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On the issue of formalization of the creation of special geotechnical maps

Abstract. Today in the scientific and technical literature of Kazakhstan as well as abroad
there are a significant amount of works which have been devoted to engineering-
geological mapping. By means of specialized maps it is obviously possible to assess
geological profile of building ground in general, and separate sites of project facilities.
The assessment of geological profile of territory of cities is impossible without
geoinformation technologies at the present time. Improvement of mapping services and
technologies of GIS software are widely used for engineering-geological mapping,
development plan of territories, forecasting dangerous natural processes and assessment
of various risks. However introduction of geoinformation technologies and special
engineering-geological mapping in the Republic Kazakhstan is underdeveloped and
does not play a leading role in engineering practice. The article addresses formalization
of the process of creating special geotechnical maps in GIS as a certain step-by-step
description of the process, based on a number of principles that determine the
characteristics of map indicators and the methods of mapping. Special geotechnical
maps are a basis for the decision of practical problems connected with an arrangement of
constructions on the building ground, a detailed planning and project formulation of
building blocks. The analysis of the existing methods of assessing geological profile of
the built-up territory of the city was given in order to optimize the survey and
engineering work on the construction of foundations, an example of the developed
geoinformation database for the analysis of geotechnical properties of soils and the
development of special geotechnical maps was given in addition. Also examples of types
and the reasons of deformations of buildings and constructions caused by variations in
the bases of foundations , besides the research works of the authors who developed their
own methods of conducting engineering and geological surveys and special
geotechnical maps have been analyzed and the concepts as «engineering-geological
maps», «special geotechnical maps» have been defined.

Keywords: formalization, special geotechnical maps, geoinformation system,
engineering-geological surveys, deformations of buildings and constructions,
engineering-geological conditions, geoinformation database, engineering-geological
maps.

DOI: doi.org/10.32523/2616-7263-2021-136-3-7-19

Introduction

The modern construction system is organized in such a way that engineering and geological
surveys, development of building projects, design of bases and foundations, work on their arrangement
are carried out by organizations that poorly coordinating with each other. Their joint work is regulated
by the provisions of normative documents [1 -**], unified throughout the territory of the Republic of
Kazakhstan, which are not fully observed. And, despite the large volume of construction, on the
territory of cities, full-scale observations of the precipitation of buildings from the moment of their
construction are carried out extremely rarely and commonly for a short time. In general, design
engineers return to the design objects only in cases of damage to structures caused by changes in the
foundations that lead to deformations of constructions. Examples of some deformations are given in
Table 1.

In these cases, verification calculations give little, since observations organized after the
occurrence of damage do not have sufficient information content. This leads to the fact that in most
cases, designers and researchers do not have full-fledged materials based on which it is possible to
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check and correct the calculations of the bases, to make a reasonable choice of the precipitation forecast
method considering the specific engineering and geological conditions of the region [2].

Table 1

Types and causes of deformation of structures of buildings and structures

Deformation diagram

constructions

Type and reasons
deformation

Breakng the foundation.

Possible causes of damage

- frost heaving of base soils with incorrect foundation
arrangement;

- moistening of soils due to a rise in the level of
groundwater or flooding of the territory and frost
heaving of base soils.

Inadmissible deformations of the base.
Possible causes of damage:
- insufficient support area of the foundation sole;

- emergency soaking of base soils;
- additional loading due to the superstructure;
- the presence of highly compressible soils at the base.

3

A\
\

\\

Deformations of the building foundation wall

Possible causes of damage:

- loss of strength of a brick wall;

- additional load on the base surface in the immediate
vicinity of the building;

- frosty heaving of the soil due to improper operation of

the basement.

Deformation of the frame when overloading the floor
Possible causes of damage:
- exceeding the permissible values of temporary long-

term loads.

