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Abstract. This article outlines the findings of a study focused on uncovering
the sources of Almaty's identity, which have evolved over time through various
architectural ideas. The Soviet era was particularly influential in shaping the city's
architectural development. The study examines the current urban environment,
including buildings and structures within Almaty's historical district. The research
methodology employs a comprehensive approach, incorporating several methods.
These include gathering projects and illustrative materials (such as drawings,
photographs, and plans) from archives, scientific publications, and digital
resources; conducting field surveys of buildings and elements of the urban
environment constructed in Almaty during the 20th century; and performing
chronological, compositional, and comparative analyses, along with generalizing
the findings. The study revealed that the cultural identity of Almaty's architecture
in the 20th century stemmed from a blend of architectural trends prevalent across
the Soviet Union, yet adapted to the regional context of Kazakhstan. Within the
framework of a socialist economy, Almaty’s architecture reinterpreted traditional
motifs to establish a link between the built environment and the local cultural
heritage. In the 21st century, understanding cultural identity is crucial for crafting
a compelling image of a city. It plays a key role in developing strategies for socio-
cultural and economic transformation, and can be instrumental in attracting
investment and tourism
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Anparna. Maxkanaoa apmypni cayiemmix uoesnap apxvlivl AimamuliHbiy
yakulm eme Kele KalblNMACKaH OipeceliiciHiy KO30epiH  aHblKmay2a
bazeimmanean 3epmmeyoiy KOPbIMbIHObLIAPLL YCbiublAzaH. Kananwiy caynem
OHEPIHIH 0aMYbIHA KeHeCmiK 0aYip aumapivikmail bIknan emmi. 3epmmey Kazipei
Kanauvlk OpmaHsl, COHOAU-ax AmamulHbly mapuxu ayoaHblHOA=bl QUMApammap
MeH KYPbLIblMOapobvl Kapacmulpaovl. 3epmmey a0icmemeci KeueHOi maciioepoi
Kammuovl. Byn adicmepee mypazammapoan, vlibiMu OACLLILIMOAPOAH JHCIHE
yughpavlx pecypcmapoan Hcodbanap MmeH ULIIOCMPAYUSIbIK MAmepuaioapobsl
(mvicanvl, cvizbanap, pomocypemmep dHcane dxcocnapaap) sxcunay, 20 eacvipoa
Anmamuloa canvinean umapammap MeH Kdaid OpMACbIHbIY d1eMeHmmepine
0ananvlk 3epmmeynep HCypeizy; COHOAU-AK KOPbIMbIHOBLIAPObL HCAINBLAAY
APKbLIbL XPOHONOSUSTILIK, KOMNOZUYUSIBIK JHCIHE CANbICINBIPMATIbL MAI0Ay1ap
arcacay xipeoi. 3epmmey 20 eacvipoassl Aimamol cayieminiy Maoenu epexueniai
Kenyec Qoaszvinoa key mapanzan, 06ipax Kazaxcmaunuoly — aumMakmoly
KOHmexcmine Oeuimoenzen cayiem mMeHOeHYUIapbIHaAH nauoa OO0a2aHbIH
kepcemmi. Coyuanucmix 3KOHOMUKA HCALOAUBIHOA AMAMbIHBIY Coyiem OHepi
Ooacmypni momuemepoi Kauma UHMEPnpemayusnan, calblHaH opma MeH
Jrcepeinikmi MaOeHU Mypa apacbiHoagbl OAUIAHBLICIbL OPHAMYEd YMMbLIobl. 21
eacvlpda Maoenu Oipecelllikmi MYCIHYy Kalauwvly MAapmuimMovl OelHeciH
KAIblnmacmulpy ywin aca mayul3ovl. byn ¢hakmop aneymemmik-maoenu sicone
IKOHOMUKATBIK KAUMa KYpy cmpameuslapuli a3ipieyoe Hezizei pos amkapaowl,
COHOAQU-AK UHBECTUYUSLAD MEH MYPUIMOT Mapmyoa Maxbi30bl o OUHAUObL.

Tyitin ce3nep: Anmamsr caynemi, Kazakcmaunvly aumMakmslx cayiemi,
avmakmolx, Oipecelinix, MaoeHu Oipe2elilix.
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APXHUTEKTYPA AJIMATBDBI XX BEKA: B IOUCKAX
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AHHOTaNUsA. B danHnoti cmamve npedcmasiieHvl pe3yibmambl UCC1e008aHUs,
NOCBAUWEHHOO BbISIBILEHUIO UCMOYHUKO8 udenmuuynocmu  Aamamol,
cpopmuposaswiuxca 8 pasuvie 200bl HA OCHOBE PA3IUYHLIX APXUMEKMYDHBIX
konyenyuil. Haubonee axmusenvim pazeumuem apxumekmypovl 2opood OMMeyeH
cosemckuti  nepuod ez2o ucmopuu. Obvexmamu UCCIe008aHUs  AGNAIOMCS
CILOACUBUARCSL 20POOCKAsL Cpedd, 30aHUSL U COOPYICEHUS. UCMOPULECKOU 4acmu
eopooa Anmamsl. Memoodonocus ucciedosanus OCHOBAHA HA KOMNJIEKCHOM
nooxooe. B uacmnocmu, 6 pabome nao cmamveil UCNOIBL30BANCS PO MEMOOO08.
cOop npoexkmos u ULNIOCMPAMUBHBIX Mamepuanos (depmedxcu, gomoepaguu,
PUCYHKU), NpeOCmABNIeHHbIX 6 apXUBAax, HAYYHbIX NYOIUKAYUSIX U IJIeKMPOHHBIX
pecypcax, HamypHoe 00cied08anue 30aHUll U (GpasmMenmos 20poOCKOU cpeobl,
6036e0enHbIXx 6 Aimamvl 6 XX 6eke; XpoHonocuueckutl, KOMNOZUYUOHHLIL U
CPasHUMeNnbHbIU aHaius u obobwenue pesyrvmamos. HMccieoosanue noxasano,
YMO UCTOYHUKOM KYJIbMYPHOU UOeHMUYHOCMU apXumeKkmypol Aimamol 6 XX eeke
ABNANCA KOMANIEKC COYeMAaHUU apXumeKmypHbiX medenull, XapaKxmepHuix 011 6Ce20
Cosemcroeo Coro3za, HO NOIYYUUBUIUX JIOKATbHOE NPENOMIEHUE 8 PeSUOHANbHBIX
yenosuax Kazaxcmana. Apxumexmypa Anmamol 8 YCio8UAX COYUATUCMUYECKOU
9KOHOMUKU 8 ONPEOeleHHbIX Npedenax UHMeEPnpemuposald mpaouyuoHHble
MOMUBYL, YCMAHABTUBATOWUE CEA3b MEHCOY APXUMEKMYPOU U KYIbMYpou Hapooa,
npoxcusaroujeco Ha oannou meppumopuu. B XXI eexe uzyuenue KynvmypHOU
UOEHMUYHOCTU — 8AJICHBLU (PAKMOP CO30aHUS NPUBLEKAMENbHO20 00IUKA 20p00a,
u modxcem OvbIMb UCNOIBL30BAHO OISl PA3GUMUS CIMPAMESULl COYUOK)YIbINYDPHBIX,
9KOHOMUUECKUX NPeoObpa306anuti, npugiedeHus UHeCmuyull U mypucmos.

KawueBble ciioBa: apxumexkmypa Aamamul, pecUOHANbHAS APXUMEKMYPA
Kazaxcmana, pecuonanvuas uoeHmuyHocmy, KyibmypHas UOeHmu4HOCb.
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1 INTRODUCTION

Architecture as a reflection of the ideas and values of society is an integral part of the cultural
identity of any nation. In the twentieth century, in an era of significant changes, architectural solutions
became not only a way to reflect technological progress, but also a tool for expressing the values of
society. The idea of cultural identity has become a key aspect influencing the formation of urban
space and architectural solutions. This was especially evident in the architecture of cities, where
traditions and innovative approaches collided and intertwined, creating a unique look and visual
heritage.

Kazakhstan holds a special place in the world of architecture due to its rich cultural heritage,
which is closely linked to the history and traditions of this country. In the twentieth century,
Kazakhstan experienced several significant historical events, including the Soviet period and
independence. In recent decades, significant changes have taken place in the country, including in
architecture, emphasizing not only its modern development, but also the preservation and respect for
national values and traditions.

It is known that cultural identity is formed on values, relevant norms, traditions and is identified
with the material heritage of a given society, concentrated in priceless architectural monuments, the
study of which will reveal the potential for a methodology for determining identity in architecture
(Erikson, 1996).

Almaty, formerly Alma Ata, the capital of Kazakhstan, is the cultural and historical center of
the region. The city, inhabited since ancient times, has undergone many transformations throughout
its rich history, intensive construction, which gave the settlement its unique appearance. During the
twentieth century, the city turned from a modest commercial settlement into a major educational,
economic and political center of the country, and became an important symbol of its cultural heritage.
The dynamics of the architectural development of this city during the twentieth century are closely
linked to historical events, socio-cultural trends, economic transformations and the aspirations of the
local population to preserve their unique identity. The article provides a detailed analysis of the
architectural objects of the twentieth century of Almaty, demonstrating the directions of the search
for the identity of this unique city.

2 LITERATURE REVIEW

The work devoted to identifying the sources of Almaty's identity is based on valuable and
convincing research by Soviet and Kazakh scientists. The results of the analysis and study of the
problems of architecture of Kazakhstan and the city of Almaty were highlighted in the works of
Kazakhstani researchers of the period of Independence of the country, such as Abilov A.Zh.,
Abdrassilova G.S., Azimov .M., Basenov T.K., Glaudinov B.A., Ibracva K.T., Isabaev GA.,
Kamalova G.M., Kuspangaliev B.U., Ordabaev A.B., Tatygulov A.Sh., Tuyakbayeva B.T. and many
others.

The subject under consideration is widely represented in the works of archaeologists and
historians who explored Almaty in the pre-war and post-war years. In the book "The Past of the Alma-
Ata district", A.N. Bernshtam presented the initial stage of the city's history, the issues of its
composition and cultural and historical ties, the peculiarities of the sedentary and nomadic population
of southern Kazakhstan and Semirechye, including Almaty (Bernshtam, 1948).

Valuable information about the architectural heritage of the city of Almaty, with a step-by-step
analysis of the origin and development of the historical core of the settlement, is revealed in the work
of Tuyakbaeva B.T. (Tuyakbaeva, 2008). The detailed illustrated book by Kapanov A.K. and
Baimagambetov S.K. highlights complete information about the construction and architecture of the
city during the Soviet period (Kapanov & Baimagambetov, 2013). Extensive information about the
origin of architecture in Kazakhstan since antiquity and its development during the Soviet period is
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contained in the works of B.A. Glaudinov, who studied the inclusion of traditional elements of
Kazakh architecture in modern projects to maintain cultural ties (Glaudinov, 1974.).

The works of E.G. Malinovskaya, aimed at studying and preserving the architectural heritage
of the modern national architectural school of Kazakhstan, contain an analysis of the architecture of
the 1920s and 1950s and its relationship with national traditions, the rationale for creating their own
"national style" (Malinovskaya, 2017).

The works of modern researchers present an extensive overview of the topic of architecture in
Almaty and its connection with cultural identity, covering both historical aspects and current
challenges and development prospects. The article by Ordabaev A.B. "The history of architecture of
the city of Almaty" (Ordabaev, 2018) examines the evolution of the architecture of the city, from
ancient times to the present. Special attention is paid to the influence of historical events and cultural
traditions on the formation of the architectural appearance of the city and its cultural identity.

The work of G.M. Kamalova examines the problems of preserving historical heritage in the
context of the development of modern architecture of the city, analyzes examples of both successful
and unsuccessful reconstruction of monuments (Kamalova & Sailauova, 2022). The influence of the
architectural image on the cultural identity of the city of Almaty and modern trends in architecture
are considered in the article X. Truspekova's "Architecture of Almaty and issues of identity"
(Truspekova, 2016), where, based on the analysis of architecture from different historical periods,
the author explores the issues of perception by residents of new architectural projects. Today, we can
note the active conduct of a number of studies by Kazakhstani scientists on the topic of regional
identity (Abdrassilova & Danibekova, 2021, Kozbagarova et al., Baitenov, et al., 2019,
Abdrassilova & Murzagaliyeva, 2020, Abdrassilova & Murzagaliyeva 2018).

3 MATERIALS AND METHODS

The materials for the study were books, articles on a given topic, projects and illustrative
materials (drawings, photographs, drawings) presented in scientific publications and electronic
resources; a full-scale survey of buildings erected in Almaty in the twentieth century. The research
methodology is based on an integrated approach used in art history cases.

4 RESULTS AND DISCUSSIONS

The favorable natural and climatic conditions of the northern slopes of the Trans-Ili Alatau,
where the city of Almaty is located, have led to the existence of semi-settled and settled peoples here
since ancient times. The products found during archaeological excavations in large numbers at
different times on the territory of the city indicate that since the X-VIII centuries BC, tribes leading
a nomadic and semi-sedentary lifestyle lived in this territory (Glaudinov, 1999).

Almaty, formerly known as the settlement of the local Almalyk tribes, was an important trading
center on the Great Silk Road connecting China and Europe, and the mixing of cultures is reflected
in its unique history.

The period of the XIX-XX centuries. In the middle of the XIX century, after the annexation of
the region to tsarist Russia, the fortress city of Verniy was founded in the foothills of Alatau as an
outpost of the Russian Empire. Since 1867, Verniy has been the center of the Semirechensk region
of the Turkestan General Government of the Russian Empire. One of the key aspects of this period is
the predominance of the role of merchants in shaping the architectural appearance of the city. At the
same time, the development of the extractive industry at the end of the 19th century led to an increase
in the population of Verniy and the expansion of its infrastructure through the construction of public
buildings and structures such as schools, gymnasiums, orphanages, etc.

Almaty's strategically advantageous location at the intersection of ancient trade routes linking
Central Asia with Russia and China attracted merchants, merchants and entrepreneurs, stimulating
economic growth and development of the city. Merchants built luxurious houses, shops and mansions
reflecting their wealth and social status. Architectural solutions often combined elements of local

13



QazBSQA Xaotapubichl. Ne4 (94), 2024. Caynaer

traditions with the predominance of architectural forms typical of Persian, Turkish and Russian
architecture, creating their own unique style.

The architects of the XIX century turned to Art Nouveau, eclecticism, Art Nouveau, and the
buildings of Verniy-Almaty of this period was distinguished by its majestic palace facades, which
were refined by large windows, high ceilings and often encountered wooden cornices, balconies,
architraves, carved decor and ornament. Built mainly from local materials - brick or wood, the
structures demonstrated the wealth and status of their owners and are still an important source for
studying the history of the city and its cultural heritage (Auezov & Chulakova, 2010).

Figure 1 shows the buildings of the late XIX- early XX centuries, reflecting the style of the
era. This is an important layer of the historical and cultural heritage of the city, which includes:
merchant 1. Gabduvaliev's trading house (1911, architect A. Zenkov, now the Kyzyl-tan store); G.
Kolpakovsky city Real School (1890, architect P. Gurde, now Kazrestavratsiya); Vernensky
Orphanage (1892, architect P. Gurde, now the Museum of Almaty), etc.

Former buildings

of the Vernensky ‘
FAC:[ORS Orphanage WOODEN
) (Museum of the City's CORNICES
Strategically History Almaty) iy
advantageous location
of Almaty
’ s 2
i é 2] of the Vernensky school
o = S named after G. A.
LATE XIX - Industrial development,~ @ * 5 * * 8 Kolpakovsky
EARLY XX economic growth % [ﬂ f (Kazrestavratsiya) S—
(1850-1920) 8 % CORNICES
An increase in the
urban population of the Vernensky CARVED
Trading House

(Kyzyl-Tan)

Figure 1 — The formation of originality in the architecture of Verny — Almaty in the late XIX- early XX centuries
(author’s material)

This period brought a variety of styles and traditions that shaped the current image of the city.
The preservation, study of this integral part of cultural heritage and the challenges associated with the
adaptation of architectural monuments to modern needs are important for understanding the past and
creating a sustainable future for Almaty.

The period of the beginning of the XX century. With the establishment of Soviet power, a period
of intensive industrial and cultural development began in the 1920s, which significantly influenced
the appearance of Verny, which in 1921 was renamed Alma-Ata. In 1929, after Alma-Ata was
declared the capital of Kazakhstan, the city became a place of active construction and modernization.
The serious status of the city provided architects from various parts of the Soviet Union with a
favorable space for their creative realization, which affected the variety of styles and trends in
architecture. During this period, numerous facilities were built here, which served as symbols of the
power and prosperity of the Soviet state.

In the first decades of the twentieth century, constructivism and modernism prevailed in the
architecture of the city, reflecting the desire for modernity and innovation. Significant examples of
the manifestation of this synthesis were the buildings shown in Figure 2: the Central Post Office —
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now the House of Communications (1931, architect G. Gerasimov), the Government House of
KazASSR — now the Academy of Arts named after T. Zhurgenov (1931 Architect M. Ginzburg, with
the participation of F. Milinis), the Club of GPU Workers — now the Uygur the theater (1932, architect
V. Burovtsev), built in the style of constructivism. Despite pronounced constructivism, the theme of
the "living East" is particularly subtly expressed in the building of the KazASSR Government House:
a synthesis of the logic of shaping characteristic of constructivism with the traditions of architecture
in Central Asian countries has been achieved - the composition of the image is based on the contrast
of the geometry of solid volumes of walls, transparent planes of windows, the presence of deep
loggias, an inner courtyard, covered passages connecting separate buildings, etc. (Auezov &
Chulakova, 2010, Glaudinov et al., 1987).

Thus, the search for an expressive image personifying the new era of socialism has determined
an unconventional approach to incorporating traditional techniques of Central Asian architecture into
planning and compositional solutions (Abdrassilova & Murzagalieva 2018).

Since the 1930s, during the reign of "Soviet classicism", simultaneously with the embodiment
of the principles of Soviet ideology, architects were tasked with combining modern trends with
national culture and traditions. Architectural, planning and imaginative solutions of numerous
buildings in Almaty in the 1930s and 1950s were based on traditional techniques or contained
elements of national decor. This created a special synthesis between Soviet modernism and national
traditions, reflecting the cultural identity of the country in the context of political and social changes.

The result of an intensive search for national identity based on the synthesis of classical
European and traditional Central Asian styles can be seen in Figure 2 - in the architecture of the
Kazakh Opera and Ballet Theater named after Abai (1941, architect N. Kruglov, N. Prostakov). The
theater building captures an important urban planning node, being its compositional focus. The
introduction of national motifs into the overall composition of the building in the form of a
redesigned, stylized order and characteristic ornamental elements emphasized the regional affiliation
of the theater. This visually connected the building, built according to the canons of classical
architecture, with local cultural traditions.

As aresult of the study of regional architecture, the period 1930-1950 is seen by scientists from
Central Asia and Kazakhstan as: "East plus classics" of the 1930s and 1950s (Askarov, 1988);
"Kazakh classics" of the 1940s and 1950s (Abdrassilova, 2015). Through forms and symbols in the
architecture of the first half of the twentieth century, the architects expressed their desire to preserve
uniqueness and originality, where tradition and innovation merged into a single whole, reflecting the
spirit of the times and the cultural heritage of the region.

During the pre-war and post-war decades, there was an active construction of not only unique
public buildings, but also industrial facilities. In the 1950s, the development of standard residential
building designs was developed, requiring typification and standardization due to the need to
introduce large volumes. During this period, projects of single-storey brick houses were developed,
the first urban ensembles began to take shape (Kapanov & Baimagambetov, 2013). Architectural
and urban planning solutions considered the uniqueness of the location in the conditions of mountain-
valley circulation. The system of irrigation ditches supplying the city with water (according to the
plan of the first general plan of 1869, Verny was supposed to be supplied with water from the Malaya
Almatinka River) in the early 1950s supplemented with cast iron intake columns (Titenev, 2001).
The architecture of Almaty in the middle and late twentieth century reflects a period of intense cultural
and economic development in the history of the city. In accordance with the socialist course of
society, monumental structures reflecting the ideological principles of the existing state system began
to prevail in the architecture of Almaty. However, even in these exemplary Soviet buildings, elements
of cultural identity can be found. Architectural symbols embodying the history and culture of the
people have already become key elements of the urban landscape, capturing epochs and changes. The
appeal of traditional construction techniques, the use of national ornaments and decorative motifs,
refer to the object to the cultural heritage of the region, not only as architectural monuments, but also
as symbols of cultural identity.
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After the Second World War, the intensive development of industry and agriculture in the
country led to the migration of the population to cities and the expansion of their borders. The urgent
need for infrastructure required the construction of a wide range of public buildings - educational
institutions, medical institutions, cultural and administrative facilities, as well as new principles of
urban planning with an emphasis on ensemble construction (Glaudinov, 1974, Basenov et al., 1973).

This period from the second half to the end of the twentieth century is characterized as a fruitful
stage in the work of architects, considering the cultural, historical and environmental context of the
"... new way ..." search for regional identity and national identity (Glaudinov, 1974). At the same
time, K. Samoilov calls this time "... highly technical and far from mechanical reproduction of old
forms and techniques ..." (Glaudinov & Samoilov 1997). Due to the fact that the architecture of
famous public buildings in Almaty is characterized by the search for associativity of images and
forms, compliance of architectural and planning solutions with the required principles of
environmental organization. Kazakh scientist G. Abdrassilova attributes this period to "critical
regionalism" (Abdrassilova, 2015).

In the 1950s and 1970s. Alma-Ata, like many other cities of the Soviet Union, underwent an
intensive process of modernization, being influenced by social, political and cultural transformations.
During this period, architectural solutions not only reflected the principles of socialist aesthetics, but
also became symbols of a new cultural identity. Basically, the buildings had the characteristic features
of the Stalinist Empire style: monumentality, stylized columns, towers and decor. At the same time,
Soviet modernism was actively developing, which was characterized by using modern materials and
structures, as well as experiments with forms. The buildings in the Modernist style were more modern
and abstract compared to the Stalinist Empire style with simple shapes, convenient for mass
production and with moderate decorativeness.

However, to demonstrate that the Soviet government recognized and respected the diversity of
cultures of the peoples of the USSR, the architects were given another task — to emphasize the
geographical and cultural area, as well as ethnic identity. Thus, in residential buildings (depending
on local characteristics), the planning solution could be adapted to the climatic conditions of the
region, and in public buildings the influence of the Kazakh tradition was manifested in the details of
the decor, in the use of traditional materials and forms.

One of the iconic public buildings of this period is the former building of the Government House
of the Kazakh SSR (1957, architect B. Rubanenko, T. Simonov, P. Mamontov, G. Kalish), which
plays an important city-forming role and reflects the Soviet style of that time with its architecture. At
the beginning of the XXI century, the administrative purpose of the building of the former
Government House of the Kazakh SSR was replaced by the function of scientific and educational
(now the Kazakh-British Technical University is in the building).

The composition of the main facade of the classical administrative building, corresponding to
its purpose, uses a synthesis of the traditional ornament "qoshkar muyiz" in the form of a ram's horn,
stylized under the order system. The metrorhythmic composition from the series "qoshkar muyiz"
has become the dominant motif in the culture of the steppe peoples, recalling the famous "meander",
widespread since the Paleolithic period, including the ancient Greek civilization.

However, the "qoshkar muyiz" ornament is an independent basis of Kazakh culture, conditioned
since ancient times by nomadic and semi-nomadic cattle breeding, the conquest of the vast steppe
expanses. The way of life and beliefs have left their mark on the nature of the visualization of the
Kazakh worldview. Thus, animal products made life easier for him in harsh conditions such as food
(meat, milk), clothing and shelter (hide, wool). In this regard, animals, mainly sheep, were equated
with deities and depicted with exaggeratedly large horns, which gradually became fundamental in
traditional visual art.

Striking examples of the architecture of educational institutions, due to the mixture of classical
and national styles, are the central parts of the main buildings of the building of the Women's
Pedagogical University (1939, architect V. Bychkov) and the Agrarian University (1954, V.
Biryukov) in Almaty. The porticos of the main entrances of the university buildings are built in classic
stylistic characteristics and national decor is used: in the piers of the facades of the agrarian university
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there are multi-faceted paired and single semi-columns with ornamented capitals and developed
bases. The arches of the "oriental type" have a complexly ornamented archivolt. The developed
cornice has two tires of curly brackets. Figure 2 shows the facade of the main portal of the Women's
Pedagogical University with eastern pointed arches also contains the traditional ornament "qoshkar
muyiz".

An important aspect of the architecture of Almaty in the 1950s and 1970s was the further
development of the urban environment. New buildings and districts changed the appearance of the
city, as well as interacting with existing buildings, creating a unique cultural landscape. This process
has also facilitated dialogue between different cultures and traditions, forming a rich and multi-
layered cultural heritage of the city. Many buildings erected during this period have become symbols
of progress and innovation. New residential complexes, public and cultural centers, as well as
industrial facilities reflected the country's desire for economic and cultural development. These
buildings not only provided residents with comfort and convenience, but also served as a kind of
monument of the era.

In this period, the core of the central part of the city is formed between Zheltoksan and
Furmanova streets, where unique public buildings are concentrated. Reconstruction of the northern
part of the Central Market is underway (within the boundaries of Gogol Street, Rayymbek Avenue,
Ilyich Street and Vesnovka River) with the demolition of dilapidated housing and the construction of
residential buildings with panel 5-storey buildings designed considering seismic conditions
(Kapanov & Baimagambetov, 2013). The city is developing in a westerly direction - new
neighborhoods are beginning to appear, built up with panel residential buildings of mass series
(Tuyakaeva & Murzabayeva, 2019). Industry is developing and new industrial facilities are being
built.

The 1970s and 1980s were a time of active construction and modernization, with important
attention paid not only to economic and social development, but also to the cultural sphere. During
this period, structures were erected, which later became significant architectural monuments of that
time. In pursuance of the Decree of the legislative bodies of the republic "On the integrated
development of main streets, exit highways and the central part of Almaty" (1972), the construction
and reconstruction of Seifullin and Abai Avenues, the highway from Rayymbek Avenue to the
airport, Zheltoksan str., the central part of the city; at the same time, several of the largest unique
buildings and structures were built (Kapanov & Baimagambetov, 2013). An example of a
comprehensive reconstruction and development of Dostyk Avenue, connecting the central core of the
city with the main southern recreation area in the mountains of the Trans-Ili Alatau, is indicative. The
compositional expressiveness of the avenue is achieved by the rhythm of high-rise buildings
alternating with developed courdonnaires, landscaped squares and skillful use of relief. High-rise
buildings along Dostyk Avenue, in an area of high seismic activity, were built using progressive
earthquake-resistant structures.

The growth in the construction of cultural and educational structures, palaces, and hotels
favored the appearance of buildings unique in architectural and artistic design, reflecting the social,
political, and cultural aspects of the era. These objects not only corresponded to their functional tasks,
but also became icons and symbols of modernization and national identity. These include the
buildings in Almaty shown in Figure 2: The Wedding Palace (1971, architect M. Mendikulov, A.
Leppik); circus (1972, architect V. Katsev, 1. Slonov); hotel "Kazakhstan" (1977, architect Y.
Ratushny, L. Ukhobotov, A. Anchugov, V. Kashtanov); hardware and studio complex (1983,
architect A. Korzhempo, M. Ezau, V. Panina); hotel "Otyrar" (1981, S. Kokhanovich, M.
Kabylbayev); medical and wellness complex "Arasan" (1983, architect V. Khvan, M. Ospanov); the
Republican Palace of Schoolchildren (1984, architect V. Kim, A. Zuev, T. Abilda); the Central State
Museum of the Republic of Kazakhstan (1985, architect Y. Ratushny, Z. Mustafina, P. Rzagaliev)
and many others.

These architectural structures together form the unique appearance of the city and reflect its
history, embodying with their appearance and unique style the period of the Soviet era in the history
of the country. Each object uses several techniques, forms and elements of traditional Oriental
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architecture that complement the expressive image. The combination of elements of Kazakh national
culture with modern components represents the desire to preserve and pass on the rich heritage and
history of Kazakhstan to future generations.

The synthesis of traditions and modernity in the silhouettes of buildings is manifested in the
form of references to the traditional dwelling of Kazakhs — yurts - in the three-dimensional
characteristics of the Wedding Palace and circus; stylized forms of the citadel of the feudal city of
Central Asia, caravanserai or memorial and cult architecture - in the figurative solutions of the Arasan
medical and wellness complex, the Republican Palace of Schoolchildren, The Central State Museum,
where domed coverings, arched openings, transitional galleries, towers enhance their regional
affiliation and cultural identity.

Components such as ornamental sunscreens on the facades of a few objects, including the
Wedding Palace; cornices — Asian "stalactites" on the facade of the hardware and studio complex;
Central Asian arches - semicircular forms of balcony fences and the main portal of the Otyrar hotel;
the unique antiseismic structural basis of the Kazakhstan hotel also played a key role in the formation
of cultural identity the cities of Almaty of the XX century.

The first half of the o s ofith -
twentieth cenlury "The lemg East" Government of the Communication ¢y pCIA named
1921 1930) Kazakh ASSR House (Almaty after Dzerzhinsky
( = (KazNAA) Main Post Office) (Uighur Theater)
W A5
XX The second half of the "East plus classics" 4
(1920-1990) twentieth century "Kazakh classics”
(1940' 1 970) sovernment House KazAl
°fthe(KKgZTalljl; S8R (KazNARU)
The third quarter of the
1 q L@ 4 5 n r ‘
twentieth century Critical regionalism
] =
The Wedding : The Palace of
Palace Circus Schoolchildren

Figure 2 — Architecture of Almaty XX — beginning XXI century. (author’s material)

In the 1970s and 1980s, the traditional rectangular grid of streets for the city, oriented in the
meridional and latitudinal directions, was developed in the western direction in the form of an
enlarged grid of new neighborhoods, preserving the continuity of the planning structure.

The attraction of the city of Almaty is its green outfit. The master plan provides for the further
development of the system of green spaces by creating parks in floodplains and a forest park in the
eastern part of the city. It is becoming urgent to create a continuous interconnected system of green
spaces that would effectively affect the improvement of the environment and recreation for the city's
population, connecting the city with its unique environment at the foot of the picturesque Trans-Ili
Alatau (Kapanov & Baimagambetov, 2013.). In this regard, park lanes and landscaped connections
of the latitudinal and meridional directions are organized, which form the basis of the natural and
ecological framework.

With the collapse of the Soviet Union in the early 1990s, Almaty felt a wave of political and
cultural changes and faced the challenge of preserving and developing its cultural identity in new
conditions. It was a time when the country was striving to define its new role on the world stage. This
period brought with it the opportunity to freely experiment with new architectural styles and
technologies, forms reflecting a variety of cultural influences and trends.
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The architecture of the residence of the President of the Republic of Kazakhstan, built in 1995
(architects K. Montakhaev, S. Baymagambetov, O. Tsai) using modern building materials and
technologies, indicated the desire of Kazakh society for change. The appeal to modernity and
innovations in solving such classical monumental forms as pylons, as well as the use of the principle
of contrasting ratios, eventually led to a reflection in the architecture of the 1990s of the cultural
changes that took place in Kazakhstan at the beginning of the Independence period.

Attempts to regain one's own identity and culture include an increase in the number of religious
buildings in the settlements of the young state. The architecture of the central cathedral mosque in
Almaty (1999, architects S. Baymagambetov, J. Sharapiev, K. Zharylgapov) has become a new
embodiment of oriental traditions using a dome, portal arch, arched gallery, corner towers and a high
minaret. Thus, the revival of religion and religious architecture has become an indicator of the state's
desire to preserve cultural identity in conditions of rapid development.

Even though in 1997, the capital of Kazakhstan was moved to Astana, Almaty remains a
cultural, scientific, educational, financial and business center, the largest metropolis in the country,
which is supported by its status as a city of republican significance (Decree N 3698, 1997).

Intensive construction, reconstruction and urban development over the years of the capital's
functions have provided a unique appearance of the city of Almaty. The city has developed interesting
urban-planning ensembles and urban-planning nodes: Republic Square, Square named after Abay,
buildings in the circus area and the Kazakh Drama Theater, etc. A number of unique objects and
structures have been erected: the building of the Abai Opera and Ballet Theater, the building of the
Government House (later the Akimat of the city Almaty), the main building of the Academy of
Sciences, the complex of the Central Republican Stadium, the complex of the Medeu ice stadium, the
building of the Kazakh Drama Theater named after M. Auezov, the Circus, the Wedding Palace, the
House of Friendship with Foreign Countries, the complex of therapeutic baths "Arasan", the Palace
of Culture of the AKHBK (later the TYUZ named after N.Satz), the Republican Palace of
Schoolchildren, the District House of Officers (later the Central House of the Army), the former house
of Political Education, buildings of railway stations, air terminals, bus stations, the Palace of the
Republic, the Residence of the President, the 25-storey hotel "Kazakhstan", the Dostyk hotel, 5-star
hotels "Ankara" (subsequently, the InterContinental Almaty Hotel), Rahat Palace, etc., residential
areas of Almaty grew (Kapanov & Baimagambetov, 2013).

In the last decades of the twentieth and early twenty-first centuries, Kazakhstan, like many other
countries, actively carried out the construction of modern buildings and complexes. In this context,
for the progress and prosperity of the region, it is necessary to preserve historical monuments and
traditional architecture as part of the material heritage. The architectural structures of the city of
Almaty of the XX century are not only its symbols, but also represent important elements of the
heritage of Kazakhstan, which reflect the desire to find a synthesis between traditions and modernity.
Taken together, they are an example of how architecture can become an important tool for expressing
and strengthening the cultural identity of a society.

SCONCLUSIONS

The study revealed that the cultural identity of Almaty architecture in the 20th century was

formed through a combination of architectural styles inherent in the entire Soviet Union but adapted
to the local conditions of Kazakhstan. Within the framework of the socialist economy, the architecture
of Almaty to a certain extent rethought traditional motifs, creating a link between architecture and the
culture of the local population.
The inclusion of traditional motifs in the design of modern buildings gives the architecture of
Kazakhstan a bright individuality and originality, creating a complete regional image. The
combination of modern technologies with elements of traditional Kazakh architecture and respect for
historical heritage forms a unique architectural environment that can develop and attract the attention
of both locals and tourists. Thus:
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1. The analysis of theoretical research and practical implementation of architectural objects in
Almaty shows that currently the search for cultural identity can be expressed in architecture in several
ways:

- visual expression of the territory's connection with the Kazakh national culture (facade
decoration, archetypal forms — arches, domes, etc.)

- the formation of new symbols of identity in the architecture of Almaty, which combines
reliance on previous experience and the inclusion of modern innovative approaches in shaping.

2. The architectural heritage of the early twentieth century is an important element of the urban
culture of Almaty. The buildings of this period remind of the rich history and material heritage of the
region, continue to inspire modern architects, residents and visitors of the city. Every building and
structure in this city carry a piece of its cultural identity, embodying the richness and diversity of its
heritage.

3. Intensive construction, reconstruction and urban development over the years of the capital's
functions have provided a unique appearance for the city of Almaty. Interesting urban planning
ensembles and urban planning nodes have been formed in the city, residential areas have grown,
reflecting the unique spirit, history and atmosphere of this place.

4. The unique location of the city along the foothills of the Trans-Ili Alatau has left its mark on
the picturesque appearance of the city, in the silhouette of which the panorama of the mountains plays
an important role, this also contributes to the connection with the natural environment, providing it
with the image of a "garden city".

5. In the XXI century, Almaty continues its path of searching for cultural identity in
architecture. On the one hand, the city is becoming more and more open to modern architectural
trends and technologies, on the other hand, there is an interest in national traditions and cultural
heritage. The modern architecture of the city reflects a mixture of traditional and modern styles, while
maintaining its uniqueness.
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Abstract. This article examines various aspects of the architectural and urban
heritage of the city of Ust-Kamenogorsk from the 18th to the early 20th centuries. A
number of architectural monuments of this key city for Eastern Kazakhstan have
historical and cultural value for the history of regional architecture. The
methodology of the article's research is based on the analysis of valuable, in
architectural and artistic terms, historical buildings, as well as on the analysis of
academic literature. In the stylistic and artistic orientation of the city's architecture,
trends such as the"brick" style, eclecticism with interpretation of "order" styles, and
eclecticism with elements of Art Nouveau can be traced. Characteristic feature of
Ust-Kamenogorsk was a significant concentration of monuments in the city center,
as well as in other cities (Semipalatinsk, Pavlodar), the historical building was
dispersed. The architectural image of Ust-Kamenogorsk in the late XIX-early XX
century was formed on the basis of the contrast between public buildings and single-
story residential buildings, as well as on stylistic unity, the main artistic direction
of which was the aforementioned eclecticism with a predominance of buildings in
the "brick" style. The buildings and structures of industrial architecture, forming
both the facade development of streets and organizing the urban space around them
or creating significant urban accents due to their height, were also distinctive.
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Anpatna. Maxanaoa OckemeHn Kanacviubly Cay1em-Kalauiblk MYpPAcblHblY
oncexenezer acnekminepi xapacmoipvinean. XVIII-XX eacvipoviy Oacwi. [lvievic
Kaszaxcmanoazer manei30vl Kananeiy 6ipkamap cayiem eckepmiuimepi auMakmuolx
caynemi mapuxu-maoeHu KYHObLIbIKKA ue. Kana cayneminiy cmunucmukanvly sHcoHe
KOpKeMOIK 0agvimvlH «KIpniuLy Ccmuii, «mapminy CcmuibO0epin myciHoipyoeei
caynem 0Oa2LIMbIMEH Kamap 3aMaHayu sjiemMeHmmepoi KaMmumold SKIeKMusm
cusiKmul meHOeHyusnaposl bauxayea 6onaovl. Maxananwl 3epmmeyoeei aoicmeme
CayIemmiK JHcoHe KOPKeMOIK HCARbIHAH KYHObI Mapuxu UMapammapovl mapuxu
Heziz0eyoeci akadeMusivlk 20ebuemmepoi manodayea Heeizoenzen. Kyn emixen
CaliblH «KUHEPYUSIBIKY KANLINMACYAAp KALAIbIK CaYIemmiy 63iHOIK epeKuenicine ue
0on10v1, Ockemenze man Kacuem dacka kanaiapoazvl (Cemeti, I[lagnooap) cusimol
Kaua OpmanbleblHOAbl ecKepmKiumepoiy aumapivlkmai Woulpianysl eoi,
Mapuxy QUMapammap wWawblpayksl cunamma Kaavinmacmol. 19 eaceipowviy conul
men 20 2acvipoviy 6acbinoagbl OCKkemeH KalacblHblY CaVIemmiK Kelbemi Ko2amoblk,
aumapammap Men Oip Kabammvl MYpPLIH  YUIEPOiH, COHbLIMEH Kamap
CMUTUCMUKANBIK — eMeC  KAYbIMOACMbIKMblY — Kapama-Katibliblebl — He2i3inoe
KaIblnmacmol, OHbIH Hezi3ei KOPKeMOIK 0agbimbvl HCo2apvblod amanean «Kipniuy
CmuibHOe2l umapammapobly 0acbiMObl2bl Oap dKiekmusm eoi. Ouepracinmik
caynem UMAapammapbl MeH KYpbliblCmapbl Keuieaepoiy KacOemmik OamybiH
KYpaumvlH  JcoHe  ONapobly — AUHANACLIHOARbl  KALAALIK — KeHiCMIiKmi
yublMoacmulpamuvli Hemece Ouikmizine OQUIAHLICMbI MAHBI30bL KANA KYPbLIbLCHL
DYHKYUACHIH KYpatimoli 63iHOIK epeKulesiciMen cunammandaobl.

Tyiiin ce3nep: Oexinic scenici, Karauvly mapuxu 63e2i, OeKiHic, CMUIU3AYUI,
Kala KYpouliblChbl, €ayoad yiepi.
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APXUTEKTYPA BOCTOYHOT'O KA3AXCTAHA
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AHHOTAanusl. B cmamve paccmampusaromcs — omoenvbHvle  ACNeKmbl
aApxXumexmypHo-2padocmpoumenbHo20 Hacieous 2opoda Ycmo-Kamenozopcka.
XVIIlI-nauana XX 6.6. Pa0 namsamHuxkog apxumexmypvl OAHHO20, KIH04e8020 OJisl
Bocmounozo Kazaxcmana eopoda umerom ucmopuko-KyJIbmypHy0 YeHHOCMb 0/is
ucmopuu pe2uonalvHol apxumekmypsl. Memoodonozus 6 cmamve ucciedo8aHus
OCHOBAHA HA aHAIU3e UYEHHOU 6 aApXUMEKMYPHO-XYOOHCeCME8EeHHOM NiaHe
UCMOPUYECKOTU 3aCMPOLIKU, 4 MAKHCe HA aHAnu3e akaoemuyeckou tumepamypul. B
CIMUTUCMUYECKOU U XYOOIHCECMBEHHOU HANPABGIEeHHOCMU 3004eCmed 20p0ooa
NPOCNeNHCUBAIOMCSL MAKUe MeYeHUs KAaK «KUPNUYHBILY CMUlb, O9KIeKmuka ¢
uHmepnpemayueli «OpOepHuIX» Ccmuiel, a makKdxHce SKIeKMUKA ¢ BKII0UEeHUeM
neMeHmos  modepua. XapaxkmepHou —uepmou  Ycmo-Kamenoeopcka — Ovlia
3HAUUMEeNbHASI KOHYEHMPAayusi NAMAMHUKO8 8 YeHmpe 20pood, 8 mo épems KaK 8
opyeux eopooax (Cemunanamunck, Ilasnooap), ucmopuueckas zacmpouxa Ovlia
paccpeoomouena. Apxumexkmypuwviti 00auxk Ycemo-Kamenocopcka 6 xouye XIX-
Hauana XX 6.6. popmupoeancs Ha OcHO8e KOHMPAcma oOWecmeeHHbIX 30aHUll U
OOHOIMAIICHOU JHCUNOU 3ACMPOUKU, A MAKHICe HA CMUTUCMUYECKOU 00uWHOCmU,
OCHOBHbIM  XY0O0HCECMBEHHbLIM HANPABLeHUeM KOMOpoUu Oblid 6blueyKA3aHHAs
9KNEeKMUKa ¢ npeodradanuem nocmpoexk «Kupnuynoz2o» cmuis. Ceoeobpaszuem
OMAUYANUCH, —~ 30AHUSAL U COOPYIHCEHUS  NPOMBIUIEHHOU  ApXUMEeKMmypul,
dopmuposasuiue Kaxk hacaoHuyro 3acmpouKy yauy, max u op2aHu3yioujue 20poocKoe
NPOCMPAHCMBO BOKpY2 cebs UM dce CO30aroujue 3a cuem GblcOmbl 3HAUUMENbHbIU
2paoocmpoumenvhslli akyeHm.

KiarwoueBble caoBa: Hpmuluickas YKpenieHHas JIUHUA, UCMOpUYecKoe s0po
20po0da, Kpenocms, CMUIU3AMOPCME0, 20POOCKAsL CMPYKMYpd, mop208ble 00Md.
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1 INTRODUCTION

Ust-Kamenogorsk was a key city in Eastern Kazakhstan during the late XVIII-early XX
centuries. Its urban planning structure was based on a rectangular grid of streets that developed from
the original core of the fortress settlement. In the future, the city, which has fortification functions,
will be transformed into one of the largest shopping centers in Eastern Kazakhstan. The main
direction of the city's development is the north-eastern territory between the rivers Ulba and Irtysh.
The formed center of the historical development of the city of Ust-Kamenogorsk has been preserved
in the most authentic form in the former shopping malls (on the former Kirov Street), with the
representative architecture of that time, the so-called merchant workshops. Currently, the historical
development of this street belongs to one of the valuable monuments of the historical architectural
heritage of the city.

At the beginning of the XVII century, the eastern borders of Russia, which was formed as a
centralized state, approached Kazakhstan. The Empire expanded its Siberian territories in a southerly
direction, for which military fortifications were built on the borders. The accession of Kazakhstan to
the possessions of Russia was of strategic importance because the Kazakh steppes are "the keys to
the gates to all Asian countries" (Kozlov, 2000).

In addition, Peter I became aware that "sand gold is found in abundance somewhere on the Irket
River." And there was so much of it that it was mined "during high water with the help of polonas,
carpets and cloth." To find these places, as well as to investigate the abuses of the Siberian governor
Matvey Gagarin, an expedition was sent, headed by Guard Major I.M. Likharev. On August 12, 1720,
a detachment of the Russian army arrived at the place where the Ulba flows into the Irtysh; A new
fortress was laid here - Ust-Kamenogorsk, because it was here that the Altai Mountains ("Stone")
suddenly ended, then the Irtysh rolled its waters across the plain (Figure 1).

And although the expedition did not find rich placers of sand gold, the Ust-Kamenogorsk fortress
appeared on the map of the Russian Empire, "the extreme southern tip of the formed Irtysh line." It
was August 12, 1720, that is considered to be the day of the founding of the city of Ust-Kamenogorsk.

The rectangular palisaded fortress with an area of about 1 hectare with a population of 363
people was surrounded by a moat with an earthen rampart, fortified with bastions on which wooden
towers were located. Inside there was a wooden church, barracks and administrative buildings.

Figure — 1 a) The period of the Ust-Kamenogorsk fortress 1720-1765; b) The plan of Ust-Kamenogorsk in 1916
(Espenbet, 2010)
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2 LITERATURE REVIEW

The historical and architectural scientific base on the history and architecture of Ust-
Kamenogorsk is quite extensive, the following sources are used in the study: Russia (1903); Asian
Russia, 1914; Kasymbayev, 1974; Kasymbayev, 1990; Kozlov, 2000; Chernykh, 2004. In the
1980s -200s, a number of works were republished, which mention historical information about Ust-
Kamenogorsk: Palass, 2000; Gaines, 2004; Finsch, Brem, 1982. In the 1980s, studies of the
architectural heritage of Ust-Kamenogorsk were conducted (Baitenov et al., 1985). The architectural
and artistic features of the folk architecture of East Kazakhstan are revealed in the monograph by
Baitenov E.M. (Baitenov, 2004). In 1992, a dissertation study appeared, affecting the stylistic
features of architecture, including East Kazakhstan in the second half of the XIX-early XX century
(Isabaev, 1992), which was published in 2017 in a monograph. In the dissertation research of the
author of the article, urban architecture of the XIX-early XX century is considered (Yespenbet,
2010), some other publications are also used. The article uses archival materials (A.S. Yespenbet):
Materials of the Central State Historical Archive of the Russian Federation; Materials of the State
Archive of the Omsk region of the Russian Federation; Materials of the Central State Archive of the
Republic of Kazakhstan.

3 MATERIALS AND METHODS

The following basic materials and methods were used in the work on the article:

- analysis of archival literary sources and museum collections;

- field surveys, including measurements of monuments and photographic fixation;

- architectural and artistic analysis of the historical buildings of the period under consideration
as a valuable source for the development of stylistic trends and artistic trends that form the
architectural "face" of the city;

- comparison and identification of conceptual approaches in the used artistic techniques in the
considered historical buildings.

4 RESULTS AND DISCUSSION

In conclusion, the implications on the studied materials are presented and the results obtained
are clarified. The time frame of the research is indicated by the study of the prerequisites for the
formation and development of Ust-Kamenogorsk from the end of the X VIII century to the beginning
of the twentieth century.

According to the reconstruction plan of 1766, the fortress is developing in three directions
(except for the east) and covers an area of 7 hectares. Having absorbed the forstate, the settlement
became the core of the formation of the residential territory and its social center. Gradually, the
fortress grew into a town where cattle were sold and exchanged, wool and leather were traded.
(Karpenko, 2002).

After the annexation of Central Asia and Kazakhstan to the Russian Empire, the importance of
fortified centers weakened. Now Ust-Kamenogorsk was already developing as a trading center and a
transshipment base for the Altai mining industry. Administratively, it was considered only a "minor
city" of the Tomsk province and only in 1869 it became a county town of Semipalatinsk province,
the center of the Altai gold industry (there were over 100 gold mines in the county).

The achievements of Russian architecture, expressed in a number of progressive principles of
urban planning, could not but be reflected in the general plan of Ust-Kamenogorsk. The principle of
"regularity"-the new organization of urban development - implied compliance with a system that
required uniformity of layout, geometric correctness of building a city plan, compliance with the
established sizes of squares, streets, building heights, building boundaries. The city, born in the era
of Peter the Great, had characteristic urban planning features of its time - clear functional zoning,
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regular street layout and relatively consistent development. An important feature of the primary
architectural and planning structure of Ust-Kamenogorsk is the fragmentation of the city into separate
residential areas (Levoberezhny, Tsentralny and Zaulbinsky). In 1845, the construction project of the
former fortress was approved, which was essentially the first master plan (History of the Kazakh
SSR, 1979). There was an undeveloped territory of the former cemetery in the center. The placement
of a church, shops, offices, and a manege in this area became the basis for the formation of the first
urban center. Unlike the regular layouts of other Russian cities located on the banks of rivers or the
sea, as a rule, it was created on the shore of a reservoir, the central square of Ust-Kamenogorsk was
formed away from the river, in the geometric center of urban development. This happened because
the city was systematically flooded by flood waters of the Irtysh and Ulba rivers, and the coastline
was most prone to flooding and erosion. In addition, public buildings did not gravitate towards the
river, because River navigation was poorly developed in the Ust-Kamenogorsk area. And finally,
strategic considerations affected the central location of the city square - the desire to protect the center
from external attack.

The shopping areas of the city were often located on the sites of former cemeteries. At the
intersection of Senny Lane and Bolshaya Street (today Ordzhonikidze and Ushanov Streets), on the
site of the cemetery, a square for the sale of hay and firewood appeared (now it is the main square of
the city). There was once a Muslim cemetery on the site of the modern central market.

Later, in addition to the main residential area of the old city, rural settlements were also formed
on the right bank of the Ulba: the villages of Dolgaya, Biryukovka, the villages of Komendantka,
Staraya Zashchita, and on the left bank of the Irtysh - Zarechnaya Sloboda. Thus, Ust-Kamenogorsk
has already developed in three main areas: the Central one, located between the Irtysh and Ulba rivers,
Zaulbinsky, on the right bank and in the Zairtysh district - on the left bank of the Irtysh. The
established primary architectural and planning structure of Ust-Kamenogorsk formed the basis for
subsequent urban development projects (Aurov, 1988).

