOHTEKCTI CydyacHOi 3a0yaoBU
MICBKUX ICTOPUYHHUX KBapTaiB.

KurouoBi ciaoBa: rorenb, Micto, €Bpora, KOMIIO3WIIS, MICIIE pO3TallyBaHHS, IUISTHKA,
rinojamMoBa CucTeMa, BHYTPILIHINA IPOCTIpP, TOCMOIapChKe MOABIP .

Crarts Hagiinuia 1o penakmii 17.05.2022
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AnoTauis. Teopist po3paxyHKy 3aJ1i300€TOHHUX KOHCTPYKI[iii Ha BOTHECTIMKICTh B IIJIOMY HE
€ TOBHICTIO po3po0ieHoro. Cepell METOIIB PO3PaxyHKY, BUKJIAJEHUX B HOPMAax MPOEKTYBaHHS U
MOJIICHNX Ha TaOJIMYHI JIaHi, CIIPOIICHI 1 yTOYHEHI METOAM BIIHOCHO PO3BMHEHHMH € Teplia Ta
apyra rpyma. A OCh YTOYHEHI METOJM HE OIMUCaHI 30BCIM, a MalOTh TUIBKA OCHOBHI BHMOTH.
CknasHICTh  PO3POOKM yTOYHEHMX METOMIB PO3PaxyHKY BOTHECTIMKOCTI 3ali300€TOHHHX
KOHCTPYKILIA  OOyMOBJI€Ha: TMO-Tiepuie  HENiHIMHUMH  MIIHUCHUMH, AeQopMaliiiHuMH,
TeII0()I3UIHUMHU Ta TEPMOMEXAHIYHIUMH BJIACTHBOCTSIMU OCTOHY 1 apMaTypHOI CTai Ta iX 3MIHOO
3 TEMIIepaTypolo; Mo-Apyre HETIHIMHUMU TeMIIepaTypHUMHM BIUIMBAMH, IO CIPUYUHIOE MOXKEXa 1
BIJIMOBIHO HEIHIMHUMH HECTAI[IOHAPHUMH TIPOIIECAMH TEIIOOOMIHY, IO B pe3yJbTaTi Jae
HETHIMHUA PO3MO/Iii TEIIOBUX MOJIB B 00’ €M1 YU B IIepepi3i EIEMEHTY.

OnHi€I0 3 TPUYHH, IO TaJbMY€ PO3BUTOK YTOUYHEHHX METOJIB PO3PaXyHKY BOTHECTIHKOCTI
3a11300€TOHHUX KOHCTPYKLiH, HAa JYMKY aBTOpIB CTaTTi, € BIJICYTHICTh YITKOTO aHAJIITUYHOTO
onucy (dhopmynu) MOBHOI (BKIIOYAIOUM BHCXIHY ¥ HU3XIIHY TIIKH) JlarpaMH «HAMpYy>KCHHS-
nedopmarii» a1 G6eTOHY B yMOBax MOXeX1 1 MPU BUCOKMX Temmeparypax. Taki popmynu Oynu
3amporoHOBaHi fararbmMa aBTOpaMH JO IHOTO, ajie Taka (opMylia Mae BIAMOBIJATH BHUMOTaM, IO
Oynu copMyibOBaHi i OOIPYHTOBaHI B MOMEPEIHIX TEOPETUYHHX JTOCIIPKEHHIX.

CrarTs npucBsiY€Ha OTPUMAHHIO (POPMYJIM TTOBHOI JlarpamMu «Harpy>KeHHs-aepopmarii» 1
CTUCKY OETOHY, B yMOBaX IOXKEXI1 1 PU BUCOKHX Temneparypax. OTpumanHs ¢popmynu 0azyeTbes
Ha 3HAHHSIX, BUKJIAJCHUX B HOpPMax MPOCKTYBaHHS JJIs HOPMAaJbHHX TEMIIEpaTyp 1 MOMepeaHix
JOCTIPKEHHSX aBTOPIB CTATTi, sIKI ¥ CTalOTh iX JOTIYHUM MPOJOBKEHHSIM. BUKOHaHa mepeBipka
oTpuMaHoi (opmynu BuUMoOraMm, cQOpMyJbOBaHUM B MONEPEAHIX HOCIIKEHHSAX 1 MpPOBEACHE
MOPIBHSHHS 3 HasIBHUMHU €KCIIEPUMEHTAIbHUMH JaHUMH. TakoX OTpUMaHi aHAJITHYHI 3aJI€KHOCTI
U TeMIepaTypHUX KOE(IIIEHTIB, BUKOHAHO iX MOPIBHSHHS 3 JIaHUMH, IO MICTITHCS B HOpMax
MIPOEKTYBaHHS.

OtpuMaHi pe3yabTaTH MOXYTh BHUKOPHCTOBYBAaTHCh SIK IpPHU pPO3poOIl HOBUX METOJIB
PO3paxyHKy BOTHECTIMKOCTI, IO BIJHOCATHCS JO YTOUHEHMX, TaK 1 B ICHYIOUHX, SIK aJlbT€pHATHUBA
3arajlbHOBIIOMHM JIaHUM. TakoX MOXKJIMBE 3aCTOCYBaHHS B PO3PaXyHKOBHX KOMIT IOTEPHUX
KOMILJIEKCax Juisd onucy Jedopmallii 0THOBICHOTO CTUCKY O€TOHY IpH PI3HUX TeMIIepaTypax Ta Ipu
TpaJliEHTI TEMITEpaTyp.

KurouoBi cioBa: giarpama «HanpyxeHHs-nedopmariii», O€TOH, BHCOKI TeMIepaTypH,
TTOXKEXKA.

Beryn. CydacHa Oy/iBesibHa HayKa BOJIOIIE 3HAYHUM apCEHAIOM METOJIIB 100 PO3PAXYHKY
3a1300€TOHHUX KOHCTPYKIM 1 iX eJeMeHTIB Ha BOTHECTIHKiCTh. B 1boMy mnuTaHHI icHye
Kiaacudikailis 3a TaOJMMYHUMH JAHUMH, CHPOUICHUMH MeToaamu W yrouneHumu [1]. [leprmi aBi
KaTeropii po3BUHEHI JAOCHTH IIMPOKO M MAIOTh MEBHI MEpeBark, Taki K. MPOCTOTa PO3PaXyHKIB,
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3pO3YMIIICTh, ajleé MalOTh CBOi OOMEXEHHS y 3aCTOCYBaHHI, OCKUIBKH MOXYTh BUKOPHUCTOBYBAaTHUCH
TUIBKH JJIS TIEBHUX PEXKHMIB TIOXKEXKI, MAlOTh OOMEXKEHICTh B TEMIIEpAaTypHHUX Jlama3oHax 1
HasBHICTH MEBHOI KUTbKOCTI IPUITYIIEHb Ta CIIPOIICHb.

YTo4uHEHI METOAM PO3paxyHKY OLIbII CKJIaJHI B 3aCTOCYBaHHI, aji¢ HE MalOTh OOMEKCHb B
peXKuMax MOXKEeXi, M030aBJiCHI MPHUITYIIEHb 1 CHPOLIEHb, 1X BUKOPUCTAHHS MOXe OyTH OuIbII
HIMPOKUM. YTOYHEHI METOAM MOTPeOyIoTh PO3POOKH MIMPOKOro 1 CKIAJAHOIO MaTeMaTUYHOIO
amapary, 1o B MailOyTHbOMY yBiiile B KOMII'IOTEpHI HpPOTrpaMu 3 PO3PaxyHKY 3ai300eTOHHUX
KOHCTPYKIIIH Ta iX €JIEMEHTIB Ha BOTHECTINKICTb.

AHai3 ocTaHHIX AocaizkeHb Ta myoOJikaniii. B Hopmax mpoekryBanns [1-3] miarpama
«HanpyXeHHs-AehopMalii» st OSTOHY B YMOBax IIOXKEXKI 1 IPH BHCOKHX TeMIleparypax
BHUKJIQJICHA JIBOMa YaCTHHAMH. BHUCXIJIHA TUIKa ONUCaHa JPiOHO-CTENEHEBOK (YHKINEI, IS
HU3XITHOI TUIKM aHAIITUYHOTO OMHUCY HE JaHO, a HaBEJEHO TUIbKU O3B HAa BUKOPHUCTAHHS
TMiHIAHUX 200 HETIHINHUX MOJIEICH.

B ormsgosiii crarTi amepukancekoro BueHoro B Komypa [4] HaBemeHO pi3HI aHATiTHYHI
OIMCH JllarpaMH «HAIpYXeHHA-Ae(popMariii» Ui CTHCKY OETOHY, K 3 HOPM IPOEKTYBaHHS, TaK 1
aBTOpa. Ane moTpiOHO 3a3HAYUTH, 110 BOHU € KYCKOBUMHU (DYHKIISIMU 1 KOKHA YACTHHA OTUCYE CBIN
niana3oH Aedopmariiiii. Bukopuctanus KyckoBUX (YHKIIH € HE3py4yHUM, a 1HOAL W HEMOMXIJIMBUM
IIpH PO3po0IIi Ta po3paxyHKaxX YTOUHEHUMH METOAaMU BU3HAUYECHHS BOTHECTIHKOCTI.

B po6ori [5] Takox HaBeneHi GopMyIH IJIs ONUCY Jiarpama «HarpyXeHHs-aedopmartiiny mis
OeToHyY SIK aBTOpa Ta 1 pI3HUX aBTOPIB, Ta BUKOHAHO iX MOpiBHsHH. [IpoaHani3yBaBIIu BUKIaIeHE
MOJKHA 3ayB&KUTH, II0 YaCTHHA BapiaHTIB MOTAHO Y3TO/DKYETHCS 3 €KCIIEPUMEHTaMH, YacTHHA €
KYCKOBMMH (DYHKIIISIMH, YACTHHA HE BKIIOYA€ B ce0€ MOYATKOBHI MOYJb PY>KHOCTI OETOHY .

Mera Ta 3aBaaHHs. MeTo JOCHIIKEHHS € po3poOka (opmyiau MOBHOI Jiarpamu
«HarpyxeHHs-nedopmarii» ajg 6eTOHY B yMOBaX MOXKEXi i MPH BUCOKUX TeMmIiepaTypax, sika 0yse
BIJIMTOBIATH BCTAHOBJICHUM B TIOTIEPEIHIN poOOTi [6] BUMOTaM.

Marepiaan i MeToauka gocaigxeHHsi. /[ BUKOHAHHS MMOCTaBIEHOI METH B JIaHii poOOTI
BUKOPUCTOBYBAJIMCH HACTYIHI METOAM JOCIIJKEHHS: 3arajlbHO-JIOT14HI METOAU (aHali3, CHHTE3,
aHaJIoris), MaTeMaTH4Ha Gopmaizaris.

Pe3yabTaTn nociainkens. B nonepeaniit po6ori [7] Oyiio mokaszaHo, mio:

1. Temneparypa He 3MiHIOE XapakTep HEIiHIHHOCTI aedopmallii 6eToHy HpU OAHOBICHOMY
crucky. IlokazaHo, 1m0 xapakTep HediHIHHOCTI JedopMallii 6eTOHY 3aJ€XHUTh BUKIIOYHO Bij Kilacy
OeTony.

2. 3B’S130K MK TeMIlepaTypHUMM Koe(dillieHTaMM CIYHOrO MOAYIs HpyxHOcTi 6etony K., ,

MaKCHMAaJIbHOTO HAaIpPYyXKEHHs CTUCKY OeToHy K, Ta nedopmaiii MakCMMalbHOTO Halpy:KEHHs

Oetony K_, peani3yeTbcsi IPOCTUM CIIBBITHOIICHHSIM:

Kep - Koo -1. (1)
K fo
3. VY dopmyni aiarpamu «HanpyxeHHs-aegopmariii» 1y 6€TOHY IPU CTUCKY:
o, ki —n?
L/ A/ )
fcm 1+ ( k-2 )77
ne
&
n=—, ©)
€a1
k = _1'05'fEcm "Ca ’ (4)

cm
10 HaBeJeHa B HOpPMax IPOEKTYBaHHS 3alli300€TOHHUX KOHCTPYKLIH NPH HOpMaIbHUX
temrepatypax [8] BenmunHa K BH3Ha4YeHa SK MapameTp, IO XapaKTepH3Yye MPYKHO-TLIACTHYHI
BJIACTUBOCTI OETOHY, HE 3AJIEXKUTD BiJl TEMIIEPATYypH, ajie 3aJIeKHUTh BUKIIOUYHO B1Jl KIacy OETOHY:

k= f(0). (5)
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OTxe, BpaxoByIOUM BHIlEHaBeneHe, GopMmyiy (2) MOXHa aJanTyBaTH Uil OMUCY IMOBHOI
JiarpaMH  «HampyKeHHs-nedopmariiii» CTHCKy OeTOHy, B yMOBaxX IOXKEXKI W TPH BUCOKUX

2
( J
gCl ' K&'B 801 ' &0

o, =f, K, , (6)

c cm g
1+(k-2)— 2 —
( )gcl'Ka‘B

ne K;, — remnepaTypHuil Koe(ili€eHT MaKCUMaJIbHOTO HAIIPYKEHHS CTUCKY OETOHY;

K,, — TemneparypHuii koedinieHT qedopmaliii MaKCUMaIbHOIO HAIPYKEHHS OETOHY.
BpaxoByroun, mo TtemmepaTypHi Koe(illieHTH 3ajekaThb BUKIIOYHO BiJ TeMIepaTypu Ta
napameTp K 3anekuTh Big Kiacy OETOHY, a Kiac OCTOHY BH3HAUYAEThCS MAaKCUMAalbHUM

HaIpyxXeHHsM ctucky f_ ., To hopmyiy (6) MOXKHA BUPA3UTH TaK:

2 2
“ ?9_[ chej Al fen) che_( cheJ
8C1 2( ) gclg 2( ) — fcm . Fl(g) gcl 2( ) gclg 2( ) ] (7)
1+(k-2)—2 I+(R(fp)-2)—
801-F2(9) gcl'FZ(H)
[MotpibHo 3ayBakuTH, 110 hopmyiu (6) 1 (7) npu 6 =20°C neperBoproroThes B popmyay (1),
10 HeTIPUTaMaHHa iHIIMM BapiaHTaM, BUKJIaJICHUM B poboTax [4, 5].
[Ile onmHi€er0 BIACTHBICTIO 3amporioHOBaHO1 dopmynu (6) Ta (7) € icHyBaHHS MEPBICHOI MO

3MIHHIHA & :
2
& _[ é, ]
g1 Ky \8q-Ky de

& C
1+(k-2)——
k=2 K ®)

k-2

o =1, -F(8)

J.fcm'KfB‘

(k_z)'(‘c"cl. ng'(k_l)z_ & )'8c_(8c1'K56'(k_1))2 'In((k—2)80+801‘K59)

€a” Kga '(k_2)3

10 HEOOXITHO MPH PO3paxyHKax BOTHECTIHKOCTI y BIAMOBITHOCTI 3 METOJIWKOIO, BHKJIAJEHIN B

po6orti [9], Kosu iHTErpa 1o IUIOII epepi3y € CUIOK CTHCKY OETOHY CTHCHYTOI 30HH OaJKu.
Takox A0LUIBHO OTpUMATH MOX1HY BiJ hopmynu (6), Gi3UIHUM 3MiCTOM sIKOi OyJ]ie MOYJIb

:f .ng.

cm

MPYKHOCTI:
& _( ¢, jz
E. :di fcm'ng' £ Ky ‘c"cl(c;Kga _
&
c 1+(k-2)———
( )861‘K€9 . 9)

_((k_z)gc +k'€cl' Kg@ )'(‘c"cl' ng_gc)
(eq- Ky +(k=2)e, )§ Ky

BaxnuBum kputepieM otpumaHoi Qopmyiau (6) € TMOpIBHSAHHSA 3 €KCIepUMEHTAbHUMU
nanuMu. Ha puc. 1 BUKOHaHO MOPIBHSAHHS 3 €KCIEPUMEHTAIBHUMH JJAHUMH, 1110 HABEJICHI B HOpMax
npoekTyBaHHs Benmukoopuranii [10] Ta agantoBanoro Gpopmyiioro (6).

3 rpadika (puc. 1) BuaHO, 10 3ampornoHoBaHa (opmyna (6) IOCHTH TOYHO OINHCYE
eKCIIepUMEHTaJIbHI JlarpamMu «Harnpy>KeHHs-Aepopmariii» st 6eTOHy Npu OAHOBICHOMY CTHUCKY Ha
BUCXiHIN Tinmi. Ha HusxigHii € po30LKHICT B CTOPOHY 3aHMKEHHMX 3HAU€Hb, ajie Iie He €
CYTTEBUM HEJIOJIKOM OCKUIBKU MPU po3paxyHKax OyAyTh JEII0 HUXK4Yl 3HadeHHs. Takox moTpiOHO

=f 'Kfa

cm
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3pOOUTH YTOYHEHHS, IO ICHYE AyMKa, [0 XapaKTep HHU3XITHOI TUIKH JiarpaMH «Hanpy>KeHHs-
nedopmaltii» 3aIeKUTh Bijl IIBUIKOCTI HABAHTaKEHHS BUIIPOOyBaHOTo 3paska Oerony [11] i, Tomy
B pi3HUX jpKepenax [12] Hu3xigHa rijika MoKe MaTH pisHy hopMmy.

HactynHe yTOoYHEHHS moysra€e B TOMY, HIO y MO3AIEHTPOBO CTHUCHYTHX 3aJ1i300€TOHHUX
elieMeHTax Oy/iBeNIb IPU HEBEIMKUX 3HAYCHHSAX CKCIIEHTPUCHUTETY €, KOJIU:

e<0.1h, (10)

ne h — Bucora nepepisy;

Bennuuny rpanmmuHoi gedopmarii OetoHy HeoOximHO oOMexyBaTH —JedopMmali€ero
MaKCHMAaJIbHOTO HAIIPYKEHHs OETOHY &, [8]. Y TakoMy BuIagKy HU3X1JHA I'UIKa He Oepe ydacTi y

PO3paxyHKax 30BCIM.

50
45 —=—ekcnepumaHT 200°C [10]
aznanrtoBaHa (opmyna 200°C
40 ekciepumant 600°C [10]
—*—ananToBaHa hopmymna 600°C
35 ——ekcnepumanT 400°C [10]
- ——ananToBaHa ¢opmyna 400°C
E 30 ——ekcnepumanT 800°C [10]
E" —s—apnanToBaHa (opmyna 800°C
5 25
:
g 20
s
15
10
5
0
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Jedopmarris

Puc. 1. IlopiBHAHHSA fiarpam «HanpyxeHHs-nedopmarii» aias ctucky 6etony kiacy C32/40 (B40)
IpY PI3HUX TeMIepaTypax

3a nonomororo (Gopmynu (6) MOXKIMBO ONMUCATH HAIMPYKEHO-Ie(OPMOBAHUIN CTaH Mepepizy
3aJ11300€TOHHOTO €JIEMEHTY, 1110 Ma€ BHCOKY TeMIepaTypy (puc. 2, a), ajie OJHaKOBY IO BCHOMY
nepepizy. Takuil BUNagoK B MPaKTUL Maibke HE 3yCTpidaeThcs. X0ua PO3paxyHKH CIPOLICHUMHU
Meroaamu (Metoa 500°C, 30HaNBHUNM METOJ) M0 MOoAiI0OHI J0 IHOT0, KOJIM Ha KIHIIEBOMY eTalrl
PO3paxyHKy 4acTHHA Nepepizy 0e3 3MiHM TeMIepaTypH.

Ane, mpu po3paxyHKax BOTHECTIHKOCTI B IMepepi3l eJIeMEHTy, MaeMO HecTalioHapHe
TeMIepaTypHe II0Jie, IO OINUCYEThCS EKCHOHEHTHOI ¢yHkmieo (puc. 2, 6). Takox mpu
pO3paxyHKax KOHCTPYKLIH, IO MPALOIOTh Mij] BIUIMBOM TEXHOJIOTIYHUX TeMIlepaTyp (HampHKiaza
KOKCOB1 OaTapei) MaemMo B mepepi3i CTalliloHapHE TeMmIepaTypHe Ioje, 1m0 OyAe OMHCyBaTHCh
THIHHUMA QYHKIISIMUA (pHC. 2, B).

B ocraHHIX ABOX BHMaJKax MaeMoO IUIaBHY 3MiHY BIacTHBOCTeH Mmarepiany (OeToHy) 1o
IUIOUIMHI epepi3y B 0JHOMY ab0 ABOX HaNpsMKaX, BUKJIMKAHUX Ji€l0 TemnepaTypu. Tooto OyayTh
3MIHIOBATUCh MOJyJb MPY)XHOCTI, MaKCHMajlbHE HAINPY)KEHHS CTUCKY, Jedopmalis mpu
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MaKCHMalbHOMY HampyxkeHHi. Y ¢opmyini (7) ne BupaxeHo uepe3 ¢ynkuii F(&), F,(8). Li

¢byHKLIT B YMCIOBOMY BUIIIAI 1 AUCKpeTHO 3 KpokoM 100 °C BupaxkeHi B HOpMax NMPOEKTYBAHHS B
tabmuii 3.1 [1] mis OeTOHIB Ha CHIIIKATHOMY Ta KapOOHATHOMY 3amoBHIOBavax. Auie s
PO3paxyHKiB HEOOXIAHUHN X aHATITUYHUI BUTIIA] Y BUIJISLII HETIEpepBHOT, HE KYCKOBOI (DYHKIII].

8 g

— —
g 2]
— —
Enwpa R
memnepanypu 8 memnepamypu 8 memnepamypu 8
g g
4 4 4

a) 6) B)

Puc. 2. Bapiantu po3noaity TemrepaTyp B epepisi 3al1i300€TOHHOTO €JIEMEHTY
(mokazaHo y TUIOCKiH Gopmi):
a — IiJBUIIIEHA TeMIepaTypa; 0 — i MOXKexkKi, pO3paxXyHKH Ha BOTHECTIMKICTh; B — TEXHOJIOTI4HI
TEeMIEpaTypu

Ha manomy etami TOCTiPKEHb € MOKITUBUM 3aIIPOTIOHYBATH HACTYITHI 3AJICXKHOCTI JJISI OTIACY
dyukuii F(0), F,(0) na cuirikatHOMy 3ar1oBHIOBaui:

F(0)= % =2-107-0°-3.43-10"-6* +4.12-10*-6+0.99, (112)

cm

Ecap 2.58-10°-6°-2.16-10°-6* +3.15-10°-0+0.87
F(0)= = 12 4 9 3 % 2 3 :
&y, 1.86-107-0"-3.83-107-6°+5.93-10"-6°-4.15-107-6+1

Jam naBeneHo rpadiku s nopiBHSAHHSA 3HaYeHb QyHKIiN y hopmynax (11) (puc. 3) ta (12)
(puc. 4) 3 nTaHUMH, 110 MICTATHCS B HOpMax npoekTyBaHHs [1]. IToTpiGHO BiAMITUTH, 110 B poOOTI
[5] 3ampomoHOBaH1 pi3HI aHAIITUYHI 3HAYEHHs Ui JedopMallii MaKCUMalIbHOI MIIHOCTI OETOHY
&£y » AJ1€ BOHU HE 33JJ0BOJIbHAIOTH BUMOraM, HABEJCHUM BHIIIE.

(12)

Hageneni ¢popmynu (11, 12) noOpe y3romxyroTbes 3 JaHUMH HOPM MPOEeKTyBaHH [1], xoua €
HECYTTEBI PO301KHOCTI Ha JESKHUX JTUISTHKAX.

BucnoBku. Ha mifcraBi nonepenHix AOCTIIKEHb BUKOHAHA afanTaiis GopMyIu, [0 OMUCYE
MOBHY Jiarpamy «HampyxXeHHs-nedopmallii» CTUCKYy O€TOHYy B HOPMaJbHUX YMOBax, Jid
BUKOPUCTaHHS B YMOBAaX MOXEXI1 i MPU BUCOKUX TemIieparypax. OTpumaHa Gpopmya BKIIOYA€E BCi
OCHOBHI XapaKTEpUCTUKU OETOHY, TaKi K MOJYJIb IPYKHOCT1, MAaKCUMaJIbHE HAIPYXEHHS CTHCKY,
nedopmarliss MpU MaKCHUMAaJIbHOMY HAIPY)KEHHI, OMHUCYE SK BUCXIJHY, TaK 1 HU3XIIHY TiJIKU
JiarpaMu  «HampyKeHHs-Aegopmarllii» NpU OJHOBICHOMY CTHCKYy. ApjanrtoBaHa ¢GopMyna €
HEJIIHIHHOI0, HE KYCKOBOIO (YHKII€IO, Ma€ MEpBICHY W MOXigHY, IO 3HA4YHO MoJerurye ii
BUKOPUCTAHHS NIPU PO3paxyHKaxX.

ApnantoBaHa popmyna 100pe y3roaKyeThCsl 3 €KCIIEPUMEHTAIbHUMH IaHUMH, HaBEJICHUMU B
pi3HUX Kepenax. Taxoxk mpu BBeleHH1 QYHKIHN (MOJIHOM, JIpiOHO-CTENIEHEBA) TeMIepaTypHUX
KOC(IIIEHTIB MOXXE€ BHUKOPHUCTOBYBATUCH MpPHU PO3pPAXyHKAaX HA BOTHECTIMKICTH 1 JJs OMHUCY
HaIpy>KEHOT0-71e()OPMOBAHOTO CTaHy Mepepi3y 3ali300€TOHHOTO E€JIEMEHTY, M0 MaE€ HEMHINHY
3MiHY TEMIIepaTyp, BUKIHKAHY BILTUBOM MOKEXI.
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1.2
1 —e—EBpoxon 2
—s—®opmyna (11)
o . 08
Jd
= 0.6
o
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0
0 200 400 600 800 1000 1200

Temmnepatypa, °C

Puc. 3. [lopiBHAHHS 3MiHH 3 TEMIEPaTyporo Koe(ilieHTa MaKCUMaJIbHOI MIITHOCTI OETOHY 32
dopmynoro (11) 3 naHKME HOPM POeKTyBaHHs [ 1]

10 & & - . w
=S T 8
w| W
1]
X 6
e}
[aa]
—*—EBpoxoz 2
4 —e— dopMyna (12)
2
0
0 200 400 600 800 1000 1200

Temneparypa, °C

Puc. 4. TlopiBHsIHHS 3MiHH 3 TeMIIepaTyporo KoedirieHTa nedopmartii MaKCUMaIbHOT MIITHOCTI
6erony 3a popmynoro (12) 3 maHuMu HOPM TPOEKTyBaHHS [ 1]
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THE FORMULA FOR THE COMPLETE STRESS-STRAIN DIAGRAM FOR
COMPRESSIVE CONCRETE UNDER FIRE AND HIGH TEMPERATURE CONDITIONS
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Abstract. The theory of calculating reinforced concrete structures for fire resistance in
general is not fully developed. Among the calculation methods outlined in the design standards and
divided into tabular data, simple and advanced methods are relatively developed in the first and
second groups. But the advanced methods are not described at all, but have only basic requirements.
The problems of developing advanced methods for calculating the fire resistance of reinforced
concrete structures is due to: firstly, nonlinear strength, deformation, thermophysical and
thermomechanical properties of concrete and reinforcing steel and their change with temperature;
secondly, by non-linear temperature effects caused by a fire and, accordingly, by non-linear non-
stationary processes of heat exchange, which as a result gives a non-linear distribution of heat fields
in the volume or cross-section of the element.

One of the reasons that inhibits the development of refined methods for calculating the fire
resistance of reinforced concrete structures, according to the authors of the current article, is the
lack of a clear analytical description (formula) of the complete (including ascending and descending
branches) stress-strain diagram for concrete, in fire conditions and at high temperatures. Such a
formula must meet the requirements formulated and substantiated in previous theoretical studies.

The article is devoted to obtaining the formula for the complete stress-strain diagram for
concrete compression, under fire conditions and at high temperatures. Obtaining the formula is
based on the knowledge set forth in the design standards at normal temperatures and the authors'
previous research, which becomes their logical continuation. The received formula was verified
against the requirements formulated in previous studies and compared with experimental data.
Analytical dependences for temperature coefficients were also obtained, and their comparison with
the data contained in the design standards was performed.

The obtained results can be used both in the development of new fire resistance calculation
methods, related to the refined ones, and in the existing ones, as an alternative to the generally
known data. It is also possible to use it in calculation computer programs to describe the
deformation of uniaxial compression of concrete at different temperatures and with a temperature
gradient.

Key words: stress-strain diagram, concrete, high temperatures, fire.
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IHOPIBHAHHS POBOTU BAT'ATOIIOBEPXOBUX CTAJIEBUX KAPKACIB
IPU MOYKEXI 3A PI3HUX IOYATKOBUX YMOB TA iX BILIUB
HA KUBYUICTb

Naypor MLK., acripanr,

mk19daurov@gmail.com, ORCID: 0000-0002-6338-4326

'Biank A.C., K.T.H., IOLIEHT,

artem.bilyk@gmail.com, ORCID: 0000-0002-9219-920X
YKuiscoruii HayioHanbHUll YHisepcumem OYOI6HUYMEA i apXimeKmypu
rp. [ToBiTpodamorcekuii, 31, M. Kuis, 03037, Ykpaina

Anortaunisi. [TpoananizoBaHo AOCTIHKEHHS, MPUCBSIYCHI KUBYYOCTI MPH TMOXKEXK] CTATCBUX
KapKaciB B 0araTtomoBepXxoBUX OymiBIIsAX. BUSBICHO, MO0 ICHYIOYI 3aXOAM MOCHJICHHS >KHBYYOCTI
CYTTEBO 30UIBIIYIOTh METAJIOEMHICTh KapKaciB. He BHSBICHO NETaIbHOTO aHaji3y MOTEHIIMHHUX
MEXaHi3MIB PyWHYBaHHS 3aJIe)KHO BiJ PI3HUX ITOYATKOBUX yMOB. BusBIeHa HEOOXITHICTH B
JOCTIPKEHHI HaMpYXXEHOro CTaHy eJIEMEHTIB MiJl 4Yac TMOXeXi A0 MepLIoro pyHHYBaHHA Ta
MOJAIBIINX TOTCHUIHHIX MEXaHI3MiB pyHHYBaHHS Ut OLTbII TIMOOKOTO pO3yMiHHS JKHBYYOCTI.
B naniii my6nikamii mpoaHanizoBaHo poOOTY IMJIOCKMX 0araTOmoBEpXOBHX CTalIeBUX KapKaciB IiJ
gac noxexi. IloOynoBani rpadiku 3anekHOCTI KOe]ilieHTy BHUKOPUCTaHHS HECY4ol 34aTHOCTI
PI3HUX eNIEeMEHTIB KapKacy 3aJie)kKHO BiJ] 4acy.

[TopiBHSIHO POOOTY KapKaciB MpH MOXKEXKi 3 PI3HUMH BY3JIaMU NMPUMHUKAHHS 0aJOK 10 KOJOH
Ta PI3HUM PO3TalllyBaHHS JUKpela MoXKexi. BusBieHo, 1o mija yac noxexi B OaJIKOBUX e€JI1eMEeHTax
KapKacy HalpYyXCHHUH CTaH 3MIHIOETHCS 31 3TMHAIBHOTO HA CTUCHYTO-3IrHyTHH. BeTaHOBIEHO, 110
€JIEMEHTH KapKacy MOTpIOHO MPOEKTYBaTH TaKUMH, B SIKUX IUIACTU4HI AedopMarii 3 SBISIOTbCS
paHimie, HDK HACTylae BTpaTa MicIeBOi CTilikocTi. HeoOXimHO TpoeKTyBaTH Tepepizu 3a
knacudikaiiero €BpOKomy, /e € Kinacudikallis 3aj1eKHO BiJ reoMeTpii.

[TopiBHSTHO poOOTY KapKaciB MPH MOXKEXKI 3 PI3SHUMHU MMOYATKOBUMH 3aracamu. BUsBieHo, 10
B J)KOJIHOMY €JIEMEHTI KapKacy TemIieparypa J10 NepUIoro HacTaHHsS I'PAaHUYHOIO CTaHy HE J0CSTae
400°C, 3a sAKOi TOYMHAE 3MEHINYBATHCA MeEXKa TEKY4OCTi cTami. BceTaHOBIEHO, 10 Ha
BOTHECTIHKICTh KapKaciB OlIblIe BIUIMBAE HE 3HWKEHHSI XapaKTePUCTHK CTalll, @ PO3MOALI 3yCHIIb.

[TopiBHSHO KapkacH 3 JKOPCTKMMHU Ta IIAPHIPHUMH BY3JIaMH TNPUMHUKAHHSA 3 TOYKH 30Dy
KHMBYYOCTI Ta BOTHECTiMKkocTi. BcTaHoBieHo, IO Kapkacu 3 INAPHIPHUMHU BY3JIaMU € OLIbII
BOTHECTIMKMMHM, @ 3 KOPCTKUMHU — OUIBII >KUBYYl MpH MOXKexXl. BusHaueHo croci® 3011bIIeHHS
4acy 10 BTPATH KUBYUYOCTI CTaJIEBOI'O KapKacy.

KuarouoBi cjioBa: KHUBYyYICTh, IOXKEXa, CTaleBUl Kapkac, OaraTornoBepxoBa OyaiBiIs,
nporpecyroue pyiHyBaHHS, JIaCTUYHI Aedopmartii.

Beryn. B ymoBax ypOaHizaiiii B MicTax Bce OUIbILIE 3pOCTa€ HAceNeHHS, 10 MPU3BOAUTH 10
3MEHIIEHHS MICIIS 3eMETbHUX IUISTHOK JJisi OYJIIBHUIITBA Ta 301IbIIye TOTPeOy y 0aratornoBepXOBOMY
OyniBHMLTBI. [TpoTe 31 30UIbIIEHHSAM MOBEPXOBOCTI 30LIBLIYETHCS 1 YYTIMBICTH OyAiBIl O PI3HUX
3arpo3, sIKl MOXKYTh IPHU3BECTU 10 1l MOBHOIO pyHHYBaHHS Ta BEJIMKOI KUIBKOCTI JIFOJCBKHX YKEPTB.
bararo cydacHMX JOCHIPKeHb B raimy3i OyIiBeJIbHUX KOHCTPYKIIN MPUCBIUEHO KUBYUYOCTI, OyIliBENb,
TOOTO X 3JaTHOCTI YMHWUTHU OMIp MOBHOMY PYHHYBAaHHIO IICJIS JIOKAJIBHOTO PYMHYBAaHHS BHACHIOK
3arposu. OfHIEIO 13 3arpo3, 10 MOXKe CIPUYMHUTH PyHHYBaHHS 0araToroBepXoBoi Oy/IiBIIi, € MOXKekKa.
[TpukiagaMu mporpecyroyoro pyiiHyBaHHs 0araronoBepxoBoi Oy/iBIl BHACIIOK MOXKEXI € TOKEeXa B
Can-Tlayny (bpaszumis, 2018 p., puc. 1, a) Ta Magpuni (Icnmanis, 2005 p. puc. 1, 06). [lo Toro x y
BITYM3HSHUX HOpMax € BUMoOra: Bcli o0’ekTu kiacy HaciiakiB CC3 po3paxoByBaTu Ha >KUBYYICTb,
30KpeMa i Ha KUBYUICTh Mpu Toxkexi [1].
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Puc. 1. Hacnigku nporpecyrouoro pyiiHyBaHHS Oy/iBeJb Bl OMKEXKI:
a — B Can-Ilayny; 6 — B Magpuni

AHaJi3 ocTaHHIX JochailkeHb. PaHile BUKOHAHI JOCTIIKEHHS S>KHUBYUOCTI CTalleBUX
KapKaciB IPH TOXKEXK1 MOKHA TOJUIMTH HA 2 YaCTUHU: MPUCBIUCHI poOOmMI KApKACie npu noicelci
Ta MPUCBAYCHI 3ax00am nocuieHHs xcugyyocmi IUX kapkacis. JlociimkeHHs [2-8] mokaszyroTs, 110
i 9ac MOXKEXI NePIIMMUA MOXYTh PYHHYBaTHCS NMEPEKPUTTS KapKacy, a He KOJIOHU. ToMy BapTo
JOCTIKYBaTH Pi3HI MEXaHI3MH pPYHHYBaHHS KapKaciB MpH TMOXEXKI 3 METOK BU3HAYCHHS 1
YHUKHEHHS HAO1IbI pyHHIBHUX.

B [8] Oyno mocmimkeHo poOOTy eleMEHTIB 0araTONOBEPXOBUX CTAJIEBUX KapKaciB Mpu
MOXKEXKI 3a PO3TAlIyBaHHS JDKEpeNa IMOKeXi B PI3HHX MPONBOTaX Ha pPi3HUX moBepxax. Jlms
PO3IIISIHYTOr0 Kapkacy 0ys10 30KpeMa BCTaHOBJIEHO, 110!

— TIpY TIOXKEXI Yac 10 MEpIIOro pyWHYBAaHHS 3a CLEHApIilo MOKEeXi B CEPeIHbOMY MPOJIBOTI
OLIBILINI, HIXK Yy KpaltHbOMY;

— 32 MOKEXI1 Ha BUIIOMY TTOBEpCi pyHHYBaHH BiIOYBA€ThCA Mi3HIIIE, HIK HA HUKIOMY,

— Ha HIDKYOMY MOBEPC1 KOJIOHU OLIBbII CXMJIBbHI JI0 TOTO, 100 3pyiHYyBaTHCA paHille 3a 6alKy,
HIXK Ha BEPXHbOMY;;

— B CEpeIHbOMY MPOJBOTI OanKu OTBIN CXHJIBHI JO TOTO, 100 3pyHHYBaTHUCS paHIIIe 3a
KOJIOHY, HIXK Y KpalHbOMY.

B [9] Oymo mocmimpkeHO BOTHECTIHKICTh Ta KUBYYICTh MpPU MOXKEKI CTAJIeBUX KapKaciB 3
JeTalbHUM MOJICJIIOBAHHSAM POOOTH PI3HUX KOMIIOHEHTIB BY3J/iB NMPUMHKAHHS OaJIOK J0 KOJIOH.
Bymo BcTaHOBNEHO, IO BY3/IM MOXYTh pYHHYBaTHCS paHille, HIK €JIEMEHTH KapKacy.
JlocipKeHunit BIUTUB BY3JIiB Ha 3yCHIUIS B elleMeHTax kapkacis [10-11].

BuBueHo poOoTy KapkaciB IpH MOXKEXIi, 110 CIPUYMHEHA 3eMJIETPYCOM 1 MOIIMPIOETHCS Ha
JeKiNbKa TIOBEPXiB Ta JIeKiIbKa MPosiboTiB oxHodacHo [12]. B poboti [9] Oymo BcTaHOBIEHO, IO
PO3MOJILT 3yCUIIb TAaK 3MIHIOE HAIIPY>)KEHUI CTaH B CTAJIEBOMY KapKaci, 1110 Micis niadopy nepepisis
MiJ 3yCWUIS BiJl IIMX HABaHTaXEHb METAIOEMHICTh Kapkacy 30umbmminack Ha 50% HaBiTh 3
ypaxyBaHHAM TOrO, IO MaKCHMaJbHE TEMIEpaTypHe HaBaHTaxeHHs ckiano 120°C mpu
Boruesaxucti R180. Ile cBiguuTh npo Te, M0 30UIBIICHHS] BOTHE3aXHUCTy € Hee(PeKTUBHUM 3aX0J0M
MTOCHJICHHS KHUBYYOCTI CTaJeBHX KapkaciB mpu moxexi. B [8] mokazano, mo nepiie pyiHyBaHHS
IpU TOXKEXKI B CTaJEeBOMY Kapkaci MOKe BiIOYTHCS 3HAUHO paHIIIe 3a MOYaTOK 3MEHIICHHS
MILHICHUX XapaKTepUCTHUK CTaJIl.

Bbynmu pocmigpkeHi KoeQillieHTH 3amacy eJlIeMEHTIB CTajJeBHX KapKaciB Ta iX BIUIMB Ha
KUBYUIiCTh Kapkacy [4-6]. B [13] naromnonryerhcst, o Koe(il[ieHT 3aBaHTaXEHOCTI B KOJOHAX Ma€e
oyt 0,25, mo0 3ano0irTu mporpecyrouoMy pyWHYBaHHIO, IO 3HAYHO 30UIbIIYE METAJIOEMHICTh
Kapkacy. Jlig mocuJeHHS JKMBYYOCTI MpPH TMOXKEXKI Ta CEHCMOCTIMKOCTI PEKOMEHIYEThCS
BUKOPHCTOBYBaTH KOMOIHOBaH1 ayTpUrepHi cucteMu (superframe), 1110 HOEAHYIOTh BEPTUKAIbHI Ta
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TOPU30HTAIBHI ayTPUTEPH MO KOHTYPY pam Kapkacy [13].

Buxonsuu 3 pe3ynbTaTiB MOMEPEIHIX JOCTIHKEHh POOOTH CTAJIEBUX KapKaciB MPH TMOXKEXKi
MOXKHa CKas3aTH, IIO 1€ MUTaHHA MOTpedye OUIbII CHCTEMHOrO JOCITIDKEHHS Ta aHaji3y.
JlocmimkeH1 paHilie 3aX0/id MOCHJICHHS KMBYYOCTI CTaJIEBUX KapKaciB MPHU MOXKEXKI MOTPEOYIOThH
ontumizanii. HeoOxigHo riubiie BUBYUTH OCOOIMBOCTI PO3MOAUTY 3yCHIIb Ta HANPY>KEHHH CTaH
KOHCTPYKIIIA Kapkacy OymiBII ITiJI 4ac MOXKEeX1 Ta JTOCTIKYBATH 3aX0U 3 TIOCHJICHHS YKHUBYUYOCTI,
AKi OyayTh €pEeKTHBHI Ta EKOHOMIYHO JOIIbHI BOJHOYAC.

3anaui gociiakenb. B 1aHux mocimipKeHHSX BUKOHAH] HACTYITHI 3a/1a4i:

— TOPIBHATH pOOOTY CTAJEBUX KapKaciB MPHU MOXKEXI 3 PISHUMHU BY3J1aMU NIPUMUKAHHS 0alloK
710 KOJIOH;

— MOPIBHATH poOOTY CTANEBUX KapKacCiB MPHU MOXKEXKi 3 pI3HUMHU TOYATKOBUMH 3aIlacamMu;

— MPOaHAJI3yBaTH BILIMB 3MIHU HANIPYKEHOT'O CTaHy KapKaciB Ha iXHIO )KUBYUICTh TPH TIOMKEXKI.

Marepianm Ta MeToauKa I0CIiIzKeHHsl. Bylno mpoBeneHO 4uCIOBE IOCHTIKEHHS POOOTH
TUIOCKOT CTaJIeBOI paMH MpPU IOKEXKI B OJHOMY 3 IPOJLOTIB HAa OJHOMY 3 TOBepXiB. O0’€KTOM
JOCIIKSHHS € TUIOCKA pama, [0 CKJIaJaeThes 3 TPhOX MPOJIOTIB (2 KpaiHiX Ta cepeaHiil) Ta TphoX
MOBEPXiB (HWKHIN, cepenHii, BepxHiit) 6e3 Boruezaxucry. [Iponpot 6anku npuiiaaro — 7,2M. Bucora
noBepxy npuiiHaTa — 3,6M. KotoHu po3KpiruieHi i3 IIOMmWHA paMy B PiBHI IPAMUKAHHS OAJIOK, OaIKH
PO3KpIIUIEH] 13 TUIOMKHHU 3 KpokoM 2,4M. Kpok pam — 6M. 3aBaHTa)KeHICTh y Oallok Ta KOJOH Oyna
MpUKAHATA OAHAKOBOKO — 50% 3 METO0 3IIiCHEHHS HAOYHOTO MOPIBHSIHHS 3MIHH 1X 3aBaHTA)KCHOCTI B
nporieci mokexi. ba3u KoJIoOH NPUIHATO 3 )KOPCTKUM MPUMUKaHHAM. By3iu npumukanHs Oaiiku 1o
KOJIOHHU — JKOPCTKi Ta MapHipHi. Bymu po3risHyTi 10 2 cueHapii mokexi: HIKHIA OBEpX — KpalHii
IPOJIBOT, HIXKHIN IMOBEPX — CEpeHiM IpoboT (puc. 2).