8 Ne 3(136)/2021
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Building deflection
Possible causes of damage:
U D - incorrect structural solution of foundations on
heterogeneous soils;
2 - softening of soils in the middle of the building;
L4 i l - frosty heaving of soils under the ends of the building.

- —

Building bend
Possible causes of damage:

- incorrect constructive solution of foundations on
Q. O heterogeneous soils;

- softening of soils under the ends of the building;
- frosty heaving of soils in the middle of the building.

Distortion of old buildings due to the construction of a
new building - inserts

Possible causes of damage:

- incorrect structural solution of the foundations in the
12.00 place where the new building adjoins the old ones

42
{80
120

—_——q160

W

The construction of the foundation is determined by the climatic conditions of the construction
site, the type of structure, loads and various effects (deformation, aggressive, etc.), the capabilities of the
construction organization and other less significant factors. But, in addition to the above conditions, the
choice of engineering and geological conditions is also of great importance [3].

When designing foundations, several options for their structures are first assigned. Sometimes,
with the same design options, different methods of preparing the base are taken.

Caked fill soils and dumps of soils from coarse sands, gravelly and crushed stone soils can be
used as natural bases.

The main methods of preparation of foundations on bulk soils are surface compaction with heavy
rammers; ramming of foundation pits; the device of pillows; surface compaction with vibrating
machines; deep compaction by punching boreholes, cutting of bulk soils with deep foundations.

For the convenience of preliminary designation of foundation structures, depending on the
engineering and geological conditions of the site, the known types of soils are schematically subdivided
according to their physical and mechanical characteristics and their layers in depth into separate types.
The subdivision of soils according to their physical and mechanical characteristics is conditional since
the same soil can be strong for low-rise buildings and fragile for multi-storey buildings. However, the
conditional division of soil layers into separate schemes makes it easier to choose options. Experience
shows that in the practice of surveying and designing quarterly urban development, the type of soil and
geological conditions are not sufficiently considered. This leads to the irrational use of the natural
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resources of the foundations for the construction of reliable and sustainable buildings and structures.
This problem arises during the construction of buildings and structures on the territory of cities.

Considering the massive nature of modern construction of buildings and structures on various
types of soils, it must be recognized that the development of new principles for the formation of
building blocks in such conditions can give a significant economic effect [3].

For a more complete description of the issue under consideration, the research works of some
authors were studied [1, 4-8], who, when achieving their goals, solved the problems of optimizing the
choice of building structures under various engineering and geological conditions.

For example, in the dissertation «Analysis of geotechnical properties of soil in Astana city for
optimization of lengths of piles» [1] of the applicant for the academic degree of PhD, the author N.
Alibekova performed several tasks to achieve the following goal: Study and analysis of the geotechnical
properties of soils in the city of Nur-Sultan (Astana) to optimize pile lengths in conditions of a variety of
soil strata. The applicant completed such tasks as: generalization and analysis of methods for studying
and assessing the geotechnical properties of soils the foundations of pile foundations; developing a
method for assessing engineering and geological conditions; creating a geoinformation database. Using
the program «Geoinformation database», an assessment of engineering and geological conditions in the
built-up area of the city Nur-Sultan (Astana) was made, engineering-geological maps of Quaternary
sediments and bedrocks, deposited in the city Nur-Sultan (Astana), were developed, special geotechnical
zoning maps for 8 types of foundations and optimization of the lengths driven piles; the values the
bearing capacity of driven piles, determined according to the calculation data and field tests, were
compared; a coefficient of reliability is proposed for determining the bearing capacity of driven piles.
Recommendations on the use of the program «Geoinformation database» and geotechnical zoning map
are offered

In the dissertation «Features of the methodology of engineering and geological surveys in the
conditions of dense urban development: on the example of the city of Moscow» [4] for the degree of
candidate of technical sciences, the author E. Vorontsov carried out an analysis of the current state of the
engineering and geological surveys (EGS) in urban areas, developed a research methodology and
characteristics of the studied objects, determined the influence of dense urban development on the
conduct of IGI, outlined fundamental approaches to the EGS technique in dense urban development and
developed the main provisions of the recommended methodology EGS for the construction and
reconstruction of buildings and structures in dense urban areas. The main idea of the applicant's work
was to take into account the influence of the existing dense urban development in the EGS methodology
on obtaining the necessary and sufficient information about the engineering and geological conditions of
the projected construction (reconstruction) of buildings and structures, as well as construction objects in
the zone of influence.