Roads between the main cities played an important role in shaping the structure of the city.
Freeing themselves from the rigid grid of streets outside the city, they smoothly described all the
features of the suburban landscape, diverging in different directions, subsequently forming the main
urban thoroughfares. Fragments of today's Bazhanov, Voroshilov streets (now Shakarim Avenue),
Lenin Avenue were once one road to Semipalatinsk. There is practically nothing left of the road to
Bukhtarma Fortress, but it was in this direction that a whole system of parks and squares arose. In
accordance with the relief, the road to Bukhtarma turned steeply to the east, skirting the dried-up
bayou and the forest area. The presence of a bend and an array led to the emergence of a park here
(now named after Dzhambul).

At the end of the 19th and the beginning of the 20th century, Ust-Kamenogorsk experienced its
first economic boom. From 1861 to 1913, its population grew fivefold (3332 and 17980 people,
respectively), mainly due to the influx of immigrants. The main direction of the city's development
was still the north-eastern one - the territory of Mesopotamia. At that time, riverbeds and tributaries
had a more developed system and, together with the relief, were a landscape limiting factor. Since
1868 on the right bank of the Ulba, along the roads to Semipalatinsk and along the Bukhtarma
highway to Sogra, a new residential formation is being formed - "Zarechny Khutor", which later
became a large residential territory. From 1859 to 1917, the increase in urban areas amounted to 319
hectares, and all land developed for development amounted to 376 hectares. By the 1920s, the city
center was fully formed - Sobornaya and shopping squares, where public and commercial buildings
were located (today it is a park named after him. Kirov). Communication with the left bank of the
Irtysh River was carried out by several ferry crossings. The promotion of Russian economic interests
deep into Kazakhstan has influenced the development of cities of commercial, administrative and
industrial importance. Some fortresses have become centers of lively trade in the 1760s, 1770s.

The most common was vertical zoning - the first floor for shops and the residential second (the
house of merchant Rafikov, etc.). In the organization of the urban environment, two compositional
planning techniques of commercial buildings are distinguished: linear and angular. With these layouts
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of retail facilities, mirror symmetry of facades or symmetry of rhythms is often observed (The
“Meloman” Store.)

The main goal of the customer was the attractiveness of his retail facility and, consequently, its
high-quality visual assessment. The mirror symmetry of the facade is designed for frontal perception,
which is rarely feasible, the symmetry of the rhythms of the wall is comprehended in movement along
them. The angular location of the retail facilities made it possible to use both techniques. The beveled
corner of the store was the frontal element and often the axial center of the entire volume, the corner
facades were designed using portable symmetry.

A characteristic feature of the commercial buildings of the late nineteenth century in the cities
of Siberia in Northern and Eastern Kazakhstan was the connection of residential, commercial and
government premises in one building. As a result, many of the buildings had the same compositional
and functional schemes. The composition of the first commercial floors, facing the street with large
storefront windows, was visually opposed to the rest of the building and the surrounding urban
environment as a whole, a typical example of such a layout is the house of merchant Rafikov on
Gorky Street (Figure 2).

Merchant Rafikov's house and the shop were built in the late nineteenth and early twentieth
centuries (Kirov str., 48, 50), in the central part of the city.

. .&._\i‘_’\.

Figure 2 — Rafikov merchant's house and shop. Photo by E.M. Baitenov.

The building is two-storeyed (the store is located on the ground floor), rectangular in plan, made
of brick. The main facade facing the Kirov Park is of the greatest interest. The facade is divided
vertically into two parts by an inter-floor draft only slightly entering the side facade, horizontally the
division takes place into four sections. At the ground floor level, on the first and third sections on the
left, there are window openings covered with arched arches with decorative keystone, in the second
section projecting two floors there is an entrance opening, in the fourth (last) — an arched passage into
the courtyard. The ground floor windows have double-leaf shutters. At the second floor level, there
is one window opening in the first three sections, and two in the fourth which is a wider one. The
windows are covered with semicircular arches in archivolts protruding from the wall plane and
decorative projections on both sides of the opening symbolizing rusticated pilasters. There is a
rectangular panel under each of the windows.

In general, on the facade, the first three sections that make up the symmetrical composition are
separated from the fourth by a pilaster, which is an analog of the corner pilaster of the left part of the
facade at the second floor level, has rectangular projections and belts. Pilasters on their bases have
decorative overhead pedestals. The crowning cornice of the building is a stepped overhanging rod
supported by "flattened" brackets. The intermediate cornice is simpler, but also has an overhang and
"rests" on a number of "arched" stalactite brackets.

Adjacent to the building is a one-story extension, made in the same style. The inter-floor thrust
of the store facade continues on the facade of a one-story building, dividing it into two parts (lower
and upper) and at the same time connecting the facades of both buildings.

In the lower part of the facade of the one-storey building there are entrance (2) and window
openings, the upper part is decorative, the main motif of this "ribbon" are two large niches covered
with arched arches rising above the crowning cornice. Moreover, these two dominants mark the place
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of entry. The piers between us are filled with rectangular panels with an X-shaped groove between
them.

A very interesting technique has been used twice in the architecture of the bookstore building.
For the first time in solving the angle, the pilaster does not protrude on the side facade, but the plinth,
intermediate cornice, belts and "capital" on the side facade "go in" as if they were there, while forcing
the eye to "finish" the body of the pilasters. In the second case, the window openings of the second
floor seem to be limited on both sides by rusticated blades. But in fact there are no blades, there are
only protrusions, the orientation of which makes us already mentally assume the existence of blades.
This principle of "presence-absence" indicates a high degree of style refinement. The facades of the
buildings under consideration continue the line of the corner building, currently plastered and
whitewashed, but apparently also made in the "brick" style. It seems advisable to "clean" the
mentioned buildings from plaster, which in general creates the opportunity to reconstruct the complex
of historical buildings, which will form the space of a significant section of the block adjacent to the
park.

In the organization of the urban environment, two compositional and planning techniques of
commercial buildings are distinguished: linear and angular. "With these layouts of retail facilities,
mirror symmetry of facades or symmetry of rhythms is often observed." An example of a linear
character in the historical area of Ust-Kamenogorsk can be the building of Kirova Street with
shopping malls, now the Meloman store. The corner composition is represented by former merchant
shops, currently the Saule store (Figure 3).

Merchant shop of Savva Semenov (1901) in Ust-Kamenogorsk (currently the “Saule” store)
was built at the end of the XIX — beginning. XX century, located in the old central part of the city on
the.Kirov Street, 52 and the exhibition hall of the Ethnographic Museum. The "Shop on the corner"
was developed with the rise of trade and the competitiveness of the local merchants. "There is a need
to develop new techniques and forms of placement and construction of retail facilities that ensure the
greatest efficiency.

Figure 3 — Saule store (former merchant store of Savva Semenov). Photo by E.M. Baitenov.

The building is brick, L-shaped in plan, one-storey. The entrance to the building is organized
from an angle, for which the corner section is "cut off" at 45 °. This cut-off section of the facade is
framed by rusticated pilasters in the form of extensions of the pilasters of the upper part protruding
above the roof, which are the support for the arched completion.

The facades of the building have wide rectangular window openings with U-shaped (IT-shaped)
rusticated framing. Rusticated pilasters are located in the piers. At the base, the building has a
protruding plinth, and at the top it is covered by a profiled cornice with a number of overhead arches
typical of shopping malls.
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The front facade of the store facing the square in front of the October cinema is deaf: its corners
are framed by rusticated pilasters continuing above the roof in the form of square tops with four
pitched roofs crowned with decorative lanterns. Currently, the described end facade is covered with
a kiosk and posters. It seems advisable to place them in such a way as to close the new extension to
the cinema, thereby opening the front facade of the store, which in general will have a favorable effect
on the development of the street. The store building was rebuilt, in particular, the window openings
were changed. The building is a typical commercial building for the city of the late XIX — early XX
centuries and forms part of the historical core of the city, making out the corner of the block and sets
the characteristic scale of the building. The technical condition of the building is satisfactory. The
decorative character of the architecture gives it an artistic interest as well.

Merchants tried to build their shops in the busiest places of the city, that is, at the intersection
of streets. Thus, the corner section of the intersection determined the layout composition of many
commercial buildings in the cities of the province. The main goal of the customer was the
attractiveness of his retail facility and, consequently, its high-quality visual assessment. If the mirror
symmetry of the facade is designed for frontal perception, which is rarely feasible, then the symmetry
of the rhythms of the wall is comprehended in movement along them. The angular location of the
retail facilities made it possible to use both techniques. The beveled corner of the store was the frontal
element and often the axial center of the entire volume, the corner facades were designed using
portable symmetry.

Merchant Kozhevnikov's store (Altai Restaurant) (Figure 4), built in 1914 (59 M.Gorky Street).
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Figure 4 - Altai Restaurant (former shop of merchant Kozhevnikov). Photo by E.M. Baitenov.

The building is brick, square in plan, has a pitched roof made of roofing iron, two facades facing
intersecting streets are most developed, the main entrance is solved from the corner. The facades have
window openings with a protruding frame with arched ends, protruding window sills. The planes of
the tympanums have a central decorative spot with two currency-shaped figures on both sides. The
piers are decorated with recessed rectangular panels. The entrance vestibule is arranged in a corner
section cut off at 45° to the intersecting facades. The double-floor door is enclosed in a decorative
profiled U-shaped frame. The porch is open on three sides. There is a protruding plinth at the base; a
crowning cornice runs along the top of the building, consisting of a number of "decorative crackers
fused at the top and bottom". The corners of the entrance part and the protruding areas on the facades
are marked by square roof turrets in the plan. However, these turrets, having no beginning on the
facade (cf. the building of the printing house), both in style and color (the facades of the restaurant
are multicolored) fall out of the general character of the building, this alienation is emphasized by the
line of the cornice.

The building is typical in architecture for the beginning of the XX century. with a peculiar
mixture of shapes and details and their interpretation (cornice solution). An extraordinary solution to
the facade surface of the building is characteristic, the search for a new one using the techniques of
the Art Nouveau style. The architectural solution of the building lacks expressiveness, but as a typical
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building in scale and architecture, it is deservedly taken under protection with a local category of
protection

In addition to trade, gold mining, local industry, and shipping are developing in the region,
which contributed to the development of capital construction: residential buildings, public buildings,
merchant warehouses, and workshops. The buildings bear the imprint of the Russian "brick" style.
Shopping malls stretched in length, shops with identical windows and doors, limit the central
rectangular market square, inside which long counters are located (Baitenov, 1985).

s ety e

Figure 5 - Cinema "October" (former cinema "Echo"). Photo by E.M. Baitenov.

The Echo Cinema (cinematograph), (Figure 5). in Ust-Kamenogorsk, it was built on the
initiative of the political exile O. Kostyurin in 1909-1911 (Kirov str., 54). In 1918, the building housed
the headquarters of the Red Guard detachment of the Soviet Department. From the first days, the
State Department abolished the police, its functions were transferred to the Red Guard, there were
about 30 people in the detachment, who were scattered on the second floor. Since 1921, the name
"Echo" has been renamed the cinema "October".

The building is an organic part of a low-rise historical building, somewhat distinguished from
the facade building by its "semi-island" character of the location. The building is brick, two-storey,
square in plan, with a gable roof. The facade facing Kirova Street has a strictly symmetrical
composition of three sections — the central and two laterals, vertically the facade is divided into parts
according to the floors. In the central section of the first floor there is an entrance opening, a low
porch leads to it, on both sides of it, large window openings are in the side sections. With a fairly fine
grid of bindings. There is a full-width window above the entrance.

The central section is "clamped" by massive square pilasters on pedestals, similar and even
more massive three-quarter pilasters with complicated capitals, the corners of the building are flanked
at the ground floor level.

The second floor has been worked out in more detail, the central section has a balcony with a
small extension, supported by pilasters of the lower floor. The outer corners of the balcony are
decorated with round columns "detached" from the walls to the entire height of the floor, bearing the
roof over the balcony and resting on the pilasters of the first floor. The columns of the second floor
have capitals and separate belts from the trunk and roof extensions in the form of tops connected by
a decorative wall. The balcony is crowned with a finial of metal strips in the form of a figure with a
keeled outline. A doorway with a round window above it leads to the balcony. The side sections of
the facade of the second floor also have one similar window on the first floor but having a lower
height. The windows are enclosed in U-shaped ramps, the piers adjacent to the central sections have
pilasters. The corners of the second floor are decorated with square columns rising above the roof.
The side facade facing the "square" is much simpler, with the exception of three window openings, it
is smooth and attracts attention only with its gable silhouette.

In 1958, the great hall was reconstructed, and the small hall was built in the same year. The
building is currently being renovated. The security category is local, the boundaries of the security
zone have not been established, the building is used for its intended purpose. The modern annex to
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the cinema, located between the old cinema building and the former merchant's store, currently
"Saule", completely falls out of the historical development.

The cinema building is typical of the architecture of the late XIX — early XX centuries. This
also applies to the characterization of the composition as a whole, where there is a search for a bright
individual image of a public building with a strong accentuation of the entrance, with the device of
large window openings, as well as to the interpretation of individual forms and details, which are
characterized by stylization features of medieval architecture, plastic expressiveness.

The Echo cinema, the ethnographic museum (formerly the Mariinsky College); the buildings
of the shopping malls on Kirova Street, the former Inkov pharmacy and the brewery office (the
original functional purpose is unknown) need reconstructive measures to restore the original
architectural image. The administrative building on Kirova Street (Tokhtarova Street), the former
trading shops on Gorky Street, the state bank building and the building of the former fire station
require a special solution to the question of reconstruction methods, since the degree of their
restructuring is very significant.

The losses incurred by the historical complex, as well as the presence of late-period buildings,
do not allow us to talk about complete restoration or conservation of the historical center. However,
to restore and consolidate the compositional significance of the historical urban core, to preserve the
scale and image of the building front, some reconstructive measures are possible. For example,
considering the physical deterioration and historical and architectural value of the shops on the street.
Kirov, during the restoration work on this historical area, the method of "hidden reconstruction" using
elements of "recreation" was applied. This is an unpretentious chain of single-storey buildings in
architecture, currently it is a kind of fence perk, broken on the site of the main market square,
preserving the scale of the surrounding historical buildings.

When designing security zones, a certain approach has been developed to identify their
boundaries. Along the streets, where the influence of the monument and its visual connections are
most significant, the security zone has fairly wide boundaries, while on the intra-block territory it is
limited to the monument area. Modern economic conditions are characterized by a commercial
approach to the use of buildings, especially in the historical zone, as in places of active social and
business life of the city, which leads to the development of the relevant territories. Such actions entail
a functional and planning transformation not only of historical buildings, but also of the surrounding
space. This is manifested in the expansion and development of historically established spaces and
giving them new modern functions. The organization of the architectural space of the historical zone
of the city should be focused on the use of the territory in accordance with the modern functional
structure.

Traditional elements of urban architecture - historical streets, squares - do not change their usual
appearance, but the real space of human functioning does not close within these boundaries. It
develops from the inside, permeating buildings and neighborhoods, forms additional internal
connections, platforms, passages are woven into a rigid canvas of architectural stereotypes of the old
city fixed in the mind of the citizen.

A continuation of the urban environment is a shopping and pedestrian zone; therefore it requires
an architectural and spatial organization that combines interior elements with the character of a
shopping street. It is necessary to preserve the scale of buildings and space, and the corresponding
construction of the tectonics of the facade plane of new buildings. The subject arrangement and
improvement of the internal space of pedestrian streets should have elements of accompanying and
seasonal maintenance, a wide range of small architectural forms, various types of visual information,
signs, advertising, special paving, recreation areas, lighting and landscaping. This area should be
painlessly reconstructed with minimal disruption of the main function. Comparing the data from the
passports of architectural monuments in the central part of Ust-Kamenogorsk, it is possible to identify
some architectural techniques characteristic of historical buildings as a whole. The buildings are
located along the streets. The feeling of elongation is confused by rusticated pilasters dividing the
facades into sections. During the construction, the technique of decorative brickwork was used, the
so-called brick or "merchant" style: cornices of complex profile, curved design of window and door
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openings, arcature belts, such motifs of patterned relief masonry as crackers, flies, brackets, runners,
etc. The color of the buildings was created by the natural color of natural building materials. It was
mostly wood and brick (usually red, sometimes plastered). "The palette, which originated from
natural materials, later becomes the norm, expresses a sign of style." A characteristic coloristic feature
of the building is two-tone, light figured details against the background of red brick walls.

Therefore, during the reconstructive events of the historical environment, a color solution in
neutral pastel tones is possible, harmoniously combined with the natural and traditionally formed
color scheme. Such a relationship will be one of the favorable conditions for a person. Since
"Everything created by nature is considered harmonious: natural colors, their combinations ..."
Because often, precisely because of the lack of such harmony, citizens try to get out to the protected
corners of nature in order to fully relax. "The city is tiring, not being able to replace wildlife for a
person." In addition, "... the idea of coloristic subordination to the natural environment has deep
historical roots. For centuries, man has cultivated the natural landscape and integrated architecture
into the natural environment. Architectural and natural integrity was natural in people's minds, and
buildings were seen as an extension of the landscape."

Two buildings of O.F.Kostyurin's mechanical workshops (Figure 6), erected at the beginning
of the twentieth century, 1900-1907, in Ust-Kamenogorsk are located on Kirova str., 45.

The first one houses the Znanie Society. The building is built of brick, two storeys high. The
facade facing Kirova Street on the first and second floors has three window openings, on the ground
floor they are blocked by arched arches with decorative archivolts having a protruding keystone
alternating protruding and sinking sections. The window openings of the second floor are rectangular
in outline (the middle opening is wide, the side ones are narrow), above them there are three
superimposed adjacent arch arches resting on decorative brick brackets, the middle arch is wider than
the side ones and is located higher. Panels with a round figure in the center are arranged under the
window openings. The building has an intermediate (floor-to-floor) and crowning cornices, the first
one is solved as a draft with a number of crackers at the bottom. The crowning cornice consists of a
number of decorative brackets.
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Figure 6 — Two buildings of O.F. Kostyurin's mechanical workshops (Baitenov et al., 1985).

Pilasters are arranged in the corners, which have a continuation above the cornice, there is also
an attic with two turrets in the center and a wall with a sagging crown between them. On both sides,
an extension on each side adjoins the described volume. On the left side, the one-story extension has
a window opening, covered with a bow arch, facing Kirova Street, the corner is decorated with a
shovel. On the right side, the annex has an entrance opening, the second floor of the annex is wooden.

The facade of the second building, facing Kirov Street, architecturally resembles the facade of
the mechanical workshops of Kostyurin, located nearby. However, there are differences. The building
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also has two floors, although there are no extensions. The first floor is plastered and whitewashed and
has an entrance door with a semicircular overhead arch in the center, there are two window openings
on both sides of the door. The second floor also has two window openings, which are located in the
central part of the facade surface and have the appearance of a large paired opening framed by a wide
arch with brackets.

The placement of buildings in the block is original. They face the front line of the street with
narrow end facades, and the buildings themselves go into the depths of the block, in the manner of
medieval urban development.

The front end facades are also original from architectural side, they are typical in architecture
for the late nineteenth and early twentieth centuries, with the search for new means of expression,
with giving the buildings a bright personality.

5 CONCLUSION

In the architectural heritage of Ust-Kamenogorsk, a number of architectural techniques
characteristic of the historical development of the XIX- early XX centuries, can be distinguished. The
buildings are located along the streets. The "linear" character of the building is "broken up" by
rusticated pilasters dividing the facades into sections. During the construction, the technique of
decorative brickwork was used, the so-called brick or "merchant" style: cornices of complex profile,
curved design of window and door openings, arcature belts, such motifs of patterned relief masonry
as crackers, fly, brackets, runner, etc. The color of the buildings was created by the natural color of
natural building materials. It was mostly wood and brick (usually red, sometimes plastered). "The
palette, which originated from natural materials, later becomes the norm, expresses a sign of style."
A characteristic coloristic feature of the building is two-color: light figured details against the
background of red brick walls. An analysis of public buildings created in Ust-Kamenogorsk during
this period shows that their architecture, as in Russia in the second half of the 19th century, was
dominated by stylization, and since the 80s of the 19th century. 20th century. modernity arises. In the
architecture of the Echo Cinema (1909-1911), two buildings of the mechanical workshops of O.
Kostyurin can see that the slogan of modernity "freedom from the template" is akin to the principles
of shaping architecture of the Middle Ages, the principles of expediency and strict connection with
the specific conditions of place and time. The method of using "exemplary" facades made it possible
to carry out the main task in the formation and construction of cities -to achieve the integrity and
originality of the building.

Ust-Kamenogorsk, in the course of its formation and development, is transformed from a
fortification urban planning formation into a commercial city when the urban fabric goes beyond the
boundaries of the "fortress city". Being formed in the natural forest-steppe landscape between the
rivers Irtysh and Ulba, the city becomes a significant city in Eastern Kazakhstan. The city's street and
road network was formed by a rectangular grid of streets. The city center was built up with
administrative and commercial buildings, which are influenced by the artistic and stylistic trends of
the metropolis -from classicism, the end of the XVIII century. eclecticism of the nineteenth century,
before the belated "brick" style of the late nineteenth and early twentieth centuries, with elements of
emerging Art Nouveau with regional features of "modernized eclecticism".
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meppumopuu u coyuonocuieckuil onpoc. Ha ocnoge ananuza nonyyeHHvlx OaHHbIX
OvLIU BblOENIenbl Hemblpe OmOebHble SPYNNbl NpoOaeM: 2padoCcmpoumeibHyle,
CBA3AHHBIE C POCMOM 20POOCKO20 HACENeHUs U pa3eumuem mMpancnopmHoU
UH@PACMPYKMYpbl;  CBA3AHHLIE ¢ OMCMYNICHUAMU OM  HOPMAMUBO8 U
UCNONB308AHUEM — HEOOOCHOBAHHO — HOPMUPOBAHHBIX — KOIDPuyuenmos npu
NPOEKMUPOBAHUU HA MeCMAX, CE;A3aHHble C HAYYHO-MEeXHUUeCKUMU 80NPOCami,
BO3HUKAIOWUE NPU  ONMUMUZAYUU — CIPOUMETbHO-MOHMANCHLIX — pabom U
npueoosiuue K HeKOMPOPMHBIM YCA0BUAM, IKOIOSUHECKUE, BOZHUKAIOWUE U3-3d
COKpawjenus 3ei1eHvlX Hacadxcoenuil. Bce evlsignenuvie npobremvl GIusOm Ha
VPOBEHb COYUATLHO20 KOMPOPMA 6 HCunol cpede. AHANU3 BO3HUKHOBEHUSL IMUX
npobem gvisssiem clabvie mecma 6 20poockom ousatihe. B npoexme demanvrozo
NIAHUPOBAHUSL APXUMEKMYPHASL CXEMAMUYHOCMb U HeCMAOUTbHOCIb NPUBOOSIM
K MOMY, 4mo UHOUBUOYATbHASL 3ACMPOUKA MOX*CEM PeOaKmupo8ams nepeuitsle
2padoCmpoumenvHble peuleHuss no  IMAANCHOCMU, KOHQPUSYPAYUU  HCUTO2O0
KOMAIeKcd, — (DYHKYUOHANbHOU — NPUHAONEHCHOCMU — YYACMKA, — PA3GUMUIO
MPAHCROPMHBIX cXeM U m.0. B cesa3u ¢ smum OvLiu 8b108UHYymMbl peKoMeHOayuu
OMKA3amvCs Om MOYEeYHOU 3ACMPOUKU, OmOaé NpeonoymeHue pas3eumuro
MUKPOPAIOHO8 U HeOOXOOUMOCTU CO30AHUS MECHHBIX OP2AHO8 NIAHUPOBAHUSL.

KiroueBble cioBa: ocunas 3acmpouka, macmep-nias, NpoeKm O0emaibHOU
NIAHUPOBKU, MOYEYHASL 3ACMPOUKA.

* ABTOP-KOPPECHOHIEHT
bapakbaeB Apcnan, e-mail: Arslan_barakbaev(@mail.ru

https://doi.org/10.51488/1680-080X/2024.4-03

[Toctynuio 26 siuBapsa 2024; Ilepecmotpeno 24 anpens 2024; [Ipunsito 31 aBrycra 2024

41


mailto:Arslan_barakbaev@mail.ru
https://doi.org/10.51488/1680-080X/2024.4-03
https://orcid.org/0009-0003-1229-0332

QazBSQA Xaotapubichl. Ne4 (94), 2024. Caynaer

ACKNOWLEDGEMENTS/SOURCE OF FUNDING
The study was conducted using private sources of funding.
CONFLICT OF INTEREST

The authors state that there is no conflict of interest.

AJIFBIC / KAPXKBIJIAHJBIPY KO3I1
3epTTey Keke KapKbUIaHIbIPY KO3/1epiH Maiiianana OThIPBII KYPri3iiii.
MYJJAEJEP KAKTBIFbICHI

ABTOpIap Myazenep KaKThIFbICHI XKOK e MATiMICHII.

BJIATOJAPHOCTH/MCTOYHUK ®PUHAHCHUPOBAHUA
HccnenoBanue MpoBOIMIOCH € UCIIOJIB30BAHHEM YACTHBIX HCTOYHUKOB (DMHAHCHPOBAHMUSL.
KOH®JIUKT UHTEPECOB

ABTOpBI 3asIBJISIOT, YTO KOH(DIUKTAa HUHTEPECOB HET.

42



QazBSQA Xaotapubichl. Ne4 (94), 2024. Caynaer

1 INTRODUCTION

The city is a functional and spatial environment comprising integrated planning elements;
residential, public, and industrial areas; buildings and structures; green spaces; and public open
spaces. The main structural component of the city is the residential neighborhood (Kain and Quigley,
1970). When designing a residential micro-district, the project's main task is to create an urban
environment for the residential area (Konsti-Laakso and Tero Rantala 2019). This should consider
all the engineering, technical, social, domestic, architectural, and planning requirements. The design
should be characterized by high-quality architectural and spatial composition, meeting the
convenience requirements for living and the population's life.

Following the economic downturn, Kazakhstan experienced revitalization of architectural and
urban planning activities. The transfer of the republic's capital to Astana and the city's associated
intensive reconstruction and development provided new impetus to this sphere. The master plan for
the new capital was developed through international competition that involved prominent architects
from Europe, Australia, Japan, and Kazakhstan. However, the plan must consider several indicators
crucial for creating a comfortable living environment. This oversight became apparent because of
Astana's rapid population growth and expansion.

This study aimed to identify normative inconsistencies in urban planning documents at different
levels. The authors conducted a field survey of one of the city's micro-districts and compared the
findings with city officials' detailed planning plans.

2 LITERATURE REVIEW

Domestic scientists have studied problems with the formation of urban elements and methods
of their interaction. For example, in the article "Features of the Social Infrastructure Formation of
Astana City," the authors analyzed the current state of the city's social infrastructure and showed that
this element of urban development at the district and local levels affects the population's living
conditions. At the same time, the authors do not study design solutions of regional significance and
do not consider the close interaction of the social infrastructure with the residential area
(Sarsembayeva et al., 2023).

In the work "Development of the Architecture of Residential Buildings from the Beginning of
XX to XXI Century (By the Example of Astana)," the group of authors shows the features of the
construction of residential buildings, as well as their formation in the course of the search for new
architectural, planning, volumetric and urban solutions in the context of socio-economic
transformations in the development of society. However, this work focuses on examining small
complexes, leaving aside the issues of their interaction with each other and other urban elements
(Toishiyeva et al., 2023).

It should be noted that the scientific community often highlights the need to use underground
spaces. In an article titled "Planning an Adaptive Reuse Development of Underutilized Urban
Underground Infrastructures: A Case Study of Qingdao, China," the authors stated that urban
underground infrastructure is vital to urban sustainability (Qiao, 2023).

Thus, this study differs from existing works in its consistent analysis of urban spaces, from
design solutions to their actual implementation, a comparative analysis of theoretical material and the
results of a field survey, and a wide range of studies on urban elements.

3 MATERIALS AND METHODS
3.1 Study design

To achieve this research objective, this study used a mixed-methods research design based on
a combination of data collection and analysis requirements. In particular, the authors considered the
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peculiarities of the combinatorics of the elements of qualitative and quantitative approaches within
the framework of one study.

3.2 Document analysis

Thematic materials were collected during the research process, and scientific research, literary
sources, archival, and design documentation in urban planning were analyzed. These materials form
the basis for research in the search for urban planning problems.

3.3 Survey

To investigate the existing construction and regulatory documentation regarding applied
coefficients in designing local areas and determining parking spaces, a survey of 410 people was
conducted. Public opinion was assessed in 50 residential complexes under different urban planning
scenarios, varying in housing classification, residential density, and functional structures. The survey
comprised 12 questions that generated an impartial depiction of the feasibility of specific standards.
During the population survey, face-to-face interviews were employed; respondents completed
questionnaires individually or as part of a group discussion. Data analysis of the sociological survey
uncovered patterns for each queried item.

3.4 Field survey

The study employed a field survey method to investigate the city area's architectural and urban
planning solutions under examination. The study covered over 15 urban planning areas, streets, and
public spaces. The collected data were arranged in a comparative table.

3.5 Graphical analysis
This method was utilized to undertake a comparative analysis of design documents and field
surveys, forming a table that consistently highlights urban planning issues.

4 RESULTS AND DISCUSSION

The population of Astana has steadily increased because of its diverse political and
socioeconomic conditions. According to an expert forecast, the urban population is estimated to reach
approximately 3 million by 2050, which is approximately 12% of the nation's total population
(Mamedov 2022).

As the population expands, the number of urban development initiatives and the city's territory
increases. Consequently, new architectural and urban planning documents and projects have emerged.
One of the principal urban planning documents is the master settlement plan, a general urban planning
document at the local level that establishes the priorities, directions, and strategy for a settlement's
integrated urban development; the primary functional use of its territories; the primary parameters for
engineering, transport, and social infrastructure development; and the conditions necessary to form a
safe and favorable living environment.

The master plan of the settlement was developed following the main directions of the state
urban planning policy, considering the socio-economic planning and forecasts of the development of
the country and its administrative-territorial units, existing international, national, regional, local,
territorial, and sectoral programs.

The urban environment parameters, such as the anticipated population size and socio-
demographic structure, are determined through the master plan of the settlement. The plan considers
suburban areas while establishing directions and boundaries for territorial development. It also
proposes functional zoning and territory planning, territorial organization, and parameters for
developing residential, industrial, social engineering, transport, and other infrastructure. The plan also
prioritizes and reserves development areas for populated and suburban regions, ensures safety, and
creates a comfortable living environment, while protecting natural objects, complexes, and historical
and cultural values.After the development of the master plan for the city, the subsequent stage of
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urban planning commences—the detailed planning project (hereafter referred to as the DPP) - which
is an urban planning endeavor conceived for specific subdivisions of territories and functional zones
within settlements, as well as areas positioned outside of settlements. DPP and development projects
were developed in accordance with the settlement’s master plan. This plan is established under the
planning structure elements outlined in the master plans, town planning regulations, and the concept
of'unified architectural style. Additionally, these projects are based on the planning structure elements
and town planning regulations outlined in the Rules of the Organization established in the master plan
of settlement development. The DPP comprises graphic materials depicting the layout of the planned
territory within the city system, organization of the road network and transportation, vertical planning
and engineering preparation of the territory, engineering support, conceptual development, urban
zoning plan, red-line layout plan, reference plan, and cross-sectional profiles of streets. Furthermore,
the DPP aims to address the challenge of creating accessible conditions for individuals with limited
mobility to access social and other amenities without hindrances.

Once the DPP has been approved, an infill development project (the final design stage) begins.
An infill development project is a project with individual architectural and urban design solutions that
is conducted considering the DPP and the existing or planned environment. These projects are located
on designated urban sites issued by government agencies and their design must be based on the DPP.

To identify urban planning issues, a site in Astana was chosen in the area encompassing Charles
de Gaulle, A. Tokpanova streets, and Tauelsizdik and B. Momyshuly avenues. The site was selected
for its potential to reveal weaknesses in the current planning strategies. Historically, the site was
situated on the outskirts of the city and consisted of one-story garages. Nonetheless, owing to the
steady expansion of the capital, it has been repositioned as an urban hub with thriving social amenities
and a triathlon park providing a recreational area for visitors. Consequently, the rapid progression of
the area marked its landscape.

During the field survey of a selected site, clusters of issues with four distinct categories were
recognized: urban planning, normative, environmental, and scientific-technical. It is important to note
that these issues impact social well-being, and many of them can affect multiple groups of people.

The urban planning category encompasses issues related to the decline in available residential
areas in cities caused by the ongoing urbanization process. This necessity dictates that we augment
development intensity by increasing density (Kornilova & Saekova 2018).

Additionally, there are queries concerning architectural and urban planning concepts, as well
as the functional equipment of this location. Challenges arise concerning compliance with urban
planning regulations and addressing the impact of infill development on the surroundings.

Field analysis indicated the need for architectural, stylistic, and urban planning concepts. The
DPP requires accents and ideas for urban planning. The primary content of this urban planning
document is displayed through loosely arranged architectural volumes, without perspective
formation. The residential developments currently under construction or have been completed do not
align with the established DPP regarding the number of stories (Figures 1; Figure 2), nor do they
comply with the plan layout and the required distance from the red line and building line.

A comparison of DPP and field survey analyses revealed a reduction in recreational areas. In
some cases, a residential complex is located in areas designated as green areas (Figure 1; Photo 4);
in others, the built-in premises of the complex are located in public green spaces (Figure 1; Photo
5). Each site was designed as a functionally independent urban element. However, there is only one
five-story office building in this area (Figure 1; Photo 6), and social infrastructure facilities such as
schools and kindergartens still need to be built. In contrast, many residential complexes have been
constructed (Figure 1; Photo 7), while others are under construction. The DPP also mentions
residential developments featuring kindergartens but omits details regarding the type of preschool
institution and number of groups. Meanwhile, a field survey revealed the absence of preschool
education organizations within the specified residential complex.

The absence of coordinated planning, wherein an architect of a residential complex fails to
consider the architectural designs of another construction site, results in inconsistent vertical markings
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(Figure 1; Photo 8), as well as the emergence of fences and retaining walls, eventually leading to the
creation of an abandoned area (Figure 1; Photo 9).

There was a low level of pedestrian accessibility comfort, as shown in Photos 10 and 11 (Figure
1), for both completed and under-construction objects in the study area. This is because of the need
for sidewalks and inconvenient movement caused by parking or construction fencing. These fences
should be positioned along the red line instead of encroaching on sidewalk boundaries.

The normative group comprised issues related to the deviation of actual decisions from the
existing construction regulatory framework. Under the general provisions of Building Regulations
3.01-01Ac-2007:

- The distances between residential buildings, parking lots, entrances, and exits should follow
the specifications listed in Table 13.25. To comply with this standard, there should be at least 10 m
between open and ramp-type surface parking lots depending on their capacity. However, this standard
is often not met in this area, as shown in Photo 12 (Figure 1).

According to Table 6.5, the minimum provision of green areas in a residential group, micro-
district, or residential area should be met. The table indicates that the number of green spaces in the
surrounding areas, specifically unconstructed land within the confines of the red lines, should be at
least 5 m? per person. Images of the adjacent regions show a negligible segment of the green zones,
which span less than 30 m? (Figure 1; Photo 13).

- paragraph 6.0.3: When planning and constructing residential areas, pedestrian access to public
green spaces such as squares, boulevards, and gardens should be at most 400 m. Currently, there are
no green spaces in the area.

- paragraph 6.1.9: The green spaces adjacent to areas for children to play and adults to relax
should adhere to the minimum standards in tables 6.4 and 6.5. Areas designated for games and
recreation should be designed at a rate of 0.5-0.7 m? per person. The distance between the windows
of the houses and the boundaries of recreational areas should be a minimum of 10 and 12 m for games.
It is recommended that the placement of sports grounds is designed at a rate of 0.8-0.9 m*/person,
considering the area of sports grounds in built-in and built-in-attached parts of buildings that are at a
minimum of 0.4-0.45 m?/person, while ensuring the minimum standard of green spaces in adjacent
areas. It is easier to verify these prerequisites using the necessary design documentation.
Nevertheless, based on the number of flats, we can infer that the territory’s area does not fulfill these
requirements.

The current state is alarming in numerous cities - residential constructions morph into solid
asphalt blocks, functioning as parking spaces for multiple private vehicles (Yanovskaya &
Merenkov 2023).

The provision coefficient for parking spaces was routinely adjusted in this regard. According
to Order No.32-NK issued on March 1, 2023, normative requires further information by adding the
availability of parking spaces for one apartment in the parking lot as follows: for class -2, class II-
1, class III-0.5, and class IV-0.5. Failure to consider the number of rooms or living spaces when
determining this coefficient would result in an underestimated number of parking spaces in the design.
Based on a sociological survey, most residents in class III and IV residential complexes own cars.
Furthermore, large families residing in apartments with three or more rooms have two vehicles.
Additionally, elite residential complexes allocated the same coefficient of two car spaces for one-
room to six-room apartments.

Environmental issues are closely related to the placement and quantity of green spaces. The
primary sources of noise pollution in urban areas are transportation, industry, construction, roads,
loading and unloading machinery, attractions, stadiums, children's play areas, and sports grounds.
Approximately 30%—40% of the global urban population lives in conditions of acoustic discomfort
(Chelnokov et al.,, 2015). Acoustic discomfort can result in various diseases, including
psychoneurological, cardiovascular, and hearing impairment. Furthermore, it can cause a decline in
individual performance (Potaev 2014). Thus, in the area being reviewed, no sanitary protection zone
exists between the residential complexes and the construction market (Figure 2; Photo 14). As
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described in the DPP, road landscaping is symbolic because it mainly consists of small lawn areas
without trees (Figures 2; Photo 15).
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Photo 1. Failure of the urban Photo 2. Unmanaged blend of Ph 3. onliancé,with
planning to comply with the DPP developed and undeveloped zones  height regulations outlined in the
and the construction site DPP

‘ ; t
Photo 5. Increased provision of Photo 6. Scope of business Photo 7. Construction of social

built-in spaces in place of function infrastructure facilities
recreational areas

Photo 8. Difference in vertical Photo 9. Residential developments  Photo 10. Parking spaces pose a
marks are segmented from each other, hindrance to pedestrians

with distinct boundaries and

limited physical connections

Photo 11. Pedestrian accessibility ~ Photo 12. Parking spaces are Photo 13. cljacent area to the
and station condition located near the complex residential complex

Figure 1 — Searching for urban planning problems (author’s material).

Transport is a fundamental component of a city's functional framework. It facilitates the
movement of people and goods throughout the city and serves as a reliable indicator of economic and
social status and growth (Chelnokov et al., 2015).

Transport is a crucial element in modern urban areas, as it serves two primary functions:
facilitating efficient movement within city limits and connecting the municipality with adjacent
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territories. Since transport enables the exchange of human, material, energy, and other assets across
different areas of the region, it is the cornerstone of infrastructural development within settlements.
Transportation flows ensure that settlements are supplied with the necessary provisions and distribute
labor throughout the urban environment (Roy, 2023).

Despite the undeniable need for transportation routes, they must be designed logically.
Duplication of roads to each complex and paved car park reduces the natural areas that can be used
for green spaces (Figure 2; Photo 16).

The close proximity of high-rise residential buildings can significantly worsen sanitary and
hygienic conditions, such as inadequate ventilation and reduced sunlight exposure. For instance, in
Photo 17, a 25-story building under construction is located adjacent to a 9-story block, with a mere
19-meter separation, which may also impact the psychological well-being of the occupants.

According to experts from the World Health Organization (WHO), environmental factors are
responsible for 23% of all disease cases and 25% of cancer cases, with two-thirds of those affecting
childhood morbidity. Furthermore, unfavorable environmental conditions lead to 3 million children
under five being affected annually.

The engineering and technical challenges category encompasses problems related to complex
construction solutions, primarily underground work and specialized equipment for parking facilities
and systems. The differences in vertical road elevations result in the formation of ramps, stairs, and
the flooding of low-lying areas due to ineffective stormwater drainage operations. Additionally, the
increased utilization of underground space for parking has led to the creation of large ramps and
asphalt courtyards. However, the current standards must guide the use of underground space, which
is ultimately determined by the construction client's requirements specified in the design brief.

The comprehensive assessment revealed disparities between the proposed architectural and
urban planning solutions and those implemented in reality. Specifically, incorporating additional
residential buildings and floors resulted in escalated population density and the consequent
compression of the area, leading to diminished recreational facilities and imposing an additional
burden on social and transport infrastructure.

Inadequate development of the area, as construction of a fresh facility starts near an existing
residential complex, results in deteriorating sanitary and hygienic conditions for inhabitants due to
dust, dirt, noise, and construction and installation work near the house (Diez Roux & Mair 2010). It
should also be highlighted that there is a need for more social infrastructure amenities, like preschool
and educational facilities, to be established at municipal expense.

The identified structures are intended to be at the district’s heart. The surrounding area is
heavily populated with no city facilities under construction. This will lead to adverse future living
conditions.

Deviation from prescribed norms in design, construction, and installation work adversely
affects the overall comfort level of urban development facilities. Simultaneously, compliance with
the present construction regulatory framework for local areas is challenging and uneconomical for
customers in smaller regions due to requirements such as the landscape area, sports grounds per
person, and indentation of residential buildings from sports areas. In this regard, these areas are
expected to be inadequately planned and, in some instances, significantly reduced in size. In addition,
the predefined formulas for calculating parking occupancy still need to be completed and fail to factor
in the current environment.

The absence of proper sanitary protection zones and spaces for leisure activities is primarily
attributed to the inadequate availability of regulatory documents and authorities governing the
construction and environmental sectors. Any region, excluding areas with asphalt concrete pavement,
may be deemed suitable for recreational purposes, while grassy zones without trees may serve as
recreational and hygiene zones. Multiple access scenarios were devised for particular urban planning
objects and elements to establish a comfortable transportation environment. However, these scenarios
can negatively affect the environment.

In modern conditions, there is a need to construct additional zones within residential structures
(Pickett & Pearl 2001). Parts of these zones, such as parking, utility, and storage areas, do not require
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natural light. Hence, there is a requirement to actively encourage underground growth and to position
such zones below ground level.

Many individual projects lead to many social problems associated with a lack of green spaces,
inconvenient use of pedestrian walkways, and residential areas.

Thus, urban planning problems can be traced back to the master plan, which defines the
development direction. This document adopts a global approach using traditional urban planning
methods to structure cities; however, this approach results in the categorizing of urban areas into
functional and residential blocks organized by number of floors. Modern urban planning trends
emphasize multifunctionality and compactness, where each district is self-sufficient in functionality
and residential complexes comprise multi-story blocks (Levy 2016; Webster et al., 2005).

Photo 14. There is insufficient
provision of an area designated road
for sanitary protection

- [

Photo 17. The incline leading Photo 18. Underground space is Photo 19. Parking shortage
from the main thoroughfare is not used
angled towards the perimeter of
the housing

development
| i v”'.; -

; el
Photo 20. Increase of asphalt- Photo 21. Artificial turf and Photo 22. Instead of the initially
concrete surfaces fenced areas planned 9 floors, according to the

DPP, a residential complex with
9-16 storeys will be constructed

S .

Photo 23. Combination of Photo 24. The distance between Photo 25. A residential complex
architectural styles apartment blocks is less than 20 comprising integrated facilities
meters and a nursery

Figure 2 — Searching for urban planning problems (author’s material).
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The detailed planning project presents a challenge: architectural schematics at the district level
establish boundaries between each site, resulting in urban fragmentation and incoherence of the
elements within a given area.

Then comes the problem of infill development, an isolated object in urban planning that is
developed individually. At this stage, the environmental weakness of the design solutions is
particularly noticeable, as well as their tendency to independence due to their own "fence," yard, road,
essential facilities (shops), etc.

It is also necessary to note the need for more current building regulations in urban planning and
the design of residential complexes. Due to the lack of clear definitions of terms and their components,
architectural and urban planning schemes explain their practical application—the validity of the
applied coefficients and certain distances and areas.

5 CONCLUSIONS

Based on the analysis of the identified problems, proposals are made to improve the urban
environment as follows:

(1) Revision of the primary methods of urban planning and, consequently, of the structure and
purpose of the master plan, in which equivalent blocks will appear and objects of special urban
significance (shopping and entertainment complexes, parks, etc.) will be equally distributed;

(2) Combining a DPP and infill development into a more extensive area action plan or
neighborhood plan, i.e., a Development Plan Document that should be displayed on the master plan
of the city of Astana. A Neighborhood Development Plan or Area Action Plan is a comprehensive
architectural and urban planning project for an entire city area, with all the necessary social
infrastructure except for specialized urban facilities. This solution allows for the coherent
development of the urban area, as well as the architectural and urban connection of all elements of
the project, which improves the social and environmental aspects of living;

(3) Adjusting the current building regulations in the field of urban planning, which will make
it possible to create an algorithm for the formation of a new type of urban development and to
determine the minimum indicators of the degree of comfort of the living environment;

(4) Create an urban regulation model that monitors the compliance of design decisions with
relevant standards and their implementation.

Each proposal requires a separate study that will gradually determine the principles of
architectural and urban design in neighborhood development.
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Abstract. The article deals with the important topic of reconstruction of existing
school buildings. School plays an important role in the life of every person, and the
creation of a comfortable educational space is an important task for architects and
designers. The main problems considered in the article are the shortage of pupil places
in schools, as well as the discrepancy between the architectural and planning structure
of schools and the requirements of modern education. In the introduction the questions
related to the infrastructure of the school building are considered, that in the existing
today schools it is difficult to organize the educational process that will meet the
requirements of modern education. The main issues of reconstruction were studied.:
such as elimination of physical deterioration of the building, the impact of
reconstruction on the change of the educational process. In the main part of the article
a plan of reconstruction of a typical school building is proposed. The developed steps
will help to create comfortable conditions for learning in existing schools, as well as to
adapt the space of schools to the requirements of modern educational programs. In the
context of state programs considered in the paper, the measures taken by the state to
solve the existing problems are presented. State programs provide for the construction
of new school buildings based on public-private partnership, but do not exclude the
possibility of reconstruction of the existing stock. The conclusion describes the main
conclusions of the conducted research, which suggest that the reconstruction of school
buildings can be one of the possible steps to solve two major problems. The authors
believe that changing the internal space of existing schools can contribute to the
development of motivation among students, improve the level of education, and develop
various abilities of students.
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educational trends, life-long education, informatization of education.
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MEKTEII FUMAPATTAPBIH KAVTA KYPY HOTUXKECIHJIET'
KA3IPI'l BIJIIM KEHICTII'T

T.A. TBoznukosa* © A.A. Bpsnunes?

! Xansikapansix 6i1im Gepy xkopropauuschl, AnMarel, 050043, Kazakcran
2 FeutbiMu-3epTTey HHCTUTYTH «RAS Group Expert», 050062, Anmartel, KazakcTan

Anparna. Makana Konoanvlcmaebl MeKmen uMapammapuli Kauma KypyoblH
Maybi306l MaxKbipsblOvbiH Kapacmulpaosl. Mexkmen ap adamHbly eMIpiHOe MaHbI30bl POl
amkapaowvl, an xcaiivl OiliM Oepy Keyicmicin Kypy cayiemuiinep mMeH OusauHepiep
Yuiin Maywiz0vl Minoem 6onvin madwvliadel. Makanada xapacmulpvlizan Hezizel
Macenenep-oKyubliap — OPLIHOAPBIHLIY — Jcemicneywiniei  MeKkmen,  COHOAU-ax
MeKkmenmepoiy CcayIemmiK-#coCnapiay KypollblMbl MeH 3amanayu Oinim 0Oepy
mananmapvinely ~ coukec — Keimeyi.  Kipicnede — mexkmen — eumapamulnbly
un@pakypuvlibimbina bainanvicmsl  Kaszipei mexmenmepoe kasipei  6inim  Oepy
mananmapuvina xHeayan bepemin oKy npoyecin YubiMoacmulpy KublH eKkenoiei nmypaubl
Macenenep Kapacmwipviizan. Katima Kypyowly Hecizei macenenepi 3epmmendi:
umapammoly QU3UKATLIK MO3YbIH #COI0, Kauma KYpyowly Oinim Oepy npoyeciniy
e3eepyine acepi. Makananviy Hecizei 6oniciH0e MUNMIK MeKmen UMApamvlH Kauma
KYPY HCOCNAapbl YCHIHLLIRAH. O3IpIeHeeH Kaoamoap KOolOaHblCmasbl MeKmenmepoe
0KY2a bIH2ALLIbL JHCAROAlL HCACAY2A, COHOAl-aK MeKmenmep Keyicmizin 3amanayu oOinim
bepy 0Oazoapnamanapvinely mananmapeina Oetlimoeyee kemexkmecedi. Kymvicma
Kapanzan Memnexkemmix 0Oazdapnamanap KoHmeKkcmiHOe Memiekem Konoa 0Oap
npobnemanapovl wewly yuiH KOIOAHAmblH wapaiap yceiuwviizan. Memnekemmik
bazoapnamanap memieKemmik-dcekeuleniK apinmecmix He2i3iHOe Jcaya MeKmen
aumapammapulH  canyobl Ke30euodi, 0ipax Koai0aublcmagbl KOpovl Kauma Kypy
MYMKIHOI2IH HCOKKA wibleapmaiiovl. KopulmvlHObiOa MeKkmen 2umapammapbii Kauma
KYPY eKi Hez2i3el MacelleHi uwlewemin bIKMmumMai Kaoamoapowvly 0ipi 601yl MYMKIH 0e2eH
3epmmeyoiy He2i32i KOpPbIMbIHObLIAPLI CUNAMMANZAH. Aémopnap KonoanvblCmagvl
MeKkmenmepoiy 1WKI Keyicmicin o32epmy OKVUbLIAPObIY MOMUBAYUACHIH OAMbINY2A,
Oinim Oeneelin apmmulpyea, OKYubLIApOblY apmypii Kadilemmepin 0amMblmy2ad bIKnai
emeoi 0en canHauobi.