7777 rgani i I T rrr 7rrr 7T
a) 0)
Puc. 2. IlpuitHsaATi cueHapii po3paxyHKOBOI MOXKEXKi U KapKacy 3 )KOPCTKHM IPUETHAHHSIM OaloK
710 KOJIOH:

a — HIDKHIH moBepx — KpaifHiil MpoiboT; O — HIKHIN MOBEpX — cepesiHiil MPoIbOT

HaBanTaxennst 6ynu 3i0pani 3a JIBH B.1.2-2 «HaBanrtaxenns i BiumBm» [14]. Po3paxyHkoBa
cutyaris aBapiitna. Ha Ganku HaBaHTaeHHs Oy1o mnpuitHsTo 1T/M*x6M=6r/M. Ha komonn Gyio
npuiiHaTo 35% BiTpoBOro xapakrepuctuuHoro (3rimHo 3 pexomenmaiiin UFC 4-023-03. Design of
buildings to resist progressive collapse [15]) mnst m. KuiB. Crans enmementiB C255. ITligbip Ta
nepeBipka mepepiziB BukoHana 3a JIBH B.2.6-198 «CraneBi xonctpykmii» [16]. [is moxexi
3MOJIeJThOBaHa TEMITEpaTypHUMH HaBaHTaKEHHAMH, 1m0 Oynu Bu3HaveHi 3a JJCTY-H b EN 1993-1-
2:2010 €Bpoxon 3. IlpoexTyBaHHS cTajeBUX KOHCTpYKUiHd. YacTuHa 1-2. 3aranbHi MOJIOKEHHS.
Po3paxyHOK KOHCTPYKIIiif Ha BOrHeCTiHKIiCTb [17].

Po3paxyHok Ha nif0 MOXeXi BUKOHAHO HENMIHIMHMIA CTaTUYHHUN, TaK AK Yy TMOXKEXKI HE Mae
(bakTopy MUTTEBOCTI SIK Hampukiaa BuOyx, ynap 1 T.4. IlokpokoBo 3 iHTepBajgoM B 30 cexkyHI B
HEeNTIHINHIA MOCTaHOBII (3 YypaXyBaHHSM TE€OMETPUYHOI HENiHIMHOCTI) 3aJaBaBcs MPHUPICT
TeMrneparypu. 3MIHYy MILHICHUX Ta JedOpMaTUBHUX XapaKTEpUCTHUK CTalll 3alle)KHO Bij
temneparypu 3rigao JJICTY-H b EN 1993-1-2:2010 [17] (di3uuHa HETiHIHHICTS).

Iloxnaoeni cnpowenns. Ilpu po3paxyHKy TPHUHHATO, IO TEMIIEpaTypa pPO3MOAUIIETHCS
PIBHOMIPHO IO JIOBXHHI €JIEMEHTY Ta 10 nepepi3y. Takok MpUIyCKaeThbes, 10 €JIEMEHTH paMu He
CHpUKMAaIOTh IHIIUX TEMIEPATypHUX Al KpiM Mmokexi. Bysnu marooTh OuIbIIMN pe3epB Hecydol
3JIaTHOCTI, HI)K €IEMEHTH KapKacy.
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Pe3yabTaTn gociaigxenb. Pe3synbraTi po3paxyHKy nokasasi B Tab. 1.

Tabmuus 1 — Pesynbratu po3paxyHKiB IS KapKaciB

o E ) < = < ©
% o O g w S E = =
S} B —
] =2 ¢ S| § |§8 | £EE8 | gE%E
< — o =
S CEs g 3 = 55 S <> M&E}E
: s £ & 2 B |f2 | 5EF| 528
S S g2 s=| % |&8F | ZE°7 e
A3 7R =g m 5
X p=
XKopcrtki, kpaiiHiit . CrilKicTb 13
oo Kpaiins
1 MPOJILOT HIDKHIN 300 229 B mexax [UIOILUHU
KOJIOHA
MIOBEPX 3TUHY
. . Brpara
Kopcrtki, cepenniit . yTpatd
o Kpaiins ITo3a MICLEBOI
2 IPOJIOT HUKHIN 330 249 « e .
Oanka MeKaMu CTilIKOCTI
MOBEPX
OSICY
Micuesa
. N CTIKICTh
Kopcrki, kpaitHii Kpaiims HOSICY T
3 MPOJILOT HIDKHIN 120 P 105 B mexax ACY
Oanka MiclieBa
MOBEPX V
CTIHKICTh
CTIHKH
apHipHi, KpaiiHiii . CrilKicTb 13
o Kpaiins
4 MPOJILOT HIHKHIHN 480 310 B mexax IUIOIIUHU
KOJIOHA
MOBEPX 3TUHY
[HapHipHi, cepenHiit CrilKicTb 13
o Cepenns
5 MPOJILOT HIHKHIHN 600 374 B mexax TJIOIIUHA
KOJIOHA
MOBEPX 3TUHY
[MapHipHi, KpaliHii . CTiHKICTS 13
o Kpaiins
6 MPOJIbOT HIKHIHN 660 262 B mexax TLIOIUHHA
KOJIOHA
TTOBEPX 3TUHY
HlapHipHi, KpaiHiit . CrilikicTb 13
oy Kpaiias
7 MPOJILOT HIKHIHN 420 259 B mexax IUIOIIUHU
KOJIOHA
MOBEPX 3TUHY

* — pyliHyBaHHS BiI0OyBaJIOCS Ha MOBEPCI, Jie OyIa moxexa

3a crenapiro 1 cepeaHs KOJIOHA Ha MOYATKY MOXKEX1 OyJia O1IbIN 3aBaHTa)KEHa, ajie BHACIIIOK
3TUHY, 10 COPUYMHEHUA TEPMIYHUM pO3UIMPEHHSM OalKu, IIBHJIIE 3aBaHTAXYEThCS Ta
pyHHYEThCS KpaiiHs KojoHa (puc. 3). 3 puc. 4 MokHa 00AYUTH, 1110 Ha TpadiKy 3aBaHTAKEHOCTI
Oanku BinOyBaeThes cTpHOOK. Lle moscHIOEThCA TUM, IO KOJIU B Oallli 30UTBIIYETHCS TTO3I0BKHS
CHJIa 32 PaxXyHOK JIii TeMIepaTypHOTO HaBaHTAKEHHS, IPUBEIACHUN BITHOCHUH €KCIIEHTPUCHTET Mef
3MEHINY€EThCs HIDKYe 3HaueHHs 20, 3a sKoro 0amka po3paxOBYEThCS SK CTUCHYTO-3ITHYTHH, a HE
3ruHanbHUN eneMeHT. Ha rpadiky 3MiHM KOeQilieHTY BHMKOPUCTaHHS HECY4Oi 3JaTHOCTI 3a
pizauMu aktopamu (puc. 5) MOkHa MOO0AYUTH, MO CTPHOOK BimOyBaeTbes sl Koe(illieHTy
BUKOPHUCTAHHS HECYUOi 3aTHOCTI 3@ MICIIEBOIO CTIMKICTIO TIOACY.
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0,7

0,4 -

0,1 -

Kpalins xonona CepenHs KoJIoHa banka

Puc. 3. ITpupicTt koedillieHTy BUKOPUCTAHHS HECYYOi 3IaTHOCTI €JIEMEHTIB JIJIS CIIeHapito |

1,2

0,6 =—Kpaiins kosoHa

== CepenHsi KOJIOoHa

0,4 r e banka

0,2

0 T T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300

Yac noxexi, ¢

Puc. 4. I'padik 3miHu koedimieHTa BUKOPUCTAHHS HECYYOi 3/JaTHOCTI IiJT 9ac TOXKEeX1 st
creHapito 1
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1,2
1,0
=&—MinHicTh 32 HOpMaJIbHUMH
HaIPy>KCHHSIMHA
0,8 =O=MILHICTb 32 JOTUYHUMU
HaNpPy)XeHHSIMU
w —+—=MIiLHiCTb 32 3BeICHUMH
06 R HaNpPyKCHHSIMU

== CTIHKICTh B IUIOMIMHI 3TUHY

=>=CTilKiCTb i3 TUIOIIUHU 3TUHY

0 [
Q_O_O_% MicneBa CTiliKiCTh CTIHKA
0,2

™ ®

MicneBa CTiHKCTh TOsACY

0,0 '_‘ T ‘ T ‘ T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300

Yac moxe:xi, ¢

Puc. 5. 3mina koedilieHTiB BUKOPUCTaHHS HECYUOl 3/1aTHOCTI HArpiToi OAJIKM 3a PI3HUMHU
¢bakTopamu 1is crieHapito 1

3 puc. 6 MOXKHa 1M0OAYUTH, L0 B CEPEIHHOMY IPOJIbOTI HA HUXKHBOMY ITOBepCi (CreHapiil 2)
Ha BIMIHY B1JI KpallHBOTO IIBUJIIIE 3aBAHTAXYETHCS OAlIKa, HIXK KOJIOHA. AJie pyWHYETHCS TIEPIIOI0
He cepeqHs Oanka (3 6e31mocepeiHbOI0 €0 BOTHIO), @ KpaiiHs, Xoua B Hill cTpuOOK B Koe(ili€eHTI
BUKOPHCTaHHS HECY4Oi 37aTHOCTI Bif0OyBaeThCs Mi3HilIe, HIX y cepenuiil (puc. 7). bimbin paHHe
pyHHYBaHHS caMe KpailHboi Oaliki, a He cepeqHbOi, Ha Ky JIi€ BOIOHb, MOSICHIOETHCS MEHIINM
3HAYEHHSIM Mgf, [0 3yMOBJICHE MEHIIIMM BiJHOIICHHSIM MOMEHTY JI0 TI03/I0BXHBOT cvin (puc. 8).

0,50
0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00

Kpaitns konmona  Cepenust  Kpaiins 6anka Cepenns Oanka
KOJIOHA

Puc. 6. [TpupicTt KoedilieHTy BUKOPUCTAHHS HECYJOi 3TATHOCTI €JIEMEHTIB JUIsI CIIeHapito 2
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1,2
1,0 ' :: : i Eg’
0,8 '
0.6 =&—KpaiiHs kojoHa
’ Cepennst kojioHa
04 == Cepenns 6anka
] =>=Kpaiins Oanka
0,2
0,0 T T T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300 330
Yac nmoxexi, ¢

Puc. 7. I'padik 3MiHN Koe(diLli€eHTY BUKOPUCTAHHS HECYUOi 3JaTHOCTI [yl CLeHapito 2

200

180 A
160 \
140 \

120 \
100 \

\ =0 Kpaitas
80 \ == CepenHs
60
40 X\
20 \*\‘\.::_—;Fﬁ—"—’

S

O T T T T T T T T T T 1
30 60 90 120 150 180 210 240 270 300 330

Yac moxkexi, ¢

Puc. 8. I'padik 3MiHU BENUYUHHN Mef B OATII 7S CIIEHApito 2

s cuenapio 1 Oyno BUKOHAHO aHAJIOTIYHHMNA PO3paxyHOK, ajie Oanka Oyna mpuitHsTa 2-r10
kiacy (3rigHo [16] 3 momymieHHSIM 0OMEXEHHX TUIaCTHYHKX AedopMartiii). Pe3ynsTat po3paxyHKy
nmokasadi B Tabin. 1 ta puc. 9.

Modern construction and architecture, 2022, no. 1, page 27-43



34

BUILDING STRUCTURES

/

1,4

1,2

0,8
=&—Kpalins KoJIoHa

0,6 == CepeHs KOJIOHa

=>é&=Lajnka

0,4

0,2

0 30 60 90 120

Yac moxexi, ¢

Puc. 9. I'padik 3miHN KOe(ilIEHTY BUKOPUCTAHHS HECYUOi 3[ATHOCTI JUIsl CLIEHapito 3

Sk MokHa moOaunTu 3 rpadikiB Ha puc. 9, s pamu 3 OanKOr, MPUHHATOI 2-TO KIacy
pYHHYBaHHSI HAcTae€ IIE paHilie, HDK Uil pamMu 3 Oankoro l-ro kiacy Ta crpubok B Tpadiky
3aBaHTa)keHOCTI OuTbIui (79,6% B nopiBHsHHI 3 45%). Ha BigMiHy BiJ] aHAJIIOT1YHOTO BUMAAKY, 1€
NEPIIOI0 PYHHYETHCS KPaiiHs KOJIOHA, pYHHYBaHHS HACTa€ B OauIli.

Jig paM 13 MIapHIpHUM NPUMHUKAHHSAM OaloK 10 KOJOH Oyau pO3TJsHYTI MO 2 cieHapii
MOKEXK1: HUKHIN TIOBEPX — KPaiHil MPOJIbOT, HIXKHIH MOBEpX — cepeaHiit mposboT (puc. 10).

77

a) 6)
Puc. 10. Cuenapii moxexi 1j1s1 apHipHUX 0alloK:
a — HWOKHIM MoBepX — KpaiiH1i posIbOT; O — HUXKHIN IOBEPX — CEPEHIN MPOIbOT

Pesynprat po3paxyHky mokasani B Tabna. 1. 3 puc. 11 MoxkHa moOauutu, 1o Ha rpadiky
Koe(ilieHTy BUKOPUCTAHHS HECYYOi 3aTHOCTI SIK KpalfHbOi, TaK 1 cepellHboi OAJIKU BiI0OYBA€ThCS
CTpUOOK, SIK 1 B pami 3 JKOPCTKMMHM By3/laMu. 3 puc. 12 MoxHa MOOayuTH, MO0 KpalHSA KOJOHA
3aBaHTAXXYETHCS MIBHIIIE, HIXK Oanka Ta cepeaHs KOJIOHA, He3BaXKAal04M Ha Te, 1[0 Ha IToYaTKy Oyna
MEHII 3aBaHTaXEHOIO, SIK 1 B aHAJIOTIYHOMY BUIIAJKY B paMi 3 *KOPCTKUMU By3iamu. Harpita Oanka
B 3aBAHTAXY€ThCS MOBUIBHIIIE, HIK B paMi 3 )KOPCTKUMU By3namu (mipupict 0,264 B MOpIBHSAHHI 3
0,46), xomoHa — npubIM3HO ogHaKOBO (mpupict 0,64 B mopiBHsHHI 3 0,656), MO BKa3ye OLIbIIY
CXWJIBHICTB JIO TMEPIIOro pyHHYBAaHHS KOJIOHH, HIK Y pami 3 )KOPCTKUMHU By3iaMu. [10310BkHS cua
y Oamii, mo HarpiBaeTbcs, Ha 18% MeHIIa, HIXX B aHAJOTIYHOMY BHIAJIKy B JKOPCTKIH pawmi,
HEe3BaKalouu Ha Te, 110 Oalika 3 MIApHIPHUMH By3JIaMU Mae€ OuIbly *KopcTKicTh. Komona nepioro
pYHHYETHCS, K 1 B paMi 3 )KOPCTKUMHU By3JlaMu, HiX Oanka. Yac pylinyBanHs nosiuii (480c=8xB B
nopiBHsIHHI 3 300c=5XB) 3a paXyHOK MEHILOi M03/I0BXXHbOI CHJIA B OaIIl.
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1,2

1,0

=&—Kpaiins koaoHa

CepenHs kooHA

=d—Cepenns Oayka
=>Kpaiins 6anka
0,2
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Yac moxkexi, ¢
Puc. 11. I'padix 3MiHM KOe]illieHTy BUKOPUCTAHHS HECY4Oi 3/1aTHOCTI J1J1s cLieHapito 4
0,7
0,6 -
0,5
0,4 -
0,3 -
0,2 1
0,1 -
0,0 -
Kpaitns xonmona  Cepenns Kpaitns 6anka Cepenns 6anka
KOJIOHA

Puc. 12. Ilpupict xoedimieHTY BAKOPUCTAHHS HECYUYOi 3IaTHOCTI JUIs clieHapito 4

Sk MoxHa mobaunTH 3 puc. 13, BenmuuuHa cTpuOKY rpadiky 3aBaHTKEHOCTI OAJKH B paMi 3
HIapHIpHUMHU By31aMu MeHa (3 ~0,5 no ~0,8), Hix B pami 3 )xopctkumu (3 ~0,5 1o ~0,95). Kononu
3a TOXEXl B CEPEAHHOMY IMPOJIbOTI 3aBAaHTAXKYIOTHCS IIBU/IIIEC, HIK Oajakd, Ha BIAMIHY BiJ
aHAJIOTIYHOTO BUMAJKY B pami 3 )KOPCTKUMH By3namMu. KpaifHs KOJIOHA 3aBaHTaXyeThCs MIBUIIIIE,
HIXK CEepeIHsI, ajlle CepeHs PYHHYEThCS paHille yepe3 OiTbINy MOYaTKOBY 3aBaHTaXEHICTh (puc. 14).
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Puc. 13. I'padix 3miHu KoedimieHTa BAKOPUCTAHHS HECY4Oi 3aTHOCTI JUIs CIICHAPIIo0 5

0,6

0,5 -

0,4 -

0,3 -

0,2 -

0,1 -

0,0 -
Kpaiins konona  Cepennst Kpaiins 6anka Cepenns 6anka
KOJIOHA

Puc. 14. TIlpupict xoedimieHTY BUKOPUCTAHHS HECYUOi 3IATHOCTI JUTS CIIEHApito 5

[TopiBHAHHS CTaJIEBUX KapKaciB i3 }KOPCTKUM Ta IIAPHIPHUM 3’ €IHAHHAM 0AJIOK /10 KOJIOH
3 TOYKH 30py KMBYUYOCTI MpOBEIcHe Ha 0a3i BHIlE3a3HEUEHHMX Ta paHinie BUBYeHUX [18-21]
JIOCTIKEHb, 1 HaBeIeHe B Ta0I. 2.

Jlnist paM 13 MApHIpHUM IPUMUKAHHAM OaJIOK J10 KOJIOH 13 3aBaHTAXXEHICTIO y 0allOK Ta KOJIOH
- 25% OyB pO3MIISHYTHI OAMH CLIEHapPii MoXKexXi: HUXKHIM MoBepX — KpaiHiid nmpoiasoT (puc. 15).

Modern construction and architecture, 2022, no. 1, page 27-43



BUILDING STRUCTURES

Ta6muis 2 — ITopiBHSHHS CTaJIEBUX KapKaciB

Kpurepiii By3znu npuennanns 6ajok 10 KOJIOH
MOPIBHSHHS Kopcrki [HapHipHi
binbia, npu «BUITydeHHI» Menma, He00X1THO 3aCTOCOBYBATH B 5131
OnuHuyHa KOJIOHW IMHAMIYHE 3yCHJIJIS | JUIsl )KOPCTKOCTI KapKacy Ta OuIbIIi repepizu
KUBYUICTh 4acTKOBO cIpuiiMae Oaka B ayTpUrepiB AJIsl COPUUHATTS AUHAMIYHOTO
OTIOPHUX TIepepizax Ta By3jax 3YCWIIISI IPU «BIJTYYCHHD» KOJIOHH
o Menina, yac nepiioro . . . N
BoruecTilikicTb binbima, yac nepuioro pyiHyBaHHs OLIbIINAN

pyIHYBaHHSI MEHILIMI

Kupydicts ipu
MOXKEXK1

BinbIna, MEHII CXUJIBHI J10
MEPIIOro PYHHYBAaHHS KOJIOH,
IICJIS EPIIOTrO PYHHYBaHHS
OaJTKK 3yCUIUISL PO3MOAUISIETHCS
MIEBHUM Yac Ha KOJIOHH

MeHina, 61UIbII CXWIIBHI 10 TIEPIIIOTO
pyHHYBaHHS KOJIOH, IOTPEOYIOThH
ayTpurepis

7T 7Ty

7T 7rT7

Puc. 15. Cruenapiii moskexi s KapKacy 13 3aBaHTKEHICTIO 25% 3 mapHipHUME OalKaMu: HUKHIHA
MOBEpPX — KpakHil MPOJIbOT

Pesynbratu po3paxyHky mokaszani B Tabi. 1. [IpyHIMIOBHX BiAMiHHOCTEH Yy 3MiHI KOE(DIIIEHTIB
HECYUOl 3/IaTHOCTI B PI3HHUX €JIEMEHTaX HeMae Yy TIOPIBHSAHHI 3 pamMoro 13 3aBanTaxeHicTio 0,5 (puc. 16).
[lepenbauyBaHo, 1110 4ac pyHHYBaHHS B pami 3 OUIBLIMM 3alacoM MIITHOCTI OUTBIIMM, HDK B pami 3
MeHIM 3anacoM (660c B opiBHsHHI 3 480c). Temmepartypa eneMeHTiB paMu, 10 HarpiBa€ThCsl, HA Yac
pyiHYyBaHHSI MEHIIIa B pami 13 3aBaHTaxeHicTio 0,25 Ha 13-15%, Hix B pami i3 3aBanTaxeHicTio 0,5. Lle
MOSICHIOETHCS TUM, OLJIBIII IIEpEPI3H MatOTh MEHIIII KOe(IlI€HTH Mepepi3y 1 HarpiBatoThCs MOBUIBHILIE.
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Puc. 16. I'padix 3miHu KoedimieHTa HeCy4doi 3MaTHOCTI TSI CIIeHapito 6
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Jlnst paM 13 MapHIpHUM MIPUMUKAHHAM OaJIOK J10 KOJIOH 13 3aBaHTAXXEHICTIO y OallOK Ta KOJIOH
—75% OyB pO3IIISTHYTHIA OJIMH CIIEHAPiil MOXKEKi: HUXKHIN MOBEpX — KpaiHiit mpossot (puc. 17).

¢ Q

Q

777l 7rr7 rrrri “ 7rri

Puc. 17. Cuenapiii mokexi IS paM 13 3aBaHTaKEHICTIO 75% 3 mapHipHUME OanKaMu: HUKHIH
MOBEpX — KpalHii MpoIbOT

Pesynbratu po3paxyHky nmokasaHi B Ta0s. 1. Buxomsuu 3 rpadika 3Minu koedilieHTa Hecydol
3patHOCTI (prc. 18), MOoKHA CKa3aTH, 110 KpailHs KOJIOHA PYHHYEThCS MEPIIO0, HE3BAKAIOYH Ha Te,
IO iHOI €JIEMEHTH B HArPITid YapyHII MarOTh BABIYI OUTHIINI MOYATKOBUH KOEQIIiEHT HECydoi
3IaTHOCTI.

1,2
1,0 -
08 +—————
0.6 =&—KpaiiHs koJioHa
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0 == Cepenns Oanka
4
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Puc. 18. I'padix 3miHu KoedimieHTa HeCy4d0i 3MaTHOCTI TS CIieHapito 7

Ha BigMmiHy BiA BCIX IHIIUX CTajJeBUX KapKaciB, pO3paxOBaHUX Ha [0 MOXEX1, Ha Tpadiky
3MIHH Koe(QillieHTa HeCy4oi 34aTHOCTI Oalo4YHUX eJIEMEHTIB He CIIOCTEpIiraeTbcs CTpHOKa,
HEe3BaKalOUM Ha Te, 110 Kiac Oanku Oyno mpuitHATO 1-#, SK 1 IS momepefHiX BUMankiB. byro
BHU3HAYCHO Kiac mepepi3iB Oanmok 3a Eurocode 3 [22] mnst 3-X BapiaHTIB MOXKeXi 3 Pi3HUMHU
MOYaTKOBUMHU yMOBaMu (Tao0i. 3).
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Tabnuus 3 — BusnaueHns kiacy 0aiku 3a Eurocode 3 [22]

‘)g Mepenia Kiac 6anku Kiac 6anku Kiac 6anku

£ | [louaTkoBi ymoBH 6:51151 3a JIbH Eurocode 3[22] Eurocode 3[22]

5 [15] (cTinka) (mosic)
XKopcrka pama, 520/12=43,3<=72x|119/12=9,92<=9x

1 | HWKHIN MOBEpX 2 _522381(21 2, 1 knac | (235/240)°° = 71,2 (235/240)°°

KpaifHiil IpoJIbOT — 1 xnac =13,86 — 3 kiac
Xopcrka pama, 520/12=43,3<=72x |163/14=11,64<=9

2 | kit mosepx | 2 o041 o e | (2351240052712 | x(235/240)°8
. v 520x12 3
KpaiHii MpoiIhOT — 1 kac =13,86 — 3 knac
HlapHipHa pama, B 480/16=30<=72x | 80/20=4<=9x
7 | HWXKHIN TOBEPX 2 43(?8;50’ 1 knac | (235/240)%° = 71,2 |(235/240)°° =8,91
KpaifHiil IpoJIboT — 1 kymac — 1 kiyac

Byno BusiBneno, mo i cuenapito 1 3 6ankoro 1-ro ximacy (o mpaimroe B Mexax MPY:KHHX
nehopmartiii) i 1S cueHapito 2 3 6ankor 2-ro kiaacy (B SIKii JOMYCKAEThCS PO3BUTOK OOMEXKEHHX
wiactuunux aedopmartiii) 3a JIBH [15] 3a knacudikarmiero Eurocode 3 [22] o6uaBi Hanexarsb 10 3-T0
KJacy (IpaloTh B IPYKHIM 0071aCTl, a HANIPYKEHHS I0CATa0Th MEX1 TeKy4OCTi TUTbKU Y KpalHIX
BoJIoKHaX). Came ToMy B 000X Bumajakax Ha puc. 4, 10 BigOyBatOThCs CTPUOKH TPHU MEPEXo/i Bij
3rHHAIBHOTO 0 CTHCHYTO-3ITHYTOrO HampyxeHoro crany. IIpu domy Oaska, sika 3a JIBH [15]
BiJTHOCHTBCS JI0 2-T0 Kjacy i Masia O OiIbII IJIaBHO MEPEXOJUTH y CTUCHYTO-3ITHYTHH CTaH, Mae IIe
OlbIIMiA cTpUOOK, HixK Oanka 1-ro kmacy 3a JIBH [15]. Lle siBuIille MOSICHIOETHCS THM, IO Oayika
cuenapiro 2 3a Eurocode 3 [22] Gmmxua 10 4-ro kimacy (BTpaTa MICIEBOI CTIMKOCTI HAcTa€ 10
JOCATHEHHS TPaHMIIl TeKY4OCTi B OHIH a00 KiTbKOX YaCTHHAX Mepepi3y), Hixk Oanka cuenapiit 1. A
Oanka B cueHapii 7, sika € 1-ro xiacy 3a JIBH [15] (1o mpaimoroTs B Mekax MpyKHUX Jedopmartiif)
3a Eurocode 3 [22] nanexwuts 10 1 kiacy (mepepi3u, B AKUX MOKE YTBOPIOBATHCS MOBHUI IIAPHIp
ractTuaHocCTi). | e € mpuauHoo TOrOo, 1m0 Ha rpadiky (puc. 20) cTpudKy HE BiOyBa€THCS.

[TopiBHIOIOYM POOOTY CTaNEBHX KapKaciB 3 PI3HUM KOE(II[IEHTOM BHKOPUCTAHHS HECy4doi
3/1aTHOCTI IIPH MOKEXK1, MOYKHA 3pOOUTH HACTYIHI BUCHOBKHU:

— Yac MepIIoro pyHHyBaHHs B paMax 3 MEHIIUMH pe3epBaMM HECY4oi 3[aTHOCTI KOPOTIIMA, a
B Kapkacax 3 OUTbIIIMMH — JOBIIIHIA;

— B yCIX BUNAaJKax BiOyBajocs meplie pyHHYBaHHS OJHOTO M TOro K eJIeMEHTa 3a TUM Ke
(bakTopom;

— TemIeparypa pyiHyBaHHS MOKe OyTH MEHILOIO B KapkKaci 3 OUIbLIIMMU pe3epBaMH HECyuoi
3IaTHOCTI;

— aHl B KapKaci 3 BEJIMKUMH pe3epBamMu Hecyyoi 3aatHocTi (0,25), aHi B pami MaJIeHbKUMHU
(0,75) Temmneparypa *)omHOro 3 eneMeHTiB He gocsarae 400°C, 3a AKOi MOYMHAE 3HIKYBATUCS MEKa
TEKy4OCTI CTaJi;

— B Kapkaci 13 3aBaHTaxeHicTio 0,75 He BimOyBaeThcsi CTpUOKy Ha rpadixy koedilieHTa
HECY4Ol 3aTHOCTI OAJIKU MPH MEePeXo/ii BiJl 3TUHATIBLHOIO B CTUCHYTO-3ITHYTUI HANIPY)KEHUH CTaH.

BucnoBku. B naniit crarri 6yna npoanaitizoBana po0oTa CTaJeBUX KapKaciB MPHU MOMKEXKI 3a
PI3HUX NOYATKOBUX YMOB TaKMX SIK: THIIM BY3JIIB NPUMHUKaHHS OaJOK /10 KOJOH, MOYaTKOBHH
Koe(iLi€HT BUKOPUCTAHHS HECYYOl 3/aTHOCTI, JOMYIIEHHS/HEAOMYIIEHHSI PO3BUTKY OOMEXEHHX
IUTACTUYHUX Jedopmariii B 6ankax. Kapkacu i3 mapHipHUMH By3J1aMU CXMJIbHI 10 O11bII PAHHBOTO
pyHHYBaHHS KOJIOH, aHDK OaJloK. SIKIIO BUXOJUTH 3 TOTO, IO O€3MEUHIMINN MEXaHI3M pyiHYBaHHS
Oyzne y BUMAJKy MEpIIOTO pyWHYBaHHS OallkM, a HE KOJOHH, TO 3 TOYKH 30py KXUBYYOCTI IpHU
MOKeX1 OUThII eEeKTUBHUMH € KapKacH 3 KOPCTKMMHM By3JaMH. AJie yac MepIioro pyiHyBaHHS B
KapKacax 3 IIapHIpHUM NpPUMHUKaHHAM Oayiok Ounbimid, TOOTO BOrHecTiiKicTh € Bumior. 1106
OUIBLI JIeTaNIbHO MPOaHaJi3yBaTH JKUBYYICTh KapKaciB MPH MOXKEX1, HEOOX1IHO TOCIIIUTH POOOTY
KapKaciB BiJl NEpIIOro HAaCTaHHA T'PAaHMYHOI'O CTaHy A0 BTpaTH XHUBYy4ocTi. [Ipu mgociikeHHi
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poOOTH TPH MOXKEXKI KapKaciB 13 Pi3HUMH MOYATKOBUMH KOe(il[ieHTaMH BUKOPHUCTAHHS HECY4ol
3IaTHOCTI BUSIBJIEHO, IIO0 B JKOAHOMY €JIEMEHTI KapKacy TemiepaTypa 0 MepHIoro HacTaHHS
rpannaHOro crany He gocsrae 400°C, 3a Kol moyMHa€e 3MEHIIYBATUCS Meka TeKydocTi craimi. Lle
CBITYUTH TMPO TE, IO HA HECY4Yy 3MIaTHICTh E€JIEMEHTIB CTAJEBUX KapKaciB MpPH TOKEKI OLIbIIe
BIUIMBAE PO3MOJIUIT 3YCHUIIb, HIXK 3HI)KEHHS XapaKTEPUCTHK CTa.

B GankoBux enemMeHTax MpH MOXKEXKi BiJ] TEPMIYHOTO PO3IIUPEHHS BiOYBA€ThCS TEpPEXia Bif
3TUHAIBHOTO JI0 CTHCHYTO-3ITHYTOTO HANpyXeHOro crany. [Ipu po3paxyHKy CTHCHYTO-3ITHYTHX
€JIEMEHTIB JIONYCKAIOThCSl PO3BUTOK OOMEKEHUX IacTuyHux Aedopmariiii. [{o6 mpu yncensHOMy
PO3paxyHKy 3amoOirté CcTpuUOKy KOeQilli€eHTy BUKOPHCTAHHS HECY4Oi 3aTHOCTI TPH MOXKEXKI,
nepepi3 6asok HeoOXiTHO MPOSKTYBATH CaMe 3 ypaxyBaHHIM OOMEXEHUX IJIACTUYHUX JieopMartii
3a kimacudikariero €spokony 3 [22] (me kimac 3amexuTh Big reomerpii). JlOmyIIeHHs MIaCTHYHUX
nedopmartiii 301IblIye yac MepIIoro pyiHyBaHHSA B KapKaci 1 BiANOBIAHO Yac BTPATH JKUBYYOCTI,
ajie BUMarae JJ0JJaTKOBUX PE3epBiB HECYUOi 3/1aTHOCTI.
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MULTI-STOREY STEEL FRAMES IN FIRE STRESS STATE COMPARISON OF
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Abstract. The researches devoted multi-storey buildings steel frames fire vitality was
analyzed. It was found that the existing measures to increase the viability significantly increase the
frames metal content. No detailed analysis of potential destruction mechanisms depending on
different initial conditions has been identified. The need to research the frame elements stress state
during a fire before the first destruction and subsequent potential mechanisms of destruction for a
better vitality understanding. This publication analyzes the stress state of 2d multi-storey steel
frames during a fire. Various frame elements load capacity factor dependence graphs on time are
done.

The frames operation in case of fire with different beam-to-column connections and different
fire source locations are compared. It was found that during a fire in the beam frame elements, the
stress state changes from bending to compressed-bent. It has been established that the frame
elements should be designed in such a way that plastic deformations appear before local buckling
occurs. It is necessary to design sections according to the Eurocode classification, where there is a
classification depending on the geometry.

The frames operation in case of fire with different initial load capacity factor is compared. It
was found that in no the frame element temperature before the first onset of the limit state does not
reach 400°C, at which the steel yield strength begins to decrease. It is established that the frames
fire resistance of is more influenced not by the steel characteristics reduction, but by the forces
distribution.

The frames with rigid and hinged beam-to-column connections are compared in terms of
vitality and fire resistance. It is established that frames with hinged connections are more fire-
resistant, and with rigid connections — more vitally to fire. The method of increasing the time to
steel frame vitality loss is determined.

Keywords: vitality, fire, steel frame, multi-storey building, progressive collapse, plastic
deformation.
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AHoTauisg. B po0OTi po3risaaoThesi BIACTHBOCTI TUCTIEPCHO-apMOBAHOTO JIUTOTO Kepam3u-
TOOETOHY Ha MEXaHOAKTHBOBAaHOMY LUIAKOMOPTIAHILEMEHTI 3 J00aBKOIO MONIKapOOKCHUIATHOTO
cyneprutactudikaropa Cynep-I1K. ExcriepuMeHTaIbHUME JTOCTIKEHHSIMH BCTAHOBJICHO MOKIIH-
BICTh OTPUMAaHHS JIETKUX OETOHIB HA OCHOBI BUCOKOPYXOMHX JIETKOOOETOHHHMX CyMIillIeH 3 JliaMeT-
POM pO3IUTMBY KOHYca He MeHIIe 50 cM.

ExcniepuMeHTaIbHO MATBEPHKEHO, 0 TiapodoOi3allis KepaM3uTOBOTO I'paBito crpuse 30i-
JIBIICHHIO PO3IUIMBY KOHYCa OCTOHHOI CYMIIlli, @ TAaKOX 301IBIIYE KUTTE3JATHICTH OCTOHHOT CyMi-
mri. IToka3aHo AOLUIBHICT MEXAaHOAKTUBALIl LMUIAKOMOPTIaHaeMeHTy B npucyrtHocti Cynep-ITK
IUIL OTPUMAHHS JIETKUX OCTOHIB 3 MiIBUIIIEHUMH XapaKTEPUCTUKAMHU MO0 MOPO30CTIHKOCTi, CTUPaH-
HIO Ta YAapHii MIITHOCTI.

Hageneno pe3ynbTaTé OCHTIKEHb, SKI CBIYATh MPO TE, IO BBEACHHS 0a3abToBOi (iOpH B
IIJTAKONOPTIIAHALEMEHT PAa30M 3 MEXaHOAKTHBALIIEIO BSKYUOT0 JJ03BOJISIE 3HU3UTH CTHPAHHS OCTOHY 3
0,44 110 0,13 r/cM%, a TaKOX MIIBUIUTH yApHY MILHICTb GETOHY Maiike B 2 pasu (B IOPIBHSHHI 3 KO-
HTpOJIEM). 3alPOINIOHOBAHUM KOMIUIEKC PEeLleNTYpHO-TEXHOJOIYHUX BILIMBIB JI03BOJISE 3a0€3M1€UNUTH
MOpPO30CTIHKICTh O€TOHY He HIk4e 350 UKITIB MOMEPEMIHHOTO 3aMOPOKYBaHHS Ta BlJTaBaHHSL.

BcranoBieHo, 1110 MEXaHOAKTUBAIISI B'SKYYOT0 BUKIIMKAE MMiIBULIIEHHS MIITHOCTiI O€TOHY B 3-
x neHHomy Biti 3 11,3 no 16,2 MIla, To6to 61nbiie HiXXk Ha 40% B MOpIBHAHHI 3 KOHTpoJeM. Be-
JeHHs 6a3aybToBOI (hi0pH B KibKOCTI 1% B Macu B'spKydoro 3abesnedye 3poCTaHHS MILHOCTI Oe-
ToHy Ha 10-15%. CrninbHMI BIJIMB Ha IIJJAKONOPTJIAHALEMEHT MEXaHOAKTUBALlll, 100aBKHU MOJIIKa-
pookcuatHoro Cymep-IIK 1 6a3zanbToBoi (iOpu BUKIMKA€E MiBULIEHHS MIIHOCTI OETOHY B 28-MU
JeHHOMY Billi ( B mOpiBHsHHI 3 KoHTpoJeM) 3 11,3 1o 29,5 MIla, To6To Ginblie Hixk B 2,5 pa3i.

B wminomy, cyMmicHe BUKOPHUCTaHHS IE€pPEpPaxOBaHUX PELENTYPHO-TEXHOJOTIYHUX (PAKTOPIB
3a0e3mnevye MiIBUIIIEHHS OCHOBHUX (D13UKO-MEXAHIYHUX XapaKTEPUCTHK JIETKOTO OETOHY.

KuirouoBi ciioBa: kepaM3uToO0E€TOH, MeXaHOAKTUBallis, 0azanbpToBa (ibpa, mosikapOoKcUIaT-
HUH CynepriacTU(ikaTop, CTUpPAHHS, MOPO30CTIHKICTb, yapHA MILIHICTb.

Beryn. OnHuM 3 OCHOBHUX HaIpsIMKIB BIIPOBA/KEHHS IPOTPECUBHUX METOIB OyAIBHUIITBA
€ 3aCTOCYBaHHS JIMTTEBOI TEXHOJIOTI, SIKa JO3BOJSIE€ PI3KO 3HU3UTU TPYIOMICTKICTH Ta €HEPrOeEM-
HICTh MPOIECY YUIUIbHEHHsI O€TOHHOI CyMillll, MIABUIIMTH PiBEHb MeXaHi3alii poOiT, 3HAYHO MOK-
paluTH YMOBH Tpalli 32 paXyHOK 3HIDKEHHS IIYMOBHUX Ta BiOpamuiiHux BIUMBiB. OCOOIMBO aKTya-
JLHOIO TIPOOJIEMOIO TIPH IIHOMY € OTPUMAaHHS JIETKUX OETOHIB 3 BUCOKMMH IMOKa3HUKAMHU MIITHOCTI
Ta OBrOBiYHOCTI. BifbII TOro, BUCOKI TeMnu OyAiBHUIITBA 00'€KTiB BUMAraroTh IHTEHCUBHOTO Ha-
6opy MmirHocTi 6etoHy [1]. binbmn iHTeHCHMBHUI Habip MIIHOCTI OETOHY MokKe OyTH 311HCHEHUMN
[UISXOM IIECHPSIMOBAHOI 3MIHM CTPYKTYPH IIEMEHTHOI MaTpHIll fK 32 PaxyHOK aKTHBAIl 3epeH
LIEMEHTY B YMOBax 1HTEHCUBHUX T1IpOJMHAMIUYHUX BIUIMBIB Ha HUX, TaK 1 32 paXyHOK MoJu@ikamii
ITAP. MoXJIUBICTh IPUCKOPEHHS IMPOLECIB CTPYKTYPOYTBOPEHHsSI HaOyBae OCOOIMBOTO 3HAYECHHS
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JUIs1 MOHOJIITHUX OETOHIB, 110 TBEPIIIOTH B YMOBaX MaiiJaHYHKa.

VYrpaBiiHHSA CTPYKTYPOYTBOPEHHSIM IIEMEHTHOTO KaMEHIO B OETOHI Ta OTPUMaHHS MaTepialliB
3aJIaHO1 SIKOCTI IPYHTY€ETHCS Ha OMTHUMI3AIlil TEXHOJOTIYHUX MPOILIECiB iX BUTOTOBIIEHHS. Lle, B cBOIO
yepry, nepeadadae BCTAHOBJICHHS 3aJIC)KHOCTEH, 110 BU3HAYAIOTh BIUIMB HA MIILHICTh JIETKOro Oe-
TOHY PEIENTYPHUX 1 TEXHOJIOTTYHMX YNHHUKIB [2, 3].

OcTaHHIM 4acoM poOJIATbCs cpoOr 3aCTOCYBaHHS AMCIIEPCHOTO apMyBaHHS [IEMEHTHOI MaT-
pHIIi 32 TOTIOMOT00 0a3aJbTOBUX BOJIOKOH [4]. ba3aabTOBI BOJIOKHA iICTOTHO 3HHUXKYIOTh PH3HK JI€-
dbopwmariii meMmeHTHOro TicTy (2-6 TOAWH IMICHS YKJIaJaHHs), 3MEHIIYIOTh HEOE3INeKy YTBOPEHHS
yCaI0uHHUX TPIIIMH Ha paHHil cTaii TBepainHs 10 90% [5-7].

AHaJIi3 JliTepaTypHuX JaHUX Ta MOCTAHOBKA MPo0JeMu. JIerki 6eToHM € yHIBEpCcaIbHIUM Ma-
TepiaJioM ISl OTOPOIKYBAJIBHUX 1 HECYUHMX KOHCTPYKIIiH, BIAIITYBaHHS IMiJUIOT )KUTJIOBUX 1 IIPOMHC-
JIOBUX OY/iBEIb, MiACTUIAIOYOTO IIapy aBTOMOOUIBHUX JIOPIT 1 aepoipoMiB. Maroun BiTHOCHO HU3bKY
CEepEHIO IIUIBHICTIO JIETKi OETOHM MAalOTh 1Ty HU3KY NepeBar nepe;] BaKKUMH OSTOHAMH: 3HM)KEHHS
BUTpAT Ha MEepPEeBE3eHHs] OCTOHHOT CyMIIITi, TOIMIIEH] TETUTOTEXHIYHI Ta 3BYKO130JIAIIIHHI XapaKTepHC-
TUKH OETOHY Ta iH. 3aCTOCYBaHHS TAKUX OETOHIB JI03BOJISIE 3HU3UTH MACy KOHCTPYKTUBHHX €IEMEHTIB
oyaiBenb 110 30%, 110 3a0e3nevye miaBUIIECHHS HU3KH TEXHIKO-€KOHOMIYHUX ITOKa3HUKIB BUPOOHHMIIT-
Ba. B sKOCTI moprcTOro 3amoBHIOBaYa YIS JISTKOTO OETOHY B OCHOBHOMY 3aCTOCOBYETHCS KEPAM3UTO-
BUH IpaBiid, 1110 Ma€ MOPIBHAHO HU3bKY Hacunuy miuisHICTH 400...800 kr/m [8].

Y po0OTi HaBOJATHCS PE3YNIbTATH JTOCIIHKCHh OCTOHIB Ha IIEMEHTHINH MaTpHIl, apMOBaHOI
6azanproBuMU BostiokHamu [9, 10]. BBenenHnst 6a3aibTOBOrO BOJIOKHA 103BOJISIE BUTOTOBIIATH KOHC-
TPYKUii CKJIaAHOT KOH(Iryparii, mIBUIIye 3HOCOCTIMKICTh OETOHY, 3MEHIIYE 3arajibHy Bary KOHC-
Tpykmii [11, 12].