Author N. Tyunina in her thesis for the degree of candidate of geological and mineralogical
sciences «Features of the application of the method of engineering-geological analogies in surveys in
urban areas: the example of the city Moscow» [5] analyzed the current state of the theory and practice of
applying the method of analogies in engineering geology, developed a research methodology and gave a
characterization of the studied objects, developed the basic theoretical provisions for the application of
the method of engineering and geological analogies (EGA) in surveys in urban areas, including: studying
the natural and technical system «Geological environment — Construction object — Urban environment»,
determining the value of engineering and geological the study of the territory for the use of the EGA
method, consideration of the concept and principles of applying the EGA method in surveys in urban
areas. In addition, the study by the author of the features the EGA method in relation to the research
tasks allowed the applicant to develop recommendations for the use of the EGA method in surveys in
urban areas.

Author S. Akhazhanov in his dissertation for the degree of Doctor of Philosophy «Development of
a geoinformation database for installation of bored piles in Nur-Sultan» [6] defined the purpose of the
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work, namely: The creation of a geoinformation database of bored piles, considering the engineering-
geological environment of Nur- Sultan. The applicant completed several tasks and received the following
scientific results: using the program «Geographic Information Database» [1], a special geotechnical map
was developed to optimize the lengths of bored piles; the values of the bearing capacity of bored piles,
determined from the calculation data and field tests, were compared; the coefficient of reliability is
proposed for determining the bearing capacity of bored piles.

The dissertation for the degree of candidate of technical sciences, the author K.Kh. Nguyen
«Methodology for choosing the optimal foundations for high-rise buildings in the conditions of Ho Chi
Minh City» [7]. The applicant initially studied the geographic and geological conditions of the city of Ho
Chi Minh City, engineering-geological zoning for the selection of the optimal foundation, principles and
experience of engineering-geological zoning, analyzed the experience of constructing foundations for
high-rise buildings and foreign experience in constructing fondations for high-rise buildings, including
in Vietnam. Further, the author analyzed and compared methods for determining the settlement of
foundations and selected the optimal parameters of the foundation in the city. As a result, a geotechnical
map was drawn up on the optimal type of foundations for multi-storey buildings in the soil conditions of
Ho Chi Minh City.

The authors I. T. de Sena Nola, L.M. Zuquette in their scientific publication «Procedures of
engineering geological mapping applied to urban planning in a data-scarce area: Application in southern
Brazil» [8] defined the goal of the work, namely: to verify the efficacy of procedures, methods and
classification schemes based on engineering geological mapping principles to generate data and maps for
urban planning, restructuring (rehabilitation) and engineering projects. First, the mapping criteria,
characterization methods and classification procedures were selected for the mapping and engineering
geological classification of the natural geological materials and anthropogenic deposits. The results
obtained for the study area provide users with data to foresee construction-related challenges (cost of
engineering works, manmade slope instability and the planning of detailed geological geotechnical
investigations to obtain more specific data) and environmental problems (natural slope instability,
inadequate conditions for sustainable urban drainage systems). 2 complex zones were identified and
delineated that are characterized by high diversity and spatial variability of the natural geological
materials associated with anthropogenic deposits and morphological changes.

These studies have made a serious contribution to the methodology of engineering and geological
surveys and the development of special geotechnical maps.

Currently, one of the most urgent tasks in cartography is still the formalization of the mapping
process, considering the widespread use of computer technologies and GIS technologies.