Tyiiin ce3nep: Mexmen, xaiima Kypy, 3amauayu Oinim Oepy, MeKkmen
2UMAPAMBIHBIY MUNOAO2USCHL, DLTIM Oepy meHOeHYUsLapbl, Y30IiKci3 Oinim bepy, Oinim
bepyoi aknapammanowipy.
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COBPEMEHHOE OBPA3OBATEJ/IbHOE ITPOCTPAHCTBO KAK
PE3YJBTAT PEKOHCTPYKIHUU HIKOJIBHBIX 3IAHUU
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AnHotauusi. Cmambes  paccmampueéaem mMakKyr — GAXCHYIO — memy, Kak
PEKOHCMPYKYUSL CYUJeCmBYIOuUX WKOIbHbIX 30anutl. [lIkona uepaem 8ajxicHyio poiv 6
HCUBHU — KAXHCO020  YeNoseKd, da CO30aHue KOMGOpMmMHO20  00pa308amensbHo2o
NPOCMPAHCMBA, ABIAEMCS 8ANCHOU 3a0ayell i APXUMEKMOPOs U NPOEKMUPOBUUKOS.
OcHnosHble npobrembl, pacCMOmMpeHHblE 8 CIAMbe — MO HEXBAMKA Y4eHUUeCKUX Mecm
8 WKONe, A MAKdce HeCOOMEEmcmeaue apxXumeKmypHo-niaHUPOBOUHOU CMPYKMYpbl
WIKONL U MPebo8anutli cospemMeHH020 obpazosanus. Bo esedenuu paccmompenvl 6onpocul,
CB3aHHble C UHPPACMPYKIMYPOU WKOIbHO20 30AHUsL, 3AKIIOYAIOUUEC O MOM, YMO 8
CYWecmeyIouux ce200Hs UKOLAX CIOXCHO OP2AHU308AMb YYeOHbI NPOYECC, KOMOpbill
Oyoem omeeuamos mpebo8aHUsAM COBPEMEHH020 00pa3o6anus. bvliu uzyuenvt ocHo6HbIE
B0NPOCLL PEKOHCMPYKYUY, MaKue KAK YCMmpaHeHue Gu3uyecko2o uUsHoca 30aHUs U
GIUSIHUE PEKOHCMPYKYUU HA UBMEHEeHUe 00pazoeamenvbHozo npoyeccd. B ocHosHOl
yacmu cmamvu NpeosiodceH NIAH DEKOHCMPYKYUU MUNOB020 WKOIbHO2O 30AHUSL.
Paspabomannvie waeu nomozym cozoams Komgopmuvle ycnogus Onsi 00yueHus 8
Cywecmeyiowux WKouax, a makdce aoanmuposams NPOCMPAHCMEO WKOL NOO
mpebo8aHusi  COBPEMEHHbLIX — 00pasosamenvhblx  npocpamm. B xowmexcme
20CY0aAPCMBEHHBIX NPOSPAMM, DACCMOMPEHHbIX 8 pabome, NPeOCmasieHbl Mepbl,
npeonpuHuMaemvle  20Cy0apCcmeom Ol PEUeHUss  CYWecmsyrowux  npooiem.
Tocyoapcmeenmvie npocpammsl npeoyCMampusaom CmpoumenbCmeo HOBbIX WKOIbHbIX
30aHUIl HA OCHOBE 20CYOAPCMBEHHO20-YACTHO20 NAPMHEPCMEd, HO He UCKIIOYaAiom
B03MONCHOCMU NPOBEOEHUsI PEKOHCMPYKYUU cyujecmsyrouje2o Gonoa. B 3akaoueHuu
ONUCAHBI OCHOBHBLE 8b1600bI NPOBEOCHHO20 UCCAEO08AHUSL, KOMOPblEe 2080PANM O MOM,
YMo peKOHCMPYKYUS WKOIbHBIX 30AHULL MONCEM CMAams OOHUM U3 B03MONCHLIX WA208,
pewaowux 08e OCHOBHble npobiembl. Aemopvl cuumaiom, uYmo U3MeHeHue
BHYMPEHHe20 NPOCMPAHCMEA CYWeCMBYIOWUX WKOL MOJCem CHOCOOCMB08AMb
Pazeumuo MOMuUBAYUU Cpeou YHaujuxcsl, NO8bICUM YPOBEHb 00pA308aHUsL, CO30ACT
VC08UsL OISl PA36UMUS PA3IUYHBIX CNOCOOHOCMELL Y YYAUUXCAL.

KawueBbie caoBa: [llkona, pekoHcmpykyus, co8pemenHoe 00pazosanue,
MUNONO2Us  WKONbHO2O 30anus, 00pazoeamenvHvle MeHOeHYUl, HenpepbleHoe
00paszosarue, uHpopmamuzayus 00PaA308aHUsL.
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1 INTRODUCTION

One of the main functions of humanity is to educate and train the new generation, on which the
future generally depends. To solve this very important task, professional teachers and educators have
always worked to realize the right of every child to education.

One of the world's leading trends in the development of modern education is the transition to
continuous, open education, which forms the basis of the information society and is built on the
principles of open information space.

The most significant trends in modern education are globalization, informatization,
humanitarization, and humanization of the educational process.

Globalization of education is the process of expanding the external and internal boundaries of
education. In other words, it is a process of interaction and integration of different educational
systems, methods and technologies.

Informatization of education means the process of introduction of information and
communication technologies in education and their influence on the process of teaching and education
of schoolchildren. The tasks of education remain unchanged, but the technologies are changing. In
modern education, the teaching of disciplines in the field of informatization should be conducted as
a continuous multi—purpose program, taking into account both individual and social requirements.

Humanization is the realization of the worldview principle, which is based on respect for
people, care for them, and belief in their great potential for self-improvement. According to
Humanization, human welfare is the ultimate goal of society.

A humanization process in education is a consequence of the process of humanization. The
curriculum necessarily includes disciplines of the general cultural plan. Humanitarization of modern
education is designed to solve two main problems: educational and social. Education, as a social
institution, is designed to provide modern society with qualified specialists.

According to statistical data for June 1, 2023, the deficit of places in general education schools
of Almaty is 27 thousand. Today the lack of places in schools is called the most urgent problem in the
field of education. One of the reasons for this deficit is considered to be the rate of migration (internal
and external) in Almaty. On average, the number of children increases in the megapolis by 12—-14
thousand annually.

But, it should be noted that the shortage of places in schools did not arise today. Kazakhstan
has already faced this problem about 15 years ago. Since 2007, the program “100 Schools, 100
Hospitals” was adopted, which operated on the basis of public—private partnership. During its
implementation it was planned to build 106 new schools, but the program was not fully implemented.
In 2013, the Parliament noted the low degree of implementation of the program. In 2020, 100 schools
were built in Kazakhstan, and construction continues now. In 2022, the state program “Comfortable
School” was adopted. The program is aimed at eliminating emergency schools, so—called “three—shift
schools”, as well as at eliminating the lack of pupil places. In addition to the construction of new
schools, the existing problems of non—compliance of the infrastructure of existing educational
institutions with modern requirements and the lack of pupil places can be solved through
reconstruction.

Reconstruction is a complex approach to changing a school building, it is a complex process
that involves specialists from different fields. In their works the issues of reconstruction are
considered by such scientists as Mironyuk (2005), Magula (2000), Stepanov (1983).

2 LITERATURE REVIEW

It is necessary to change approaches to the formation of a modern school building under the
influence of various factors and transformation processes in education. Studies of school building
typology issues have been conducted by many scientists, such as: E.B. Dvorkina, V.I. Ezhov, V.I.
Zherdev, S.G. Zmeul, A.V. Zudin, S.Y. Kuznetsov, S.G. Leibovich, E.V. Pimenova, G.D. Platonov,
T.A. Slavina, V.I. Stepanov, V.V. Smirnov, N.B. Fedorova, A.I. Chaldymov and others. Considerable
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attention is also given to urban planning issues of school buildings design in the works of scientists
A.A. Borovkov, T.M. Bragina, V.E. Bykov, G.A. Gradov, A.V. Mahrovskaya, B.M. Poluya, V.V.
Smirnov, V.I. Stepanov.

For the purposes of solving the problem of lack of places in schools of Almaty city and
Kazakhstan as a whole, the national project in the field of education “Comfortable School”, approved
by the resolution of the Government of the Republic of Kazakhstan on November 30, 2022, has been
developed. The main goal of the project is to eliminate emergency educational facilities, three—shift
education and shortage of student places in secondary education facilities. In addition, one of the
possible options to solve the issue of insufficient number of places in the existing schools of our city
can be their reconstruction.

In Almaty city today there are 212 state—owned schools and another 98 privately owned schools.
The total enrollment is 320,453 students. Basically, all these schools are built according to standard
designs, and according to the shape of the plan they can be divided into several groups. In their shape,
the buildings resemble the letters of the Russian alphabet: H, P, G, Sh, Zh.

In 1964, the most widespread type of school building was approved, popularly called
“Airplane”. School type 65-426/1 was designed by the Moscow Institute of Typical and Experimental
Design under the direction of A. Avrusov. The architectural composition includes two buildings
connected by a passage, which in the upper perspective resembles the wings of an airplane, which
became the reason for its popular name Figure 1.
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Figure 1 — Typical project of school building 65-426/1 (Past school buildings: typical designs, 2009).
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During research of school buildings in Almaty and their typology, it can be concluded that the
most popular are schools built according to the standard project 65-426/1 (Figure 2). This is an H—
shaped building designed for 960 students, shown on this research is reflected in the article “Current
Trends in Education and the Architecture of the Modern School”.

Figure 2 — 3D model of School type 65-426/1
(Past school buildings: typical designs, 2009)

3 MATERIALS AND METHODS

The actuality of this issue is very high. First of all, there is a clear deficit of pupil places in
schools throughout Kazakhstan, as well as existing today schools built on standard designs 50 and
more years ago need major repairs, and therefore can be reorganized through reconstruction and
redevelopment projects. For example, in the summer of 2023, 260 schools across the country began
major renovations, but only 194 of them completed renovations by the start of the school year. It can
be noted that there is an interesting opportunity for architects to reorganize school buildings and
improve the learning environment through various means of architecture.

The main method applied in this study is descriptive, it includes to varying degrees the
interpretation, comparison and generalization of various publicly available information.

The research analyzed the actual condition of existing school buildings in Almaty, reviewed
government programs such as “100 Schools, 100 Hospitals” and “Comfortable School” to address
the shortage of school buildings and student places, as well as the issues of mismatch between schools
and education requirements.

4 RESULTS AND DISCUSSIONS

Reconstruction can be a real step towards solving the problem of shortage of places in the city
schools, as follows from the data given earlier, and will also allow to bring the planning organization
of school buildings in line with modern educational trends. I propose to consider proposals for the
reconstruction of one of the typical schools, multi—purpose gymnasium Ne34, located at Brusilovsky
Street, Almaty, corner of Balotnikov Street, which is shown in Figure 3. This school was built and
opened as a secondary school in 1983, the status of a gymnasium was awarded later in 1998. The
gymnasium building is gallery type, with most classrooms oriented towards the south. The school
consists of two and three—storey blocks. This school was built taking into account all norms and
requirements of that time, but today a number of shortcomings can be noted. For example, the lack
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of classrooms, recreational and school-wide spaces, laboratories aimed at the implementation of
programs in science, engineering and technology, robotics. These are the most important problems
that can be solved through reconstruction, among others.
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Figure 3 — Multi—purpose gymnasium Ne34. 8.Google maps. (Past school buildings: typical designs, 2009)

The project proposed for reconstruction includes several basic steps that can be applied in the
subsequent reconstruction of this type of school buildings:

1. Connection of blocks A, B and C by organizing an inner courtyard (open or closed) to
increase the organization of areas and perimeter of consecrated spaces used for the organization of
additional premises: recreations, communications, galleries, passages, etc.

Enclosed courtyard is created in which a conservatory will be organized, in the adjoining room
it is recommended to create a living corner. There are several types of conservatories: freestanding,
attached to a building and integrated conservatories.

Many researchers prove in their works the beneficial effects of so-called biophilic spaces in
buildings. The main principles of creating internal green spaces are the integration of nature and man,
the development of a sense of harmony with nature, the use of greenery to maintain the physical and
moral health of man. All these issues are widely disclosed in the works of researchers Butabekova
(2022), Ryan et al. (2014), Hanc, et al. (2018), Krundyshev (2014), Akhmedov (2017), Poznyak
(2009), Kupriyanov et al. (2023) and others.

Modern trends in the field of education are becoming the subject of numerous studies in the
field of education, attracting the attention of scientists Erik D.C. (2019), Lamekhova, N.V. (2022),
Komarova L.I. (2018, 2020), Calik F. et al. (2014), Vereshchagina E. (2021), Gorubshov A.A.
(2022), Ostroverkh O.S. (2021), Klochko A.R. and Topaeva P.A. (2021)

2. Removal of the corridor as a means of communication by demolishing the partitions between
the classrooms on the north side and the corridor (Block B) in order to transform the resulting space
into a multi—purpose space for recreation, games, “lines”, location of individual closets (lockers) and
additional sanitary facilities.

For the reconstruction of the multi—purpose gymnasium Ne 34, it is proposed to demolish the
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partitions between the classes in the junior block on the northern side. In this way, additional free
space will be created.

3. Extending the length of the existing building by organizing an extension to increase the
number of classrooms and, consequently, the area of multipurpose space and organizing an additional
exit.

For the reconstruction of the multi—purpose gymnasium Ne34 this cannot be done because of
site constraints, but in many other cases it will be one of the possible options.

4. Construction of an extension of complex configuration on the north side of the multipurpose
space in order to organize a winter garden and other green spaces for recreation, rooms for parents,
psychologist, speech therapist and others.

For the reconstruction of the multi—purpose gymnasium Ne34, such a space can be created in
the junior school block by adding a hexagonal projection on the northern fagade. The resulting free
space can have several purposes, including serving as an alternative to the assembly hall for the junior
high school, as previously there was no separate hall for them.

5. Organization of an independent area in the elementary school lunchroom by extending the
depth of the existing building (Block A) and organizing a passageway.

6. Relocation of chemistry, physics, biology classrooms with the organization of laboratories
to the upper floors and to free up space in order to create an organized laboratory block, which will
help to implement programs in science and engineering and technical areas

7. Addition of a separate new Block E to increase the number of classrooms for high school
students.

Block E is attached to the south side of the main building.

8. Active introduction of color into the interior of the school.

The results of the proposed reconstruction project can be seen in Figures 4 and 5.

Figure 4 — Plan before reconstruction (author’s material)
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Figure 5 - Plan after reconstruction (author’s material)

5 CONCLUSIONS

The aspects studied in this article show that reconstruction can solve complex architectural
problems of an existing school. Reconstruction of school buildings is an opportunity not only to
transform the space, but also to influence the educational process itself. It allows to adapt the school
space to the requirements of modern education and society, it can also allow to increase the classroom
capacity of schools, which will reduce the shortage of student places. Besides, with the help of
reconstruction it is possible to improve conditions for students and teachers, to create a modern
educational space taking into account modern technologies. The result of the reconstruction project
is not just a school building, but an educational space designed to be comfortable and meet modern
educational needs.

According to the results of the research conducted, we can draw the following conclusions:

1. State programs that are intended to reduce the deficit of pupil places in schools
and improve conditions for students and teachers in the context of the requirements of
modern education are not implemented in full compliance with their plan;

2. These steps proposed for the reconstruction of the school building can be
implemented in a fairly short period of time in order to solve the existing problems in the
sphere of general school education;

3. The following step—by—step recommendations can be developed for the
reconstruction of other typical general education schools based on architectural
assessment that takes into account the volumetric and planning parameters of school
buildings.

As a result, it should be noted that the reconstruction of a school building is not only a solution
to the problem of physical or moral obsolescence of the facility, but also an investment in the future
of our children. With the help of the steps proposed in the article for the reconstruction of the existing
gymnasium, it is possible to create a space where students can receive a comfortable and quality
education and prepare for the challenges of the modern world.
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We can conclude that school building renovation can be an integral part of improving modern

education. With the help of reconstruction, it is possible to provide conditions for the formation of
future innovators and leaders in existing school buildings.
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11.
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Abstract. The article deals with the interaction between architecture and
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institutions. It is important that modern educational trends are also able to influence
the formation of planning organization and volume-spatial solution of a modern
school building. The world practice of life-long education is considered and how it is
implemented in architectural practice in our country. The article reflects the currently
popular teaching strategies: design studio model, environmental learning, taxonomy
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groups of people with special educational needs. Based on the study of existing
experience, a major principle in the concept of school building design is identified:
the interaction between the context, the content of the learning process and the
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Anpatna. Maxanaoa coynem nen OiNiMHIY 63apa apeKkemmecy Macenelepi,
3amaunayu Oinim Oepy MeKkemenepiH Kypya apmypii ¢hakmoprapoviy acepi
Kapacmulpuliean. 3amaunayu Oinim  06epy MeHOeHYUsANapvl 3aMAHAyUu MeKmen
SUMAPAMbBIHBIY ~— JCOCNAPAAY — YUbIMbL ~ MeH  KOAeMOIK-KeHICMIKMIK — wleimMin
Kanblnmacmulpy2a oa acep eme aiamvlHbl MaHbi30bl. Omip 6otibl Oinim 6epyoiy
anemoix mascipubeci Kapacmulpvlivin, OHbIY OI30iH enimizoe cayiem madxcipubecine
Kanau eHeizinin sHcamyansl Kapacmulpuliadsl. Maxanaoa Oyeinei mayoagbl manbiman
OKbIMY cmpame2usiapvl KopcemiieeH: OUauH CMyOUsCbIHbIH MOOel, IKOJIOUSNbIK
OKbIMY, MAKCAMmMap makCOHOMUSICHL, HCYMbICbL 6A2ANAY MO0 HcaHe epekule Oinim
bepy Kasxcemminikmepi 6ap aoamoap monmapviubly KaXCemmilikmepin eckepemin
moodenv. Konoanvicmazor masicipubeni 3epoeney mecizinoe mexkmen 2UumMapammapbii
24c00anay KOHYenyusacbiHOaevl Heaizel Kauoaiapouvly 0ipi aHbiIKmMaiobl. KOHMEKCMMiH
esapa apexemmecyi, 0Ky NPOYECIHIH MA3MYHbl JCoHe OK) npoyeciniy o3i. Mexmen
SUMAPAMMApPbIHbIH caynemmik-ajcocnapiay wewimoepinoeai oipxamap
MEeHOeHYUANAp MeH o32epicmep aHbIKMandvl. 3epmmenzeH Mamepuan He2izinoe
OKblmy Keyicmici MOOeNiHIY MUiMOI HYCKACbl AHLIKMAILIN, 3AMAHAYU MeKmen
SUMAPambIHblY OKY KeHICMmiciH KAIblNmacmulpy MmMAaKCOHOMUACHL AHbIKMALObL.
3epmmey HomudicecinOe 3amanayu Oinim Oepy mananmapvina dcayan oOepemin
3amanayu Mexmen UMapamoll KalblNMACmulpyObly Vil He2i3el MYHCblpbiMOAMAachl
AHBLIKMALObL.
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AHHOTAIMA. B cmamve paccmampusaomcs 6ONpoOCyl 83aAUMOOEUCMEUs]
apxumexkmypel U 00pa3068anus, GIUAHUE PAIUYHBIX (DHAKMOPOE HA CO30aHue
COBPEMEHHBIX 00PA30BAMENbHLIX yupedcOeHull. Baowcnvim  sensemcs mo, umo
cospementble 00pazosamenvbHble MEHOCHYUU Modce CHOCOOHbL GIUAMb  HA
@opmuposarue NIAHUPOBOUHOU OpP2AHU3AUUU U O0OBEMHO20-NPOCPAHCIMEEHHOO
peulenus Co8peMeHH020 WKOAbHO20 30aHus. Paccmompena mupoeas npakmuka
obyuenus 6 meyeHue eceu sxcuznu- life-long education u xax oma eémedpsiemcs 6
apxumexkmypHyio npaKmuky 6 Hawel cmpatre. B cmamve ompaosicensvl nonynapvle Ha
Ce200HAWMNUL O0eHb cmpame2uu 00yYeHUs: MoOelb OUAUH-CMYOUU, Cpedogoe
obyyenue, MmakcoHoMus yeneu, MoOelb OYeHKU padom u MoOelb, Y4umuléarouds
nompeoHocmuy 2pynn aoell ¢ 0cooviMu 0opasosamenvbHbiMu nompedonocmamu. Ha
OCHOBE U3VUEeHUsl CYWeCmBYIouje20 ONblMa GblsgNeH OOUH U3 2NAGHbIX NPUHYUNOE 8
KOHYenyuu NpoeKmupo8anus WKOIbHbIX 30AHULL: 83auMOOelcmeue KOHmMeKCcmd,
cooepoicanue yuebHO20 npoyecca u camo2o npoyecca ooOyuenus. Bwiasnen psao
MeHOeHYyull U MPAHCHOpMayull  ApXUMeKmypHo-niaHUpPOBOYHbIX — PeuleHUll
wKoNbHbIX 30aHul. Ha ocnoee uzyuennozo mamepuana ewiasien 3@QeKkmusHbiil
gapuanm  mMooenu  y4ebHO20 — NPOCMPAHCMEd,  OnpedeneHd  MAKCOHOMUSL
@opmuposanus 06yuarOuje2o NPOCMpancmea CO8PEMeHH020 WKOIbHO20 30anus. Kax
Ppe3yIbmam uccie008anus onpeoeieHsbl mpu OCHOGHble KOHYenma opmuposanus
COBPEMEHHO20 WKOIbHO20 30aHUs, Omeeuarujeco mpebosaHuiM CO8PEMEHHO20
obpazosanusl.
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1 INTRODUCTION

The interaction between architecture and education has been developing for centuries and has
a mutual character. Deep centuries-old traditions of building educational institutions, formed in
regions with different natural, climatic and socio-cultural conditions, led to the formation of a variety
of volumetric and spatial structures of educational facilities. Today the question of adequacy of
generally accepted variants of compositional and planning solutions of existing schools and those
active changes that are taking place in the education system both all over the world and in our country
becomes relevant.

It is time to transform our traditional view of learning and create a new learning environment
that is relevant to educators, administrators, and most importantly, learners of all ages. Active
collaboration among architects, educators, parents, administrators, and other interested community
members can play a very important role in this process. The question of what architects can do to
support education and what educators can contribute to the design process are now becoming
important as part of the implementation of co-design principles. Is it possible to create an interactive
environment that serves as a “three-dimensional textbook™ for learners? What elements of
architectural space can drive the learner's desire and drive to learn? What architectural techniques,
landscaping elements, design objects, and principles of environmental organization can become
catalysts for self-learning processes?

2 LITERATURE REVIEW

The world practice of education for the whole life of a people, life-long education, is being
introduced in our country as well, as it has come to be understood that education for the purpose of
maintaining physical, mental and emotional health of a person is important for the effective and
successful development of society as a whole. That is why for designing a modern school it becomes
fundamentally important to study new educational systems, sometimes quite different from the early
traditional ones. It is necessary to formulate a philosophy of education, create a taxonomy of learning
experiences and performance goals, define children's rights to development, and create valid forms
of analysis and evaluation. The process of the architectural design of a modern educational facility
inevitably poses the challenges of a deep understanding of the learning system.

Trends in modern education are the subject of research by many scientists. In their dissertations
these issues were considered by: Kraig (2000), Bessarabova (2006), Volodin (2011), Volkova
(2004), Vyazemsky (2004), Lim (2006), Marina (2003), Machekhina (2021), Statkova (2005),
Shultseva (2009), Yatsenko (2021). Trends in modern education are the subject of research by many
scientists. In their dissertations these issues were considered by: Akulova (2004), Antonova (2012),
Pankova (2004), Savinova (2021), Sosnin (2014), Belogrudova (2008), Shcheblanova (2016),
Osorina (2007), Khaperskaya (2020), Khomuttsova (2005), and the influence of outer factors on
the educational process was considered in the works of Antipkina (2020), Bikbaeva (2021),
Drozdov (2022), Makotrova (2021), Remorenko (2019).

3 MATERIALS AND METHODS

Despite the fact that the early methods of school building design, which were tested in capital
sociological studies, have proven themselves, when developing new solutions it is necessary to ask
the question again: what do schoolchildren need for successful learning? This is not an idle question,
and it is caused by the change of the educational paradigm towards individualization of methods,
bringing them closer to the technologies of play and creativity, where there is no single correct
answer, but there are options for solving problems. And most often, as in the professional activities
of adult people, it is the learner's ability to respond flexibly and effectively to emerging challenges
that is assessed. Obviously, learning spaces should support the learner's enthusiasm for inquiry. At
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the same time, it is clear that all learners are different and everyone has different ways of forming
perceptions and processing information. This is supported by the results of well-known studies of
information processing and developmental stages of children Piaget (2004) theory of multiple
intelligence Gardner (2004) adopted as a basis for new learning strategies. Accordingly, new
learning processes provide an active view of the learner, which is now being considered in the design
of school buildings. Some of the learning strategies developed to date, depicted in Figure 1, are:

- design studio model (design technologies);

- environmental learning;

- taxonomy of objectives;

- a model for assessing learners' work;

- a model that takes into account the needs of different groups of learners.

"4

design studio
model (design
technologies)
éA Model that b
takes into
account the environmental
__needs of education
different groups
of learners

MODERN LEARNING
STRATEGIES

student taxonomy of
assessment goals
model

< 4

Figure 1 — Modern learning strategies (authors’ material)

Each of the strategies in its own way teaches certain skills, the ability to seek and find
information and master the process of problem solving, i.e. it allows to solve the main tasks of the
educational process.

Cooperation between the context, content of the learning process and the learning process is the
main principle in the concept of school building design by researcher Ostroverkh and Tikhomirova
(2021). In this case, the context is understood as the learning environment (Figure 2): artificial,
natural, cultural, which is an active “learning material”.
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Natural

I Artificial

environment

educational
material

Figure 2 — Learning environment (authors’ material)

The whole area of the school, in summary, should teach, and the learning environment, in turn,
should take into account the ethnic, regional, cultural characteristics of the local community. The
content of learning should strive for common links between disciplines, as the mind learns in an
integrated and holistic way by making connections. Interdisciplinary thinking is also the goal of
Kazinik (2010) innovative schooling methodology in which common themes are chosen for all
disciplines. For example, the topic of Water: its characteristics in physics, properties in chemistry,
importance in biology, civilizations of rivers, seas and oceans in history and geography, marinists and
watercolor techniques in drawing, swimming in physical education, water in works of lyrics, prose
and music, water economy in economics and social studies, etc. Such an integrated approach to study
can reveal for a learner the phenomenon of Water from all sides and help to internalize its peculiarities
as a holistic phenomenon. That is, it is not a passive, but an active process that requires a different
organization of school building space.

As a result, the context and content of the learning process influence the organization of the
learning process and, accordingly, can influence the layout of the school building and the organization
of its territory.

The school territory has the function of a learning space, and the more diverse and complex its
structure and content, the more “stimuli” for students, the more active and fulfilling the learning
process can become.

4 RESULTS AND DISCUSSIONS

Studying the international experience Samoilova and Chislova (2017), it can be concluded that
a number of trends in the transformation of architectural and planning solutions of modern schools
stand out:

1. Block functional zoning: administrative, sports and leisure facilities form an external, road-
facing block, while in the back of the site are located the actual educational blocks for junior, middle
and senior schools. The blocks can be connected by courtyards, warm or open passages, or a large
recreational facility common to the whole school (library, assembly hall, design studio, workshop);

2. A central (in the compositional, functional and structural sense) creative space for both
general and collective, as well as private and isolated types of learning activities. Most often for this
purpose the hall type of layout is used, which is also an active learning space for schoolchildren. The
hall type of layout can solve the problem of possible transformation of this space depending on any
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changes in the future. Transformation of the space can be realized through the use of partitions,
furniture, mobile equipment;

3. Flexibility of the planning scheme, especially if certain zones and blocks of the school
become public socio-cultural facilities accessible to the local community. Connections between
zones and blocks can be made, among other things, through the organization of courtyards-
recreations, warm passages, information facilities (for example, a library). The combination of open
and closed, accessible and isolated zones and spaces for play and learning activities is characteristic
of many alternative schools in foreign countries. It is assumed that such diversity stimulates the free
organization of students' activities, which, in turn, is intended to stimulate their sense of
responsibility;

4. Using new technologies: energy-saving, possibly energy-efficient, which can have an
economic effect. In addition, these technologies can also become educational material for students,
and not only for schoolchildren, but for the whole community;

5. Actively using green architecture techniques, incorporating elements of landscape
architecture into the interior and exterior (depending on the natural and climatic conditions of the
area), which again can become a potential information and training platform;

6. The informational content of recreational, communication and educational spaces has
educational properties: texture, color combinations, fonts of inscriptions, i.e. well-considered interior
design has an active impact on learners and community members.

It is important to understand that the school can become a social and community center for the
entire community of the residential neighborhood in which it is located. It can turn from a self-
contained object into a living communicative space for the formation of social and cultural diversity.
For safety reasons, it is possible to provide for the autonomous use of individual objects in the school
building. Russian researchers distinguish different degrees of planning flexibility: “flexible”,
“moderately flexible” and “inflexible”, implying a corresponding variety of layout, configuration of
premises, and transformation possibilities. They note that “from these parts it is possible to make up
schools and complexes for completely different learning systems and a wide range of uses”
(Samoilova and Chislova (2017) p. 216).

One of the effective ways to model a learning space, in our opinion, is a design studio. In itself,
the design approach to create anything involves solving a specific problem and developing the skill
of independent thinking and decision-making. In this way it is possible to teach students to think, i.e.
the emphasis shifts not to the result, but to the process, which can show the connection between
children's learning and the world around them. The learning space of the design studio should have
the following characteristics:

—room should have a significant area (at least 72 square meters) for free placement and
arrangement of equipment, as well as for possible transformation; the latter can be provided with light
transformable furniture;

—the studio should be equipped with large horizontal planes for group and individual classes;

—there should be a separate utility room or space in the room itself for storing work in progress,
models and maquettes, personal belongings and materials;

—1it 1s necessary to provide vertical surfaces for general discussion of design solutions, “smart
walls” for brainstorming, presentations, discussions;

—it is recommended to have a connection with the outside world, i.e. access to the patio, green
walls, plants.

Modern trends in the field of education become the object of numerous studies in the field of
education, attracting the attention of scientists Baktybaev (2017), Musaeva and Avliyakulov (2017),
Rasuleva et al. (2021), Kultysheva (2018), Bukina et al. (2021), Pirnazarova and Hakimova M.
(2023), Smakova (2020), Tran and Phan (2020), Erik (2019), Akhmadov (2023), Petrosyan
(2022). Another model of learning space can be the urban educational environment proper, i.e. some
object that allows studying different phenomena from different sides. It can be museums,
planetariums, galleries, exhibitions, botanical gardens, as well as natural environment. To involve the
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urban space as a learning environment, it is effective to define an objective for the whole school year,
which can be solved through both in-school technologies and by involving the urban environment
surrounding the school in close and distant accessibility. This approach allows organizing learning
around big ideas and problems that are relevant to the learners themselves. This makes it possible to
adapt the curriculum taking into account the hypotheses and assumptions of students, making them
involved and, therefore, responsible for decision-making, and developing their independence. Foreign
experience shows that the introduction of such educational technologies contributes to the
improvement of learning outcomes and pride in personal and group achievements, reduction of
discipline problems and student engagement.

Research of the influence architecture has had on educational activities has been carried out by
Kuvaeva (2011), Skripkina and Tarasova (2021), Ermakov (2022), Klochko and Topaeva
(2021), Lamekhova (2022), Domolazova (2021).

As a result, architecture teaches through the following factors:

—Visual/spatial: diversity of spaces, decoration (sculpture, wall graphics);

—Physical/kinesthetic: fitness tracks, gym, dance studios, manipulation tools;

—Musical/rhythmic: acoustics, music classrooms, performance spaces;

—Inter-personal: transformable and movable furniture, collaborative workspaces, large
horizontal work surfaces as opposed to individual desks, indoor and outdoor meeting spaces,
conference rooms;

—Intra-personal: outdoor seating areas, study nooks, private areas, quiet rooms;

—Natural: habitats, recycling sites, nature trails, green architecture.

Another important factor that can have an impact on architectural decisions is the assessment
system or the so-called Ann Taylor Associates (ATA) taxonomy. This taxonomy can be used to teach
any subject or concept in any learning situation and at all age levels. Even very young children, whose
abilities are often underestimated by adults, can benefit from an active, experiential approach.
Teachers can apply taxonomy as a system, a scheme of thought, or a teaching strategy. Architects can
use it to identify the types of activities children do in educational settings and to plan spaces that
support these activities.

The six-step process depicted in Picture 3, or taxonomy, involves the following steps:

I.  Observation and multisensory discovery:

1) Using the senses (sight, hearing, smell, taste, touch);
2) Recording what is observed using a variety of media (drawing, writing, videotaping,
entering data into a computer).
II. Data collection:

1) Counting;
2) Measuring;
3) Mapping;
4) Questioning and interviewing;
5) Sorting, classifying and comparing.

III.  Generation of concepts and literacy in all disciplines:
1) Visual-spatial and verbal thinking, literacy and language (concrete to abstract);
2) Generation of concepts and literacy across disciplines (math, science, art, language, foreign
language, social studies, environmental studies, technology/digital literacy, health and
physical education);
3) Family literacy, emergent literacy, multilingualism to empower global citizens;
4) Exploring, reading and understanding ideas.

IV. Creative problem solving (based on the scientific method, but applicable to all disciplines):
1) Identify the problem or task;
2) Generating a hypothesis;
3) Testing the hypothesis by exposing the objects;
4) Summarizing and analyzing findings;
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5) Using inductive and deductive reasoning;
6) Testing: conformity to or deviation from the hypothesis;
7) Choosing whether to start over or build on what has been learned.
V. Grading:
1) Making critical aesthetic judgments;
2) Decision making;
3) Self-determination and self-motivation;
4) Working with other people, understanding different points of view and teamwork;
5) Cultural pluralism;
6) External Evaluation.
Management:
1) Eco-literacy, ecological wisdom, non-linear and systemic thinking;
2) Respect and care for the built, natural and cultural environment;
3) Cultivating a symbiotic relationship with the environment and a sense of ownership;
4) Using a global ethic (sustainability as a moral issue);
5) Taking responsibility for the consequences of one's actions (freedom, not regulations);
6) Thinking outside yourself.

VL

CREATIVE PROBLEM

OBSERVATION AND
MULTISENSORY
DISCOVERY

SOLVING (BASED ON
THE SCIENTIFIC
METHOD BUT APPLIED
ACROSS ALL
DISCIPLINES)
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Figure 3 — Taxonomy and its components (authors’ material).
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Taxonomy can help identify questioning strategies for teaching and curriculum development.
Educators and architects can also use taxonomies when planning school buildings. To get feedback,
designers can start with simple questions aimed at developing observation skills and then move on to
questions that require students or stakeholders to identify the decision-making process Higher-level
learning opportunities can be programmed into the school building design, and architects and
educators can eventually use the taxonomy to evaluate the learning environment once it is in use.
Does the finished environment have room for multisensory learning, creative problem solving, and
management? Does the environment promote imaginative thinking? These and many other questions
can be answered by applying the taxonomy methodology.
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5 CONCLUSIONS

In summary, we can talk about at least three concepts of the formation of a modern school
building for modern education, these are:

1. Context or “Where are we learning?”’: local geophysical environment (built, natural and
cultural environments); thematic learning; systems thinking; sustainable worldview;
cultural environment as a learning tool.

2. Content or “What are we learning?”: subject disciplines; multidisciplinary concepts;
elements of architecture; art and design; project-based portfolio assessment.

3. Learning processes or “How are we learning”: rights of development for all children (body,
mind, spirit); theory of multiple intellects; ATA taxonomy, including governance; practical
learning; applied technology; project-based assessment.

We can identify a few general principles that guide the design of schools of the future: (1)
Learner-centered learning; (2) Personalization of the environment; (3) Group and teamwork and
spaces for communication; (4) Program adaptability; (5) Connection with the community; (6)
Aesthetics; (7) Safety.

The organization of effective, attractive, comfortable, inclusive architecture of a school
building implies, in our opinion, the following principal decisions:

— organizing different public spaces: corridors and public spaces that symbolize

interconnectedness within the school community provide coherence and meaning, which

increases motivation;

— safety can be ensured by different architectural techniques: planning, lighting, use of digital

technologies;

— space diversity: a variety of places with different shapes, colors and lighting, nooks and
crannies;

— changing expositions: changing and interacting with the environment stimulates brain
development;

— integration of different zones, multiple - multifunctionality and cross-fertilization of ideas are
the main goals;
— flexibility as a factor in sustainable school building architecture.
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SOCIO-ECONOMIC ASPECTS AS A FACTOR IN INCREASING
THE LEVEL OF COMFORT IN PRESCHOOL INSTITUTIONS

A.S. Kaidarov* © , G.A. Karabaev

S. Seifullin Kazakh Agro Technical Research University, 010011, Astana, Kazakhstan

Abstract. The aim of the work is to determine the socio-economic aspects that
influence the level of comfort of preschool institutions in the regional conditions of
Northern Kazakhstan. In the process of conducting the study, the following issues were
resolved: the main interest groups of the parent committee were identified; the
principles of forming new conditions for children's stay in preschool institutions were
identified; the main aspects of changes in education were identified. Architecture and
social relevance are used to examine the current state of affairs in general. The primary
categories of tasks assigned to contemporary preschool educational institutions are
used to identify and study the primary typological series of these kinds of institutions.
Preschool educational institutions of all kinds need to have their designs seriously
reconsidered. Preschool education in its earlier form is in severe decline due to the shift
in departmental to municipal subordination of preschool institutions, the nation's crisis,
and the extremely low financial status of the populace. The former daycare centers are
no longer lucrative. It's not often that new preschools are built. The general
informatization of society and the population's growing educational potential, which is
centered on expanding the amount of knowledge that a modern person possesses,
dictate the urgent need for preschool education services to be provided to children on
a mass scale.

Keywords: functional need, social survey, questionnaire, regionalization,
conditions, needs, preschool institutions.
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Anparna. Kymwvicmeity makcamol  Coamycmixk  Kaszaxcmanuvly — oHipaik
2HCAROAUBIHOA MeKmenKe OelliHel MeKeMenepoiH HCalIbLIblK OeHeelline acep ememin
neyMemmik-35KOHOMUKANBIK acnekminepdi anvlikmay 060avin mabwiiadvl. 3epmmey
bOapvicvinOa Keneci Macenenep Wewinoi: ama-aHanap KOMumemiuiy Hezizel
KbI3bIQVWbLILIK — MONMAapbl  AHbIKMALObl,  Oananiapovly — MeKkmenke — OeliHel
MeKkemenepoe OONYbIHbIY HCAHA HCAROAUNAPBIH  KANbINMACMbIPY NPUHYUNMepi
aHblKmanovl, Oinim Oepydeci o32epicmepdiy Hezi3el acnekminepi aHblKmaniobl.
Caynem oicone aneymemmik MAaHbI30bLILIK JHCATNBL ICMepOily Kaszipeli Hca20aublH
3epmmey ywiHn Kondauwviiaowvl. Kazipei mexmenke Oetiinei 6inim bOepy mexemenepine
JIcyKmenzen MiHOemmepoiy He2i3el Kameeopusiapbl ocbl MeKemenepoiy Hezizel
MUNONIOCUANBIK KAMAPIAPLIH AHLIKMAY JHCIHe 3epmmey YUuliH Koa0anwulnaowl. bapavik
mypoe2i mekmenke Oeuinei Oinim bepy Mmexemenepi 63 HcoOANAPbIH eneyii mypoe
Kauma xapayovl Kaxcem emedi. Mexmenke Oeulinei Oinim 6epy, ouviy OYpbIHIbL
mypinde, mexkmenke OeuiHei mexemenepoiy 6e00MCMBOIbIK OARbIHbICIbLIbIZLIHbIY
MYHUYUnaiumemee ayvlCybiud, ei0iy 0a20apblCblHA JHCIHE XATbIKMbIY ome MoMeH
Mamepuanovly — AHcaz0aublHa — Oalllanvicmsl  mepey  Kyaovipayoda.  Bypuinev
banrabakwanap endi natioa axeameudi. Kaya mexmenke Oetlinei mexemenep icui
canvinbaiovl. Kozamowvl oicannviea 6ipoeti aknapammanowlpy, Kasipeli 3aManabl
A0aMHbIY OiNiM KONeMiH KeHelimyze 0agblmmanean XalblKmull 6Cin Kejle JHCamKaH
Oinim bepy aneyemi bananapaa mexmenke oeiiinei OLim bepy KblzmMemmepin Heannai
YCHIHYObIH WLYEbLI KAXHCeMMINi2iH My O0blpaobi.

Tyiiin ce3nep: @yuxyuonandvix Kadxcemminik, anieymemmiK —CayaiHama,
cayaiHama, auMakmanowvlpy, wapmmap, Kadxcemmiiikmep, MeKmenke oOeline
imekemernep.
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CONUAJIBHO-OKOHOMUYECKHUE ACIIEKTbBI KAK ®AKTOP
INOBBIHIEHHUA YPOBHA KOM®OPTHOCTU JOLKOJIbBHBIX

YUYPEKJIEHUN

A.lll. KaiinapoB* ® , ' A.KapabGaesn ®

Kazaxckuii arporexnnyeckuii uccienoBatenbckuil yauepcuteT uM. C.Ceitdymnnna,
Actana, 010011, Kazaxcran

AHHOTauus. [[envio pabomul aensiemcs onpedeneHue coyudrbHO-IKOHOMUYECKUX
ACNeKmos, GIUAIWUX HA YPOBEHb KOMGPOPMHOCHU OOUKOILHBIX YYPEHCOCHUl 6
peauonanvuwix  ycnosusix Ceeepnoco Kasaxcmana. B npoyecce npogedenus
uccne008anusi OvlIU peulenvl Cledyiouue B0NpoChl: BblsBEHbl OCHOBHbLLE 2PYNNbL
uHmepeco8 pooumenbcko2o0 KOMumema, 8blAsieHbl NPUHYUNBL POPMUPOBAHUS HOBbIX
yenosuii npebvisanus O0emeti 8 OOUIKOTbHBIX VUPEHCOCHUSX, 6bld6leHbl OCHOBHbIE
acnekmul U3MeHeHUll 68 00pa3z0eanuu. Apxumexmypa u cOYUarbHAs 3HAYUMOCHb
UCNONBL3YIOMCS Ol USYUEHUsL COBPEMEHH020 cocmosanus oen 8 yenom. OcHoeHbvle
Kamez2opuu 3a0ad, 8031a2aeMblX HA CO8peMeHHble OOUKONbHbIE 00pA308amebHbie
VupencoeHus, UCNONb3YIOMCs OIS BbIABLEHUS U U3VHUEHUST OCHOBHBIX MUNOTOSULECKUX
PAO08 dMuUx U008 yupexcoeHull. JJowkonvhvie 0dpazosamenvrvle YupercoeHus 6cex
BUO08 HYICOAIOMCSL 8 CEePbEe3HOM NepecMompe C8OUX NpoeKkmos. JlowKonbHoe
obpaszosanue 6 e2o0 NpexncHeM Guoe HAXOOUMCcs 6 2IYOOKOM Ynaoke us-3a nepexooa
8E00MCMEEHHOU NOOYUHEHHOCMU OOWKOIbHBIX YUPEHCOCHUN 6 MYHUYUNATIbHYIO,
KpU3Uca CmpaHsl U Kpatine HU3K020 MamepuaibHo20 NoaodceHus Hacenenus. boieuue
demcKue caovl yxce He npuHocam npubviiu. Hoevie Oowikonvhvie yupexcoenus
cmposimest  Hewacmo.  Bceobwas  ungopmamuzayusi  obwecmea,  pacmyusuil
00pa306amMenbHbIll NOMEHYUANl HACELeHUs, OPUEHMUPOBAHHbIL HA pacuiupeHue
00veMa 3HAHULL COBPEMEHHO20 YeN08eKd, OUKMYIOm OCMpPYIo HeobX00UMOCmb 6
MaAcco8om npedocmasieHuu 0emsm yciye 00UKONbHO20 00pA308aAHUSL.

KiarwueBble caoBa:. @yHKYUOHATbHASL NOMPEOHOCMb, COYUATbHBIL ONpPOC,
AHKemupoeaHue,  pecUOHAIU3AYUs,  YCI08US,  NOMPeOHOCMU,  OOWKONbHbIE
VUpetcOeHusl.
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1 INTRODUCTION

The urgency of current issues arising from the implementation of a wide range of programs and
methods, various forms of work with children in the conditions of the old material base, in buildings
that do not meet the modern requirements of the pedagogical process, is now visible thanks to the
development of preschool education. In this case, the issue of assessing the architectural quality of
the preschool education environment is particularly relevant, since the dynamics of scientific and
technical progress, improvement of the educational process, and expansion of social requirements are
not taken into account.

At present, preschool educational institutions in our country lack the material base necessary to
comply with modern design and construction technologies in the following areas:

- the existing architecture of preschool educational institutions is inadequate to the needs of
modern society and many social groups of consumers, including parents, teachers and students;

- currently, the architecture of preschool educational institutions does not meet modern
standards; for example, the introduction of scientific and technical means is not provided, there is no
possibility to organize a set of materials necessary for the pedagogical process;

- types of activities (leisure, educational games, modern educational activities).

It should be emphasized that in order to activate the development of educational institutions in
the territory of the Republic of Kazakhstan as a whole and Northern Kazakhstan in particular, a
comprehensive program for the development of preschool educational institutions is needed.

2 LITERATURE REVIEW

The article "Aspects of Formation of Architectural Environment for Preschool Education",
which was published in the news of universities "Arkhitekton"(Lamekhova, 2019), considers the
development of modern architecture of preschool institutions, identifies current problems and
suggests ways to solve them based on the main stages of design. A number of architectural techniques
and methods have been developed and presented, some of which are new to domestic practice and
include elements that create a playground in the summer and ideal conditions for installing an ice
slide in the winter, as well as the modernization and implementation of individual architectural
elements (slopes, ramps, straight and spiral tubular slides) to ensure a variety of play spaces and
improve fire safety of preschool educational institutions in Russia.

In researches Potapova T.V. (Potapova, 2004) reveals, that modern requirements for the
development of the network of architecture of buildings of preschool educational institutions include:
an increase in the number of typological series that meet the requirements for increasing the
availability of social services in the city; an increase in the number of functions in preschool
educational institutions necessary for the all-round harmonious development of the child, family
recreation, providing qualified assistance to parents in raising children; improving the architectural
aesthetics of buildings of preschool educational institutions by developing a set of compositional
techniques and means that help maintain a positive emotional mood of pupils.

According to the L.P. Bannikova's (Bannikova, 2007) considerations, the general
informatization of society and the growing educational potential of the population, aimed at
expanding the volume of knowledge of a modern person, dictate an urgent need to provide preschool
education services to children on a massive scale.

In researches A.V. Efimov (Efimov, 2005) reveals, that a modern person needs new knowledge
and skills to solve technical and intellectual problems of everyday life due to changing social
conditions, complication of economic and production processes, the need for continuous development
and self-improvement throughout life.

Taking into account modern requirements for the architectural environment of preschool
education and its prospective development, it becomes relevant to forecast and develop a
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comprehensive model of the building of a preschool educational institution, taking into account the
parameters of compliance with functional and planning flexibility, constructive rationality,
individuality and uniqueness of the architectural appearance, as shows A.A. Kuznetsova
(Kuznetsova, 2012) in her report. The purpose of the study is to develop methods, strategies and
principles for structuring the architectural space of modern preschool institutions, based on scientific
data.

The dissertation (Miklyaeva, 2011), a child's development and the maintenance and
improvement of his mental health greatly depend on the preschool and primary school levels being
implemented as levels of a unified system. A kid typically enters the educational system by enrolling
in kindergarten, and after completing it, they are introduced to primary school for the first time.

According to N.A. Loginova (Loginova, 2006), environmental events and human behavioral
events in the environment are not the same thing. occurrences that take place in a person's life without
their consent are referred to as environmental occurrences. Events related to the affirmation or denial
of any values are considered human behavioral events.

Arnheim (Arnheim, 1954) highlights the unique characteristics of the cognitive process
involved in the perception of art. He first stresses that aesthetic perception is an active, creative
activity rather than a passive, reflective act. It can be used for constructive purposes, such as creating
visual models, in addition to reproducing objects.

The article (Yakhno, 2022) considers the main methods of forming play spaces in kindergarten.
The role of the architectural environment in the education of the child's personality is considered. The
main principles of organizing children's play space and their relationship with the developmental and
educational function are given.

Air, soil, and water pollution, as well as the decline in children's health brought on by sedentary
lifestyles and high levels of emotional stress, are issues that require an ecological approach to solve
in order to provide a safe and health-preserving environment for preschoolers, as shown in report
(Lamekhova, 2019)

The contemporary issue of visual perception of the urban environment is the focus of Belyaeva
E.L.'s work (Belyaeva, 1977). The specificity and conditions of this perception are described, and the
theoretical preconditions for researching how architecture is perceived are examined. The city's
architectural environment's objectively assessed visual attributes are examined. Art historians and
architects are the target audience for this book.

3 MATERIALS AND METHODS

The methodological basis of the study is a comprehensive study of existing preschool
institutions in Northern Kazakhstan. The comprehensive nature of the study considers the stages of
the work:

- field studies;

- sociological research;

- identification of progressive criteria for the development of preschool institutions.

During the field study, more than 12 preschool institutions were visited with photo recording
and collection of statistical material.

Sociological research was conducted in 7 preschool institutions in the form of a survey and
questionnaire survey of the population and key specialists. To survey the population and key
specialists, two types of questionnaires were developed, including socio-economic aspects of the
development of preschool institutions. In total, about 80 people were interviewed, including
employees and parents.

The method of identifying progressive criteria for the development of preschool institutions
was used at the final stage when determining the main factors influencing the development of
educational institutions.
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4 RESULTS AND DISCUSSIONS

During the research, a sociological survey was conducted in the following categories of the
preschool institution:

- Junior group - for children aged 3 to 4 years.

- Middle group - for children aged 4 to 5 years.

- Senior group - for children aged 5 to 6 years.

Sociological surveys were conducted using the "Questionnaire - Interview", which includes 26
questions. The questionnaire consists of the following sections: information about the family is shown
in Figure 1, which indicates the number of children for each age group.

w B~ U

N

B Junior group = Middle group I Senior group
Figure 1 — Familysize (in % of respondents)(author's material).

When assessing the current situation in preschool institutions in Northern Kazakhstan, it is
important to note the dissatisfaction of employees of institutions with the development of the social
sphere, as well as the lack of conditions for the implementation of interests related to education, health
care, public provision of services and cultural needs - all this entails general qualities. Since Figure
2 shows the percentages of satisfaction with the conditions of preschool educational institutions, it
can  be concluded  that  there are several aspects that  require a
number of aspects that require a unique approach to solving the shortcomings.

completely satisfied

dissatisfied

M Junior group = Middle group I Senior group

Figure 2 — Degree of satisfaction with the conditions of institutions (in % of respondents) (author's material).
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As aresult of the conducted sociological research, several interest groups of preschool workers
were identified, the most important of which are:

- social security;

- education, including qualified education;

- satisfaction of cultural needs, recreation and sports;

- medical care.