VY 3anponoHoBaHii POOOTI BUPIIICHHS TUTAHHS MiABUIICHHS (Di3MKO-MEXaHIYHUX BJIACTHBOC-
Tel JUTOr0 KepaM3UTOOETOHY JOCITaeThCs BBEACHHAM 0a3aibToBOi (iOpH B IUIAKOMOPTIAH/IE-
MeHT. 3a0e3neueHHs PO3IUINBY KOHYca OETOHHOI cyMili B aiara3oHi 45-50 ¢cM 103BoJIsiE Pi3KO 3HU-
3UTU TPYAOMICTKICTh Ta EHEPrOEMHICTh MPOIECY YKIIagaHHS O€TOHHOI CyMIIIIl, MiJBULIUTH PiBEHb
MexaHizaii po0iT, a TaKoK 3HAYHO MOKPAIIUTH YMOBH Mpalli 32 paXyHOK 3HIIKCHHS IIYMOBHX Ta
BiOpariiinux BrumBiB [13, 14].

MeTto10 poGOTH € OTpUMaHHS AUCIIEPCHO-APMOBAHOT'O JIMTOTO KEPAM3UTOOETOHY Ha MEXaHOAK-
TUBOBAHOMY IITAKOMOPTIIAHALIEMEHTI 3 I00aBKOIO MONIKapOOKCHUIIATHOTO CyriepIuiacTugikaTopa 3 mo-
JIMIIEHUMH MEXaHIYHUMH XapaKTePUCTHUKAMH, a caMe: MIIHICTh Ha CTHCK, CTUPAHHICTh Ta yJapHa
CTIHKICTb.

JUi1st TOCSITHEHHS TTOCTABJICHOT METH OyJI0 TIOCTABJICHO TaKi 3aBJaHHS:

— IOCIIAUTH BIUIMB Tiipodobi3anii KepaM3UTOBOrO IPaBil0 Ha PYXJIMBICTh Ta )KUTTE3/IATHICTD
KepaM3UTOOETOHHOI CyMIIIi;

— JIOCTIAUTH BB 0azanbToBoi (hi6pu Ha (hi3MKO-MEXaHi4HI BJIACTUBOCTI KepaM3UTO(iOpo-
0eTOHY Ha MEXaHOAKTHBOBAHOMY TTOPTIAH/IIEMEHTI 3 JI0/1aBaHHSIM JIOMEHHOTO IIJIaKYy.

Marepiaau Ta Meroau gociaig:keHHss. OCHOBHUM 00'€KTOM JOCTiIKeHb Oyn0 oOpaHO JUTI
KEepaM3UTOOETOHHI CyMillll, JJIl MPUTOTYBaHHS SIKUX B SKOCTI B’SDKY4OrOo BUKOPHCTOBYBABCS ILjIa-
KONOPTJaHALleMeHT. EkcriepiMeHTalIbHO BCTAaHOBJIEHO, 110 J0OaBKa JOMEHHOTO IUTAKY B KIJIbKOCTI
45% 3abe3mneuye HalOLIbIIE 3HAUEHHS KOe(]illieHTa BUKOPUCTAHHS B'S’KY4Oro, TOMY B MOJAJIbIINX
JOCIIJKEHHSAX BUKOPUCTOBYBABCS MOPTJIAHALIEMEHT 3 100aBKOI0 45% MeneHoro JJOMEHHOTo Iija-
ky (ICTVY B.B. 2.7 — 46:2010 ILIIL] I1I-A ) [15].

JlocnmipkyBaBCsl BIUTMB MEXaHOAKTHBALli B'SHKY4Oro B HMPUCYTHOCTI cynepruiacTudikaTtopa
Cynep-IIK i koHuenTpariii 0a3anpToBOi (iOpU B HHOMY Ha MEXaHI4HI XapaKTEPUCTUKHU KEPaM3UTO-
0eToHy, 1110 TBEpJli€e B HOpMaAIbHUX yMoBax. bazanbToBa (ibpa mpeacrasisie co000 BOJIOKHA JOB-
x’uHOIO 12 MM, miamerpom 20 mkxm. [yt 3HMOKEHHS BOJOTIOTIIMHAHHS Oa3anbToBa (idpa mormepe-
HBO 00poOusnacs kpeMHiliopraniuaum rigpogoodizaropom ['KXK-11. Burpara 6a3ambToBOro BoJIoOK-
Ha BapitoBaiacs y KiibKocTi Big 0% 10 1% Macu B'skydoro.

JlocimipKeHHsT IPOBOMIINCS 32 CTAaHJAPTHUM 3-X (DAKTOPHUM IUIaHOM, IIO MICTHUTH 15 ekcre-
PUMEHTAIBHUX TOYOK. He3aie)kHUMHU perenTypHO-TEXHOIOTITYHUMHI (haKkTOpaMu OyII0 MPHIAHSATO:

X1 —-450+100 KI/M — KilIbKiCTb B'SDKYYOrO;
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X2 — 1+ 0,5% — xinbkicts cynepriactugikaropa Cynep-TI1K;

X3—0,5 =% 0,5% — kinbkicTh 6a3ambTOBOT (Hi0pH.

SIK 3aroBHIOBAY 3aCTOCOBYBAJIMCS KBAapLOBUl MicOK 3 Mygp = 2.2 1 KepaM3UTOBHUI IpaBiid, 1O-
nepeaHbo o0pobienuii rigpodobdizaropom I'KIK-11. Butpara kBapioBoro micky KojuBajgacs B Jia-
nasoni Big 727 1o 812 kr/m’, KepaM3HUTOBOTO rpasito — Big 630 go 715 e, TligBumena BHUTpaTa
KBapIIOBOTO MICKY (y MOPIBHSAHHI 3 TPAIULIMHUM CKJIAJIOM OCTOHY Horo BuTparta 30iiabiieHa Ha 10-
20%) noB's13aHa 3 HEOOX1THICTIO OTPUMAHHS BUCOKOPYXJIUBOI OETOHHOI CyMillIi.

[IpuroryBanHss 6€TOHHOI CyMillI 3IMCHIOBAJIOCS SIK 32 PO3JAUIBHOIO (3 3aCTOCYBaHHSM MeXa-
HOAKTHBAIll BSDKYYOro B TpUOOAKTUBATOP1), TaK 1 32 TpaAMLIHHOIO TexHoJorisMu. [Ipu npurory-
BaHHI OCTOHHHUX CyMIIIIEH 3a PO3IILHOI0 TEXHOJIOTIE, CYCIEH31s B'sHKYYOro, MONEePEeaHbO OTPHU-
MaHa CHUTBHUM 3MIIIYBaHHSM IOCIIIOBHO M00aBIEHUX B INIBHIKICHHN TpHOO3MilllyBad BOAH, CY-
neprutactudikaropa Cymnep-I1K, nmurakonopriananemMenTy i 6a3anbToBoi ¢idpH, 3MinryBagacs 3 Imi-
CKOM 1 KE€paM3HUTOBHM TpaBieM B TpaJHIiifHOMY OeTOHO3MilIyBaui mpuMycoBoi aii. Tpagumiiina
TEXHOJIOTIS Tiependavaiia MPUroTyBaHHS OSTOHHUX CYMIIICH aHAJIOTTYHHMX CKJIAIB Y TUXOX1IHOMY
0eToHO3MIITYBadi MPUMYCOBOI Jii 0e3 monepeHhOi aKTUBAIIil B'SKYYOTO.

PyxymBicTh OeTOHHOI CcyMmilI BU3HavYaiacs po3IUIMBOM KoHyca AOpamca. /[ mporo nepese-
PHYTHI KOHYC 3alTOBHIOBABCSI CBIKOIPUTOTOBJICHOI OCTOHHOIO cymimmmo Oe3 ymiiibHeHHs. He
ni3Hime 90 ceKyH]1 micist 3alI0OBHEHHS KOHYC MTiTHIMABCs BEPTHKAIBHO BrOpY. PyXJ'II/IBICTB 0eToHHOT
CyMillli B KO)KHOMY DPSIJIKY IJIaHy €KCIIEPUMEHTY (K 32 pO3AUIFHOIO TaK i 3a TPaAWIIHHOIO TEXHO-
noriero) nmpuiiManacs piBHoo 50 cM. 3agaHa pyXJUBICTh CyMIII JAOcCsATanacs KOPUTYBaHHIM Kilb-
KOCT1 BOJM 3aMillTyBaHHS B KO)KHOMY PSIKY IUIaHy. EKCrIepiMeHTaIbHO BCTAaHOBJICHO, 1[0 TaKa Py-
XJIUBICTBb JIETKOOOETOHHOI CyMillli He BUMarae BiOpatii npu ii ykiananHi. JlIoCUTh HEBEIMKUX MeXa-
HIYHUX 3yCHJIb JJIs 3a0€311eYEeHHS TOPU30HTAIBHOI ITOBEPXHI OETOHHOT CyMiITi.

PesyabTaTn nociigxennb. [Ipenctasiss iHTepec 3'acyBaTé OIHOPITHICTH PO3MOALTY KepaM-
3UTOOETOHHOI CyMimIi O BUCOTI BUPOOyY. Jlis 1€l MeTH BUKOPUCTOBYBABCS ITYCTOTUIMH IMITIHAP
Brucotoro 100 cM B Akuii yKiamanacsi CBIXOMPUTOTOBIeHA OeToHHa cymiml. [licns 3akiHueHHs 3-X
THIB TBEPAiHHS OCTOHHUI HWITIHIpP PO3pi3aBCcs HAa 5 YaCTUH OJHAKOBOI BUCOTH, puC. 1.

[IpoBeneHi AOCHIIKEHHS CBIAYaTh MPO BUCOKY OAHOPIAHICTH KEpaM3UTOOETOHY MO BHCOTI
mutiaapa (puc. 2). Tak, s kKepaM3UToOEeTOHY Ha MEXaHOAKTUBOBAHOMY B'SOKYYOMY PI3HHMIIS B Ce-
pEAHIN ryCTHHI HUKHBOTO Ta BEPXHBOTO 3pa3KiB HE nepeBulnye 2,5-3%. [lemio Buiie pi3HUI B ce-
pEeAHIM TYCTHHI MIXK HH)KHIM 1 BEpXHIM 3pa3kamu (4,5-5%) crioctepiraeTbest A1l KEpaM3UTOOETOHY
Ha B'sHKy4oMYy, SKe He MiJijaBajocs MexaHoakTuBauii. Ha Hanry aymKy, 1ie mos's3aHo sik 3 0coOiu-
BICTIO CKJIay O€TOHHOI CyMilll, TaK 1 3 BIACYTHICTIO BiOpaii npu ii ykianauHsi. Binomo, mo BiOpo-
yUIUIbHEHHS [8] crpusie CIIMBAaHHIO 3€peH KepaM3UTOBOIO I'PaBiio K HAMIErmoro KOMHoHeHTa Oe-
TOHHOI CyMIIIi.
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Puc. 2. 3mina cepelHbOT TYCTHHH JTUTOTO KEPAM3UTOOETO-
Puc. 1. beronna cymim y HY 110 BUCOTI IIMJIiHApa:
BEPTUKAIBHOMY t — TpaguIiiiHa TEXHOJIOTIS; S — PO3AUTbHA TEXHOJIOT1s
MIYCTOTLIOMY IHTIHIPI
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beron y Bimi 28-MU IHIB HOPMAJIBHOTO TBEPIIHHS MiJJaBaBCs BUIPOOYBAHHSIM Ha CTHCK,
CTUPaHHS, yIapHy MIITHICTh 1 MOPO30CTIHKICTh. BImuB pernentypHux GakTopiB Ha MIIHICTh KepaM-
3UTOOETOHY Y Billl 3-X, 7-u Ta 28-u nHiB (iHAekc 3, 7 1 28 BIANOBIAHO) ISl IPUTOTOBJICHOTO 32 PO3-

TTBHOIO (IHIIEKC «S») Ta TPAAMIIIHHOI (IHIAEKC «t») TEXHOJOTISIMHU ONMUCYIOTh HAaBEJEHI HIDKUE €K-
CIIEPUMEHTAIbHO-CTAaTUCTUYHI MOJIEIT:

fek.cubes= 14,4 + 3,6x1 — 0,7%:2 + 0,1x1%,
+0,9%, — 0,3%,° + 0,1 XoX3 (1)
+0,8%3 — 0,4x5°

fctk.cube3 =10,1+2,5x; — 0,4X122 + 0,1x1x2
+ 017X2 - 0)2X2 + 0,1X2X3 (2)
+0,6X3 — 0,3x5°

£ cuber= 22,5 +54x; — O,5x1§
+ 1,4%, —0,8x%, + 0,3X2X3 (3)
+1,3%3 — 0,957

fctk.cube7: 18,7 +4,7x; — O,9X122
+ 1|3X2 - 012X2 + 0,1 X2X3 (4)
+0,9x3 — 0,8x5>

fcsk.cubezs = 2277 + 579X1 - 0,1X12 + 0,1X1X2 - 0,1 X1X3

+ 1,5%, — 0,5%,° + 0,1%X3 (5)
+ 1,1x3

fhe cupess = 20,8 + 5,7x1 — 0,7x:> + 0,1x1x2 — 0,3X1X3
+5,7% — 0,3%,° (6)
+ 1,0x3

AHaini3 Mojienei nmokasye, 1o MilHICTh OETOHIB MPUTOTOBJICHUX 32 PO3ILIHHOIO TEXHOJIOTIEI0
BHUIIIE MIIIHOCTI OCTOHIB, MPUTOTOBJICHUX 3a TPAIUIIIHOI TEXHOJOTIE (3a BECh JOCIIIKYBaHUN
nepion TBepAinas) Ha 10-30%.

ExcniepuMeHTanbHO BCTAaHOBIICHO, IO MIIHICTH OETOHIB, CYMillli SIKHX TOTYBaJIHCS 3a PO3Ji-
JHHOIO TEXHOJIOTI€I0, Ha 3 JIeHb TBEPIHHSA B 1,5 pa3u BHIle, HIXK Y KOHTPOJIBHHX 3pa3KiB (B'sDKyde
MEXaHOAKTHBAIIIl HE IMiiIaBayiocs). Y MOJIbIIOMY IMIBHAKICTH HAOOPY MIITHOCTI KEPaM3HUTOOCTOHY

Ha MEXaHOAKTMBOBAaHOMY B'S)KY4OMY CIIOBUIBHIOETHCS 1 10 28-MHU JI€HHOT'O BIiKY NMPHUPICT MILHOCTI
B MOPIBHAHHI 3 KOHTpoJieM He niepeButrye 10-15% (puc. 3).
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fck.cube, MIla

0o 7

Yac, aui 28

Puc. 3. BB TepMiHy TBEpAIHHS Ha KIHETUKY HAOOPY MILIHOCTI KEPAM3UTOOETOHY CKJIany:
[IUTAKOTIOPTJIaHAIIEMEeHT — 550 KF/M3; micok — 727 KF/M3; Kep. TpaBiiis.1g — 385 J'I/M3;
Kep. rpaBiifig.o0 — 245 J'I/M3; B/Lpr = 0,42; B/t = 0,43; CIIK — 1,5%; dhi6pa — 1%

t — TpaguIiifHa TEXHOJIOTIS; S — PO3AUIbEHA TEXHOJIOT1s

['padiuna iHTepnperaris Mozeni (5), 0 ONUCYe BIUIUB pelenTypHUX (akToOpiB Ha MIIHICTb

O€TOHIB, 110 TBEPAIIOTh Y HOPMAIbHUX YMOBaX Ha MEXaHOAKTUBOBAHOMY B'sXKY4OMY, IpE/ICTaBIIe-
Ha Ha puc. 4.
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Puc. 4. BB perientypHux ¢daktopiB Ha MinHICTh 0eToHy (MIIa), BUTOTOBJIEHOTO 32 PO3IIIILHOIO
TEXHOJIOTIEI0

Amnani3 rpadidyHMX 3aJeKHOCTEH CBIIYMUTH MPO 3HAYHUM BIIMB BUTPATH B'SKY4Oro Ha Mill-
HicTh OeToHy. 31 30UIbLICHHSIM BMICTY B'shkydoro Big 350 mo 550 Kr/M° MIIHICTh OETOHY ITiIBHIILY-
etbest 3 17,8 mo 29,5 Mlla, To6to 6inbin Hixk B 1,5 pasm.

Caiz BIIMITUTH BIUIMB Ha MILHICTh OeTOHY KuIbKOCTI cynepmiactudikaropy Cymnep-IIK. Taxk,
30inbIIeHHS Woro kKoHreHTpariii Bix 0,5 mo 1,5% mpusBoauTh 10 30UTbIIEHHS MIlTHOCTI 3 24,2 110
27,5 MIla, To6T0 Maiixke Ha 13%.

CrhinpHMN BIUTMB Ha MUIAKOTOpTIaHaeMeHT MexanoakTuBanii, Cynep-I1K i 6a3zanbroBoi ¢i-
Opu MPU3BOAUTD JI0 MiABHUILEHHS MIIHOCTI B 28-MU J0OOBOMY Billi OETOHY B MOPIBHSIHHI 3 KOHTPO-
nem (0eToH Ha HeMexaHOaKTHBOBaHOMY nopTianauneMenTi, Cymnep-I1K i 6a3anpToBa ¢ibpa BiacyT-
ui) 3 11,3 10 29,5 MIlIa, T06TO GinbII HiXK B 2,5 pa3H.

BaxmBoro BIaCTHBICTIO OETOHIB € X CIPOTHB CTHPAHHIO.

EC-mopneni, mo BioOpakaloTh BIUIUB PELENTYPHUX (PAKTOPIB CKIAAy KEepam3UTOOETOHY Y
BiIll 28-MHM JHIB, BUTOTOBJICHOTO 32 PO3JILIBHOIO (IHAEKC «S») Ta TPAAMIIINHOIO (1HACKC «t») TEXHO-
JIOTisSIMH, Ha PiBEHb HOTO CTUPAHHSI, MAIOTh BUTJIS/I:

Gy (r/em®) =0.243 —0.033x; + 0.002 X2 + 0.008 X1X3

—0.010x, —0.003 x,° 7)
—0.107x3 + 0.032x5°

Gyt (/em®) = 0.274 — 0.033x, + 0.008x:X3
—0.01x; — 0.006x,2 (8)
—0.108x3 + 0.034x5?

MaxkcuMaabHOI0 CTUPAHHICTIO Gt min = 0,46 (F/CMZ), G1. min= 0,43 (F/CMZ) 3TIIHO 3 JAaHUMHU
EC-moneneii (7) Ta (8) xapakTepu3yroThCsl CKJIQM B TOUILII 3 KOOPAMHATAMHU X1 = X2 = X3 = - 1, ToOTO
IIpY MIHIMAJIBHIN KIJIBKOCTI cynepIuiacTudikaTopy, HopTianauemMenTy 1 06e3 ¢iopu. MiHiMaIbHOO
CTHPaHHICTIO BiANOBIAHO G1tmax = 0,16 r/em? i Gi1s max = 0.13 r/em? XapaKTEepU3YIOThCs CKIaIN Y
TOYII 3 KOOpAMHATAMH X1 = X2 = X3 = |, TOOTO IpH MaKCUMaJIbHIN KIJTBKOCTI CymnepruiacTudikaTopa
Cynep-IIK, mnakonoptianaineMeHTy Ta 6a3aibToBoi Gpiopu.

Ha puc. 5 mokaszani mo6ynoBani 3a EC-moaensmu (7) i (8) cymireni giarpamw, 1o BigoOpa-
’KaIOTh BIUTUB KIIbKOCTI 6a3aimbTOBO1 (hiOpH Ha CTUpAHHS KEPaM3UTOOETOHY B Jllala30Hi BUTPATH
B'soKyd0ro 350-550 kr/m°,
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Puc. 5. BB BMicTy 6a3anbToBO1 Gi0pH y B'SHDKYIOMY Ha CTHPAHHS KEPaM3UTOOETOHY:
1, 2, 3 — BuTpara B'spKydoro Ha 1 M 6etony 350, 450 ta 550 Kr/M° BIJIIIOBITHO.
a — KOHTPOJIb (MEXaHOAKTHUBAILisl B'SXKYYOTO BiZICYTHs); O — OETOH HA MEXaHOAKTHBOBAaHOMY
BSDKy4OMY

AHaJIi3 eKCIePUMEHTAIBHHUX JaHUX CBITYHUTH MPO Te, IO 30UIbIMIEHHS KUTBKOCTI 0a3aabTOBOT
}iGpH, 110 BBOAMTBCS B GETOH, TIPH3BOINTH [0 SHIDKCHHS BeudanHy crupants 3 0,44 r/cm? (pibpa
BijcyTHs) 10 0,16 r/cm® (xinbkicTh GiOpu 1%), TOO6TO OLMBII HIXK Yy 2,5 pa3u. 3HUKEHHS CTUPAHHS,
Ha Hall TOTJIS, TOSCHIOETHCS ApMYIOYHMH BIIACTUBOCTSIMHU BOJIOKOH, IO YTPUMYIOTh OKpeMi 0110-
KM TCHJITHOI IIEMEHTHO-INIIAHOT MAaTPHIIl IPU MEXaHIYHUX BIUIMBAaX HA HUX. AHAJIOTIYHHI BIUIUB
0a3anbToBol PiOpu Ha cTUpaHHs OETOHY 3a3HaueHO y podoTax [12-14].

Crin 3a3Ha4uTH, IO BIUTUB J03yBaHHA (hiOpu Ha piBeHb G Ma€ HENIHIHUN XapakTep: MPH BBe-
nenni 0,5% BOJIOKHA Bix MacH B'sHKydOro CTUpaHHA 3HIKYeThest Ha 30..36%, Toni sk BBeOeHHS ii B
KinpkocTi Big 0,5 mo 1%, HaBoauTh 3HMKeHHS G1 3 0,25 r/em? 1o 0,19 I"/CMZ, T00TO nuire Ha 24%.

BcranoBieHo, 110 B paMKax MPOBEACHOTO eKCIIEPUMEHTY €(DeKTUBHICTh 3acToCcyBaHHs (piOpu
B HE3HAYHIHN Mipi 3aJICKHUTh BiJl KUTLKOCTI 100aBKu — muactudikaropa (puc. 6).
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Puc. 6. Bus kinbkocTi cynepmiactudikaropa Cynep-I1K Ha cTupanHs kepaM3uTOOETOHY:
t — TpaauLiiiHa TEXHOJOTIS; S — PO3/ALJIbHA TEXHOJIOT 1S

Sk BuzHO 3 Aiarpamu (puc. 6), mpu miaBUIIeHH! kKuibkocTi 106aBku Cymnep-I1K 3 0.5 1o 1.5% Bixn
Macu B’sDKY4Oro, CTUpaHHs 6eToHy 3HIKYyeTbes Ha 0.02-0.03 r/cM?, 10 TIOSCHIOETHCS 3aralbHIM 3Mi-
IHEHHSAM CTPYKTYpH 3a paxyHoK 3HkeHHs B/L] cymimi piBHoi pyximBocTi. Ilpu npomy B Mipy 30i-
JIBILIEHHS KUIBKOCTI 6a3anbToBoi (hi0pu epeKTUBHICTD MiIBUILIEHHS J103YBaHHS JJOOABKU 3pOCTAE.

Kepam3nutobeToH Ha MEXaHOAKTUBOBAHOMY B'SIKYUOMY XapaKTEPHU3YeThCS MMIJBUIICHOIO 3HO-
COCTIHMKICTIO (TTOPIBHSIHO 3 TPaJUIIIITHOIO TEXHOJIOTIEI0 MPUTOTYBaHHS O€TOHHOI CyMillli), 10 MOX-
Ha MOSICHUTH 3HWKEHHSM HOT0 BOJONOTpeOu. B 1istomMy, 3a paxyHOK MiIBUIIEHHS KIJTBKOCTI 100aB-
KU cymepractugikaropa MoTiKapOOKCUIATHOTO THUIY B MEXaHOAKTUBOBAaHMUN IMIIAKOTIOPTIAH/IE-
MEHT, BUTPATH BSDKY4OIo Ta BBeJIEHHS 0a3abToBOi (piOpH, 3HOCOCTIMKICTh KEPAM3UTOOETOHY MO-
e OyTH MiJBUIIeHA OLTBII HIXK Y 3 pa3u.
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MOopO030CTIHKICTh € AyKe BaKIUBUM MMOKa3HUKOM SIKOCTi Jierkux 6eroniB. EC-moneni, 1o Bi-
no0paxaroTh BIUTMB (DAKTOPIB CKIIAIY, IO BapiOIOTHCS, HA MOPO30OCTIHKICTh KEpaM3UTOOETOHY (Bi-
JITIOB1THO aKTUBOBAHOT'O 1 KOHTPOJILHOTO) HABEICH] HIKYE:

Ft(um(nn) = 29111 + 55,0)(1 —13,9X12

+25,0x, —13,8x,° (9)
—13,8x3

Fumom) = 336,7 +40,0x; —33,3%;,° —12,5X1x;
+ 15,0, — 8,3%,° (10)

+ 25,0X3 — 8,3%5°

Heo0ximHO BII3HAYMTH, 110 OCKIILKM METOJHWKA BUIPOOYBAaHb 1 BIJIIMOBIIHO HOPMATHBH TIE-
pendavaroTh TUTBKH JUCKPETHI MapKH MO MOPO30CTIHKOCTI MaTepialy 3 KpOKOM y 25 HUKIIIB, TOY-
HICTh OIIIHKM BIUTMBY (DaKTOPIB CKJIQJy IO BapilOOTHCA Ha BeIU4YMHY F 3HaUuHOIO Mipor 00yMOB-
JIeHa TaKOIO IMCKPETHICTIO. [HIIMMU clloBaMM, HEMOXKIIMBA TUIaBHA 3MiHA OI[IHEHOI B EKCIIEPUMEHTI
MOPO30CTIMKOCTI OETOHY MpU BapirOBaHHI HOTO CKJIAJy.

Ile HeoOXximHO BpaxoByBaTH MpH aHai3i sk camoro nokasHuka F, Tak i EC-moneneit, mo0y-
JOBaHUX 3a pe3yJIbTaTaMH BU3HAYCHHS JTAHOTO MOKA3HUKA JUIsl OKPEMHUX OCTOHIB, BUTOTOBJICHUX Y
npolrieci BUKOHaHHs ekcriepuMenty. ['padiuna intepnperaris mozaened (9) i (10), mo omucyroTsh
BILJIUB PELENTYpHUX (PaKTOPiB Ha MOPO3OCTIMKICTh KEPAM3UTOOETOHY BUTOTOBJICHOTO 32 PO3/LIb-
HOIO Ta TPAJUIIHHOIO TEXHOJIOT1sIMH, HaBeIeH] Ha puc. 7.

05
550 X1 i
I, srine®
Puc. 7. BonuB peuentypHux (pakTopiB CKIaay Ha MOPO3OCTIHKICTh KEPaM3UTOOETOHY, BUTOTOBIIE-
HOTO 32 PO3/JIFHOIO Ta TPATUIIIMHOI TEXHOJIOTISIMU
a — KOHTPOJIb (MEXaHOAKTHBAIliA B'SKYUOTO BiACYTHS); 6 — 0€TOH Ha MEXaHOAKTHBOBAHOMY
B'SDKy4OMY

AHani3 rpadivHEX 3aI€KHOCTEH CBIYUTH PO TE, M0 (HAKTOPH CKIAdy, IO BapilOIOTHCS, Ha-
JIAr0Th TMOIOHMIA BITMB HA MOPO30CTIMKICTh OETOHIB BUTOTOBJICHHX SIK 32 PO3IUIBHOIO, TaK 1 Tpa-
NUIIAHOK TEXHOJIOTIAMU.

Cnin 3a3HaYMTH, 10 HAWOLIbIIE BIUIMBAE Ha MOPO3OCTIMKICTh KepaM3UTOOETOHY BUTpaTa B's-
xKydoro. Tak, 30UTbIIIeHHS BMICTY BspbKydoro 3 350 mo 450 KI/MS MIPU3BOJIUTH JI0 TABUILIEHHS MOPO30-
CTIMKOCTI KepaM3UTOOCTOHY Ha 75 MMKIIB (HE3aJICKHO BiJf yMOB BUTOTOBJICHHS OCTOHHOI CyMIIIIi).
[Tomanbire 30UIbIIEHHS BUTPATH B'shKydoro 10 550 kr/m® migBuINye piBeHb F mpubamsHo Ha 25-50
IUKJIIB. Y MEHIII Mipi Ha MOPO30CTIMKICTh OETOHY BILTMBA€E BMICT 0a3anbToBoi (ibpu. BBeneHnus B
kepam3uTo0eToH 1% 6a3anbToBOi (ibpH BUKIMKAE 30UIBLICHHS MOPO3OCTIMKOCTI B CEpeIHHOMY Ha
50-75 uukiB (MOpiBHAHO 3 OETOHOM 0€3 100aBOK).

Beenenns cynepractudikaropa Cymep-IIK Bukinkae HeNmiHIMHY 3MiHY MOPO30CTIHKOCTI
JOCTIKEHUX Kepam3uToOeToHiB. [Ipu 30unbmenHi KiabkocTi mo6asku 3 0,5 no 1% pisens F min-
BHINYETHCS TPUOJIM3HO Ha 50 ITUKIIIB HE3aJeKHO Bija BUTpATH B'shKydoro. Iloganbiie 3011bIIeHHS
nosyBanHs Cymnep-I1K 1o 1,5% npu3BoauTh 10 30UTBIICHHS MOPO30CTIHKOCTI Ha 25 1ukiiB. Takuid
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BIUTMB CyIepIUIacTU(iKaTopa MOXKHA MOSICHUTH TUM, 1110 32 YMOBHU 30€peKeHHsI PiBHOT PYXJIMBOCTI
cyMinr Jo0aBKa 3HIKYE KUTBKICTh BOJW 3aMIIIyBaHHS 1 BIMOBIIHO MOPUCTICTh. 3HMIKEHHS 3ara-
JBHOT MMOPUCTOCTI, 3 OTHOTO OOKY, BUKIIMKAE T1IBUIIICHHS MIITHOCTI KOMIIO3UTY, IO CIPUSE MiABU-
IIEHHI0O MOPO30CTIMKOCTI, 3 1HIIOrO OOKY MpH 3HAYHOMY 301JIbIIIEHHI KOHIICHTpAIlli CyNepIuiacTu-
¢ikaTopa 3HAYHOIO MipOIO 3HMKYETHCS 1 KUIBKICTh 3aKPUTHX IIip, 110 BUKOHYIOTh POJIb KOMIICHCA-
TOpiB 00'eMy TIpH 3aMep3aHHI BOAW. X04Ya B IIJIOMY MPOBECHI TOCIIPKEHHS TOBOPATH PO HE3HA-
YHUI BIUIMB KiTIbKOCTI 106aBku Cynep-11K Ha MOpO30CTIHKICTb.

3a paxyHok BBeneHHs cynepruiactudikaropa Cynep-I1K B IIIIL, mexaHoakTuBallii B'soKyq0-
ro, BUKOpUCTaHHS 0a3aibToBOI (hi0pH, MOPO30CTIHKICTh KEPAM3UTOOCTOHY MOXE OyTH TIiJBUIICHA
OUTBIII HIXK B 2 pa3u.

[IpencraBnsB iHTEepec 3'sICyBaTH BILIUB PEleNTYpHUX (DaKTOPIB HA YAApHY MIIHICTh Kepam3u-
ToOeTOHY. EKCnepuMeHTanbHO BCTAHOBJICHI B Iporieci BUIIPOOyBaHb Ha JIaOOPAaTOPHOMY KOMPi
3HAYEHHS YIapOCTIUKOCTI (I[)K/CMZ) JUTSE T'SITHAALSITH JIOCHIDKEHUX CKIIAIB KEePaM3UTOOETOHIB.
Brume dakTopiB ckiamy, 1Mo BapiloThHCSA, HA YAAPOCTIHKICTh KEPaM3UTOOETOHIB OMKMCYIOTh HaBe-
neni Hkde Bignosigai EC-moneni:

ar= 51,6 + 49x1 - 1,1x;° —0,2X:Xz

+2,5x; — 0,6%,° (12)
+13,9%3 — 3X32

as= 58,6 +5,1x; —1,2x° — 0,3x1%,

+24%; —1,1x° (12)
+ 14,13 — 3,1x5°

Amnani3z mozene#t (11) i (12) nokazas, 110 HalOUIBIINI BILUTUB Ha yAApOCTIHKICTh KEPaM3UTO-
O0eToHy HaJlae KOHIEHTpalis 6a3anbToBoi (hidpu. Tak, BBeneHHs ¢idpu B kimbkocTi 0,5% Big macu
B'SOKYYOTO MPHU3BOAUTH JI0 MiABUINEHHS yAapocTiiikocTi 6eToniB Ha 17-20 I[)K/(:M2 (puc. 8), 3amex-
HO Bij BUTpatu B'sokydoro ta BMicTy Cynep-I1K. [Toganbmie 30imbpiieHHs BMICTY 0a3abTOBOTO BO-
nokHa 110 1% migBuInye nokasHUK yaapoctiiikocti Ha 10-12 I[)I(/CMZ.

a) 0)
80,0 | _ 80,0
= /A =
S 700 2 S 700 3 A
2o 2o 2 >
5 5 600 1 5 % 60,0 2o
=R =2 L7 -7
E = 50,0 A/ E = 50,0 \%' P
= 0 P
) 40,0 g = 40,0 &~ 2
5 X o b7
30,0 30,0
0 0,5 1 0 0,5 1
dibpa, % ®ibpa, %

Puc. 8. B BmicTy 6a3aiibToBOI (iOpH y BSDKYUYOMY Ha yIApOCTIMKICTh KEPAaM3UTOOETOHY:
1, 2, 3 — Burpara B'sokydoro Ha 1 M° Gerory 350, 450 Ta 550 kr/m° BimIOBiAHO.
a — KOHTPOJIb (MEXaHOAKTHUBAIlisl B'SXKY4JOr0 BiZICYTHs); 6 — OETOH Ha MEXaHOAKTUBOBAaHOMY
BSDKYy4OMY

IcToTHOMY BIUTMBY Ha yIapHY MII[HICTh KEPAM3UTOOETOHY CIIPUSIE TiIBUIICHHS BUTPATH B'SDKY-
4oro. 31 30UIbIIEHHSIM BMICTY B'sbkydoro Bif 350 mo 550 Kr/M> yJlapHa MIIHICTh OETOHY Ii/IBUILYETHCS
3 58,6 110 68,1 Jhx/cM? (mpu MakcUMaJILHOMY BMICTi 6a3aJIbTOBOTO BOJIOKHA), TOOTO Maiixke Ha 15%.

['padiuna inrepnperarnis mozgeneit (11, 12), mo onucyrOTh BIUTMB PELENTYPHUX (aKTOPIB Ha
yIapHy MIIHICTh OETOHIB BUTOTOBJICHHX 32 PO3JIUILHOIO Ta TPAIUIIIHHOIO TEXHOIOTISIMH MIPEICTaBICHA
Ha puc. 9.
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Puc. 9. BB penentypHux GpakTopiB Ha yaapHy MIllHICTh 0¢TOHIB (/IK/CM“), BUTOTOBJICHHX 3a
PO3AUIBHOIO Ta TPAJAHIIIHHOO TEXHOJIOT1SIMH
a — KOHTPOJIb (MEXaHOAKTUBALli B'SDKYUOTO BiZICYTHS); 6 — 0E€TOH Ha MEXaHOAKTHUBOBAHOMY
B'SDKy4OMY

He3naunuii BIMB Ha mpHUpicT yaapHoi minHocTi Hajxae kimpkicts Cynep-I1K. Tak, npu BBe-
nenHHi cynepriactudikaropa Bin 0,5 mo 1,5% (6a3 ¢i6pa — 1%, BuTpara B'spkydoro 550 Kr/M3) 3Ha-
YeHHS OKA3HHKA yIapHOi MiltHOCTI 361IbImyeThCs 3 63,5 10 68,1 Jlx/cM?, To6TO Ha 8%.

MexaHoakTuBallig B'SHKYYOro 30UIbIIY€E YAApHY MIIHICTh OETOHY Yy BChOMY Jiana3oHi BMICTY
6a3anbTOBOI (DiOpM B NUTAKOMOPTIAHIIEMEHTI. 3aCTOCYBaHHS MEXaHOAKTUBAIlll B'SXKYy4OrO TPHU3-
BOJAMTH JI0 MiJBUIICHHS yAapHOi MiIIHOCTI OeToHY B cepeanboMy Ha 10-14%.

BuCHOBKM i epcrnieKTHBH MOJAIbIINX A0CTiKeHb.

1. Beenenns 6a3anbToBoi ¢iOpU CHUIFHO 3 MEXaHOAKTHUBAIIIEI) B'SXKYYOTO J03BOJISE MiABU-
IIUTH ITOKAa3HUK 3HOCOCTIMKOCTI OETOHY OibIlle HIX y 3 pasu.

2. Kepam3uro0eToH Ha MEXaHOAKTHMBOBAaHOMY IUIAKOMOPTIAHALIEMEHTI 3 JI0JJaBaHHAM 0a3alib-
toBOi (hiOpu Ta cynepruiactudikaropa Cymnep-IIK xapakTepusyeTbcss MOPO3OCTIHKICTIO HE HUXKYE
F200. HasiBHicTh 6a3anbpToBO1 (hi0OpH y CyMilll MiABUIILYE YAAPHY MILHICT 6eTOHY 3 47 110 75 Jox/eM?.

3. BcTaHoBneHO, 1110 MEXaHOAKTHUBALIIS B'SKY4OTO MPU3BOJUTH 10 MiJABUILEHHS MIIIHOCTI Oe-
TOHY B 3-Xx aeHHoMY Billi 3 11,4 mo 16,2 MIla, To6T0 6inbin Hik Ha 40% MOPIBHSIHO 3 KOHTPOJIEM.
BBenenns 6a3anbroBoi hi0pu B KuTbKOCTi 1% BiJ Macu MEXaHOAKTUBOBAHOIO B'sKy4yoro 3alesme-
qye MoJalbllie 3pocTaHHs MilfHOCTI 6eToHy Ha 10-15%.

VY noganbmmx TOCHIIKEHHX Mepea0aueHo BIOCKOHATICHHS TEXHOJIOT1] MPUTOTYBaHHS JTUTUX
OETOHHHUX CyMilIeH 3 MOKpaIIeHUMH (Pi3UKO-MEXaHIYHUMHU XapaKTePUCTUKAMH.
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THE INFLUENCE OF BASALT FIBER ON THE PROPERTIES OF
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'Barabash L.V., Doctor of Engineering, Professor,
dekansti@ukr.net, ORCID: 0000-0003-0241-4728

'Odessa State Academy of Civil Engineering and Architecture
4, Didrikhson str., Odessa, 65029, Ukraine

2Shcherbyna O.S., PhD.,

olegito4ka@ukr.net, ORCID: 0000-0001-8180-4665
2"Bautech-Ukraine" LLC

4/1, Himichna str., Odessa, 65000, Ukraine

Abstract. The paper examines the properties of dispersed-reinforced cast expanded clay concrete
on mechanically activated slag Portland cement with the addition of Super-PC polycarboxylate super-
plasticizer. Experimental studies have established the possibility of obtaining lightweight concrete
based on high-mobility lightweight concrete mixtures with a diameter of a cone of at least 50 cm.

It has been experimentally confirmed that the hydrophobization of expanded clay gravel helps
to increase the spreading of the cone of the concrete mixture, and also increases the viability of the
concrete mixture. The expediency of mechanical activation of slag Portland cement in the presence
of Super-PC to obtain light concrete with increased characteristics in terms of frost resistance, abra-
sion and impact strength is shown.

The results of research are presented, which indicate that the introduction of basalt fiber into slag
Portland cement together with the mechanical activation of the binder allows to reduce the abrasion of
concrete from 0.44 to 0.13 g/cm?, as well as to increase the impact strength of concrete by almost 2
times (compared to with control). The proposed complex of recipe-technological influences allows to
ensure frost resistance of concrete not less than 350 cycles of alternating freezing and thawing.

It was established that the mechanical activation of the binder causes an increase in the strength
of concrete at the age of 3 days from 11.3 to 16.2 MPa, that is, by more than 40% compared to the con-
trol. The introduction of basalt fiber in the amount of 1% of the mass of the binder ensures an increase
in the strength of concrete by 10-15%. The joint effect on slag Portland cement of mechanical activa-
tion, additives of poly-carboxylate Super-PC and basalt fiber causes an increase in the strength of con-
crete at the age of 28 days (compared to the control) from 11.3 to 29.5 MPa, i.e. more than 2.5 times.

In general, the combined use of the listed recipe-technological factors ensures an increase in
the main physical and mechanical characteristics of lightweight concrete.

Keywords: expanded clay concrete, mechanical activation, basalt fiber, polycarboxylate su-
perplasticizer, abrasion, frost resistance, impact strength.
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COMPARATIVE ANALYSIS OF THE USE OF EXPANSION AGENTS IN REPAIR
SOLUTIONS OF DRY BUILDING MIXTURES FOR IMPROVING HARDENING
CONDITIONS
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Abstract. The article examines the possibility of increasing the compatibility of repair
solutions based on dry mixes with damaged concrete and reinforced concrete structures by
improving the curing conditions of such materials through comparative analysis of adhesive
strength and linear shrinkage of cement samples using different types of superabsorbents, namely
SAP Newsorb based on sodium polyacrylates from the Japanese manufacturer Newstone, Chinese
MNC-SAP based on potassium polyacrylates from MUHU Construction Materials and AquaGel
based on cross-linked copolymer of acrylamide and potassium acrylate from the Australian Baroid.

The data obtained during experimental studies show that the use of investigated SAP
superabsorbents additives due to the improvement of hydration conditions in the cement matrix of the
repair material can partially compensate the growth of shrinkage deformations, which, in turn, slightly
improves the indicators of the adhesive strength of the bond with the surface of the damaged structure.

A positive effect of the use of the specified polymer admixtures on the investigated cement
solutions was established. Compared to the base sample, on average, for each of the studied days of
hardening, the shrinkage rate of all samples containing SAP was reduced by 35%, which justifies their
use in order to facilitate the creation and further high-quality functioning of the repair system. The
addition of the studied SAPs allows to improve the adhesion index by 1.5-2.3 times compared to the
basic one, which should ensure the maximum ability of the repaired system to perceive the workload.

The optimal contents of SAP additives in the composition of the studied cement mortars to reduce
shrinkage and increase the adhesive strength were determined. The compositions of non-structural
repair cement mortars of class RM3 and R1-R2 in terms of adhesive strength and classes RM1-RM2 in
terms of shrinkage deformation in accordance with Ukrainian and European standards were obtained.

Keywords: repair solutions, dry mixes, expansion agents, superabsorbent, adhesion, linear
shrinkage.

Introduction. Nowadays, carrying out repair and restoration works of damaged concrete and
reinforced concrete structures is of particular importance. Structures that have undergone partial
destruction require local restoration works using modern repair materials to restore their operational
characteristics without decommissioning them and in a short period of time.

Repair solutions based on dry construction mixtures are powder compositions based on mineral
or polymer binders with the use of finely dispersed fillers, fine fractional aggregates and a complex of
chemical additives, intended for the restoration and protection of structurally damaged horizontal,
vertical and ceiling elements of structures when performing all types of repair and restoration works at
civil, industrial and special construction sites [1-3].

In recent years, the regulatory framework for such materials has expanded in the direction of
increasing the set of requirements for solutions and accounting for the parameters of joint work
when creating compatible systems (in technological and physicochemical terms) [4-8], while in
practice it becomes necessary to ensure additional properties. In addition to the appropriate
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indicators of strength, rheological properties and reduction of setting and hardening time to reduce
the period of repair work and to put the facility into operation as soon as possible, one of the most
important characteristics of such materials is the increase of adhesion to the base (substrate) being
repaired to create conditions for compatible work with a damaged structure and reduction of
shrinkage deformations to prevent cracking of the material and the occurrence of defects in the
contact zone between solution and substrate, which can be achieved by improving the hardening
conditions when using polymer additives for internal care of the hardening material [9-11].

Analysis of research and publications. Along with the classic methods of reducing
shrinkage deformations [12-15], expanding polymeric agents (superabsorbents) of various chemical
nature are increasingly used recently [9, 16].