According to some authors, the introduction of formal procedures in cartographic work makes it
possible to automate the daily and labor-intensive stages of mapping, thereby freeing up time for
experimentation and creativity in the field of cartographic modeling and map design [9].

In the general case, formalization [10] means the representation of any area content (reasoning,
evidence, classification procedures, information retrieval of scientific theories) in the form of a formal
system or calculus. According to some authors, the choice of suitable presentation forms is one of the
first steps in formalizing and building a model. The second and probably the most difficult step in the
entire process of formalizing the model should focus on the methods and rules that bind the data being
processed. In the process of formalization, it is better to use tabular data of statistical studies. Text data
is the least suitable for formalization.

Classification of engineering-geological maps. Engineering-geological maps [11] — type of geological
maps, which show all the most important geological factors considered in planning, design, construction,
operation of structures and other engineering activities, as well as in predicting changes in the geological
environment under the influence of engineering and economic activities. Geotechnical maps show the
age, genesis, conditions of occurrence, composition, structure and physical and mechanical properties of
rocks and complexes and their distribution geomorphological characteristics of the territory,
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hydrogeological conditions, and geodynamic phenomena. Maps are accompanied by sections, tables, text
explanations (Fig. 1).

Geological mapping consists in the systematic and comprehensive study of natural and artificial
outcrops of rocks to determine their composition of origin, age and forms of occurrence and plot their
distribution on a topographic map.

Geological maps represent an image on a topographic map using conventional signs of
distribution and conditions of occurrence of rocks on the earth's surface, divided by age and composition.
Maps are one of the most important results of geological mapping but can also be compiled based on
processing materials accumulated during geological research [11].

Figure 1. Example of the scheme of engineering and geological zoning of Kazakhstan

Engineering-geological regions of the first order: 1- Ore belt of Kazakhstn, 2- Kazakh shield; 3- Turan plate.
Engineering-geological regions of the second order: 1 - North Tien Shan; 2 - Chingiz-Tarbagatai. 3- Dzungarian; 4
- Altai: 5 - Irtysh-Zaisan; 6 - Alakol-Balkhash; 7 - Kokshetau-Ulytau; 8 - Central Kazakhstan; 9- Turgai; 10 - first-
order regional boundaries; 11 - second-order regional boundaries; 12 - boundaries of engineering and geological
areas. The circles indicate geotechnical areas.

Maps of engineering-geological conditions are the most numerous of the published engineering-
geological maps. They reflect the main natural factors that determine the engineering and geological
situation and affect the conditions of design, construction, and operation of engineering structures.
According to their content, maps of engineering and geological conditions are divided into synthetic and
analytical one.

Synthetic maps comprehensively characterize the geological structure of the area, the nature of the
rocks composing it (composition, state, conditions of occurrence, properties), relief (primarily its
morphological and morphometric features), geocryological conditions (distribution of frozen, thawed
and unfrozen strata, their temperature, thickness of frozen rocks, their cryogenic structure, depth of
seasonal thawing-freezing, etc.), hydrogeological features (types, patterns of distribution, depth of
occurrence, water availability and regime groundwater, its composition and mineralization,
aggressiveness towards building materials, etc.) and modern geological processes and phenomena [12].
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The analytical maps give a characteristic of one or more components of the engineering-geological

situation. These can be geological processes or a single process, fracturing, the depths, and types of
seasonal freezing and thawing, the iciness of soils, the thickness of permafrost rocks, the salinity of soils,
the depth of groundwater, etc.

Both synthetic and analytical maps of engineering and geological conditions can be both general
and special for their purpose. On the general maps, the components of engineering and geological
conditions, as already noted, are selected, schematized, and characterized in accordance with the
requirements of regulatory documents, without considering the requirements of any particular type of
construction [12].