As a result of the consideration of the factors influencing the development of preschool
institutions, it can be concluded that the social factor plays a significant role in its growth.
Recreational considerations are becoming increasingly important; the transition to integrated
architectural planning forms is becoming increasingly noticeable. As a result, territorial organization
does not reflect the current socio-economic situation.

Architectural design solutions for preschool educational institutions are becoming increasingly
attractive due to pedestrian accessibility to all city components, acceptable sanitary and hygienic and
environmental conditions. All this necessitates the development of an architectural planning structure
that reflects all the advantages of urban life, taking into account the density and number of storeys of
buildings, as well as the degree of improvement and maintenance of educational centers. Figure 3
shows the main reasons for dissatisfaction of parents and employees of preschool educational
institutions, which require primary attention.

M Junior group u Middle group Senior group

Figure 3 — Reasons for dissatisfactions (in % of respondents) (author's material).

Based on the results of the conducted research in the form of a sociological survey and the
current state of architectural planning solutions for preschool institutions, the following
recommendations are proposed to solve the identified problems:

1. To create an architectural environment for a group cell's individual space in accordance with
contemporary pedagogical requirements. This will enable the development of a flexible planning
structure that considers the primary activities and the unique aspects of preschoolers' psychological
development, as shown in report (Lamekhova, 2011).This is possible as long as the interior blends
easily transformable, multifunctional elements with a shared semantic integrity.

2. The internal organization of each group member's individual space may include mobile
architectural environment components, such as shelves, partitions, sports corners, small architectural
forms, natural elements, etc., which can also be colored-highlighted and arranged into groups and
activity centers, to enhance the emotional impact of particular emotional zones and to encourage a
particular kind of activity. The research (Lamekhova, 2017)analyzed the landscape component of
kindergartens, which is based on deciduous tree species.
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3. Every group or center has a distinct hue: for example, the play center and the physical activity
center are brightly colored, signifying that loudness is acceptable. Calm behavior is suggested by the
math and book centers' muted pastel tones. Such centers shouldn't be situated adjacent to one another
in order to guarantee comfort. The scientific article (Demidova, 2009) contains prerequisites, that
shelves that are roughly one meter high should be used to divide the centers in order to guarantee
both the safety and efficacy of play or educational activities.

4. As shown in dissertation (Komarova, 2020), it is possible to create a unique subject-
developing environment for each age group of children by selecting an ideological and thematic
concept, organizing the subject environment for each age group of children, and using various
figurative and coloristic solutions to form the internal space of preschool institutions' architectural
environments.

5. The research of Lamekhova I.V. (Lamekhova, 2007) The functions of "educational"
architecture, namely the creation of three different types of group cells for three age groups, can be
manifested in many ways by modeling the individual space of a group cell using the functional-
compositional matrix method and by utilizing a constructive system with a free layout.

5 CONCLUSIONS

Conducted sociological research allowed to conclude that the activities taking place in
preschool institutions of Northern Kazakhstan do not fully support the norms and rules.

A creative approach to the development of the architectural structure is currently required,
which covers all areas of economic, social and planning aspects.

To improve the architectural environment for preschool education, it is proposed to use the
technique of careful elaboration of details and textures of architectural elements of the facade, located
in the field of visual and tactile accessibility by creating a section of the facade with special texture
characteristics within 2 m from the ground and using different textured coatings and paving in open
play areas. Measures to protect against contamination of wall planes and water penetration are carried
out due to a tightly adjacent paving plane, the device of a blind area with a lawn covering. The contour
of the blind area involves the inclusion of various boundary lines, which helps to improve the aesthetic
qualities of the lower tier of the building. Creating a smooth transition from the basement to the first
floor allows for the creation of an additional field for creative activity of pupils using economical
means (smooth surfaces for drawing, textured coatings for the development of tactile sensations). In
addition, it is necessary to note the wide possibilities for concentrating attention by using window
openings with different parameters. This technique has not been used in domestic practice before and
deserves special attention in order to improve the quality of architecture and develop its didactic
properties. The technique of clarity is implemented by using and arranging window elements to carry
out experimental.
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THE ROLE OF DIGITAL TECHNOLOGIES IN THE
DEVELOPMENT OF SUSTAINABLE ARCHITECTURE IN
KAZAKHSTAN

A.S. Nabiyev*'&, E.M. Baitenov, G.A. Issabayev
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Abstract. In today’s world, digital technologies play a crucial role in the
development of architecture, particularly in the context of striving for sustainability,
which has led to the study of this concept within Kazakhstan. The region stands at the
crossroads of tradition and innovation, where the state is advancing the integration of
digital innovations into architectural design while preserving its rich cultural heritage.
This study examines how digital technologies can contribute to the creation of
sustainable and functional architecture in Kazakhstan, highlighting the benefits of
artificial intelligence, Building Information Modeling (BIM), 3D printing, as well as
virtual and augmented reality. The application of these technologies enables more
precise planning and implementation of architectural projects, taking into account the
natural and climatic conditions, socio-economic requirements, and cultural-historical
context of the region. Special attention is given to analyzing the resource potential of
different regions in Kazakhstan, allowing for the optimal use of local resources and the
integration of architectural structures into the existing landscape while maintaining
their uniqueness and identity. Thus, digital technologies open new opportunities for
creating sustainable and efficient architectural solutions that meet modern
requirements for comfort and safety while promoting environmental conservation. The
study emphasizes the importance of integrating new technologies with cultural and
historical aspects to ensure the harmonious development of architecture in Kazakhstan.
In conclusion, the authors highlight how digital technologies enhance the quality of
architectural projects and contribute significantly to the development of sustainable
architecture, advancing the concept of green building that blends innovation with
tradition. This approach provides a foundation for the further development of
architecture in Kazakhstan aimed at achieving high standards of sustainability and
quality of life.

Keywords: digital technologies, sustainable architecture, development of
Kazakhstan, green technologies, energy efficiency.
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FbIUILIMU MAKAJIA

KA3AKCTAHHbBIH TY¥PAKTDBI COVJIETIH JAMBITYAAT'bBI
HUDPJIBIK TEXHOJOI'UAJTAPIABIH POJII

A.C. HabueB*", .M. baiitenos, I''A. UcabaeB

I Mesxmynapoanas o6paszoBarenbHas kopnopanus, 050043, Anmarel, Kazaxcran

Anparna. Kazipei anemoe yuppivlk mexHoio2usaiap cayiem oHepiH 0amvlmyod,
acipece OpHBIKMbL 0aMy2a YMMbLIY KOHMEKCIHOe wewywi pen amyapaovl, Oyi
Kaszaxcman wenbepinoe ocol myascvippimoamarnsl 3epoeneyee ceben 6010vl. J[ocmyp
MeH JHCaHAUbLIObIKMbIY KUBLILICHIHOA OPHANACKAH AUMAK, MYHOA MeMaeKem O3iHiH
bati Ma0eHU MYpacvlH cakmail Omwvlpblh, MeK KAHA eMecC, CIVIeMmmiK OU3atHaa
YUDPAbIK UHHOBAYUANAPObI eH2i3y JHconbinoa. byn 3zepmmey swcacanovl unmeniexm,
aumapammaposl aknapammosix mooenvoey (BIM), 3D-6acvin wwieapy, conoaii-ax
BUPMYAIObL HCIHE MOTLIKMBIPLLIZAH UIHObIKMbIH APMBIKULLILIKIMAPbIHA 6aca HA3ap
ayoapa omulpbein, Yu@pivlk mexHonro2usnapovly Kazaxcmanuviy d9KOA0SUSLILIK HCIHE
@yHKYyUuOHANObIK cayemi uieHbepinoe Kypyea Kaiaill blknal ememinin Kapacmuipaobwl.
Byn mexnonoeusanapovl xonoawy auvmaxmely maOuu-KiuMammosiy HCaO0AllapblH,
NeyMemmik-I5KOHOMUKANBIK ~ MAIANMAPbIH  JHCIHE MIOEHU-MAPUXu  KOHMEKCMiH
eckepe Omulpuln, Caylem HcoOanapvin 0NIPEeK HCOCNAPIAYEA HCIHE ICKe achlipyad
MYMKIHOIK Oepedi. Kasaxcmamnnvly apmypii oHipiepiHiy pecypcmulk 21eyemin
manoayaa epexuie HaAzap ayoapwviiaovl, OV HCepeinlikmi pecypcmapobl OHMAivl
natoananyea JicaHe cayiem 00beKminepin oaapovly Oipeeetinici men Oipecelinicin
cakmail omulpvln, KOJIOAHLICMALl AaHowagmya Oipikmipyee MYMKIHOIK Oepeli.
Ocvlnatiwa, yugprvlx mexHoNO2UANAD IHCAUNBLILIK NeH KaVincizoikmiy 3amanayu
mananmapuvina dfcayan bepin Kaua Koumail, KOpuLa2aw OpmaHvl CAKMayed blKnail
ememin MYpakmel JHcoHe MUiMOi caylemmik —wewimoepoi KYpyoulH caHa
MYMKIHOIKmMepiH auiaovl. 3epmmeyoe MIOeHU dHCoHe MAapuxu acnekminepoi eckepe
OMBIPIN,  HCAHA MEXHONO2UANAPObl  UHMESPAYUANLAYOblY  MAHbI30bLILIZLL  AMan
eminedi, oyn Kazaxcmanoa caynem euepiwniy yinecimoi 0amyvlH KamMmamacsls emyee
MYMKIHOIK Oepedi. Kopwvimvinovinail Kene, aemopiap yu@prvlk mMexHoLo2UusLap
caynremmik 2#o06anapovbly CanacvlH KAHOAU JHCOIMEH JHCAKCAPMAMbIHbIHA HA3ap
ayoapaovl  JicoHe  MYpakmel — CIylemmiy — OAMYbIHA — aumapivikmail — yjaec
KOCAOLL.UHHOBAYUANAD MeH O0aCMYpaepol HCaH-dHCAKmul  OIpIKMipemin  Hcacolil
KYPOLIbIC MYACHIPLIMOAMAcyl. TYHCbIpbIMOAMAHBIY, MYHOAU MACLNI MYPAKMbLIbIK NeH
OMID Canacvinbly JHCORAPLL CMAHOAPMMAPLIHA KO JicemKizyee 0ablmmanean
Kasaxcmanoazol caynem enepin odan api damvimy yutin Heziz bepeoi.

Tyitin ce3nep: yugpavik mexuonozusanap, mypaxmsel cayiem, Kazaxcmanmnwiy
0amybl, HCACHLL MEXHONO2UANAD, IHEPIUsL MUIMOiniel.
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POJIb IIU®POBBLIX TEXHOJIOTUH B PA3BBUTUUN
YCTOMUYNBOM APXUTEKTYPBI KABAXCTAHA

A.C. HaGueB*'*, 3.M. Bbaiitenon, I A. UcabaeB

MexnyHnaponHas oopa3oBarenbHas koproparus, 050043, Anvarel, Kazaxcran

AHHOTANUSA. B coepemennom mupe yugposvle mexnonro2uu usparom Kirouesyro poib
8 pazeumuu apxumekmypul, 0COOEHHO 6 KOHMeKCme CMpemIeHUus K YCMmoudugomy
paseumuro, 8 3MOM CMAL0 NPUYUHOU U3VUEHUS. OAHHOU KOHYeNnyuu 6 pamKax
Kazaxcmana. Pecuon, naxooswasncsa na nepekpecmke mpaouyuii U Ho8amopcmaed, 20e
20cyoapcmeo Ha nymu  6HeOpeHus YUpposvix UHHOBAYUU 8 APXUMEKMYPHOe
NPOeKmMuposanue U He MOAbKO, COXPAHASL NpU MOM ceoe bo2amoe K)IbmypHoe
Hacnedue. Omo ucciedoeanue paccmampusaem, Kaxk yugposvie mexHoiocuu mMocym
CnOcobCmeosams CO30AHUIO0 8 PAMKAX IKOJLOUYHOU U (DYHKYUOHATbHOU APXUTNEKMYPbl
Kaszaxcmana, Oenas axyewm Ha npeumyuecmeax UCKyCCMEEeHHO20 UHMENIeKmd,
ungopmayuonno2o  moodenuposanus 30anuu  (BIM), 3D-newamu, a maxoice
BUPMYANbHOU U  OONOJHEHHOU peanvHocmu. [lpumenenue OaHHBIX MEXHONO2UL
no3eossem 6oiee MoYHO NIAHUPOBAMb U Pealu308bl8amb ApXUMeKmypHvle npoeKmul,
YUUmvleas NPUPOOHO-KIUMAmMu4eckue  VClo8us, COYUANLHO-IKOHOMUYECKUE
mpebosanus U KylbmypHO-ucmopudeckuii kKowmexcm peeuona. Ocoboe 6Humanue
yoensiemcs aHanusy pecypcHo2o NOMmeHyuania pasiudnsix pecuornos Kasaxcmana, umo
no3605em ONMUMATLHO UCNONb306AMb MECHHblEe pPecypcbl U  UHMEeSPUposamb
apxumexmypuvie 00beKmvl 8 CyWecmeyowull 1aHouagm, coxpausas npu dmom ux
VHUKATbHOCMb U UOeHmu4Hocms. Takum obpazom yugposwvie mexnHono2uu Omkpbleaom
HOBble 803MONCHOCMU OJisl CO30AHUSA YCMOUYUBBIX U IDDEKMUBHBIX apXUMeKmypHbIX
peuieHull, Komopule He MObKO 0MEeualom co8PeMeHHbIM mpedo8aHuamM Komgpopma u
besonacHocmu, HO U CHOCOOCMBYIOM COXPAHEHUIO OKpydcarweu cpedvl. B
UCCNe008AHUU NOOUEPKUBACTNCA BANCHOCb UHMESPAYULU HOBbIX MEXHON02UL C YUemom
KVAbMYPHBIX U UCMOPUYECKUX ACNeKMOo8, Ymo Nno3eojisem obecneuums 2apmMOoHUYHOe
pazeumue apxumexmypsi 6 Kazaxcmane. B 3axknoueHuu asmopvl 0eiaiom axkyeum Ha
mom, umo Kakum nymem  yugpogvle MexXHONO2UU  YIVUIUAIOM — Ka4ecmeo
apXumeKmypHviX nPoeKmos, U GHOCAM 3HAYUMENbHbI 6KAA0 8 PA3GUmue yCmoudueo
apxumexmypul, — paseueds. KOHYenyus  3e1eH020  CMpoumenbcmed,  Komopvle
PA3HOCMOpOHHe couemarom 6 cebe unHogayuu u mpaouyuu. Takoi n00xo0 KOHYenyuu
npedocmasisem OCHO8Y Ol OalbHeliule2o pazsumus apxumexmypul 6 Kazaxcmane,
HANPasileHHo20 HA OOCMUNCEHUE BbICOKUX CMAHOAPMO8 YCMOUYUEOCMU U KA4ecmed
HCUZHU.

KawueBble cioBa:. yugposvie mexnoniocuu, ycmouuusas apxumexmypad,
passumue Kasaxcmana, senenvie mexunono2uu, s3Hep203¢hghpekmusHocme.
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1 INTRODUCTION

In Kazakhstan, as in the rest of the world, solutions are needed to address environmental issues
and achieve sustainable development. To meet the challenge of sustainability in architecture, the
market is increasingly utilizing cutting-edge technologies - ranging from 3D modeling and Building
Information Modeling (BIM) to artificial intelligence (AI). These tools help ensure that homes and
buildings are not only visually appealing and comfortable but also resource-efficient, conserving
energy, water, and other essential resources.

The response to these challenges has been the active integration of digital technologies into
architectural practice, representing a modern approach to design and construction. This approach
encompasses a broad range of innovative technologies, including Al, BIM, 3D modeling and printing,
as well as the use of virtual and augmented reality (VR/AR), aimed at enhancing sustainability and
efficiency in architecture. Naturally, transitioning to new technologies is not without challenges.
Investments in new equipment, training of specialists, and legislative changes are necessary to ensure
these advancements are implemented effectively. However, through these efforts, the construction
industry in Kazakhstan is becoming more modern and innovative. Globally, there are numerous
examples of successful applications of digital technologies in construction, and Kazakhstan aims to
align with these trends.

This study focuses on analyzing the impact of digital technologies on shaping sustainable
architecture in Kazakhstan. The “Future Architecture of Kazakhstan” model places significant
emphasis on “green” technologies, such as water-saving methods, the use of renewable energy
sources, and strategies for improving the energy efficiency of buildings. This underscores the aim to
synthesize technological innovation with ecological approaches - a critical pursuit for a country
striving to create an environmentally friendly and sustainable architectural environment while
preserving its cultural and historical heritage. The study explores the potential of BIM and 3D printing
to enhance the accuracy of design solutions and optimize the use of materials and resources. It also
evaluates the role of Al in addressing routine tasks and examines the use of VR/AR in the design
process and stakeholder interactions. A key part of the analysis is assessing how these technologies
contribute to the environmental sustainability of buildings and urban structures, as well as
investigating ways to integrate them into architectural planning processes that take into account
Kazakhstan’s unique regional conditions.

2 LITERATURE REVIEW

The literature review highlights the contributions of research on digital technologies in the
context of cultural-historical and sustainable architecture, as well as their impact on the development
of construction in Kazakhstan.

Energy efficiency, as a crucial aspect of sustainable architecture, is discussed in Amory Lovins’
(Amory, 2011) work Reinventing Fire: Bold Business Solutions for the New Energy Era, which
proposes a comprehensive approach to transitioning to renewable energy sources and implementing
energy-efficient technologies across various industries, including architecture.

Research by Issabayev G.A. (Issabayev, 2020) introduces the concept of a digital agro-polis
for the sustainable development of rural settlements. Hardin and McCool’s (Hardin & McCool,
2015) studies emphasize the enhancement of project planning and management through the use of
BIM. The application of BIM for the restoration of Notre-Dame de Paris and the preservation of its
historical value through the use of traditional materials is illustrated by Guselnikov V.S. and
Krupennikov 1. (Guselnikov V. S. & Krupennikov L.).

Additive technologies, particularly 3D printing in construction, show potential for sustainable
development by minimizing waste and utilizing eco-friendly materials, as noted by Kornweitz
(Kornweitz, 2021). VR and AR technologies, described by Milgram, Takemura, Utsumi, and Kishino
(Milgram, Takemura, Utsumi, Kishino, 2005), improve design processes and stakeholder
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engagement, making project visualization more intuitive. Chaillou (Chaillou, 2020) and Abacioglu
(Abacioglu, 2020) explore the application of Al, highlighting new methods of interaction between
humans and technology to accelerate the self-organization of the design process.

The importance of preserving cultural heritage is emphasized in the works of Abdrassilova G.S.
and Danibekova E.T. (Abdrassilova & Danibekova, 2021), as well as Glaudinova M.,
Galimzhanova A., and Glaudinov B. (Glaudinova, Galimzhanova A, Glaudinov B. 2021), and
Baitenov E. (Baitenov, 2023), who investigate the balance between historical identity and modernity
in architecture.

3 MATERIALS AND METHODS

This study employs a combination of interdisciplinary approaches. An analysis of global and
local examples of the use of digital technologies, such as BIM, Al, 3D printing, and VR/AR, has been
conducted to identify best practices that can be adapted and applied for the development of sustainable
architecture in Kazakhstan. The methodology incorporates knowledge from various fields, including
digital culture and cultural-historical heritage, which has helped in identifying and structuring key
aspects of the content.

4 RESULTS AND DISCUSSION

This section presents the findings of the research dedicated to the role of digital technologies in
advancing sustainable architecture in Kazakhstan, focusing on their potential and practical
application.

4.1 APPLICATION OF BIM AND 3D TECHNOLOGY

The study revealed that Building Information Modeling (BIM) and 3D modeling technologies
play a critical role in architecture and construction in Kazakhstan. These technologies enhance project
planning and facilitate better construction management, from the design phase to the building’s
operational use. They contribute to making buildings more energy-efficient and help reduce waste
(Yitmen, 2021). However, as with any emerging field, there are challenges. For instance, BIM
implementation can be costly, especially for smaller projects that may not justify the investment,
potentially increasing overall project expenses (Hardin & McCool, 2015).

A prominent example from global practice is the restoration of Notre-Dame de Paris after the
fire. Restorers used BIM modeling and advanced technologies to expedite the restoration process
while preserving the historical value by employing traditional materials. The use of Autodesk Revit
for creating a detailed model of the cathedral Figure 1, AutoCAD for drawings, Recap for processing
laser scanning data, BIM 360 for collaborative project work, laser 3D scanners, drones, and other
associated technologies enabled precise planning and documentation of the work. The project also
employed digital twins and IoT to enhance the cathedral's management, which aids in preventing
future catastrophes, showcasing a blend of heritage conservation and innovation (Guselnikov, 2022;
Krupennikov, 2023).

Drawing lessons from these examples, several key approaches can be identified for preserving
historically significant structures in regions spanning from the ancient settlement of Otrar and Sygnak
to the majestic mausoleums of Aisha-Bibi, Babaji Khatun, and Khoja Ahmed Yasawi. The application
of laser scanning and photogrammetry technologies allows for the creation of precise 3D models of
these sites. This facilitates the assessment of their condition and aids in planning restoration efforts
while considering the architectural and historical specificities.

Virtual modeling using software such as Revit and related programs opens up new opportunities
for detailed visual analysis and optimization of the restoration process, ensuring the authenticity and
uniqueness of each site. An important aspect is the integration of traditional restoration methods with
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modern technologies, contributing to the durability and sustainability of structures (Nabiev et al.,

2019).

The installation of monitoring systems with sensors, including seismometers and thermo-
anemometers, to track changes in the condition of structures in real-time allows for the timely
detection and prevention of potential damage, which is critical for traditional materials and
historically valuable sites.

Figure 1 — BIM model of Notre-Dame developed by EPA and Autodesk.
(Retrieved from: URL: http://surl.li/rdsjen)

3D printing offers new methods for using eco-friendly materials, enabling the construction of
energy-efficient buildings with unique forms, making construction more accessible, eco-friendly, and
economical. However, the adoption of these technologies in Kazakhstan faces challenges such as the
high cost of software and equipment, as well as the need for specialist training. Despite this, the
prospects for using digital technologies in Kazakhstan’s construction industry appear promising due
to decreasing technology costs, government support, and increasing awareness of their benefits. One
of the first 3D-printed houses was built in Moscow's region by the startup Apis Cor in 2015.

From 2020 to 2022, 3D printing demonstrated its effectiveness and began to spread in
construction, attracting significant investments. By 2023, over 1,000 buildings had been 3D printed,
and the technology started being used for building settlements, with a regulatory framework
developing to support it Figure 2, (Kornweitz, 2022).
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Figure 2 — Statistics on the use of 3D printing. (Retrieved from: URL: http://surl.li/fccgxo)
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An example is a two-story house in Germany built using 3D printing. The walls of the house
were constructed layer by layer, with a production rate of five minutes per square meter of wall Figure
3, (Kornweitz, 2022).

Figure 3 — The first residential house created with 3D printing in Germany, 2020. URL:
https://habrastorage.org/getpro/habr/upload files/412/d91/493/412d91493671aacbd2e8feb6079713ab.jpg

3D printing offers new methods for using eco-friendly materials, enabling the construction of
energy-efficient buildings with unique forms, making construction more accessible, eco-friendly, and
economical. However, 3D printing in construction has its drawbacks, including high costs and
technological complexities. It is not always more cost-effective than traditional methods due to the
expense of equipment and materials. Challenges include wall quality issues and the need for
temperature control during printing. Despite these limitations, the technology has found applications
in various areas, including the construction of wind turbine supports. The implementation of 3D
printing is slowed by the need for standardization and certification of new materials and methods.
Developing these standards takes time, and specialists face the task of adapting the technology and
overcoming various barriers.

4.2 INTEGRATION OF VR/AR, ARTIFICIAL INTELLIGENCE, AND INDUSTRY 4.0
PRINCIPLES

Virtual tours of buildings, cities, or historical sites have become popular as a means of
engagement and education. Augmented Reality (AR) enables the visualization of future structures
within real-world environments, enhancing the understanding of architectural designs. For instance,
new VR technologies, such as Apple Vision Pro, offer novel opportunities for studying and preserving
cultural heritage. These technologies simplify the creation and interaction with virtual models of
archaeological findings, reducing the risk of damage (Milgram et al., 2005). Developers employ
various tools to create educational materials that promote cultural heritage.

Artificial intelligence (Al) is transforming the field of architecture by automating design
processes. Al assists architects in analyzing large datasets to develop innovative projects, enhancing
all stages of design and introducing new construction methods and materials (Chaillou, 2022; pro-
tim.ru, 2023).

In Kazakhstan, archaeological research supported by the “Cultural Heritage” program utilizes
modern technologies to study historical sites. Preservation projects for ancient settlements and
mausoleums leverage laser scanning and 3D modeling to facilitate documentation and digital
restoration. Virtual reconstructions allow for detailed studies of architectural monuments, producing
highly accurate digital replicas.
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These methods have proven valuable in the restoration of cultural and historical sites in
Kazakhstan and in archaeological research, as demonstrated by the example of the Sygnak settlement
Figure 4. Partial approaches to the study and restoration of Sygnak have provided insights and
sparked interest in the history and culture of the region (Nabiev et al., 2019).

Figure 4 — Models of the virtual reconstruction of the Sygnak settlement (Nabiev et al., 2019).

At the symposium on sustainable construction, Abacioglu T. discussed how Industry 4.0
contributes to building a future where construction is environmentally friendly, economically feasible,
and socially responsible. Sustainable development here is viewed as a means to meet current needs
without compromising future generations. This involves reducing waste and increasing recycling
through new technologies such as 3D printing.

The concept of Industry 4.0 brings innovations to construction through automation and
intelligent technologies, making processes more efficient and less harmful to the environment.
Abacioglu emphasized the importance of balancing environmental, economic, and social goals and
highlighted the need to maintain the human element within technological progress to ensure that
construction is not only smart but also sustainable (Abacioglu, 2020).

4.3 SUSTAINABILITY AND CULTURAL HERITAGE: THE «FUTURE
ARCHITECTURE OF KAZAKHSTAN» MODEL

The Bronze Age and antiquity left a significant imprint, while the Middle Ages contributed
castles and mausoleums that reflect the spirit of their time. Modern ethnographic approaches
emphasize the importance of preserving traditional methods and materials while adapting them to
contemporary needs. The use of traditional ornaments helps maintain national identity, while modern
architecture merges innovation with respect for cultural heritage. The regional characteristics and rich
history of Kazakhstan inspire the creation of architecture that embodies the unique nature of the
locality.

Natural, climatic, socio-economic, and cultural-historical factors play a key role in shaping
architecture. Economic prosperity and social requirements determine building types and materials,
while cultural traditions and historical heritage are expressed through styles and designs. The regional
characteristics of Kazakhstan, including the unique artistic imagery of each area, give architecture
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not only functionality but also cultural significance. The southern region, as a center of economic and
cultural development since the Middle Ages, maintains its uniqueness in architectural solutions.

The new architecture of Turkestan draws inspiration from historical buildings, such as the
mausoleum of Khoja Ahmed Yasawi, creating a unique cityscape that blends tradition and modernity.
This approach allows Turkestan to preserve its identity in an increasingly globalized world, offering
a fresh perspective on traditional Eastern architecture and highlighting its role as a spiritual center
(Abdrassilova & Danibekova, 2021).

In Astana, the transformation of the city’s architectural landscape combines tradition with
modern architectural trends. The concept of “chance” in architecture characterizes the current state
of architecture in Kazakhstan, reflecting the process of adapting to change, exploring new forms and
styles, and striving to create a new national identity (Glaudinova et al., 2022).

Green Technologies. Architecture plays a crucial role in the development of sustainable
technologies, such as wind turbines, water conservation, and energy efficiency. Wind energy reduces
electricity consumption and enhances the sustainability of buildings. Water conservation has become
essential with the introduction of new regulations, such as those in Kazakhstan starting in 2024. In
the UAE, “steam fountains” are used to humidify and cool the air to combat heat. Desalination and
the use of low-carbon materials make buildings more eco-friendly and resilient.

Sustainable architectural and agricultural projects, both within and beyond Kazakhstan, are
being developed based on ecological principles and the latest technologies. Research focuses on
methods such as drainage systems and passive heating, which protect buildings from extreme weather
conditions and increase energy efficiency. The use of local materials and innovative solutions
improves livestock conditions on farms and enhances agricultural sustainability. These examples
demonstrate the potential for developing previously unsuitable land for agriculture, maintaining the
natural balance, and improving life in small settlements (Iskhodzhanova & Salimbekova, 2022).

Within the framework of a sustainable system, the concept of a digital agro-polis aims to create
sustainable rural eco-settlements in Eurasia for the cultivation of organic products using modern
technologies while minimizing environmental impact. This includes the use of IT systems for
resource management, drones for crop monitoring, blockchain technologies for product quality
assurance, big data analysis for optimal crop planning, educational programs for local residents, and
the use of renewable energy sources, contributing to the economic well-being of rural areas
(Issabayev & Issabayeva, 2020).

Use of Traditional Building Materials. Kazakhstan produces a wide variety of building
materials, including cement, asbestos products, concrete structures, ceramic materials, plastics,
roofing materials, facade cladding, and more, including glass and stone products. The architecture of
Kazakhstan shows respect for traditional building materials, which reflect the historical and cultural
heritage of the country’s various regions. These materials not only embody local traditions but are
also adapted to climatic conditions, offering natural solutions for ensuring sustainability and comfort
(forbes.kz, 2023).

Many “green” materials may not meet environmental standards, a practice known as
“greenwashing,” making it important to verify their compliance with eco-certifications and standards
(Spiegel & Meadows, 2011). Combining new concrete production technologies with traditional
materials enables the construction of more sustainable and energy-efficient buildings. The use of local
resources in new concrete formulations reduces environmental impact and preserves ties to tradition.
The introduction of non-heated, self-compacting concrete in the production of precast reinforced
concrete has reduced electricity consumption from 146 kWh to 125/48 kWh (Kolesnikova &
Alguzhina, 2021).

In Western Kazakhstan, the use of stone, shell rock, limestone, and clay in construction reflects
the region’s rich history of creating necropolises, mosques, settlements, and homes capable of
withstanding strong winds and sandstorms. These materials provide coolness during hot summer
months and retain heat during cold winters.
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Northern Kazakhstan, with its harsh winters, has long utilized traditional building materials
such as clay, terracotta, wood, and stone to create warm homes capable of withstanding low
temperatures.

Central Kazakhstan traditionally uses wood, clay, and stone, reflecting the availability of
resources for building warm homes in a continental climate. These materials integrate harmoniously
into the region’s landscape.

In Eastern Kazakhstan, where the climate is wetter and colder, wood and stone are preferred for
providing reliable protection from wind and precipitation, as well as for retaining indoor warmth.

Southern Kazakhstan predominantly uses terracotta, light-colored clay and stone, wood, and
reeds, which effectively absorb sunlight and prevent overheating of buildings during summer. These
materials are also highly durable, maintaining their aesthetic qualities for centuries.

The use of traditional building materials in Kazakhstan reflects the centuries-old history and
culture of the regions and provides practical solutions for creating comfortable and sustainable
housing in diverse climatic conditions.

In the future architecture of Kazakhstan, as shown in Figure 5, it is crucial to consider cultural
heritage and resilience to change. We must adapt traditions to new technologies so that buildings can
withstand climatic and social challenges while preserving the uniqueness of architecture. Innovations
must be used wisely so that small changes in design or materials can significantly enhance building
sustainability. It is equally important to maintain cultural values, integrating modern and traditional
elements into a harmonious whole. Our goal is to create spaces that serve current needs without
forgetting the past and future (Baitenov, 2023).

5 CONCLUSIONS

The study on digital technologies in architecture demonstrates that the use of BIM and 3D
printing enhances project efficiency, reduces waste, and optimizes resource utilization. The
application of Al, VR/AR, and Industry 4.0 principles improves design processes and reduces errors,
contributing to the overall efficiency of construction. Further implementation and adaptation of these
technologies to local conditions and needs will advance the construction industry and improve the
quality of the urban environment. Digitalization also plays a crucial role in preserving cultural and
historical heritage, allowing for precise documentation and recreation of structures while adapting
traditional materials to modern sustainability requirements.

The study recommends the development of educational programs, digital technology standards
in architecture, and platforms for experience exchange. It is advised to explore the economic
efficiency, social and cultural impacts of these technologies, and the integration of renewable energy
sources to achieve sustainability and energy efficiency. The adoption of digital technologies, such as
BIM, 3D printing, VR, and AR, has the potential to transform construction, making it more efficient
and eco-friendly, while ensuring the preservation of Kazakhstan’s cultural traditions.
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Abstract. Global urbanization and urban population growth emphasize the need
for a safe and comfortable urban environment, especially in large cities such as Almaty
in Kazakhstan. The fusion of historical architectural ensemble with new development,
along with compositional aspects of urban aesthetics, raises urban development issues.
Thus, the street-road network and communications vary in the degree of wear and tear
and load, which requires logistical support from road and utility services and energy
supervision. In addition, the threat of earthquakes and other disasters requires effective
evacuation strategies. This article presents the effectiveness of a digital 3D city model
as an innovative solution for improving urban safety. The methodology uses the
concepts of "protective space”, "eye on the street" and "city for people” to establish
safety criteria. At the same time, given the relevance, special attention is paid to seismic
safety. Using information and communication technologies, this model forms and then
continuously updates the basic principles of urban development. Using comparative
analysis, photography and morphological mapping, she explores architectural and
urban planning strategies for safe spaces at different scales, from individual buildings
to neighborhoods. The proposed smart digital model aims to improve urban safety by
helping to identify and address safety issues. This approach expands the scope of urban
planning methods, stimulates interdisciplinary research to improve the quality of life in
cities and contributes to the development of the smart city initiative in Kazakhstan.
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Anparna. JKahanovlx ypbanmuzayus dcoHe Kaid XAaIKbIHbIH —ocyi, acipece
Kasaxcmannviy Anmamel cusakmol ipi KananapwulHOa Kayinciz dcaHe Hcaiibl KAlanblK
opmanvly Kaxcemminiein kepcemeoi. Tapuxu cayniem ancamOniniy dHcawa Oamymen
yiliecyi, Kania 3CMEemuKdcCblHbIY KOMHO3UYUSAILIK ~dCNeKmilepiMer Kamap, Kauia
KYpulibicbl — Macenenepin — komepeodi.  Ocvuiauuia,  KOWe-JCON  JHcelici  MeH
KOMMYHUKAYUALAPbL MO3) JHCIHE dHCYyKmeme 0apedicecinoe ap mypii 601aowsi, OYi Hcol
JHCOHE KOMMYHANObIK Kbl3MemmepoeH Mamepuanloblk-mexHuKaiulk Kammamacsl3 emyoi
JHCoHe IHEP2eMUKANbIK Kaoazanayosl Kadxcem emeoi. CoHbiMen Kamap, dcep CilKiHIiCi MeH
backa 0a anammap Kayni 36aKyayuansbly MuimMoi cmpamecusniapvii Kaxcem emeoi. byn
maxanaoa Kana Kayincizoiein apmmauipyobly UHHOBAYUSANBIK wewimi peminoe yugpuvix 3d
Kana MOOeNiHiY MmuiMoiniei yYcolHbliean. 9Ooicmemede Kayincizoik Kpumepuiiiepin
benciney ywin "kopeanvic xeyicmiei”, "keweoezi ko3" socane "adamoapea apnanzan kana"
yauimoapsl  Konoauwliaovl. byn pemme o3eKkminicin eckepe OmMulpvln, CeUCMUKATbIK
Kayincizoikke — epexuie  Hazap — ayoapwliaovl.  AKnapammulK-KOMMYHUKAYUSTBIK
MexXHoNo2UANapobl  KON0AHA Omvlpbln, OY1 MOOelb Kald KYpPblLIblCbIHbY —He2i3el
NpUHYUNmMepin  Kaielnmacmsipaosl, COOAH KeUiH YHeMi JCaHapmuln  Omulpaobsl.
Canvicmuipmansl manoayosit, pomoepagusansl Hcane MOPPOLOUANBIK KAPMAHbL KONOAHA
omulpvin, 01 JiceKe eumapammapoan obacman — ayoanoapaa  Oeuinei  apmypii
macumadbmagel Kayinciz Keyicmixmepee apHANeam Cayiem JHcoHe Kald KYpbliblCbl
cmpamezusnapvlH  3epmmetioi. ¥CbIHbLIEAH aKbLIObL YUPDPILIK MOOelb Kayincizoik
Macenenepin aHbIKmMayea JHCoHe uleury2e KOMeKmecy apKblibl KalaablK Kayincizoikmi
Jrcakcapmyea bazeimmangan. byn macin Kana Kypolivicol a20icmepiniy ascvlH KeHelimeoi,
Kanaiapoazel OMip Cypy canacvii xcakcapmy OOUblHWA NIHAPAulK 3epmme)nepoi
bIHMANaHObIpaosl dncane Kazaxcmanoaevl "akwviniovl Kana' 6acmamacvlHbly OAMYbIHA
bIKNAJL emeoi.

Tyiiin ce3nep: ypoanuzayus, xayinciz opma, 3D moodeni, axviiobl Kala,
CeLCMUKANBIK, KAYINCI30IK
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AHHOTauus. [7nobanvHas ypbanuzayus u pocm 20pOOCKO20 HACeNeHUs.
NOO0YepKUBAIOm HeoOX00UMOCMb CO30aHUs OEe30NACHOU U KOMGOOPMHOU 20pOOCKOLU
cpeodvl, 0COOEHHO 8 KPYNHbIX 2opodax, makux Kak Armamer 6 Kazaxcmane. Cnusnue
UCTNOPUYECKO20 apXUmeKmypHo20 aHCAMONsL C HOB0U 3ACMPOUKOU, Hapsady ¢
KOMNO3UYUOHHbIMU — ACNEKMAMU  20POOCKOU  ICMEMmuKu, HOOHUMAem 60NpOCyl
20poockoeo pazeumus. Taxum obOpasom, YIUUHO-OOPOICHASL Cemb U KOMMYHUKAYUU
pasuuaomcs nO CmMeneHu USHOCA U HA2py3Ku, 4mo mpebyem MamepuaibHoO-
MEeXHU4ecKol NOOOEPAHCKU CO CMOPOHbL OOPONHCHBIX U KOMMYHATbHBIX CIYHCO, A MaKice
9Hepeemuuecko2o Haozopa. Kpome mozo, yeposza zemnempsacenuii u Opyeux CmuxuiiHblx
beocmeuti mpedyem d¢hghekmuenvix cmpameeuil 38axkyayuu. B omou cmamve
npeocmasiena d¢hgpekmusrnocmos yu@dposou 3D-modenu 20pooa Kak UHHOBAYUOHHO2O
peutenus 05l NoGvluleHUss 6e30nacHoCmu 8 20podax. B memodonozuu ucnonvzyromes
KoHyenyuu "3awumnoeo npocmpancmea”, "enaz ¢ ynuywvl" u "20poo onsa aroodeu” ons
onpedenenus Kpumepueg OezonacrHocmu. I[lpu smom, yuumweieas axmyaibHOCHb,
ocoboe  @HuUMaHue  yoensemcsi  celicmuueckou — OezonacHocmu.  Hcnonvsys
UHDOPMAYUOHHO-KOMMYHUKAYUOHHbLE MEXHON02UU, IMA MOOelb (hopMupyem, a 3amem
NOCMOSIHHO O0OHO8/5eM OCHOBHblE NPUHYUNBL 20pOO0CK020 pazsumus. Hcnonv3ys
CpasHUmenbHblil aHanus, pomoepaguu u mopgonocureckoe kapmozpagpuposanue, OHa
ucciedyem —apxumexkmypuvle U  2paoocmpoumenvHvle  cmpameuu  cO30aHUsl
0e30nacHvlX NPOCMPAHCME 6 PA3HLIX Macuimabax, om OmOeNbHbIX 30aHUli 00
MuKpopationos. [lpednazaemas unmeniekmyanbHas yughposas mooeib Hanpasiena Ha
nosvluleHue 0Oe30nacHOCmU 6 20po0ax, NOMo2ds 6bIAGNAMb U peuams npodieMbl
bezonacnocmu. dmom nooxoo pacwupsiem chepy npumeHenuss Memooos 20pP0OCKO20
NIIAHUPOBAHUSA, CIMUMYIUPYEm MeHCOUCYUNTUHAPHBIE UCCLe008aHUS OISl YIVUULEHUS
Kauecmea HCUu3tu 8 20po0ax u cnocoocmayem pazsumuio unuyuamugol "Yyvunwiii 2opoo”
6 Kazaxcmane.

KuaroueBsle cnoBa: ypoanuzayus, bezonacnas cpeoa, 3D-mooenv, ymuwlil 20poo,
celicmMudeckas 6€30nacHOCMb
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1 INTRODUCTION

Architectural and urban planning principles are key to a safe urban environment (Tolegen,
Pomorov, & Issabayev, 2023). Today, the transformation and reconstruction of the modern city
environment are becoming relevant, taking into account the latest modern technologies and social
requirements, with the observance of users' interests at a level that is not as quantitative as qualitative
(Ying, Oosterom, & Fan, 2023, Konbr, & Mamdouh, 2022). Almaty is the largest city of
Kazakhstan. All major financial and cultural objects are concentrated here, and the beautiful mountain
scenery attracts not only residents of Kazakhstan but also tourists (Tolegen, Imanbayeva, Trofimov,
Popov, & Amandykova, 2022). The number of citizens especially increases during the school
season, in the city, concentrated many higher and secondary educational institutions. These aspects
make Almaty a center of attraction for construction companies that deploy active residential and
public building construction (Tolegen, Konbr, Karzhaubayeva, Sadvokasova, Nauryzbayeva, &
Amandykova, 2023, Tolegen, Moldabekov, Kosheno, & Mugzhanova, 2018). Block or point
construction introduces new objects into the existing context, often violating the principles of
"neighbourhood".

For example, violation of access control, complete shading of neighboring buildings and
violation of insolation requirements, conditional nature of landscaping. The city's most important
problem is that Almaty is in the zone of the 9-point earthquake. Therefore, earthquake resistance is
one of the main issues in creating a safe urban environment (Zhaina, Kaltay, Mukhtarova, Beibit,
& Amandykova, 2022). In addition to the threat of destruction and collision of buildings, there is a
problem of a lack of information and orientation for evacuation of people, designated open areas, and
temporary facilities that could be installed to serve the population (Tolegen, Issabayev, Yussupova,
Murzalina, & Amandykova, 2022). Problems are associated with the infrastructure of residential
areas of the post-Soviet period, which still occupy a significant part of the urban area. The unfavorable
factors include the presence in the volumetric and spatial solution of residential buildings of blind
unviewable ends, poor natural lighting in entrances, lack of comfortable public spaces, etc. Most of
these residential properties are rented out and subject to frequent changes of tenants, which increases
the problems of lack of social control and creates discomfort for residents and pedestrians. Another
important factor in justifying the relevance of this topic is the need for cities in Kazakhstan to comply
with international safety indices (Iskhojanova, Zayats, & Sarttarova, 2022).

It should be noted that active construction not only increases the density of the urban
environment but also significantly expands the territory of the entire city of Almaty. For example, in
the early 2000s, the city's boundaries included eight districts. Nowadays, the territory of Almaty
consists of 11 districts. Expanding the urban area leads to the extension of the main street network
and the emergence of new ones. The street network is organized according to the historically
established Almaty scheme - the road and sidewalk principle. According to this approach, transport
is given 2-4 road lanes, and the size of sidewalks is 1 meter. This leads to non-compliance of
pedestrian streets to safety requirements, creating comfortable conditions for people and forming
visual and aesthetic properties.

Considering all the aspects described above, creating a safe urban environment is the most
important issue for the City Hall and among architects, urban planners, urbanists, designers, etc. The
creation of a safe urban environment is the most important issue for City Hall. Specialists often
organize seminars, competitions, and conferences, where the main task is to search for new ideas and
proposals for solving the problems of urban environment safety (Gholipour, Mahdinejad, Saleh &
Sedghpour, 2021).

Specialists of seismology, builders, and architects are currently working on the passportization
of buildings for seismic resistance. The passportization covered 10,525 objects built before 2001,
including residential buildings, social facilities - schools, kindergartens, polyclinics, hospitals, and
administrative buildings. It was carried out to examine buildings for earthquake resistance to identify
defects and deterioration of structures (Abdirayim, 2023). A third of the 10,525 objects in the city
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surveyed as part of the passportization do not meet the norms of seismic resistance, and a thousand
houses were recognized as dilapidated by experts and recommended to be demolished.

Based on the results of the passportization, electronic passports were created with the surveyed
10,525 objects linked to the electronic map 2 GIS. For each object on the map, there is a photo and
information about whether the building is earthquake-resistant or not, what will happen to the building
in case of an earthquake in Almaty, and whether there is a place to gather. Old buildings that have
been remodeled pose a particular threat.

This trend became widespread in the early 2000s when the first floors of panel houses were
reconstructed as stores and pharmacies with separate entrances. To introduce the concept of "city for
people" in Almaty, the famous Danish architect and urban design consultant and author of the concept
of "city for people", Jan Gale, was invited to Kazakhstan in 2014-2016. The architect gave six lectures
in Almaty to representatives of the city authorities, city planning council, architecture students, and
builders.

The expert noted that Almaty has huge spaces, large neighborhoods, and sparse development.
This creates some discomfort. Many underground and elevated crosswalks do not allow people to use
the space of streets to cross without steps on zebra. Catastrophic lack of comfortable space for
pedestrians on the streets of the city. Almaty has a unique natural potential - the city is close to nature
and has numerous green spaces. Despite these advantages, the main problem of the city is air
pollution. The idea of a "city for people" has been partially realized in Almaty. Bicycle lanes and
stations for bicycles and scooters have appeared.

Part of the city streets were reconstructed with safety islands. It should also be noted that the
city of Almaty currently has a digital three-dimensional model, but its main purpose is economic.
Providing general information and the structure of the urban environment to attract investors for the
construction of new facilities. Therefore, this study aims to validate the need to create a unified
platform that can assess the safety of the urban environment and present possible options for
architectural and urban planning solutions.

Based on the studied sources raising the issues of developing a model for organizing the
construction of an urban environment, the main security risks should be identified: criminal,
infrastructural, environmental and seismic.

The relevance of the study lies in the development of a system of general security and improving
the quality of life in the cities of Kazakhstan.

Thus, the purpose of this study is to justify the need to create a single platform that could assess
the safety of the urban environment and present possible options for architectural and urban planning
solutions. This study is aimed at developing the concept of a digital three-dimensional model of the
city as an architectural and urban planning method for creating a safe urban environment.

2 LITERATURE REVIEW

Theoretical aspects of organizing urban environment safety are reflected to a certain extent in
scientific works of foreign and domestic scientists. Depending on the stages of urbanization, various
theories of architectural urban planning were put forward and tested, types of ensuring safety and
organizing life in cities were considered.

In her book, "The Death and Life of Great American Cities", Jane Jacobs (Jacobs, 1961)
emphasized the importance of "eyes on the street" in keeping urban areas safe. Her theories emphasize
the importance of active streets and mixed-use buildings to keep people in constant presence, which
helps reduce crime.

Oscar Newman's (Newman, 1972): "defensible space theory, proposed in 1972, asserts that
certain architectural and planning decisions can increase safety by strengthening territorial control
and creating clear boundaries between public and private spaces".

CPTED (Crime Prevention Through Environmental Design), a concept developed in the 1970s,
is based on the idea that architecture, physical planning, and environmental design can influence
human behavior and reduce the likelihood of crime. The principles of CPTED include improving

107



QazBSQA Xaotapubichl. Ne4 (94), 2024. Caynaer

visibility and lighting, maintaining order and cleanliness, restricting access, and fostering a sense of
community (Jeffery, 1971, Elsayed, 2024).

Kevin Lynch (Lynch, 1960), in his book "The Image of the City", published in 1960, explores
how people perceive and orient themselves in urban spaces. The book's main idea is that successful
urban design must consider the ease of orientation and understanding of the urban environment by its
residents and visitors. Lynch argues that five basic elements are necessary to create an "image of the
city" in people's minds: paths (roads, trails), boundaries (delineators of spaces), neighborhoods
(distinguishable sections of the city), nodes (focal points such as squares and intersections), and
landmarks (notable objects). These elements help people form a stable mental image of the city,
making navigating and perceiving the urban environment easier.

Le Corbusier (Corbusier, 1987) in his works, including the book " The City of To-morrow and
its planning", put forward the ideas of separating urban functions, creating wide avenues and large
green spaces, and applying strict geometry in the layout. These ideas aimed to solve the problems of
congestion and disorganization in traditional cities, which is relevant to safety issues. Le Corbusier
advocated the creation of different levels for pedestrians and vehicular traffic, which was intended to
reduce traffic accidents and improve pedestrian safety and comfort.

Many studies developed an integrated approach to planning the urban environment, considering
social, economic, and aesthetic aspects of life. He substantiated the need to create multifunctional
urban areas that balance residential areas, public spaces, and recreational areas. Recent trends in
planning contributed significantly to developing concepts for creating safe and human-centered urban
spaces. His approach to urban design centers around improving citizens' quality of life by making
urban spaces safer, more comfortable, and more accessible to all categories of people (Krebs, Mayr,
Rezwan, Hoftberger, Konig, Salas, Jong, & Cani, 2023).

The book Architectural Design of Earthquake Resistant Buildings by Christopher Arnold and
Robert Reitherman emphasizes the importance of integrating architectural and engineering
approaches to create safe and aesthetically pleasing buildings. Arnold and Reitherman emphasize a
multidisciplinary approach to design, emphasizing the importance of collaboration between
architects, civil engineers, and structural engineers (Arnold, & Reitherman, 1989).

Research in the field of urban development shows that at the present stage, focusing on the
international level, for Kazakhstan it is relevant to unite individual intellectual cases based on a single
platform of a digital three-dimensional model of urban development, using architectural and urban
planning principles for solving criminal, environmental, infrastructural and seismic safety.

3 MATERIALS AND METHODS

In the course of the research, collection and study of domestic and foreign experience in
architectural urban planning were conducted. Groups of urban environment safety risks were
identified and systematized, the basic principles of "protected space" were defined, including in
seismic areas. Such forms of design as morphological mapping, three-dimensional modeling, creation
of digital twins were proposed. Through the research, certain conclusions were made on the relevance
of the transition to an integrated approach to the formation of the "smart city" model.