Superabsorbent (Super Absorbent Polymer, SAP) is a polymer humectant that absorbs and
retains certain amounts of water, which is subsequently released into the cement matrix of the repair
solution and provides the highest quality hydration process, thereby reducing the appearance of
internal stresses and reducing the possibility of autogenous shrinkage in the solution, especially at
very low W/C rates. Based on the concept of the repair system [4, 5, 8], which includes the idea of
the joint operation of the repair material through the contact layer with the substrate being repaired,
the increase in shrinkage deformations in the thickness of such material will be negatively reflected
on the adhesion indicators [17-20]. In the hydrated form, the superabsorbent granule is a water-
saturated gel, which has the property of easy return of absorbed water. Absorbent molecules contain
a set of polymer chains parallel to each other, which are regularly connected by crosslinking agents,
forming a network [16]. When the water contained in the solution comes into contact with the SAP,
it is drawn into the polymer molecule by osmosis [21]. Thus, stored water quickly migrates inside
the polymer mesh. In the process of hardening of the repair material, water encapsulated in SAP
moves back into the solution, ensuring a normal hydration process and improving the conditions of
hardening of the repair material [9, 16, 21].

For such materials and systems for the repair and restoration of damaged concrete and
reinforced concrete structures the European standard [22] singles out the concepts of adhesive
strength and general shrinkage as indicators that are of particular importance for successful repair
work. The standards [4, 23] stipulate that the amount of deformation of repair composites that
harden, according to the corresponding classes, should not exceed 1.2-2 mm/m, and adhesion to the
concrete substrate should be ensured at the level of 0.8-2 MPa.

Problem statement. The purpose of this work is to investigate the possibility of increasing
the compatibility of repair solutions based on dry building mixtures with damaged concrete and
reinforced concrete structures by the improvement of the hardening conditions of such materials
through a comparative analysis of indicators of adhesive strength and linear shrinkage of cement
samples using different types of superabsorbents, namely SAP Newsorb based on sodium
polyacrylates from the Japanese manufacturer Newstone, Chinese MNC-SAP based on potassium
polyacrylates from MUHU Construction Materials and AquaGel based on a cross-linked copolymer
of acrylamide and potassium acrylate from Australian Baroid.

Research materials and methodology. European CEM | 42.5 R was used as a binder for the
preparation of samples, and quartz sand with a fraction of 0.125-0.63 was used as a fine aggregate.
To control the rheological properties of the solutions, a powder superplasticizer based on
polycarboxylate CABR CCS from the manufacturer Luoyang Tongrun was used. The selection of
the amount of water to maintain the necessary working consistency, which is the same for all
investigated solutions, was carried out according to the method specified in [4]. For the
completeness of the comparative analysis, a solution without superabsorbents was used as the base
composition. The compositions of the studied samples are shown in Table 1.

For all investigated compositions of cement samples, adhesive strength indicators were
determined using the DYNA Z16 adhesiometer in accordance with [22] and linear shrinkage using the
Controls 62-L0009/F mold and the Controls Nirois 62-L0035/A comparator in accordance with [24].

For the study of adhesion parameters, washer samples @50 mm and a material thickness of 10
mm were produced, as well as reference concrete slabs in accordance with [25] (PC 1lI/A-S-400,
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gravelly sand 0-8 mm, W/C rate 0.45, without using grease for molds, water absorption on the
surface of 3.2 cm® after 4 hours). In order to obtain the most reliable data on the quality of adhesion
of repair composites to concrete slabs, the results of AF-S and CF-S types of adhesive bond loss
only were taken into account. In accordance with [26], the polymer primer Acryl-Putz GP 41 was
used as a contact layer. To determine the parameters of linear shrinkage, samples-beams of size
40%40x160 mm with embedded end elements were used.

Table 1 — Compositions of the studied samples

SAP
No. Czr/r:%nt, Sand, g/kg ng Bglfk g Ne(\;ligrb, MN;?kZAP’ Aqg;:/?((;el, Water, ml
1 563.11 — — — 72.40
2 560.11 3.00 — — 81.28
3 558.11 5.00 — — 94.22
4 435.00 561.11 1.89 — 2.00 — 79.36
5 559.11 - 4.00 - 99.74
6 561.61 - - 1.50 88.17
7 560.11 - - 3.00 102.97

Research results. During the experimental studies, data were obtained on the indicators of
adhesive strength and linear shrinkage of cement samples of repair mortars based on dry building
mixes for repair and restoration of concrete and reinforced concrete structures and structures using
various types of superabsorbents.

As can be seen from Table 1, it should be noted that with the same working consistency of all
solutions, the water consumption in all compositions containing SAP expanding polymer agents is
higher than the basic composition by an average of 22%, which is explained by the high absorption
capacity of free SAP granules due to the ionic nature, internal linked structure and the formation of
secondary chemical bonds [9-11]. The largest amount of water while maintaining the working
consistency indicator was required for composition 7 with a content of 3 g/kg of AquaGel
superabsorbent, which can be explained by the fact that, unlike most polymer products that absorb
water, the superabsorbent based on the cross-linked copolymer of acrylamide and potassium
acrylate has a lower amount of crosslinking agent than the other two SAPs in the study. A more
cross-linked polymer has a denser network, which reduces its capacity and reduces the property of
easy return of absorbed water, but increases the stability of the polymer over time [10].

Table 2 shows the obtained indicators of shrinkage deformations of the studied samples.

Table 2 — Shrinkage deformations of the studied samples

Shrinkage rate per day of hardening, mm/m

No. Sample marking 1 z 10
1 Basic without SAP 0.202 0.823 1.318
2 | SAP Newsorb, 3 g/kg 0.126 0.597 1.088
3 SAP Newsorb, 5 g/kg 0.094 0.449 0.756
4 MNC-SAP, 2 g/kg 0.128 0.622 1.240
5 | MNC-SAP, 4 g/kg 0.107 0.508 1.103
6 | AquaGel, 1.5 g/kg 0.114 0.559 0.998
7 | AquaGel, 3.5 g/kg 0.079 0.466 0.779

Sample 7 with a content of 3.5 g/kg of AquaGel superabsorbent shows the lowest shrinkage
rates (Fig. 1), taking into account the dosage — 41% less compared to the rate of the base sample on

the 10" day of curing.

Modern construction and architecture, 2022, no. 1, page 55-62

57



58

BUILDING MATERIALS AND TECHNIQUES

1.318
1.24
1.4 1 1,103
0,098

1.2
= 0,75 0.7
= 1
Z 0.8 = 0.62
e 052 0. 0,559
73 06 0 0,46
§D
:_-'z 0.4
= 0.2 2 2 0.10 0.11 1o

. 0.09 - 0,07 < -

= D
A
1 _\\._\ik

o

[

Basic SAP NewsorbSAP Newsorb, MINC-SAP. MNC-SAP, AquaGel, AquaGel,

-1,1\“%-7
without S AP 3 gkg s gkg 2 gkg 4 gkg 1.5 g’kg 35 gkg »

Fig. 1. Shrinkage rates on the 1%, 5", and 10" days of samples’ hardening

It should be noted that due to the dense polymer network and, as a result, high stability in the
"feeding" of the cement matrix of the hardening sample, SAP Newsorb superabsorbent based on
sodium polyacrylates in the amount of 5 g/kg reduces the rates of shrinkage deformations, showing
lower indicators especially in the later curing days — on the 5™ and 10" days.

Taking into account the average value of shrinkage deformations of PC binder of 3-5 mm/m
and indicators of the base composition, it is necessary to note the overall positive effect of the use
of expanding polymer agents to reduce shrinkage deformations of repair materials based on PC
binders. On average, for each of the studied hardening days, the shrinkage rate of all samples
containing SAP was reduced by 35%, which justifies their use in order to facilitate the creation and
further high-quality functioning of the repair system. All tested samples of cement mortar
containing SAP expanding agents, except for sample 4, according to the index of shrinkage
deformations, correspond to the repair material class RM1-RM2 according to [23].

According to the standard [22], the concept of adhesion strength is defined as the bond
strength of the applied repair product or system with the concrete substrate, the strength of contact
at the boundary of the distribution of two materials. Based on the micro rheological theory of
adhesion [27], the quality of this boundary directly depends on the deformation background of the
material that hardens in the zone of formation of the contact zone of the repair system [28-33].

When studying the adhesive strength index, samples of the tested cement mortars were
applied to the primed surface of reference concrete slabs, kept for a day in a normal hardening
chamber and for another day in air-dry conditions. The obtained results of measurements of the
adhesion of repair solutions to the concrete substrate through the contact layer are shown in Table 3.

Table 3 — Adhesion indicators of the studied samples to the concrete substrate

. Adhesion index f,, MPa

No. Sample marking —

For each sample fa
1 | Basic without SAP 0.66 0.57 0.64 0.59 0.62 0.62
2 | SAP Newsorb, 3 g/kg 121 1.18 1.08 1.27 1.22 1.19
3 | SAP Newsorb, 5 g/kg 1.44 1.49 1.33 1.38 1.54 1.44
4 | MNC-SAP, 2 g/kg 0.88 0.92 0.87 0.85 0.99 0.90
5 | MNC-SAP, 4 g/kg 1.06 1.19 1.21 111 1.19 1.15
6 | AquaGel, 1.5 g/kg 1.08 0.98 1.17 1.06 1.01 1.06
7 | AquaGel, 3.5 g/kg 1.32 1.49 1.36 1.44 1.33 1.39
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The highest adhesion values (Fig. 2) of 1.44 MPa and 1.39 MPa were observed in samples
with 5 g/kg of SAP Newsorb and 3.5 g/kg of AquaGel, respectively. Taking into account the
dosage, the superabsorbent based on sodium polyacrylates increases the adhesive properties of the
material by 24% compared to the base sample.

SAP Newsorb. SAP Newsorb, MNC-SAP MNC-SAP. AquaGel. AquaGel.
“'ﬂ:houtSAP 3 g'kg 5 g'kg 2 g’kg 4 g'kg 1.5 g'’kg 3.5 gks
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Fig. 2. Indicators of adhesion of the samples to the concrete substrate

In general, the introduction of the studied SAPs into the composition of solutions for carrying
out repair work based on PC binder allows to improve the adhesion index by 1.5-2.3 times, which
should ensure the maximum ability of the repaired system to absorb the workload. It should also be
noted the rather high level of correlation (Fig. 3) of the obtained indicators of adhesive strength and
shrinkage deformations of the samples throughout the entire period of their measurement.

All tested cement mortar samples containing SAP expanding agents correspond to the repair
material class RM3 according to [23] and classes R1-R2 according to [4] according to the adhesion
index. The base sample without SAP content according to [4] and [23] cannot be used as a repair
material.
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Fig. 3. Dependence of indicators of adhesion of samples to the concrete substrate on shrinkage
deformations
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Conclusions. The use of investigated SAP superabsorbent additives due to the improvement
of hydration conditions in the cement matrix of the repair material can partially compensate for the
growth of shrinkage deformations, which, in turn, slightly improves the indicators of the adhesive
strength of the bond with the surface of the damaged structure.

With the same working consistency of all tested solutions, the water consumption of all
compositions containing SAP expanding polymer agents is higher than the base composition by an
average of 22%. The largest amount of water while maintaining the working consistency index was
needed for the cement sample with a content of 3 g/kg of AquaGel superabsorbent.

Compared to the base sample, on average, for each of the studied days of hardening, the
shrinkage rate of all samples containing SAP was reduced by 35%, which justifies their use in order
to facilitate the creation and further high-quality functioning of the repair system. The sample with a
content of 3.5 g/kg of AquaGel superabsorbent shows the lowest shrinkage rates, taking into
account the dosage — by 41% less compared to the rate of the base sample on the 10" day of curing.

The introduction of the investigated SAPs allows to improve the adhesion index by 1.5-2.3
times compared to the basic sample without expansion agents, while maintaining a fairly high level
of correlation of this index with the index of shrinkage deformations of the samples for each of the
studied days of hardening, which should ensure the maximum possibility of perception of the
repaired workload system.

The highest adhesion values of 1.44 MPa and 1.39 MPa were observed in samples with 5 g/kg
of SAP Newsorb and 3.5 g/kg of AquaGel, respectively. Taking into account the dosage, the
superabsorbent based on sodium polyacrylates increases the adhesive properties of the material by
24% compared to the base sample.

All tested samples of cement mortar containing SAP expansion agents, except for sample 4,
according to the adhesion index correspond to the repair material class RM3 according to [23] and
classes R1-R2 according to [4], according to the index of shrinkage deformations correspond to the
classes RM1-RM2 according to [23], and can be used as non-structural repair systems.
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AHoTaniss. B crarri HaBemeHe OCTI/DKEHHS MOXKIMBOCTI MiABHINEHHS CYMiCHOCTI
PEMOHTHUX PO3YMHIB Ha OCHOBI CyXHMX OYIIBEIbHHX CYMIIIEH 3 MOMIKOKECHUMH OCTOHHHUMH Ta
3aJ11300€TOHHUMH KOHCTPYKIISIMU Ta CIIOPYAaMH 32 PaXyHOK MOKpAIIEHHS YMOB TBEPAIHHS TaKUX
MaTepiaiB uepe3 MOPIBHSUIBHUI aHalli3 MOKa3HUKIB aAre3ifHOi MIIHOCTI Ta JiHIAHOI ycajku
[EMEHTHUX 3pa3KiB 3 BUKOPHUCTaHHSM Pi3HUX THUIIB cynepadbcopOeHTiB, a came SAP Newsorb Ha
OCHOBI TMOJIIaKpUJIATIB HATPilO0 SIMOHCHKOro BHUpoOHWKa Newstone, kutaiicbkoro MNC-SAP Ha
ocHoBi nomakpwiariB kaiiro Bigx MUHU Construction Materials Ta AquaGel Ha OCHOBI 31IMTOTO
COMOJIIMEpY aKpujaMiay Ta akpuiaTy Kaiiro BiJ aBcTpaniiicbkoi Baroid.

OTtpumani mig 9ac eKCIEePUMEHTAIBHUX JOCHIDKEHb NaHl MOKa3ylTh, 10 BUKOPUCTAHHS
JOCTIDKYBAaHUX JOMIIIOK cyrnepabcopOenTiB SAP BHacmiIOK MOKpalieHHs yMOB Tigpartaiii B
[EMEHTHI MAaTpHIli PEMOHTHOTO Marepialy MOXE YacTKOBO KOMIIEHCYBAaTH 3POCTAHHS
nedopmariiii ycaaku, 10, B CBOIO 4Yepry, ACIIO MOKpaIlye IMOKAa3HUKU aAre3iHOi MIIHOCTI
3UYEIUICHHS 3 TOBEPXHEIO MOIIKOHKEHOT KOHCTPYKIIII.

BceranoBneHuii MO3UTHBHMI BIUIMB BUKOPHCTAHHS 3a3HAYCHHX MOJMIMEPHUX JOMIIIOK Ha
JOCTIKYBaHI LIEMEHTI PO3UMHU. Y TOpPIBHAHHI 3 0a30BHUM 3pa3KOM B CEpEAHbOMY Ha KOXHI 3
JOCHIJKYBAaHUX /110 TBEpHIHHS MOKA3HUK YCAJKHM BCIX 3pa3KiB, Mo MicTwin SAP, 3HMKeHHHA Ha
35%, o BUTIIPABIOBYE X 3aCTOCYBAaHHS 3 METOIO TOJIETIIIEHHS CTBOPEHHS Ta MOJAIBIIOTO SIKICHOTO
(GYHKIIOHYBaHHS PEMOHTHOI cHucTeMH. BBenenHs pocmipkyBaHux SAP 103Boiiss€ MOKpaLIUTH
nmokasHuk aaresii y 1,5-2,3 pa3u mopiBHSHO 13 0a30BHM, IO Ma€ 3a0€3MEYUTH MaKCUMaIbHY
MO>KJIMBICTh CIIPUMHSTTS BIPEMOHTOBAHOIO CUCTEMOIO pOOOYOr0 HaBaHTAXKEHHS.

BusnaueHo ontumanbHi BMicTH JoMmimlok SAP y ckmaal JochipKyBaHHUX LIEMEHTHHX
PO3YMHIB I 3HI)KEHHS MOKAa3HUKIB YCaJAKOBHUX JedopMalliid Ta MmiIBUIEHHS aAre3iiHoi MIIIHOCTI.
OTpuMaHO CKJIaJIM HEKOHCTPYKIIMHUX PEMOHTHUX LIEMEHTHUX po3uMHiB kiacy PM3 ta R1-R2 3a
aare3iifHoil MIIHICTIO Ta kiaciB PM1-PM2 3a mokasHukom ycaakoBux aedopmailiil BiAMOBITHO J0
YKpaiHCBKUX Ta €BPOTIEHCHKUX HOPM.

KirouoBi cioBa: peMOHTHI pO3uMHM, CyXi OyaiBelbHI CyMillli, pO3IIMPIOBAIbHI areHTH,
cynepa0bcopOeHTH, aaresis, JiHiiTHA ycaaka.
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Abstract. A review of scientific work on the main sources of noise from road transport and its
impact on human health. Measures to reduce the level of noise load on the environment are
analyzed.

It is established that in projects of construction and reconstruction of highways measures of
reduction of noise loading of motor transport on adjoining territories to highways, especially within
settlements, should be considered.

The method is given and experimental measurements of noise load from highways to the
adjacent territories depending on the distance from the noise source to the residential area are
carried out. It was found that the equivalent sound level in the area adjacent to the residential area,
at a distance of 2 m is 74.4 dBA, and the maximum sound level — 78.0 dBA. When measuring the
noise characteristics at a distance of 1 m in front of the noise shield, the equivalent sound level was
88.6 dBA, and the maximum sound level was 103.9 dBA. At a distance of 2.4 m from the noise
shield, the equivalent sound level was 70.7 dBA, and the maximum sound level was 89.8 dBA.

It was found that during the experimental measurements at a distance of 19.5 m from the
existing highway and at a distance of 2 m from residential buildings, the measured equivalent noise
level exceeded the established normative value by 19.4 dBA, and the measured maximum noise
level exceeded the established normative value by 8.0 dBA.

Experimental measurements of acoustic efficiency parameters of noise protection screens
were performed. It is established that noise protection screens are effective means of reducing the
noise transport load on the environment. At a distance of 2 m from the noise protection screen, the
acoustic efficiency of the screen is 11-16 dBA.

Key words: highway, noise load, experiment, noise protection screens.

Introduction. Significant increases in the intensity of traffic, increasing the power of car
engines and increasing speeds of road transport cause acoustic pollution. It should be noted that
today noise pollution has become one of the main polluters of the environment. It should be noted
that all organs of the human body react negatively to the increase in noise levels in the environment.
According to the World Health Organization (WHO), constant man-made noise disrupts a person's
psychological comfort, and also leads to various diseases, not only of the hearing aid, but also of the
nervous and cardiovascular systems [1]. In the countries of the European Union, much attention is
paid to reducing the noise level from road transport in the environment. This problem is solved
when designing the construction and reconstruction of roads. Noise protection measures are planned
in the settlements adjacent to the highway: additional landscaping, noise protection screens, etc.

The problem and its relevance. The noise load from road transport is influenced by many
factors. Some of them are the technical condition of the road surface and terrain, others the
performance of cars.

Vehicle noise is mainly caused by three factors: exhaust pipes, vehicle engines and tires that
interact with the road surface. Each of these factors reproduces sound energy, which, in turn, is a source
of moving and vibrating sound waves — fluctuations in atmospheric pressure. These sound pressure
fluctuations are usually reflected in the sound pressure and are measured in micronewtons per 1 m?
(uN/mz) or in micropascals (uPa). Usually the sound pressure is in the range from 20 to 200 pPa. Due to
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this scatter, the sound pressure is measured on a logarithmic scale (Fig. 1). On this scale, a value of 0 dB
is equal to a sound pressure level (SPL) of 20 puPa and corresponds to the hearing threshold for most
people. The value of 140 dB is equal to SPL 2x108 pPa and is the threshold of pain for most people.

( wPa ) |(dB)

2x108 | [ 140 (7

1,5x10 8
90

6
1x108 | |
| 75 5

5107 | |50 4

40 3
20 2
20 0 1

Fig. 1. Scale of sound levels: 1 — limit of audibility; 2 — rustling of leaves; 3 — "sleeping" area at
night; 4 — restaurant without music; 5 — continuous traffic flow at a distance of 30 m;
6 — jet aircraft at an altitude of 300 m; 7 — pain threshold

To express the energy of sound, or the pressure of sound in SPL, or in dB, the following
equation is used:

SPL =10xLg(P/Pref )%, (1)
where P — is the sound pressure; Pref — sound pressure equal to 20 pPa.

It should be noted that the trajectory of sound propagation is different. It depends on the
presence of obstacles.

The next characteristic of sound is amplitude, or volume. Sound sources produce sound
energy, which, in turn, creates micro fluctuations in atmospheric pressure.

Another characteristic of sound is its frequency, or tonality, measured in Hz, or the period of
oscillations per second.

Thus, the sound impression received by a person is greatly influenced by a person's condition:
fatigue, previous irritation with sound, simultaneous sound of other sources (so-called masking) and
much more. In addition, at sufficiently large amplitudes of sound in the human auricle there are
nonlinear distortions: higher harmonics in the case of sinusoidal tone, higher harmonics and
combination tones in non-sinusoidal tone.

Therefore, the development of methods for estimating and reducing traffic noise from
highways to the environment and conducting experimental measurements of noise load when
moving cars is an urgent task of research.

Analysis of recent research and publications. In research works [2, 3] the results of
research on noise reduction through the use of improved geometric shape of the car tires and
improved road surface design are presented. However, it should be noted that road safety should be
ensured first of all when developing measures to reduce noise load.

In [4] it is noted that the level of noise load on the environment depends on the temperature
and humidity parameters of the environment. It is established that with increasing temperature and
humidity, the speed of sound increases [5].

In addition, it was noted in [6] that, depending on atmospheric conditions, the sound level can
vary between 6-10 dB.
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Numerous studies of the influence of pavement materials on noise characteristics have been
carried out in [3]. It was found that a thin smooth layer of bitumen reduces the noise level by 4-5
dBA compared to the noise level on roads with ordinary asphalt pavement.

However, in [4] it was noted that a smooth road surface reduces the noise level, but does not
ensure the safety of cars in wet weather.

In scientific works [7-9] the issues of selection of optimal parameters and materials of noise
protection screens and their efficiency of application on highways are considered. The issues of visual
perception of the screen by road users and their integration with the surrounding areas are presented.

Therefore, the development of the transport network requires the development of effective
measures to reduce noise pollution. Therefore, the topic of scientific work is relevant and timely.

The aim of research is the development of a method for experimental assessment of the
noise load of roads on the environment and measurements of noise load depending on the technical
condition of roads and parameters of noise screens.

Research methodology. Experimental studies of noise pollution on the environment were
conducted in areas of roads that are close to settlements. The noise characteristics of the traffic flow
were determined before the noise protection screen and at a distance of 2 m after it. In addition, the
maximum and equivalent sound levels were determined in the settlement area, which is close to the
highway. The measurement was performed 2 m before the fence of the house, if any, or 2 m before
the house at a height of 1.2-1.5 m from the surface level. Also, the measurement method involved
determining the temperature, humidity and wind direction, atmospheric pressure and air velocity;
traffic intensity and traffic flow composition; number of lanes; the distance from the axis of the
extreme lane (noise source) to the noise shield; height and technical condition of the screen; the
distance from the noise source to the measuring point in the residential area and the profile of the
highway at the place of measurement.

The type of noise protection screens on which measurements were made, located on the Kyiv-
Chop highway, is shown in Fig. 2. They have the following physical characteristics: the material
from which the screens are made — steel sheet (perforated), plastic (transparent or translucent of
different colors); screen height — from 2.5 m to 3.9 m.

Fig. 2. Noise protection screens on the Kyiv-Chop highway:
a — steel perforated sheet; b — screen with a transparent part (157 km, Berezivka village, Kyiv
region); ¢ — plastic screen (238 km, Zhytomyr region)

The following equipment was used to measure the noise of traffic flows: Octave 110A Ne
AO060114 noise meter, electronic weather station type WM-918, wing anemometer, ASO-3 and
roulette.

The estimated equivalent noise level from the traffic flow at a distance of 7.5 m from the axis
of the nearest lane of the paved highway is determined by the formula:

L=50+88IgN, (2

where L — is the equivalent noise level of dBA; N — perspective traffic intensity, bus/hour.
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The value of the equivalent (energy) sound level LA, dB is determined by the formula:

T, 2
L, =10lg Tij(p’*—(t)] dt |, 3)

m 0 0

where p A(t) — sound pressure, which changes over time, measured with the frequency response

"A" of the noise meter, PA ; pg — threshold value of pressure equal to 2-10°° ITa; T,,, — duration

of noise measurement, min.
The width of the interval of sound levels must be less than or equal to 5 dBA. Average sound

level L; in 1 — intervals of sound levels are determined by the formula:
LI' + La
Li=———, (4)
' 2

where L; — the lower limit of the interval of sound levels, dBA; L4 — the upper limit of the

interval of sound levels, dBA.

Results of experimental measurements of noise load from highways. Measurements of
noise characteristics of traffic flow were carried out on the highway of Zhytomyr region. Schematic
situational plan of the area where measurements were carried out on the highway Kyiv-Chop km
238 + 740 is shown in Fig. 3.

measurements were made

I I
| | Noise protection
@ } } " screen
| |
| |
| | Side road
| | :
| | Noise profection
! ! @l // screen
! A / ___House
[ [ .
| l
i i The point at which the
I |
| |
| |
| |
| |
|
|
|

Field "~ The fence

“I—-_ House

35,0m

- 2,3m

Fig. 3. Schematic situational plan of the section of the Kyiv-Chop highway km 238 + 740

The results of experimental measurements of the acoustic efficiency of noise protection
parameters of screens located on the roads of Zhytomyr region are given in Table. 1.
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Table 1 — The results of experimental measurements of the characteristics of noise protection screens

. . Length of Eq. noise Eq. noise level at a .
Name of the Se(_:t|on O.f the h'ghV.Vay Noise level b_efore distance of 2 m per Efficie
. . h Noise protective : Noise . . nc
highway service wit P protective . Noise protective Y,
screen, km protective dBA
screen, M screen, dBA
screen, dBA

Zhytomyr region |237+920 — 238+685 765 87 71 16

(to the right) 238+740 — 238+780 40 84 72 12

238+830 — 238+880 50 86 74 12

239+375 — 239+450 75 86 73 13

239+520 — 239+580 60 85 72 13

239+610 — 239+670 60 85 72 13

239+680 — 239+740 60 86 73 13

239+870 — 239+930 60 84 71 13

246+920 — 247+020 100 85 70 15

247+040 — 247+110 70 85 71 14

247+190 — 247+150 60 86 72 13

247+260 — 247+315 55 86 74 12

247+780 — 247+840 60 86 74 12

247+850 — 247+885 35 84 73 11

248+210 — 248+325 115 84 70 14

248+345 — 248+390 45 85 73 12

248+470 — 248+520 50 86 74 12

248+560 — 248+650 90 84 69 15

248+665 — 248+715 50 84 72 12

248+722 — 248+920 198 86 70 16

248+990 — 249+090 100 86 71 15

250+096 — 250+180 84 85 71 14

250+220 — 250+500 280 86 70 16

250+650 — 251+420 770 85 69 16

251+530 — 251+590 60 84 72 12

Zhytomyr 247+010 — 247+110 100 84 69 15

Region (to the  |247+130 — 247+230 100 85 70 15

left) 247+440 — 247+500 60 85 73 12

247+977 — 248+010 33 85 74 11

248+420 — 248+750 330 86 71 15

The results of experimental studies have shown that the equivalent sound level in the area
adjacent to the residential area, at a distance of up to 2 m is 74.4 dBA, and the maximum sound
level — 78.0 dBA.

When measuring the noise characteristics at a distance of 1 m in front of the noise shield, the
equivalent sound level was 88.6 dBA, and the maximum sound level was 103.9 dBA. At a distance
of 2.4 m from the noise shield, the equivalent sound level was 70.7 dBA, and the maximum sound
level was 89.8 dBA.

Table 1 shows that the acoustic efficiency of noise protection screens on the highway in the
Zhytomyr region is 11-16 dBA.

During the experimental measurements at a distance of 19.5 m from the existing highway and
at a distance of 2 m from residential buildings: the measured equivalent noise level exceeded the set
normative value by 19.4 dBA, and the measured maximum noise level exceeded the set normative
value by 8.0 dBA.
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Conclusions. As a result of experimental measurements of noise load from roads in the
surrounding area, the following conclusions can be drawn:

1. The task of reducing the impact of road traffic noise on the environment should be
considered in projects for the construction and reconstruction of roads.

2. The analysis of the characteristics of noise protection screens on the Kyiv-Chop highway in
Zhytomyr region made it possible to establish that the acoustic efficiency of noise protection screens is
11-16 dBA.

3. It was established that the equivalent sound level in the area adjacent to the residential area,
at a distance of up to 2 m was 74.4 dBA, and the maximum sound level — 78.0 dBA.
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METOIAUKA EKCIIEPUMEHTAJIbHUX JOCJII?>KEHb ITYMOBOI'O
3ABPYJHEHHS BIJI ABTOMOBUIIBHOI'O TPAHCIIOPTY
TA AKYCTHYHUX ITAPAMETPIB IIYMO3AXUCHUX EKPAHIB

JlacioB C.B., HayKOBHii CITIBpPOOITHHK,
s125051982@gmail.com, ORCID: 0000-0002-6961-8613
Hayionanvnuii mpancnopmuuii ynisepcumem

Byl1. M. OmensnoBuua-IlaBnenka, 1, m. Kui, Ykpaina, 01010

AHoTanis. [IpoBeaeHO oOrisa HAyKOBUX pPOOIT CTOCOBHO OCHOBHHUX JKEped IIyMOBOTO
HABaHTAXXCHHS BiJ aBTOMOOUIRHOTO TPAHCIOPTY Ta HOrO BIUIMB Ha CTaH 3JI0POB’S JIIOZCH.
IIpoananizoBaHO 3aX0/1 3HM)KEHHS PIBHS IIIyMOBOI'O HaBAaHTAKEHHS HA OTOUYIOYE CEPEOBHUIIIE.

BcranoBieHo, o0 y mpoekTax OyAiBHHIITBA 1 pEKOHCTPYKIIi aBTOMOOLIBHHUX JOPIT MOBUHHI
po3MsIIaTHCA 3aXOAM 3MEHILEHHS LIYMOBOTO HAaBaHTa)KEHHS aBTOMOOIIBHOIO TPAHCIOPTY Ha
MPUJIETITI TEPUTOPIT 10 AaBTOMOOIIIBHHUX JIOPIT, 0COOIMBO y MEKaxX HACEIIEHUX MyHKTIB.

HaBeneHo MeToauMKy Ta TPOBEJEHO EKCIEPUMEHTaJbHI BUMIPIOBAHHS IIYMOBOIO
HaBaHTa)XCHHS B1Jl aBTOMOOUIBHMX JOPIT Ha MPUJIErIl TepUTOpIi y 3aJeKHOCTI BiJ BiACTaHI BiJ
JpKeperna IIyMy 10 KHUTJIOBOI 30HU. BCTaHOBIEHO, 110 €KBiBAJIEHTHHH PiBEHb 3BYKY Ha AUISHII
MPUJIETIIN 710 KUTIIOBOI 30HU, Ha BIJACTaH1 10 2 M cTaHOBUTH 74,4 nBA, a MakcuMaabHUN PIBEHb
3ByKy — 78,0 nBbA. Ilpu BuMiprOBaHHI LIYMOBHMX XapaKTepUCTHUK Ha BiacTaHi | M mepen
IIYMO3aXMCHUM €KpaHOM €KBIBaJEHTHMH piBEHb 3BYKY cTaHOBUB 88,6 nbA, a MakcumambHUil
piBeHb 3ByKYy — 103,9 nbA. Ilpu BincTaHi 10 HIyMO3aXHUCHOTO e€KpaHy 2,4 M €KBIBaJEHTHUI piBeHb
3ByKY ckianas 70,7 nbA, a makcuManbHUi piBeHb 3BYKY — 89,8 nBA.

BcraHoBieHo, 1110 pU eKCIIEpUMEHTAIbHUX BUMIPIOBAHHSAX Ha BijcTaHi 19,5 M Bix icHyrouol
aBTOMOOUIbHOI JIOPOTM Ta Ha BIJICTaHI 2 M /0 JKUTJIOBOI 3a0y/l0BUM BUMIPSIHMM €KBIBaJIEHTHUI
piBeHb IIyMy NEpEeBUIyBaB BCTaHOBJIEHE HOpMaTHBHE 3HaueHHS Ha 19,4 nbA, a BuMipsHUii
MaKCHUMaJIbHUH PiBEHb TyMy NIEpEBUIIIYBaB BCTAHOBIIEHE HOpMaTHBHE 3Ha4eHHs Ha 8,0 nBA.

[IpoBeneHo eKCIepUMEHTaIbHI BHUMIPIOBAHHS MapaMeTpiB aKyCTUYHOI e(eKTHBHOCTI
IIYMO3aXHCHUX €KpaHiB. BcTaHOBIEHO, IO IIyMO3aXHMCHI €KpaHU € e(pEeKTUBHUMHU 3acobamu
3MEHIIEHHS [IIyMOBOT'O TPAHCIIOPTHOI'O HAaBAaHTAXXEHHS HAa HABKOJIMIIHE cepenoBuine. [lpu Bincrani
2 M BiJl IIyMO3aXHCHOT'O €KpaHy aKyCTUYHa €EeKTUBHICTh eKpaHy cTaHOBUTh 11-16 nBA.

KunrouoBi ciioBa: aBroMo0iIbHA J0pOra, IIYMOBE HaBAHTAXKEHHS, €KCIIEPUMEHT, IIYMO3axXHCHI
eKpaHH.
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Abstract. A solution to the problem of rational use of secondary polymeric raw materials and
wood waste is presented by creating composite materials for structural and decorative purposes on
their basis.

Wood-polymer composites (WPC) are modern materials made from a mixture of an organic
thermoplastic polymer and a plant-based filler. To obtain WPC, various fillers and thermoplastic
binders are used. Work in this direction is being actively carried out and the production of WPC
(molded, sheet, complex profile) is widely mastered in the world.

In order to significantly reduce the cost of composites while maintaining their physical,
mechanical and operational characteristics, studies were carried out on the use of secondary raw
materials as the main raw material. The object of the study was the most large-tonnage types of
waste polymeric thermoplastic materials, in particular, polyvinyl chloride, which is formed both in
the process of its industrial production, and in the field of industrial and domestic consumption, as
well as soft waste from sawmilling and woodworking (sawdust, shavings).

In the studies, the direct extrusion method was used.

Based on the results of a complex of studies, the optimal technological parameters of the
extrusion processing mode of the developed press compositions were determined, which have
sufficient manufacturability and ensure high physical, mechanical and operational performance of
the created composites at their minimum cost.

The optimal content of the modified polymer component in the press composition should be
in the range of 40-50% wt., depending on the purpose of products from this composite. From a
wide range of additives, only the most, in our opinion, significant and affordable additives were
used: calcium stearate (stabilizer and lubricant), dioctyl phthalate (plasticizer). These additives
provide the necessary thermal stability and fluidity of the press composition during extrusion, as
well as a certain light and thermal stability during product operation.

The best performance is for a composite based on wood particles of medium fraction (I =
2.0...8.0 mm), which is characterized by an optimal structure of reinforcing particles and uniform
distribution of the binder.

Comprehensive evaluation tests (physical-mechanical, technological, operational, sanitary and
hygienic) of WPC based on polyvinyl chloride waste and soft wood waste showed the practical
possibility and expediency of creating and mastering the production of structural and decorative and
finishing profile elements that are not inferior in basic properties to coniferous wood products rocks or
polymers. On an industrial scale, on the basis of domestic equipment, in particular, the WP 90x25
extruder with modified working bodies, a wide range of products has been launched (for example:
flooring profiles for civil and industrial construction, finishing boards, platbands, plinths, etc.).

Keywords: wood-polymer composites, press composition, polyvinyl chloride waste, wood
waste, direct extrusion method.

Introduction. One of the promising ways of rational use of secondary polymer raw materials
(production waste, depreciated products, etc.) and wood waste is the creation of wood-polymer
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composite materials and products (WPC) for structural and decorative and finishing purposes on
their basis. The promise and competitiveness of the created composites is due to the fact that in
terms of their basic physical, mechanical and operational properties they are not inferior to most
traditional materials (from the same polymers and wood) and at the same time surpass them in
terms of efficiency [1-4].

Analysis of recent research and publications. The term "wood-polymer composites (wood-
plastic composites)” in modern foreign and domestic literature is applied to materials obtained from
a mixture of an organic thermoplastic polymer and a filler of plant origin. To obtain wood-polymer
composites (WPC), a variety of fillers and thermoplastic binders are used. Works in this direction
are actively carried out and the production of WPC (molded, sheet, complex profile) is widely
mastered by a number of manufacturers in the world [5-8].

From the available information, it follows that the well-known composite formulations use
specially prepared fine wood (wood flour, needle-shaped shavings, wood fibers, etc.), primary
polymer raw materials, and various additives. The high cost of all these components is a significant
brake on the wide development of the industrial production of the developed composites.

Purpose and tasks. In order to significantly reduce the cost of composites while maintaining
their physical, mechanical and operational characteristics, studies were carried out on the use of
secondary raw materials as the main raw material. The object of the study was the most large-tonnage
types of waste polymeric thermoplastic materials, in particular, polyvinyl chloride [9], which is formed
both in the process of its industrial production, and in the field of industrial and domestic consumption,
as well as soft waste from sawmilling and woodworking (sawdust, shavings).

The screw extrusion method for processing wood-polymer mixtures (press compositions) into
WPC was chosen after a detailed analysis of its advantages over other methods.

Materials and methods of research. At the stage of the exploratory experiment, the primary
raw materials of polyvinyl chloride suspension (PVCS) and polyvinyl chloride emulsion (PVCE)
powder were used as a polymer matrix material. At the next stage of research, the results of which
are presented in this article, primary raw materials were replaced by secondary ones. The
production wastes of suspension polyvinyl chloride (WPVCS) and emulsion polyvinyl chloride
(WPVCE) were used, as well as the mass of finely dispersed shock-absorbing plastic products made
of polyvinyl chloride (WPVC).

The reinforcing filler in the press compositions was soft wood waste (sawdust, machine
shavings, small chips, mainly coniferous species), cleaned of foreign impurities and large
inclusions, dried to a moisture content of not more than 2 ... 3% wt.

From a wide range of additives, only the most, in our opinion, significant and affordable
were used:

« stabilizer and lubricant — calcium stearate (non-toxic, relatively inexpensive, quite
effective);

* plasticizer — dioctyl phthalate (highly effective plasticizer of domestic production, relatively
inexpensive).

These additives provide the necessary thermal stability and fluidity of the press composition
during extrusion, as well as a certain light and thermal stability during product operation.

The preparation of the press composition, the refinement of the recipe and the technology for
manufacturing prototypes of composites were carried out using a paddle mixer of thermoplastics
(non-standard equipment, heated, temperature 70 + 2 °C, rotation speed 28 + 2 rpm), and a single-
screw worm press brand "Reifenheiser” (screw diameter 63 mm, screw length to diameter ratio
20:1, screw for PVC processing), equipped with a die head (die), in the following sequence:

* dosage of prepared initial components by weight method;

* thermal plasticization of the polymer component by successive mixing of WPVC with a
stabilizer (3...5 min.) and a plasticizer (irrigation of the continuously stirred mixture for 5...7 min.);

* mixing of the prepared polymeric component with wood raw material for 7...10 min.

In the studies, the direct extrusion method was used. The freshly prepared press composition
was fed directly into the feed hopper of the worm press for molded product extrusion. At this stage
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of research, a die was used to form a square bar 2020 mm, directly intended for evaluation tests.
The product waste generated during extrusion was crushed and the mass was returned for
recycling at the stage of mixing the components.
Research results. Based on the results of experiments on the development of extrusion
technology, the optimal parameters of the extrusion mode were determined (Table 1).

Table 1 — Extrusion parameters of WPVC — wood press composition

Temperature regime by worm press zones, °C Speed of
Polymer ) .
rotation of |Productivity,
component of the . )
- I I i v die the screw, m/min

press composition rpm

WPVCE 90 120 140 150 150 12...15 0.6...0.7

WPVCS 100 130 150 160 160 10...12 0.5...0.6

WPVC blend
(powdered/crushe 100 130 160 170 | 170...180 to 10 0.4...05
d=1:1)

The determination of the optimal prescription compositions of composites was carried out on
the basis of the results of studies of the dependence of the properties of the composite on the
following factors:

* concentration and composition of the polymer component (matrix material);

* nature and fractional composition of the wood component;

« concentrations of modifying additives, etc.

The following criteria were adopted as the main evaluation criteria: the strength limit in static
bending and water absorption in one day of WPC samples made according to a certain recipe.
Samples were tested according to standard methods.

The results obtained are presented in Table. 2-4.

Table 2 — Dependence of the physical and mechanical characteristics of WPC on the content of the
polymer component (the content of additives is 5%)

Meaning of indicators:
Polymer flexural strength, MPa/water absorption, % wit.
component from the mass fraction of the polymer component in the compound, % wt.
25 30 40 50 60 70 80
WPVCS 2.8/- 6.5/19.8 |12.2/12.7 | 16.4/7.5 | 15.8/4.7 | 16.7/4.0 | 16.6/4.1
WPVCE — 7.1/21.9 |11.0/13.8 | 13.4/8.0 | 14.1/6.,5 | 15.3/5.7 | 15.2/-
WPVC blend - - 7.6/19.5 10.2/17 10.8/14 | 11.8/8.1 | 11.3/7.1

From the data in Table. 2 shows that the creation of composites with stable properties
containing a polymer component in an amount of less than 25% wt. practically not feasible. Press
compositions containing 30% wt. WPVCS or WPVCE are technologically advanced and allow
obtaining WPC samples with reproducible performance. When using as a matrix material a mixture
of WPVC powder with finely dispersed cushioned PVC products in a ratio of 1:1 (WPVC blend),
the minimum content of the matrix material in the press composition should be at least 40% wit.

With an increase in the content of the polymer component (WPVCS or WPVCS) from 30 to
60% wt., and the WPVCS mixture up to 70-80% wt. the water absorption of composites sharply
decreases to a certain minimum, which is explained by the formation of a continuous polymer film
on the surface of wood filler particles, which prevents the penetration of water into the capillary-
porous system of wood particles. In the case of using a polymer material in an initially more highly
dispersed form, a greater effect of waterproofing filler particles is achieved, especially in the region
of low polymer concentrations.
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The dependence of the increase in the strength characteristics of composites on an increase in
the content of the polymer component (or, which is the same, a decrease in the degree of filling of
the composites) in the range from 30 to 60% wt. has the following character: for WPVCS —
extreme, for WPVCS and WPVC blend — at first intense, turning into monotonous. With an increase
in the proportion of polymer in the composite up to 80% wt. a monotonous increase in strength is
observed. This is most likely due to the weak reinforcing effect of wood particles, which have
approximately similar dimensions in length, width, and thickness. With a low content of the
polymer phase in the composite, there is no solidity of the polymer interlayers between the wood
particles, which leads to low strength. With an increase in the polymer content, its uniform
distribution over the volume of the composite occurs and the formation of a continuous polymer
skeleton (as a result, an intensive increase in strength), and then an increase in the thickness of the
interlayers between wood particles (a monotonous increase in strength).

Based on the results obtained, considering the economic factor, it can be concluded that the
optimal content of the modified polymer component in the press composition should be in the range
of 40-50 wt.%, depending on the purpose of products from this composite.

Table 3 shows the physical and mechanical properties of WPC samples obtained on the basis
of wood pulp of various nature and fractional composition. The ratio of components in the
composite was constant: dispersed wood pulp — 50%, polymer component — 45%, modifying
additives — 5%.

Table 3 — Dependence of the physical and mechanical properties of composites on the nature and
fractional composition of the filler

The value of the indicator when used as a filler

The name of wood pulp fraction, mm crushed wood pulp wood
indicators grapevine special [flax fire
less2.0 | 20-80 | 80-200 | 55550 preparation mixes
1 2 3 4 5 6 7
Ultimate strength in
Static bending, MPa 12.0 15.2 13.7 15.2 18.9 19.4
Water absorption, % | 11.0 7.8 7.0 7.8 6.5 7.2

From the data in Table 3 it follows:

1. The nature of the wood filler (hardwood or coniferous wood, grapevine, etc.) does not
significantly affect the properties of composites (columns 3, 5), if the particles of various fillers do
not differ significantly in their strength, geometry, fractional composition, moisture content, etc.
indicators.