Methodology for creating special geotechnical maps

It is important for the study that engineering-geological cartography developed in the USSR for
more than half a century, but specialized maps have not yet received sufficient development in the
practice of surveys and design. One of the reasons is that the majority of engineering-geological maps
are still extremely difficult for non-specialists (not geologists), hence the reason for their poor use in
design and construction practice [13].

For a specific construction site or several of its homogeneous types, special geotechnical maps are
created, considering the specific needs of construction, in particular, the arrangement of foundations for
geological-ecological and urban zoning. According to them, it is possible to assess the engineering-
geological state of the construction site as whole and individual sections of the projected structures, as
well as to determine the exploration plan for experimental works and the organization of stationary
observations [1].

For optimal use of the geological environment, considering many years of construction
experience, special geotechnical maps can be developed using the program «Geoinformation Database»
[1].

The following is the order of construction of maps [14]:

1. The graphical module of the program «Geoinformation Database» shows the existing
exploration boreholes and probing points.

2. The line of the engineering-geological section is set (with automatic inclusion of the boreholes
required for this). The user can change this set of boreholes, adding or removing them in the dialog
mode, as well as redefine the cut line and create a new set of boreholes from the very beginning.

3. The stratigraphic boundaries of rocks are determined and engineering-geological elements
(EGE) are distinguished.

4. Information on all the boundaries of the EGE is included in a specific folder. Both the
coordinates of the EGE and their boundaries are marked. It is also possible to graphically edit the EGE
borders or add new ones at any time.

5. Based on the processed information, maps of quaternary sediments and bedrock are
constructed (Fig. 2a, b).

6. Based on the graphical analysis of engineering-geological sections, it is possible to build a
zoning map by type of foundation (Fig. 2c).

The results of the development of special geotechnical maps

Special engineering and geological mapping for applied purposes — the development of urban
development projects taking into account the factors of foundation construction — still does not play a
significant role in the design practice in Kazakhstan. The reasons for this, according to L. G. Zavarzin,
are [15]:
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1) insufficiently developed methodology for drawing up special maps. In some cases, they are
excessively complex and difficult to read, in others they are too primitive, not revealing the connection
of natural phenomena;

2) lack of awareness of the majority of builders and designers about what a specialized
engineering and geological map gives, which systematizes survey data by area and allows for a much
faster and more objective assessment of the construction area;

3) geological engineers, not seeing the interest of architects and designers in such maps and not
receiving tasks for their implementation, do not take the initiative to compile them themselves.

Although the current state of engineering and geological mapping of Kazakhstan has a theoretical
and practical basis for the development of special geotechnical maps [1].

For example, using the geotechnical GIS «Geoinformation Database of Astana» for the first time,
special geotechnical maps of the occurrence of quaternary deposits and bedrock soils and zoning maps
by base type and optimization of the length of driven piles for buildings of the 2nd (normal) level of
responsibility, taking into account the type of base (Fig. 2) [14, 16] were created, which were developed
on the basis of the methodology for construction purposes [14]:

1) the purpose of the map is determined, i.e. the construction event for which the map is being
compiled is indicated (engineering training, engineering network design, foundation and foundation
design, zero-cycle work, etc.);

akm
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c) geotechnical zoning map by type of foundation d) geotechnical zoning map to optimize
the lengths of driven piles

Figure 2. Special geotechnical maps of the city of Nur-Sultan (Astana)

2) the main construction factors related to soils and which are the main ones for the justification of
this construction are established;

3) archival materials of engineering and geological surveys on the territory of the development
are studied and selected, which are useful for drawing up a map;

4) the identification of soils by their age, origin, composition, condition is performed; separate
varieties of sediments (for example, quaternary) are distinguished;

5) complexes of combining soils are formed; sections of soil strata are drawn up; soil arrays of one
or another type of addition are outlined in area;

6) a soil map and its symbols are compiled; tables of generalized soil properties are given;
recommended construction measures are noted.