It is known that recent scientific and technological advances have changed the boundaries of
knowledge. They will generate the next wave of breakthrough technologies that significantly impact
urban society (Anselmo, Ferrara, Corgnati, & Boccardo, 2023, Doshibekova, Jurinskaya,
Tashpulatov, Zhilisbayeva, Sarttarova, Akbarov, & Kalmakhanova, 2023). The development of
digital twin technologies has significantly influenced the use of virtual cities and mobility in smart
cities. Digital twins provide a platform for developing and testing various systems, algorithms, and
mobility policies, which may be employed in creating new safe cities (Bayer, & Pruckner, 2023).

A control system using a digital twin for emergency pedestrian evacuation can improve the
overall evacuation efficiency (Han, Zhao, & Li, 2020). Digital twins can make cities more efficient,
smarter, sustainable, safer, and inclusive (Konbr, & Abdelaal, 2022). To date, various options for
digital twins of cities have been developed. For example, city digital twin systems have already been
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developed, such as urban transport, disaster management, citizen participation (Dembski, Wossner,
Letzgus, Ruddat, & Yamu, 2020), infrastructure management (Pedersen, Borup, Brink-Kjzer,
Christiansen, & Mikkelsen, 2021) or urban planning (Schrotter, & Hiirzeler, 2020).

In particular, this is a current problem of digital twins in physical urban infrastructure because
they model a wide number of systems that need to be integrated into one tool. City digital twins can
drive the development of smart city concept and urban models to a new level. Taking advantage of
data collected in smart cities and automatically introducing them into a model of the city and its
system, an accurate digital replica is supported that can autonomously interact with the city. Digital
twins of cities can not only model, reflect, and interact with the city physical aspect of the city but
can also focus on the social and economic aspects.

4 RESULTS AND DISCUSSION

Architectural and urban planning principles of formation are the most important aspects of
organizing safe urban environments. For example, since the COVID-19 outbreak, there has been a
renewed focus on the links between cities, urban planning, and the pandemic, which has led urban
planners and policymakers to question the future of the urban built environment (Mouratidis, &
Yiannakou, 2022). Proper planning of projects in the urban environment is how cities enhance
outdoor living conditions and urban and public health (Buffoli, Mangili, Capolongo, & Brambilla,
2022). The urban environment influences the lives of urban dwellers in terms of both health and the
behaviors they may exhibit, encouraging or discouraging activity and the adoption of good lifestyles
(Faedda, Plaisant, Talu, & Tola, 2022). The built environment and mobility system significantly
impact people's mobility behavior and activity patterns and, in turn, affect the entire population's
health and quality of life (Giles-Corti, Vernez-Moudon, Reis, Turrell, Dannenberg, Badland,
Foster, Lowe, Sallis, & Stevenson, 2016). Outdoor spaces allow urban children to engage in physical
activities, foster social interactions, and facilitate relaxation (Reimers, & Knapp, 2017, Hoseeini,
Salehinia, Shafaei, & Sedghpour, 2021). This significance becomes particularly important in high-
density urban environments where the availability of open spaces is often constrained. The efficient
design of outdoor open spaces allows the creation of functional and enjoyable recreational areas
within the confines of the available space (Hoseeini, Salehinia, Shafaei, & Sedghpour, 2021,
Konbr, Elsayed, & Elboshy, 2023, Tang, & Woolley, 2023).

The theoretical concept of the three-dimensional digital model is based on the idea of
understanding the city and urban life as a living organism using various self-regulation mechanisms.
According to the proposed idea, the digital three-dimensional model integrates indicators that ensure
a safe environment in the city of Almaty. The research methodology is based on identifying concepts
that use architectural-urban planning methods to create a safe urban environment. These concepts are:
"protecting space", "eyes on the street", and "city for people".

Based on the study of research material, the basic principles and systematized criteria for
creating a safe urban environment at the level of "building", "yard", "street" and "district" are defined
in Table 1.

Under the proposed concept, a digital three-dimensional model can identify architectural and
urban planning inconsistencies with the above recommendations.

Table 1
Systematization of the safe environment at the levels: building, yard, street, and district based on the principles of

nn

"protecting space", "eyes on the street", and "city for people" (authors' materials).

Territoriality BUILDING YARD STREET DISTRICT
Buildings of various The distinction High pedestrian High building density
ages between private and trafficking
public space
Natural Orientation of windows  The only direct path  Avoiding barriers and Straight street
observation in kitchens and to the building visibility of entrances configuration
entrance
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common rooms exits to
the courtyard

Mixed land use  Organization of public

Spaces for common use

Functional zoning
and subject
organization of the

yard for all groups of

people

24-hour street
maintenance

Variety of housing

types

Broken
windows theory

Aesthetically attractive,
durable materials

Use of equipment
made from quality

Organization of streets
as equipped public

Lack of large unused
spaces, maintaining

materials spaces for meetings order
and communication
Access control Variation in the degree Access control Real symbolic barriers  Small neighborhoods

of openness at the
boundaries of public
spaces

As noted above, the territory of Almaty is the most earthquake-prone zone in Kazakhstan. One
of the important aspects of seismic safety is the presence of urban open spaces in the urban
environment near the residential area. According to this concept, a digital three-dimensional model
allows the identification of the required areas of open spaces in each residential area and limits the
construction of new facilities in case of violation of the permissible norm.

This digital three-dimensional model reflects the seismic characteristics of each architectural
feature. The digital three-dimensional model's programmed program will reflect the seismic
deterioration of buildings, emergency buildings, etc (Table 2).

Table 2
Requirements for organizing a safe environment in seismic areas: building, yard, street, district (authors' materials).
Building Configuration of Configuration Possibility of Building Potential Building
vertical building  of incoming collision with  configurations weaknesses response to
ledges corners neighboring in ground
buildings construction movement
Yard Communication  Designation of Lighting systems All landscaping  Assess the  Paths and exits
systems, such as  safety zones in are functional in  elements must probability of from courtyard
loudspeakers or courtyard case of power be securely damage or  spaces must be
information boards, spaces failures, and the fastened, collapse of clear of
can help organize presence of including trees,  buildings obstacles to
and carry out information signs benches, during a real ensure
evacuations and indicates the playgrounds, earthquake. unhindered
provide vital direction to safety and art objects. evacuation of
information during zones and people. Regular
and after an evacuation exits. inspection and
earthquake. maintenance of
these paths are
essential.
Street Resistance to Streets must be ~ Separation of ~ Transformation Lighting Evacuation
seismic influences. equipped with traffic and people into evacuation systems and zones are
Quality of materials  an effective in case of routes. safety signs designated
and technologies drainage evacuation that can accessible to all
used system to operate even residents in the
prevent duringa  event of seismic
flooding after power outage. activity.
earthquakes
District  Designating open, Designation of Optimization of  Develop risk-  Areas of the Information
safe spaces for ~ open spaces for  the location of decreasing region most  about soil types
people to gather  the placement infrastructure strategies vulnerable to
during an of temporary facilities and earthquakes
earthquake objects development
areas
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Based on the compiled criteria, (Table 1, Table 2) on the example of one district of the city, a
comparative analysis of compliance with the principles of "protecting space", "eyes on the street",
and "city for people" was carried out.

In the 2010 s, the smart city concept (i.e., a city where the administration and citizens cooperate
with new technologies to make the city more efficient, intelligent, sustainable, safer, inclusive, and
democratic) was popularized, and cities were sensorized (Ferré-Bigorra, Casals, & Gangolells,
2022). Nevertheless, current approaches cannot usually directly interact with the city urban digital
twins, which can potentially change this and drive the smart city concept and urban models to the
next level. By taking advantage of the data that are gathered in smart cities and automatically
introducing them into the city model and its systems, an accurate digital replica capable of
autonomously interacting with the city is maintained.

This study draws attention to consider architectural and urban planning methods as key factors
in organizing a safe urban environment in a smart city system. At the present stage, the concept of
"smart city" has become widespread as a new dimension of the use of digital technologies to create a
comfortable infrastructure and improve the quality of life of people in cities by creating safe urban
environments (Tolegen, Moldabekov, Kosheno, & Mugzhanova, 2018).

The main protective means are electronic or mechanical video surveillance systems, access
control, strengthening of building structures, etc. Sometimes, they replace compliance with the
requirements of the spatial planning characteristics of buildings and architectural and urban planning
principles of forming a safe urban environment, which fade into the background.

The emphasis on the maximum use of information technology tools to ensure security in the
urban environment, without paying due attention to architectural and urban planning techniques, leads
to high financial costs when used.

According to the proposed concept, a digital three-dimensional model can identify architectural
and urban planning inconsistencies with the above recommendations. Social dwellings and houses of
cheap market segments have a particularly low security potential. However, expensive commercial
complexes often do not use elementary spatial planning solutions to increase security, relying on
security guards and surveillance cameras.

Modern residential areas are often built on point or block principles and are divided into
"economy", "comfort", "business," and "elite" class residential complexes. Residential complexes,
"economy", and "comfort" practically repeat the model of neighborhoods built in the post-Soviet
period. Therefore, such problems as the presence of blind ends of buildings. There are no distinctions
by zone and degrees of privacy; the public space begins right outside the apartment's threshold.

Asnoted above, the territory of Almaty is the most earthquake-prone zone in Kazakhstan, where
construction of more than 9 floors was not allowed. Currently, the city has a huge number of buildings
with more than 16 floors. Seismology specialists, builders, and architects are currently working on
the certification of buildings for seismic resistance.

"There are technologies to test houses for seismic resistance. After the frame is built, a special
simulator is put on the roof of the building, which rocks the building. However, the machine rocks
the building from above, while the earthquake happens from below, so testing is incorrect. In reality,
the shocks come from below; the foundations are at the bottom, not at the top" (Oliynyk,
Amandykova, Konbr, Eldardiry, Iskhojanova, & Zhaina, 2023). It is necessary to apply new
technologies in construction and legislate it. A seismic isolator is a "pad" between the foundation and
the columns. It does not allow seismic loads to be transferred from the foundation to the frame of the
building," believes a representative of the Union of Builders of Kazakhstan.

Today, Building Information Modeling also plays an important role in the seismic design
process. BIM modeling allows the creation of a digital model of a building, including its structure,
materials, and systems, which helps visualize and analyze the earthquake behavior of the building. In
addition, various scenarios, including seismic events, can be previewed using augmented reality
elements to evaluate and predict their impact on the building. Additionally, this allows appropriate
modifications and improvements at the design stage to ensure optimal seismic stability.

An important functional feature of the proposed numerical model is its ability to test the seismic
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performance of buildings, demonstrate possible building collapse options, and calculate the
hazardous area of collapse.

Even though the city is located in an earthquake-prone zone, the analysis shows that the
architectural spaces under consideration do not meet the criteria for creating a safe urban environment
(Figure 1 - 8).

Figure 1 — Results compliance with the principles of "space protection, "eyes on the street": (a, b) Buildings of
various ages; (c) Orientation of windows in kitchens and common rooms, exits to the courtyard (authors' materials).

Figure 2 — (a) Organization of public spaces for common use; (b) Aesthetically attractive durable materials;
(c) Variation in the degree of openness at the boundaries of public spaces (authors' materials).

Figure 3 — Results of courtyard spaces correspondence with the principles of "space protection, "eyes on the
street," and "city for people": (a) The distinction between private and public space; (b) The only direct path to the
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building entrance; (c) Functional zoning and subject organization of the yard for all groups of people (authors'
materials).

Figure 5 — Results of street compliance with the principles of "protection of space, "eyes on the street,"and "city
for people": (a) High pedestrian trafficking; (b,c) Avoiding barriers and visibility of entrances (authors' materials

Figure 6 — (a) 24 hour street maintenance; (b) Organization of streets as equipped public spaces for meetings
and communication; (c) Real symbolic barriers (authors' materials).
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Figure 7 — District. Results of the neighborhood's compliance with the principles of "defensible space," "eyes on
the street," and "city for people: (a) High building density; (b) Straight street configuration; (c) Variety of housing types
(authors' materials).

Figure 8 — (a) Lack of large unused spaces, maintaining order; (b, ¢c) Small neighborhoods (authors' materials).

The interdisciplinary features and functional capabilities that allow testing scientific
developments and project proposals will make the digital three-dimensional model of the city the
main guide in developing the "smart city" system in cities. Another important factor in substantiating
the relevance of this topic is the need for cities to comply with international safety indices. The basis
of the indices is the creation of maximum walking opportunities, reducing dependence on motor
transport, and contributing to people's daily lives.

The UN has outlined the main urban planning directions in the real, sustainable urban
development model. Also, this is the creation of environmentally friendly and affordable urban
infrastructure. Therefore, promoting alternative architectural and urban planning visions and
solutions for forming a safe urban environment is relevant for many countries. The concept of a digital
three-dimensional model developed in this work using architectural and urban planning principles for
solving criminal, environmental, infrastructural, and seismic safety will significantly contribute to
creating comfortable conditions and improving the quality of life of people in cities.

5 CONCLUSIONS

This study analyzes existing architectural and technological models of urban development. The
main security risks, such as criminal, infrastructural, environmental and seismic, are identified.
Emphasizing the relevance of ensuring seismic safety, using the example of the city of Almaty,
relevant recommendations are given. In order to comprehensively address the issues of managed
urbanization in Kazakhstan, it is proposed to create a common neural platform in the form of a digital
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three-dimensional model of a "smart" city, based on the architectural and urban planning principles
of a safe environment, mobility and socialization of urban infrastructure.

The concept of a digital three-dimensional model of a city proposed in this study will effectively
contribute to improving safety in the volumetric-spatial solution of interior spaces of buildings,
improving comfortable conditions on pedestrian streets and landscaping open spaces of urban areas.
High-quality results of transformations at the level of buildings, courtyards, streets and microdistricts
will increase the safety of the entire urban area. The creation of a safe urban environment using a
digital three-dimensional model is in tune with the rapid trend of the spread of information digital
technologies and the inevitability of the dynamic development of smart city systems around the world.
This trend poses new challenges for architects, urban planners, designers and builders and requires
searching for new ideas in the issue of creating a safe environment. Further development of this
research may be related to studying the integration of digital three-dimensional models with
innovative discoveries in architectural and urban planning activities that contribute to the formation
of a safe urban environment.
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Abstract. Silica aerogels are unique highly porous materials with exceptionally
low thermal conductivity, which opens up broad possibilities for their application in
the field of thermal insulation. This article examines the main thermal insulation
properties of silica aerogels, emphasizing their ability to effectively reduce heat
transfer through conduction, convection, and radiation mechanisms. The
physicochemical characteristics of aerogels are discussed, including porosity, density,
pore size, and their influence on thermal conductivity. Special attention is given to the
nanoscale structure of aerogels, which ensures their high efficiency in insulation. The
study presents data on how changes in these parameters can lead to improved thermal
insulation properties. The article also analyzes the prospects for using silica aerogels
in construction, energy-saving technologies, and other industries where high thermal
insulation efficiency is required. Potential areas of application are considered,
including building insulation, the creation of energy-efficient systems, and use in
specialized industrial conditions. The work discusses key factors affecting the thermal
conductivity of aerogels, as well as current research and developments aimed at
optimizing their properties for mass application. The conclusion emphasizes the
importance of silica aerogels as materials of the future, contributing to the reduction
of energy consumption and increasing the sustainability of structures.
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sol-gel process.
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Annatna. Kpemnezemoi aspocenvoep ome mMoOMeH JHCbLLy emKizeiwmici oap
Oipezeii dcozapvl Keyekmi mamepuanoap 001vin maodwvliadvl, OY1 01apObl HCHLLY
OKWLAYAY CanacblHOa KOJNOaHyea Key MyMKinoikmep awaovl. byn makanada kpemnuti
adpocenbOepiniy He2i32l JHCblIY OKWAy1ay Kacuemmepi Kapacmulpslidobl, 01apOblH
JHCHLTY OMKIZ2IUMIK, KOHBEKYUSL HCIHE CIYIENIeH) MeXAHUIMOEPT APKbLIbL HCbLILY Oepyoi
muimoi memenoemy Kabinemine HAsap ayoapvliaodvl. Adzpocenvoepoiy Keyekminici,
MbI2bI30bIZLL, MepPi MeCICIHIY MOepl HCIHe ONapObly JHCbLLY OMKI32IUMIKKe acepi
CUAKMbl  PUSUKATBIK-XUMUSLILIK, CURAMMAMAAPbl MAIKbLIAHA0bL. Adpocenboepoin
HAHOOIWEMOI KYPLUIBIMbIHA epeKuie Hazap ayoapulialvl, OYi O0JapObly HCHLLY
OKWAYNAYbIHOA  JiCOo2apbl  MUIMOLNICIH — Kammamacwel3 emeodi. 3epmmey  0Cbl
napamempnepoiy 632epyi JHCblly OKWAYIay KACUeMmMepIHiy HcaKcapyblHa Kanat
aKenemini mypanel Oepekmepoi ycvinaovl. CoHnOali-ax, Mmakanaoa KpemHe3emoi
aspoeenvoepoi KYpoliblCma, dHepUsHbl YHeMOeUMin MEeXHON0SUSANAPOA HCIHE HCOLILY
oKwaynayovly — xcoxapvl  muimoiniei  Kadcem — 6acka  cananapoa - Koaioawy
nepcnekmusanapvl  manoanaovl.  Fumapammapovl  OKwayiayosl,  IHEpIUSHbL
yHemOeumin oicyiienepoi  KYypyovl JHcoHe MAMAHOAHOBIPLLIZAH —UHOYCMPUSLIbIK
Jrcagoauiapoa  naudananyosl Koca — aneamoa, aneyemmi  KOAOAHy — Caianapvl
Kapacmulpviiaovl. Kymvicma aspozenvb0epliy dHColiy emkizeiumicine acep ememin
Heei32i (hakmopaap mankbliaHaobl, COHbIMEH KAmap oaapobly Kacuemmepin #annai
KOJNOAGHY YWIiH OHMAUIAHObIPY2a OAIMMANRAH —ARbIMOARbL  3epmmeynep MeH
azipnemenep Kapacmuipuliaovl. Kopeimuinovl kpemnesemoi aspozenvboepiiy snepeus
WBIRBIHBIH A3AUMYEA HCIHE KYPbLIbIMOAPObIY MYPAKMbLIbIRbIH APMMbIPY2A bIKNAJ
ememin 601aWAK Mamepuanloap peminoei Maybl30bLIbIZbIH KOPCEemeOi.

Tyiiin ce3nep: Kpemrnesemoi aspoeenvoep, Hcoliy OKUAYIAY, HCblLy bepy, dHepaus
muimoiniei, Kyn-eeiv npoyeci.
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AnHoTauusi.  Kpemuezemmvie  aspocenu — AGIAOMCA  YHUKATbHLIMU
8bICOKONOPUCMIMU MAMEPUATIAMU C UCKTIOYUMENbHO HUZKOU MENI0NPO80OHOCbIO,
Ymo OmKpviBaem WUPOKUE BO3MONCHOCMU 0N UX NPUMEHeHUs 6 obracmu
meniouzonsyuu. B oamnou  cmamee  paccmampuearomcs — OCHOBHble
MeNIoU30NAYUOHHBLE CBOLUICTNBA KPEMHE3EeMHBIX aspozeiell, aKyeHmupys GHUMAHUe
Ha ux CnocooHocmu 3QexmusHo CcHudICamv menionepeoady uepe3 MexaHusmbl
MenIonposoOHOCmU, KOHgeKyuu U usnyuenusn. Qocysrcoaromes GuauKo-xumuieckue
Xapakmepucmuxu aspozenetl, maxkue Kak nopucmocms, LIOMHOCHb, pasmep nop u ux
GIUAHUE HA MenionposooHocms. Ocoboe eHUMaHUe YOensemcs HAHOPA3ZMEPHOU
cmpykmype aspoeeieil, Komopas obecneuusaem ux GulCOKYI 3¢hghexmusHocms 6
menaouzonayuu. B uccnedosanuu npeocmagnenvi OaHHble 0 MOM, KAK U3MEHEeHUe
IMUX NAPAMEMPOE MONHCEM NPUBECIU K VIIVHULEHUIO MENIOUZ0IAYUOHHBIX CEOUCMS.
Cmamvsa makdce auanusupyem nepcneKkmugbl UCHONb30BAHUS KPEMHE3EMHbIX
aspoeenell 6 CMpoumenbcmee, IHePeocOHepecarux MexHOI02UAX U  Opyeux
ompacnax, 20e mpebyemcs — 8biCOKAs  ApphekmusHocmsb — Meniou30IAYUU.
Paccmampusaromesi nomenyuanvhvie obnacmu npumMeHeHus, 6KIUAst ymenieHue
30aHull,  co30aHue  IHepP2oIPPEeKMuUBHbIX  cucmem U UCHONb306AHUE 8
CReYUAIU3UPOBAHHLIX UHOYCMPUATbHBIX  ycaosusx. B pabome obcyscoaromes
KItouegble hakmopul, GuuAOWUe HA MENIONPOBOOHOCMb al3pocenell, d Makxxice
paccmampusaomes mexkywue Uccied08anus U paspabomiu, HAnpagieHHvle Ha
ONMUMU3AYUIO UX CBOUCME 01 MACCOB020 NPUMEHEHUS. 3aKoyeHue noouepKueaem
BAICHOCMb KDEMHE3EMHbIX adpo2eiiell KaK Mamepuanos 0yoyuje2o, CHOCOOCMEYIUUX
CHUDICEHUIO DHEP203ampPam U NOBbIUEHUIO YCIMOUYUBOCINU CIMPOEHULL.

Kawuebie cJIoBa:. Kpemnesemnvie aspoeenu, MeNnIoU30NAYUS,
menionepeoayd, 3Hep2o3¢phekmusHocmyp, 301b-2elb NPoyecc.
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1 INTRODUCTION

In the context of modern challenges related to climate change and the need to improve energy
efficiency, there is an increasing demand for innovative materials that can minimize heat loss. Silica
aerogels are materials with unique properties that allow for effective thermal insulation due to their
nanoscale porous structure. Their ability to reduce heat transfer makes them one of the most promising
materials for use in construction, industry, and energy.

However, despite their outstanding thermal insulation characteristics, there are still unresolved
issues regarding the improvement of the mechanical strength and stability of aerogels under extreme
operating conditions. Their high porosity, on one hand, ensures minimal thermal conductivity, but on
the other hand, it reduces their structural strength, which limits their areas of application.

This article provides an overview of contemporary research aimed at enhancing the strength of
silica aerogels without compromising their unique insulating properties. It also discusses the
prospects of their use across a wide range of fields, from construction and building materials
production to aerospace technologies, where their application could significantly reduce energy costs
and improve the overall efficiency of thermal insulation systems.

Thus, the research aims to address existing gaps in the understanding of silica aerogels'
properties and to develop methods for their optimization to expand practical applications in line with
modern technological requirements.

2 LITERATURE REVIEW

Aerogels are solid materials with low density, predominantly mesoporous, possessing unique
characteristics such as low density, high specific surface area, low dielectric constant, and extremely
low thermal conductivity. Silica aerogels are distinguished by special properties, including a high
specific surface area (500—1200 m?/g), significant porosity (80-99.8%), low density (approximately
0.003 g/cm?), high thermal insulation characteristics (0.005 W/m-K), as well as extremely low
dielectric permeability (k = 1.0-2.0) and refractive index (~1.05). The structure of silica aerogel,
obtained through SEM and TEM, is presented in Figure 1 (Huang et al., 2019; F. Lou et al., 2023;
Moner-Girona et al., 2003).

£9—£9) silica aerogel
/il 'rrraggregate 3
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?/ } L SR } : ‘\\ B Sty T—upo ;3( .
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Figure 1 - Silica Aerogel: a) Structure, b) SEM Image, ¢) TEM Image
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Table 1

Relevant Properties of Silica Aerogels (Huang et al., 2017)
Color Translucent
Density (g cm ) 0.16 x 1073
Thermal conductivity (W m™"-K) 0.022 18

Silica aerogel Pore diameter (nm) 21.85

BET (m?>g™) 715.57
Pore volume (cm® g™!) 3.82

Initial Melting point (°C) —

Silica aerogels are primarily synthesized using the chemical sol-gel process. This method
consists of two key stages: 1) gel formation under high humidity conditions and 2) drying of the
resulting gel with an intermediate aging stage. In the first stage, the hydrolysis of silicon alkoxides
occurs with the addition of appropriate solvents, catalysts, and water, resulting in a homogeneous
solution. As a result, a colloidal dispersion of particles forms, which over time organizes into a three-
dimensional network structure composed of solid and liquid phases. This process is called gelation,
which is part of the sol-gel method, as shown in Figure 2 (Gesser & Goswami, 1989).

Solent Echage
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+ ¥ T
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Drying Drying Drying

Figure 2 - Sol-Gel Process (Gesser & Goswami, 1989).

The forming gel can take the shape of a polymer chain or colloidal gel, depending on the pH
value of the medium used during synthesis. The solvent is then distilled, leaving a viscous liquid that
is re-dissolved in an alcohol-containing liquid, such as ethanol. To completely remove the residual
solvent and water, the re-dissolution process in alcohol is carried out in several cycles. The second
stage involves drying, which is a key moment in the production of aerogel, as previously noted,
pressure and temperature significantly influence the properties of the material. During this stage, the
remaining liquid is removed from the pores while preventing the destruction of the gel structure.
Figure 3 presents the main stages of aerogel production. The aging process can be considered an
intermediate stage between gelation and drying (Lee et al., 1995).
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Figure 4 - Schematic Representation of a Typical Sol-Gel Synthesis Procedure
for Obtaining Aerogels (Maleki et al., 2014).

3 MATERIALS AND METHODS
3.1 Heat Transfer Analysis through the Material

The industrial success of silica aerogels is primarily attributed to their use as highly effective
thermal insulation materials. The thermal conductivity of silica-based aerogels can reach a minimum
value of 0.012 W/(m-K), which is explained by their high porosity and complex particle network
structure that limits the thermal conductivity of the solid phase. Additionally, the small pore sizes,
smaller than the mean free path of gas molecules, reduce the thermal conductivity of the gas phase
due to the Knudsen effect. This ultra-low thermal conductivity, which is twice lower than that of
conventional air and traditional insulation materials, has led to the creation of a rapidly growing
market estimated to be worth hundreds of millions of dollars. The overall thermal conductivity of the
material significantly correlates with its density, as illustrated in Figure 5.

For standard insulation materials, an important factor is heat transfer due to radiation, and as
pore sizes increase, air convection also becomes significant. As the density of materials increases, the
thermal conductivity due to radiation decreases, while the thermal conductivity of the solid phase
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increases. These opposing effects create a U-shaped relationship between thermal conductivity and
density. For aerogels, these effects also play a significant role, but there is an additional notable
reduction in the thermal conductivity of the gas phase. This is because the pore sizes in aerogels are
smaller than the mean free path of air molecules, which reduces the frequency of their collisions and
decreases the heat transfer of the gas. As a result, the minimum overall thermal conductivity shifts to
higher densities, achieving significant reductions in thermal conductivity values.
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Figure 5 - A) Thermal Conductivity of Conventional Insulation (Simmler et al., 2005), and
B) Aerogel Materials (Hiising & Schubert, 1998).

Aerogels demonstrate outstanding thermal insulation characteristics, making them one of the
most effective insulating materials known today. Their exceptional ability to prevent heat transfer is
due to their nanoscale porous structure, which significantly reduces heat transfer through conduction,
convection, and radiation. In particular, silica-based aerogels are characterized by extremely low
thermal conductivity, even at high temperatures, with values around 0.012—0.015 W/(m-K) (Koebel
et al., 2012).

3.2 Analysis of Standards for Determining the Thermal Properties of Materials and
Practical Laboratory Measurements

The optical characteristics of the glazing sample in the wavelength range of 300-2500 nm were
evaluated using an infrared spectrophotometer operating in the ultraviolet range. The tests were
conducted in accordance with the international standard ISO 9050:2003 "Glass in Building -
Determination of Light Transmission, Solar Heat Gain Coefficient, Total Solar Energy Transmittance,
Ultraviolet Transmission, and Related Parameters of Glazing." Thermal conductivity was measured
using a flat thermal conductivity meter according to the standard GB/T10294-2008 "Thermal
Insulation - Determination of Steady-State Thermal Resistance and Related Properties - Method for
Protected Heating Device."

The measured thermal conductivity of the sample with silica aerogel was approximately 0.13
W/(m?-K). The calculated U-value for this sample was about 2.8 W/(m?-K). For the reference glazing
sample, the thermal conductivity was measured as 0.15 W/(m?-K), and the U-value, according to
calculations, was about 3.2 W/(m?-K). Thus, the thermal insulation properties of the glazing sample
with silica aerogel significantly exceed the characteristics of a conventional double-glazing system
(Huang et al., 2015).

For the thermal conductivity determination of aerogel samples, the most widely applied
methods are the Guarded Hot Plate (GHP), in the steady-state case, and the Transient Plane Source
(TPS) method, for the transient methodologies. The apparatus and testing procedure for the GHP
method are described in different standards, ASTM C177, European Standard EN 12667 and
International Standard ISO 8302. Even though this method has been extensively used, the technique
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presents some drawbacks, such as the necessity of relatively large testing samples and usually long
waiting time. The TPS method, especially the “Hot Disk ®” variants, has been adopted for fast
characterization of thermal properties. The ASTM D7984 and the ISO 22007-2 define the devices
and procedures for this methodology. The TPS method is reportedly capable of measuring thermal
conductivities from 0.005 to 500 mW-m—1-K—1, in a large temperature range (cryogenic
temperatures to 500 K). However, the two sample pieces needed must be similar and feature one
entirely planar side, which can be sometimes challenging for acrogel samples (Lamy-Mendes et al.,
2021).

For acoustic measurements of sound absorption coefficients, two methods are most commonly
used: the impedance tube method and reverberation chamber methods. The impedance tube,
described in the standards ISO 10534-1 and ISO 10534-2, is used to assess sound absorption on small
samples. In turn, reverberation chamber methods, as specified in standard ISO 354, are applied for
measuring acoustic characteristics in larger samples. To evaluate sound insulation or sound
transmission loss through air systems made from various materials, different approaches are
employed depending on the sample size. The impedance tube is used for small samples, while
methods outlined in the ISO 10140 series (Parts 1-5) are applied for larger samples, such as building
materials or their cladding (Mazrouei-Sebdani et al., 2021).

3.3 Analysis of Material Use in Building Projects.

Key Properties of Silica Aerogel for Application in Buildings (Lamy-Mendes et al., 2021):

1. Pore structure and density - Silica aerogels are materials composed by ultrafine particles,
linked in a pearl necklace 3D arrangement, and air-filled pores that usually contribute to 85-99.8%
of the total aerogel volume. Therefore, when incorporated in composites, they lead to a reduction of
their overall density and, thus, the weight of the building envelope, as well as an increase in the
thermal resistance due to their low thermal conductivity.

2. Thermal conductivity - The thermal energy is transferred through silica aerogels by three
mechanisms: solid conduction (As), gaseous conduction (Ag), and radiative (infrared) transmission
(Ar).

3. Optical properties - Silica aerogels show optical properties between transparent and
translucent, depending on their internal structure.

4. Acoustic properties - Besides thermal insulation performance and the light transmission
properties, the acoustic insulation in building envelope materials is very important, regarding both
noise insulation and sound absorption. Among the unique properties of aerogels, their high porosity
leads to low sound velocity, allowing them to be also applied as noise insulators and sound absorbing
materials.

5. Other properties - Silica aerogels also show other advantageous properties, as non-
flammability, non-toxicity and easy disposal when compared with other insulation products in the
market. The commercial products containing silica aerogels are also considered as having the same
properties.

Silica aerogels are the most common and widely studied type of aerogels. They are typically
derived from silicon alkoxide precursors such as TMOS or TEOS using the sol-gel process. Silica
aerogels are known for their excellent thermal insulation properties, low density, and high porosity.
They can also transmit light with minimal scattering or absorption, making them transparent to visible
light. These attributes make silica aerogels suitable for a variety of construction applications,
including thermal insulation, energy-efficient glazing, and solar thermal collectors. They
demonstrated that materials infused with aerogels are increasingly being designed and assessed for
construction purposes, including applications like panels, blankets, cement, mortars, plasters, renders,
concrete, glazing systems, and solar collector covers Figure 6 (Gu & Ling, 2024).
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Figure 6 - Materials Containing Silica Aerogel for Use in Construction (Gu & Ling, 2024)

Window made of silica aerogel, characterized by high optical transparency and a refractive
index of =1.52 (Wang & Petit, 2020).

4 RESULTS AND DISCUSSION

Aerogels can be used in energy-efficient window constructions due to their unique properties.
Transparent silica aerogels, which possess high thermal insulation and light transmittance, represent
a promising solution for window glazing, providing significant energy savings. Silica-based aerogels,
thanks to their transparency and exceptionally low thermal conductivity, can reduce energy losses for
heating and cooling residential buildings by 25% due to decreased heat transfer through windows.
The widespread use of monolithic silica aerogels in window systems can substantially lower energy
costs. However, despite these advantages, aerogels exhibit insufficient optical transparency compared
to ordinary glass due to light scattering and often have surface defects, which limits their appeal for
window constructions.

To address these issues, several approaches have been proposed Figure 7. These include
improvements in the technological process to enhance visible light transmittance, innovative mold
designs to produce homogeneous aerogels, the use of thinner monoliths in window systems, and the
application of artistic effects such as paints and laser engraving. The latter allows for the
transformation of visible surface defects into elements of aesthetic design, similar to mosaics or
stained glass (Carroll et al., 2022).

Figure 7 - Images of Monoliths Made of Silica Aerogel Measuring 13 % 12.5 X 0.5 cm,
Manufactured Using Various Recipes (Carroll et al., 2022).
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Figure 8 - Results of Optical Characteristics Testing. A. Control Window Sample; B. Silica Aerogel Window Glass
Sample (Huang & Niu, 2015).

To evaluate the optical characteristics, it is necessary to measure three key parameters:
transmittance, front reflectance, and back reflectance. For these measurements, a reference glazing
sample was prepared, which allowed for a clear assessment of the impact of the silica aerogel filler
on the optical properties of glass constructions. The control glazing sample was identical to the
sample containing silica aerogel, except that there was no aerogel filler between the two layers of
glass in the control sample.

Figure 8 shows the optical characteristics of both samples. The results indicate that the
addition of silica aerogel filler significantly reduces the light transmittance across the wavelength
range. Before filling the sample with silica aerogel, the glass transmittance was approximately 0.8,
whereas after introducing the silica aerogel, this value decreased to about 0.45. A slight increase in
reflectance was also observed (Huang & Niu, 2015).

In the context of the pressing issues of climate change and the necessity for energy
conservation, the role of building insulation becomes particularly important. Aerogels, especially
silica aerogels, represent one of the most effective materials for insulation due to their outstanding
thermal insulation properties. These materials possess exceptionally low thermal conductivity even
at high temperatures, attributed to their high porosity and nanostructured network, which hinders heat
transfer through convection, conduction, and radiation.

Aerogel insulation materials can be used for finishing walls, roofs, and floors, significantly
reducing heat transfer and enhancing the energy efficiency of buildings. The market offers aerogel
coatings, panels, and slabs that simplify the installation process. Furthermore, due to their lightweight
nature, aerogels contribute to reducing the overall weight of structures, which is an important aspect
in construction (Gu & Ling, 2024).

The exceptional thermal insulation properties of aerogels make them key components for
enhancing energy efficiency in the construction sector. Modern buildings consume more than one-
third of the world's energy resources, with a significant portion of this energy lost due to heat transfer
through walls, windows, ceilings, and other enclosing structures (Lamy-Mendes et al., 2021; Dou
et al., 2023; Han et al., 2023).
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The use of aerogel coatings, panels, or granulated aerogels in the enclosing structures of
buildings significantly reduces thermal flow, leading to a decrease in energy demand for heating and
cooling. Currently, commercial products such as Spaceloft aerogel insulation are available, which
have an outstanding thermal conductivity of 15 mW/m-K and are designed for finishing walls, attics,
and window inserts. Experimental data show that replacing traditional insulation materials with
aerogels can reduce the thermal transmittance coefficient (U-value) by more than 50%. These
exceptional performance characteristics, combined with the material's thinness and lightness, make
aerogels particularly promising for the creation of zero-energy buildings (Gu & Ling, 2024).

The acoustic properties of a building significantly affect the comfort and functionality of the
interior space. Aerogels, due to their high porosity and complex internal structure, can effectively
absorb sound waves, making them excellent sound insulators. These sound-absorbing properties are
beneficial for various construction applications, from residential buildings requiring improved sound
insulation to specialized spaces like recording studios and concert halls, where acoustic control is
critically important. Silica aerogels exhibit unique acoustic properties, including particularly low
sound speeds in the range of 100 to 300 m/s at densities from 0.07 to 0.3 g/m*. These values are
significantly lower than sound speeds in air (343 m/s) and in quartz glass (=5000 m/s) (Gronauer et
al., 1986).

A coating based on insulating materials, such as silica aerogels, has been developed Figure 9
(Achard et al., 2011). This lightweight building mortar is designed for application on the external
surfaces of buildings to create an effective thermal insulation coating. The composition of the mortar
includes mineral and/or organic hydraulic binders, an insulating filler containing hydrophobic silica
aerogel granules (or powder from this material), as well as a structuring filler and optional additives.

The building mortar is made using aerogel grains, which replace the sand typically used in
traditional building mortars. It is produced industrially in the form of a dry mixture, consisting of
carefully blended components. This mixture is packaged in bags and delivered to the construction
site. On-site, the dry mixture is combined with water to form a paste with the necessary viscosity for
application, for example, by spraying on the external surfaces of the building. The thickness of the
coating is determined by the ease of its application, thanks to specially developed technologies.

Siliea aerogel granules Projection on the facade final coating

Figure 9 - Coating based on silica aerogel (Ibrahim et al., 2014).

5 CONCLUSIONS

Silica aerogel is characterized by a wide range of properties, which expands its wide range of
applications. One of the main properties that silica aerogel is valued for is its pore structure and
density, silica aerogels are composed of ultra-fine particles connected by 3D pearl necklaces and air-
filled pores that typically make up 85-99.8% of the total aerogel volume. Therefore, when
incorporated into composites, their overall density is reduced, and thus the weight of building
envelopes, as well as thermal resistance is increased due to low thermal conductivity, which greatly
expands the use of silica aerogel in various composites to support the properties of these composites.
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Climate change and energy conservation are major issues in the modern world, so the role of
building insulation has never been more important. The thermal conductivity of silica aerogels is
extremely low, even at high temperatures, which is related to the high porosity and nanostructured
network that inhibits heat transfer by conduction, convection, or radiation. Therefore, insulating
materials based on silica aerogels can be used very widely, starting with roof insulation, wall
insulation, and ending with floor insulation. This significantly reduces heat transfer, increases the
energy efficiency of the building. In addition, the lightweight nature of silica aerogels reduces the
overall weight of the structure, which is a critical consideration in construction.

In addition to the unique properties of aerogels, their high porosity leads to low sound speeds,
which allows them to be used as noise insulators and sound absorbing materials, which further
expands the application possibilities of these materials. Silica acrogels are also characterized by non-
flammability, non-toxicity and easy removal compared to other insulating products on the market.
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Abstract. In this paper, the technical problems of using the structures of their
three-layer panels with flexible connections made of polymer materials are
considered on the example of a residential complex under construction in Astana.
The study of three-layer panels with flexible composite bonds was carried out as a
result of the appearance of cracks with an opening width of acrc = 0.05-0.1 mm.
The main purpose of the study was to establish the causes of cracking and to develop
recommendations for the exclusion of such phenomena in the structures of three-
layer panels with flexible composite bonds, which was carried out in the following
directions: preparatory research (study of technical and design documentation,
review of scientific and technical literature (sources) in this field of theory of
buildings and structures), full-scale study of external wall three-layer panels with
flexible polymer bonds (the actual strength of concrete was determined, the entire
technological chain of creation and erection of the structure under study was traced
(manufacture, transportation, installation in the design position); actual
reinforcement of panels was established); performing panel verification
calculations for various design situations (a total of six design calculation options)
based on software the Lira CAD complex; identification of the main causes of cracks
and development of recommendations for the elimination of future technical
problems in the design, manufacture, transportation and installation of three-layer
panels with flexible composite bonds.

Keywords: wall panels, load-bearing elements, structures, facade, defects and
damages.
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196i1Kac CaFbIHOB aTBIHIAFbI Kaparanner Texaukanslk yauBepcuteri, Kaparanmaer, 100030,
Kazakcran

2J1.H. T'ymunes atbingarsl Eypasus yITTeiK yHHBepcuTeri, Actana, 010000, Kazakcran
3XansIKapanslk 6i1iM 6epy kopropanuschl, AnMatel, 050043, KazakcTan

Anparna. byn ocymvicma Acmana KanacviHOa CAlbIHbIN HCAMKAH MYPEbIH Vi
KeWeHIHIH MblCanblHOA NONUMEPIL] MAmMepuanoapoan xHacaizan ukemoi 6amlanblcmapbvl
bap yw Kabammvl naHeILOEPOiH KOHCMPYKYUALAPBIH KONOAHYObIH — MeXHUKANbIK
Mmacenenepi Kapanovl. Hremoi xomnozummix Oaiianeicmapsl Oap yui Kabammol
nauenvoepoi szepmmey sxcapvikmapowviy eui acrc=0,05...0,1 mm awwlry HamudiceciHOe
acyzeze acvipvliovl. Byn zepmmeyoiy mecizei maxcamvl dcapbikmapovly naioa 60y
cebenmepin aHMbIKMAY JHCOHE UKeMOI KOMRO3ZUMMIK Oatillanbicbl Oap yw Kabammol
nawenvb0epoiyy KOHCMPYKYUALAPLIHOA OCbIHOAl KYOwlibicmapovl 6010bipmay OotblHuA
yewinvicmap a3iprey 0010bl. Byn ocymvicmap keneci 0aelmmapoa HCYmvic HCypeisy
Ke3iHOe aHbIKMANbIHObL, OalibIHObIK 3epmmey (SuMapammap MeH yumepemmep meopusicol
CanacvlHOagbl MEeXHUKANBIK JHCOHE IHCOOANbIK KYIHCAMMAMAHbL KApay, 2bLIbIMU JHCIHE
MeXHUKAILIK a0ebuemmepoi (Oepekkes0epoi) wony), ukemoi noiumepii oOaiianvicol dap
yuwt Kabammosl CblpmKbl Kadvlpea nanenvOepin mabdbueu 3epmmey (OemoHHblH HAKMbl
Oepixmizcin anvlkmay, 3epmmenemin KYpblibiMObl KYpy MeH MmYpebi3yovly Oapivlk
MEXHON02UANbIK, Mi30eciH  6aKbliay (0aublHOAy, MAcbiManday, Hcodanvlk Hcagoana
opHamy), naHenvboepoiy Haxmvl apmamypacvii opuamy; awlny eui acrc=0,05...0,1 mm
Ke3inde iwKi bemon Kabamul OoubIHWA OemoH beminde2i Kabvbipea NAHENiHiy HCOapavl
JHcoHe meMenel JicueKmepiniy  Oeneellinde, COHOQU-AK mepese  CaAHbLIAYIAPbIHbIY
mopanmapuvl aumazvlHoa sxcapvikmapovt anvikmay,JIlupa CAIIP 6azoapramanvix KeuteHi
He2i3iHOe ap mypii ecenmik Hca20aulapea ApHalaH NAaHelbOiKk meKcepy ecenme)iepit
(ecenmeyOiy anmvl ecenmik HYCKACOIH Ally) AHCYPei3y; Hcapblkmapobly natoa OO0IYbIHbIY
Hezi32l cebenmepin AHLIKMAY HCIHe UKeMOI KOMNO3UMMmIK 6aiiansicol 6ap yul Kabammol
nauenvoepoi Hcobanay, 0aublHOay, MACbIMAN0AY HCIHEe MOHMANCOAY Ke3iHoe borauakma
MEXHUKATLIK NPOONEeMANapobl H#Cot0 DOUBIHUA YCbIHbICMAPObL d3iprey.

Tyilin ce3nep: xabwvipea nanenvoepi, mipex snemenmmepi, KYpulivimoap, Kacoem,
akaynap meH 3aKbimoap.
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IT'MBKUX CBA3EHW B HAPYKHBIX TPEXCJIOMHBIX
CTEHOBBIX MTAHEJIAX

C.K. Axmenues', /I.T. Tokanos!, M.JK. Bakupos',
I1LB. Toaeybaesa?, T.A. Toakbintaes?, U.B. Tammyxanoerosa®* ©
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AHHOTamMsA. B OanHoOll pabome paccmompeHvl MmexHudeckue npoonemvl
NPUMEHEHUsL KOHCMPYKYULL UX MPexcloUunblX Nauenell ¢ UOKUMU CEA3AMU U3
NONUMEPHBIX MAMEPUAnos HA Npumepe CMpOAUe2ocs JHCUN020 KOMNIeKCd 8 2.
Acmana. Hccnedosarnue mpexciotnvlx nanenei ¢ 2UOKUMU KOMAROSUMHbIMU CEA3AMU
BbINOTHEHO 6 pe3yibmame NOAGLEHUs. MPewul WUpUHot packpvimus dec=0,05-0,1
mm.  OCHOBHOU — Yenvblo  UCCIeO06aHUSL  SABULOCH — YCMAHOGLECHUS  NPUHUH
MpewuHoodpa306anus U paspadomrKa pekoMeHOayull no UCKIHYEeHU) NOOOOHbBIX
SAGNEHUU 8 KOHCMPYKYUAX MPEXCIOUHbIX Nauenel ¢ SUOKUMU KOMNOZUMHbIMU
C6A3AMU, KOMOPAsi NPOBOOULACH 8 CLeOYIOWUX HANPABIEHUSX. NOO2OMOBUMETbHOEe
uccnedosanue (uUzyuenue MeXHUYECKoOU U NPOEKMHOU OOKyMeHmayuu, o0030pa
HAY4YHOU U MeXHUYeCKol qumepamypuvl (UCMOYHUKO8) 6 OAHHOU obaacmu meopuu
30anuUll U COOPYICEHUL); HAMYPHOE UCCIe008AHUe HAPYICHBIX — CMEHOBbIX
MPExXCIOUHbIX NaHelel ¢ 2UOKUMU  NOTUMEPHBIMU  CEA3aMU  (ONpedensiiacy
paxmuueckas nPoYHOCMb OEMOHA, NPOCIENHCEHA 6CSL MEXHOIO2UHECKas YenouKd
co30anusi U 6036€0€HUs  UCCLedyeMOll — KOHCMpPYKYuu  (U3eomosieHue,
MPAHCNOPMUPOBKA,  YCMAHOBKA 6 NPOEKMHOU  NOLONCEHUEe);,  YCMAHOBLEHO
paxmuueckoe apmuposanue naueneil); 8bINOIHEHUE NOBEPOUHBIX PACUEMO8 NAHENU
HA Ppaziudnble pAacyemuvle CUmMyayuu (8ce20 wecms PAacuemublx 6apUuaHmos
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1 INTRODUCTION

One of the primary objectives in advancing large-panel construction technologies is to enhance
energy efficiency and energy conservation. This is achieved through the integration of composite
polymer reinforcements, which are particularly promising for use in three-layer external wall panels.

To ensure the required reliability of three-layer reinforced concrete panels with composite
connections, it is essential to develop appropriate structural solutions and conduct extensive
experimental investigations. These include testing both individual panel elements with connections
and the panels as a whole. Key aspects of this research involve addressing issues of anchoring,
corrosion resistance, and fire safety of the connections, as well as examining the interaction between
flexible connections and the concrete layers of load-bearing structures.

2 LITERATURE REVIEW

(Blazhko, 2015), in Flexible Basalt-Plastic Bonds for Use in Three-Layer Exterior Wall Panels,
emphasized the necessity of developing an effective and reliable system for quality control of flexible
composite connections during production. This system should be incorporated into the technological
regulations for panel manufacturing. The study demonstrated that inaccuracies in the installation and
embedding of flexible basalt-plastic connections, as well as technological factors during production,
significantly affect the load-bearing capacity and durability of panels across various stages, including
manufacturing, transportation, installation, and long-term operation.

(Lugovoy, 2014), in Composite Flexible Connections for Three-Layer Panels, identified
several key advantages of using composite connections over traditional bonding methods for three-
layer panels. Composite connections eliminate thermal bridges, which increases the thermal
resistance of wall panels by 20-40% due to their low thermal conductivity (0,55 W/m-°C). This
improvement enhances energy efficiency and conservation in large-panel construction. Furthermore,
experimental and theoretical studies revealed essential physical and mechanical characteristics of
panels with flexible polymer connections, including their strength under various stress-strain states
(tension-compression, transverse bending, and shear along and across reinforcement fibers), elastic
modulus, creep resistance, and durability in aggressive environments such as acids and alkalis for up
to 100 years. The bond strength between flexible connections and concrete or mortar was also
confirmed. Instead of increasing the insulation thickness in traditional panel designs, the use of
flexible polymer connections eliminates thermal bridges caused by concrete keys or stainless-steel
ties, significantly improving the reliability and cost-efficiency of three-layer panels.

In the study, (Kovrigin, Maslov, and Wald 2017) investigated the effects of alkaline exposure
on flexible composite connections with wound strands. The results showed that such exposure
significantly reduces bond strength with concrete—up to 90%. However, flexible connections
featuring cylindrical-conical anchor expansions experienced only a 9% reduction in bond strength,
ensuring operational reliability and durability of the structure.

The introduction of flexible composite connections in wall panels has significantly enhanced
corrosion resistance and material efficiency. These panels also effectively meet regulatory
requirements for thermal conductivity and heat resistance, optimizing the consumption of
components.

Screw-type connections with periodic profiles, created by bonding strands of basalt and glass
fibers impregnated with resin, are deemed impractical. During extraction from the concrete mass,
shear failures occur in the contact zone due to the detachment of coarse sand from the reinforcing rod
surface. Conversely, the use of anchor elements with cylindrical expansions at the ends of the rods
ensures reliable and durable fixation of flexible connections in concrete.

In addition to the design of the anchor interface (e.g., cylindrical expansion at the end of the
rod), the reliability of flexible connections depends on the composition of the binding element and
the stability of the manufacturing process in terms of quality. Key factors include using raw materials
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with high initial strength and modulus of elasticity and determining the optimal volume ratio of filler
to polymer matrix to achieve a uniform composite structure.

To ensure the required thermal stability of the composite, it is essential to select the appropriate
glass transition temperature, ideally between 60-65°C, as verified by relevant testing protocols.
Furthermore, quality standards for manufacturing flexible composite connections should include a
robust acceptance testing system, with samples from each batch subjected to rigorous evaluation.