2. With an increase in the fraction, the physical and mechanical characteristics of the samples
improve (columns 2-4). This is due to the fact that with an increase in the linear dimensions of the
particles, the ratio of the surface area of the particles to their volume decreases, i.e. at a given
consumption of the binder, the thickness of the polymer interlayers between the particles increases
to the optimum. In addition, there is a reinforcement effect, which significantly increases the
strength properties of the composite. The best performance is for a composite based on wood
particles of medium fraction (1 = 2.0...8.0 mm), which is characterized by an optimal structure of
reinforcing particles and uniform distribution of the binder.

3. The influence of the reinforcing effect is clearly manifested if, instead of a filler based on
wood waste, a specially prepared (chopped and sifted) wood pulp of a fraction of 5.0 ... 10.0 mm is
used in the form of needle-shaped particles with a length-to-thickness ratio in the range of 5 ... 10
(column 6), and also if instead of 50% wt. wood filler with a fraction of 2.0 ... 8.0 mm, use chopped
flax fire fibers up to 20 ... 25 mm long (column 7).

As shown by the results of experimental work, a significant factor affecting the technological
and physical and mechanical properties of the composite is the presence and concentration of
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various modifying additives. For example, in the Chinese patent [10], it is proposed to use polyvinyl
alcohol as a plasticizer in the production of WPC.

The absence of such additives makes the extrusion processing of rigid press compositions
problematic; at the same time, an excess of one or another ingredient can play a negative role. Table
4 shows the data on the dependence of the physical and mechanical characteristics of the WPVC-
wood composite on the content of the plasticizer used by us — dioctyl phthalate (DOP). It follows
from the given data that the optimal ratio of the amount of DOP and WPVC is close to 1 to 10.

Table 4 — Dependence of the physical and mechanical properties of composites on the content of the
plasticizer (DOP)

The compound of the press composition, % wt. Tensile strength
woody . at static bending WaFer
) WPVC DOP stabilizer ' | absorption, %
filler MPa
50 47 2.5 0.5 15.5 10.0
50 45 45 0.5 16.5 8.5
50 40 9.5 0.5 13.0 6.5

The complex of conducted studies made it possible to determine the optimal formulations of
press compositions that have sufficient manufacturability and provide high physical and mechanical
properties of composites at a minimum cost. In Table 5 shows some of them, and in Table 6
comparative estimated physical and mechanical parameters of WPVC-wood composite and pine.

Conclusions. Comprehensive evaluation tests (physical-mechanical, technological,
operational, sanitary and hygienic) of WPC based on polyvinyl chloride waste and soft wood waste
showed the practical possibility and expediency of creating and mastering the production of
structural and decorative and finishing profile elements that are not inferior in basic properties to
coniferous wood products rocks or polymers. On an industrial scale, on the basis of domestic
equipment, in particular, the WP 90x25 extruder with modified working bodies, a wide range of
products has been launched (for example: flooring profiles for civil and industrial construction,
finishing boards, platbands, plinths, etc.).

Table 5 — Recipe composition of WPVC-wood press compositions

Content, % wt
Name of components composition | composition | composition
| 1 Il

Fine wood waste (sawdust, shavings, industrial chips,
etc.) with a moisture content of not more than 3%, 50.0 60.0 65.0
preferably a fraction of 2.0-8.0

Recycled polyvinyl chloride, for example, PVCS
waste according to TU 6-01-1177 or PVCE waste
according to TU 6-01-1179 or others (preferably a
mixture of WPVCS: WPVCE = 2:1)

Dioctyl phthalate according to GOST 8728 4.5 3.6 3.2
Calcium stearate or barium stearate according to TU 05 0.4 03
6-09-4803 or their waste ' ' '
* Note. In case of replacement of a part of fine-dispersed WPVC with crushed PVVC products, composition
111 is not recommended for use.

45.0 36.0 315
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Table 6 — Physical and mechanical (estimated) indicators of WPVC-wood composite (composition |

from Table 5) in comparison with control samples of pine grade | according to GOST 8486

Evaluation tests The value of the
- were carried out indicator for the
Ne Name of indicator X
according to the sample from
methodology composite pines
1 | Ultimate compressive strength, MPa OST 5.9296 27.4 26.6
2 | Ultimate strength at stat. bending, MPa GOST 4648 16.5 55.0
3 | Impact strength, kd/m* GOST 4647 2.94 5.43
Stiffness coefficient, KN/mm GOST 16483.2
4 |at+22°C 8.6 8.0
at -20 °C 18.7 8.0
5 | Abrasion, % GOST 16483.39 0.09 0.4
Splitting resistance GOST 13537 18.7
6 | along the fibers 9.8
across the fibers 35.7
7 | Volumetric weight abs. dry matter, kg/m’ OST 5.9296 1180.0 560.0
Water absorption, % OST 5.9296
8 | for 1 day 6.0 47.9
for 7 days 14.8 86.1
9 | Thermal conductivity coefficient, W/m-K GOST 7076 0.21 0.15
References

[1] A.S. Kolosova, M.K. Sokol'skaya, I.A. Vitkalova, A.S. Torlova, Ye.S. Pikalov,
"Sovremennyye polimernyye kompozitsionnyye materialy i ikh primeneniye",
Mezhdunarodnyy zhurnal prikladnykh i fundamental’'nykh issledovaniy, no. 5-1, pp. 245-
256, 2018.

[2] R.R. Safin, R.R. Khasanshin, R.V. Danilova, D.R. Khaziyeva, "Issledovaniye svoystv
drevesno-polimernykh kompozitov na osnove termomodifitsirovannogo napolnitelya",
Vest. kazan. gos. tekhn. un-ta, T. 16, no. 24, pp. 53-55, 2013.

[3] M.T. Dautbayev, L.N. Ryzhaykin, O.A. Samofalova, "Kompozitsii na osnove polimerov
dlya proizvodstv pogonazhnykh izdeliy", Stroitel'nyye materialy, no. 5, pp. 18-19, 1992,

[4] V.M. Shapovalov, V.G. Barsukov, Ye.N Lapshina, V.I. Gubkin, "Kompozitsionnyye
otdelochnyye materialy iz drevesnykh volokon i termoplastov”, Stroitel'nyye materialy,
no. 5, pp. 18-20, 1991.

[5] A. A. Klosov, Drevesno-polimernyye kompozity. SPb: Nauchnyye osnovy i tekhnologii,
2010.

[6] A. Alireza, "Wood plastic composites as promising green-composites for automotive
industries!", Bioresource Technology, vol. 99, pp. 4661-4667. 2008.

[7] K.K Jin, P. Kaushik, Recent Advances in the Processing of Wood-Plastic Composites.
New York: Springer-Verlag, 2010.

[8] F.P. La Mantia, M. Morreale, "Green composites: A brief review", Composites: Part A,
vol. 42, pp. 579-588, 2011.

[9] C.E. Wilkes, JW. Sammers Dzh., C.E. Daniels, Polivinilkhlorid. Handbook. SPb:
Professiya, 2007.

[10] zZayavka CN101885231 (A) YEPV, MPK8 B29C47/00; B29C47/92; C08K13/02;
C08K7/02; C08L3/02. Preparation method of fully-degradable polymer wood plastic
composite / Zhu Jun; Yanping Yuan; Jiantao Zai; Shanghai Jiaofu New Material Science
and Technology Co. Ltd. N 200910051349.7; zayavl. 15.05.2009; opubl. 17.11.2010.

Modern construction and architecture, 2022, no. 1, page 70-76

75



76

BUILDING MATERIALS AND TECHNIQUES

KOMITO3UTH HA OCHOBI BTOPMHHOI MOJIBIHLIXJIOPUIHOI CHPOBUHM
TA BIIXO/IIB JEPEBUHUI

'HeBuncekuii O.I'., K.T.H., IOLICHT,

nevinsky54@ukr.net, ORCID: 0000-0002-7168-0299

1qBHp B.A., acmipaHT,

vip.chvir@gmail.com, ORCID: 0000-0003-3136-4408
1q0pH0M0pCbl<uﬁ HayionanvHuu yHieepcumem im. Ilempa Mozunu
Byn. 68 Jlecantnukis, 10, M. Mukonais, 54000, Ykpaina

Anotauis. Ilpeacrasieno BupimeHHs TpoOIeMy parioHAIbHOTO BUKOPUCTAHHS BTOPUHHOI
MOJIIMEPHOI CUPOBUHM Ta BIAXOJIB JEPEBMHHU IUISIXOM CTBOPEHHS Ha iX OCHOBI KOMIO3MLIHHHUX
MaTepialiB KOHCTPYKIIHHOTO Ta JEKOPATUBHO-03/100I0BAILHOTO MPU3HAYCHHSL.

Hepes’sno-nonimepni komnoszutu (JI1K) me cydacHi marepianam, 10 BHTOTOBISIOTHCS 13
CyMIIlll OPTraHiYHOTO0 TEPMOIJIACTUYHOIO IOJIIMEpY Ta HAlOBHIOBAYa POCIMHHOIO IOXOJKEHHS.
Hnsa orpumanus J[IIK 3acTOoCcOBYIOTH pi3HOMaHITHI HANOBHIOBadl Ta TEPMOIUIACTUYHI B’SKYUI.
PoGotn y mpoMy Hampsmi akTUBHO BeayThesi 1 Bumyck [IIK (moroHakHHWX, JHCTOBUX,
CKJIaHONPO(ITHHIUX ) IHUPOKO OCBOIOETHCS Y CBITI.

3 METOI0 CYTTEBOTO 3HIKEHHS COOIBApTOCTI KOMIO3HUTIB MPH OJHOYACHOMY 30€pexeHH] iX
(bi3MKO-MEXaHIYHUX Ta EKCIUTyaTalifHUX XapaKTePUCTUK OYyJlI0 MPOBENEHO MOCHIHKEHHS I0JO0
3aCTOCYBaHHS $IK OCHOBHOiI CHPOBHHHM — BTOpHHHOI. OO0'ekTOM HoCHiJpKeHHS Oyino oOpaHO
HaWOLIBII BEJIMKOTOHHAKHI BHJIM BIIXOJIB MOJIMEPHUX TEPMOIUIACTHYHUX MaTepialliB, 30KpeMa,
MOJIBIHUTXJIOPUY, IO YTBOPIOETHCS SIK Y TMPOLIECi HOro MPOMHUCIOBOTO BUPOOHMIITBA, TaK 1y cdepi
BUPOOHHUYOTO Ta MOOYTOBOTO CHIOKMBAHHSA, @ TAKOX M'SKI BIIXOAH JICONMWISHHS Ta IepEeBOOOPOOKH
(Tupca, cTpyxKa).

VY nociiiKeHHIX 3aCTOCOBYBAJIM METOJI IPAMOI €KCTPY3ii.

Ha migcraBi pe3ynabTaTiB KOMIUIEKCY IPOBEICHUX JOCHIIPKCHb BHU3HAYEHO ONTUMAJbHI
TEXHOJIOTIYHI MapaMeTpu PEKUMY EKCTPY3iiHOI mepepoOKu po3po0IeHUX Mpec-KOMITO3UIIH, 1110
MaroTh JOCTaTHIO TEXHOJOTIYHICTH 1 3a0€3MeuyroTh BUCOKI (DI3MKO-MEXaHIuHI Ta eKCIlIyaTalliiHi
MMOKa3HUKHM CTBOPEHUX KOMIIO3MTIB 3a iX MiHIMalIbHOI COOIBAPTOCTI.

OnTumanbHUA BMICT MOAM(DIKOBAHOTO TIOJIMEPHOTO KOMIIOHEHTY Yy Hpec-KOMIO3UIi
cknagae 40-50% wmac., 3anexHO BiJi MPU3HAYEHHS BUPOOIB 3 JAHOIO KOMIO3MTY. 3 IIHMPOKOTO
ACOPTUMEHTY aJIUTUBIB OYyJIM 3aCTOCOBaHI JIMIIE€ HAaWOUIbII, HAa HAIly TyMKY, CYTTEBI Ta JOCTYIIHI:
KaJbplil0 cTeapaT (ctabumizaTrop Ta MacTwio), AlokTuwidranar (tuactudikarop). Ll momatkm
3a0e31euyroTh HEOOXiJHY TePMOCTA0UIbHICTh Ta TUIMHHICTD MPECc-KOMITO3UIIT PH eKCTPY1yBaHHI,
a TaKOXX MIEBHY CBITJIO- Ta TEPMOCTAOUIBHICTh NPH €KCILTyaTallii BUPOOiB.

Haiikpari moka3HUKH KOMIIO3UTY Ha OCHOBI JIepeB’sSIHUX YaCTHHOK cepenuboi dpakmii (I =
2,0...8,0 MM), Ans SIKOTO XapaKTepHa ONTHMalbHAa CTPYKTypa YKJIaJaHHS apMYIOUYMX YaCTHHOK 1
PIBHOMIPHICTb PO3MOUTY B’ SXKY4OTO.

Bcebiuni  omiHOYHI BUNpoOyBaHHS ((i3UKO-MEXaHIYHI, TEXHOJIOT1YHI, EeKCIUTyaTaliiiHi,
ca"iTapHo-ririeHiuni) JIIK Ha ocHOBI BIAXO0/IB MOJIBIHUIXJIOPUIY Ta M'SIKUX BIIXOJIB J€PEBUHU
MOKa3aJIi MPAaKTUYHY MOKJIMBICTD 1 JOLIBHICTH CTBOPEHHS Ta OCBOEHHS BUITYCKY KOHCTPYKIIIHUX
Ta JIEKOPATUBHO-03/I00IOBATHPHUX MPO(UIBLHUX €JIEMEHTIB, 10 HE MOCTYMAalThCS MO0 OCHOBHUM
BJIACTHBOCTSM BHpOOaM 13 JIepeBUHU XBOMHHUX MOPiJ a00 MOJiMeEpiB.

VY npomucioBoMy macmTadi Ha 0a3i BITUM3HSHOrO 0o0jajHaHH:, 30KpeMa, ekcrpyaepa UIl
90%25 3 Monu(pikOBaHUMH POOOYMMHU OpraHaMH, HaJaroJKEHO BUITYCK IIUPOKOi HOMEHKJIATypu
BUpOOIB (HampUKJIan: JAOHIKAa Ta Opyc HACTHIIIB MiJJIOTH JAJs IUBLIBHOTO Ta IPOMHUCIOBOTO
OyA1BHUITBA, 03/100TI0BaIbHA (acaiHa JOIIKa, HATMYHUKHY, IUTIHTYCH TOIIO).

KiarouoBi  cioBa:  fepeB’sHO-TIOJNIMEpHI  KOMIIO3UTH,  IPEC-KOMIIO3UIIS,  BIAXOIU
MOJIIBIHUTXJIOPUTY, BIIXOJH IE€PEBUHH, METOJT IPSIMOi €KCTPY3ii.

Cratta Haaidinuia 1o penakuii 21.06.2022
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Abstract. The article provides an analysis of the use of materials to produce construction
products developed using additive technologies. The material samples specified in the article have
the prospect of becoming advanced in the modern production of construction products. The main
factors that affect the properties of printed material using a 3D printer are also determined.

Today, the production of materials for the manufacture of various architectural structures is
developing rapidly, becoming more technological, the volume of production is increasing, the
accuracy and quality of the production of parts is increasing, and the costs are reduced. The use of a
3D printer is clearly demonstrated in the optimization of the production of architectural structures.
In the case of the usual method of production, their cost and complexity are quite high. The
introduction of a 3D printer makes it possible to significantly improve the design and structure of
products by improving the structure and consumption of materials.

The conducted research revealed a whole range of issues and problems related to the need to
improve the 3D printing process, organization, and management of printing of complex
construction products, which would allow effective use of the latest additive 3D printing
technologies in modern construction.

The properties of the main materials for 3D printing, which are used in the FDM technology
of obtaining the product, have been experimentally determined. The procedure for calculating the
performance of the extruder and the main problems during printing are determined.

As a result of the conducted research, it is possible to assert that by basic factors which
influence on property of the printed material is a percent of the internal filling is a that thickness of
wall of good.

Studies have shown that the use of additive technologies in the production of construction
products at the current stage will provide an opportunity to combine the latest scientific
developments in the fields of engineering, technology, materials science, architecture, design and
construction.

Keywords: additive technologies, 3D printing, filament, structure, extruder.

Introduction. In recent years, there is not a single industry that does not use additive
technologies (hereinafter — AT). 3D printing technology such as FDM (Fused Deposition Modeling)
is especially widely used. This technology is especially actively used in the production of
architectural structures, namely: sculptures, pavilions, bridges, urban installations, building models.
A new architectural style has almost been formed with the help of 3D printing — "digital grotesque".

Both cheap home 3D printers and high-precision industrial printers are actively used.
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This technology is most effectively used when printing products with complex geometry,
mesh and channel structure. FDM parts are usually not printed filled to reduce printing time and
save material. Instead, the outer perimeter made by several passes is called the shell, and the inner
part is filled with a low-density structure, called filling. It is known that the principle of printing
parts by FDM technology is to layer-by-layer build-up of molten plastic thread (filament). At the
same time, it is quite obvious that with the improvement of technological equipment and the
development of design methods, this direction will steadily expand. However, the use of AT in the
printing of inexpensive devices with specific tasks, the use of new innovative materials in their
manufacture has not yet been fully explored. Thus, the place of FDM technology in the mass
production of construction products, their tasks are not fully defined.

Analysis of research and publications. The market of FDM technologies is actively
developing, experiments with printing with various types of filament are being conducted, and 3D
printer designs, software and 3D printing processes are being intensively improved. According to
the international consulting company DELOVOY PROFIL, the annual growth rate of the global
market of additive technologies is 19.3%, including FDM technologies, which are the most
common today [1]. This technology has many unconditional advantages, but it also has its
drawbacks [2].

Layered overlay printing (FDM) is an additive manufacturing process that is implemented
using a 3D model in the form of tracks of molten polymer materials that sinter together to create a
finished product. FDM products are usually printed without solid filling to reduce printing time and
save material. Obtaining the necessary contours of the product layer, their internal filling and
ensuring the necessary properties of the product are one of the main tasks when printing on FDM
printing technology. Considerable attention is paid to the choice of the optimal technological mode
of printing, shrinkage processes during printing, the use of various additional elements [3] and
modification of polymers.

In the construction of low-rise buildings, with the help of 3D printing, it is possible to
implement almost any ideas, to achieve the best architectural expressiveness of objects [4].

In the modern restoration of architectural heritage, FDM technology is also increasingly used,
namely for:

— creation of identical ornaments [5];

— restoration of the lost part of the product [6];

— acceleration of the restoration process [7].

There are printers that are designed only for reproduction of unique objects of historical value [8].

In this regard, there is a rejection of generally accepted concepts in the field of construction,
and a focus on additive construction technologies [9].

At the same time, the capabilities of equipment and materials are rapidly evolving towards
increasing printing speed with higher print quality and distribution capacity, as well as reducing
production costs [10, 11]. Thus, the use of FDM technologies will confidently take its leading place
when printing a wide variety of construction products.

The aim of the work is to study the changes in the properties of the material for 3D printing
under difficult operating conditions.

Research materials and methodology. The following plastics were the main materials used
in the evaluation of products printed using 3D printing.

ABS (acrylonitrile butadiene styrene). The most popular material in 3D printing. It is quite
elastic, odorless, and can withstand temperatures up to 100°C. It is supplied in the form of skeins of
thread with a diameter of up to 3 mm. The melting point of plastic is 220-260°C. The only
significant drawback is vulnerability to direct sunlight.

PLA (polylactide). The main competitor is ABS with a melting point of 190°C. Eco-friendly.

In addition, PLA plastic decomposes into safe materials over time, which is both a plus and a
minus. Less strong than ABS, it loses its properties already at a temperature of 80°C. It is most
often used for printing construction products.
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PETG (polyethylene glycol terephthalate). This is a classic PET plastic to which glycol is
added. Thanks to this, brittleness is eliminated, durability and tensile strength are increased. The
material is stronger than ABS or PLA, and at the same time less brittle. It also has minimal
shrinkage.

NYLON. Crystallized hard plastic with high tensile strength and wear resistance. Nylon has a
high softening temperature and elasticity at low temperatures, withstands sterilization with steam
heated to 140°C. This allows you to use it in conditions with temperature differences in a wide
range.

To carry out a comparative analysis of the properties of plastic, the same control samples were
printed from filling the product with plastic — 50%. Experiments were conducted with various samples
of materials under difficult operating conditions, the results of which are listed in the Table 1. The
purpose of the analysis was to study changes in material properties under difficult operating conditions.

The properties were evaluated according to eight parameters: tensile strength and load, frost
resistance, heat resistance, wear, shrinkage, boiling, exposure to open fire.

Research results. FDM technology allows you to print products on a 3D printer using a wide
range of polymer materials with different physical and chemical characteristics and properties. This
is the most widespread method of 3D printing in the world, on the basis of which millions of 3D
printers work — from the cheapest to industrial 3D printing systems, as it allows for quick and
inexpensive printing of various parts during small-scale production [11].

Various polymer materials are used to manufacture products using three-dimensional printing
technology (polymer in the form of a thread or rod — filament). At the same time, the filament is fed
into the extruder — a device equipped with a mechanical drive for feeding, a heating element for
melting the material and a nozzle through which the material is extruded. The extruder contains a
thermal barrier with a cooling radiator to ensure the phase transition of plastic from a solid to a
liquid phase. In addition, the upper part of the nozzle is connected through a thermal barrier to the
feed drive, cooled by a fan to create a sharp temperature gradient necessary to ensure a smooth
supply of material. The extruder moves in the horizontal and vertical planes under the control of the
microprocessor control board. The nozzle moves along the path specified by the automated design
system. The model is built layer by layer, from the bottom up. As a rule, the extruder (also called
the "print head™) is driven by stepper motors. The most popular coordinate system used by FDM is
rectangular, with X, Y, and Z axes.

In this process, there are many factors that affect the quality and accuracy of the product.
Obviously, the accuracy of printing a product is determined by the accuracy of a specific 3D printer.
However, there are other factors that affect the properties of material printed with a 3D printer. The
most common printing problems are poor adhesion of the plastic to the 3D printer table, not enough
or too much plastic being extruded, holes or gaps in the top layer of the printout, hairs or webbing,
overheating of the plastic, layer misalignment or misalignment, layers separating, and many others
are also split.

So, for example, the strength of the material also depends on the modes of FDM printing. The
speed of movement of the extruder nozzle together with the thickness of the applied layer affect the
adhesion strength of the threads. This is due to the spread of heat from the extruder nozzle to the
material [12]. At a high print speed, less heat is transferred at any point of the filament than at a low
speed. If you print a small layer at a low speed, the heat dissipation can be very large. This will
increase adhesion, but there will be a possibility of defects in the form of plastic overflows. When
printing products with a greater layer thickness at high speed, poor adhesion between the layers of
plastic may occur due to insufficient heat in the extruder. From here, the problem arises — how to
determine the optimal temperature and speed modes of operation of the printer.

The filament, having a low thermal conductivity, does not melt instantly, which requires the
presence of a sufficient volume of the heater channel (nozzle) to ensure a continuous supply of
material at high printing speeds. In addition, due to the excess pressure of the molten filament in the
heater channel, it is impossible to immediately stop the discharge of material from the nozzle.
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Which leads to uncontrolled fluidity of the material and deterioration of the appearance of the
product.

When the filament is fed quickly, the passage of the short channel takes place in a short
period of time, and before it has time to melt, the filament gets stuck in the nozzle. A short melting
zone automatically means a low speed. This is acceptable for printing small objects, but starting
with a mass of 200 grams, a higher speed is required. Raising the temperature to increase the speed
leads to the degradation of the plastic in the finished product.

Three parameters are responsible for the maximum FDM printing speed:

— technical characteristics of the printer, i.e. how fast the print head can move is mainly
determined by the design features of the printer and the weight of the moving parts;

— extruder performance — whether the extruder is able to melt enough plastic to provide the
required width and height of the layer at a given print speed;

— maximum nozzle capacity — the amount of plastic that can be passed through without
clogging the extruder.

The maximum productivity of the nozzle is the main factor influencing the overall
productivity of the entire extruder, which affects the maximum printing speed of the layer. The
standard E3D V6 extruder melts less plastic than the E3D Volcano extruder. But, as a rule, there are
no problems in this case, because on standard nozzles with a diameter of 0.2 to 0.6 mm, the main
reason for limiting the maximum printing speed is the productivity of the nozzle. A linear extrusion
speed of mm/s is often used when calculating the productivity of the printer. This seems logical —
the faster the melt is squeezed, the faster the head can move. To measure the speed, for example, the
filament is squeezed into the atmosphere, the length is measured, and the printing speed is
calculated. However, this method does not give an accurate idea of the printer's performance. Under
certain conditions, the thread expands when leaving the nozzle due to the high viscosity of the melt.
This greatly distorts the actual diameter of the thread. In some printers at very high speeds, the
diameter of the thread can be three times the diameter of the nozzle from which it was squeezed.
Also, the filament thread can stretch under its own weight if it has been squeezed out hot enough. It
can also be glued, bent or extruded on the desktop with some smearing, although this is necessary
for a good connection of filament threads in a monolithic product. In this case, the productivity W
mm?¥s is calculated by formula (1), multiplying the speed of movement of the head by the width of
the extruded thread and the height of the layer. The exact calculation in this case is quite
problematic, because the edges of the wall have a curved shape [7].

W=V-A H, 1)

where V — the speed of movement of the head, mm/s;

A — width of the extruded thread, mm;

H — height of the layer (head height above the table), mm.

Obviously, the most accurate and unambiguous will be the expression of the extrusion rate in
mm/s or mg/s. Because plastic has a different specific gravity (for example, the specific gravity of
polyamide 1140 kg/m® and ABS 1050 kg/m®), it is better to use mm?s (cm?/s) to assess the
performance of the printer. However, it is still necessary to indicate with which nozzle this result
was achieved. With equal nozzle performance, significant differences in linear velocity values can
be obtained by weight and volume of extruded molten plastic.

For example, if the printer has an extrusion speed of 100 mm/s, there will be significant
differences in performance with different nozzle diameters. The calculation of printer performance
is clearly seen from formula (2):

V= (L z D4)/p, (2
where p is the filling density of the product.

The formula shows that with increasing the diameter of the printer nozzle twice, at the same
extrusion speed, the print speed will quadruple.

Another factor that affects the properties of the printed product is the diameter (or width) of
the extruded filament. The melt is extruded in the form of a cylinder from the nozzle of the head,
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but to fasten the layers together, the height of the head above the product is taken slightly less than
the diameter of the nozzle. The filament is slightly smeared and expanded. In practice, the thickness
of the layer is chosen 1.5-2 times smaller than the diameter of the nozzle.

One of the problems is the low resolution and accuracy of printing, and the more accurate the
print (smaller the diameter of the nozzle), the lower the print speed. Several factors affect print
resolution and accuracy. Namely, uneven walls and shrinkage of plastic after printing and
deformation during printing, which significantly complicates the exact size and as a result of
warping large parts, and most importantly — the diameter of the nozzle determines the size of the
smallest details to be printed.

However, the most significant factor that affects the properties of the product, of course, is the
material and quality of the filament [8]. To conduct a comparative analysis of the properties of
plastic, experiments were conducted with different samples of the most popular materials. The
purpose of the analysis was to study changes in the properties of the material in difficult operating
conditions. The main characteristics of the most used materials are given in Table 1.

Table 1 — The main characteristics of materials for 3D printing

Indicators
. tos Strength Strength Printing :
Type of plastic softening / | on the break for bending accuracy Df n/s;\t%/ ’
operation MPa MPa % g
ABS 100/ 22 41 1 1050
-40 +80

50/
PLA 90440 57.8 55.3 0.1 1230

80/
PETG 40 +70 36.5 76.1 0.1 1270

120
NYLON .30 +120 83 70 3 1140

Evaluation of the properties of materials was performed according to the following
parameters:

1. Tensile strength (kg). A filament with a diameter of 1.75 mm was taken from the
corresponding 4 materials and the tensile strength was checked with the help of a dynamometer.

2. Load strength (kg). A single load of 1500 kg was applied on samples of cubic products
(with a side of 30 mm).

3. Frost resistance (C°). Strips of products were placed in a freezer with a temperature of -20 °
C. Then, after 5 minutes, their flexibility was tested.

4. Heat resistance (C°). Samples of materials in the form of strips were placed in a furnace
with a gradual increase in temperature, in the process the strips were deformed depending on the
material of execution, at certain temperatures.

5. Wear (mm). The wheels of the respective products were placed on the axle and rotated on a
coarse abrasive belt at a speed of 20 m/s, each of the wheels overcame a distance of 5500 m. After
that, measurements of the diameter of the products were made.

6. Shrinkage (mm). After production with a 3D printer, wheels with an initial diameter of
25 mm were cooled and diameter reduction measurements were performed.

7. Boiling. The products were boiled in water for 10 minutes. After that the samples of
products were compared with similar samples that were not subjected to heat treatment.

8. Influence of open fire. The nozzle of a construction hair dryer with a temperature of 420 °
C was sent to the products for some time.

The test results of the respective materials are presented in Table. 2.
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Table 2 — Impact of tests on materials

Experiments
Type of| Tensile Load Hgat Shrmkage Influence
. . Frost |resista| Wear (initial -
plastic | strength | capacity : . Boiling of open
resistance | nce (MM) size 25 )
(kPa) | (1500 kg) () mm) fire
ABS | 608 |unchanged|. '°t |1115| 019 | 2473 |Sizeincrease, | ignition
flexibility color change | occurred
. no ignition
PLA 784  |unchanged|unchanged| 661 0.12 24.55 | size increase
occurred
structure no ignition
PETG 686 |unchanged|unchanged| 776 |destroyed| 24.8 completely g
occurred
destroyed
NYLO 666 |unchanged|unchanged| 1145 | 0.08 24.59 unchanged no ignition
N occurred

Analysis of the results shows that there is no absolutely ideal material for 3D printing. Each
material has both negative and positive characteristics. The choice of material for printing the
product will depend on the purpose of the product and its operating conditions. It is necessary to
develop a technique for selecting composite material for printing depending on the requirements of
the technical task. This will resolve the contradiction in the choice of material used for printing
construction products. This is because the choice of filament is limited by the technical
characteristics specified in the passports of the installations, the requirements for the product and
the required quality of the resulting product. Moreover, one type of filament from the same
producer, but of different grades or lots, can differ significantly in physical and mechanical
properties. The development of such a technique is our direction of further research.

Inside the product, the 3D printer prints a stiffening grid that distributes the load on the structure
of the detail. The filling of the product can vary from 0% to 100%, depending on the technical
conditions and the nature of the product. Partial filling of the structure allows you to significantly
reduce the price of the product and printing time. This factor has a very significant effect on the
strength and weight of the product. The strength of the entire structure decreases when the structure of
the product is partially filled. However, to increase the strength is possible by increasing the wall
thickness of the product. By increasing the wall thickness, for example up to 1.2 mm, it is possible to
increase the overall strength of the product.

Conclusions. The mastering of additive technologies will entail the adjustment of
construction product design principles, the development of printing technologies, the study and use
of new and promising materials, and the emergence of technologies related to 3D printing. The
research provided an opportunity to analyze the factors that affect the properties of a printed
product using a 3D printer. As a result of the study, it was found that the main factors are: the
percentage of internal filling and the thickness of the wall of the product. However, the conducted
research does not exhaust the entire raised problem, and therefore the study of the factors that affect
the properties of the printed building product remains relevant and requires further research.
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AHoTanisg. Y craTTi HaBEJEHO aHalli3 3acTOCYBaHHS MaTepialiB uisi BUPOOHUIITBA
OyzaiBeNbHUX BUPOOIB pO3POOJICHNX 3 BUKOPUCTAHHIM aIUTHUBHUX TEXHOJIOTiH. 3a3HaueHl B CTATTI
3pa3kd MaTepialiB MalOTh CTaTW HAHOUIBII MOUIIMPEHUMH IIiJI 4ac BUPOOHHIITBA OyAiBEITHHHX
CHOpY/IKeHb. BU3HaueH1 TakoX OCHOBHI (pakTopH, iK1 BIUIMBAIOTh HA BJIACTUBOCTI HAPYKOBAHOTO
Marepiaiy 3a qornomororo 3D-nipuHTepa.

Ha cporoanimHiii 1eHp BUPOOHUIITBO MaTepiaiiB Jii BHUTOTOBIEHHS PI3HUX OYAiBEIbHHUX
CIOPY/UKCHD IIBHJIKO PO3BUBAETHCS, CTA€ OUIBII TEXHOJOTIYHUM, 30UIBIIYIOTBCS 00CATH
BUTOTOBJICHHS, MiJIBULIYETbCS TOYHICTh Ta SKICTh BUIOTOBJIEHHS JleTaliei, Ipu 3HIKEHI BUTpaT.
Bukopucranns 3D-nipuHTEpa A03BOIISIE BAATO MPOBOIUTH ONTHMI3allil0 BUPOOHHUIITBA OY/IiBETHHIX
CHOPYIKEHb. Y BHUMAJKy 3BMYalHOTro crocoOy BUPOOHHMLTBA iX BapTICTh 1 CKJIAJAHICTh JOCUTbH
BUcoKa. BmpoBamxenns 3D-mpuHTepa nae 3MOry CyTTE€BO IMOKPAUIUTH JAW3alH Ta CTPYKTYpPY
BHUPOOIB 3a JOMIOMOTOI0 YJIOCKOHAJICHHS] TEXHOJIOTIT Ta BUTPAT MaTepiaiiB.

[IpoBeneHi MOCTI/DKEHHS BIIKPWIM IUIMH TUIACT MUTaHb Ta TNpoOJieM, TOB'S3aHUX 13
HEOOX1HICTIO BIOCKOHANIeHHs mpolecy 3D apyky, opraHizauii Ta ynpaBlliHHS JPYKY CKIIQTHHX
OyziBeNbHUX BUPOOIB, 5IK1 O 103BOIMIN €()EKTUBHO BUKOPHCTOBYBATH HOBITHI aJJUTHBHI TEXHOJIOT1i
3D-npyKky B cydacHOMY Oy/1iBHUIITBI.

ExcriepMeHTanbHO BCTAHOBJIEHI BJIACTUBOCTI OCHOBHMX MarepiamiB s 3D apyky, ski
BUKOPUCTOBYIOThCS Npu FDM TexHosorii orpuManHs BupoOy. BuzHaueHui mopsiiok po3paxyHKy
MIPOJYKTUBHOCTI €KCTPYJEpa Ta OCHOBHI MPOOJIEMH Mijl Yac IPyKYy.

JlocHmipKeHHsT TOKa3ald, ILI0 BHUKOPUCTAHHS QJWTUBHUX TEXHOJIOTIH Yy BHUPOOHMITBI
OyIiBeIbHUX BUPOOIB BXKE HA Cyd4aCHOMY €Talll HaJgacTh MOXJIMBICTH 00'€THATH HOBITHI HAayKOBI
pPO3pOOKM B Talmy3sX TEXHIKM, TEXHOJIOTli, MaTepialo3HaBCTBA, apXITEKTYpH, IU3alHYy s
KOPUTYBaHHS TPUHIMIIIB KOHCTPYIOBAHHS, BiIIPAIOBAHHS TEXHOJOTIH IPYKY, BHUKOPHUCTAHHS
HOBHX CTpateriii moOyoBH cydacHUX Oy/iBelb, MOsABI HOBUX, CyMIKHHX 3 3D-1pyKoM TeXHOIOT1H.

Kurouosi cioBa: agutuBHI TexHouorii, 3D npyk, ¢imamMeHT, CTpyKTypa, eKCTpyAep.

Cratts Hagidnuia no penakimii 12.07.2022
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3AXUCT MOPCBKHX KAHAJIIB BIl HAHOCIB
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AHOTAaNifA. 3aX1CT MOPCHKUX KaHAJIIB BiJl JIOHHUX HAHOCIB € aKTyaJlbHOIO TEXHIYHOIO 33/1a4€t0
JUIsL OaraTboX MOPTIB CBITY, OCOOMBO /ISl TUX, SIK1 3HAXOSTHCS B MUIKOBOTHUX 3aJIMBaX Ta JIUMaHaX.
B mTopMoBi mepiony BITPOBI XBHJII Ha aKBaTopii MOPIB, sSKi 3apOPKYIOThCS Ha TIMOOKIHA BOI,
MiAXoAs9n 10 OeperiB, MepecikaloTh MUIKOBOIHI Ta MpubikHI 30HHU. [Ipy 1boMy BiIOyBaeThCs iX
pedpakiis 1 Tpancopmariis. Pyx 9acTHHOK BOAM B XBWJISIX B MUIKOBOIHIM 30HI IO ENINTHYHUM
opOiTaM He 3aTyxae 3 NIMOWHOIO BoAM. bijist caMmoro jHa MpoeKiii BEpTUKAIBHOI CKIIaI0BOT IBUAKOCTI
OpOITAIILHOTO ENNCOIAHOTO PYXY JOPIBHIOIOTH () 1 YACTUHKK BOJW B XBUJII 3A1MCHIOIOTH 3HAKO3MIHHHIMA
PYX B3JIOBXK TIOBEpXHi JHA, SKHH 3aJIeKUTH BiJ (a3 MPOXOKEHHS TPeOCHIB Ta BIAJAWH. ACHUMETpis
npodiniB BITPOBUX XBWIIb MPU MAIUX TIHOMHAX BOAM 30UIBLIYETHCS B MIpY iX MPUOIMKEHHS 10
OeperiB. EHeprist BITpOBHX XBWIJIb € OCHOBHOIO MTPUYMHOIO MiTpallii JOHHUX HaHOCIB. HampsiMok pyxy
HAHOCIB 3aJIEKUTH BiJ] HAMIPSIMKY IITOPMOBHX BITPIB, SIKI MatOTh 3MIHHHUM XapakTep, BiAMOBIIHUHI po3i
BITPIB TOTO 4 1HIIOTO perioHy. Ha IHTEeHCHBHICTB 1X MepeMillleHHs TaKOK BIUTMBAIOTH 1 MOPCHKI Tedil.
[Tpu mpoekTyBaHHI MOPCHKUX KaHAMIB, Y TOMY YHUCII 1 MiJXI1JHUX, OCHOBHOIO 33/1a4€0 MPOEKTAHTIB €
30UTBIIEHHST MDKPEMOHTHHUX TEPMIHIB THOMOTIMOMIOBAIGHUX POOIT ISt MiITPHUMKH OTOJOIICHUX
rMOUH B TIpOIIeci iX eKcrutyaranii. B Oi1b1IocTi BUMaKiB, KOJIU aKBaTOpii MOPTIB L0 MPOEKTYIOTHCS,
OyIyTh poO3TalIOBaHi B JIMMaHAaX, TaKOX TIepeadadaeTbCs MPOCKTYBaHHA 1 OYIIBHHUIITBO
3aropoKyBalIbHUX CIIOPYA JUISl 3aXMCTY MOPCHKUX YAaCTHH MIAXIAHUX KaHAIB BiJ JIOHHUX HAHOCIB.
Taki TANM TiAPOTEXHIYHMX CHOPYI BAXKO OyayBaTH B YMOBAaxX BiJKPUTOTO MOpS, a iX BapTICTb
MIPUPIBHIOETHCS 10 BAPTOCTI OTOPOKYBAILHUX CHOPYA. B 11iit poboTi po3po6iieHO BIAHOCHO MPOCTHIA
CII0Ci0 3aXMCTY MOPCHKMX KaHAJIB, Y TOMY YHCII 1 MiAXIIHKUX, BiJl HAHOCIB JUIs 30UTBIICHHS TEPMiHIB
MDKPEMOHTHHUX JHOMOMIMOIIOBAIBHUX poOIT 6€3 OyJIBHULITBA JOPOTHX 3arOpO/LKYBATbHUX CIIOPYI.

Kuro4oBi cjioBa: MOpChbKi KaHallM, BITPOBI XBUWJII, JOHHI HAHOCH, 3arOpOXKYBajlbHI CIIOPY/IH,
JHOTIOTNOIIIOBaIbHI POOOTH.

Beryn. Mopcebki opTH CBITY, SIKI pO3TalllOBaHl B JIMMaHaX, MUIKOBOJHUX 3aJIlMBaxX Ta 3aTOKAaX,
3’€THYIOThCS 3 MOpeM MiIXiZHUMHU KaHanmamu. [lepecikaroun mami TUOMHM BOAM (MUTKOBOJAHI Ta
npuOiliHi 30HH), BOHH 3a3HAIOThCS IHTEHCUBHOI'O 3aHECCHHS JOHHUMH HaHocamu. Lle mpu3BoauTh 10
3MEHIIEHHS TJMOMH BOJM B KaHalaXx B yacl Ta JIO 3MEHIIEHHA TEPMIHIB MK PEMOHTHUMH
JTHOMOTIMOIIOBATBHUMH POOOTaMu. [HTEHCHBHICTh 3aHECEHHS 3aJIEKUTh BiJl LIJIOTO Py MPUPOIAHUX
¢axropiB: Tonorpagii MOPCHKOTo JJHA; TPUBAIOCTI Ta JKOPCTKOCTI LITOPMIB; IIBUJIKOCTI TeUiil; THIIB
JOHHUX IPYHTIB Ta iX (Pi3MKO-MeXaHIYHMX XapakTepucTHK. KpiMm 1poro, Ha 1el mpolec BIUIMBA€E
NpOEKTHUH Mpodiab KaHalIiB Ta iX IUIAHOBE MOJOXKEHHS IO BIJHOIIEHHIO JO BOPIT MOPTIB Ta
npuiernuM Oeperam. B mporieci iH)X€HEpHHMX BHILYKYBaHb 1 HAyKOBOTO CYIPOBOJY MPOEKTYBAaHHS
MOPCBKHX KaHaJIIB BCTAHOBIIOETHCS 3arajlbHUIA 00 €M MOTOKIB HAHOCIB Ta Fe€HEPAIbHUN HANpPSIMOK iX
TPaH3UTY, PO3MIIAAAIOTHECS Pi3HI BapiaHTH IIAHOBOTO MOJIOKEHHS Tpac KaHaTiB, KyTiB YKOCIB, @ TAKOXK
BapiaHTH 3aXUCTy KaHAJIB BiJ 3aHECEHHS 3 ypaxyBaHHSM MEpeiueHUX BUIEe (aKTOPIB Ta MPOEKTHUX
rmouH. Ha ocHOBI aHamizy BciX (DakToOpiB, a TakOX pe3yibTariB (i3UYHOTO Ta MaT€MaTHYHOTO
MOJICJTIOBAHHS, BUPILIYETbCS TUTAHHSA TMPO ONTHUMAJbHI, JUII KOHKPETHUX PpErioHIB IJIAHOBI
PO3TalIyBaHHS MOPCHKMX KaHaliB, L0 NMPOEKTYIOThCSA, a TaKOXK iX radapuTiB Ta IuaHiB Tpac. Ilpu
IOMY O€pyTbCsl /10 yBark rabapuTy pO3paXyHKOBUX CY/EH, THIIM KaHaliB Ta BaHTaXX0O0OIr MOPTIB,
30KpeMa 3 ypaxyBaHHSIM HaHOMMK4IMX TMepcrekTHB. o OCHOBHUX BHMOT, IO MpPEA SIBISIOTHCS 10
MOpPCBKMX KaHaJIB TpH 1X TMPOEKTyBaHHI, € Oe3leKka TIUIaBaHHS CYyJeH, MIHIMalIbHI O00CATH
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JHOTIOTTTOIIOBAIBHUX POOIT, K MiJ] yac X Oy/AiBHHIITBA, TaK 1 B IIPOLIEC] eKcIuTyaTauii. 3 i€l pUYuHA
3aXMCT MOPCHKUX KaHATIB Bijl 3aHECEHHs JOHHUMH HAaHOCAMH i B JJAHUH Yac € BEJIbMHU aKTYaJIbHOIO
TEXHIYHOW 3ajauero. JlaHa 3aqaua BHpilIEHA HA MIICTaBI aHANI3y ICHYIOUMX METOJIB OOpOTHOM 13
3aHECEHHSIM MOPCHKHX KaHAJIIB JOHHUMH HaHOCAMH B MIJKOBOJHMX 30HAaX MOpIB, MEXaHI3My PyXy
HAHOCIB Ta PO3POOKOI0 HAUTIPOCTIMIOTO CIIOCO0Y 3aXHUCTY KaHAIB.