Conclusion

As a result of the study, material was obtained, the analysis of which made it possible to
conclude that the capabilities of cartographic systems are absolutely sufficient to create simple in terms
of content and design, but informative maps of natural resources for unprepared users.

Along with this, it should be noted that the developed technological sequence for the formalized
creation of special geotechnical maps for extensive coverage of users, allows you to optimize the types
of foundations depending on the location of construction objects on the appropriate soil conditions of
urban development, as well as to quickly receive the necessary information for the purpose of
substantiating design work in construction and planning the development of the city territory.
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ApHaiibl reOTEeXHUKAABIK KapTalapAbl KYPYAbI paciMaey Maceaeci OOVIbIHIIIA

ABgatna. byriHri KyHTe AeliiH FBLABIMU-TEXHUKAABIK d4ebmeTTepae, Oi3AiH eade ae, IleTeade Ae
UIDKEHePAIK-TeOAOTUAABIK, ~ KapTaFa  apHaAFaH  >KYMBICTapAbIH — aliTapAblKTall — caHel  Oap.
MamanaaHabIpbLAFaH KapTadapAblH KOMeTiMeH >KaAIlbl KYPBIABIC alaHbIHBIH MHKEeHePAiK-Te0A0TUAABIK,
KarjaiiaapblH JKoHe JKoOalaHFaH KYPBLABIMAapAbIH JKeKeeTeH yJyackeaepiH Oaraaayra 0oaaapr. Kasipri
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yakpITTa KalaJap ayMarbIHbIH Ie0AOTMAABIK KaFlaiidapbiH Oaralay reoakapaTThIK TeXHOAOTMAapChI3
MYMKiH emec. [eoakmapaTTblK >Kylieaep eHIMAepiHiH KapTorpausAAblK KbI3MeTTepi MeH
TEXHOAOTVSIAAPBIH  KeTiAAipy MHXKEHepAiK-TeOAOTMAABIK, KapTa Kacay, ayMakKTapAbl AaMBITYAbl
JKocrapaay, KayilTi Tabusm 1mporiectepai 0oakay >koHe opTypAi Toyekeadepai Oarasay YIIiH KeHiHeH
KoagaHblaaabl. Asaiiga, Kasaxcran PecriyOamkacbiHaa TeoaKIapaTThIK TeXHOAOTUsAAp MeH apHalibl
UHXeHepAiK-TeOAOTMAABIK, KapTaHbl €HIi3y gaMbIMaraH >KeHe >KoOaJay ToXKipuOeciHAe MaHbBI3ABI poa
aTKkapMaiiabl. Makadajga KeckiHgeAreH MHAMKaTOpAapAblH CHUIIaTTaMaJapblH aHBIKTalTBIH OipkaTap
IPUHIUIITepPre >KoHe KapTadapAbl KYpPacThIPY o4icTeMeciHe CylieHe OTBIPBIII, apHailbl TeOTeXHMKAABIK
KapTajdapAbl Kypy IIpolleciH Oeariai Oip KeseHAIK cuIlaTTaMa peTiHAe KapacThIpblaadbl. ApHaiibl
TeOTeXHIKAABIK KapTaJap KYPbIABIMHBIH KYPBIABIC alaHbIHAa OpHaJacyblHa OaiidaHbICTBI ITPaKTUKAAbIK,
Macejelepai IIellyre, erkei-TerkKelaAi >Kocllapaay MeH >KoDaJapabl Kypyra Heris 0o0aAajpbl.
Ipretactapapl opHaaacTelpy — OoiibIHINA i3gecTipy >KoHe >KoOaJay >KYMBICTApBIH OHTallAaHABIPY
MakcaThlHAa Kadaja OpHaJacKaH aiiMaKThlH MHXXeHepAiK-TeoAOTMAABIK >KafjalidapblH OarasayAblH
KOAJAHBICTaFbl  dJiCTepiHe Taadjay >Kacaaapl >KoHe TIeOaKIapaTThIK MaAiMeTTep  >KMUBIHTHIFBIH
TONBIPAKThIH TeOTeXHUKAABIK KacUeTTepiH Taajay >KoHe apHalibl IeOTeXHMKAaAbIK KapTaJapabl >Kacay
asipaenin Oepiaren. CoHpIMeH KaTap, ipreracrtapAblH ©3repyiHeH >KoHe IOryiHeH TybIHAaFaH
FUMapaTTap MeH KYPBIABIMAAPBIHBIH AepopMalsiAapbIHBIH TypAepi MeH ceOenTepiHiH MbIcadjaphl
KapacTBIPBIABII, OHBIH YCTiHe MHKEHePAiK-TeOAOTUAABIK 3epTTeylep MeH apHallbl I'eOTeXHUKAaABIK,
KapTaJapAbl >KYPri3yAiH ©3iHAiK ogicTepiH >KacaraH aBTOpJAap/blH FBHLABIMU-3€PTTEY >KYMBICTaphl
TaAJaHABI, «MHXEHepPAiK-TeOAOTMAABIK KapTalap», «apHailbl TeOTEXHUKAABIK KapTalap» YFbIMJapbIHa
aHbIKTaMa OepiareH.