The foundation of composite reinforcement in constructions consists of fibers made from basalt,
glass, aramid, and carbon, with thermoactive synthetic resin (plastic) serving as the binding agent
(Imomnazarov, Al Sabri, & Dirie, 2018). Compared to conventional steel reinforcement, composite
reinforcement exhibits certain disadvantages: a low modulus of elasticity, reduced fire resistance,
inability to be used as compressed reinforcement, and higher costs.

A significant obstacle to the widespread use of composite reinforcement is the lack of a robust
regulatory framework. The low modulus of elasticity reduces the ultimate load capacity of flexural
elements without pre-tensioning. Furthermore, traditional calculation methods for reinforced concrete
structures with steel reinforcement are unsuitable for designs incorporating composite reinforcement.

Fire resistance is another critical challenge. When heated to 100°C, composite reinforcement
made of glass or basalt fibers may degrade, requiring the development of specialized fire protection
measures to ensure its viability in high-temperature conditions.

Despite these limitations, composite reinforcement offers notable advantages, including
chemical resistance, electromagnetic transparency, and excellent dielectric properties, making it
particularly beneficial in certain applications.

Filatov (2017) examined the use of three-layer panels with discrete connections (reinforced
concrete walls) based on fiberglass and basalt-plastic reinforcement. The study investigated the
temperature distribution within three-layer external wall panels, which consisted of an outer layer of
expanded clay concrete (80 mm thickness), an insulating layer of polystyrene foam boards (PPS-25
type, 150 mm thickness), and an inner layer of expanded clay concrete (120 mm thickness). Average
surface temperatures of external walls, heat flows, and thermal resistance values were determined.
Thermodynamic calculations were verified through thermographic inspections, which confirmed the
absence of thermal bridges in all cases.

According to Kovrigin and Maslov (2016), existing GOST standards for composite
connections exhibit several critical shortcomings:

1. There are no requirements for the organization of acceptance tests for composite flexible
connections. These tests should not only include measurements of sample geometric
dimensions but also determine the actual physical and mechanical characteristics of the
products.

2. The standards lack requirements for bond strength between connections and the concrete of
the load-bearing or facing layer after exposure to appropriate environmental conditions. This
factor significantly influences the load-bearing capacity of panels incorporating polymer-
composite flexible connections (e.g., glass and basalt fibers).

3. There are no correction coefficients that account for dynamic and climatic impacts on the
strength of flexible connections and their anchoring systems within the concrete mass. This
necessitates the development of additional calculation methods within the broader framework
for composite constructions.

4. Specific (technically justified) schemes for the placement of flexible connections to optimize
their inherent strength and ensure reliable and thermally efficient wall panels are absent.

The structural design of the anchoring element in flexible connections plays a pivotal role in
their reliability and durability. This includes features such as protruding ribs along the entire length
of the rod, square profile expansions formed by milling the composite rod, or cylindrical-conical
expansions connected with cylindrical sanded anchor sections. Such features are essential to ensuring
the reliable connection of the layers in three-layer panels. Therefore, all flexible connection designs
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should undergo strength testing in aggressive environments to verify both the connections and their
anchoring systems before being approved for use.

Based on international methodologies, the following requirements have been established for
testing the load-bearing capacity of flexible connections:

1. The quality of the connections should be assessed in terms of both their own strength and the
strength of their nodes when bonded to the concrete mass of constructions.

2. Connections should undergo tests in alkaline environments to evaluate chemical aging under
simultaneous static loading. The test duration should be at least 5,000 hours (compared to only
720 hours in Russia).

3. Statistical data on strength reduction over time should be collected, allowing extrapolation for
the expected service life of the structure.

4. During testing, failures should occur exclusively within the concrete mass (i.e., the forms and
failure modes of flexible connections should be uniform).

Flexible rod connections used in three-layer sandwich panels are sections of composite rods
with a circular cross-section and anchor expansions at their ends to improve anchoring performance.
These components include suspensions, supports, and braces, which are integral to the structural
integrity of the panels.

To reduce shrinkage and deformation of concrete, which create conditions for crack formation
during lifting and transportation, this study proposes diagonal flexible connections. These
connections are made from high-strength fiberglass with low thermal conductivity and high resistance
to alkaline and chemical environments, thereby eliminating thermal bridges and ensuring the
corrosion resistance of the panels (Nikolaev, Stepanova, & Demina, 2018).

Lugovoy and Kovrigin (2015) analyzed the application of three-layer reinforced concrete
panels with composite flexible connections, including SPA 7.5 connections produced by the Biysk
fiberglass factory. Replacing thermally conductive connectors such as metal ties and concrete keys
with composite flexible connections effectively addresses the issue of thermal bridges. However,
current GOST standards for flexible connections used in multilayer enclosures exhibit several
shortcomings. First, they lack technical requirements for the bond strength between flexible
connections and the concrete of the load-bearing or facing layer after exposure to alkaline
environments, despite this factor being critical for determining the load capacity of the bonding node.
Although alkaline testing does not significantly affect the strength of the primary rods of the
connections, which retain a margin of safety, the absence of these requirements limits design accuracy.
Second, there is no established procedure for statistically reliable determination of correction
coefficients that account for dynamic and temperature impacts on the strength of flexible connections
and their anchoring nodes. Third, calculation-based and justified schemes for arranging flexible
connections within the concrete mass of constructions remain undeveloped.

To ensure the proper operation of panels with polymer composite flexible connections, they
must comply with GOST standards and construction regulations, including SP 63.1333012 Concrete
and Reinforced Concrete Structures. General Provisions, to prevent undesirable cracking
processes. When calculating prefabricated structural elements exposed to loads during lifting,
transportation, and installation, the load from the element's weight must include a dynamic coefficient
of no less than 1.6 during transportation and 1.4 during lifting and installation.

When designing structures with flexible composite connections, operational factors such as
freeze-thaw cycles, exposure to high-temperature fields, wind pressure pulsations, and similar
conditions must be considered using appropriate reliability coefficients and working conditions. The
design of three-layer panels with flexible composite reinforcement must strictly adhere to current
standards, including Interstate Standard GOST 31938-22 Composite Polymer Reinforcement for
Concrete Structures. General Technical Conditions (Interstate Standard, 2022) and Interstate
Standard GOST 32486-15 Composite Polymer Reinforcement for Concrete Structures. Methods for
Determining Structural and Technological Characteristics (Interstate Standard, 2016).
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3 MATERIALS AND METHODS

The scientific and technical assessment of a residential construction project in Astana was
conducted in accordance with SP RK 1.04.04-101-2012 Inspection and Evaluation of the Technical
Condition of Buildings and Structures (SP RK 1.04-101-2012, 2015) by the KazMIRR Institute. The
assessment included three main stages: preparatory (preliminary) research, a full-scale investigation
of external three-layer wall panels with flexible connections, and verification calculations for the
external wall panel under various design scenarios.

The preparatory research established that the structural scheme of the building is a frame
structure consisting of monolithic reinforced concrete pylons, shear diaphragms, and floor slabs. The
strength, stability, and spatial rigidity of the building are ensured by the combined performance of the
pylon system, shear diaphragms, horizontal floor disks, and foundation, as described by Nuguzhinov
et al. (2023), Nuguzhinov et al. (2021), and Mussabayev et al. (2023).

The panels used in the project are 3NSg-type panels in accordance with GOST 31310, which
are three-layer external wall panels with flexible connections and a single-row cut design. These
panels have a total thickness of 285 mm, comprising an internal reinforced concrete layer with a
thickness of 80 mm, a mineral wool insulation layer with a thickness of 140 mm, and an external
reinforced concrete layer with a thickness of 65 mm, as outlined in NTP RK 01-01-3.1(4.1)-2017,
GOST 14782-86, and GOST 5264-80.

Flexible connections installed between the internal and external concrete layers ensure the
combined performance of these layers in the external wall panel. These connections consist of
suspensions, spacers, and braces made of fiberglass rods with a diameter of 7.5 mm. Each connection
element performs a specific function: suspensions support the weight of the panel’s external layer,
spacers maintain the distance between the layers, and braces prevent horizontal displacement of the
external layer relative to the internal layer, as described by Nuguzhinov et al. (2022) and
Nuguzhinov et al. (2021).

The reinforcement of the external and internal concrete layers of the three-layer external wall
panels consists of Vr-1 class wire mesh with a diameter of 5 mm and a spacing of 100 mm, combined
with frames containing longitudinal reinforcement made of AIII class rods with a diameter of 10 mm.
The transverse reinforcement is made of Vr-1 class wire with a diameter of 5 mm. Additional
reinforcement is provided at the corners of window openings using AIII class steel rods with a
diameter of 8 mm and a length of 600 mm. Four lifting loops made of Al class reinforcement with a
diameter of 10 mm are embedded in the internal concrete layer. To ensure vertical positioning, two
loops made of Al class reinforcement with a diameter of 20 mm are installed in the upper part of the
panel and are embedded in both concrete layers.

During the full-scale investigation of external three-layer wall panels with flexible connections,
cracks with a width of acrc = 0,05-0,1 mm were identified in the internal concrete layer at the top
and bottom levels of the wall panel, as shown in Figure 1.

4 RESULTS AND DISCUSSION

Selective probing of sections of the internal layer of the external three-layer wall panel, as well
as control openings in specific areas, revealed that the reinforcement of the internal reinforced
concrete layer complies with the project specifications. The reinforcement consists of Vr-1 class wire
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mesh with a diameter of 5 mm and frames containing longitudinal reinforcement made of AIII class
rods with a diameter of 10 mm. The transverse reinforcement is also made of Vr-1 class wire with a
diameter of 5 mm. Additional reinforcement at the corners of window openings was implemented
using AIII class steel rods with a diameter of 8 mm and a length of 600 mm.

(b)

Figure 1 — Crack in the internal concrete layer of three-layer wall panels: a) crack at the top level of the wall
panel; b) crack at the bottom level of the wall panel (Nuguzhinov et al., 2023).

Non-destructive tests to determine the strength of concrete in the internal load-bearing layers
of the external three-layer wall panels showed that the actual concrete strength corresponds to the
design class of concrete B20.

To investigate the causes of cracks in the external three-layer wall panels, a comprehensive field
study was conducted across all stages, from production and movement of the panel from the assembly
table to its final position at the construction site. Panels are formed in special metal molds, and to
accelerate the curing process, thermal and moisture treatment is applied, ensuring that the concrete in
the external and internal reinforced concrete layers achieves at least 80% of its design strength.

The reinforcement of the wall panels complies with the working drawings and includes flexible
fiberglass connections. The first lifting of the panels from the assembly table was performed using an
overhead crane and double-sling cable straps at an angle of 35-40° from the plane. After lifting the
panels, cracks with widths ranging from acrc = 0,02—0,03 mm were observed on certain specimens.

Following lifting, the panels are placed in an inclined position onto racks located in the
assembly shop and subsequently loaded onto panel trucks. The external wall panels are secured on
the panel truck via the upper mounting loops using clamps. The lower part of the internal concrete
layer of the external wall panels rests on a solid rubber strip laid on a timber support frame, as per SP
RK EN 1993-1-1:2005/2011 (2015) and SP RK 5.03-107-2013 (2015).

Upon the arrival of the panel truck with the examined external wall panels at the construction
site, a visual inspection of the concrete layers revealed cracks with widths of acrc = 0,05-0,1 mm.
Notably, cracks also appeared on panels that were previously free of such defects.

Based on the investigation results, the authors simulated various scenarios from production to
installation of the panels and performed detailed calculations to determine the causes of cracks in the
external three-layer wall panels. Verification calculations were carried out for different scenarios,
including the moment of the first lift at an angle of 65° using tippers and lifting traverses to ensure
force balance in the load slings with 80% concrete strength and a dynamic coefficient of 1,4,
transportation of the panel with a dynamic coefficient of 1,6, lifting of the panel with a dynamic
coefficient of 1,4, installation of the panel in its design position, and two panel installation variants.
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The simulation of the wall panel was performed using the licensed software package LiraSAPR
(Figure 2). The calculation model for the NS-1 wall panel was based on materials from detailed
instrumental inspections and project documentation. The model was constructed through interactive
input of load-bearing structures with the creation of a finite element mesh (nodes and elements). The
input data included information on cross-sections, materials, support conditions, and loads. In each
scenario, the actual concrete strength determined by field testing was considered. The external and
internal layers of the wall panel were modeled using universal shell elements, while the flexible
connections were modeled using general-purpose rod elements. The calculation model included all
loads acting on the panel at a given moment depending on the specific design scenario.

Figure 2 — Finite element model of the analyzed panel (Nuguzhinov et al., 2023).

First Design Scenario: "Initial Lifting of the Panel". The first design scenario (Figure 3) is
based on materials provided by the client and the results of the field investigation. The panel is lifted
from the mold using a tilting device, which lifts the panel not horizontally but at an angle to the
horizontal plane. Three angles were analyzed in the calculations: 15°, 45°, and 65°. In this scenario,
the displacement constraints of the calculation model are set at the lifting loops and along the lower
edge of the external layer.

The only load acting on the panel in this scenario is its self-weight, considered with a load
reliability factor y=1,1 and a dynamic coefficient of 1,4. The load from the insulation is distributed
evenly across the external and internal layers of the wall panel, with a load reliability factor for the
insulation of y=1,2.

Second Design Scenario: "Transportation of the Panel". The transportation of the panel is
performed using panel trucks. The panel is placed on rubber supports with the internal layer inclined
at an angle of 3-5° to the vertical. In this scenario, the displacement constraints of the calculation
model are located at the points of support under the panel and along the upper edge where the internal
layer rests on the truck frame (Figure 4).

Third Design Scenario: "Lifting of the Panel". The lifting of the panel is conducted using a
lifting traverse to ensure the self-balancing of forces in the slings. In this scenario, the displacement
constraints of the calculation model are applied exclusively at the lifting loops of the panel (Figure
5).
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Figure 4 — Second design
scenario: Transportation of the
panel on a panel truck with an

inclination of 3—5° to the vertical
(authors' materials).

Figure 3 — First design scenario: Lifting the
panel from the mold at angles of 15°, 45°, and
65° (authors' materials).

Figure 5 — Third design
scenario: Lifting the panel
using a lifting traverse
(authors' materials).

Fourth Design Scenario: "Panel Installed in the Design Position". The panel is attached to the
building's load-bearing structures using embedded parts located along the upper and lower edges of
the internal layer, as specified in the construction detail album. In this design scenario, the
displacement constraints of the calculation model are located at the points of the embedded parts
(Figure 6).
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Figure 6 — Panel support fixations (Nuguzhinov et al., 2023).

Fifth Design Scenario: "First Panel Installation Variant". According to the results of detailed
instrumental inspections, it was determined that the wall panel has no upper gap between its internal
layer and the floor slab. In this scenario, the upper edge of the internal layer of the wall panel is either
entirely clamped by the floor slab or only one of its corners is clamped. To install the panel in its
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design position, non-design forces must be applied to the areas near the mounting loops located
around the window opening on the internal side of the panel. The magnitude of these forces cannot
be precisely measured, as they are applied outside the plane of the slab and vary widely (from manual
force to the force generated by a winch). Additionally, each mounting loop experiences its own force.
In this calculation scenario, it is assumed that the wall panel is supported along the lower edge and
the right corner is wedged, requiring non-design forces to be applied to the mounting loops to position
the panel in its design location. For the calculation, it was simplified that the force applied to each
mounting loop is the same, approximately 250 kg.

Sixth Design Scenario: "Second Panel Installation Variant". According to the results of detailed
instrumental inspections, it was observed that during installation, wall panels are temporarily
supported by the outer surface of the lower panel.

The verification calculations indicated that in scenarios 2, 3, 4, and 6, the reinforcement of the
wall panel is sufficient. However, in scenarios 1 and 5, when concrete strength is low and non-design
forces are applied to the mounting loops, cracks may form in certain areas of the wall panel. It is
worth noting that cracks were observed during the transportation phase of the panel according to the
field investigations, although the calculations did not predict this. This suggests that additional
dynamic loads, difficult to account for in calculations, may occur during transportation (road
unevenness, improper panel fixation, speed of the panel truck, and other factors).

5 CONCLUSIONS

Based on the analysis of the causes of cracks in three-layer panels with flexible polymer
connections observed after delivery to the construction site, the following conclusions and
recommendations were made:

1. The absence of a technological control system for the installation of flexible connections
significantly contributes to the formation of defects in the panels.

2. Violations of transportation conditions, particularly failure to adhere to standard requirements,
result in additional dynamic loads that lead to cracking.

3. Insufficient attention is paid to areas of high stress concentration, such as the corners of
window openings, during the design and reinforcement processes.

4. Improvement of technical regulations for the use of composite polymer reinforcement is
required, including the implementation of a strict quality control system during the
manufacturing process.

5. Designers should focus on optimizing the reinforcement structure in the areas surrounding
window openings to minimize stress concentration.

6. Transportation of panels must be carried out in strictly horizontal positions in accordance with
standard requirements to avoid unnecessary stress and deformation.

7. Advancements in computational platforms, utilizing modern application software and high-
performance computing tools, are necessary to accurately model and evaluate the performance
of complex and heterogeneous construction objects.

These measures aim to mitigate technical issues such as cracks on the surface of three-layer
panels with flexible polymer connections and to ensure improved construction quality in the future.
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Abstract. Sulfate corrosion of concrete is the most common type of corrosion in
Kazakhstan and is a complex physical and chemical process depending on many
factors. Therefore, we studied the processes of cement and concrete corrosion in
sulfate corrosive media. Methods of corrosion resistance assessment were developed
taking into account the basic provisions of the theory of heterogeneous chemical
processes occurring in cement stone or concrete under the action of various aggressive
media. When studying the behavior of cement stone (concrete) in aggressive solutions,
researchers use different criteria to evaluate corrosion resistance. In some cases, the
criterion is based on the comparative change in the chemical composition of cement
stone before and after exposure to aggressive solution, in others - on the change in the
mechanical characteristics of concrete, and thirdly, on the magnitude of their
volumetric deformations. Analysis of the study of the microstructure of cement stone of
three compositions, showed the presence of clusters of elongated tubular crystals in
the form of "needles", which are characteristic of the morphology of ettringite, formed
in the zone of micropore formation. It was found that in the crystals of the modified
cement stone their size decreases from 80 to 110 nm, which is significantly lower than
in the control composition - from 200 to 300 nm and from 100 to 200 nm. Research on
the strength of concrete with micro silica consumption from 10 to 15%, the results of
which showed an accelerated process of hydration.
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F'bIJIBIMI MAKAJIA

AT'PECCHUBTI OPTAJATBI BETOHHDBIH
KOPPO3UAT'A TOIMIAJIIT'T

K. Akmanaiiyasbl, I'. KomkombaeBa* ®

CorbaeB Yuusepcuteti, 050013, Anmatsl, Kazakctan

AnpaTna. bemonnwviy cynspammul kopposusicel Kazaxcmanoa kopposusanuiy ey
KON mapanean mypi 60.16in maowvliadvl HcaHe KonmezeH paxmopnapea 6auianblcmol
Kypoeni  usuxa-xumusnulx npoyecc 6oavin  mabwinadvl. Conovikman — 0i3
cynbpammol  KOPpOUANLIK — OpMAoaAbl  YeMeHm neH OemoHHblY — KOppO3us
npoyecmepin 3epmmedix. Kopposzusza mesimoinikmi 6azanay adicmepi apmypii
azpeccusmi opmanapovly 2CepiHeH yemeHm macma Hemece OemoHOd HCYpemiH
2emepoceHOl XUMUSLIbIK npoyecmep MeopusiCblHblY He2i3el epedcelepin eckepe
omulpwin dHcacanean. Kopposusanvix epiminodinepoezi yemeHm macoiuviy (0emoHHbuIH)
MiHe3-KYIKbIH 3epmme)y Ke3inoe 3epmmeyuiiiep Kopposusiza me3imoinikmi basanay
ywin apmypai Kpumepuiiiepdi natioananaosl. Ketibip oswcazoatinapoa Kpumepuil
azpeccusmi epimiHOiniy acepine OelliH JicoHe 00aH KeuiH yeMeHm MAaCbIHbIY
XUMUATBIK  KYPAMBIHGIY  CATbICIMbIPMANbL  032epyiHe, 0AcKanapblHOa OemoHHbIH
MEXAHUKANBIK CUNAMMAMANApbiHbly 632epyiHe, YWiIHWIOeH, 01apobly KOeaeMOiK
oehopmayusnapeinbly Menuepine HecizoenceH. Yui Kypamowvl yemenm MAacCbIHbIY
MUKDOKYDOLILIMbIH 3epmmey Ke3iHoe HCyp2i3iieeH manoay MUKponopaiaposbly natoa
ooy ailmazviHOa natioa Oonameln dSmmpuneum mopgonocusicoeina mau "unenep”
mypinoe2ci y3apmuli2an KyOwipivl KpUcmanioapovly UWObIPIapbiHblY — OOLYbIH
kepcemmi. Moouguxayusnanean yemeHm macmapoliblly KPUCMAL0aAPbIHOA 01aPOblH
moenuepi 80 - 0en 110 Hm-ee Oetlin azaamuvitbl AHbIKMALObL, OV OAKbIIAY KYPAMBIHAH
e02yip momen-catikecinue 200-0en 300 um-ee oetiin scane 100-0en 200 nm-ce Oetlin.
Muxpokpemneszem wivi2vinol 10-nan 15% - ea Oetiinei bemonnwiy b6epixmizi OotibiHUA
3epmmeynep HCYp2i3iNoi, OHbIY HaMudicenepi SUOPAMAYUSIHLIY HceOenl)emisiceH
npoyeciH Kopcemmi.

Tyiiin ce3nep: demon, Kopposusanvlx opma, KOppo3us, cyivgham, mesimoinix,
YemMeHm macwl, MUKPO KPeMHUL OUOKCUOL.
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HAVYYHAA CTATbBA

KOPPO3UOHHASI CTOMKOCTh BETOHA B
AT'PECCUBHBIX CPEJAX

K. Akmanaiiyjibl © , I'. KommxombaeBa* i0)

CarbaeB YuusepcuteT, 050013, Anmatsl, Kazaxcrtan

AnHotauusi. Cynvgpammnaa  xopposus  Oemoma  Aengemcs — naubosee
pacnpocmpanenHvbiM  uoom Kopposuu 6 Kasaxcmame u npedocmaensem coboil
CHIOJCHBIU  (DUBUKO-XUMUYECKULL Npoyecc, 3aBUCAWUNL Om MHO2UX (DAKmMopos.
Tlosmomy mbl uzyuunu npoyeccovl KOppo3uu yemeHma u OemoHa 6 cyib@amHo-
azpeccusHvix cpeoax. Memoovl oyenKu KOPPOIUOHHOU CMOUKOCMU  OblLIU
Pa3pabomanvl ¢ y4emom OCHOBHbIX NOJIOHCEHUU MeOPUL 2emepO2eHHbIX XUMUYECKUX
npoyeccos, NPomMeKanuwjux 8 YEeMeHMHOM KaMHe Ulu OemoHe Nnoo Oelcmeuem
PA3IUYHBIX azpeccusHulx cped. Illpu uzyuenuu noeeoeHus yYeMeHmHO20 KaAMHsL
(bemona) 6 azpeccuHvIX pACMBOPAX UCCAe008aMeNU UCHONb3YIOM PAa3iudHble
Kpumepuu 011 OYeHKU KOPPOSUOHHOU cmoukocmu. B oonux cayuasx kpumeputi
OCHOBAH HA CPABHUMENLHOM USMEHEHUU XUMUYECKO20 COCMABA YeMEeHMHO20 KaAMHS
00 U nocne 6030€UCmBUs A2PecCUBHO20 pAcmeopd, 6 Opyeux - Ha USMEeHeHUU
MeXaHUyecKux Xapakxmepucmux Oemoua, u, 6-mpemovux, Ha GeIuduHe UX 0ObEeMHbIX
oechopmayuii. Ananus, nposeoeHHbIll NPU U3Y4eHUU MUKPOCMPYKIMYPbL YeMEeHMHO20
KAMH mpex CcOCmasos, NOKA3A]l HAluyue CKONIeHUL YOJIUHEHHbIX mpyouamvlx
Kpucmannos 8 eude "uen", komopule xapakxmeprul 05k MOPPOIO2UU IMMPUHSUMA,
obpazyrowuxcsa 8 30He 00pazoeanus Mmukponop. bwviio obnapysiceno, umo 6
KPUCMANNAX MOOUDUYUPOBAHHO20 YEMEHMHO20 KAMHI UX pa3mep YMEeHbULAemcsl ¢
80 00 110 um, umo 3HaUUMENBHO HUICE, YeM 8 KOHMPOIbHOM cocmage - ¢ 200 0o 300
Hm u co 100 0o 200 um coomsemcmaenno. Ilposedenvi ucciedo8anus npouHoCmu
bemona ¢ pacxodom muxpokpemuezema om 10 oo 15%, pezyromamsi Komopwvix
HOKA3AaIU YCKOPEHHbLU NPoyecc 2UOpamayuiu.

KualoueBble cjioBa: 0OemoH, acpeccugnas cpeoa, Kopposus, cyivgham,
CMOUKOCMb, YeMEHMHBIU KAMEHb, MUKDOKDEMHE3EeM.
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1 INTRODUCTION

In connection with the wide application of concrete and reinforced concrete structures and the
development of new areas in the Republic of Kazakhstan with aggressive external environments
(mineralized soils and groundwater) one of the main tasks of construction is to ensure the durability
of concrete under the action of various external aggressive environments. For this purpose it is
necessary to know not only the essence of corrosion, i.e. the changes that occurred in cement stone
or concrete under the action of aggressive media, but also the speed of these processes.

To estimate the corrosion rate, it is necessary to use specially developed methods taking into
account the main provisions of the theory of heterogeneous chemical processes occurring in cement
stone or concrete under the action of various aggressive media.

Sulfate corrosion of concrete is the most common type of corrosion in Kazakhstan and is a
complex physical and chemical process depending on many factors. Therefore, we studied the
processes of cement and concrete corrosion in sulfate corrosive media. At the same time, the
assessment of corrosion resistance of concrete by a single has an important scientific and practical
significance. It should be noted that in recent years there have been many publications on this issue,
but the results of these studies are not comparable and builders cannot get an unambiguous answer
about the resistance of a particular material.

The variety of research methods leads to the fact that the results of determining the corrosion
resistance of cements are not comparable.

2 LITERATURE REVIEW

A review of the information available in the literature shows that the methods of determining
the sulfate resistance of cements (concretes) can be divided into four groups: the visual method of
assessment, which records changes in the appearance of samples, such as the appearance of cracks
and distortion of the sample (Fedosov S.V., 2003; Sheinfeld A.V., 2014; Brykov A.S., 2014).

This method has significant disadvantages: evaluation of cement durability is subjective and is
not expressed quantitatively. Moreover, the determination of durability based on external signs of
fracture may lead to incorrect results, since concrete fracture often occurs uniformly throughout the
entire volume, without the formation of noticeable cracks, and at the same time the strength of the
specimen is almost zero, its shape may still be well preserved. If the specimens are placed in an
aggressive solution after long storage in water, a protective crust of calcium carbonate is usually
formed on their surface, and then destruction will occur only inside, where there are free lime, not
converted to CaCOs; the external shape of the specimen may remain unchanged (Glass G.K.,
Buenfeld N., 2000; Stroganov V.F., 2014).

Therefore, qualitative visual inspection of the specimens is necessary as an additional way to
confirm the quantitative characteristics obtained by other methods to evaluate the corrosion resistance
of concrete. Some authors (Alekseev S.N., et al., 1990; Rozental N.K., 2006) consider the method
of measuring the deformations of the specimens to be reliable when evaluating the sulfate corrosion
of concrete. The increase in the size of cement-sand and concrete specimens stored for a long time in
an aggressive environment occurs as a result of crystallization of corrosion products - gypsum and
calcium hydrosulfoaluminate, occupying a larger volume than the original substances. In some
countries, the strain method is proposed as a standard method (Pullar-Strecker P., 1988; Bazhenov
Y. M., 2002; Rahman M., et al., 2012) to evaluate the sulfate resistance of cements and concretes.

The main disadvantage of the strain measurement method is that its accuracy depends on the
accuracy of the instrument recording the elongation of the specimens. In addition, it must be taken
into account that the magnitude of expansion does not increase in direct proportion with the rate of
corrosion, but usually increases very rapidly just before the process of concrete decomposition, that
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is, a false impression of well-being is created, which can lead to accident and destruction of buildings
and structures. Therefore, the deformation method as well as the visual method for assessing the
sulphate resistance of cements can be used as a supplementary method.

3 MATERIALS AND METHODS

Recently, various physicochemical methods of corrosion process investigation have become
widespread. This group includes non-destructive methods of control, such as determining the
concentration of hydrogen ions (pH) in the liquid phase of concrete and concrete samples stored in
aggressive liquids or determining the amount of calcium ions transferred into solution from the
samples. These methods are very effective in studying the causes of the nature of corrosion and can
be used, as well as the first two groups of methods as additional to confirm the quantitative
characteristics obtained by the main method.

The most widespread among the accelerated methods for determining sulfate resistance is the
method that determines changes in the strength characteristics of samples stored in aggressive sulfate
media of high concentration (Erofeev V.T., et al., 2020; Mahmoodian, M. & Li, C.Q., 2011).

Neither deformations, nor external signs of deterioration, nor changes in the chemical
composition of cement stone unambiguously determine the condition of concrete structures operating
in aggressive environments; their load-bearing capacity and service life can be assessed by changes
in strength properties. It should be noted that the current GOST defines the corrosion resistance of
cements by their strength properties. The change in strength properties of concrete can be monitored
by three indicators: compressive, tensile and flexural strength.

In the process of exposure of concentrated sulfate solutions on concrete in the pores of cement
stone will be released in the solid phase of new formations, which in the initial period compact and
harden the concrete. The process of filling the pores and voids with the neoplasms leads to an increase
in the compression resistance of the specimens and can create the perception that there are no
destructive processes. In addition, pores and capillaries close during load application in compressive
testing of concrete, which leads to an overestimation of the compressive strength.

At the same time, when concrete pores are filled with gypsum formed in the process of concrete
corrosion, the process of bending resistance reduction is observed (Alekseev S.1.,& Ivanov F.M.,
2000).

Considering the above, it is reasonable to choose the strength characteristic, namely the flexural
strength, as a criterion of concrete corrosion resistance, because the results of determining the
compressive strength are overestimated due to objective reasons, and the bending tensile test is
difficult (Stepanova V.F., 2016; Glass G.K., Buenfeld N., 2000).

The flexural strength is a direct quantitative characteristic of the condition of the structure in an
aggressive environment; the flexural test is easy to perform, and based on the study of literature data
and laboratory studies can be recommended as a criterion for the corrosion resistance of cement and
concrete.

Therefore, we evaluated the corrosion resistance of samples by their bending test. In this case,
the dimensions of the tested specimens should be such that the ratio between the span of the supports
and the height of the specimens - beams, i.e. its cross-section was not less than 4, because at its smaller
value in the bending test may occur failure not from bending tension, but from folding stresses
(Fedosov S. V., & Bazanov S. M., 2003). The distance from the supports to the edge of the specimen
should be at least 1cm. Beam specimens with a cross section of 10x10 mm and length of 6 cm meet
the above requirements (for the evaluation of corrosion resistance of cements.) Corrosion resistance
of concrete was determined on beam specimens with a cross section of 100x100 mm and length of
400 mm where the distance between the supports was 300 mm.

Observance of the above conditions and methods of testing cements and concretes for sulfate
resistance will allow to objectively assess their true resistance and obtain reliable results regardless
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of the regional location of testing laboratories. This will allow manufacturers to reasonably approach
the choice of cements for concrete and reinforced concrete structures operating in aggressive sulfate
environments.

4 RESULTS AND DISCUSSION

The composition of cement-sand samples should be 1:3 (Cement : Volsky sand), and the water-
cement ratio is 0.6. The mobility of the mortar is 75-80 mm of immersion of the cone "StroiTsNIILa".

The prepared mortar is transferred to a pre-wiped wet cloth stirrer bowl stirred in it for 2.5
minutes (20 revolutions of the stirrer bowl)

The samples are compacted on a shaking table (30 blows for 30+5 s).

After manufacturing, the samples are stored in the molds for 24 +2 hours in a bath with a
hydrovlichicheskom shutter. Then the samples are unmolded and placed in tubs with drinking water
in a horizontal position so that they do not touch each other. The water should cover the specimens
by at least 20 mm. The distance between the samples must also be at least 20 mm.

After 28 days from the date of their manufacture, the samples are removed from water and
placed in Na2SOs4 solution. The amount of corrosive solution should be not less than 100 ml for each
specimen. Control specimens are left to harden in water until the moment of testing. The change of
solution is made when the concentration of sulfate ion in the test solution decreases by no more than
10%, which is established by determining the concentration of the initial solution. It is not allowed to
restore the initial concentration of aggressive solutions by adding salt or concentrated solutions.

Concentration control of working aggressive solutions during their preparation is carried out by
the density of solutions, which is controlled by measuring their density using areometers at a given
temperature, at a temperature of 20+2 °C. Determination of flexural strength of specimens is carried
out after 56 days, 6 and 12 months. The number of specimens for one test period should be at least
10. It is recommended to make control long-term tests in terms of 1, 2 and 3 years. The test shall be
performed not later than 1 hour after the specimens have been removed from the solution. The
specimens shall be wiped dry before testing.

Concrete specimens are stored in sulphate mortar for the same period as cement-sand
specimens, with the only difference being that the amount of aggressive mortar must be such that it
covers the specimen on all sides by at least 20 mm.

A quantitative characteristic of cement durability is the durability coefficient (Kst), which is
calculated as the ratio of the flexural strength of samples tested in Na2SO4 solution to the strength of
control samples cured in water.

We tested concrete made on Portland cement of 400 DO grade. As a coarse aggregate we used
crushed stone of Koturbulak deposit of 5-20 mm fraction, fine aggregate was sand with a coarseness
modulus of 2.2.

The data analysis showed that when cement is mixed with a suspension of activated micro
silica, it leads to intensification of the hydration process and binding of formed calcium hydroxide
(Ca(OH)2) by micro silica to the formation of low basic calcium hydrosilicates, which causes its
reduction by more than 23% relative to pure cement stone, reduction of the intensity of analytical
lines (C3S), and, accordingly, compaction and strengthening of the cement stone structure.

The strength of concrete with complex additives was studied on different concretes. In all cases,
equilibrated mixtures with stiffness of 20-21 s were used, which were obtained by reducing the water
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content. The results obtained are presented in Table 1.

Table 1
Effect of complex chemical admixtures on concrete strength
Additive content, % Compressive strength, MPa, at the age of
Ne Master Master Concrete hZa(iaglfd 28 days heat lel‘sll(li 32’151131;1‘
) Rheobuild  C-3 density, AT and humidity g
Air 200 keo/m? humidity normal
1000 g treatments I
treatments conditions
1 0 0 0 2385 30,8 41.4 41.8
2 0.6 0 0 2400 36.1 53.7 53.0
3 0.6 1.0 0 2400 37.4 55.5 54.2
4 0.6 1.0 0.16 2380 39.1 58.8 57.2
5 0 0 0 1930 23.8 32.0 34.6
6 0.6 0 0 1940 26.8 39.6 40.1
7 0.6 1.0 0 1940 28.8 39.9 41.0
8 0.6 1.0 0.16 1935 27.0 38.9 39.6

From the obtained results it follows that at introduction of Master Air 200 the strength of heavy
concrete at the age of 12 hours after heat and humidity treatment increases by 17%, and in 28-day
curing by 30%; after 28 days of curing in normal conditions by 27%. At introduction of complex
admixture Master Air 200+Master Rheobuild 1000 the strength of heavy concrete at the age of 12
hours after heat and humidity treatment increases by 20%, and in 28-day curing by 34%; after 28 days
of curing in normal conditions by 30%. At introduction of complex admixture Master Air 200+Master
Rheobuild 1000+C-3 the strength of heavy concrete at the age of 12 hours after heat and humidity
treatments increases by 27%, and in 28-day by 42%; after 28 days of curing in normal conditions by
37%.

At introduction of Master Air 200 the strength of concrete at the age of 12 hours after heat and
humidity treatment increases by 13%, and in 28-day curing by 24%; after 28 days of curing in normal
conditions by 16%. At introduction of complex admixture Master Air 200+Master Rheobuild 1000
the strength of concrete at the age of 12 hours after heat and humidity treatment increases by 21%,
and in 28-day by 25%; after 28 days of curing in normal conditions by 19%. At introduction of
complex admixture Master Air 200+Master Rheobuild 1000+C-3 the strength of concrete at the age
of 12 hours after heat and humidity treatment increases by 14%, and in 23-day by 22%; after 28 days
of curing in normal conditions by 14%.

From the analysis of the obtained results it follows that when Master Air 200 or Master Air
200+Master Rheobuild 1000 additives are introduced, the strength of lightened heavy concrete
increases more intensively in all cases. When the complex admixture Master Air 200+Master
Rheobuild 1000+C-3 is introduced, the strength of the concrete decreases by 3-7% and the strength
of the concrete increases by 6 - 8%. It follows that the technological effects achieved by the
introduction of Master Air 200 and Master Air 200+Master Rheobuild 1000 additives into concrete
are equivalent. The use of Master Air 200+Master Rheobuild 1000+C-3 complex admixture in
concrete is more effective than in other admixtures.

Analysis of the study of the microstructure of cement stone of three compositions, showed the
presence of clusters of elongated tubular crystals in the form of "needles", which are characteristic of
the morphology of ettringite, formed in the zone of micropore formation.

It is established that in the crystals of the modified cement stone their size decreases from 80 to
110 nm, which is much lower than in the control composition - from 200 to 300 nm and from 100 to
200 nm. The established changes are connected with formation of additional amount of low-base
calcium hydrosilicates due to alkaline excitation of silica-containing particles.

The cement stone was found to have a denser and more homogeneous fine porous structure
with micropore sizes ranging from 0.1 to 1 um Figure 1 (c¢) in the composition (Portland cement +
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micro silica + Master Air 200), the main range was from 2 to 5 um Figure 1(b) in the control sample,
from 2 to 10 um Figure 1 (a) with the presence of pores up to 100 um.

Figure 1 — Microstructure of cement stone: (a) control sample; (b) portland cement + micro silica;
(c) portland cement + micro silica + Master Air 200

The obtained positive results of cement stone modification formed the basis for the
development of concrete composition with a given complex of operational properties.

5 CONCLUSIONS

Tests of concrete samples after 6 months of exposure in Master Air 200 solution of 5%
concentration showed that the flexural strength of concrete increased compared to the initial one by
about 5-7%. This can be explained by the fact that probably the process of cement hydration is still
ongoing (due to the presence of sufficient clinker stock) and the absence of calcium hydroxide binding
components in the concrete. In addition, the introduction of Master Air 200 into the concrete mix
compacted the concrete structure due to its polymerization in the pores and capillaries, which
increased the water resistance of concrete W12. It should be noted that similar effect on the influence
on technological parameters of concrete mix and concrete.
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Abstract. Currently, the issues of strengthening the load-bearing capacity of
transport structures under the action of dynamic loads are becoming increasingly
relevant. To ensure a reserve of structural strength under dynamic impacts, active
methods of protection are increasingly being used. The use of active methods of
protection in the form of pliable supports makes it possible to increase the energy
intensity of the “support-structure” system and reduce the intensity of the dynamic
impact. They play the role of dampers, reducing vibration amplitudes and absorbing
deformation energy. The dynamic characteristics of transport structures play a
significant role in the oscillatory process, because the resistance of the structure to
external influences depends on them. By changing them, you can lower the value of the
dynamic coefficient, thereby reducing the dynamic effect. The aim of the research is to
evaluate the influence of the stiffness of the support links of transport structures on the
dynamic characteristics of road overpass spans. To determine the natural frequencies,
a homogeneous partial differential equation is used, the solution of which is presented
using hyperbolic functions. The solution of the transcendental equation is obtained using
the approximation method. The relevance of the obtained results lies in the fact that
when using elastically supple supports in transport structures it is possible to change
dynamic characteristics and thereby increase the strength reserve and reduce the
dynamic effect.

Keywords: compliance, rigidity of supports, natural frequencies, inertial forces,
approximation method..

*Corresponding author
Gulsum Kasymova, e-mail: kasimova_63@mail.ru

https://doi.org/10.51488/1680-080X/2024.4-12
Received 03 May 2024; Revised 28 May 2024; Accepted 30 May 2024

155


mailto:kasimova_63@mail.ru
mailto:kasimova_63@mail.ru
https://doi.org/10.51488/1680-080X/2024.4-12
https://orcid.org/0000-0002-6340-4059

QazBSQA Xa6apubicel. Ned4 (94), 2024. Kypbuibic

00X 624.042.8(031); 54
F'TAMP 67.03.03
FbIJIBIMI MAKAJIA

CEPIIIMAIMKEM/JEJIT'EH TIPEKTEPI BAP KOJIIK
KY¥PBLJIBIMJAPBIHBIH ITUHAMUKAJIBIK CUIIATTAMAJIAPBI

C.X. JTocranosa '@  I'T. Kacbimora 2@ | K.E. Toknanosa 3@ ,
O.E. Tyaerenosa 2@ | 0. Capcenopa ' ®

! Cor6aeB yuusepcureti, Anmatel, 050013, KazakcTan
ZXanbIKapanblk 6i1iM 6epy Kopropanusicsl, AnMarsl, 050028, Kazakcran
3Eypasus yausepcuteti, Anmarsl, 050012, Kasakcran

Anpatna. Kazipei yaxeimma OUHAMUKANLIK JCyKmemenepoiy acepineH
KONIKMIK KOHCMPYKYUSIAPObIY JHCYK KOmMepeiumi2in Kywetumy macenenepi 03eKkmi
bonyoa. Jumamukanvlk acepiep Ke3iHOe KOHCMPYKYUAILIK Oepikmik KOpblH
KaMMAMAcwl3 emy Yulin KopeaHvlcmuly Oejicendi adicmepi KoOIpeK KOLOAHbLLYOd.
Bepineiw mipexmep mypinoeai Kopeanvicmuiy beacenoi 20icmepin Ko10any « mipex-
KOHCMPYKYUA» — JHCYUECIHIY — IHepeUus  CblUbLMObLIbIRbIH — APMMbIPYEA  HCIHE
OUHAMUKATILIK 2CePOIH KAPKbIHOBLIbIEbIH MOMeHOemyae MYMKIHOIK bepedi. Onap
mepbenic amMnaumyoaniapbih MoMeHOememin Hcane 0ehopmayus dHepSUsACHIH
ciyipemin Oemngpepnepoiy penin amxapaovi. Kenik KoHCmpyKyusiapoviHuly
OUHAMUKANLIK, CUNAMMamaiapsl mepbeimeni npoyecme Maybi30bl pol amKapaobwl,
cebebi KOHCMPYKYUAHBIY ChIPMKbL acepiepee me3imoiniel corapea OAUuIaHblCMbl.
Onapovl e32epmy apxblibl OUHAMUKANBIK KOID@UYUeHMMIiY MaHIH momeHOeme
OmbIpblN, OUHAMUKANBLIK acepli azatmyza 0o01aodvl. bByn owcymeicma mipex
OaUIaHbICMAapbINblY — KAMMbLIbIRLIHA — OQUIAHLICMbL  ABMOMOOULL — emne
apanblKMapviHbly  MEeHWIKmMI  mepoenic  JHcuiikmepiniy o32epyi 3epmmeneoi.
Anvinean Homudicenepliy 63ekminiei KoMK KOHCMPYKYUALAPLIHOA —CePRiHOi
mipekmepoi navoailaHy KeziHoe cepniHoi cunammamanapobl 632epmyee JHCIHE
ocvliaiua 6epikmix pe3epsin apmmuipy2a HcoHe Cepnindi acepOi momenoemyee
601ambIHObBIRBIHOA.

Tyiin ce3mep: uxemOenciwmix, mipekmepoiy KAMMmMuolLiblabl, MeHUIKMI
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AHHOTANUSA. B Hacmoswee 8pemst O0abULYI0 AKMYAIbHOCHb NPUOOpemarom
B0NPOCHL YCUNEHUSI Hecyujell CNOCOOHOCMU MPAHCNOPMHBIX KOHCMPYKYUU Npu
oeticmeuu OUHAMUYECKUX Hacpy3oK. Jna obecneyenus pesepeéa NpOYHOCMU
KOHCMPYKYULL Npu OUHAMUYECKUX 8030€lCMBUsX 8ce OoJlee UCNONb3YION AKMUGHbLE
cnocobwl 3awumul. [lpumenenue akmugnvix cnoco608 3auumaol 6 8ude NOOAMIUBbIX
ONop N0360Ji5iem NOBLICUMb IHEP2OEMKOCMb CUCTEMbl «ONOPA-KOHCMPYKYUSL) U
CHU3UMb UHMEHCUBHOCMb OUHAMUYecKoeo 8o3deticmeus. Ouu  ueparom poib
Odemnghepos, cuudicas amniumyovl KOAeOaHull u no2iowujas sHepauto oegopmayuil.
Junamuueckue  Xapakmepucmuky — MPAHCNOPMHBIX — COOPYICEHUU  USpaiom
SBHAUUMENbHYIO PONb 6 KOIeOamenbHOM npoyecce, M.K. OM HUX 3A8UCUM
conpomuenenue KOHCMPYKYUU SHEWHUM B030eucmeusam. HI3MeHss Uux, MOHCHO
NOHU3UMb 3HAYEHUe OUHAMUYECKO20 KOI(PPuyueHma, mem CcamvlM CHUUMb
ounamuyueckuii 3ppexm. Llenvio uccredosanuil AGNAEMCS  OYEHKA  GIUSHUS
HCECMKOCU ONOPHBIX CE53€U MPAHCNOPMHBIX KOHCMPYKYUL HA OUHAMUYECKUE
XapakmepucmuKku Npoiemusblx CMpPOEHUU A8MOOOPONHCHBIX NYyMenposooos. /s
onpeoeneHus COOCMBEHHbIX uacmom ucnonv3yemcs 00HOPOOHOE
ougepenyuanvrHoe ypasHeHue 6 UYACMHBIX NPOU3BOOHBIX, peuleHue KOMOpo2o
npeoCcmasieHo ¢ UCNOIb308aHuem  eunepboiruveckux  @yukyutl. Pewenue
MPAHCYEHOCHMHO20 — VPABHEHUs.  NOJYYeHO C  UCHOIb308AHUEM — Memood
npubnudcerull. AKMyarbHOCMb NOJYYEHHBIX PE3YIbmMamos 3aKauaemcs 6 mom,
Ymo  Npu  UCNONL30BAHUU  YNPY2ONOOAMIUBLIX  ONOp 6  MPAHCHNOPMHLIX
KOHCMPYKYUSIX MONCHO USMEHAMb OUHAMUYECKUE XAPAKMEPUCTIUKU U TeM CAMbIM
NOBbICUMb Pe3ep8 NPOYHOCIU U CHUZUMb OUHAMUYeCKUll dhgherm.
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1 INTRODUCTION

The analysis of oscillatory processes of transport structures, especially road bridges, under the
influence of mobile load is becoming increasingly relevant. As the weight and intensity of the moving
load increases with the length of the overlapping spans, dynamic phenomena increase and this causes
increased requirements for their operation.

In the process of vibrations, the ability of a structure to resist external influences depends on its
dynamic characteristics. Therefore, it is important to strengthen the load-bearing capacity of
structures at the expense of internal and external reserves. Traditional methods and means of
protecting buildings and structures from dynamic impacts include a large range of various measures
aimed at increasing the load-bearing capacity of building structures.

Currently, to ensure the resistance of structures under intense dynamic impacts, active
protection methods are increasingly being used. The use of active protection methods in the form of
flexible supports allows increasing the energy intensity of the support-structure system and reducing
the intensity of dynamic impact. As a result, the cost of structures and the complexity of their
restoration is reduced.

The development and implementation of active methods for protecting reinforced concrete
structures under dynamic loading requires the development and improvement of effective methods
for dynamic calculation of systems that include both the structures themselves and the means of active
protection. At the same time, for a reliable assessment of the stress-strain state, the developed
calculation methods should take into account not only the basic physical laws of deformation of
reinforced concrete under dynamic influences, but also the features of deformation of malleable
supports. They absorb strain energy and act as dampers.

The problem of improving methods for calculating reinforced concrete structures on flexible
supports under dynamic loading is an actual scientific problem of great practical importance
(Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013; Kolotovichev Yu.A., 2023).

Experimental studies show that the use of flexible supports of constant stiffness for loads
characterized by the stage of increase and decrease can have both a positive effect on the operation
of structures (reduce the amplitudes of vibrations) and a negative one. This circumstance must be
taken into account when designing structures on flexible supports in order to avoid the appearance of
large forces and displacements in the structures compared to structures on non-displaced supports. To
increase the effectiveness of increasing the resistance of reinforced concrete structures to dynamic
impacts, it is advisable to use flexible supports of variable stiffness. To do this, it is necessary to
optimize the rigidity of flexible supports, taking into account the physical and geometric parameters
of spans (Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013).

In the following, the use of elastically malleable supports of superstructures in road overpasses
is considered. To optimize the rigidity of flexible supports, it is necessary to deduce the dependences
of the natural frequencies of transverse vibrations of superstructures on them, as well as their
influence on the stress-strain state of the system under the action of external dynamic loads. Analytical
and variation methods are used to solve these problems. It is proposed to vary the stiffness of supports
by iteration method when solving the characteristic equation.

2 LITERATURE REVIEW

The development and implementation of active methods for protecting reinforced concrete
structures under dynamic loading requires the development and improvement of effective methods
for dynamic calculation of systems that include both the structures themselves and the means of active
protection. At the same time, for a reliable assessment of the stress-strain state, the developed
calculation methods should take into account not only the basic physical laws of deformation of
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reinforced concrete under dynamic influences, but also the features of deformation of malleable
supports. They absorb strain energy and act as dampers.

The problem of improving methods for calculating reinforced concrete structures on flexible
supports under dynamic loading is an actual scientific problem of great practical importance
(Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013; Kolotovichev Yu.A., 2023).

Experimental studies show that the use of flexible supports of constant stiffness for loads
characterized by the stage of increase and decrease can have both a positive effect on the operation
of structures (reduce the amplitudes of vibrations) and a negative one. This circumstance must be
taken into account when designing structures on flexible supports in order to avoid the appearance of
large forces and displacements in the structures compared to structures on non-displaced supports. To
increase the effectiveness of increasing the resistance of reinforced concrete structures to dynamic
impacts, it is advisable to use flexible supports of variable stiffness. To do this, it is necessary to
optimize the rigidity of flexible supports, taking into account the physical and geometric parameters
of spans (Kumpiak O.G., 2021). Transverse vibrations of a beam with free edges on an elastic base
under dynamic loading were considered in the following works (Leontiev E.V., 2020; Korobko V.I.,
2007).