AHaJi3 cnocofiB 3axXHCTy MOPCHKHX KaHAJIB Bil 3aHeceHHsl. SIK BIiJIOMO, OCHOBHOIO
PYIIIIHOIO CHIIOI0 TPAH3UTY HAHOCIB € TOPHU3OHTAIBHI CKJIA0BI MPOEKLiH OpOiTaTbHUX IIBUAKOCTEH
YaCTMHOK BOAM Y XBWIIX. Y MIUIKOBOJHUX Ta TNPHOIMHMX 30HAX Il YaCTUHKH PYyXarOThCs
eIICOiATbHIMH TPAEKTOPIAMY TI0 BCiil IIMOUHI Boau. IX 3HAUEHHS, 3a/I€KHO Bil IapaMeTpiB XBUIIb i
TJIHOWH BOJIM, OMKCAHI BiINOBIAHUMK PIBHSHHSIMH, PI3HUX XBHJIBOBHX Teopiit [1-6]. Be3mocepennno
017151 THA TPOEKIIii BEPTUKAJIBHUX CKJIQJIOBUX OpOITAIBHUX HMIBUIKOCTEH PiBHI 3 HYJILOBUM 3HAYCHHSIM,
TOMY, 3aBISIKH IPOEKIISIM TOPU30HTAIBHUX CKJIaJJOBUX IIBHIKOCTEH, YaCTKW BOJIM 3a TEPioj XBHII
3IIMCHIOIOTh 3HAKO3MIHHI PYXM HaJl TIOBEPXHEIO JHA. AcCHMETpis MpoQisiB XBUIb MPU3BOAUTH IO
TOTO, IO JIOHHI IIBUKOCTI MPH MPOXOKEHHI rPeOSHIB XBHUIIb 3aBKIU OUTBIIN, HIXK TIPU MTPOXOKEHH1
BrajuH. Lle 1 € OCHOBHOIO MPHYMHOIO MEPEMILIEHHS] JOHHUX HAHOCIB y TOMY UM 1HIIIOMY HalpsIMKY
IiJ] BIUIMBOM BITpOBUX XBWJb. CIIiJ| BiA3HAYWTH, IO MEPEMIIICHHS JOHHUX HAHOCIB BiIOYBa€ThCS
TaKOX 1 ITiJ] BILTABOM TEYil.

BopoTtb0a 13 3aHeCeHHSM MOPCHKUX KaHAIB HUHI 3[1HCHIOEThCS Pi3HUMU criocodamu. OuH 13
HUX Tiependadae OyHiBHUIITBO TOPOTHX 3aropoKyBAIBHHUX CIIOPY[, IO 3YNHHSIOTH PyX IOHHHX
HaHociB. Taki cropy/au MOKyTh IEPETHHATH BiJIbHY [TOBEPXHIO BOJIH, 200 MOBHICTIO OyTH i Heto [7].
Haii6inpi mpocTiMH, y KOHCTPYKTUBHOMY BIJIHOIICHHI, € KaM'sHi HayepKH Ta IIOPH Y BHUIJIAL
JBOPSIHUX IIITYHTOBUX CTIHOK. Y JICSKMX BHIAJKaX IX JOIUIBHO TPOEKTYBaTH Ta OyayBaTu
KoMOiHOBaHuMH (puc. 1 a, 0).

Puc.1. Cxemu 3aropo/iKyBajgbHUX CIIOPYI MOPCHKHX KaHaMTIB:
a — KaM’sHi HauepkH; O — ABOpsIIHA IIITYHTOBA CTiHKA (IIIOpa)
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Taki copyau HaJiifHO MEPEXOILTIOIOTh MMOTOKK HAaHOCIB 3 000X O0KiB kaHamiB. [Ipu sickpaBo
BUPAKEHOMY OJIHOCTOPOHHBOMY HAIIPSIMKY PYXy HaHOCIB Y KOPEHEBMX YaCTHH TaKUX CHOPY[
3roJIOM BiOYBa€ThCS IHTEHCUBHE HANOBHEHHSI KyTa MIX JIiHiI€I0 Oepera Ta 3aropoJiKyBaJIbHOIO
CHOPYA010. 3 1HIIOro OOKY KaHally YTBOPIOEThCS Ae(DILUT HAHOCIB, 0 IPU3BOAUTE 10 PYHHYBaHHS
OeperiB, 110 MPUIATAIOTH 70 1HIIOTO OOKY MiAXITHUX KaHaJiB. [ 0JIOBHI YaCTUHH OTOPOIKYBATBHHUX
CIOPY/ HEOOXIJHO MPOJOBKYBATH A0 TAaKMX INIMOMH, A€ TPAaH3UT HAHOCIB, 3 YpaxyBaHHAM iX
(bi3MKO-MEXaHIYHUX XapaKTEPUCTUK, HEMOXIIMBUHN I JAHOTO KOHKPETHOTo Micis. ByaiBHHIITBO
3aropoKyBaJIbHUX CIIOPYJ 3aBXKIU 3/1HCHIOETbCS B YMOBAX BIJIKPUTOIO MOps, TOMY TEMIIU
iXHBOTO CHOPY/KEHHS ICTOTHO 3aJIeXKaTh BiJl MOTOJHUX YMOB. BapTicTh Takux cropys cymipHa 3
BapTICTIO OTOPOKYBAJIBHUX CHOPYA (MOJIB), IO TMEPETHHAIOTh MUIKOBOJIHI, NMPHUOINHI Ta MpH
ypi3Hi 30HH. [y 6e3neuHoro iaBaHHs Cy/IeH TaKi CIIOpyId MaloTh OyTH MO3HAYEHI BiIOBITHUMHU
HaBIralifHUMH 3HaAKaMU.

[Ipu BUKOHAHHI JHOMOTIHOIIOBAIBHUX POOIT 3arOPOIXKYBaJIbHI CIIOPYIU CTAHOBIATH MEBHI
TPYIHOII B poOOTI CyJeH TeXHIYHOTO (II0Ty. SIK CBIIYHMTH MPAKTHKA €KCIUTyaTallii TaKkuX CIOPY/I,
BUKOHAHHS PEMOHTHHMX JHOMIOIIMOIIOBATBHUX POOIT, MO TpacaM KaHANIB YCKIQJHIOE Oe3redHe
IUTAaBaHHS CYJIEH, 110 BXOJATh 1 BUXOJATh, 1 HECIPHUATIMBO BIUIMBAE HAa NPOAYKTHBHICTH poOOTH
MIOPTIB.

[Hmumi cnoci® 60poTHOM 3 3aHECEHHSM MOPCHKUX KaHATIB JOHHHUMH HAaHOCAMH IOJSTae y
BJIAIITYBAaHHI MACTOK Yy BUIJISII POPI3iB Y MOPCHKOMY JIHI, PO3TAIIOBAaHHUX ITApasieIbHO KaHaJaM,
SK1 TIOCTYIOBO 3allOBHIOIOTHCS HAHOCAMHM, CIIPHUSIIOUM 30€pEeKEHHIO OTOJIOUIEHUX TIIMOMH BOJU HA
KaHaJlax JIOCUTh TpUBaIMi 4Yac [7]. [eomerpuyni po3Mipu Hpopi3iB 3ayiekaTh BiJl 00’ €My B3IOBXK
OeperoBux MOTOKIB HAHOCIB, sIKI MITPYIOTh B TOMY YH IHIIOMY KOHKPETHOMY MICIII Tpac KaHaJiB,
0 MPOEKTYIOThCsA. [0 mepeBar Takoro crocoOy BiTHOCSTHCS MPOCTOTA BHKOHAHHS BiJHOCHO
JIeLIeBUX TPOPI3iB 3 ypaXyBaHHSAM I1OYAaTKOBUX MNIMOMH BOJM B3JIOBX TPAc MOPCHKHUX KaHAaJIB.
[Tpopi3n MOXXyTh TaKOX BIAIITOBYBAaTHCH TUIBKM B3JI0BXK OJHOTO OOKY KaHaldy B THX BHIIAJKax
KOJIM TIOTIK HAHOCIB Ma€ HE3MIHHMH OJHOCTOPOHHIM HampsMoK. Cxema po3TallyBaHHsS IacTOK
B3JIOBXK MOPCHKUX KaHAIIIB IPUBEJCHA HA PUC. 2.

2 1 2

0,0
S

S

-

dnp dnp ’
N
/>>77J \/>7f7

Puc. 2. [lpuxnagu cxemMu po3TallyBaHHs IPOpPi3iB-IACTOK NapaieabHUX TPacaM MOPCHKUX KaHAIIB!
1 — kanan; 2 — npopizu

Crnig BIA3HAYUTH, MO0 BUKOHAHHS PEMOHTHUX JTHOMOTJMONIOBAIBLHUX POOIT 3 OYHIIECHHS
MACTOK BiJl HAHOCIB HE YCKJAJIHIOE€ CYTHOIJIAaBCTBO Ha MOPCHKUX KaHamax. [Ipore manuit cmoci6
3aXUCTYy HE € JOUUIBHUM MPHU 3aXUCTI MOPCHKUX AUISHOK MIAXITHUX KaHaJiB, OCKUIBKH MPH HOTro
BUKOpPUCTaHHI OyJie BiA0yBaTUCs IHTEHCUBHE pyHHYBaHHs 0€3M0ocepeIHbO MPUIIETIIOro JI0 MPopi3iB
y30epekIKs.

Mera Ta 3aBAaHHsI AocCail:keHHsi. MeToro 11i€ei poOOTH € po3poOKa HAUIPOCTINIOro, B
KOHCTPYKTUBHOMY BiJIHOIIIEHHI, Ta HEJIOPOTOT'0 CIIOCO0Y 3aXUCTy MOPCHKUX KaHAIB Bijl 3aHECEHHS
JOHHMMHU HaHOCAMH, B TOMY YHCIII JIJISHOK MiJXiTHUX KaHAJTIB, [0 MEPETHHAIOTh MITKOBOIS TIPU
po3TanryBaHHI akKBaTOpid MOPCHKHX IOPTIB B JIMMaHax Ta 3arokax. llocraBiena mera Oyna
JOCATHYTA BUPIIICHHSM HACTYITHUX 3aBJaHb:

— aHATI30M ICHYIOUHX CTIOCO01B OOPOTHOM 3 3aHECEHHSIM HAaHOCAMHU MOPCHKUX KaHAIB;
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— aHAJI30M ICHYIOUMX CIIOCOO0IB 3aXHCTy BiJl HaHOCIB MiJIX1IHUX KaHAJIiB MOPCHKHX MOPTIB,
PO3TaIlIOBaHUX B MIJIKOBOJIHUX JIUMaHaXx;

— aHaII30M MeXaHi3My PyXy HaHOCIB Y3/J0BK MOPCBHKHX O€periB,;

— PO3pOOKOIO MTPOCTOTO CHOCO0Y 3aXMCTY MOPCHKUX KaHAIIB, B TOMY YHCII 1 MiIX1THUX, BiJ
3aHECEHHS JOHHUMHU HAaHOCAMH.

Marepiajn Ta MeTOIH A0CTiaKeHb. OCHOBHOIO MPUYMHOIO NIEPEMIIIICHHS JOHHUX HAHOCIB €
eHepris BITpoBUX XBWIb. Ha TmuOOKii BO1, IPpU BiTHOIICHH] TTMOMHY BOIU d IO TOBXKHHH XBUJI1 A
(d/A > 0,5), pyx 4aCTHHOK BOJAM B XBHJISIX BiZOYBA€ThCS IO KPYrOBUM OpOIiTaM i MOBHICTIO 3aTyXa€
B TTTMOWHI, HE JOCSTHYBILH JIOHHOI IIOBEPXHi. AJie HaBiTh B INIMOOKOBOIHIH 30HI IPOQLII0 BITPOBUX
XBUJIb BiIacTuBa acuMmeTpis. IIpu 1boMy rpeOGeHi XBWIIb 3aBXKIW OLIbINT HDK BHnaauHu. Ilo mipi
npuOIMKEeHHs 10 OeperiB B MIIKOBOAHMX Ta NpUOIHMX 30HaX TrpeOeHl XBWIb 3HAYHO
MEePEeBUILYIOTh BIAJUHU, & PyX YACTUHOK BOJHU MO BCii TOBIII BOAM 3A1HCHIOETHCS MO €NINTUYHUM
opOitam (puc. 3). Acumerpist BITPOBHX XBHJIb MPU3BOAUTH 10 ACUMETPii MPOEKIiil MBHIKOCTEH
YaCTUHOK BOAM B XBWISAX. bijs camoro jgHa 3Ha4eHHs MPOEKIiM MIBUIKOCTEH YaCTUHOK BOJAM B
XBUJIIX HA BEPTUKalbHY Bichb Vy mparHyTs 10 0. A mpoekuii IIBHIKOCTEH 4aCTUHOK BOJIU Ha
TOPU3OHTANIbHY BiCh V Mig rpeOCHSIMH Ta BIaJuHAMH O TOHHOI IMOBEPXHI HE PiBHI MIXK CO0010,
Opu UboMYy 3aBXKIH Vyp> Vygn, IO 1 € acUMeTpi€l0 JOHHMX MIBUAKOCTEH S, sKa KiIbKICHO
BHU3HAYAETHCS (POPMYIIOL0:

S = Vx.r‘p/ Vx.yn. (l)

AcuMeTpist JOHHUX HIBUJIKOCTEH S € OCHOBHUM (DaKTOpOM MEpEeMIllIeHHs TOHHUX HAaHOCIB B
MUIKOBOJIHUX Ta NMPHOIMHMX 30HaX MOpIB B Mepiogu iX mTOpMOBOi aisuibHOCTI [8]. Bennunuu
JOHHUX MIBUAKOCTEH MOXXYTh OOUMCIIOBATUCS BIAMOBIIHO IO PI3HUX XBUJIBOBHX Teopii. Kpim
[[LOTO HA MPOLEC NepeMillleHHs JOHHUX HAHOCIB BIUITMBAIOTH 1 MpUOEpEekHi Tedii, sIKi BUHUKAIOTh B
npuOIHUX 30HaX Ta B 30HaX MDK OCTaHHIM PYHHYBaHHSM XBWJIb 1 ypi30M BOJM B IITOPMOBI
nepioau [3].

TII7S, TV EITTITII TSI ITTIIS SIS TSI SIS ; V. TS,
Puc. 3. Xapaktep pyXy 4acTOK BOJIY B XBUJISIX HA MIJIKOBOJIi:
a— aMIUTITY/1a; X Ta Z — TOPU30HTAIbHA 1 BEpTUKAJIbHA KOOPIMHATH; a Ta b — miBBici eninTHYHUX
op0iT; h — BucoTa xBui; A — moBkuHa XBuii; d — rubunHa Boau; t — vac; PP — po3paxyHKoBHit
piBEHb BOU

Ileit mporiec HaWOLIBII TOYHO OMHCYETHCS KHOIIATbHOI Teopiero XBwib [6]. BiamosimHo
HENIHINHIA Teopii XBUIIb, MPOEKIlisi TOPU3OHTATBHOI CKJIaJ0BOT IMIBUIKOCTI YaCTOK BOAHM B XBUIII
BHU3HAYAETHCS 13 HACTYITHOTO PIBHSAHHSA:

- 2.,
Vi = (g/d)™ x, ()
1ie: § — MPUCKOPEHHS BUILHOTO Ma{IHHS m/c%; d — rubuHa BoH M; 1 — PIBHSIHHS NEP1OAUYHOT

KHO1JJAJIbHOT XBIJII (BiIXHMJICHHS! XBHJILOBOT TOBEPXHI BiJ] piBHS CMOKIIHOI MOBEPXHI BOAMU B TOYIII 3
KOOPJMHATOIO X B MOMEHT Yacy t):
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N = Mmint hcnz(kx—mt,m), 3)
€. Nmin— BIAXWJICHHS BiJIOBIHE MMiIOMIBI XBHIII; h — BUCOTa XBHIII; CN — eNINTHYHA (QYHKIIIsI
Axo6i 3 Mogynem m (0 <m< 1).
Monayiap m TOB’sA3aHUl 3 BUCOTOW XBWl N, nomkuHOO A Ta TimOuHOO BoOau d
CIIBBITHOILIIEHHSM.

mK?=3/16 xdi*/h?, (4)

ne: K — moBHUH eninTHYHUN 1HTETpa, 3aIeKHAA BiI M.

XBUJIHOBE YUCIIO K, KpyroBa yactoTa « IMOB’s3aHi 3 JOBXKHMHOIO XBWII A Ta ii mepiomom T
HACTYITHUMU CIiBB1IHOIICHHSMHU:

k = (2K)/&, (5)
o = (2K)/T. (6)

Po3pi3HAIOTH TO3I0BXKHE Ta MOIMEPEYHE, 1O BIIHOIICHHIO 10 OeperiB, mepeMilleHHs] HaHOCIB.
@poHTaNBHUH MiJIX1]1 IITOPMOBUX XBWJIb, IOMPH iX pedpaKiilo € Maiike BUHATKOM, OCKIIbKH XBHIII
3aBXIM MAXOAATH A0 OeperiB miJ ACSKUM KyTOM. Buxonsuu 3 mporo, HalOUIbI HEOE3MEUHUM, 3
TOYKH 30py 3aHECEHHS MOPCHKUX KaHAJIB, € MO3J0BXKHE MEPEMIIICHHsS HAaHOCIB Y MIUTKOBO/JHHX,
npuOIHUX Ta MPH YpPI3HUX 30HAX MOpiB. Po3Mipu 1ux 30H Ha OJHOMY 1 TOMY caMOMY Micli
y30epeskKs 3aJ1e)KaTh BUKIIOYHO BiJl TApAMETPiB XBUJIb, dKOPCTKOCTI Ta TPUBAJIOCTI IITOPMIB.

Pe3yabTaTn gociaigkenb. Buxonsun 13 aHamizy MexaHi3My MEpeMillleHHs MMOTOKIB HaHOCIB
B3JIOBK MOPCBHKHX OeperiB, omucaHoro OaratbMa gociigHukamu [3, 4, 8], iHTEHCHBHICTH I[LOTO
IPOLIECy 3aJEKUTh Bl JOHHUX XBWJIBOBUX LIBHJKOCTEH 1 B3I0BX OEperoBux Teuil, a TaKoX BiJ
(bi3MKO-MEXaHIYHIX XapaKTePHCTUK IOBEPXHEBUX IIapiB IPpyHTIB. Bimomum € Toif ¢akT, mo
HasBHICTh TMPOPI3iB B MOPCHKOMY IHI a00 Ha KaHajlaX y MUIKOBOJHUX NPHUOEPEKHUX 30HAX
BIUIMBAE€ HA KapTHHY PO3MOBCIO/KCHHS BITPOBUX XBWIb Ta iX mapamerpu [9, 10]. Cryminb mporo
BIUIMBY 3aJIKUTh BiJ JIOBKMHU XBUJIb Ta HAINPSAMKY iX (POHTIB PO3MOBCIOJUKEHHS BIJTHOCHO
MO3/I0BXKHIX OCiB KaHaliB ab0 mpopizi. Take sIBHUINE CIIOCTEPITranoch siK B JJAOOPaTOPHUX yMOBax
Ha (PI3UYHUX MOJENSIX, TaK 1 B HATypl MPH MPOXOJKEHHI (PPOHTIB XBUJIb BiJ PI3HUX PYMOIB MO
BiJTHOIICHHIO /IO TUIAHOBOTO IOJIOKEHHS MOPCHKUX KaHaliB ab0 IHIIMX JOHHUX BUIMOK IDYHTIB.
ITpu nboMy Ha mapaMeTpu XBWJIb, IO PYXalOThCs O O€periB B MIJIKOBOJHMX 30HaX, BIJIMBAIOThH
pedpakuis, Audpakiis, iHTepdepeHIis, AWCUIalis XBWIbOBOI €Heprii Ta TepTs o0 JOHHY
noBepxHto. DaxiBIli BiPI3HIIOTH JEKiJIbKa CXeM MPOXOHKEHHS BITPOBHUX XBUIIb uepe3 kaHamu [10]:

— BICh KaHaly napajiejibHa HalpsSIMKY XBUJIHOBOTO ()POHTY;

— BICh KaHaJTy MEPHEeHIUKYIIIPHA HAPSAMKY XBHJIBOBOTO ()POHTY;

— XBHJII IPOXOJIATH Mijl PI3HUMHU KYTaMH JI0 TIO3/I0BXHBOI Bici kKaHaTiB (puc. 4).

B nepmomy Bumnazaky Bii0yBaeThbes pedpakiiis Ta iHTepdepeHiis XBuib. BucoTa XBUiIb B TaKMX
BUIAJIKaX 3MEHIIyeThcsl MpuOMM3Ho Ha 40% 1O HpuYMHI PI3KOro 30UTBILIEHHS TINIMOMHU BOJIU.
HanpsMok XBUIBOBOTrO ()pOHTY 3aJOMIIIOETHCSI Ha OpiBKax kaHaiiB. Ha OpiBkax kaHalliB XBHIJIbOBa
€HEeprist 3pocTae, a MO OCAM KaHAJB CYTTEBO 3MEHIIYeThCs. B npyromy BHNAAKy XBWI, IPU
MIPOXO/PKEHHI Yepe3 KaHalM, 3MEHIIYIOThCS MO BHCOTI. B TpeTboMy BHIIAJIKY, 32 TBEpKCHHSIM
aBTOpiB poOOTH [10], KpUTUYHUM € KyT MK MPOMEHSIMH XBHJIb 1 OCSIMM KaHaJIB PIBHUN 25°. STxmo
el Kyt OyJie OublIIe 11i€] BETMYMHHU, XBUJI TPOMIYTh Yepe3 KaHall 31 3SMEHIIEHHSIM CBOIX MapaMeTpiB,
a AKIIO MEHIIe, TO BOHU Oy1yTh BimouBatucs. [Ipu boMy iX BUCOTH Ha BXOJIl B KaHAJIM TaKOX OyAyTh
3MEHIIYBAaTHCh. 31 3MEHILIEHHAM LIbOT0 KyTa XBUJII MICHSI 3aJIOMJICHHS 3aJIMIIAI0THCS HA HABITPSHOMY
0ol KaHaTy, MPOJOBXKYIOUM CBill pyX MO HaBITPsiHIA OpoBILI 31 30UIBIIEHHSAM XBHJIBLOBOI €HEprii 1
BIJIMOBIHUM 3POCTaHHSM iX BUCOT. B TOM ke yac Ha MigBITPsHIN OpOBIII KaHAIB XBUJIbOBA €HEPTis
3MEHIITY€ETHCS 3 BIJIMOBIIHUM 3MEHIIICHHSIM BHCOT XBWJIb. Lle siBuIie 000B’13K0BO HEOOXITHO OpaTu 10
yBaru IMiji yac MpoeKTyBaHHS MOPCHKUX KaHAJIB, B TOMY YHCII 1 IMiIX1THUX.

Taki mporecn HEOJHOPA30BO CIOCTEPITAIMCh B  EKCIEPUMEHTATBHUX  JIOCHIPKEHHSAX
3aXUIICHOCTI aKBATOPii TIOPTIB, IO MPOEKTYBAINCH 13 3aHECEHHSIM MIAX1JHUX KaHATIB, K1 TIEPECIKAITN
MUIKOBOAI B JIAOOpaTOpHUX YMOBAaX, IO TPOBOJUB aBTOP NpPH HAYKOBOMY CYIPOBOJI HH3KU
peanbHUX TpoekTiB. [lapanenbHi MOPCHKMM KaHallaM MpPOPI3U-TIACTKU (YHKLIOHYIOTH 3TITHO 3
HaBEJICHUMH CXEeMaMM B 3aJIeKHOCTI Bill KyTiB IIXOdy XBMILOBHX (POHTIiB. IX BHKOpHCTaHHS
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HaOUTBII €PEKTUBHO B THX BMIIAJIKAX, KOJIM TPacu MOPCHKHX KaHANIB MPOXOAAThH yepe3 JHMMaHU Ta
3aTOKH.
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Puc. 4. Cxemu mpoxo/DKEHHS BITPOBHX XBHJIb Yyepe3 MOpchki kananu [10]:
1, 2, 3 — HanpsAAMKH XBUJIbOBUX (PPOHTIB MO BIHOIIEHHIO IO OC1 CUMETPil KaHAITy

IlepemilieHHs: JOHHUX HAaHOCIB B MOPCHKI KaHAJIM MOKJIMBO CYTTEBO 3HM3HUTHU 3a JOIOMOIOIO
BiJITIOBITHOTO 3MEHINIEHHS MOHHUX MIBHIKOCTEH B XBWIIAX Oe3mocepeqHbo mepen OpiBkamu. Jlis
[[bOTO HAa HUIAXY PYXY MOPCHKUX XBWJIb, K1 OyayTh PyXaTHCh 10 KaHAJiB, HEOOXiTHO PO3MICTHTU
IITYYHI MEPENIKOIU y BUTJSAI THYYKHMX TOJOTHHI 13 CHHTETHYHUX MaTepiajiiB 3 TO3UTHUBHOIO
IUIaBy4icTI0. BOHM mpH3HA4YeHi sl YaCTKOBOTO PYHWHYBaHHSA CTPYKTYpH BITPOBUX XBHJIb, IIO
MpU3BENEe 10 CYTTEBOTO 3HM)KCHHS BEJIMYMH MPOEKIIH TOPU30HTAIBHUX CKIIAAOBUX IIBUAKOCTEH
YaCTUHOK BOAM Oinsg AHa Oe3mocepenHbo mepen OpiBKaMu KaHamiB. Taki IOJIOTHHUINA CITiJT
oOJlalHyBaTH JOJATKOBUMH TOIJIABKAMHM, SKi CIPHATHMYTh iX IOBEPHEHHIO B BEPTHUKAIbHE
MIOJIOKEHHSI MICHs MPOXOJ/PKEHHS TpeOeHIB Ta BHAJWH XBWUJIb AHAJOTIYHO, 3allaTEHTOBAaHOMY B
VYkpaini, rHyukoMy xBuiienaomy [11]. ITormaBku MOJOTHUIL TaKOK OyIyTh YTPHUMYBATH KPIMTUIbHI
KaHaTH B TMOCTiHOMY Hatary. IlmaHoBe moJI0OKeHHS TOJOTHMIL TIOBUHHO 3a0e3nedyBaTu
MIOCTYIIOBE 3MEHILIEHHS OpOITAJIbHUX HIBUAKOCTEH YaCTOK BOJIM B XBUJISIX 3 MOBEPXHI BOJAU 1 110
caMoro JHa. 3 ypaxyBaHHSM OOCTaBMH, IIO JO PO3PaxXyHKOBUX IapaMeTpiB XBWJIb B CHUCTEMI
PO3PaXyHKOBOT'O IMITOPMY, 3TiTHO peKOMeHmamisM HopM [12], BigHOCATHCS BUCOTa XBHJI Nig
3a0€e3MeUeHOCT] Ta cepeAHs JOBXKHHA XBWJII A, TO pO3MIIIAaTH MOJIOTHMIIA CIiJl Ha OpiBKax
MAXITHUX KaHATIB B MEXax TMOJOBUHH CEPEIHbOI JOBXHHHA PO3PaxyHKOBOI XBuUIi (puc. 5).

Po3mimaTi nojgoTHUIA 3 TO3UTHBHOIO IIABYYICTIO 3 HETKAHUX MaTepialliB CIijl BIOBX 000X
OpIBOK MOpPCHKHMX KaHaliB MpU PIBHO MMOBIPHOMY MiJXOJ1 BITPOBUX XBHJIb IO BIJHOLIEHHIO /0
IUTAHOBOTO TOJIOKEHHS 1X Oceil. Y BHUMagkaXx OJHOCTOPOHHBOI'O HANpsMKY pPyXy HaHOCIB
PO3MIIIEHHS MOJOTHUIL JOLUIBHO BIAIITOBYBaTH TUIBKM Ha OJHIA OpIBII 3 HaBITPSHOTO OOKY.
Bincrani MiX MOJOTHHUIIAMU 3aJ€KaTh BiJl CEPEAHBOI JOBKUHU XBUJII B CHCTEMI PO3PaXyHKOBOTO
mTopMy. Tak 3aragpbHa MIUPUHA 30HU PO3MIIMIEHHS TMOJOTHHUIN HAa OpiBKax KaHATIB HE MOBHHHA
MIEPEBUIILYBAaTH TOJOBHUHY CEpPEIHbOI JOBXMHHM XBMJI B CHCTEMi PO3PaXyHKOBOIO IITOPMY, a
BIJICTAH1 MK TOJIOTHUIIAMU MaroTh OyTH MPHOIM3HO PIBHUMM YBEPTI JOBXKHHHU PO3PAXYHKOBOI
xBuIi. KpaiiHi Bij Bici KaHaJIiB MMOJIOTHUINA HEOOX1HO pO3MIILYBaTH HIKYE PO3PAXyHKOBOTO PiBHS
Boau TOpTiB 98% 3abe3meueHOCTI TakuM YUHOM, MO0 IX BEpXHI YacTHHHM OYylIu HIXKYe
PO3paxyHKOBOI TOBIIMHU PIBHOTO JILOJSHOTO Mo nmpubau3Ho Ha 0,5M. Lle 103BONMUTH YHUKHYTH
MPUMEpP3aHHS BEPXHIX YaCTUH KpaillHIX MOJIOTHUI 3 MPUIMAMHUMHU Ta JIpeiyrounMu piBHUMHU
JILOJJOBUMHU TTOJISIMU.
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Puc. 5. 3axuct MOpchbKUX KaHaJIB THYYKUMH MTOJIOTHUILAMU 3 TTO3UTUBHOIO MJIaBYUICTIO:
a — maH; 0 — po3pi3

BucHoBku.

1. Icnytroui crioco6u 60pOTHOM 3 3aHECEHHSIM MOPCHKUX KaHaliB, B TOMY YMCHI 1 MIIX1IHUX, €
3aHAATO JIOpOTMMHU. BoHM moTpeOyroTh pPEryIsipHUX BUTpaT Ha PEMOHTHI JHONOIIMOJIOBAIbHI
poOOTH B MpoIIeCi X eKCIuTyaTaIllii.

2. Metoau po3paxyHKIB TpPaH3UTHHUX OO’€MIB HAaHOCIB HEJIOCKOH&II 1 MOTPeOYIOTh, s
JOCTOBIPHMX pe3yNbTaTiB, 0araThOX JJaHUX IHXKEHEPHUX BHILIYKYBaHb IO TpacaM MOPCHKHUX
KaHaJiB, 110 MPOEKTYIOThCS.

3. ®i3uyHe MOJICITIOBaHHS MOPCHKUX KaHAIIB HA MUTKOBOJHHX JIJITHKAX JOHHUX IMOBEPXOHBb
JI03BOJISIE OTPUMYBATH TUIBKM SKICHY OIIIHKY HamnpsMKIB PyXy HaHOCIB TNpH TPOEKTYBaHHI
3aropo/IKyBaJIbHUX T1IPOTEXHIYHUX CIOPY/I B MPOLIEC] iX HAYKOBOTO CYIPOBOY.

4. BUKOpUCTaHHS 3aropoJUKyBalIbHHUX TIIPOTEXHIYHHUX CIOPYHA JUIS 3aXHCTy MOPCHKHUX
KaHaJiB BIJ 3aHECEHHsI MPHU3BOAUTH JO IHTEHCHMBHOIO HAMOBHEHHS HAHOCAMH IPOCTOPY MIX
Oeperamu Ta CIOPYAaMH, CIPUSIOYM JeIiIUTy HAHOCIB Ta PYHHYBaHHIO NMPWIErTUX OeperiB Ha
NESIKUX BIJICTAHAX BiJ KaHAJIB.

5. Ilpopi3u-nacTku Juis NepexorieHHs] OTOKIB HAHOCIB, PO3TAIIOBAaHUX B3J0BXK MOPCHKUX
KaHaJiB, COPUSTIMBO BIUIMBAIOTh Ha PO3MIPU IMapaMmeTpiB IITOPMOBHX XBUJIb Ta MOTPEOYIOTh
MOCTIHHOTO KOHTPOJIO 3allOBHEHHS HaHOCaMH iX 00’e€MiB, KOpeKLii po3MipiB 1 IJIaHOBOTO
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MIOJIOKEHHS B TIPOIIECI eKCIUTyaTallii.

6. 3ampormoHOBaHWM CIIOCIO 3aXUCTy BiJ 3aHECEHHS MOPCHKHX KaHaIB 0a3yeTbcs Ha
ICTOTHOMY 3MEHIIIEHH] IOHHUX XBHJIOBHX IIBUAKOCTEH MO BCiil rmOuHI Bo1u 6e3mocepeiHbo Ha
OpiBKax KaHaIIB Iepes yKocamMu. BmpoBa/kKeHHs IbOTo CrocoOy B 1H)XKEHEPHY MPaKTHKY Oyje
CTIPUSATH aKyMYJISIIii JOHHUX HAHOCIB Ha OpiBKaxX MOPCHKUX KaHAJB, a, BIIMOBIIHO, 301IbIICHHIO
TEPMiHIB MIXKPEMOHTHHX JHOMOTTHOIIOBAIBHUX POOIT.

7. YTO4HEHHS pO3MIIIEHHS THYYKHMX IMIOJOTHUIN Ha OpiBKaXx MOPCHKMX KaHATIB Ta
BH3HA4YCHHS €(PEKTUBHOCTI IIHOTO CIIOCO0Y MOKJIMBE Ha OCHOBI aHaIi3y pe3yJIbTaTiB JJa0OpPaTOPHUX
Ta HATYPHUX EKCIIEPUMEHTAIBHUX JIOCIIIKEHb.
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PROTECTION OF SEA CHANNELS FROM SEDIMENTS

Rogachko S.1., Doctor of Technical Sciences, Professor,
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34, Mechnikova st., Odessa, 65029, Ukraine

Abstract. Seaports of the world, which built in estuaries and bays, are connected to the seas
by approach channels. When they crossing shallow water depths (milky water and surf zones), they
are subjected to intensive drift by bottom sediments. It is main reason of decreasing of the depths in
the channels over time and to reduce the terms between repair dredging works. The wave velocities
are the main reason force of movement of bottom sediments. Projections of the velocities of water
particles in waves on shallow water are described by various wave theories. Intensity of drifting to
deposit due to a number of natural factors: topography of the sea beds; duration and the severity of
storms; speeds of currents; types of bottom soils and their physical and mechanical characteristics.
In addition, this process is influenced by the design profile of the channels and their planned
position to the seaport gates. In the process of engineering studies and scientific support for the
design of sea channels, the total volume of sediment flows and their general direction of transit are
established, options for the planned location of channels routes, the angles of their slopes as well as
options for protecting channels from drifting sediment are considered, taking into account the
factors listed above. The analysis of all factors, as well as, the results physical and mathematical
modeling allows take optimal design decisions on the location of the routes of sea channels, their
dimensions taking into account the specifics of regions. The dimensions of estimated vessels, types
of channels and cargo turnover of sea ports in the near future are also taken into account. The main
requirements that apply to sea channels in their design are safe navigation of ships, the minimum
amount of dredging works, as in the construction process, as well as exploitation. For this reason,
the protection of sea channels from drifting by sediments is a very urgent technical problem. This
problem was solved on the basis of analysis of existing methods for protection of sea channels in
the shallow-water zones of the seas from the bottom sediments by developing a simple and
inexpensive method. The mechanism of movement of bottom sediments under the action of wind
waves and current was taking into account, when developing this method. The method proposed in
this article is based on the principal of operation of a flexible floating breakwater, which patented in
the state Ukraine.

Key words: sea channels, wind waves, bottom sediments, breakwaters, dredging works.
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Abstract. The work is aimed at an analytical solution of the problem of establishing the
relationship between hydraulic and thermal stability for both traditional multi-storey and modern
automated water heating systems for high-rise buildings. From the results of the review of scientific,
technical, regulatory literature and patent search, it follows that the data and recommendations obtained
are not exhaustive and require further research related to the solution of theoretical and practical tasks
of the problem under consideration. Therefore, further improvement of heating systems determines the
need to solve new scientific and technical problems, the results of which can create a scientific and
methodological basis for improving the hydraulic and thermal stability, energy and overall efficiency
of automated heating systems for multi-storey and high-rise buildings.

The result of the work was an analytical solution of the problem with the establishment of the
regularity of the relationship between general hydraulic and thermal processes in the heating
systems of high-rise buildings in order to analyze the conditions for a possible increase in their
energy-technological efficiency. With quantitative and qualitative regulation of the thermal power
of the systems, taking into account the change in the gravitational component, the actual pressure
losses are compared with the drop for the options under consideration. The thermal power of
heating systems was presented as the total heat flow from all heating devices, with the "lower" and
"intermediate” location of the heat source. A new dependence is obtained by means of an irrational
equation, which establishes an analytical relationship between the processes of thermal and
hydraulic stability. It is shown that a new technical solution with an intermediate placement of a
heat source along the height of the building minimizes the gravitational pressure during the
operation of the heating system, as a result of which its vertical hydraulic stability increases, and,
accordingly, the variable part of the excess pressure on the automation means decreases.

Key words: water heating systems, heat source, placement level, devices, hydraulic stability,
thermal stability.

Introduction. In most European countries, more than 30-35% of the total consumption of fuel
and energy resources is spent on heating buildings. Numerous studies have shown that the current
potential for energy savings in Ukraine at the current level of heat supply of buildings reaches 50-60%.
Therefore, the current state of the heat industry makes it urgent to find additional ways to significantly
improve energy efficiency and quality of heat supply with a decrease in its unit cost.
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Analysis of recent research and publications. The theoretical basis for the further
advancement of the heat-hydraulic stability of water scorching systems, which is directly related to
their energy efficiency and efficiency, was seen in the works of many domestic and foreign authors [1-
3], which, in fact, laid the foundation for the theoretical construction of such a structure. However, the
results of a long-term view of the scientific and technical, regulatory literature and patent literature are
evidently obvious, that the withdrawal of data and recommendations will require further investigation,
in relation to the theoretical and practical challenges of the problem. Therefore, further improvement of
heating systems determines the need to solve new scientific and technical problems, the results of
which can create a scientific and methodological basis for their practical application based on research
results. Thus, the relevance and direction of this work are aimed at determining the conditions for
improving hydraulic and thermal stability, energy and overall efficiency of automated heating systems
of multi-storey and high-rise buildings [3-5].

Known water heating systems usually have a lower location of the intermediate heat exchanger or
heat generator on the height of buildings, both central and local heating. The pressure drop in the system
is determined by the variable value of the pump and gravitational components in ensuring the required
circulation of the coolant. It is characteristic that the gravitational component of pressure in modern
automated heating systems of buildings with a height of 5 to 25 floors reaches 25-45% [1, 3, 6]. Both
the lower and upper location of the heat source (“'roof" boiler room), which has become widespread in
recent years, have their drawbacks. They relate primarily to the gravitational pressure, which coincides
with or is opposite in action to the pump pressure.

It is characteristic that the increase of thermohydraulic stability of heating systems due to
thermoregulatory means, including control valves with heating devices with high hydraulic
resistance, as well as automatic pressure relief devices at the base of risers and mains, is largely
unjustified, because they themselves bring a very significant additional hydraulic resistance. As a
result, the hydraulic resistance of modern automated systems has increased 2-3 times over the past
20 years, and the unit cost of automation has reached 15-20% of the total cost of heating systems,
but the payback period has decreased.

It is logical that the placement of the heat generator at a certain level in the height of the building
[5, 7], can eliminate the action of the main factor of vertical hydraulic adjustment, which minimizes the
resulting gravitational pressure in the circulation circuit of the pump heating system. At the same time,
the energy and economic feasibility of using the formed systems with the "middle laying" of
distribution and prefabricated mains, which are located at the level of the heat generator, is obvious. In
most cases, the device of such systems may be more desirable in comparison with traditional systems
with upper and lower location of the supply lines. In recent years, in foreign and domestic practice on
energy-economic conditions and functional needs are justified technical solutions, providing for the
arrangement of technical floors for the placement of elements of engineering systems, both in high-rise
buildings and in buildings of high storeys [4, 8]. Thus increase of thermohydraulic stability of heating
systems with decrease in their cost on the above-stated basis is not considered.

It should be noted that for all reasons of hydraulic adjustment, the change in the value of
gravitational pressure is the most significant factor with the corresponding negative consequences
characteristic of each type of heating system [9]. The main reason for both initial and operational
regulation of heating systems is, first of all, the influence of natural pressures on water distribution,
so to reduce its consumption should reduce the share of natural pressure difference in the total
differential pressure difference.

In [7, 9] the approach to improvement of systems of water heating of high-rise buildings on
the basis of rational interrelation and interrelation of structural elements is stated, that allows to
increase the general efficiency of work of corresponding systems by excluding negative influence
of gravitational pressure reducing vertical thermohydraulic regulation. As a result, the uniformity
and efficiency of heat transfer processes of all heating devices both in the design and in the
operating modes of the systems increases. In addition, the intermediate device of the heat source
determines the technical and economic feasibility of the appropriate placement of common
highways of heating systems. At the same time, first, the length of supply and return mains is
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reduced, and also diameters of distribution and collecting pipelines decrease; second, the hydraulic
resistance of the parallel connected sections of the upper and lower zones of the riser decreases, and
as a result, the total hydraulic resistance of the whole system in comparison with the systems with
the traditional placement of the heat source. At the same time, there is still no mathematically sound
and acceptable for practice criterion of general assessment of hydraulic and thermal stability of
water heating systems, which would adequately take into account the interrelated regime conditions
for highly efficient operation in the process of their operational regulation.

The aim and objectives of the study. The aim of the work is an analytical study of the
interconnected processes of hydraulic and thermal stability of automated water heating systems of
high-rise buildings, aimed at further improving their thermal efficiency with reducing the
corresponding material costs. To achieve this goal it is necessary to develop a mathematical model
that summarizes the patterns of interconnected processes in ensuring hydraulic and thermal stability
of water heating systems with the expansion of ideas about their further structural and functional
improvement in ensuring optimal microclimatic conditions.

Material and methods of research.The paper uses a comprehensive research method, which
includes: analysis of known theoretical and experimental works with a scientific generalization of
the final results; computational-analytical and mathematical modeling, which is based on the
classical equations of hydraulic and heat exchange processes, as well as a method of analytical
solution of the problem. In accordance with the recommendations and requirements [1, 4-6] in the
practice of engineering development of heating systems to ensure sufficient hydraulic stability it is
recommended to take the pressure drop in the riser relative to the pressure drop in the calculated
circulation circuit of at least 70%.

It is known [1, 3, 6] that the indicator of hydraulic stability G reflects the ratio of the actual
consumption of coolant Gy to its calculated value G¢:

G=G /G : 1)
X Cc

The main condition for the hydraulic calculation of heating systems, which is associated with the
selection of pipe diameters and determine the pressure drop in the relevant areas, is to compare the
pressure drop with its actual value. In [7, 9] it is substantiated that in the heating system of a multi-
storey building with intermediate placement of the heat exchanger at a rational level the effect of
gravitational pressure is minimized in comparison with the similar one at the lower placement of the
heat source. On this basis, under the conditions of quantitative and qualitative regulation of the thermal
capacity of systems, taking into account the change in the gravitational component, we can compare
the actual pressure loss with the difference for the analyzed options in the appropriate form:

2  ApC c .
ShSGC —APpp+BAng, (2)

S,G% = AP, +BAPY, 2, a)

where Sy — is the resistance characteristic of the heating system, Pa - s/kg?;

G¢, Gx — coolant flow at the calculated and variable values, kg/s;

AP®p, — calculated pump pressure drop, Pa;

AP%y,, AP*y, — gravitational pressure of heating systems, respectively, at the lower and
intermediate location of the heat exchanger, Pa;

B —is the coefficient of gravitational pressure.

On the basis of dependencies (1) and (2), (2, a), the hydraulic stability of the scorching
systems can be presented in an offensive way:

G Ang+AP3p
G=—2= S — (1, a)
G AP” +PBAP
c pp gp

The intermediate distribution of the heat source in a multi-storey building allows minimizing
the gravitational pressure in the heating system with piece circulation, at the link with which the
fallowness (1, a) is observed:
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AP®
G pp

AP® +BAP®
pp gp

(1, b)

The established dependence of the hydraulic resistance index (1,b) is illustrated by the graph,
shown in Fig. 1, which shows that the minimization of the gravitational pressure relative to the
pump provides a corresponding increase in the hydraulic stability of heating system.