Tyitin ce3aep: paciMgey, apHailbl TeOTeXHMKaABIK KapTadap, WHXKeHepAiK-TeOAOTUAABIK
’KarJaiiaap, TeoaKIlapaTThIK TeXHOAOTHAAAp, TeOaKIlapaTThIK >Kylieaep, FMapaTTap MeH KYpPbLABICTap
KYPBIABIMAAPBIHBIH — AedopMalmsilaphl, MHXKEHepAiK-TeOAOTUAABIK — i3JeHicTep, TIeoaKIapaTThIK
MaJiMeTTep >KMBIHTBIFbI, MHXKeHepAiK-TeOAOTMAABIK KapTaaap.

H.T. AauGekosal, A.K. AGumesal!, A.K. Aagynraposa®
IEspasuiickuil Hayuonarvhuiil yrueepcumem umenu JA.H. I'ymuresa, Hyp-Cyaman, Kasaxcman
2Topaiizopos ynusepcumem, I1aérodap, Kasaxcmar

K BOIIpOCY (l)OpMaAI/I?)aHI/II/I CO34aHMsI CIIeIVIaAbHbIX TeOTeXHUIeCKNX KapT

Anpnotammsa. Ha cerogHAIHMII AeHb B HayYHO-TEXHIUECKOM AuTepaType KakK y Hac, Tak U 3a
TpaHuUIIell MMeeTCsd 3HauMTeAbHOe KOAMYecTBO paboT, KOTOpble OBbIAM IIOCBSIIEHBl MH>KeHepHO-
reoJ0TMYecKoMy KapruposaHmio. IIpm momomm croenmaan3uMpoBaHHBIX KapT —IIpeAcTaBAsSeTCs
BO3MOXKHBIM AaBaTh OIIeHKY MH>KeHepHO-Te010TMYeCKIX YCAOBIUIL CTPOUTEABHOI I110IIaAKM B OOIIIeM, 1
OTAE/AbHBIX YYaCTKOB IIPOEKTMpPyeMbIX coopyKeHmil. OlleHKa Ie0AO0IMYecKUX YCAOBUII TepPUTOPUM
TOPOAOB B HBIHEIITHee BpeM:sI HeBO3MO>KHa Oe3 reorH(pOPMaLIVIOHHBIX TEXHOAOTUIL. Y COBEPIIIEHCTBOBaHIIE
Kaprorpaduaecknx cepsucos u TexHoaornu I'VIC-mpoayKToB MIMPOKO UCIIOAB3YIOTCS AASI IH>KEHEePHO-
re0A0TMYeCcKOro KapTUpOBaHN:, IAaHUPOBaHUl Pa3BUTIA TePPUTOPUIA, IIPOTHO3a ONaCHBIX TPUPOAHBIX
IIPOLIeCCOB, OLIEHKM Pa3sAMYHBIX pUCKOB. OgHAKO BHeApeHMe TeOMH(OPMAIIVOHHBIX TEXHOAOTUI 1
CrieniualbpHOe WHXKEHEePHO-TeoAOTnueckoe KapTuposaHme B PecryOamke KasaxcraH HeaoCTaTOYHO
pasBUTO U He UIpaeT 3HAYNTeABHON pOAN B IIpaKTUKe IIPOeKTUpoBaHM:. B crarbe paccmarpusaercs