The fundamental theory of dynamics and stability of building and transport structures, modern
analytical and numerical methods using software packages for calculating dynamic characteristics,
the theory of oscillations, and taking into account various types of nonlinearity are considered in
many works (Kadisov G.M., 2012; Yegorychev O.0., 2005; Bekshayev S.Ya., 2013; Sedighi
H.M., 2012; Sedighi H.M., 2011; Ryabukhin A.K., 2020; Ray W.Cl., 1977; Korenev B.G., 1972;
Nikolaenko N.A., 1998).

For buildings and transport structures in seismic areas, issues of seismic protection and seismic
isolation, as well as the elimination of resonant vibrations using flexible supports, are important
(Dostanova S.Kh., 2020; 2021). IIpm paccMOTpeHMM ABMXKYIIEWCS HArpy3KM Ha MOCTOBBIX
KOHCTPYKIMSIX  JUIE  YMGHBIICHUS JMHAMHUYECKOro Hddekra HeoOXoauMo Ooliee  TOYHO
IKCIIEPUMEHTAIBHO U TEOPETHYCCKH ONPENENATh 4YacTOThl U (OPMbI COOCTBEHHBIX KOJICOAHUIT
(Dostanova S.Kh., 2023).

Despite the existing experimental and theoretical studies of transport structures, some issues
require clarification when determining dynamic characteristics, searching for an internal reserve of
strength, and enhancing reliability and safety under the action of moving loads.

Due to the intensive development of road transport and increasing requirements for their
operation, it is necessary to improve and develop experimental and theoretical research using
innovations and scientific achievements in the field of road sector.

In the following, the use of elastically malleable supports of superstructures in road overpasses
is considered. To optimize the rigidity of flexible supports, it is necessary to deduce the dependences
of the natural frequencies of transverse vibrations of superstructures on them, as well as their
influence on the stress-strain state of the system under the action of external dynamic loads. Analytical
and variation methods are used to solve these problems. It is proposed to vary the stiffness of supports
by iteration method when solving the characteristic equation.

3 MATERIALS AND METHODS

3.1 METHOD FOR DETERMINING THE NATURAL VIBRATION FREQUENCIES OF
LOAD-BEARING BEAMS OF SUPERSTRUCTURES

Free transverse vibrations of a rod with a distributed mass are considered. The superstructure is
considered as a beam on two elastically pliable supports with rigidity Ci1 and Co. It is assumed that
each span of the split bridge operates independently of each other. Consider a beam on control
supports (Figure 1). Free vibrations of a beam with a uniformly distributed mass are described by a
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fourth-order partial differential equation (Leontiev E.V., 2020; Korobko V.I., 2007; Bekshayev
S.Ya., 2013; Sedighi H.M., 2012; Sedighi H.M., 2011; Ryabukhin A.K., 2020).

L / |

Figure 1 — Design diagram of a beam on regulating supports (authors’ material)

The differential equation of free vibrations without taking into account the resistance forces has
the form (Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013; Kolotovichev Yu.A., 2023; Kadisov
G.M., 2012; Yegorychev O.0., 2012).

4
Elg—?f+m(x)aty =0 (1)

In equation (1) y=y(x,t)- are the unknown deflections, EI - flexural stiffness, m(x)- linear mass.
We restrict ourselves to finding only such solutions of equation (1) that determine standing waves,
i.e., the bending shape that does not depend on time. These solutions correspond to the main
waveforms. For such waveforms, the solution can be obtained by separating the variables, then the
solution and equation (1) can be written as:

Vo) =Sy =Yy, T ),

- - )
EICY, " () +m(x)(Q v, ()T (1)) = 0
k=1 =1
Combining the sums and equating the terms of the same name, we obtain a system of
differential equations:
O°T, (¢
El g O 1 ) 4 mx)y, () LD ( )0, k=123... 3)

Dividing each term in (3) by a value m(x)y, (x)T), (t), we obtain the sum of two terms, each

of which depends on only one variable. We introduce a notation for the relations of the following
quantities:

Ely' () _ T _ @
m(x)y,(x)  T()

These relations are independent of the variables x,t and represent the squares of the natural
vibration frequencies of a beam with a distributed mass. By introducing the notation (4), the system
(3) decomposes into two independent systems of ordinary differential equations:
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W)= A (D=0, k=123....

s _m(x)-o; (%)
A =——"—t
EI
T! )+ T,(t)=0, k=123... (6)

In equation (6) ok - the frequency of natural oscillations corresponding to k-form. Using the
Euler method for solving linear ordinary equations, the solutions of equations (5) and (6) can be
represented as:

Yt =3 v (T, 0),
Y, (x) = Ach(A, x) + Bsh(A,x) + Ccos(4,x) + Dsin(4, x), )
T,(t)= A, sinw,t+ B, cosw, ¢
General solution for deflections:
» (Ach(A,x)+ Bsh(A,x)+ Ccos(4,x)+ Dsin(4,x))
y(x,0)=Y, :

(A4, sinw,t+ B, cosw,t)

In (7), the values A, B, C, and D are constants determined from the anchoring conditions
(boundary conditions), and Ak,B ;& are constants determined from the initial conditions, i.e.,

displacements and velocities at the initial time t=0.
The expression for y,(x)  defines the main form of vibrations corresponding to the

frequency ok, it defines a static elastic line caused by the running load q, = m(x)a)]f Vs If the

running mass is constant along the length of the rod, m(x)=m = const, then we can write for the
parameter s, :
Jma?
A, =[|—~ 8
k Z (8)

For the case when the beam is hinged at the edges, the boundary conditions will be:

at x=0 M,=0,0,=y,-C,
at x=1 M, =0,0 =—y,.C,, 9)

where y, — displacement at the origin, ), - beam displacement atx =/; M ,and M,-moment at
x=0andx =/, respectively, Q,and Q,-transverse forces at X =0and x =/, respectively.

Let us express the coefficients A, B, C, and D in terms of the initial parameters y,, @, ,
M,, Q,, then the standing waves can be represented as (Leontiev E.V., 2020; Korobko V.I.,
Korenev B.G., 1972):
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(PoTx_jl/lo U, - 3Qo o
A AEI PEI
M, O
=y AV +@,§ ——0 =20
YA O e T T

yx:yOSx+

Uxo
(10)

M_ =-y A EIU_ - @ AEIV, +M,S, +%°

0, = _yO/I?’E]T;c - (DoﬂzElUx +M AV +0, S,

In(10) S,, T., U_,V_ are the Krylov functions:

S :chﬂx+cosix T _ ShAx +sin Ax

x 2 9 x 2 ”
U _ ¢hAx—cos Ax % _ ShAx —sin Ax
X 2 9 X 2 -
Dy »C

=S +2T -2

Yoo T e T

yOCI

AV +,S, —5—U_,
=0 Pocx =gy (11)

M, =-y,2EIU, -, AEIV, +y°/1C1T

0, = _yofElTx - Q’o/?“zE[Ux +1,GS,

In (11) C,- is the stiffness of the support at x = 0. Using (11), we write down the expressions
for deflection, moment and transverse force at X =/. As a result we obtain a system of three

homogeneous equations with respect to three unknowns: y,, @,, V.

Dy 10C
o=yS_+—=T_ ——=—V_,
V=t = Vo s 2 =T g

M, _ =0=-y 0,12E] U =@ AEIV  + Yoy T, (12)

0,=-Cy._ = —yOfEH;:l - ¢012E]Ux=l + 1, S,

S - chAl +cos Al T Sh;tl +sin Al
x=l — 2 9 2 —,
U - chAl —cos Al V sh/ll —sin Al
x=l — 2 9 2

Equating the determinant of the system with unknowns y,, @,,),, to zero, we obtain a

transcendental equation with respect to the unknown quantity A.
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C

%
(Sx:l _/IS—EIVIV)C:] - l)yO +70Tx:l _yx:l = 09

_yO (leIUx:[ - %Tx_[) - ¢02’E]Vx:l = 0

_yO (ESEITX:I - Cle:l) - ¢012E1Ux:l + C2yx:l = O

C 1
(Sx:l _/13—E1.1Vx:l _1) sz:l _1
~(ZPEIU_, - % T.) -ZAEIV_, 0|=0 (13)
~(PEIT_ -CS_) -AEIU_, C,

The determinant (13) is a frequency equation from which the frequencies of natural vibrations
are determined:

C 1 C
F(A)=(S. —/13—11EIT i ~DAEV,,C)) - ZT L (~AEIU  + 7'Tx:1) G+
c (14)
(-VEIU __, + ijz, YAEIU _, + AEIV _(XEIT_, +C,S_)=0

Equation (14) can be written as:
- ﬂj (EI ? )[(Ux:lz) + Tx:IVx:/] + ItEI [(_Csz:/Sx:/ + Vx:ICZ + Cz Tx:/Ux:/ + ClTx:/U e T Cle:le:l] +
+ ;LC1 Cz[Vx=sz=z - (Tx=12 )]=0

The parameter A is also included in the arguments of circular functions. Assuming one of the
supports or 2 supports is rigid, we can consider 3 special cases:

1. C1 =0
F(A)=(S._)(~AEIV._C,) - %Tx_l(—ﬂfEIUx_l) C, +

(15)
+(-VEIU_)AEIU_, + AEIV_ (-2 EIT_)=0
2. C,=o
F(A)=(-AEIU _, + %Tx_, YAEIU _, + AEIV_(-ZEIT_, +C,S._)=0 (16)
3.C,=C, =
F(A)=(-XEIU_)XEIU_, + AEIV_,(-AEIT._)=0 (17)

Equation (17) corresponds to rigid constraints. The frequency of natural vibrations is expressed
in terms of the parameter A:

o, =2, % (18)
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Knowing the natural frequencies, we can use formula (12) to determine deflections, rotation
angles, bending moments, and transverse forces.
With rigid supports C, = C, =, then the frequencies are determined depending on the number

of half-waves k by the following formulas:

2 |EI 47 /E] 2 /E]
w1:—7;2 —, k=1, a)zzﬁ —, k=2, a)3:9;§ —, k=3
m m m

In general, equation (14) can be represented as a nonlinear function of the parameter A:

F(A)=0 (19)

This equation is a transcendental equation with respect to the unknown A, which is a parameter
of the natural frequency ® (Bekshayev S.Ya., 2013; Sedighi H.M, 2012; Sedighi H.M, 2011;
Ruabukhin A.K.,2020). This equation has countless solutions, so in the future it is necessary to
determine the minimum values of the unknown quantity. Knowing A, we can find the values of the
eigenfrequencies. To solve equation (19), we can use the approximation method. Let's say that two
parameter values are found A =a,b, where the function F(A)takes two values of different signs, i.e.

F(a)F(b)<0. In this case there is at least one point between a and b where F'(1)=0. As an initial

o D . a+b
approximation, we can take the midpoint of the segment[a,b], i.e. x, = 5

The iterative process consists of successive refinement of the initial approximation 4 = x, . Each

such step is called an iteration. As a result of iterations, a sequence of approximate values of the root
X;,X,,X,...x,1s found . If these values approach the true value of the root as n increases, then the
iterative process converges. The method of dividing a segment in half is as follows. Let's assume that
we found the segment [a,b] that contains the desired root value x =c¢, i.e. a<c<b. As an initial

o . . . a+b
approximation of the root witho, we take the midpoint of the segment, i.e. ¢, =

. Next, we study

the values of the function F(x)at the ends of the segment [a,c,]and[c,,b], i.e. at points a,c,,b. The
one where the function F(x)at the ends of which takes different values contains the desired root, so
we take it as a new segment. Discard the second half of the segment [a,b] where F(x) does not

change. As the first iteration of the root, we take the middle of the new segment, etc. Thus, after each
iteration, the segment on which the root is located is halved, i.e. after n iterations, it is halved.
Let for definiteness F'(a) <0, F(b) >0 (Fig. 2). As an initial approximation of the root, we take

Co = . Since in the case F(c,) <0< F(c), under consideration, then ¢, < ¢ <b we consider only

¢, +b

the segment [c,,b]. Next approximation: ¢, = . In this case, we discard the segment [c1,b],

¢, +¢

since F(c,)>0and F(b)>0,1.e. ¢, <c <c,.Similarly, we find other approximations: i.e.c, = >

, etc.
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&4
Feo)

F a1~

Figure 2 — Iteration method (authors’ material)

The iterative process is continued until the value of the function F(x)after n-th iteration

becomes less than absolute value of some given value g, i.e. \F (c,) < ¢&. You can also estimate the

length of the resulting segment: if it becomes less than the permissible error, then the calculation
stops. Figure 3 shows a flowchart of this algorithm.

/ Input of a, be /
v

| calculation of Fia) |

v

| c=(a+b)2 |
I

| =

calculation of Fic)

Quiput of ¢

Figure 3 — Flowchart for solving the transcendental equation (authors’ material)

By analogy, we can consider the case when the left support of the rod is an absolutely rigid
connection, and the right support is elastically pliable (Figure 4) (Ray W. 1977; Korenev B.G.,
1972; Nikolaenko N.A., 1988).

m

glllllllllllll

Cl1

Figure 4 — Design scheme with one elastic support (authors’ material)
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For the case of a rigid connection at the left end and a hinged support of the beam on the right,
the boundary conditions will be:

at x=0 =0, ¢,=0

at x =1 =0, O =-y-C, (20)
where y, - displacement at the origin, y, - beam displacement atx=/; M, and M, -moment at
x=0 andx =/, respectively, O, and(Q, -transverse forces at x =0 andx =/ , respectively.

Let us express the coefficients A, B, C, and D of solution (7) in terms of the initial parameters

Yoo @y My, Q,, ,then the standing waves can be represented as:

M, 0,
My %y
Y ST T PR
M
q)x =——— ZQO Ux s
JEL 2EI @1

M =M,S, +%°T

Qx :MO/II/X_’_QOSX

In(21) S, T, U_,V_are the Krylov functions:

S, = Chix+cos ix T = Shix+sinAx
X 2 H x 2 s

U _ ChAx —cos Ax % _ shAx —sin Ax
x 2 H x = 2

Using the boundary conditions, we obtain:

M 0,
=0=-—20U_ =2y
PE " PEI

x=[°
];40 Uv:l _3Q—0 I/x:l’
AEl A EI
O, == C=MAV_+0,S,

,=0=M,S_ +Q°T
A (22)

yx:l:():_

As aresult, we obtain a system of three homogeneous equations with respect to three unknowns:
M,, O, »,. Equating the determinant for the unknowns to zero, we obtain a transcendental
equation with respect to the unknown parameter A.

1
Sx:l(_ﬁl/x:lcl-i_‘gx:l) xX= l( U C +/1V l) 0 (24)
Ux:():chO—zcosO:O’ I/)C:ShO—zsmO:Q
Ux:l _ chAl —2 cos A/ ’ K _ shAl —2 sin A/
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Assuming the right support is rigid, we can consider a special case:
l. C,=0

1
F(X): szl (Sx:I) - z Tx:l (;L Vx=l ) =0

4 RESULTS AND DISCUSSIONS

4.1 Results of dynamic calculation of a road overpass

(25)

Figure 5 shows a general view of the overpass. The overpass in the longitudinal direction is
made three-span. Static system of superstructures is beam-split. Support of beams on supports is

hinged.

Superstructure-reinforced concrete, three-span, superstructure No. 1 and No. 3 consists of T-
shaped reinforced concrete beams with a length of 11.36 m, made according to the standard design
of reinforced concrete prefabricated superstructures without diaphragms with frame reinforcement of

a periodic profile.

Figure 5 — General view of the overpass (authors’ material)

Using the proposed algorithm, the eigenfrequencies of transverse vibrations of spans are

determined for the case of hinged fastening of the ends of load-bearing beams (C, = C, = ) and for

the case of elastic-yielding supports with different stiffness values (table 1) (Dostanova S.Kh., 2020;

2021; 2023).

Table 1.
Values of natural frequencies and oscillation periods (authors’ material)

Periods

Span No. Anchoring conditions Eigenfrequencies @, , Hz of oscillation sec
1,3 Hinge support C;=Cy =00 9,82 0,64
2 Hinge support C;=Cy =0 5,86 1,07
1,3 Elastic support (C;=C>=100 kN/cm) 5,52 1,14
2 Elastic support (C;=C>=100 kN/cm) 4,84 1,55
1,3 Elastic support (C;=C,=200 kN/cm) 5,44 1,15
2 Elastic support (C;=C>=200 kN/cm) 4,44 1,25
1,3 Elastic support (C;=C>=400 kN/cm) 7,66 0,82
2 Elastic support (C;=C,=400 kN/cm) 5,32 1,18
1,3 Elastic support (C;=C,=800 kN/cm) 8,55 0,74
2 Elastic support (C;=C,=800 kN/cm) 5,38 1,17
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Figure 6 shows a graph of changes in the frequency of natural vibrations ® in Hz depending on
the stiffness of elastic supports C,in kN/cm. For two spans of an automobile overpass. The graph
shows 2 asymptotes (1) and (3) corresponding to rigid supports: 1 for the first and third spans; 3 for
the second span. Curve 2 corresponds to the first span, and curve 4 corresponds to the second span.
It can be seen from the graphs that as the stiffness of the supports increases, the natural oscillation
frequencies approach values close to those of rigid supports.

12

10 (1)

(4)

0 100 200 300 400 500 600 700 800 900

Figure 6 — Graph of changes in the frequency of natural vibrations @ in Hz depending on the stiffness of elastic
supports C,in kN / cm for two spans of an automobile overpass: (1) for the first, (3) for the second span with rigid
supports, (2) corresponds to the first and (4) to the second span for elastic supports (authors’ material)

The obtained graphs allow us to evaluate the influence of the stiffness of the supports on the
dynamic safety margin of the whole system (Dostanova S.Kh.2020; 2021; 2023). When transport
moves at speed v, the dynamic coefficient p for a single-mass system can be approximated by the
following formula:

B 1 B 1
Tu[m =57
T ~ET w

In this formula m is the span mass, EI is the bending stiffness, | is the span length, @ is the
natural frequency. From the obtained graphs it is seen that the most optimal for the 1st and 2nd spans
is the stiffness of support links equal to 200 kN / cm. Reduction of frequencies leads to reduction of
the value of dynamic coefficient at speed v=40 km/hour by 15-20%. This makes it possible to increase
the reserve of dynamic strength by adjusting the stiffnesses of the support links.
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5 CONCLUSIONS

The presented algorithm for calculating the dynamic characteristics of transport structures using
elastic-yielding supports and the results of theoretical calculations allow us to draw the following
conclusions:

1. When using resilient supports in transport structures, you can change the dynamic
characteristics and thereby increase the strength reserve and reduce the dynamic effect.

2. Regulating support devices reduce the natural vibration frequencies of the beam, thereby
removing it from the resonant zone by 9% or more. By changing the stiffness of the supports, you
can optimize the values of dynamic characteristics using the method of successive approximations.

3. An increase in the length of the span beams leads to a decrease in natural frequencies and
an increase in internal forces and deflections with free vibrations up to an average of 32%.
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INVESTIGATION OF PHYSICO-CHEMICAL PROPERTIES
CHANKANAI DEPOSIT ZEOLITES FOR ENHANCED MODIFIED
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Abstract. This study examines the physico-chemical properties of the Chankanai
deposit zeolite and its potential as an additive in the production of modified concrete.
The focus is on the investigation of the structural characteristics of zeolite, its chemical
composition, and its modifying ability. Zeolites are aluminosilicate minerals with high
adsorption capacity, and their use in building materials has the potential to enhance
the strength, durability, and environmental friendliness of final products. X-ray
diffraction (XRD) and scanning electron microscopy (SEM) methods were applied to
analyze the structure and morphology of zeolites. The XRD methods allowed for the
determination of the crystal structure and phase composition of zeolite samples,
revealing the presence of dominant mineral phases and their spatial arrangement.
Using SEM, the microstructure and morphological features of zeolite particles were
investigated, enabling an assessment of their porosity and distribution within the
material. As a result of the experiments, it has been found that zeolites exhibit a high
sorption capacity, well-developed porous structure, thermal stability, and resistance to
chemical substances, making them promising raw materials for manufacturing cement
composites, concrete, and other building materials. Additionally, the potential of
enhancing the performance of these materials through the use of zeolites as well as the
environmental and economic benefits associated with them have been discussed.

Keywords: zeolite, Chankanai deposit, modified concretes, adsorption capacity,
durability, environmental friendliness, physical properties.
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KAKCAPTBIJIFAH MOAUPUKANINAJTAHYAH BETOH OHAIPY
YIHITH YAHKAHAUW KEH OPHBIHBIH HEOJIUTTEPIHIH
OUBNKAOXUMUAJIBIK KACUETTEPIH 3EPTTEY

A.K. ToserenoBa', K. Akmaunaiiyasi?, A. Karugapos'* © | A.C. Ecnaesa’,
3.H. Anraesa?, A. Asmxan', E. Mepku6aes!, III.M. Kyaraesa?, U.JI. Temes!

ICor6aes Yuusepcureri, 050013, Anmarsl, Kazakcran
2 XanbIkapanslk 6iniM 6epy kopropanuscel, 050043, Anmatsl, Kazakcran

Anparna. byn sepmmey Yankanaii keH OPHbIHLIY YeOTUMIHIY PUIUKA-XUMUSLTLIK
Kacuemmepin XcaHe OHblH MOOUUKayuALaHean 6emoHOapovl oHOIpyee apHanaH
Kocna pemiHOe2i Nepcnekmusanapviih Kapacmuipaovl. Lleonummiy KYpolibiMObIK
epexulenikmepit, OHbIY XUMUANBIK KYDAMbIH JCoHe Moougurkayus Kabiremin
3epmmeyee baca Hazap ayoapuliadvl. Lleonummep-scoeapovl adcopoyusniblk Kabinemi
bap anoMuHUll CUTUKAMMAPbL HCIHE 01apObl KYPbLIbIC MAMEPUAIOapblHOa KOJIOaHy
COHEbl OHIMHIH OepikmiciH, OepiKmiciH JHcoHe MYPAKMbLIbIZbIH aAPMMmMulpa aaidobl.
Lleonummepoiy KypbiibiMbl MeH MOPHOIOUACLIH MANOAY YUliH peHmM2eHOIK (ha3anblk
manoay (XRD) owcone cxamepneywi s1ekmporovl mukpockonus (SEM) adicmepi
KO10aHbL10bl. Penmeenoik ¢hazanvik 20ic yeorummepoiy KpUCManoblk KYpoliblMbl MeH
Gazanvix KypamvlH anbiKmayed, 0acvimM MuHepanoapobly OONYbIH JHCIHE ONAPObIH
KeHIiCmIKmMIK YUbIMOACMbIPLUIYbIH AHLIKMAYyea MYMKIHOIK 6epoi. SEM kemecimen
yeoaum OOaUEKMEPIHIY MUKPOKYPBIILIMbL MeH MOponousicvl 3epmmendi, Oy
0n1apobly  KeyeKkminiei MeH mamepuanoazel Oenulekmepoiy mapanybliH 6a2anay2a
MYMKIHOIK  OepOi. DOkcnepumenmmep HaMudceCiHoe Yeonummepoiy — Hoeapbl
copoyusanbly Kabintemi, 0amvlean Keyekmi KYpbliblMbl, bICIbIKKA MO3IMOLLiel JHcoHe
XUMUATLIK peaceHmmepoil acepine meo3iMoinici anblKmanovl, OY1 0aapobl yYemeHm
KOMRO3ummepiH, 0emoHObl JHCoHe 0acKa KYpbliblc Mamepuailoapvlh 6HOIpyze
nepcnexmusanvl wuxizam emeodi. ConviMen Kamap, yeonummepoi natoaniany apKbiivl
KYPbLIbIC MAMepuanioapbiibly OHIMOLNICIH dHcakcapmy MYMKIHOIKmepi, coHoal-ak
01apOblH IKOJIOUSNBIK HCIHE IKOHOMUKANBIK APMBIKULLLIBIKMAPb MATKLLIAHAObL.

Tyiiin ce3nep: yeorum, Yankanaii ken opusvi, 032epmineen bemonoap, aocopoyus
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AHHOTAUMA. B 0aHHOM UCCed08anuu paccmampugaromcs QuauKo-xumuyecKue
ceolicmea yeoauma mecmopoxcoeHuss Yankanaii u e2o nepcnekmussbl 8 Kaiecmee
000asku 0151 NPou3B00CmM8a MooupuyuposanHvlx bemonos. OchoeHoe GHUMAHUE
VOeNeHO U3VYeHUI) CMPYKMYPHLIX OCOOEHHOCmel UYeonumad, e20 XUMUYeCKO20
cocmasa u cnocobHocmu Kk moougpuxayuu. Lleonumsr - 3mo anomocuruxamol ¢
8bICOKOU AOCOPOYUOHHOU CNOCOOHOCMbIO, U UX UCNOTBL30BAHUE 8 CHPOUMNENbHBIX
Mamepuanax modxcem NnO8bICUMb HPOYHOCHb, O0N208€YHOCHb U IKOJIO2UYHOCb
KOHeuHo2o npodykma. [[na awanusza cmpykmypsl u Mopghonocuu yeoaumos Owvliu
UCNONB308AHLI  MemOoObl penmeenogazoeoeo auanuza (XRD) u cxkanupyrowei
nekmpouHou  muxkpockonuu (SEM).  Penmeenoghazosviti  memoO  no36o.nun
onpeodenums KpUCMAIIULECKYIO CIMPYKMYpY U (hazosbviil cOCMag Yeoaumos, 6bia6uUes
Hanuyue OOMUHUDVIOWUX MUHEPANo8 U UX NpocmpaHcmeenHyto opeanusayuio. C
nomowvio SEM Ovinu uzyueHvl MUKpOCMPYKMypa u Mopghono2us yacmuy yeoiuma,
YUMo NO380NUN0 OYEHUMb UX NOPUCMOCIb U pacnpedeleHue yacmuy 6 mamepuaie. B
pesyavmame 3KCHePUMEHMOE OblI0 BbIAGNIEHO, YMO YeoIumsl 001a0aiom 6biCOKOl
CcOpOYUOHHOUL CnocobHOCMbIO, pazeumotu nopucmotu CMPYKMypot,
MepMOCMOUKOCMbIO U CIOUKOCIbIO K 8030€UCMBUI0 XUMUYECKUX PeazeHmos, 4mo
oenaem ux nepcneKmMuBHuIM colpbem OJisl U32OMOBLEHUSl YEMEHMHbIX KOMHO3UMO8,
bemoHna u Opyaux cmpoumenvbHvlx mamepuanos. Kpome moco, obcyxcoaromes
B03MONCHOCIU YIIYUUEHUS IKCHIAYAMAYUOHHBIX XAPAKMEPUCTNUK CMPOUMENbHBIX
Mamepuanog 3a cuem UCNONb308AHUSL YEOaUmMos, a Maxdce ux 5KoaocudecKue u
9IKOHOMUYECKUE NPeUMyUiecmaa.

KiroueBble cioBa: yeonum, mecmopodicoenue Yankanail, moouguyuposanmuie
Oemonvl,  A0COPOYUOHHASL ~ CNOCOOHOCMb,  00N208EYHOCMb,  IKOJLOSUYHOCHID,
Puzuueckue ceolicmaa.
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1 INTRODUCTION

In recent years, the construction industry has been increasing interest in the use of natural
zeolites to create modified concretes with improved physical and mechanical properties. Zeolites are
natural aluminosilicates with a microporous structure, which gives them unique sorption and catalytic
properties. Due to these qualities, zeolites can significantly improve the properties of concrete, such
as strength, durability and resistance to aggressive environments.

The Chankanai deposit, located in the Almaty region of Kazakhstan, is one of the promising
sources of natural zeolite. The study of the physico-mechanical characteristics of zeolite from this
deposit, as well as its potential as an additive for the modification of concrete mixtures, is an urgent
task for the construction science and industry of Kazakhstan. The introduction of zeolite into the
composition of concrete can not only improve its performance properties but also reduce the
environmental impact by reducing the need for traditional cement components.

The purpose of this study is to study the properties of the zeolite of the Chankanai deposit and
assess its effect on the characteristics of modified concrete, which will allow the development of more
stable and efficient building materials.

2 LITERATURE REVIEW

Concrete is one of the most common building materials for civil and military use due to its high
mechanical stability and durability. However, its production has a significant impact on the
environment since the production process of Portland cement, the main hydraulic component of
concrete is accompanied by CO2 emissions amounting to approximately 6% of global emissions of
this gas (Hefni et al., 2018). Over time, concrete structures are exposed to various factors of
destruction, such as shrinkage, freezing, and exposure to chlorides and sulfates, which reduce their
durability. It is also important to take into account the costs of maintenance, protection, repair and
restoration of existing concrete structures. Several practical solutions have been proposed to solve
these problems. The first is to improve concrete’s mechanical structure and durability during the
production process. The second is to reduce the consumption of Portland cement in the production
process. These two approaches can be implemented by optimizing the packing density of particles in
concrete (Kurda et al., 2019) and partially replacing Portland cement with natural pozzolans and/or
by-products of industrial production of pozzolan materials, such as crushed granular blast furnace
slag (GGBFS), fly ash, or silica fume (Eskandari et al., 2015; Markiv et al., 2016; Nuruddin et
al., 2014; Shariq et al., 2016).

Zeolites are hydrated aluminosilicates that are mainly composed of four-, five- and six-
membered rings formed by silicon-oxygen tetrahedra. Some of the silicon atoms in these rings can
be replaced by aluminum (Zhdanov & Yegorova, 1968; Rabo, 1980; Zhdanov et al., 1981; Pekov
et al., 2004). In the intercrystalline space, there is a system of interconnected channels that contain
micro-cavities. These cavities are filled with exchange cations and water molecules. Zeolite is a
nanoscale material that forms an ordered structure when molecules and ions are embedded into its
framework. This creates a unique material with specific properties (Kryuchin et al., 2010). Due to
their strictly defined pore sizes and intercrystalline cavities, both natural and synthetic zeolites are
excellent sorbents - molecular "sieves" (Breck, 1976) capable of selectively absorbing and releasing
molecules of various substances. After dehydration, zeolites can have a porosity of up to 50% or
more, and their crystal structure is formed by fragments of tetrahedral anions [SiO4]* and [A104]>-
combined into a three-dimensional framework with cavities and channels of 0.2-1.5 nm scale.

Natural zeolite is becoming an increasingly popular component in concrete production due to
its pozzolanic properties and positive effect on environmental friendliness. The addition of zeolite as
a supplementary cementing material reduces CO- emissions by decreasing the amount of Portland
cement required while improving the performance of concrete. However, research shows that the
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impact of zeolite on mechanical properties and durability depends on several factors, including the
composition of the zeolite, level of replacement, and testing conditions.

The incorporation of natural zeolite into concrete has led to a significant improvement in its
mechanical properties. Uzal and Turanli (Uzal & Turanh, 2012) studied cements containing a high
concentration of zeolite and found that the strength of the cement stone increased due to the formation
of additional C-S-H phases. This is because of the pozzolanic reaction, in which zeolite reacts with
calcium hydroxide to produce additional hydrated phases, reducing porosity and increasing the
density of the material. However, when a large proportion of cement is replaced with zeolite (more
than 30%), the strength gain may be slowed in the early stages. This can be a disadvantage for
applications that require rapid strength development.

Pezeshkian et al. (Pezeshkian et al., 2020) examined the impact of natural zeolite on ultra-
high-performance concrete (UHPC) and observed a decrease in autogenous shrinkage. This decrease
helps lower the likelihood of cracking by enhancing water retention and reducing the rate of heat
release during hydration. Nevertheless, the delayed hydration process could be problematic for
applications where quick strength development is essential. Similarly, Ranjbar et al. (Ranjbar et al.,
2013) reported that the addition of zeolite improved the rheological properties of self-compacting
concrete by minimizing water bleeding and increasing water retention, resulting in a more
homogeneous mixture. However, they also noted that when a high percentage of cement was replaced
with zeolite, the initial strength of the concrete decreased due to the lower reactivity of the zeolite.
Several researchers have investigated the durability of concrete containing zeolite. While zeolite can
improve the properties of concrete, it is important to consider each project’s specific conditions and
requirements when deciding whether to use it.

Natural zeolite has been shown to have a positive effect on the durability of concrete, enhancing
its resistance to various aggressive factors. Studies by Cryptavicius et al. (Kriptavicius et al., 2023)
and Singgu et al. (Sinngu et al., 2024) have demonstrated that the addition of zeolite to concrete can
improve its resistance to chloride and sulfate attack. Zeolite reacts with calcium hydroxide in the
concrete to form additional calcium silicate hydrate (C-S-H) gels, which help to seal the
microstructure of the concrete and reduce its permeability. This, in turn, reduces the risk of chloride
and sulfate penetration, leading to increased durability.

The effectiveness of zeolite in improving concrete durability is dependent on several factors,
including its chemical composition, physical characteristics such as particle size, and mineralogical
composition. It is important to carefully select and use zeolite that is suitable for the specific
application in order to maximize its benefits. Despite the obvious advantages of using natural zeolite
in concrete, there are several challenges associated with its use. One of the main problems lies in the
variability of zeolite composition, which can affect its pozzolanic activity and, consequently, the
properties of the concrete. Uzal and Turanli (Uzal & Turanli, 2012) noted that excessive amounts of
zeolite can slow down strength gain due to its slow reaction in the early stages of hydration, limiting
its use in applications requiring rapid strength development.

Several number of researchers emphasized the importance of optimizing zeolite replacement
levels in concrete. Improper composition selection can lead to decreased strength and reduced
durability. To achieve optimal results, it is crucial to consider the specific application requirements
and characteristics of the selected zeolite.

In conclusion, while the use of zeolite has many benefits, it also presents challenges that must
be addressed. By carefully considering these factors, engineers can optimize concrete formulations
and ensure successful outcomes in various applications. Natural zeolite is a promising component for
concrete modification that offers several advantages, including improved mechanical properties and
increased durability. Its use can reduce the amount of Portland cement used, leading to a reduction in
CO: emissions and lower costs. However, to effectively utilize zeolite, it is important to consider its
chemical composition, level of replacement, and operating conditions.

3 MATERIALS AND METHODS
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Zeolite was received from Chankanai deposit (Almaty region, Kazakhstan, LTD Taza Su). The
zeolite was grinned, ground, and sieved to 200 mesh (or 105 np) in size. The certified chemical
composition of natural zeolite is provided in Table 1. To determine the elemental composition, the
sample was subjected to X-ray spectral analysis at the Superprob 733 device (Japan), and to determine
the mineral composition to X-ray phase analysis at the DRON - 3 device (USSR), and a Scanning
electron microscope JEOL (Japan) was used to determine the microstructure.

Table 1

Chemical composition of the studied zeolite, mass % (author’s material).
Oxides o, % Oxides o, %
SiO; 67.38 Na,O 1.08
Al,O4 16.67 K,0 1.57
FeO 3.62 TiO; 0.6
CaO 6.3 MnO 0.17
MgO 2.60 Total 100

4 RESULTS AND DISCUSSION

It is known that zeolites are nanoporous crystalline aluminosilicates containing water molecules
and exchangeable cations such as K+, Na+, Ca>+ and Mg+, which neutralize excess negative charges
arising from the isomorphic substitution of Si** with AI**. The primary structural unit of zeolites is
conventionally taken to be the TO4 tetrahedron, where T is a silicon or aluminum atom Tetrahedra,
connecting with each other, form cuboctahedra (sodalite cells), from which the elementary cells of
zeolite are built from three-, four-, five- or six-membered rings that make up its crystalline framework
(Nisbet, 1997; Sweeck et al. 1990). The cuboctahedra are connected to each other by channels, the
accessibility of which is determined by the free cross-section of the entrance holes (windows) formed
by rings of interconnected tetrahedra.

The sorption properties of zeolite rocks are significantly influenced by both the mineral
composition and the structural characteristics of the mineral (Figure 1). Zeolites possess a
microporous structure, and zeolite-containing rock is a mixture of zeolite and other impurity minerals.
As a result, meso- and macropores are formed between zeolite particles and the surrounding rock
matrix, which aids in the interdiffusion of exchangeable ions within the sorbent—sorbate system
(Mamytbekov et al., 2024). Impurity minerals, such as layered aluminosilicates like montmorillonite
and occasionally halloysite, may also be present.
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Figure 1 — General zeolite structure (Nisbet, 1997; Sweeck et al. 1990).
4.1 SEM ANALYSIS
The microstructural characteristics of the zeolite samples were evaluated using Scanning

Electron Microscopy (SEM), which provided valuable insights into the morphology, particle size
distribution, and surface texture, as demonstrated on Figure 2.
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Figure 2 — SEM images of Zeolite (a) (b) and elemental analysis (c) (author’s material).

The images show irregularly shaped particles, which is typical for natural zeolites. The particles
have a granular texture and vary in size. At a magnification of 1500, agglomerations of small
crystalline particles can be distinguished, which form larger structures. Individual larger crystals are
also visible, probably with well-defined faces, which may indicate the presence of clinoptilolite or
other zeolite phases. The scale (10 um) shows that the particles range from sub microns to several
microns.

Fine particles can contribute to an increase in the total surface area, which has a positive effect
on the adsorption properties of zeolite. The visible crystals have a size of about 1-5 microns, which
is typical for natural zeolites used as adsorbents. The surface of the particles looks rough and porous,
which is an important characteristic of zeolites, since the porous structure provides a high specific
surface area. The presence of pores and the heterogeneous structure of the surface can be a
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confirmation of the high adsorption capacity of zeolite, which makes it suitable for use in water
purification processes or as a catalyst. The particles tend to agglomerate, which is typical for fine
crystalline minerals. Agglomeration can affect the effectiveness of zeolite application in industrial
processes, as it reduces the available surface.

SEM images of natural zeolite show that the sample consists of irregularly shaped particles
ranging in size from a submicron to several microns, having a highly developed porous surface. Such
structural features confirm the potential of zeolite for use in adsorption and catalytic processes.

4.2 XRD ANALYSIS

During the study, X-ray diffraction analysis (XRD) of a sample of natural zeolite was performed
to determine its mineral composition (Figure 3). Characteristic peaks are observed on the resulting
diffractogram, which make it possible to identify the main and secondary phases in the sample. Based
on a comparison of the values of interplane distances with the database of standard diffraction maps
(PDF), it is assumed that clinoptilolite dominates in the sample, which is confirmed by the presence
of peaks at 3.98 A and 3.34 A. The presence of mordenite is also likely (peaks at 9.02 A and 6.73 A),
which is typical for natural zeolites, often mixtures of several phases.

Natural zeolites are rarely found in their pure form, and peaks are also observed on the
diffractogram, which may correspond to impurities. For example, the peak at 3.34 A may be
associated with quartz, since this value is typical for this mineral.

XRD analysis showed that the studied sample of natural zeolite contains clinoptilolite and
probably mordenite, as well as impurities of other mineral phases such as quartz. These results are
important for understanding the properties of zeolite and can be used to evaluate its adsorption and
catalytic characteristics. Results of semi-quantitative X-ray phase analysis of crystalline phases:
Clinoptilolite — (Na, K, Ca)2.5AI3(Al,S1)2S113036*12H20 84.5%; quartz — SiO2 -10.2%; Albite
(Feldspar) — Na(AlSi3Os) — 5.3%.
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Figure 3 — XRD spectra of Zeolite (author’s material).
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5 CONCLUSIONS

During the study, the structural, chemical and morphological characteristics of natural zeolite
from the Chankanai deposit (Almaty region, Kazakhstan) were studied. The conducted analyses,
including SEM, X-ray diffraction and X-ray spectral analysis, allowed us to determine the basic
mineral composition and structural features of the sample. The results showed that the main mineral
is clinoptilolite with possible admixtures of mordenite and quartz, which is typical for natural zeolites,
often containing mixtures of several phases.

SEM analysis revealed that zeolite particles have an irregular shape and granular texture, and
their size varies from submicron to several microns. The surface morphology, represented by small
crystalline particles with a coarse, porous structure, confirms the high sorption capacity of zeolite.
These structural features make this material promising for use in adsorption and catalytic processes,
especially in water purification and industrial catalysis.

XRD analysis confirmed the presence of clinoptilolite as the main phase, while peaks
corresponding to quartz and possibly mordenite were found. This indicates a complex mineral
composition of the sample under study.

Thus, the study showed that zeolite from the Changkanai deposit has a high potential for
practical applications, such as water purification, due to its structural features, high specific surface
area, and excellent adsorption characteristics. In the future, research could evaluate the catalytic
properties of zeolite, study its durability, and develop optimization methods for various industrial
applications.
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Abstract: The article considers the issues of the construction of high-rise
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development in the territory of the metropolis - more than several dozen buildings
more than 20 stories high have been built. Experimental studies of the proper
dynamic characteristics of high-rise buildings (periods and forms of natural
oscillations, oscillation decrement) and verification of the correctness of the
calculation assumptions adopted during their design are relevant. The influence
of height on the proper dynamic characteristics of high-rise monolithic buildings
constructed in Almaty is analyzed. Data are provided on determining the dynamic
characteristics of a 22-storey monolithic building using the building pull-out
method with the subsequent abrupt release of the applied load. The results are
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AHaaTna. Anmamel KaniacvlHOa OUIK MOHOIUMMI UMApammap cany
Macenenepi  Kapacmulpbliyod. buikmik Kypulibicbl Mme2anonuc aymazvlHoa
avumapavikmail  oamwvlovi-ouixmici 20 xabamman acamvli OipHeuie OHOARAH
eumapammap  canviHovl.  buix  eumapammapovly — 63iHOIK  OUHAMUKAILIK
CUNAMmMamaiapvlH IKCnepuMenmmix 3epmmey (MeHwikmi mepbenicmepoin
Kezenoepi MeH ghopmanapwl, mepoenicmepoiy 0expemi) JHcane onapovl Hobaiay
Ke3iHOe KAObLIOAHAH eCeNnMiK anblulapmmapobly OYPbiCIMbleblH MeKcepy 03eKmi
bonvln  mabwiiadsvl. Aimamel  KAiacelHOA — CANbIHEAH — OUIK  MOHOAUMMI
aumapammapOovly 03iHOIK OUHAMUKAILIK CUNAMMAMALAPLIHA OUIKMIKMIY acepi
manoanaovl. 22  Kabammvl  MOHOIUMMI — SUMAPAMMbLY — OUHAMUKALBIK
CUNAMMAaMANapviy  UMapammosl mMapmy 20iCiMeH aHbIKmay, COOaH KeliH
KOJLOQHBLIAMbIH HCYKMEMeHT Kypm 6ocamy mypaivl Maimemmep KelmipiieeH.
Homuoicenep 0ipinoi cvinay nomudicecinoe anviHean mepm OUIK UMapammvly
(6buikmiei 20 kabamman acamviti) 63IiHOIK OUHAMUKAILIK CUNAMMAMANADBIHbIY
Odepexmepimer canvicmulpuliadsl: - "Kaszaxcman" 25 kabammul Konax yili;, - Oi-
Dapabu xeweci botivinoazvl 35 kabammul eumapam ("Hypawt - Tay" ayoanwl), -
"Acmananviy opmanviy” TK 22 xabammoer eumapamol,; - "Meeamayspc"TK 26
Kabammul eumapamol. JKymvlc Hamudicenepin Ken Kabammvl MOHOIUMMI
aumapammapowvl KHcobanay Kezinoe natoaianyea 601aobi.
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AHHOTAUMS. Paccmampugaromes 6onpochl  Cmpoumenscmea 6 2opode  Anmambl
BbICOMHBIX MOHOIUMHBIX 30aHUll. Bbicomuoe cmpoumeibcmeo HOIYYUTIO 3HAYUMETbHOE
passumue Ha MEPPUMOPUL Me2anoaUca - NOCMPOEHO CBblUie HeCKONIbKUX 0eCsIMKO8 30aHUll
svicomoti 6onee 20 smaoiceil. AkKmMyanbHbIMU AGITIOMCSL IKCNEPUMEHMATbHBIE UCCTE008AHUS
COOCMBEHHBIX OUHAMUYECKUX XAPAKMEPUCTHUK BbICOMHBIX 30aHutl (nepuodsvl u ¢hopmoi
cobcmeenHvlx  Konebanuil, Oekpemenm Koiebauuil) u NpPoepKa  KOPPeKmHOCMmU
PpACcUemHbIX PeONnOCHbLIOK, NPUHAMBIX HPU UX NPOEKMUPOBAHUU. AHANUZUPYEMCA 8AUAHUS
8bICOMBI HA COOCMBEHHbIE OUHAMUYECKUe XAPAKMEPUCTIUKU BLICOMHBIX MOHOIUTNHBIX
30aHull, nocmpoeHnvix 6 2. Anmamoel. [lpusoodsmcsi OanHble NO  OnpedeneHUIO
OUHAMUYECKUX XAPAKMEPUCMUK  22-0mancHo20 MOHOIUMHO20 30aHUs MemoooM
OMMANCKY  30aHUSL € NOCIeOVIOWUM DPE3KUM COPOCOM NPUNONCEHHOU HAZPY3KU.
Peszynomamul cpasnusaromesi ¢ OaHHbIMU COOCMBEHHBIX OUHAMUYECKUX XAPAKMEPUCTIUK
uemuvlpex 6blCOmMubIX 30anuil (6bicomotl 6onee 20 smavjicell), NOLYYEHHBIX 68 pe3yabimame
BUOPAYUOHHBIX UCnbImanull. - 25 smadsxcuas eocmunuya «Kazaxcmany, - 35 amasicroe
30anue no ynuye Anv @apadbu (pavion «Hypavt - Tayy), - 22 smascnozo 30anus KK
«Cmonuunviii yenmpy, -26-mu smascnoe 30anue KK «Mezamayspcy. Pesynrbmamol
pabomvl mocym Obimb UCNONIL30BAHbI NPU NPOEKMUPOBAHUU BbICOMHBIX MOHOIUNMHBIX
30aHull
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1 INTRODUCTION

Currently, Almaty tends to sharply increase the height (number of floors) of buildings erected
in conditions of high seismicity (Yerzhanov et al., 2020). This trend is due to two main factors:
modern urban planning requirements and an acute shortage of free territory in large cities. This trend
is inherent in many large cities around the world.

If at the end of the twentieth century, the tallest building located in the 9-point districts of the
CIS countries was the 25-story hotel "Kazakhstan", built in Almaty, then starting in 2005,
Kazakhstani and foreign construction companies began to erect dozens of 20-35-story high-rise
monolithic buildings in Almaty (Yerzhanov et al., 2020).

The design and construction of high-rise buildings in seismic areas is a complex engineering
task, the correct solution of which is possible only if there is an appropriate regulatory framework, as
well as special logistical and technological support (Farzaliyev & Guluzadeh, 2022).

During the certification of 2023-2024, 32 houses with several floors above 18 floors were
identified out of 1777 surveyed houses. Among the 322 (approximately 2,100 houses) multi-story
residential complexes built over the past 15-20 years, high-rise buildings (over 18 floors) account for
about 3%.

The building regulations of the Republic of Kazakhstan, as well as similar norms of other CIS
countries, do not contain provisions regulating the rules and construction of high-rise buildings in due
volume.

Therefore, there is a significant amount of experimental research devoted to the study of the
dynamic characteristics of high-rise buildings, and comparing their results with computational
studies. Numerous experimental data and classification of high-rise buildings in regulatory
documents of various countries (Farzaliyev, 2018).

Numerous studies (Farzaliyev & Pahomov, 2022) have noted the effects of building
configuration on seismic resistance (plan dimensions, height, flexibility, symmetry, etc.)
(Gaidzhurov & Volodin, 2023).

At first glance, an increase in building height may seem equivalent to a rise in the span of a
cantilever beam. But this is not the case. With an increase in a building's height, the value of its period
of natural vibrations usually increases, and a change in the period of vibrations means a change (in
the upper or lower level) in the building's responses and the magnitude of the corresponding efforts
(Ereiz et al., 2021).

It is unlikely that an earthquake can cause intense ground movements with high acceleration
and a period of basic vibrations equal to 2 seconds; usually, for observed earthquakes, this value was
no more than 0.5 seconds. Under high-intensity seismic effects, high-frequency ground vibrations are
predicted for the city of Almaty.

Therefore, a building with a height of more than 20 floors with a main oscillation period of
more than 1 s will experience less mass acceleration than a building with a height of 5-10 floors with
a period of 0.5 s.

The period of natural oscillations (Furtado et al., 2023) of buildings is a function not only of
height but also of flexibility, floor height, type of structural system, building material used, and mass
distribution. Therefore, a change in the size of a building can simultaneously cause a change in the
periods of its oscillations, which accordingly contributes to an increase or decrease in the magnitude
of seismic loads.

2 LITERATURE REVIEW

Earthquake resistance of buildings is one of the key tasks of modern construction, especially in
earthquake-prone regions. High-rise monolithic buildings, as a rule, have characteristics that affect
their resistance to earthquakes. This review examines the main aspects of the influence of several
stories on the seismic resistance of such structures (Gioffré et al., 2022).
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The seismic resistance of buildings is determined by the ability of the structure to withstand
dynamic loads arising from earthquakes. The main factors affecting earthquake resistance include:

Geometric characteristics (height, shape);

Materials and their properties;

Structural elements (frame, stiffness systems);

Basic calculation and design methods.

The aim was to determine the main dynamic characteristics of a high-rise monolithic building
in Almaty of a frame-wall structural system and verify the correctness of the design assumptions
adopted during its design, and the reliability of the results obtained during computational studies.
However, numerous studies show that often the experimental oscillation period does not coincide
with the calculated value of the specified parameter (Pascua et al., 2023).

Therefore, the purpose of the work is to:

- by pulling off the building and relieving the load, determine the value of the oscillation period
along two orthogonal axes oriented in longitudinal and transverse directions;

- to determine the characteristics of energy dissipation during free vibrations of the building.
This is the logarithmic decrement of the oscillation;

-to compare the results of determining the dynamic characteristics of the building by
calculation with their experimental values;

- analysis of the effect of height on the intrinsic dynamic characteristics of high-rise monolithic
buildings constructed and subjected to vibration tests in Almaty.

3 MATERIALS AND METHODS

The dynamic characteristics of a 22-storey building are investigated. The building was erected
on a site with a seismicity of 9 points. The category of soils according to seismic properties is I. The
conditions complicating the seismological or engineering-geological conditions of the construction
site have not been identified. The building is designed with 3 underground floors, one basement, 21
above-ground residential floors, and an upper technical floor.