G =G.x."r{]:
1,0 A \
0,95 S

0,9 e

0,8 ==={ APep/ARp
005 01 015 02 025 03 035 04 045

Fig. 1. The dependence of the hydraulic stability of the heating system of a multi-storey building on
the ratio of gravitational and pumping components

It is known [1, 3, 6, 10] that an indicator of thermal stability T can be the ratio:

-2, ©)
Q.
where Qx, Qc — heat capacity in the intermediate and lower location of the heat exchanger, W.
If the heat output of heating systems is presented as the total heat flux from all heating
appliances, then for the compared options at the "lower" and "intermediate” location of the heat
source can be written:

Qe =aA (t —%—tr)”m; 4)

_ h Qx 1+m

QX aA(te 2CG X tr) ’ (5)
where A — surface of scorch fittings, m?;

a — constant heat transfer coefficient of the accessory;

t", — is the heat transfer temperature at the entrance to the heating system, °C;

t, — the temperature in the room, °C;

¢ — the average specific heat of the coolant, J/(kg - K);

m — step indicator at temperature pressure.

Representing the temperature difference of the coolant in the heating device in equations (4)
and (5) at the lower location of the heat source in the form:

Qx _AL

20Gy 2
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and the corresponding value for the intermediate placement of the heat exchanger, taking into
account the value G = GX/Gp and (3) in the form of:

Qx _ TQe A4 T
2cGy 26G,G 2 G’
the dependence of the thermal stability on the hydraulic is expressed by an irrational equation (at m
=0.1... 0.5) of the following form:

T 1+m
t; —t.)—0,5A, —
(h r) CG

T= 6
(€ —t)—05A,¢ ©

In case of significant exchanges of water, the solution appears to be close at hand:
S —t,)- 054,

(€ -1)-05A¢
where X — is one of the values of x;, with modulus | x;, | <1, which is obtained using the
corresponding Taylor series expansion, which takes place under the following restrictions:

_ 1 1 1om2
xlyz_m(“m)[(k 1-m)++/(k—1-m) 2m(1+m)}, ™)

in which the generalized parameter K is calculated from the original data:

k:_(the_tr)r‘ (tﬁ_tr)_O’SA’c e (8)
0,54, (t, —t,) |

Analysis of research results. The solution of the obtained equation (6) when combined with
(1, b) is illustrated graphically in Fig. 2.

From the analysis of the presented graphical relationship it follows that the intermediate
placement of the heat exchanger, which minimizes the gravitational pressure, provides an increase
in hydraulic and thermal stability. The reduction of the gravitational component relative to the
pump pressure from 30% to 5% increases, respectively, the hydraulic resistance by 10% (from 0.87
to 0.97) and thermal by 3.2% (from 0.96 to 0.99) in the system with the calculated temperature
difference of the coolant (95-70) ° C.

X, (6, @)

1.0G
/11')./95' /é
1 | 0.9 /
0
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| 0.75 ! >/‘
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Fig. 2. Interrelation of indicators of thermal and hydraulic stability in heating systems of high-rise
buildings
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The scientific substantiation of improvement of an estimation of efficiency of high-rise
buildings water heating systems on the basis of search of a rational level of intermediate placement
of a heat source with the corresponding arrangement of mainlines has been received.

A new approach to the design and evaluation of improvement of water heating systems based
on rational mutual arrangement and interconnection of structural elements is proposed, which
allows to increase the overall efficiency of the systems by eliminating the negative influence of
gravitational pressure, which reduces vertical heat and hydraulic regulation. As a result, the
uniformity and efficiency of heat transfer processes of all devices, both in the design and in the
operating mode of the systems.

Conclusions. Based on the results of the analytical study, a new dependence is obtained in the
form of an irrational equation, which establishes the relationship between thermal and hydraulic
stability. The new technical solution with intermediate placement of the heat source minimizes the
gravitational pressure, which increases the vertical hydraulic stability of the system, and
accordingly reduces the variable part of the excess pressure on the automation. The device of
heating systems of high-rise buildings with intermediate placement of a heat source, minimizing
gravitational pressure, increases hydraulic and thermal stability, and here reduces functional loading
on means of automatic equipment and their cost.
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AHoTanisg. PoGora cmpsiMoBaHa Ha aHANITHYHE BHPINICHHS 3aBJAaHHS BCTAHOBIICHHS
B32€MO3B'SI3KY T1JIPaBIivyHOI Ta TEIUIOBOI CTIMKOCTI AK JJISl TPAAMIIMHUX 0araTornoBEepXOBHX, TaK 1
CYy4acCHHUX aBTOMAaTH30BAHHUX CHUCTEM BOJSHOTO OIAJICHHS BUCOTHUX OyaiBenb. 3 pe3yibTaTiB
OMIAy HAyKOBO-TEXHIYHOI, HOPMATMBHOI JIiTEpaTypd Ta IMATEHTHOIO MOLIYKY BHUIUIMBAE, IO
OTpHMaHi JaHi Ta PEKOMEHJallli HE € BHUYEPIHHMH Ta MOTPEOYIOTh MOJAIBIIMX IOCIHIIKEHB,
MOB'SI3aHUX 3 BHUPIIICHHSIM TEOPETHMYHHMX Ta MPAKTUYHUX 3aBJaHb PO3IJIIHYTOI mpolinemu. Tomy
MOJIANbIIIE BJOCKOHAJICHHS] CUCTEM OIAJICHHS BU3HA4a€ HEOOXITHICTh BUPIIIEHHS HOBUX HAayKOBO-
TEeXHIYHMX 3aB/laHb, pPE3YJbTaTH SKUX MOXYTb CTBOPHUTH HAayKOBO-METOAMYHY O0azy Juis
MIJBUIICHHAS TiIpaBJIiYHOI Ta TEIUIOBOI CTIMKOCTI, €HEPreTHYHOI Ta 3arajibHOl e()eKTHBHOCTI
aBTOMAaTH30BaHUX CUCTEM OIAJIEHHs 0araTonoBepXOBUX Ta BUCOTHHUX OYyliBEb.

Pesynmprarom po0OTHM cCTano aHaNiTUYHE BUPINICHHA 3a7adi i3 BCTAHOBIEHHSM OOIIKY
3aKOHOMIPHOCTI B3a€MO3B'A3KY CHUIBHHUX TiJpaBlIYHMX Ta TEIUIOBUX IIPOLECIB B cCHCTEMax
OMaJeHHS BUCOTHMX OyJiBeNb Ui aHali3y YMOB MOJKJIMBOTO MiJABUIIEHHS  IXHBOT
€HEpProTEXHOJOTYHOI e(EeKTUBHOCTI. 3a yMOB KUIbKICHO-SIKICHOTO PpEryJlOBaHHS TEMJIOBO1
MOTYKHOCTI CUCTEM, 3 YpaxyBaHHSAM 3MIHU TpaBITALIIIHOI CKJIa/10BOi, MOPIBHAHO (DAKTHYHI BTPATH
TUCKY 3 IMEpenajoM JUIsl aHali30BaHUX BapiaHTiB. TeOBY NOTYKHICTb CHUCTEM OIAaJECHHS
PO3IJISIHYTO SIK CyMapHHUI TEMJIOBHM MOTIK BiJl BCIX HarpiBaJIbHUX NMPHIIAJIB, IPU «HUKHBOMY» Ta
«IIPOMDKHOMY» PO3TallyBaHHI JUKepesa TeIUIOTH.

OTprMaHO HOBY 3aJIeKHICTb Yy BHIVISIII IPPalliOHAIBHOTO PIBHSIHHS, SKOI BCTaHOBJIEHO
aHATITUYHUM B3a€MO3B'A30K IPOILECIB TEIUIOBOI Ta TigpaBiiuHoOi cTilikocTi. Iloka3aHo, 1m0 HoOBe
TEXHIYHE PIIIEHHS 3 NMPOMDKHUM PO3MIIIEHHSM JpPKepesia TEIUIOTH MO BUCOTI OyiBII MIHIMI3Yy€E
rpaBiTallifHUN TUCK MTPH POOOTI CHCTEMH ONaJIeHHsI, BHACIIIJJOK YOT0 MiABHILYEThCS i BEpTHKaIbHA
riipaBiiyHa CTIMKICTb, a BIANOBIJHO 3MEHIIYETHCS 3MIHHA YacTHMHA HAJUIMIIKOBOI'O THUCKY Ha
3ac00M aBTOMATUKH.

KuarouoBi cioBa: cucreMu BOASIHOTO OMAJIEHHS, JUKEPENIO TEIUIOTH, PIBEHb PO3MIILEHHS,
MIPUIIAJN, TiApaBIiyHa CTIHKICTh, TEIIOBA CTIUKICTD.
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Abstract. Filtering facilities are essential for the technological schemes for natural water
treatment. They provide the required water quality as well as the valuable capacity of water
treatment facilities. Contact clarifiers are widely used to purify water with low turbidity and high
color values. Single-stage filtration based on the principle of contact coagulation uses it. Possible
complications in the operation of contact clarifiers are usually related to running the drainage
distribution system.

The authors formulated several basic drainage requirements, particularly the uniform
distribution of wash water over a space and the absence of filter load removal.

The article analyzes the existing drainage structures (drainage with supporting layers of gravel
and a gravelless pipe distribution system), which shows that they do not meet the requirements.
They lead to irregular washing of the filter load, a decrease in its dirt capacity, an increase in
residual contaminants, a reduction in the filter cycle, and an increase in the maintenance cost.

To improve reliability and durability, a drainage design is proposed that consists of perforated
reinforced concrete slabs, with porous polymer concrete in their holes, made of crushed granite or
gravel and a polymer binder, i.e., epoxy resin. This construction will ensure a uniform velocity field
during washing and filtering, reduce water consumption for its own needs, increase the filter cycle,
and prevent possible removal of the filter load.

It is found that the colmatation of the pore space with a suspended matter is one of the main
issues when considering the porous drainage in the structure of contact clarifiers.

The article presents experimental studies of the dynamics and degree of the colmatation in
porous polymer concrete with polluted water. They showed that no irreversible colmatation
happens, and the data obtained will allow us to use them during the hydraulic calculations.

The task of further research is to conduct full-scale tests on existing facilities.

Keywords: contact clarifier, colmatation, drainage, contact coagulation, coefficient of
hydraulic resistance.

Introduction. One of the water supply problems in Ukraine and abroad is the purification of
highly colored low-turbidity waters, which is typical for a particular category of rivers and
reservoirs [1]. Many facilities use modern coagulants and flocculants instead of traditional ones to
increase the efficiency of removing natural organic substances. However, this does not always lead
to a tangible impact due to insufficient knowledge of the following: the reagent treatment process,
depending on the nature of organic contaminants (which cause the color of water), the existing
technological and design flaws (which are inherent in the very beginning of the purification process,
when introducing reagents and mixing with the flow of the treated water) as well as — the
organization of the process of flocculation.

Contact clarifiers (CC) are a more complete solution to the problem of purification of high-
color low-turbidity waters. They are structures for clarification and decolorization of water,
combining the functions of a flocculation chamber, a sump, and a quick filter. The action of CC is
based on the principle of contact coagulation, which lies in the fact that when water moves through
a layer of granular loading, colloidal and suspended aggregately unstable parts are adsorbed on the
surface of the grains of the filter material. It provides, just as in contact filtration, more complete
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coagulation, the possibility of reducing the doses of reagents, and the independence of the required
amounts from the temperature and alkalinity of the water [2]. In this regard, improving the CC's
design parameters is relevant to ensure their regular operation.

Analysis of recent research and publications. There are several types of contact clarifiers
CC-1, CC-2, and CC-3. Structurally, CC-1 does not differ from a conventional fast filter. It is a
reinforced concrete rectangular tank (Fig. 1) with a load of granular layers constantly decreasing from
the bottom up. So the central part of the contaminants is retained in the lower coarse-grained layers. In
this design, the filtrate is being removed from the overload water layer. At the same time, the filtration
rate (with an average sand grain size of 0.8 mm) should not exceed 5-5.5 m/h to avoid sand weighing.
In CC-2 clarifiers, the filtrate is being removed from the upper part of the filter layer. It allows to
increase the calculated filtration rate (up to 10 m/h) but raises the cost of the drainage system. The CC-
3 clarifiers use water-air washing of the filter
loading. CC-3 has a "low horizontal outlet" for

31\ the wash water. Moreover, CC-3 clarifiers can
have two drainage systems for air and water.
] The efficiency of water purification at

CC is determined mainly by the operation of
the drainage distribution system. And the
operational experience shows it is the most

T T T A\ often tricky part [3, 4]. There are several
2 4 requirements for CC drainages, particularly the
\ J—1 uniform distribution of wash water over a

space and the absence of filter load removal.
However, existing drainage designs do not
always meet these requirements. It leads to
Fig. 1. contact clarifier CC-1: 1 —filter loading; jrregular washing of the filter load, a decrease
2 —drainage; 3 — gutter; 4 — collecting channel  jn jts dirt capacity, an increase in residual
contaminants, a reduction in the filter cycle, an

increase in the maintenance cost, and reducing the overall reliability of the CC [5, 6].

For a long time, CC drain designs have used a high-resistance tubular distribution system with
supporting gravel levels similar to fast filter drains. A significant disadvantage of such drainages is
the possibility that gravel layers will shift during flushing, leading to a complete shutdown of the
CC and the need for overhaul [7].

Later, a gravelless tubular distribution system (GTDS) was developed, a method of
distribution pipes with 10-12 mm holes in diameter, staggered and directed downward at an angle
of 30° to the vertical axis of the pipe [8].

Vertical metal curtains are welded to the pipes on their sides without reaching the bottom of
the CC. Between the shutters, transverse partitions are welded, reaching the bottom and dividing the
underripe space into cells (Fig. 2).

Fig. 2. Gravelless tubular distribution system (GTDS) for a CC:
a — appearance; b — transect; 1 — holes in pipes; 2 — water distribution pipes; 3 — side curtains;
4 — transverse partitions
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The advantage of GTDS is the absence of supporting layers; the disadvantage is the need for
drainage from steel pipes, their possible corrosion, and the complexity of welding and installation.
When flushing water is supplied by pumps (without a tower), there is a risk of sand entering the
drainage pipes during an emergency power outage.

Therefore, using porous materials in drainage devices will significantly improve their
performance and ensure the fulfillment of their requirements.

Odesa State Academy of Civil Engineering and Architecture (OSACEA) has developed
several design options for the drainage of rapid water treatment filters based on porous polymer
concrete. The most common of them are tray and perforated [9].

The first one consists of polymer concrete slabs mounted on supporting concrete walls (Fig. 3).
Branch pipes are installed at the inlet to each tray. The resistance of branch pipes ensures the
required uniform distribution of water flow rates between the channels.

OfCFOfOfOof

Fig. 3. Tray design of polymer concrete drainage:
1 — porous slab; 2 — supporting concrete walls; 3 — branch pipes of high resistance

In cases of increased requirements for water quality (for example, in terms of silicon content),
there are structures that consist only of plastics, the base of the drainage is a vinyl plastic sheet, and
the porous layer is made of polystyrene. There is a modification designed not only for water but
also for water-air and alternating flushes.

The second structure consists of a reinforced concrete slab (Fig. 4), the holes filled with
porous polymer concrete with a size of 7-10 mm. From above, it is also covered with a layer of
porous polymer concrete with a size of 3-5 mm and a thickness of 20 mm to prevent the formation
of "dead" zones between the holes.

0O O © © © ©
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o O O O O O
o O O O O O
\
1 ZI \\3 \ ‘ \_ 4
D R a A AY

Fig. 4. Drainage slab:
1 —reinforced concrete slab; 2 — holes filled with polymer concrete; 3 — a layer of polymer
concrete; 4 — supporting elements
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Plates are mounted on supporting elements. Holes in the slabs are tapered upwards to prevent
the separation of polymer concrete from reinforced concrete. The side ends of the plates are beveled
to simplify the sealing of joints after the installation of the plates.

In this design, in comparison with the tray, due to the reinforced concrete frame, the drainage
has a greater bearing capacity, and simultaneously, the consumption of expensive polymer concrete
IS reduced.

Both designs have been successfully implemented on fast filters of many water pipelines in
Ukraine and other countries. They have shown reliable operation over a long service life.

Porous structures are made of porous polymer concrete made of gravel or crushed stone and
epoxy resin grade ED-16 or ED-20 with a polyethylene polyamine hardener permitted by the
Ministry of Health of Ukraine for drinking water supply systems. This material has high strength,
increased chemical resistance to the aggressive effects of water treated with reagents, and the
absence of biofouling during long-term operation [10].

Goals and tasks. The colmatation of the pore space with a suspended matter is one of the
main issues when considering the porous drainage in the structure of contact clarifiers. In this
regard, the present research aims to study the dynamics and degree of the colmatation in porous
polymer concrete with polluted water.

Materials and research methods. The Department of Water Supply of OSACEA has already
done studies of this kind. However, they related to the designs of drainages and systems for
removing wash water from fast filters [11]. In this case, the movement of water was carried out with
flow reversal during washing and filtering, which reduced the overall degree of polymer concrete
colmatation.

A feature of CC is that the movement of water in the process of filtering and washing goes in
the same direction. In addition, unlike fast filters, it is not the filtrate that enters the drainage but
raw water with the coagulant introduced into it. Therefore, there is a possibility of irreversible
colmatation of the pore space of the polymer concrete with a suspension and flakes of the
coagulant. In other words, contact coagulation may start not in the filter loading but in the porous
drainage, which will complicate the further work of the CC.

Given the above, CC drainage can be a structure consisting of perforated reinforced concrete
slabs with porous polymer concrete filled in their holes. This construction will ensure a uniform
velocity field during washing and filtering, increase reliability and durability and prevent possible
removal of the filter load. Compared to the tray design, the speed of water movement in the holes,
especially during flushing, will be several times higher, which should help restore its capacity.

To test the assumptions, experimental studies were carried out to check the dynamics of
colmatation of porous polymer concrete on a laboratory installation, which consists of two tanks
located one above the other with a capacity of 150 liters each. The tanks are connected by a vertical
pipe 40 mm in diameter with flanges in the middle, and a test sample made of porous polymer
concrete was placed between them. The water became polluted in the upper tank to a concentration
of 50-60 mg/l; the coagulant aluminum sulphate was included with a dose of 20 mg/I [8].

The test sample was made in a metal case 40 mm in diameter with two-layer porous polymer
concrete: the first layer was 7-10 mm in size and 70 mm thick; the second layer was 3-5 mm and
20 mm thick. The pressure loss in a porous layer is generally described by a two-term additive
dependence [12]:

h=H-h=aV, +bV/, 1)
where H is the piezometer above the sample; h is the piezometer under the sample; Vx is the
rate of filtration through a porous sample; a, and b, are coefficients that depend on the

characteristics of the porous sample wall (thickness, grain diameter, porosity), water viscosity and
are usually determined experimentally.
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The main advantage of this formula is that it can be used over a wide range of Reynolds
numbers. At low filtration rates (and low Re), the second term becomes negligible, and formula (1)
corresponds to the Darcy formula. Only the second term of the formula works at high speeds, and
the dependence of pressure loss on speed is quadratic. However, as the analysis showed, fluid
movement through the porous walls of the drains occurs in a transient mode, so both terms of the
formula must be used here. And this requires the determination of two empirical coefficients — a,
and b,, which creates difficulties in engineering calculations.

However, the two-term formula (1) can be replaced by a one-term power formula that is more
convenient for calculations [13]:

Ah=Csv*"V,", ()

where Ah is the pressure loss in a porous sample, cm; ép — sample thickness, cm; o is the
kinematic viscosity of water, cm?/s; V is the filtration rate, cm/s; C is a coefficient depending on
the granulometric composition of the polymer concrete filler and the degree of density of its laying
(in the case of filtering contaminated water, the coefficient C also takes into account the
colmatation of pores by suspended particles); n is the exponent, which can be taken equal to 1.67
(determined empirically).

With a constant exponent n, to use formula (2), it is enough to know only one value — the
coefficient C.

The studies were carried out in two stages: at the first stage, the hydraulic characteristics of
the sample were studied, and at the second stage, the degree of its colmatation with a suspension.

The purpose of the first stage of research was to obtain the initial coefficient of hydraulic
resistance C on pure water.

Raw water with a turbidity of 50 mg/l and treated with aluminum sulfate coagulant was
filtered through the sample at the second stage of the experiment. The sample was washed with
clean water for 6 minutes after 8 hours. Thus, the operation of CC during filtration and washing was
simulated. The speed during filtration was 2-2.2 cm/s, while during the washing it was 24 cm/s.
This would correspond to production data.

Research results. The dynamics of changes in the coefficient of hydraulic resistance of
porous polymer concrete C in time were carried out by plotting the dependence C = C/C, = f(t),
where C, is the initial coefficient of hydraulic resistance. The results of the experiments are
presented in the graph (Fig. 5).

c 30
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Fig. 5. Change in hydraulic resistance coefficient C over time

The upper points correspond to the change in the coefficient C during filtration; the lower
points equal the change in the coefficient during washing.

Modern construction and architecture, 2022, no. 1, page 101-107

105



106

UTILITY NETWORKS AND FACILITIES

It can be seen from the graph that the coefficient initially grows, and then, starting from 50
hours of operation (approximately six filter cycles), it stabilizes and subsequently remains
practically unchanged. In this case, the maximum values of C are about 24 during filtration and 4,
respectively, during washing, which indicates a partial recovery of the throughput of the sample.
The nature of the obtained curve corresponds to the results of previous work on the study of
polymer concrete colmatation at the Department of Water Supply.

Therefore, experimental studies’ data can be considered in the engineering method of
hydraulic calculation of perforated polymer concrete drainage of CC.

However, it should be noted that the conclusion on the possibility of using porous drainage in
CC structures can only be made after conducting field studies on existing systems.

Conclusions:

1. Using porous drains in CC designs will improve the uniformity of distribution of wash
water over the area, reduce water losses for own needs, increase the filter cycle, and increase the
reliability of CC operation. At the same time, the irreversible colmatation of porous polymer
concrete does not occur, as confirmed by laboratory studies.

2. The task of further research is to conduct full-scale tests on existing structures.

References

[1] Natsional'na dopovid’' pro yakist’ pytnoyi vody ta stan pytnoho vodopostachannya v
Ukrayini u 2016 rotsi. Baza danykh "Minrehion Ukrayiny”. [Online]. Available:
http://www.minregion.gov.ua/napryamki-diyalnosti/zhkh/teplovodopostachannya-ta-
vodovidvedennya/natsionalnadopovid/proekt-natsionalnoyi-dopovidi-pro-yakistpitnoyi-
vodi-ta-stan-pitnogo-vodopostachannya-vukrayini-u-2016-rotsi/

[2] Voda ta vodoochysni tekhnolohiyi. Naukovo-tekhnichni visti, K.: 2016. no. 2.

[3] S. Epoyan, A. Karahiaur, V. Volkov, S. Babenko, "Research into the influence of vertical
drainage elements on the operational efficiency of rapid filters”, Eastern-European
Journal of Enterprise Technology, no. 1/10 (91), pp. 62-69, 2018.

[4] V. Progulny, M. Ryabkov, K. Borysenko, I. Grachov, "Theoretical and experemential
study of mud injection porous drainage in filters with floating loading”, TEHNICKI
GLASNIK (Technical journal), vol. 12, no. 4, pp. 231-235, 2018.

[5] B. Schultz, D. De Wrachien, "Irrigation and drainage systems research and development
in the 21st century”, Irrigation and Drainage, vol. 51, no. 4, pp. 311-327, 2002.
https://doi.org/10.1002/ird.67.

[6] L.K. Smedema, S. Abdel-Dayem, W.J. Ochs, "Drainage and agricultural development"”,
Irrigation and Drainage, no. 14, pp. 223-235, 2000.
https://doi.org/10.1023/A:1026570823692.

[7] H.I. Nikoladze, Tekhnolohiya ochyshchennya pryrodnykh vod. M.: Vyshcha shkola, 1987.

[8] DBN V.2.5-74:2013. Vodopostachannya. Zovnishni merezhi ta sporudy. Osnovni
polozhennya proektuvannya. K.: Ministerstvo rehionalnoho rozvytku, budivnytstva ta
zhytlovo-komunal’'noho hospodarstva Ukrayiny, 2013.

[9] P.A. Grabovskiy, G.M. Larkina i dr., "Intensifikatsiya vodoochistnykh fil'trov",
Vodosnabzheniye i vodootvedeniye, no. 6, pp. 38-48, 2012.

[10] V.M. Vyrovoy, LV. Dovhan’, S.V. Semenova, "Osoblyvosti strukturoutvorennya ta
formuvannya vlastyvostey polimernykh kompozytsiynykh materialiv”, Odesa.: TES, 2004.

[11] P.A. Grabovsky, V.I. Progul'nyy, G.M. Larkina, "Poristyy polimerbeton v konstruktsiyakh
vodoprovodnykh sooruzheniy"”, Energoyefektyvni tekhnologii v mis’komu budivnytstvi ta
gospodarstvi: mat-ly IV mezhd. nauch.-prakt. konf. Odesa, pp. 65-67, 2014.

[12] M.E. Aerov, O.M. Todes, D.A. Narins'kyy, Aparaty zi statsionarnym zernystym sharom:
Hidravlichni ta teplovi osnovy roboty. L.: Khimiya, 1979.

[13] V. Progulnyi, M. Ryabkov, "Application of porous drainage in filters with floating
media", Naukovo-tekhnichnyy zbirnyk, no. 2 (19), pp. 143-146, 2015.

Modern construction and architecture, 2022, no. 1, page 101-107


http://www.minregion.gov.ua/napryamki-diyalnosti/zhkh/teplovodopostachannya-ta-vodovidvedennya/natsionalnadopovid/proekt-natsionalnoyi-dopovidi-pro-yakistpitnoyi-vodi-ta-stan-pitnogo-vodopostachannya-vukrayini-u-2016-rotsi/
http://www.minregion.gov.ua/napryamki-diyalnosti/zhkh/teplovodopostachannya-ta-vodovidvedennya/natsionalnadopovid/proekt-natsionalnoyi-dopovidi-pro-yakistpitnoyi-vodi-ta-stan-pitnogo-vodopostachannya-vukrayini-u-2016-rotsi/
http://www.minregion.gov.ua/napryamki-diyalnosti/zhkh/teplovodopostachannya-ta-vodovidvedennya/natsionalnadopovid/proekt-natsionalnoyi-dopovidi-pro-yakistpitnoyi-vodi-ta-stan-pitnogo-vodopostachannya-vukrayini-u-2016-rotsi/
https://doi.org/10.1023/A:1026570823692

UTILITY NETWORKS AND FACILITIES
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AHoTanisa. OUIBbTpYBaJIbHI CHOPYAH € BAXIUBUM €JIEMEHTOM Y TEXHOJOTIYHHMX CXeMax
OYMCTKH TPHUPOJHHX BOJA. BoHu 3a0e3meuyroTb HEOOXigHY SKICTh BOAUM Ta KOPUCHY
MPOJAYKTUBHICTh BOJOOYHCHHMX CHOpYHd. /I OYMIIEHHS MaJoKallaMyTHUX BOJ 3 BHCOKUMH
MOKa3HUKAMH KOJIbOPOBOCTI IIIMPOKE 3aCTOCYBAaHHS 3HAWILIM KOHTAKTHI OCBITIIIOBadi, SIKi
BHKOPHUCTOBYIOTBCSI TPU  OJHOCTYMIHYACTOMY (IIbTPYBaHHI, 3aCHOBAaHOMY Ha IPHHITUII
KOHTAKTHOT Koaryismii. MoXJIuBI YCKIaJHEHHA Yy pOOOTI KOHTAaKTHHX OCBITJIIOBAYiB HEPiAKO
MOB's13aH1 3 PYHKIIOHYBAHHSIM JIPEHAKHO-PO3MOIIIHY0T CHCTEMHU.

ABTopamu c(pOpMyIIBOBAaHO Psii OCHOBHUX BHUMOT, SKi HPEI'SIBISIOTHCS 10 TPEHAXIB IHX
CHopyl, a came — 3a0e3le4YeHHs PIBHOMIPHOTO PO3MOALTY MPOMHUBHOI BOAM MO iX IUIOHI Ta
HE/IOMYIICHHS! BUHECEHHSI (PUTBTPYIOUO1 3arpy3KH.

VY crarTi HaBeACHO aHaji3 POOOTH ICHYIOUMX KOHCTPYKLIN ApeHaxiB (TpyOdacTuil IpeHax 3
MiATPUMYIOUMMH IIApaMU TPaBiro 1 6e3rpaBiifHa TpyOYacTa po3MoaibHa CHCTEMA), SIKUI MMOKa3aB,
0 i KOHCTPYKIi He 3a0e3neuyioTh BUKOHAHHS BHUMOT, SIKi Mpea'sBIAOTbCS A0 HuX. Lle
NPU3BOJUTH IO HEPIBHOMIPHOTO TPOMHUBAHHA (UIBTPYIOUOTO 3aBAaHTAKCHHS, 3HWKCHHS 11
OpyIOEMHOCTI, 3pOCTaHHS 3aJMIIKOBUX 3a0pyIHEHb, CKOPOYECHHS (UIBTPOLUKITY, 301TbIICHHS
BUTpAT HA BJIACHI IOTPEOH.

Jlyis migBUIEHHS] HAJIHHOCTI Ta IOBrOBIYHOCTI 3alpPOINIOHOBAHO KOHCTPYKIIIO JIPEHAXKY, KA
CKJIAJAa€ThCS 3  JIPYacTHX 3ali300€TOHHMX IUIMT, OTBOPH SIKMX 3allOBHEHI IOPHUCTHM
moriMepOeTOHOM, BUPOOJICHMM Ha OCHOBI TPaHITHOrO MmeOeHI0 abo TpaBild Ta IOJIMEPHOIO
3B’SI3yI0UOT0 — EMOKCUAHOI CMOJNM. LI KOHCTpyKIisl JA03BOJUTH 3a0€3ME€YUTH PIBHOMIPHE I0JIE
IIBUJIKOCTEH NpU NPOMHUBAHHI Ta (UIBTPYBaHHI, CKOPOTUTH BTPATH BOAM Ha BIACHI MOTpeOH,
301IBIIUTH (QIIBTPOLMKIL, 3aI00ITTH MOKIMBOMY BUHECEHHIO (1IbTPYIOUOT0 3aBaHTAXKEHHS.

BcraHoBieHO, 110 OAHKUM 13 TOJIOBHMX NMUTaHb, 110 BUHUKAIOTH MPH PO3MIIAII MOXKIMBOCTI
3aCTOCYBAaHHS MOPUCTHUX JPEHAXIB Y KOHCTPYKLISIX KOHTAKTHHUX OCBITJIIOBAulB, € KOJbMATAlllsl ix
MIOPOBOT'0 MPOCTOPY 3aBICIO.

VY crarTi HaBOAATBHCS PE3YNbTaTH EKCIEPUMEHTAJIbHUX JOCTIKEHb TUHAMIKM Ta CTYIEHS
KOJIbMaTallii MOPUCTOrO MOJIMEpPOETOHY 3a0pyJHEHOI0 BOJOI, SIKI MOKAa3ajd, L0 HE3BOPOTHOI
KoJIbMaTallli He BiIOYyBa€ThCs, a OTPUMAaHI JaHl JO3BOJIATH BUKOPHCTOBYBAaTH iX INpPH BHUKOHAHHI
TiJIpaBIiYHUX PO3PAXyHKIB.

3aBIaHHSIM MOJAIBIINX JOCHIDKEHb € IIPOBEIEHHS HATYpHUX BUIIPOOYyBaHb Ha JIIIOYHUX
CIIOpyaax.

Kuiio4oBi cj10Ba: KOHTaKTHUN OCBITIIOBAd, KOJbMATallisl, IPEHAX, KOHTAKTHA KOATYJIAILI,
KOE(QIIIEHT T1paBiIiuHOTO OTOpY.

Crarra Hagidna o penakuii 15.08.2022
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OIIHKA CTIMKOCTI JUISHKH CXWJIY OJIECBKOI'O Y3BEPEXKKSI
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AHoTauisi. B nanuii yac ciocrepira€Tbcsi CKOPOUSHHSI MalJaHUMKIB, 3pyYHUX JUTsl Oy IIBHUIITBA
00'ekTiB. Y 3B'I3KY 3 IIUM, BCE YACTIllIe TIOCTAE MUTAHHS PO OCBOEHHS HOBUX TEPHUTOPIH, AKi paHiiie
BBA)KAJINCS HEMPHUJIATHUMU 200 €KOHOMIYHO HEBUTIIHUMU /I Oy1iBHULITBA. Jly’Ke 4acTo JOBOJUTHCS
3BOJMTH OYIBJI Ta CIIOPYIM Ha cXmiax abo mooau3y HuX. OCBOEHHS 3CYBHHX Ta 3CYyBOHEOE3MEUHNX
CXWJIIB BHMAara€ KOMIUIEKCHOTO BHMBYEHHS, pe3yJbTaTd SKOTO IOBHMHHI BHUKOPHCTOBYBAaTHCh IIpU
BUOOpI 3aXO0/iB IHKEHEPHOTO 3aXUCTy TEPUTOPIH, a TAKOXK MPOECKTyBaHHI 1 OyIIBHUITBI HA CXHJIax.
OCHOBHMM  3aBJaHHSM 1HJKEHEpiB, NpM BUKOHAHHI MPOEKTHO-BUIIYKYBAJIBHUX pOOIT Ha
3CYBOHEOE3MEUHHNX TEPUTOPISX, € OI[IHKA CTIHKOCTI CXHITY Ta BEJIMYMHHU 3CYBHOTO THCKY.

VY cTarTi BUKOHAHI PO3PaxyHKH CTIHKOCTI JUISHKM 3CyBoHeOe3neuHoro cxuily OJechbKoro
y30epexoksl 3 IULDTI0  TOJNAIBIIOT0 OyHIBEIBHOTO OCBO€HHS. CXWI, IO PO3TIIATAETHCS,
postamoBanuii Ha DpanHiy3pkoMy OynbBapi, B paiioHi caHaTopito imeni UkanoBa. OcoOauBOCTI
JUISTHKH TOJISITAIOTh Y CKIIQMHUX 1H)XKEHEPHO-TEOJIOTIYHUX yMOBax (JIECOBI IPYHTH, MPOCajHi
BJIACTHBOCTI I'PYHTIB, KiJIbKa BOJIOHOCHUX TOPU3OHTIB). BcTaHoBieHO, 110 paHilie HA Il TUTAHIN
BigOyBasmcs TIMOOKI OJIOKOBI 3cyBH BUAaBiOBaHHS. [liciis mpoBeneHHsS MPOTH3CYBHHUX 3aXOJiB,
SK1 MoNSrany B OyIIBHULITBI MOPCHKUX OEPErOyKPIIUTIOBAIBHUX Ta IPEHAKHUX CHOPYH, BIIMIYEHO
MIBUIICHHS CTIHKOCTI cxmny. He3Bakarounm Ha BUKOHAHI 3aXO0JH, BIJ3HAYAETHCS PO3MUB IUIDKY 3
YaCTKOBHM PYWHYBaHHSAM O€pero3axuCHUX CIOPYH, 10 MOXeE MPU3BECTH JI0 aKTUBI3alii adpasii i
HEraTUBHO BIUIMHYTH Ha CTIHKICTb BCHOTO CXUITY.

Po3paxyHKn CTIHKOCTI CXWJIy BHUKOHaHI y JABOBHUMIpHIA Ta TPUBHMIpHIM HocTaHOBKax. 3a
IUIOCKMMH CXEMaMH PO3paxyHKH BUKOHaH1 B IporpaMHoMy Komiuiekci «Slide» meronamu bimnomna
ta SIHOy. OmiHKa CTIMKOCTI CXWJIy y TPUBHMMIPHIM NMOCTaHOBIII BUKOHAaHAa METO/JOM CKIHUEHHHX
€JIEMEHTIB 13 3acCTOCyBaHHSAM po3paxyHkoBoi mporpamu Midas GTS NX 1 ckimamaetscs 3
BU3HAYEHHSl HAIPYKEHO-1€(pOPMOBAHOTO CTaHy IPYHTOBOTO MacUBY Ta KoOeQilli€eHTy 3amacy
cTifikocti. Ha OCHOBI OTpMMaHuX pe3yJbTaTiB pO3paxyHKy JdaHa OIIHKA CTIMKOCTI CXWJIy Ta
3alpONOHOBAHI BapiaHTH NMPOTU3CYBHUX (YTPUMYIOUHX) CIIOPY/I.

KurouoBi cjioBa: 3CyB, CXuj, po3paxyHKOBa cxema, KOedIlieHT 3amacy CTIHKOCTI,
NPOTHU3CYBHI criopyau, OypoBa nasns, 6apera.

Beryn. Ha teputopii Ykpainu 3adikcoBaHo Oau3bK0 23 THC. 3CYBIB 1 3 KO)KHUM POKOM iX
KUIBKICTh 3pOcTa€. 3CyBH XapakTepHi i y30epexoks HopHoro i A3oBchkoro mopi (Ozecbka,
MukonaiBcbka, JloHenpka, 3anopizbka 001acTi), a Takok XapKiBCbKO1, 3akaprnarchkoi, JIbBIBCHKOT,
IBano-®pankiBcbkoi obnacTel. JJo OCHOBHUX NPUPOAHUX YMHHHKIB, IO BUKJIMKAIOTh PO3BUTOK Ta
MOIIMPEHHS 3CYBHHUX IMPOLIECIB BIAHOCATHCS: 1HKEHEPHO-TEOJIOTIYHI YMOBU CXUITY, T1IpOre0I0r14HI
YMOBH, abpa3is, peabed MicLeBOCTi, KIiMar, epo3is. KpiM npupoaHux GpaxTopiB, SKi BILIUBAIOTH HA
CTIHKICTh 3CYBHHX Ta 3CYBOHEOE3NEUHUX CXWJIB, 3HAYHHM BIUTMB Ha ICHYIOYl 3CYBHI MPOIECH Ta
YTBOPEHHS HOBUX 3CYBIB MalOTh TEXHOTEHHI (DaKTOpH.

Onecrka 00macTh 3aiiMae mepiie Miciie B YKpaiHi sIK 3a 3aralbHOI0 KiJIBKICTIO 3CYBIB, TaK 1 3a
KIUTBKICTIO aKTUBHHX 3CyBiB. B 00macti 3adikcoBano 5836 3cyBiB, 3arajipHOIO iomieo 66,3 KMZ, y
MeXax 3a0yfoBaHUX TEpHUTOPiH 3HaXoaAThes 156 3cyBiB [1]. Tlnoma 3cyBoHeOe3MEUHNX MUISTHOK
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cTaHOBHUTH Maibxe 20% TepuTopii obsacti. Benuki 3a miomero i HeOe3neuHi 3CyBH PO3BUBAIOTHCS
Ha y30epexoki YopHOro Mops Ta CXWJIax JUMaHiB. B ocTaHHI pOKM Bi3HAYEHO TiIBUIICHHS
aKTHUBI3allil CTApUX Ta BAHWKHEHHS HOBUX 3CYBIB Ha AUISHKAX CXWJiB y ¢. PoHTaHka JIMMaHCHKOTO
pariony, M. Yopaomopchk OBimionosbchbkoro paitony, M. Opeca (16-ta cranmis Benwkoro
®donTany, c. YopHomopka, Apkanis, @paHiry3pkuii OyinbBap).

B nanuii yac Bce yacrime i OyaiBHUIITBA BUOUPAIOThCS MalJaHYMKH, 1110 PO3TaIllOBaH1 Ha
cxminax abo mobau3y HuX. Cxunu OnechbKoro y30epexiks 3 BiIHOCHO CHPHUSATIUBUMH 1HKEHEPHO-
reoJIONIYHUMH YMOBaMH MPaKTU4HO 3a0ynoBaHi. [lopanbiie OyAiBHULTBO Ha CXMJaX IOB’s3aHE 3
BUOOPOM MalJaHYMKIB 31 CKIQJAHUMH 1H)XCHEPHO-TEOJOTIYHUMH YMOBaMH, IO BHMAararmTh
CHeIiagbHOl 1H)XKEHEpHOI IMATOTOBKM IMOAO 3armodOiranHs abo crabimizamii 3CyBIB Yy Mporleci
OyIIBHUIITBA Pi3HUX 00'€KTIB Ta iX MOAAIBIINOI EKCILTyaTallil.

[lix vac OymiBHHMIITBA Ha CXWIl abo Ois HHOIO MOXKE BHHHMKATH TEXHOTCHHHH 3CyB B
pe3ynbTaTi 3MiHH HaIpYXEHO-AS(POPMOBAHOTO CTaHy 1 MIIHICTHUX BJIACTUBOCTEU TPYHTIB, SIKi
CKJIQJIal0Th CXWJ. AKTHUBI3allld 3CYBIB Ma€ pYyHHIBHUH, a 1HOJI KaTacTpodiuHUN XapakTep, M0
CTBOPIOE TOCTIMHY 3arpo3y BUHUKHEHHS HAJ3BHUYAHHMX CHUTYaIlill TEXHOT€HHOTO Ta MPUPOJIHOTO
XapakTepy, a TaKoXkK HeOe3NeKy AJIs 310pOB’s Ta KUTTS Jrojed. TakuM 4MHOM, MUTaHHS BUBYCHHS
3CYBHHX MPOIIECIB, OLIHKU CTIMKOCTI CXHMIIIB, IPOSKTYBAaHHS Ta Oy/iBHULITBA POTU3CYBHHUX CIIOPY]L
€ aKTyaJIbHUMH, OCKIJIbKU €KOHOMIYH1 30MTKH.

AHaji3 gociairkens Ta myoOuaikaunii. 3cyBHI mpomecn Ha cxuiax OIECBKOTO Y30eperKs
CIIOCTEPIraloThCsl 3 MOMEHTY 3acHyBaHHs Micta. [lepuri mocnimkeHHss OaecbKUX 3CYBIB HaleXaTb
¢bpanmy3sromMy imxenepy JKrocry ["aroi.

BuBuenHio 1 omucy 3cyBiB OJecbKoro y30epexoks, aHadi3y NPUYMH 1 YMHHUKIB iX
dopmyBanHs npucssdeHi podoru [.D. Cunnosa. BiH BucyHyB Teopito moxomkeHHS OIeChKHUX
3CYyBIB, 0araTo MoJ0XeHb SIKOI 3aJIUIIAIOTHCS aKTyaJlbHUMHU 1y Haul yac [2]. [IpyuunHu yTBOpeHHs 1
3axoau 13 crabumizamii 3cyBiB po3risHyTi y podorax O.K. AnekceeBa, M.®. BecuactHoro, ..
Supko, AM. JlpannukoBa, JI.b. Po3zoscekoro, LII. 3enincekoro, B.M. Bockob6oiinikoBa [3-6] i
0araTboX IHIINUX aBTOPIB.

Metoau MojenrOBaHHs 3CYBIB JUIsl BUPILICHHS 3aBJaHb PO HaNpyXeHWH cTaH Mopix i
CTIHKICTh 3CYBHHMX CXHWIJIIB 1 YKOCIB CKJIQJHOI I'eoJIOTiYHOI OyJI0BU Oyiu po3risHyTi y poboti [7].
[TpobnemMu MOJENIOBaHHS HAIPY)KEHOTO CTaHy Ta OLIHKM CTIMKOCTI 3CYBHMX CXWJIIB, a TaKOX
1HKEHEPHO-T€OJIOTIYHOI €(PEKTUBHOCTI 3aXOJiB B Trajly3l I1HXXEHEPHOTO 3axXUCTy TEpPUTOPii
BHUCBITJIIOIOTHCS B po0oTi [8].

Pob6oru [9, 10] mpucBsueHi PO3BUTKY METOMIB PO3PAXyHKY CXMJIIB Ta 3CYBiB, a TaKOX
MaTeMaTHYHOMY MOJICTIOBAaHHIO 3CYBHHX IPOIECIB NMPH CeWCMiYHMX BIUMBax. Y poGoti [11]
PO3TISIAETECS  HOBHM METOJ] PO3PaxyHKY CXWJIIB 3 BpaxyBaHHSAM TPYKHO-TUTACTUYHUX
BJIACTUBOCTEH TIPYHTIB, SKi MOJEIIOIOTHCS 3a TeOopi€to Teuli 31 3MIIHEHHSM, NpPH CTaTHYHHUX
HaBaHTAXXCHHSM Ha CXHIL.

B oaHiii 3 ocranHix po0it [12], Ha OCHOBI aHami3y pe3y/bTaTiB PO3PaXyHKIB PEAbHUX CXUIIIB
y M. Opeca (na tepuropii ['penibkoro napky, Ha miouy Jymcbkiii, Ha @paHily3pkoMy OyiabBapi Ta
1H.), BiIMi4eHUI BIUIMB ()OPMH CXWITY Ha BEIMUMHY MOTO KoedillieHTa 3amacy CTIHKoCcTi. ABTOpOM
pO3po0JIeHn METOA pPO3paxyHKy CTIHKOCTI IPYHTOBUX CHOPYJ 1 HPUPOJHUX CXMIIB 3a
JBOBUMIPDHMMH CXEMaMHU 1HXXEHEPHHMMU METOJaMM, 3 BpaxyBaHHAM iX INPOCTOPOBOTO €QEeKTy.
3anponoHOBaHUI METOJI pPO3paxyHKy CTIMKOCTI 3a JIBOBUMIPHUMH CXEMaMH IpPHU 3aCTOCOBYBaHHI
BUBEJCHOTO IONPAaBOYHOro Koe(ilieHTa J03BOJISE€ OIIHUTH CTYMiHb CTIHKOCTI CXWIy 3
ypaxyBaHHIM HOTO TEOMETPUIHUX OCOOITUBOCTEHA.

Metow podOTH € OIliHKa CTIMKOCTI JUISHKHM 3cyBOoHeOe3neyHoro cxuiay OecbKoro
y30epexoKst 1711 BU3HAYSHHST MOXKJIMBOCTI MTOAAIBIIOTO OY/IIBETEHOTO OCBOEHHS.

Metoaun nocaigzkeHb. Po3paxyHKH CTIMKOCTI AUISTHKH CXWJIY NPOBOAMIMCH YHUCEIbHUMHU
Meroaamu. OIiHKa CTIHKOCTI y JBOBUMIPHINA TTOCTAHOBIII BUKOHAHA MeTojaMu bimona ta SOy 3a
(bikcoBaHMMHU KPUBUMHU KOB3aHHs. Takok OyJiM BUKOHAHI PO3paxyHKH HaAMpyX eHO-Ae(pOopMOBaHOTO
crany (HJIC) cxumy 3a metogom ckinueHux enemeHTiB (MCE), 3 Bu3HaueHHsAM Koe(illieHTy 3amacy
CTIMKOCTI METOJIOM PEayKIIii Y TPUBUMIpPHiH OCTaHOBIII.
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PesyabTaTn gocaimxenHsi. J{uisiHka cXuiy, IO pPO3IJISAAETHCS, pPO3TAIIOBaHAa Ha
®paniy3pkoMy OynbBapi, B Mmexkax Il 3cyBHOTO amdiTeaTpy, 10 OXOILTIOE TEPUTOPIIO Y30EpErmKKs
Bil MHCY OIS MiBHIYHOTO KOPAOHY caHaTopiro «YkamoBa» A0 TiIPOMETEOPOJIOTIYHOT CTaHIi
(paiion canaropito «Pocis») Ta AUISHKOIO IUIATO, IO NMPUMHUKAE J0 Hboro. [lo3Hauku moBepxHi
miaTo ckiagaTh 44,50-47,30 m.

l'eonoriunuii po3pi3 CXHIy MPEACTaBICHUI KOMILJIEKCOM JCIUIACUBHHUX Ta JETPY3UBHUX
YeTBEPTUHHUX T4 HEOTEHOBUX BIJIKJIAJICHb. 3CYBHE TUIO pO30MTE HA OJIOKH, CKIIA/ICHI JIECOBUIHUMHU
IPYHTaMH, TJIMHAMH, BamHAKaMd. Y penbedi cXuiay Ii OJOKHM yTBOPIOIOTH Iabii Ta ropow,
PO3iIeHI 3anaiMHaMH Ta TPIIIUHAMH.

3a JaHUMHU 1HXKEHEPHO-TEOJIOTIYHUX JIOCTIDKeHh Ha JUISHII CXWIY BHWAUICHI HACTYITHI
imkeHepHo-reosoriuni enementu (IFE) [13]:

ITE-2 — cyrnuHOK JecOoBUAHUM, Jerkui, TBepaoi koHcucteHiii; II'E-3 — cymicok necoBwuid,
naneBuii, TBepAoi koHcucreHuii; II'E-3a — cyramHOK necoBUi, TBEpAOi KOHCHCTEHI (3CyBHI
Hakonm4ueHHs ); [['E-4 — cyrIMHOK JIeCOBUTHUMN, TSHKKHH, TBep101 KoHcucTeHIii; [I'E-4a — cyrnumHok
necoBUIHUHN, Oypuil, TBepaoi KoHCUCTeHMii (3cyBHI HakommueHHs); [TE-5 — cyrmuHok (cymicok)
JIECOBUM, JIerkuid, TBepmoi koHcucTeHili; I['E-5a — cyrnmHOK secoBuid, mnaneBuid, TBEpaOl
KoHcHcTeHIi (3cyBHI HakommueHHs); I[['E-6 — CyrmMHOK TSOKKHM, HamiBTBEpAOT KOHCHUCTEHIIT i3
BKtoueHHsMU Tincy; [IE-6a — cyrnmuHOK TsbKKHiA, TBepa0i KOHCUCTEHIIT (3CYBHI HAKOIMUYEHHS);
ITE-7 — rnuHa nerka, TBepaoi koHcucreHiii; [I'E-7a — rimaa serka, TBepa0i KOHCUCTEHITIT (3CYBHI
HakonuueHnHs); I['E-8 — Bamnsk-uepenamHuk, B MOKPIBIl «UIMTYACTHI», MEPEKPUCTATI30BAHMIA;
ITE-9 — rnmua cipa, 3 JiH3aMU CYIICKY, Jierka, TBepaoi koHcuctenuii; IIE-9a — rmuna cipa 3
JiH3aMU CYIICKY, JIeTKa, HamiBTBepIoi KoHcucTeHiii (3cyBHI Hakomudenss); I['E-10 — cymicok
cipuii, tuactmuHoi koHcuctenuii; II'E-10a — cymicok cipuii, ruracTHaHOi KOHCHCTEHIIIi (3CyBHI
HaKOITMYCHHS ).

Jlecosuani cyrmunku (ICE-2 i ITE-4) mMaroTh npocajdi BAaCTUBOCTI. [PYHTH, 10 CKIAIA0Th
scyBuuit cxui (IFE-3a+IT'E-5a) xapakTepu3yloThCst K pociaarodi 10 piBHs IpyHTOBUX Boj (PI'B).

lpgporenoriuni ymMoBH MaiilaHYMKa XapaKTEPU3YIOTbCS PO3BHTKOM TPHOX BOAOHOCHUX
ropu3oHTiB. Ilepmmii Big moBepxHi Oe3HAMIPHUA BOJOHOCHUH TOPU3OHT BiJI3HAYCHUI Ha TNIMOWHI
14,3+15,5 m (abc. mo3nauku 29,80+31,80 m). dpyruit BOJOHOCHMI TOPH3OHT, SIKMM 3ajsirae Ha
aOCcomoTHUX TMo3Haukax 5,35+8,10 M € Takoxk Oe3HamipHuM. TpeTiii HamipHUN BOJOHOCHHMA
TOPU3OHT 3aiiarae Ha rmuounax 0,6+25,2 m (abc. mo3nauka -1,4+9,55 m).

Panime Ha 1iit qiasHI BinOyBanucs riuO0Ki OIOKOBI 3CyBH BHUABIIOBAHHA 3 JAeopMalliero
MOBEPXHI MEOTHYHHUX TJIMH Ta TOBEPXHEIO 3CYBY, IO PO3TAIIOBaHA HW)KYE 32 Cy4YaCHHWH PiBEHb
Mopsi. Y penbedi MOBEPXHI CXMIYy HMPOCTEXKYIOTHCS 3CYBHI CTYINEHI, sIKI PO3AUICHI INIMOOKUMHU
TpIIIMHAMU. 3CYBHI 3MIIIEHHS MEPIIOro MOPSAKY Ha AaHIM AUIAHLI y30epexoks Oysu Bi3HAUY€HI B
1856, 1858 1 1963 poxax. Ilicns mporo, B mepiog 3 1966p. mo 1972p., mist miABUIIIEHHS CTIMKOCTI
cxmwiy Oynu TpoBeAeHI MPOTU3CYBHI 3aXOA, IO TMOJSITald B OYIIBHUITBI MOPCHKHX
OeperoyKpilItoBalbHUX CHOPYJ (XBWJIENIOMIB, TpaBepc, OyH, MIAMNIPHUX Ta XBHJIEBIAOIMHHUX
CTIHOK), MiJI3EMHHUX 1 HAJ36MHHUX IPEHAXXHUX CIOPYA CXWIIB (Tajepei, LITOJEHb, CBEPIOBUH-
GbiabTpiB, BOAOBIABITHUX KaHAB), HAMUBI TUISDKIB,. B JaHuii yac Big3HayaeThcs akTUBHA aOpasiiiHa
TUSTTBHICTD MOPSI, sIKa HETAaTUBHO BILIMBAE HA 3arajbHy CTIMKICTh CXUITY.

VY 4KOCTI BHXIIHUX JaHUX JJI PO3PAaxyHKIB CTIMKOCTi, NPUHHATI JaHi 1HXEHEpHO-
reoJyioriuHux BulyKyBaHb [13]. [HxeHepHO-reosoriyHa OymoBa CXWIy Mmoka3aHa s po3pizy 1-1
(puc. 1), skuii BITHOCHUTHCSA N0 HaWOLIbII HeOe3meuHoi yacTuHM cxuiy. llepexim Big omucy
MPUPOJHHUX 1HXKEHEPHO-TCOJIOTIYHIX YMOB JIO PO3PAaxXyHKOBOI cXeMH OyB BHKOHAaHWH IIISIXOM
cxemaruzanii Mex II'E Ta moTyXHOCTI m1apiB IpyHTY MOPYIIEHOI CTPYKTYPH.

Cxun, SKUM pPO3TIATAETHCS, BIMHOCUTHCA N0 3cyBoHeOesmeuHnoro [14]. Kmac Hacmiakis
(BiznmoBinanbHOCTi) cniopynu npuiiHatuii CC2. HopMaTuBHMI KoedillieHT 3amacy CTIHKOCTI MpH
OCHOBHOMY CHOJy4Y€HHI1 HaBaHTa)KeHb NpUUHATUHN piBHUM 1,20, a mpu aBapiitHomy — 1,15.

HaBaHTaxxeHHs 1 BIUIMBHM, NPUHHATI AJS PO3pPaxXyHKIB CTIMKOCTI CXHIy, BIANOBIZAIOThH
BUMOram HopmatuBHUX nokymenTiB JIBH B.1.1-46:2017 [14] ta JIBH B.1.1-12:2014 [15].
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Puc. 1. Po3paxyHKoBHi1 iH)KEHEPHO-TEOJIOT1UHUN po3pi3 1-1

Po3paxyHku CTIMKOCTI CXWJIy BUKOHAHI Yy JBOBHUMIpHIN (IJIOCKiM) MOCTAaHOBII, METOJaMU
bimona [16] Ta SOy [17] 3a dikcoBaHMMHM KPUBMMH KOB3aHHS, B NPOrPAMHOMY KOMILICKCI
«Slide», Bepcist 6.0. B po3paxyHKOBili cxeMi BpaXxOBYBAIUCh (Di3MKO-MEXaHIuHI XapaKTEPUCTHKU
IPYHTIB, CHJIY T1IpOAMHAMIYHOTO BILUTUBY IPYHTOBOTO MTOTOKY, CEHCMIYHMIA BIUITMB iHTEHCHBHICTIO 7
OaniB. Po3paxyHok 3a (hikcOBaHMMH TUTIOLIMHAMH KOB3aHHS Iepeadaydae, Mo s TOBEPXHs KOB3aHHS
(TooxeHHs 1 00pHC) BXKe BCTAHOBIICHA Xo4ya O Ha yacTHHI ii mpocTsaranHs. Ha HeBimoMil yacTuHi
MOBEPXHsSI KOB3aHHS BCTAHOBJIIOETHCS MeETOAOM mmigbopy. B ymoBax miockoi 3amadi s
KPHUBOJIiHIIfHA TOBEPXHs KOB3aHHS 3 JICSIKUM HAOIMKEHHSM MOXe OyTH 3aMiHEHa B IUIONIMHI
KPECJICHHS TI€I0 YW 1HIIOK CYKYITHICTIO MPSIMHX JIiHIA — JiHIA KoB3aHHS. Pe3ynbTaT po3paxyHKy
3arajibHOi CTIMKOCTI CXHJIy 3a TPhOMa pPO3PaxyHKOBHUMH CTBOpPAMH IIpPEACTaBJICHI HAa puc. 2, a
3Ha4YeHHs Koe]ilieHTIB 3amacy CTiHKOCTI 3Be/ieHi B Tabmuio 1.

Tabnuis 1 — 3HaueHHs MiHIMaJIbHUX KOS(IIIEHTIB 3arajibHOI CTIMKOCTI

Po3paxyHkoBi 3Ha4eHHS KOE(IIIEHTIB
) 3amacy CTIHKoCTi, K
Ne im>xeHepHO- =
: OCHOBHE CTIOJTYYICHHS aBapiifHe CITOJTYYCHHS
Te€0JIOTTYHOT O
03pisy HaBaHTAXEHb HABaHTAXEHb
posp METO/T METO/T METOI METOI
bimona SAuly bimona SAnoy
1-1 1,09 1,12 0,97 0,99
2-2 1,10 1,13 0,99 1,01
3-3 1,38 1,41 1,19 1,21

3a OTpUMaHMMHU pE3yJlbTaTaMHM PO3PAXYHKIB CTIMKOCTI CXWIIy BiAMIYEHO, IO 3arajibHa
CTIMKICTh cxuily 3abe3mnedeHa jauie g po3pidy 3-3. MiHiMansHuil KoedilieHT 3anacy CTIHKOCTI
IUIS OCHOBHOTO CITOJTyYeHHS HaBaHTaKeHb ckianae Ks =1,38, mo Oinblle HOpMaTUBHOTO 3HAYEHHS
Ksn =1,20 (mst kmacy Hacmiakis CC2). KoedirieHT 3anmacy CTIHKOCTI Ut aBapifHOTO CITOJNYUYCHHS
HaBaHTaKeHb ckiangae Ky =1,19, mpu HopmaTuBHOMY 3HaueHHi Kgy =1,15. OTpumani xoediieHTH
3amacy CTIMKOCTI /Ui po3pi3iB 1-1 Ta 2-2 cBigyaTh mpo Te, 1[0 HOPMATHBHA CTIHKICTb CXWJIY HE
3abe3nedena. [PyHTOBHI MacuB 3HAXOAWTHCA B CTaHi HECTIHKOI PIBHOBAarM Ta MPH BIUIUBI
MPUPOAHUX a00 TEXHOTEHHUX (haKTOPiB MOXKYTh aKTHUBI3yBaTUCh 3CYBHI Aedopmartii.
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Puc. 2. 3aranbHuit BUIIISI 3CyBHOTO Tijla:
a — po3paxyHKOBH po3pi3 1-1; 6 — po3paxyHKOBHIA po3pi3 2-2;
B — PO3paxyHKOBHUH po3pi3 3-3

BpaxoByroun CKJIaIHICTh 1HXKEHEPHO-TEOJOTIYHOI OyJOBH AUISHKH CXWIY, pPO3paxyHKU
CTIMKOCTI BUKOHYBQJIUCh TAaKOX B TPUBUMIpHIA mocTaHOBLI. Po3paxyHKH B TpUBUMIpHIN
MIOCTAHOBII1 AAl0OTh PE3yNbTaTH, HAOIMKEHI 10 peaJIbHOCTI1, Ha BIIMIHY B1Jl pe3yJbTaTiB, OTPUMaHHUX
3arajibHONPUUHATUMHU 1 MOIIMPEHUMH 1HXXEHEPHUMU METOJaMU 3a JBOBUMIpHMMHU cxeMamu. Lle
MOSICHIOETHCSI TUM, 1[0 TPUBHMIpPHA TOCTAaHOBKA 3aBJaHHS BpaxoBye KoMOiHAIlli i1H)XXEHEPHO-
TeOJIOTIYHUX YMOB BChOT'O CXMJIY Ta JI03BOJISIE BpPaxOBYBaTH (haKTOpH, 110 ICTOTHO BIUIMBAIOTh Ha
CTiHKICTh (0co0aMBOCTI Tonorpadii; HasIBHICTb MiJPi3yBaHHS CXUIY, SIPiB, TOUKOBUX OYAIBEIbHUX
KOHCTPYKLIH To10). OHI€I0 3 BAXKIIMBUX IE€pPEBar MPOCTOPOBOI OLIHKK CTIHKOCTI YKOCIB € T€, 110
TaKuM PO3PaxyHOK JI03BOJISIE MPOTHO3YBATH PO3BUTOK 3CYBHOT'O TMPOIECY HE TUIBKU MO TIIMOWHI
JOCTIKYBaHOTO PO3pi3y IPYHTOBOTO MacHuBy, aiie i B miaHi [12].

OmiHka CTIHKOCTI CXWIy Yy TPHUBHMIPDHIM IIOCTAHOBLI BHKOHAHA 13 3aCTOCYBAHHSAM
po3paxynkoBoi nporpamu Midas GTS NX. Po3zpaxynku HIIC cxuny BukonyBanucs metogom MCE, 3
BH3HAYEHHSAM KOe(IIIEHTY 3amacy CTIHKOCTI METOIOM penykiii no mozaeni Mopa-Kynona. B ocHoBi
METOAY PEeAyKIii JIeKUTh MOCIiOBHE MPOIOPIIiiiHE OJHOYACHE 3HWKEHHS (30UIBIIEHHS) MIITHOCTI
(muTOMOrO 3YeIUICHHS 1 TAaHT'€HCa KyTa BHYTPIITHBOTO TepTs IPYHTY) 1 nepepaxyHok HIIC macuy.

TpuBuMipHa po3paxyHKOBa cxeMa CTBOpEHa 3a TPbOMa 1HKEHEPHO-TeO0I0r YHUMHU po3pizamu (1-
1, 2-2, 3-3) [13]. B pospaxynky Oyna BpaxoBaHa Ttomorpadisi cXuiy, pi3HOPIJHICTH IPYHTIB,
BU3HAUCHUX B MEXKax IPOBEJCHHS I'€OJIOTIYHUX BHUIIYKYBaHb, 3MiHa PiBHS IPYHTOBHX BOJ IO BCIH
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JOBXKUHI CXWITy. 3arajlbHUM BHUIJIA TPUBUMIPHOI PO3PAaXyHKOBOI CXEMH ICHYIOYOTO CXUIIY
MIpeICTaBICHNH Ha pHC. 3.

Puc. 3. 3aranpHuii BUTIIST TPUBUMIPHOT PO3PAaXyHKOBOT CXEMH CXHITY

B pesynprari pospaxynky HJIC cxwity, Oynu BUSBIEHI 30HM MaKCHUMAaJbHHMX JOTHYHHUX
HarnpyXeHb (puc. 4) IO IPYHTY MOPYLIEHOI CTPYKTYpH (MILHICTHI XapaKTEPUCTHKU IPYHTY BH3HAYECHI,
K «ILTalllKa o TUIAIII») 1 3HaYeHHs KoedillieHTa 3aracy CTIHKOCTi, OTPUMAHOT0 METOAOM PEIYKIIii.

Puc. 4. 3001 MakcUMaNbHUX JOTUYHUX HANPY>KEHb CXUITY

Po3paxyHkoBuii KkoeillieHT 3amacy CTIHKOCTI CXWIy TpU OCHOBHOMY CHOJy4YEHHI
HAaBaHTaXEHb CTAHOBHUTH Kgt =1,17, mpu HOopMaTuBHOMY 3HaueHHi Ky =1,20. 3aranpHa CTiiiKicTh
PO3MIISTHYTOTO CXUJTy HE 3a0e3MeueHa, CXUJl 3HaXOAUThCS B CTaHl HECTIWKoi piBHOBard. [Ipu BruiuBi
NPUPOJHUX a00 TEXHOTEHHUX (PAKTOPIB MOKYTh aKTUBI3YBAaTHUCh 3CYBHI Ae(opmartii.

3 nunTio 3a0e3neyeHHs] HOpMaTUBHOI CTIHKOCTI CXUITy HEOOX1AHO nepea0aunTy BIAIITYBaHHS
MPOTU3CYBHUX (YTPHUMYIOUMX) CHIOPYA. B SKOCTI MpOTH3CYBHUX CHOPYJ MOXKYTh OyTH 3aCTOCOBaHI
YTPUMYIOYi MadbOB1 KOHCTPYKUII 3 KIIBKOX PAIIB 3a11300€TOHHUX OypOBUX Majlb 3 POCTBEPKOM,
NaJIb-IIMOHOK 200 KOHTP(HOPCHI KOHCTPYKILIT (1T03/10BXKHI CTIHH, OapeTn).

BucnoBku. 3a pe3ynbraraMy aHami3y I1HXKEHEPHO-TE€OJIOTIYHUX 1 TIIPOreoJIOriYHUX YMOB
CXIITY, @ TAKOX OL[IHKHM Pe3yJbTaTiB pO3paxyHKIB CTIMKOCTI 3p00JIeH] HACTYIHI BUCHOBKHU:

1. 3aranpHa CTIHKICTD CXMITY JUIsl po3pi3y 1-1, mpu OCHOBHOMY CHOJyY€HH1 HaBaHTaXeHb, HE
3a0e3nevyeHa 3 MiHIMaJIbHUM KoedimieHToM 3amacy criiikocti Ky =1,09, mpu HOpmMaTuBHOMY
snadeHHi Kg, =1,20. KoedimienT 3amacy CTIHKOCTI At aBapiiHOTO CITOJyYEHHsS HaBaHTa)KEHb
ckinanae kg =0,97, mpu HopMaTuBHOMY 3HaueHHI Kgy =1,15.

2. 3arasibHa CTIMKICTh CXMJTY AJISl po3pi3y 2-2, IpU OCHOBHOMY CIIOJIyY€HHI HABAaHTAXKEHb, HE
3a0e3nevyeHa 3 MiHIMaJIbHUM KoedimieHToM 3amacy criiikocti Ky =1,10, mpu HOpMaTuBHOMY
3HadeHHi Kgy =1,20. KoedimieHT 3amacy CTIHKOCTI st aBapiiHOTO CITOJyYEHHsS HaBaHTa)KEHb
cknanae kgt =0,99, mpu HopmaTBHOMY 3Ha4eHHi Kgy =1,15.
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3. 3aranbpHa CTIMKICTH CXMITy ISl po3pidy 3-3, MpU OCHOBHOMY CIIOJYyYCHHI HaBaHTaXCHb,
3a0e3rneueHa 3 MiHIMaIbHUM KoedillieHTOM 3amacy cTiikocTi K¢ =1,38, mpu HOpMaTHBHOMY
3HadeHHI Ky =1,20. KoedimieHT 3amacy CTIMKOCTI JJisi aBapiiHOTO CIIOJyYEHHsSI HaBaHTa)KCHb
ckimanae K =1,19, mpu HopmatuBHOMY 3HaueHHI Kgn =1,15.

4. 3araJibHa CTIMKICTh CXWJIy B TPUBHUMIPHIA ITOCTAHOBIl, IMPH OCHOBHOMY CIIOJy4Y€HHI
HaBaHTaXXCHb, He 3a0e3ledeHa 3 MiHIMaIbHHM Koe(dimieHTOM 3amacy crikocTi Kg=1,17, mpu
HOpMaTUBHOMY 3HaueHHi K¢y =1,20.

5. Otpumasi pe3ybTaTy CBiIYaTh PO TE, IO CXMJI 3HAXOTUTHCS B CTaHI HECTIMKOI pIBHOBArW.
[Ipu BrumBi IprpoaHUX a00 TEXHOTCHHUX (paKTOPIB MOXKYTh aKTUBI3yBaTHUCh 3CYyBHI aedopmarii. s
3a0e3MeueHHs HOPMAaTUBHOI CTIMKOCTI CXHJTY HEOOXiIHO BIIAIITYBAaTH IPOTH3CYBHI CIIOPYIH.

6. OCKUIBKH 1111 TOBEPXHEIO KOB3aHHA 3aJIsTae JOCUTh MiltHUH migctunarounit map (IT'E 9), B
SIKOCT1 TIPOTHU3CYBHHX CIIOPYA MOXYTh OYTH 3aCTOCOBaHI YTPHUMYKOYl MaJIbOBI KOHCTPYKIi 3
KUTBKOX pAIIB 3ali300eTOHHUX OypOBHX MHajb 3 POCTBEPKOM ab0 Majb-IIMOHOK. B sKocTi
IbTEPHATHBHOTO BapiaHTy KOHCTPYKIII YyTPUMYIOUOi CIIOPYIM MOXYThb PO3TJISIaTHUCH MajIbOBO-
KOHTP(HOPCHI KOHCTPYKIIii (1O30BXH1 CTiHU abo OapeTn). I1pu oMy 3anporoHOBaHi KOHCTPYKIIii
MOXKYTh MO€AHYBATUCH 3 (hyHIaMeHTaMu Oy/iBeNb Ta CIOPY/I.

7. Bubip THITy IPOTU3CYBHHUX CHOPYA, X PO3TAlIyBaHHS HAa CXWJI, KUTbKICTh, KOHCTPYKTHBHI
po3MipH 3aexkaTh BiJl BEIMYUHU 3CYBHOTO THUCKY Ta BUKOHYETBHCS 33 pE3yJlbTaTaMU PO3PaxyHKIB
CTIMKOCTI CXUIy.

8. 3 MeToI0 YTOUHEHHS CTaHy CXWJY (3CYBHUU a00 3CYBOHEOE3MEUHHI) HEOOXITHO BUKOHATH
3CYBHY 3MOMKY, BCTAHOBHTH MapKH Ta IPYHTOBI pernepa Ha CXWJIi Ta MPOBOAUTH MOHITOPUHT JaHOT
TEPUTOPII.

9. BpaxoByrouM CKJIQIHICTh I'€0JIOTIYHOI OYJI0BU CXHJTy Ta YTBOPEHHS paHille Ha il JUITHII
rUOOKMX OJOKOBUX 3CYBIB BHIABIIOBAHHS, JJIsi OyAiBEITbHOTO OCBOEHHS CXHMIIy Ta IHKEHEPHOI
MiTOTOBKU TepUTOpPIi HEOOX1HO BUKOHATH Bi3yallbHEe 0OCTEKEHHs, MOHITOPUHT TUISTHKU CXUIY 1
JOJJATKOBI 1HKEHEPHO-TEOJIOT1YHI BUIYKYBaHHSI 1111 KOHKPETHI Oy 1iBeTIbH1 MailIaHYUKU.

10. Ilicns yTOYHEHHS I1H)KEHEPHO-TEOJIOTIYHMX YMOB Ma€ OyTH CTBOpPEHa TpPHUBUMIpHA
pPO3paxyHKOBa CXeMa 3 YpaxXyBaHHSIM pe3yibTaTiB BUKOHAHOI OI[IHKM CTIMKOCTi, Bi3yaJdbHOIO
00CTE)XEHHS, MOHITOPUHTY JUISTHKU CXUJTY Ta KOHCTPYKIIii OyaiBIIi, SIKa MPOEKTYETHCS.

11. HeoOXigHO BUKOHATH IUIAHYyBaJbHI POOOTH IMOBEPXHI CXWJIy Ta BJIAIITYBAaTH JPEHAXHI
MIPUCTPOT JJIsT 3HWKCHHS PIBHS TPYHTOBHX BOJ B 3CYBHHX HAKONWYCHHSX, IO 30UIBIINTH 3arajbHY
CTIHKICTb CXHITY.
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ASSESSMENT OF THE STABILITY OF THE SLOPE SECTION
OF THE ODESSA COAST
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Abstract. Currently, there is a reduction in sites convenient for the construction of facilities. In
this regard, the question of the development of new territories that were previously considered
unsuitable or economically unprofitable for construction is increasingly being raised. Very often it is
necessary to build buildings and structures on or near slopes. The development of landslide and
landslide-prone slopes requires a comprehensive study, the results of which should be used in the
selection of measures for the engineering protection of territories, as well as design and construction on
slopes. The main task of engineers, when performing design and survey work in landslide-prone areas,
is to assess the stability of the slope and the magnitude of the landslide pressure.

The article calculates the stability of the landslide-prone slope of the Odessa coast for the
purpose of further construction development. The slope in question is located on the Franzysky
Boulevard, in the area of the Chkalov resort. The site features are in complex engineering and
geological conditions (loess soils, collapsing properties of soils, several water-bearing layers). It has
been established that deep block landslides of extrusion occurred earlier in this area. After landslide
control measures consisting in construction of marine cost protection and drainage structures, an
increase in slope stability was observed. Despite the measures taken, there is a beach erosion with
partial destruction of coast protection structures, which can lead to increased abrasion and negatively
affect the stability of the entire slope.

Slope stability calculations are performed in two-dimensional and three-dimensional
formulation. According to the flat schemes, calculations were performed in the Slide software package
using Bishop and Janbu methods. The slope stability assessment in a three-dimensional formulation
was performed by the finite element method using the Midas GTS NX calculation program and
consists of determining the stress-strain state of the soil mass and the stability margin factor. Based on
the calculation results obtained, the slope stability is assessed and options for landslide control
(retaining) structures are proposed.

Keywords: landslide, slope, design scheme, stability margin factor, control landslide
structures, boring pile, barrette.

Crarrsa Hagivinuia 1o penakmii 18.06.2022

116 Modern construction and architecture, 2022, no. 1, page 108-116



BUMOTH JIO 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 oprasizaisi Oy iBeJIbHOTO BUPOOHHIITBA.

CrarTs N1OBHHHA BiANOBiaTH TeMaTHLi 30ipHUKA, NYy0JiKyBaTHCS 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 TNpPEACTaBICHO BUPIMIECHHS IaHOi
nmpoOjieMd 1 Ha SKi CIUPAEThCSA aBTOP; BUILICHHS HEBUPINICHUX paHIIIE YacTHH 3arajibHOl
poOJIeMH, SIKUM TPUCBSIIYETHCS 1aHa CTATTS,

* (opmymroBaHHS 1€ cTaTTi (IOCTAHOBKA 3aBJaHHS);

* BHUKJAJ OCHOBHOI'O MaTepialxy IOCTI[DKEHHS 3 IMOBHHM OOTPYHTYBAaHHSM OTPUMaHHX
HAyKOBHX PE3yJbTaTiB;

* BUCHOBKH 3 JIAHOT'O JIOCITI/KEHHS 1 TIEPCIIEKTHUBY MOJATIBIIIOTO PO3BUTKY Y IAHOMY HATIPSIMKY;

* CIIUCOK JIiTepaTypHu.

3araJjbHi BEUMOTH 10 0()OPMJICHHA TEKCTY

CratTi nmojaroThCs B eNeKTpoHHOMY Burisiai dainom Word 97 — 2003 B ¢opmari .doc. Ha3sa
¢aily Mae MICTUTM HOMEp TEMaTHKM IyOuikaiii Ta Mpi3BUINE MEpUIOro aBTopa (HampukiIaa, S5
IBanoB.doc).

CraTTi IoAar0ThCsl YKPaiHCHKOIO UM aHTJIICHKOI0 MOBOIO 1 APYKYIOTHCSI MOBOIO OpHTiHATY.

TekcroBa 4acTMHA CTAaTTi HaOupaeThesi Ha apkymax Qopmary A4 mpudrom Times New
Roman 12 nt yepe3 onuHapHuil iHTEpBaJl, BUPIBHIOETHCS MO IIUPUHI CTOPIHKH, MOJIS IO 2 CM 3 YCIX
60kiB, ab3anHuii Biactyn — 1,0 cm. O0csr cratTi 7-10 noBHUX CTOPiHOK pa3oM 3 aHOTALIAMMU.

Crpykrypa crarri:

— indexkc YJ/IK (BUpIBHAHO IO JiBOMYy Kpatro Oe3 a03alHOro BiJICTYIy, HpPONHMCHUM,
HaMBXUPHUMN);

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

— npizeuwe, iniyianu 6cix aemopis, HAyKoGUil cMyniHv, é4eHe 36aHHsa (BUPIBHSHO IO
paBOMY Kparo, MPIi3BHUIIE — HAIIBXUPHUHN; CTYIIHb 1 3BaHHS — PSIIKOBHIA);

— NO6HA HA364 GUWLO20 HABGUAIbLHOZ0 3AK1Ady uu opzauizayii (KypcuB, BHUPIBHSHO IO
MPaBOMY KParo; SKIIO aBTOPH 3 PI3HUX HABYAIBHHX 3aKJIAIiB, TO KOXKEH aBTOP 3 OKPEMOTO PSIKA);
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— enekmpona nowma (BUPIBHSIHO 1O IPAaBOMY Kparo Ta nopsia yHikanbauit Homep ORCID);

— anomauyii 0o cmammi (ab3aIHUI BiACTYI, Ha3Ba HAIIBKUPHA, aHOTAIlii MHUIITYTHCSA JIBOMA
MOBaMU: YKPATHCHKOIO 1 aHTIIHCHKOIO.

Texct nepoi aHoTaLiT NUILETHCS MOBOIO OCHOBHOI'O TEKCTY CTAaTTi. AHOTAllisl BUPIBHIOETHCS
0 NIMPHUHI CTOPIHKY Ta numieTbes 8—10 paakis).

Texcr gpyroi aHoTallli, SKIIO BUAAHHS HE € IOBHICTIO aHTJIOMOBHHM, KOXKHA ITyOJIKAaIlls He
AHTJIIHCHKOI0 MOBOIO CYITPOBOKYETHCS aHOTAIIIE€I0 aHITIMCHKOI0 MOBOIO 00csiroM He MeHmn sik 1800
3HAKIB. SIKII0 BUJaHHA HE € MOBHICTIO YKPaiHOMOBHUM, KOKHA ITyOJIKaIlis HE YKPAiHCHKOIO MOBOIO
CYIPOBOJDKYETHCS AHOTAIIEI0 YKPATHCHKOIO MOBOKO 00csroM He MeHm sik 1800 3makiB. [[pyra
aHOTAITisl PO3MIIITYETHCS B KIHII CTATTI MICIISI CIIUCKY JITepaTypH Ha aHTJIHCHKii MOBI.

JIBi aHOTAIlii HOBUHHI KOPOTKO IMOBTOPIOBATU CTPYKTYPY CTATTi, IO BKIIIOYAE BBEACHHS, LiJIb,
METOAMKY, pe3yJbTaTH, BACHOBOK. MalllMHHUI [IepeKyal He 103BOJIAEThCS.

— Kawuoei croea (MDKPSIKOBHI 1HTEpBan He pOOUTHCS, al3alHMW BIJICTYIN, Ha3Ba
HaIBKHUPHA, TEKCT KJIOYOBHUX CIIiB HE Oibine 6—8 CIIiB).

Hasga crari, npi3Buie i iHiliany, HAYKOBUH CTYyIiHb, BYCHE 3BaHHA, MicIle poOOTH, aHOTAITis
1 KJIFOUOBI CJI0BA — IOBTOPIOIOTHCS YKPATHCHKOIO Ta AHIUIIHCHKOK MOBaMH.

Mix psakamu 3 iHgekcom Y JIK, Ha3Boro crari, MPI3BHINEM aBTOPIB, AaHOTAIIIEI0, OCHOBHUM
TEKCTOM 1 MEpeNiKoM JITepaTypu, JIITepaTypol0 Ha AaHMIMCHKIA MOBI Ta JPYrol0 aHOTAILI€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 HEOOXiJHI €JIEMEHTU
(nazeu cmpykmyphnux enemenmie 6 mexcmi cmammi ROMPIOHO 6UOLTUMU HANIEHCUPHO):

— BCTyn (IIOCTaHOBKAa NpOOJeMH Yy 3arajJlbHOMY BHIVIAAI Ta ii 3B’S30K 3 BaKJIMBUMHU
HAYKOBUMH UM NMPAKTHYHUMHU 3aBJJAaHHSIMH );

— aHaJi3 OCTaHHIX JpKepeN JOCHTIKEHb 1 MmyOsikaliid, y SKUX 3all04aTKOBAaHO PO3B’sI3aHHS
npobnemu (OakaHo, mo0 e OyB aHai3 OCTaHHIX myOmikamii y (axoBuX >KypHayax) i Ha fKi
CIIMPAETHCS aBTOP;

— BUJIUJICHHS HE PO3B'A3aHHUX PaHillle YaCTUH 3arajibHOT MPOOJIeMH, SIKUM TIPUCBIIYETHCS CTATTS;

— MOCTaHOBKa 3aBHaHHsS ((HOpMYNIIOBaHHS METH Ta METOMIB JOCHIKEHHS MPOOJIeMH, IO
PO3IIIAAaeThCs y CTaTTI);

— OCHOBHMH MaTepial 1 pe3yiapTaTd (BUKJAJ OCHOBHOI'O MaTepialy JOCIIPKEHHS 3 MOBHUM
OOIPYHTYBAHHSIM OTPUMaHUX HAYKOBUX PE3YJbTaTIB);

— BHCHOBKHU (HayKOBa HOBHM3HA, HAYKOBE Ta MPAKTUYHE 3HAUEHHS Pe3y/bTaTiB JOCITIKEHHS,
MEPCTIEKTUBH MOAABIINX HAYKOBUX PO3POOJIEHbD);

— Jnimepamypa (BiUEHTPOBaHA, HAliBXHMPHA; MOCWJIAHHA B TEKCTI MOAAIOTh y KBaJIPaTHUX
AykKKax [2]; CrHMCOK JIiTepaTypy HaBOJAMTHCS BIANOBIIHO MOPSJIKY MOCHIaHb y TeKcTi 3rijHo 3 JICTY
8302:2015 Ta 3amucyeThCcsl B CTOBIMUMK; HamucaHHs «/[xepena iHdopmanii», «Ilepenik girepaTypu»
He JIONyCKaeThest). bidmiorpadivunuii CriCOK HABOIMTHCS MOBOKO OPUTIHATY Ta TPAHCIITEPYETHCS.

— ofioniocpagiunuii cnucox (References). Jlns BiATBOpeHHsS YyKpalHCHKHMX BIIACHHX HAa3B
3aco0amMM aHTJIIMChKOT MOBH MpH MEpeKajal MyOJiKaiii aHIJiICHKOI0O MOBOIO 3aCTOCOBYETHCS
TpaHciuitepauis. HalimenyBaHHs opraHizamiif Ta yCTaHOB, IO HE MEPEeKIaJaroThCs Ha aHIJIHCBKY
MOBY, TaKOX TPaHCIITEPYIOThCS. TpaHcmiTepallis Mpi3BUILl aBTOPIB BUKOHYETHCS 3AJIEKHO Bl MOBU
OpHTriHaNly JpKepena BianoBiaHo 10 BuMor [loctanosu Kabinery MinictpiB Ykpainu Big 27.01.2010 p.
No 55 «[Ipo BriopsiikyBaHHS TpaHCIITEpallli yKkpaiHCbKOTo andasiTy JJaTUHHIICIO». biGmiorpadiunuii
CIHMCOK TOBHHEH Oyrtu odopmienuid 3 BukopuctanHsm crtung |EEE STYLE 3rigno 3
«MDKHapOAHUM CTUJIEM LIUTYBaHHS Ta MOCUJIAHHS B HAYKOBUX poboTax», Kuis, 2016.

Tabnuyi cnin BUKoHyBaTH B penakropax Word 6e3 3anuBanHs. KoxkHa Tabmuis mMae OyTH
HaJpyKoBaHa 3 BIJIMOBIJHUM 3arojOBKOM Ta HYMEpALI€l0 MIcClg TMEpIIOro MOCHJIAHHS Ha He.
[Hupuna Tabiuipe HE MOBMHHA INepeBHIYBaTH mojs cropiHkd. IlpudTt B Tabnuii noBUHEH
BIJIOBIAATH WIPUDTY CTATTI.

@opmynu MaroTh OyTH BHKOHaHI B penmakropi ¢opmyn Equation 3.0 un MathType 3
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BUKOPHCTaHHAM TUIbKM 3aranbHonpuitHatux wmpudrie (Times New Roman; Symbol). Koxxna
(dhopMynia HAOUPAETHCS K OAWH 00’ €KT, Hymepallisi popmyi apaObCbKuMH ITUppPaMU CTIpaBa B TyXKKax
BUPIBHSHA 110 IIMPHHI CTOPIHKH.

Pucynku (niarpamu, ¢$oTO), OJAIOTHCA Y YOPHO-O1I0MY BapiaHTi ab0 y rpajaliisx ciporo
KOJIbOPY TICISl MEpUIOro MOCHUJIAHHA Ha HUX; MalTh OyTH 3TpYyNOBaHI Ta SIBISATH COOOI0 OIMH
rpadiyaUil 00’€KT; MaTH HyMepaIllito Ta MiAMUC MO3HAYCHHs OCh KoopauHaT. Po3Mipu mianuciB Ha
pPHUCYHKY NOBHHHI BifnoBigatu mpudrty Times New Roman 12 mr.

Pa3om 3i cTaTTero moganThCs:

— BIJIOMOCTI Mpo aBTOpa (aBTOPChKA JOBIJAKA): Mpi3BHIIE, iM’s, MO OATHKOBI (IIOBHICTIO);
BUCHE 3BaHHs, BUCHUI CTYIMiHb; M0caga, mMicie poOOTH; KOHTAKTHI aJpec i TenedoHH; MOIITOBA
azpeca, Ha SIKy HaJCUJIaTH MPUMIPHHUK 30ipHUKA

— PpeleH3is Ha CTarTio, SIKIIO aBTOPOM € acmipaHT Oe3 CIiBaBTOPIB 3 BUCHHM CTYIEHEM Ta
BYCHUM 3BaHHSIM.

Crarri, IKi He BiANOBiIaI0TH HaBeJJeHUM BUMOIaM, 10 PO3IJIsAlY He IPUIHMAIOThCS.

[Tomani Marepiaiy miUIAraroTh 101aTKOBOMY PEIIEH3YBAaHHIO WICHAMHU PEIKOJIErii a00 MPpOBITHIMHU
¢daxiBsIMH 32 HAyKOBHMH HampsMaMH, TOMY MOXYTh OyTH TIOBEpPHEHI aBTOpaM Ha
JOOIPAIIOBaHHSI.

OcTtaroune pilieHHs 1100 MyOsiKalii cTaTTi npuitMae peaakiliiiHa KoJerisi BUJIaHHS.
BinxuneHuii opuriHai He MOBEPTAETHCA.
OmnuaTa 31IHCHIOETBCS TUTBKU TICIIS MIATBEPHKEHHS PUIHSTTS CTATTI 10 JPYKY.

OpienroBana BapTicTh 1 cTopinku 50 rpH. TouHa BapTicTh OyAe BKa3zaHa MiCis NPUHHATTS CTATTI
10 ApyKy. 30ipHUK BUXOAHUTH 4 pa3W Ha PiK MIOKBApTaIbHO, B KIiHIII KOXHOTro KBapramy. Ctarti
HEOOXiTHO HAJICWIIATH J0 | 4Yuciia OCTAaHHBOTO KBapTaly (HAIPHUKIIAM, SKIIO 30ipHUK BUXOIWThH B
KIiHIII YEpBHS, TO CTaTTi MpUAMArOThcs 10 | udepBHs). Ase MpHiioM cTaTeii MOXKe 3aKIHUUTHCH
paHillie BKa3aHOTO TEPMiHY, SKIIO Oy/ie HaOpaHO HEOOXIHY KUIBKICTh CTOPIHOK.

MaTepianu HaACHJIATH 32 a/IPecolo:

Penakuist «CyuyacHe OyAIBHHMIITBO Ta apXiTEKTypa»
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