The basic design spatial planning and structural solutions of the test object are shown in Figure
1-2. The building has a Y-shaped shape in plan and is separated from adjacent objects by antiseismic
seams. The design height of the building from the top of the foundation plate to the top of the
monolithic coating is about 85.700 m.

MnaH sTaxa Ha 0TM.-8.100

r [ 2900_] mn*mo 3900_|

z !
J I ¥

HanpaBneHue oTTAXKN ¢ TPOCOM

Figure 1 - General view of the building (author's Figure 2 - Object plan (author's materials)
materials)
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Structurally, the object under study (Polimeno et al., 2018) is a spatial frame-wall system. The
cellar, basement, and 21 above-ground floors of the building are made of reinforced concrete
structures, and the technical floor is made of steel structures. The thickness of the main reinforced
concrete walls of the building in question is assumed to be variable in height — from 600...500mm in
the levels of the lower floors to 400mm in the levels of the upper floors. In case of horizontal impacts,
the joint work of reinforced concrete walls is ensured by horizontal floor discs. The floors of the
building are made of monolithic reinforced concrete and have a thickness of 200 mm. The foundation
plate has a thickness of 2000mm. The design strength of the concrete foundation plate is accepted in
25, walls: to m. 11,450m — B45, from m. 11,450 to 31,250 — B40, from m. 31,250 to m. 51.050 —
B35, from m. 51.050 to m. 70,850 — B30. The walls of the basement, elevator shafts, and floor slabs
are made of concrete B25.

The test was carried out using the method of pulling off the building, followed by a sharp release
of the applied load resulting in free vibrations. The length of the cable was approximately 90 meters.
The point of application of the load is the floor slab of the 20th floor. The vibrations were recorded
by the RSM digital measuring complex, equipped with AT1105 digital accelerometers and SM-3
seismic receivers. Seismic receivers were installed (Wang et al., 2022) on the floor slabs on the 9th,
15th, and 17th and on the core of the 19th floor. The accelerometers AT1105 ¢ are phased relative to
each other. Figure 3-4 shows digital accelerometers, as well as a photo of a digital instrumentation
and measurement system.

The instantaneous discharge was created by the breakage of special inserts made of class A240
reinforcing steel with a diameter of 6 and 8mm with a force of 1.5-2.5 tc. The insert connected a cable
fixed at the bottom level of the last floor (covering) of the building to the power plant (car) shown in
Figure 5-6.

Figure 3- Photo of digital sensors (author's materials) Figure 4 - Photo of the digital instrument panel-
measuring system (author's materials)

Figure 5 - Cable attachment to building structures Figure 6 - Insertion of a cable connection with a power
(author's materials) plant (car) (author's materials)
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4 RESULTS AND DISCUSSIONS

The table shows (Table 1-2) the dynamic characteristics of the building during the drawback
tests.

Table 1
Initial dynamic parameters of high-rise monolithic buildings (author's materials)

Experimental periods of free ~ Estimated periods of free

Ne in . oscillations, s fluctuations, s
order Name of the objects Test methods in the longitudinal direction in the longitudinal
along the Y axis direction along the Y axis
1 2 3 4 5
in the longitudinal
| direction along the Y axis, By means of a 0.9 1.08
a 22-storey residential cable tie ’ ’
building in Almaty
Table 2
Initial dynamic parameters of high-rise monolithic buildings (author's materials)
Experimental logarithmic Coefficient & (in % of
Noin . decrements of oscillations . critical V'alue?)
order Name of the objects Test methods in the longitudinal direction in the longitudinal

direction along the Y

along the Y axis .
axis

1 2 3 4 5
) 22-.st0'rey 'remdentlal By means of a cable 0,114-0,268 1.82-4.27
building in Almaty tie

Theoretical estimates of the oscillation periods of the building were carried out using a
computer complex. The periods of natural oscillations in the first form, determined by calculation
(T:1= 1.08 s), the differences in the calculated and experimental oscillation periods are due to the
failure to consider partitions and other non-constructive elements in the work of the building
structures.

In general, the calculated and experimental measurement results are not contradictory.

4.1 ENGINEERING ANALYSIS OF THE EFFECT OF HEIGHT ON THE INTRINSIC
DYNAMIC CHARACTERISTICS OF HIGH-RISE MONOLITHIC BUILDINGS
CONSTRUCTED AND SUBJECTED TO VIBRATION TESTS IN ALMATY

Structural solutions of high-rise monolithic buildings (Table 3) represent a complex
engineering task that requires taking into account many factors such as seismicity, wind loads,
geological conditions, etc. The choice of the optimal design depends on the specific construction
conditions and building requirements.

Table 3
The main design solutions of the considered high-rise monolithic buildings constructed and subjected to vibration tests in
Almaty (author's materials)

Ne The purpose of the The design The. Foundation, .. External wall
. . Floor shape in walls and Partitions
in order object scheme o fences
the plan ceilings
1 2 3 4 5 6 7 8
Monolithic, .
Office Complex Frame and . Thermal Stained glass
1 22 Y reinforced .
«Nurly-Tau» wall blocks windows
concrete
Monolithic, .
Office Complex Frame and X Thermal Stained glass
2 35 Y reinforced .
«Nurly-Tauy» wall concrete blocks windows
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Residential complex Frame and quOhthlc’ Thermal Stained glass
3 . 22 Y reinforced .
« Stolichny Tsentr » wall blocks windows
concrete
. . Monolithic, .
Residential complex Rectangu . Thermal Stained glass
4 26 The wall reinforced .
«Mega Towers» lar blocks windows
concrete
Monolithic, .
5 Hotel «Kazakhstan» 25 .Barrel Ellipsoid reinforced - Stalped glass
diaphragm concrete windows

An assessment of the dynamic characteristics of high-rise monolithic buildings (Table 4) is a
prerequisite for ensuring their safety and reliability.

Table 4
Initial dynamic parameters of high-rise monolithic buildings (author's materials)

Experimental periods of Estimated periods of free

Ne in . free oscillations, s fluctuations, s
order Name of the objects Test methods in the longitudinal in the longitudinal
direction along the Y axis  direction along the Y axis
1 2 3 4 5
I Office Complex Nurly-Tauwy 11 drawback 0.85-0,95 1,08
method
2 Office Complex «Nurly-Tau» Vibration test 1,31/1,48 1,38
3 Residential complex «Stolichny gy oo et 0,944/1,152 1,510
Tsentr»
4  Residential complex «Mega Vibration test 1,03/1,18 1,55
Towersy»
5 Hotel «Kazakhstany Vibration test 1,05/1,10 1,55

Note — The experimental values of the oscillation periods given in the numerator correspond to
the initial stages of the tests and in the denominator to the final stage of the tests.

The dynamic characteristics of high-rise monolithic buildings (Table 5) are the most important
factor determining their resistance to various types of impacts, such as seismic vibrations, wind, and
other dynamic loads.

Table 5
Initial dynamic parameters of high-rise monolithic buildings (author's materials)

Experimental logarithmic
decrements of oscillations

Coefficient & (in % of

Ne in critical value)

order Name of the objects Test methods in the longitudinal in the longitudinal
direction along the Y axis  direction along the Y axis
1 2 3 4 5
I Office Complex «Nurly-Tauy 1 1¢ drawback 0,114-0,268 1,82-4,27
method

2 Office Complex «Nurly-Tauy Vibration test 0,08 1,27
Residential complex « .

3 Stolichny Tsentr » Vibration test 0,09 1,43

4 Residential complex «Mega Vibration test 0.11 175
Towers»

5 Hotel «Kazakhstany Vibration test 0,10 1.59

The period of natural vibrations of a building depends on: the dimensions in the plan, height,
area, and mechanical properties of the walls, the characteristics of the foundation soils, the supporting
structure of the structure, and others (Atabekyan et al., 2022). In the practice of designing
earthquake-resistant buildings with a rigid structural scheme, empirical formulas are usually used to
determine the value of the period T, the first form of natural oscillations:
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T=a-'n

where

n - the number of floors;

a - a coefficient depending on the structures of buildings and the type of foundation a =
0.04....0.09.

Research experience has shown that in many cases such a simplified approach without proper
analysis (Nemchinov et al., 2015) of a specific situation can lead to serious errors, which, however,
go into "reserve" (Khalikova et al., 2021). They may underestimate the assessment of the condition
of'a completely sound building, but not vice versa. Therefore, it is more reliable in modern conditions
to analyze and compare the natural oscillation frequencies of real objects and their ideal model
(Khazov, 2022). In this regard, experimental studies of facilities built in the city of Almaty with load-
bearing walls made of monolithic reinforced concrete with the same types of soil conditions (I-first)
and seismicity of the construction site (9 points) make it possible to clarify the empirical dependence
of the value of the period T, the first form of natural oscillations on the number of floors of high-rise
buildings.

Based on the statistical processing of the data obtained from the tests, the coefficient a in the
empirical formula (1) is recommended to be equal to 0.04.

5 CONCLUSIONS

1. The value of the oscillation period of a 22-storey residential building of a frame-wall
structural system fluctuates within 0.87 — 0.95 seconds.

2. The value of the logarithmic decrement of oscillations varies between 0.11-0.27 (1.8-4.27%
of the critical value).

3. Based on the analysis of experimental tests, the coefficient a — coefficient (formula 1), equal
to 0.04 for wall structural systems with types of ground conditions (I-first) and seismicity of the
construction site, has been clarified and recommended (9 points) for the conditions of Almaty.

4. The difference between the experimental and calculated values of the oscillation period in
the first form is up to 27%. The reason is the lack of consideration of non-structural elements of the
building (for example, partitions) and enclosing structures.

5. Testing at home by the method of load relief (drawback) is quite informative. The method
allows you to accurately determine the period of its oscillations in the basic form and the initial
decrement of the oscillation.
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Abstract. This study examines the behavior of buildings under seismic impacts
considering different soil models. Nowadays, along with the use of numerical methods
in the analysis and design of engineering projects, it is known that this method is widely
used in the analysis of problems related to geotechnical engineering construction.
Comparative data on displacements, moments, and forces have been obtained for the
Mohr-Coulomb soil model and the Hardening Soil Small (HSS) model. The software
Plaxis 2D is used for the analysis of both models. The application of such complexes
requires special attention to soil foundation models and parameter assignment. The
selection of appropriate parameters and soil models can significantly influence the
results of numerical analysis. The Mohr Coulomb elastic-plastic model is one of the
most widely used models adopted in cases of hardness estimation of materials
independent of surface tension. However, it was found that, the stress stiffness in the
behaviour model and the difference in stiffness between initial loading and
unloading/re-loading are important modelling aspects when discussing seismic effects
and play an important role in predicting ground motions. A comprehensive comparison
of the results for the Mohr-Coulomb and Hardening Soil models reveals several
important differences, which are presented in this article.

Keywords: Plaxis 2D, Hardening Soil Small, Mora-Coulomb, hardening, soil
model.
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MOP-KYJIOH TOIIBIPATBI MEH HARDENING SOIL
SMALL (HSS) MOAEJBJEPI FOMBIHIIIA CEHCMHUKAJIBIK
OCEPJIEPI'E KOHCTPYKIUAJIAPABIH
AEOOPMAIUAJTAPBIH ECEIITEY HOTUKEJIEPIH
CAJIBICTBIPY

A.C.ankam"* ®  E.T.Becumoaes! @, V.T.Beranmes 2 © | C.E. Huerdaii! ®

!Cornaes ynusepcuteTi, 050013, Anmatsl, Kazaxcran
2XanbIKapanblK aKIapaTThIK TEXHOJIOTUsANap yHuBepcuteTi, 720044, Bimekek, Kpiprei3cran

Aunarna. byn zepmmey opmypni monvlpax yacicinoeei ceucCMUKAnvly acepiepoeci
euMapammapobiy MiHe3-KYIKbIH Kapacmuipaovl. Kazipei yakeimma uncenepiix scobanapovl
manoay dcane Hcobanay Ke3inoe canowik 20icmepoi KOAOAHYMeH Kamap, 0¥ 20ic UHICeHePIK-
2€0N102USLIBIK KYPLLILICKA KABICMbL MANCHIPMAIapobl mandayoa KeyiHeH KONOaHbLIAMbIHbL
beneini. Mopa-Kynon monwsipax Mooeni yulin KO32anibiCmap, MOMEeHmmep, Kyul-Jicieep dHcone
monvipakmel  Kamaumameld Hardening soil small modeni OouviHwa canvlcmvipmaivl
Oepexmep anvindvl. Ocvl MOOenbOepOiy exeyin de manday ywin plaxis 2D baz0apramanviy
Jlcacakmamacsl  Koro0auuliadsvl. Mynoail  kewieHOepdi  KOIOaHy —MONbIPpAK — He2i3iHiy
MoOdenvoepine KHcaHe napamempiepoiy MAKCamvlHa epekule Hazap ayoapyovl Kajcem emeol.
Tuicmi napamempiep MeH MONLIPAK MOOENiH MAaHOAy CAHOLIK Manday Hamudicerepine
aumapnvlkmai acep emyi Mmymkin. Kynonuwiy cepnimoi-niacmukanvix Mopa mooeni-6emmix
Kepinyee Kapamacman Mamepuaioapobly KammublibleblH 0A2aniay #a20aiuvlHod Kabbli0aHeaH
ey Kon KOoNOaHbLIamuvlH Mo0envO0epliy Oipi. [lecenmen, Mmines-KYavlK Yyacicinoezi Kepuey
KAMMbLIbIELL  JHCOHEe OACMANnKbl JcyKmeme MeH mycipy/Kauma icyKkmey apacblHoazvl
KAmmulIblK  aublpMAUbLIbIbl CeUCMUKATLIK aceplepli MATKuLIay Ke3iHoe Mooenboeyoin
Mauwi30bl acnekminepi OObIN MAOUIAMBIHbL HCIOHE MORBIPAKMbIY AYbIMKYbIH 6014cayoa
MauvI30bl PONL amKapamviibl aHblKmanowl. Mopa-Kynon ocazdatinapel men monvlpakmoly
Kamarowvl Yuin Homuicenepoi moavlK CAIbiCIMblpy 0Cbl MaKaiaoa KenmipineeH keioip Manvi30vl
aubpMaubLIbIKMaposl bepedi.

Tyiiin ce3nep. Plaxis 2D, Hardening Soil Small, Mopa-Kynon, xamatimy, monwipax
Moderi.
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CPABHEHMUSI PE3VJIBTATOB PACUETA JE®OPMAIINI
KOHCTPYKIIMHA HA CEUCMHMNYECKOE BO3JIEHCTBHUS 11O
MO/JIEJISIM 'PYHTA MOPA-KYJIOHA U HARDENING SOIL
SMALL (HSS)

A.C.Maakam'* ®  E.T.Becumbaes! @ , V.T.Beranues 2 @, C.E. Huerdaii! ©

!Carnaes ynusepcuter, 050013, Anmartel, Kazaxcran
MeskTyHapOaHbIi YHHBEPCUTET HHPOPMAITMOHHBIX TexHonmorui, 720044, bumkek,
KbIpreizcran

AHHOTAmMA. B smom uccredosanuss paccmampugaemcs nogedenue 30aHull npu
cellcCMUYecKux 6030elCmeusx npu pasHou moodeiu epynma. B nacmoswee epems, napsady c
UCNONB308AHUEM HUCTIEHHbIX Memo008 NpU AHAIU3e U NPOEKMUPOBAHUU UHIHCEHEPHBIX
NPOEKMO8, U3BECTNHO, YMO IMOM Memoo WUPOKO NPUMEHSIEmcs: Hpu auaiuze 3aoay,
CBAZAHHBIX C UHICEHEPHO-2e0N102udecKuM cmpoumenbcmeom. llonyuenvl cpagrumenvhbie
OaHHble No nepemeujeHUsM, MOMEHMAM, YCUnuam oaa mooenu epynma Mopa-Kynona u moodens
meepoerowuii epynma Hardening soil small. [{na ananuza obeux smux mooenetl UCHONb3Yemcst
npocpammuoe obecneuenue Plaxis 2D. Ilpumenenue maxux xomniexcog mpebyem 0cobozo
BHUMAHUA K MOOENIM EPYHMOB020 OCHOBAHUA U HA3HAYeHUs napamvempos. Bwvibop
COOMBEMCMBYIOWUX NAPAMEMPO8 U MOOeNU 2SPYHMA MONCem OKA3amsb CYujecmseeHHoe
GUAHUE HA Pe3YTbMAMbl YUCIEHHO20 anausa. Ynpyeo-niacmuyeckas modens Mopa Kynoua
- 00Ha U3 Haubonee WUPOKO UCHONbIYEMbIX MOOelel, NPUHUMAEMbIX 8 CAYYAiX OYEeHKU
meepooCmu Mamepuailos He3asUCUMo Om NO8epPXHOCMHO20 Hamsadxcenus. OOHako 6bL10
OOHAPYIHCEHO UMO, IHCECMKOCMb NHO HANPANCEHUIO 8 MOoOenu HOBe0eHUs U pa3Huyd 8
AHCECMKOCTNU MENHCOY HAUANLHOU HASPY3KOU U PA32pPy3KOU/NOBMOPHOU HASPY3KOU AGNAIOMCS
BAJMCHBIMU ACNEKMAMU MOOEIUPOBAHUA NPU OOCYHCOEHUU CEUCMUYECKUX B030eUCmBeUll u
ucpalom  8AaJNCHYI0 polb 8 NPOSHO3Uposanuu Korebawuti epymma. Ilonnoe cpaguenue
pesyibmamos 01a cayuaed Mopa-Kynona u ynpounenus noygvl oaem HeKomopble 8aiCHvle
PAaznuyUs, KOmopule npedcmasiieHsvl 8 Mot Cmamaoe.

KumroueBsie ciioBa: Plaxis 2D, Hardenig Soil Small, Mopa-Kynona, ynpounenust, mooens
2pyHma.
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1 INTRODUCTION

One of the most successful examples is the ideal elastoplastic Mohr-Coulomb model. Based on
typical results from indoor soil tests, this model describes the stress-strain conditions across the entire
range of load variations up to the limit values. However, many years have passed since the development
of this model, and today there are models that surpass it in terms of the realistic representation of soil
behavior (Sokolova, 2021).

The Hardening Soil (HS) and Hardening Soil Small (HSS) models have recently gained popularity
among designers. This is primarily due to the active urban development, which demands precise and cost-
effective calculations for excavations and assessments of impacts on neighboring buildings, for which the
HSS model is essential (Schanz et al., 1999, Benz et al., 2009).

2 LITERATURE REVIEW

A nonlinearly deformable spherical elastoplastic model, reinforced with volumetric compression
and shear, accounts for the natural stress state of the soil. It distinguishes between primary and secondary
loads. This model is recommended for drilling and similar tasks where shear deformation dominates. It
can be used for modeling weak soils (but only if the model's behavior and laboratory curves can be
verified), viscous soils, and sandy soils. It optimally describes loading and unloading tasks (Alekseev et
al., 2019). This model represents an evolution of the hardening soil model, which accounts for low-stress
areas. Unlike the hardening soil model, it better captures the consequences of deformation and more
accurately determines compressible layers and zones that affect nearby buildings. Recently, the HSS
(hardening soil) model or the hardened soil model has been widely used in soil environment calculations.
These models are typically divided into specific groups characterized by independent laws of soil behavior
under different deformation modes. The Hardening Soil model corresponds more closely to the actual
behavior of soil as it uses a hyperbolic relationship between strain and deviatoric stress. The main
advantage of using the hardening soil model is that it allows for the consideration of plastic deformation
under different loading paths. However, it also has some drawbacks. Firstly, the complexity of applying
the model to real-world practical tasks, and secondly, the excessive strain on the model due to
mathematical dependencies (Vakili et al., 2013).

3 MATERIALS AND METHODS

In this article, we describe a comparison between parameter selection and calculation results for a
soil model, conducted using the Plaxis 2D software package. The task was set in a two-dimensional
configuration. Engineering-geological data were taken from specific sections typical of Almaty. In this
study, a soil mass of 10x10 meters was modeled, and characteristics were sequentially assigned to each
engineering-geological element (EGE) selected from a typical geological profile of Almaty. Special
attention was given to silty and clayey soils with low strength and stiffness properties (Figure 1).

Figure 1 — Calculation scheme (author's material).
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Table 1

Basic soil characteristics and additional parameters for the Mora-Coulomb and HSS models

Name of soil

Main characteristics of soils

Additional parameters for the HSS
model

IGE-1. dusty grey sandy loam with
plant remains, with interlayers of
sand, flowing

vy=18.8 kN/m?, v=0.35, c=7 kIla, ¢=
21, E=5400 kPa.

ELSf=5400 kPa, EIL=5400 kPa,
Eref=16200  kPa,  Ko=0.642,
G=74644 kPa, v, ,=0.34*¥10"3

IGE-2. dusty grey grey loams,
vaguely layered with plant remains,
flowing

vy=18.9 kN/m?, v=0.35, c=4 kPa, ¢=
17, E=5000 kPa.

ELSf=5000 kPa, EIL=5000 kPa,
ESf=15000  kPa,  Ko=0.708,
G=75203 kPa, y,,=0.376*1073

IGE-3. dusty grey sandy loam with
gravel, pebbles, with interlayers of
loam, plastic

y=21.4 kN/m3, v=0.35, c=20 kPa,
¢=21, E=12000 kPa.

ELSf=12000 kPa, EF¢4=12000 kPa,
Eref=36000  kPa,  Ko=0.642,
G=136620 kPa, y,,~0.248*1073

IGE-4. dusty grey sandy loam with
gravel, boulders with loam
interlayers hard

vy=21.8 kN/m’, v=0.35, c=21 kPa,
¢= 30, E=16000 kPa.

ELef=16000 «Ila, EX¢f=16000 kPa,
Eref=48000 kPa, Ko=0.5, G=149326
kPa, Yo 720258*10_3

The building is located in the city of Almaty. It is a 12-story building with a basement. The basement
height is 4.5 meters, and the typical floor height is 3 meters. The building's width is 15.6 meters, and its
length is 30 meters. The structural system of the building is a wall-frame system. The thickness of the
basement walls is 300 mm, while the walls above the basement are 200 mm thick. The thickness of the
foundation slab is 1000 mm, made of concrete class B25. The foundation slab has a preparation layer of
100 mm, made of concrete class B7.5.

FREE FIELD
FREE FIELD

COMPLIANT BASE COMPLIANT BASE

NCTOUHUK

Figure 2 — Boundary conditions in PLAXIS 2D (author's material).

When performing calculations using the finite element method, it is essential to correctly assign
boundary conditions. Seismic waves generated within and beyond the computational model can propagate
over long distances, so the boundaries of the computational model must accurately reflect the real
conditions that need to be simulated (Brinkgreve et al., 2011).

4 RESULTS AND DISCUSSION

To analyze the effectiveness of the software, validation calculations were performed based on real
engineering-geological conditions and building projects in the Medeu district of Almaty. Computational
models were considered using the Mohr-Coulomb and Hardening Soil Small models. The results of the
calculations for normal force and moment are shown in the figure below. It can be observed that the results
from the Mohr-Coulomb model almost agree with the analysis results. The linear elastoplastic Mohr-
Coulomb model of ideal plasticity contains five input parameters: Young’s modulus (E) and Poisson’s
ratio (v) for soil elasticity, cohesion (c) for soil plasticity, the friction angle (¢), and the dilation angle ().
The Plaxis team recommends initially using this model to analyze existing problems. For each layer, an
average constant stiffness is assessed. Due to this constant stiffness, calculations are generally completed
relatively quickly, providing an initial estimate of deformations (Merkulova et al., 2021). On the other
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hand, the hardening soil model uses three types of stiffness (E50, Eur, Eoed), which depend on stress. ES0
is resistant to the primary load, and its behavior at this level is highly nonlinear. Eur is the stiffness
coefficient representing the stress path without load. Eoed is the oedometer modulus under the initial
stress conditions. In addition to these stiffness values, cohesion (c), friction angle (), dilation angle (),
stress level (m), vur, KOnc, pref, and the initial conditions of the soil model are also used to determine the
compaction behavior of the soil (Jesus et al., 2015, Rafal et al., 2018). It was found that the results of
both models differed. Since the hardening soil model has additional parameters, it allows for more
accurate and reliable results. In finite element analysis, appropriate stiffness values for the soil are required
to provide a reasonable prediction of displacements. We observed that there are many differences between
the two models. In the Mohr-Coulomb model, the deformed mesh or maximum displacement is 61.7x1073
meters, as shown in Fig. 3. In the Hardening Soil Small model, the displacement of the deformed mesh is
52.3x107® meters, as shown in Fig. 4. Thus, we conclude that the mesh deformation or maximum
displacement is smaller in the Hardening Soil Small model, which is associated with the stiffer behavior
of the HS model (Arjun et al., 2017). Similarly, the total displacement of the building is 66.2 mm, as
shown in Fig. 5, and 28.7 mm, as shown in Fig. 6, for the Mohr-Coulomb model and the Hardening Soil
model, respectively. The negative sign indicates the direction (Lina et al., 2018).

Deformed mesh |u| (scaled up 50.0 times) (Time 10.00 s) Deformed mesh |u| (scaled up 50.0 times) (Time 10.00 s)
o R LR T SR S Maximum value = 0.05230 m (Element 41 at Node 6420)

(a) (b)

Figure 3 — (a) Deformed scheme by Mohr-Coulomb , (b) Deformed scheme by HSS (author's material).

——— —
M ¥
Total displacements u, (scaled up 500 times) (Time 10.00 s) Total displacements u,, (scaled up 200 times) (Time 10.00 s)
= Cem=e ke e Maximum value = 0,02506 m (Element 57 at Node 6337)

i - =103
Minimum value = 8,467=10 -3 m (Element 1 at Node 5880) Mirimum value = -0.02877 m (Element 6 at Node 5833)

(a) (b)

Figure 4 — (a) Mohr-Coulomb displacements, (6) HSS displacements (author's material).
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We obtained higher stress values in the HSS model compared to the MC model. Additionally,
several other results were found, such as the bending moment, which is 1686.0 kNm/m and 1702.0
kNm/m in the MC and HS models, respectively. The axial forces obtained in the HSS and MC models
are -2104.0 kN/m and -2113.0 kN/m, respectively (the negative sign indicates the direction). All these
values are shown in the figures, providing a more realistic comparison between both models (Amjad
et al., 2019, Endra et al., 2012).

Axial forces N (scaled up 5.00*10 3 times) (Time 10.00 s) Axial forces N (scaled up 5.00%10 -3 times) (Time 10.00 s)
Maximum value = 347.4 kN/m (Element 102 at Node 7123) Maximum value = 371.7 kN/m (Element 102 at Node 7123)
Minimum value = -2104 kN/m (Element 96 at Node 7123) Minimum value = -2113 kN/m (Element 94 at Node 7271)
(a) (b)

Figure 5 — (a) Mohr-Coulomb axial force N, (b) axial force N by HSS (author's material).

A
Bending moments M (scaled up 5.00%10 "3 times) (Time 10.00 s) Bending moments M (scaled up 5.00*10 -3 times) (Time 10.00 s)
Maximum value = 1686 kN m/m (Element 100 at Node 7545) Maximum value = 1702 kN m/m (Element 102 at Node 6737)
Minimum value = -557.0 kN m/m (Element 101 at Node 7123) Minimum value = -524.6 kN m/m (Element 101 at Node 7271)
(a) (b)

Figure 6 — (a) Bending moment M by Mohr-Coulomb, (b) Bending moment M by HSS (author's material).
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To determine the maximum displacements, a point was selected for each floor. The graph shows
a sharp increase observed on the sixth floor. From this, it can be concluded that the difference in
maximum displacement is 33 percent (Charles et al., 2021).

Table 2
Maximum Floor Movements by Floor Level for Different Soil Models

Maximum floor movements, mm

Floors

basement 1 2 3 4 5 6 7 8 9 10
Mora-

5,05 6,55 10,5 13,5 17,24 23,43 32,34 40,20 44,67 53,81 58,92
Coulomb
HSS 5,18 597 5,36 8,41 11,72 17,64 26,22 29,5 32,92 31,71 39,32

Displacement diagram of the floor slab
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Figure 7 — Displacement diagram of the floor slab (author's material).
5 CONCLUSIONS

Ground movement under seismic impact on buildings is smaller in the HSS model compared
to the MC model, which is due to differences in the unloading behavior of both models.

Stress-dependent stiffness in the behavioral model and the difference in stiffness between
initial loading and unloading/reloading are critical aspects of modeling when discussing seismic
impacts and play a significant role in predicting ground oscillations. Therefore, it is recommended
that analysts use advanced models for seismic impact simulations.

Structural forces, such as axial and shear forces in the walls, are higher in the HSS model
compared to the MC model. Similarly, stress values are greater in the HSS model than in the MC
model, and the factor of safety in the HSS model is also higher than in the MC model. Practical
examples have proven that for different types of soil models under seismic conditions, where
unloading behavior of the soil is crucial, the Hardening Soil Small (HSS) model provides more
realistic and accurate results than the Mohr-Coulomb (MC) model (Semet, 2023).
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Abstract. The article is based on the synthesis of domestic and foreign data,
shows the main sources and ways of radon in buildings, formulated the basic
principles of their anti-radon protection, classifies methods and means of protection,
outlines recommendations for their practical implementation in the design and
construction of buildings. Today in Kazakhstan there are several laws aimed at
ensuring radiation safety of the population, at the request of which epidemiological
services conduct constant monitoring of facilities under construction and existing
ones. According to current standards, the concentration of radon in existing
buildings should not exceed 200 Bq/m?, and during design — 100 Bg/m3. When
solving problems of anti-radon protection of buildings, the sources of radon are
objects from which radon directly enters the premises, regardless of the nature of its
appearance in these objects. It is necessary to understand that measures for anti-
radon protection of a building, carried out at the stages of its design and
construction, are more effective and require lower costs than measures to reduce
radon in an already constructed building. Currently, there are no standardized
methods for calculating the necessary parameters and determining the optimal type
of radon protection. The procedure for this selection is heuristic and in each case is
based on an analysis and qualitative assessment of a number of circumstances.
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F'bIJIBIMI MAKAJIA

YH-KAIJTAPIA PATOH KOHIEHTPALIUSICHIH TOMEHJETY
BOMBIHIIA AKIMTAPATTBIK MOJEJb KYPY YIITH
BACTAINKBI JIEPEKTEP KEIUEHIH KAJIBIITACTBLIPY

P.E. KymaryJioBa, I.C. blosiTaesa* "=/, I.2K. Kapacnaesna, I. AxkueBa

Xanbikapaislk 0151iM 0epy koprioparusicel, 050043, Anmarsl, Kazakcran

Anparna. Makana omanOwlK dicoHe uiemendik oOepekmepoi cunmesoeyee
Hezi30eNiceH, PAOOHHbIY UMAPpAmmapaa mycyiniy He2izel Ke30epi MeH Hconoapbvl
KepcemineeH, 0napovl PAOOHEA KApCcbl KOp2ayovly Heeizel NnpuHyunmepi
MYACLIPLIMOANIEAH, KOpeay d0icmepi MeH KYpanoapvl HCiKmeneeH, 2umapammapobl
JHcobanay dncame cany KeziHoe onapowvl ic HCy3iHOe eHei3y OOUbIHULA YCbIHbICMAD
bepineen. Byeinei mayoa Kazakcmanoa XanvlKmuly paouayusivlk Kayincizoiei
Kammamacolz emyee Oasblmmanzan OipHeule 3aHOAp KOJLOAHBLIAObI, OAAPObIH
manadvl OOULIHWA INUOEMUOTIOLUANLIK KbI3MEMMeEp CANbIHbIN HCAMKAH HCIHE
JdHCYMbIC Icmen Mmypean obOveKkminepee MYpPaKmvl MOHUMOPUHE —HCYPei3eOi.
Konoanvicmazer nopmanap 6otbiHua HCymoic iCmen mypeaH umapammapoazvl
paoon xonyenmpayusicol 200 Bx/mexwe mempoen, an scodanay xezinoe - 100
bx/mexwe mempoen acnayvl muic. Fumapammapowl padouza Kapcwl Kopeay
Macenenepin ueuty Ke3iHoe padoHHbll Ke30epi OHbIH 0Cbl 00beKkminepoe naoa 60y
CUNamulHa Kapamacmau, paooH mikenetl yu-scauiapea mycemin o6vekminep 601vin
mabwiiadel. Fumapammuol odicobanay oicone cany KeseHOepinOe icypeisiiemin
PAaodoHea Kapcvl KOPEAHblC Wapaniapsl Kazipoiy 63iHoe CanblHeaH UMapammazol
PAOOHObL a3alimy wapaiapblia Kapasanoa muiMoipex HaHe a3 ubl2blHObl Kadicem
ememinin myciny kKaoicem. Kazipei yaxwimma xasicemmi napamempiepoi
ecenmeyoiy J#CoHe paOdOHEA KApPCbl KOPEAHBICMbIY OHMAlLIbl MYPIH AHbIKMAYOblY
Hopmanauzan a0icmepi oK. Byn mawnoay npoyeoypacei 36pUCMUKATLIK OONbIN
maobwLIaobl JHcaHe Ip JAHcaoanuoa bipKamap Hcagoauiapobl Maidayea HeaHe Candaivl
bazanayza Heziz0eneeH.

TyiiiH ce3nep: padon, Kopeay, Kayincizoix, scenoeny, a3amammuolk KYpolibic,
Kbl3Men.
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HAYYHAA CTATBA

OOPMHUPOBAHUE KOMIIVIEKCA UCXOJIHbBIX JTAHHBIX JJISA

CO3JIAHUSI UHOOPMAIIMOHHOM MOJEJIH MO

CHUKEHUIO KOHHEHTPAIIUAU PAIOHA B IIOMEINEHUAX

P.E. KymaryJioBa, I.C. blosiTaesa* "=/, I.2K. Kapacnaesna, I. AxkueBa

MexnyHnaponHas oopa3oBarenbHas koproparus, 050043, Anvarel, Kazaxcran

AHHotanusi. CTtaThsi OCHOBaHAa Ha CHHTE3€ OTEUECTBEHHBIX M 3apyOeiKHBIX
JaHHBIX, TTOKa3aHbl OCHOBHBIE HCTOYHUKU U IyTH MOCTYIUICHUS pajiOHA B 3/IaHUS,
chopMyaMpoBaHbl OCHOBHBIE MPHUHIMIBI WX T[POTUBOPAJOHOBOM  3alllUTHI,
KJIACCU(UITUPOBAHBI METOJIBI U CPEJICTBA 3AIIHUTHI, H3JI0KEHBI PEKOMEHAITNH 110 UX
MPAKTUYECKOMY BHEAPEHHUIO MPU MPOEKTUPOBAHUU M CTPOUTENbCTBE 3MaHuil. Ha
CETOMHSAIIHMIA 1eHb B KazaxcTaHe NeiicTByeT HECKOIBKO 3aKOHOB, HAIIPABICHHBIX HA
obecrieueHre paJMallMOHHON 0€30TaCHOCTH HAaCEJICHUSs, TI0 TPEOOBAHUIO KOTOPHIX
AMUJAEMHOJIOTUYECKHE CITYKObI BEIyT MOCTOSHHBI MOHUTOPHHT CTPOSIIUXCS U
cyliecTByromux o0bekToB. [lo neiicTByronM HOpMaM KOHIIEHTpalusl pajoHa B
NeHCTBYIONIUX 31aHUAX HE J0IbKHA peBbimars 200 Bx/M°, a pu npoekTupoBaHuu
- 100 Br/™m>. [Ipu pelurennu 3amay aHTUPATOHOBOM 3aIUTHI 3JaHUN MCTOUHHKAMU
pajoHa SIBISIOTCS OOBEKTHI, U3 KOTOPHIX PAJOH HEMOCPEACTBEHHO IMOMAJacT B
MOMEIIEHUSI HE3aBUCHMO OT XapakTepa €ero IMOsABIEHUS B JITHX OOBEKTaxX.
HeobOxomumo moHUMAaTh, 9TO MEPOMPHITHS O AHTHPAJAOHOBOW 3aIIUTE 3IaHUSA,
MIPOBOJMMBIC Ha ATarax ero MpOeKTUPOBAHUS U CTPOUTENIBCTBA, OoJiee 3PPEKTUBHBI
U TpeOyIOT MEHBIIUX 3aTpaT, YeM MEPOMPHUATUS 1O CHIDKCHUIO PalioHa B YKe
MOCTPOEHHOM 3JaHuU. B HacTosiiiee BpeMs HE CyIIECTBYeT HOPMHPOBAHHBIX
METOJIOB pacueTa HEOOXOIUMBIX MapaMeTPOB U OMPEACIICHUS] ONTUMATHHOTO THIIA
MIPOTUBOPAIOHOBOM 3antuThl. [Iporiemypa 3Toro BeIOOpa SBIASETCS IBPUCTUICCKON U
B KaXJIOM CJy4yae OCHOBaHAa Ha aHalW3e M KAueCTBEHHOW OIICHKE psija
00CTOSATEIbCTB.

KuroueBsble ciioBa: pasioH, 3ammTa, 0€30MacHOCTh, BEHTUIISIIIHS, TPAXKIaHCKOE
CTPOUTENIbCTBO, JIEATENbHOCTb.
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1 INTRODUCTION

According to the sanitary rules "Sanitary and epidemiological requirements for ensuring
radiation safety", when selecting sites for the construction, residential houses and social and
residential buildings are assigned to the areas with a gamma background not exceeding 0.3 uSv/h,
and with the density of the radon flux from the surface of the soil is not more than 80 mBg/cm?.
According to p. 320 — in the building design a radon protection system (monolithic concrete pillow,
improved insulation of the basement floor, etc.) is provided for the construction of a building on site
with a radon flux density of more than 80 MBg/cm?.

The purpose of anti-radon protection of buildings is to ensure compliance with the requirements
of p. 4 subpar. 29 of the sanitary rules "Sanitary and epidemiological requirements for industrial
buildings and structures, according to which the average annual equivalent equilibrium volumetric
activity of radon isotopes in indoor air should not exceed 100 Bg/m?.

In order to ensure the environmental safety of construction and increase the efficiency of the
use of territories, more and more attention is paid to natural radioactivity. According to numerous
studies of domestic and foreign scientists, the main radiation background on the planet is created by
natural radiation sources, in particular, radon, which constitutes a significant (up to 60% or more) part
of the total radiation dose.

The average world dose of irradiation of people due to all natural radiation sources is about 2.4
mSv/year with a typical dose range of 1.0-13 mSv/year.

The following values of effective doses characterize the relative degree of radiation safety of
the population from natural radiation sources: at a dose of less than 2 mSv/year, it is considered that
the irradiation does not exceed the average dose values from natural radiation sources; from 2 to 5
mSv/year - the irradiation refers to increased; more than 5 mSv/year — to a high level.

The main contribution to the irradiation of the population by natural sources of radiation is
made by the short-lived isotopes progeny in indoor air (60-70%) and external irradiation (20-30%),
while the remaining ones account for up to 10% of total doses. In 1988 the Congress of the World
Health Organization and the International Agency for Research on Cancer, on the basis of numerous
studies, recognized that the intake of radon into the human body is dangerous and can provoke lung
cancer. Taking into account the fact that on average the urban resident spends almost 80% of the time
indoors, there is a need to pay serious attention to the problem of protecting the health of the
population from radon exposure in buildings.

2 LITERATURE REVIEW

With the acquisition of independence, Kazakhstan, using world experience, began to create the
necessary regulations to ensure radiation protection.

The regulatory framework of Kazakhstan in the field of anti-radon protection meets the
requirements of the International Committee on Radiation Protection (Tapalova, 2018).

Methodological recommendations on radiation hygiene, sanitary rules and sanitary standards
allow determining the concentration of radon gamma background of territories and premises provide
recommendations on examination and requirements for radiation safety.

In general, there is no information on the distribution of radon radiation in Kazakhstan, and
fragmentary studies by specialists in deliberately dangerous areas near developed uranium deposits
have shown that citizens live in territories where radon radiation doses are many times higher than
permissible, however, measures have not been taken by government agencies, citizens do not know
about their rights.

An analysis of scientific sources shows that in many developed countries there is currently quite
extensive information on the accumulation of radon, its distribution, diffusion, and emanation in
residential and office premises.
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Specialists in the field of radiation hygiene draw attention to the effects of radon in the
environment as an etiological factor of respiratory diseases, including lung cancer, especially in non-
smokers (Grzywa-Celinska, 2020; Lorenzo-Gonzalez, 2019; Al, 2018).

The concentration of radon in the premises is directly related to its concentration in the soils
under houses and used building and decorative materials (Pacheco-Torgal, 2012; Gandolfo, 2017;
Singh, 2016).

What are the methods and recommendations for radon protection?

Foreign researchers suggest using various insulating materials to protect against radon.
Moisture-proof or waterproof insulation laid over the entire surface of basement floors and walls in
contact with the soil can prevent radon from entering buildings from the soil. These types of insulation
can be considered as one of the most effective radon reduction systems in new homes (Hilka, 2001;
Zhuk, 2019; Finne, 2019; Arvela, 2014; Jiranek, 2004; Gaskin, 2021; Rahman, 2009).

The methods developed in the UK are mainly based on passive radon barriers, which are
inexpensive and easy to install (Scivyer, 2001).

Japanese experts have tested a membrane permeability method for removing radon from the air
using a hollow fiber module (Iida, 2001).

In multi-storey buildings, the main source of radon intake is Ra-226 in building materials. At
low air exchange rates, radon concentrations may exceed control levels. An increase in uncontrolled
infiltration of fresh air while maintaining a normal ventilation regime (the duration of periods of
active and passive ventilation) has a certain potential to reduce the concentration of radon in the room.
Technically, such a corrective measure can be implemented by installing additional air ducts in
enclosing structures, channels in window frames, etc. (Singh, 2016; Tejado-Ramos, 2024).

Thus. It can be concluded that radon protection methods are scattered and insufficiently
developed in terms of efficiency and effectiveness in the situation, the relevance of developing such
methods increases with the widespread introduction of energy efficiency requirements in building
construction. It is necessary to understand that measures for anti-radon protection of a building,
carried out at the stages of its design and construction, are more effective and require less costs than
measures to reduce radon in an already built building.

3 MATERIALS AND METHODS

When solving tasks of anti-radon protection of buildings, radon sources are objects from which
radon directly enters the premises regardless of the nature of its appearance in these objects. The
presence of radon in the air of a room may be due to its intake from the following sources:

—soils under the building;

—fencing structures made with the use of building materials from rocks;

—outside air;

—water from the building water supply system;

—fuel burned in the building.

Mechanisms and ways of radon entering the building. The average world values of volumetric
activity (concentration) of radon in the outside air at a height of 1 m from the surface of the earth are
from 7 to 12 Bg/m? (background value). In areas with saturated radon soils, this value can reach 50
Bq/m?. There are areas where the radon activity in the outdoor air reaches 150 or more Bg/m?. With
the construction of the building site area is isolated from the surrounding space, therefore radon
released from the underlying ground under the building can not be freely dispersed in the atmosphere,
penetrates the building, and its concentration in the air of the premises becomes higher than in the
outside air.

The inflow of soil radon into the premises is conditioned by its convective (along with air)
transport through cracks, cracks, cavities and openings in the enclosing structures of the building, as
well as diffusion transfer through the enclosing structures.

The main ways of radon entering the building are shown in Figure 1.
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TRYHT

Figure 1 — The main ways of radon entering the building: 1 — isolation from the materials of enclosing structures; 2 —
seams and joints between elements of enclosing structures; 3 — cracks and voids in the enclosing structures; 4 —
openings for building utilities in the underground part of the building and basement floor (author's material).

It is necessary to understand that the measures for anti-radon protection of the building, carried
out at the stages of its design and construction, are more effective and require fewer expenses than
measures to reduce radon in the already constructed building.

At present, there are no normalized methods for calculating the required parameters and
determining the optimal type of anti-radon protection. The procedure for this choice is heuristic and
in each case is based on the analysis and qualitative assessment of a number of circumstances. The
effectiveness of a solution of anti-radon protection depends on how in each specific case these
circumstances and the types of technical solutions used combine.

The most effective combination of several technical solutions of anti-radon protection in one
construction. When choosing technical solutions for anti-radon protection, it is recommended to
consider the following factors and circumstances:

The intensity of radon emissions in the construction site. The higher the intensity of radon
emissions from the ground at the construction site and the lower the allowable radon content in the
building's premises, the higher the effectiveness of anti-radon protection.

Depth of the building. The greater the depth of the building, the higher the probability of
increased radon supply through the floor and the basement walls.

Characteristics of the geological section. In the case where the upper layers of the geological
section are composed of dense, low gas permeability rocks, their removal during excavation can lead
to an increase in radon load on the underground part of the building.

Ground water level. With a high level of groundwater and the need for a drainage system, it,
having the properties of a collector of soil gas, can have both a positive and negative impact on the
radon situation at the base of the building.

The purpose of the premises of the basement floor and the characteristics of its ventilation
system. At the device of poorly ventilated cellars and undergrounds the radon-insulating ability of
their floor and overlapping should be raised.

The layout of the openings for input-output of utility communications in the underground
enclosing structures of the building. The dispersal and large number of such openings increases the
likelihood of radon penetrating them through the building.

Quality of construction works. The radon-insulating ability of the enclosing structures depends
critically on the quality of the construction work. The use of poor-quality materials and the violation
of their technology can lead to zero effectiveness of anti-radon protection.

Recommendations for design

Ventilation of premises — The possibility of reducing the concentration of radon in indoor air
due to their ventilation by external air is limited by the maximum permissible (or economically
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justified) magnitude of the air exchange rate. Therefore, ventilation should be considered only as an
auxiliary tool, complementary to other solutions. The intensification of ventilation leads to an increase
in energy consumption for heating the building.

The best is a well-balanced system of supply and exhaust ventilation, providing the hygienic
reasons for the air exchange in the rooms and the minimum pressure difference between the basement
and upper rooms.

Impregnation — The sealing impregnating compound is a suspension or emulsion on bitumen,
latex, polymer, etc. basis. Impregnations are recommended to reduce the radon permeability of finely
dispersed materials such as clay and sand in unexploited subterranean buildings with a slight deeper
penetration.

Coating — Coatings can be used in the insulation device on the outer or inner surface of the
enclosing structure, as well as between its elements.

Membrane — Radon-insulating membranes are used in the construction of foundation slabs,
walls and floors of cellars of monolithic reinforced concrete or prefabricated reinforced concrete
elements to prevent radon transport through pores, cracks, joints and air cavities in these structures.

When the membrane is installed, it is important to ensure its continuity within the protected
area of the structure and the possibility of elastoplastic deformation during the movements of the
supporting structure.

4 RESULTS AND DISCUSSIONS

Barrier — The anti-radon barrier is made in the form of a solid, monolithic reinforced concrete
slab, which can serve as the foundation of the house, the floor or the ceiling of the basement. The
effectiveness of the barrier is greatly enhanced by creating the possibility for a free exit (natural
drawing) of radon from the ground beneath the building to the surrounding space. For this purpose, a
device is recommended under the barrier of the radon collector in the form of a layer of coarse-
grained, freely conductive gas of piling and a pipe serving for the discharge of radon from the piling
into the atmosphere (Figure 2).

Basement overlap

| Basement

or
Monolithic reinforced concrete

slab
Membrane from the roll of

waterproofing material

Gravel
Sandy soil
Priming

Figure 2 — Radon collector, membrane, barrier (author's material)

Depending on the area of the house, pipes in the gravel layer can be laid along the axes of the
protected area or along the foundations.

Depression of the soil base — The greatest effect of anti-radon protection of the building is
achieved with a depression (creating a low-pressure zone) of the basement floor basement.
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Depression is provided when the radon collector is supplemented with a special system of forced
exhaust ventilation, which is completely unrelated to the ventilation of the premises.

When using forced drawing, the effective operation of the protection system is ensured by
installing one underground pipe at a rate of 100-120 Bq/m® of protected area and using a low-pressure
fan with a capacity of 150 to 250 Bq/m?. Fans should have a sealed enclosure and be located in the
vertical part of the pipes as close as possible to the point of release of soil gas into the atmosphere.

It is recommended to mount the fan with removable fasteners and flexible hermetic connection
of the housing with the pipe. Installation of fans in the basement and other premises of the building,
except for the attic, is not allowed.

The soil is ventilated due to a natural stack effect and wind interaction with the exhaust pipe on
the roof of the building. If the activity of radon in the building exceeds the permissible levels, an
exhaust fan located in the attic can easily be installed on the existing air duct system in the building.
If the results of the study show that in an erected building an elevated level of radon is unlikely, or it
will be decided not to install a soil ventilation system, then after installing the pipes to connect the air
ducts to the foundation plate, their necks are carefully sealed. In this case, it is desirable that the
construction of the building allows, if necessary, quickly and economically to install the entire system
of exhaust or discharge ducts.

One of the most effective is the method of removing radon from under the floors of the first
floor. Air from under the slabs is diverted by means of special ventilation ducts outside the buildings.
At the same time, depending on the construction of the building, various air discharge schemes are
used (by placement of ventilation ducts and air ducts). Reducing the concentration of radon in
buildings allows the use of radon wells. The radon well is a well dug to a depth of 4 m at a distance
of 10-60 m from the house. A powerful fan is installed in the well, which removes radon from the soil
outside. Radon wells can reduce the level of radon concentration by 92% within 60 m from the well
provided high soil permeability. Reducing the concentration of radon allows the application of the
radon-collecting system under the foundation and the sealing of the foundation and overlap.

The principle of the radon-collecting system is as follows. In the space under the foundation
with the help of a centrifugal fan, air pressure is reduced compared to the rooms. At the same time
radon released from the soil is released into the atmosphere. The commissioning of the radon-
collecting system, consisting of five air intakes, allows reducing radon concentrations in the premises
of the first floor by 10 or more times.

5 CONCLUSIONS

In the presence of high radon concentrations in soils in order to exclude or limit radon intake
from the technical underground, cellar or basement of the building, special anti-radon measures are
necessary, including:

—ventilation of basement premises;

—screening of the basement using special materials (impregnation, coating);

—application of radon-insulating membranes and anti-radon barriers;

—organization of radon collectors;

—creation of a zone of low pressure (depression) of the ground basement of the basement floor;

—sealing joints, joints and openings;

—application of radon suppression systems;

—sealing cracks, cracks, communication openings of floor slabs of the first floor with the use
of self-adhesive, plastic, elastic, foaming, etc. materials;

—the device of special vapor barrier insulation above the basement, etc.

The above examples clearly demonstrate that the use of these or those measures effectively
reduces the radon and thoron content in indoor air. The choice of concrete measures is largely
determined by the amount of funding for repair and construction and ventilation.
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