¢popmMaanzamms mporecca co3jaHWUA CIIeNIMAAbHBIX TeoTexHmdecknx kKapt B ITIC cpese Kkak
oIpeJeAeHHOe IIOYTAIIHOe OMNMCaHue IPOoIecca, OCHOBBIBAIOINUIICS Ha Ps4 IIPUHINMIIOB, KOTOpPLIE
OIIpejeAsIOT XapaKTepNUCTUKM KapTorpaupyeMBIX IIOKazaTeAeil ¥ MeTOAUKY COCTaBAEHMs KapT.
CrnienmaapHble TeOTeXHMYECKUE KapThl, SBAAIOTCSI OCHOBOM A4S peIlleHNns IPaKTUIecKuX 3ajad,
CBSI3aHHBIX C PACIIOAO0XKEHNeM KOHCTPYKIIUM Ha CTPOUTEABHON I1A0IajKe, 4€TaAbHOM II1aHUPOBKA I

BECTHMK EHY unenu A.H. Tymunesa. Cepus mexnuueckue Hayku u meXHOAOZUl Ne 3(136/2021 17
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



On the issue of formalization of the creation of special geotechnical maps

COCTaBAeHMeM IIPOeKTOB 3aCTPOMKM KBapTaaoB. bpla IpuBeseH aHaAM3 CyIIECTBYIOIIMX METOAMK
OLIEHKM MHXK€HEePHO-TeOAOTMYECKNX YCAOBUI 3acTpauBaeMOM TEePpPUTOPUM TOpojga C 1eAbIO
ONTUMU3ALNI U3bICKaTeAbCKUX ¥ IIPOEKTHBIX palOT IO YCTPOIICTBY (PyHAAMEHTOB, IIpUBeAeH IIpuMep
pa3paboTaHHOI reoMH(POPMaIIIOHHON 0a3bl AaHHBIX A4 aHAAM3a FeOTeXHUYECKMX CBOVICTB TPYHTOB U
pa3paboTKu CIlelMaAbHBIX TeOTeXHMYecKnX KapT. Takske paccMOTpeHBI HNpUMepbl BUAOB U IPUYMH
Aedopmannii KOHCTPYKIIMIT 3JAaHMII U COOPY>KEHMII, BBI3BAHHBIX M3MEHEHMSAMMU B OCHOBaHUAX
(JpyHAaMEHTOB, KpOMe TOTO, MpOaHAAM3MPOBaHbl HAyYHO-IICCAeJ0BaTeAbCKIe PabOTHI aBTOPOB, KOTOPLIE
paspaboTaan CcOOCTBEHHBIE METOAMKM IIPOBeAEHIUs MHXKeHepPHO-TeOAOTMYeCKMX M3bICKaHMI U
crieliaabHble TeOTeXHMYEeCKMe KapThl, AaHO OmnpejeleHye IIOHATUAM «UHKEeHEePHO-Te0A0TYecKre
KapThl», «CIelaAbHble TeOTeXHUYeCKIe KapThl».

Karouesbie caoBa: ¢opmaamsanys, crernyaabHble TeOTeXHMYECKNe KapThl, WHXKeHepPHO-
reoAOrnMyecKiie ycAOBUsA, TeOMH(OPMaLVIOHHBIE TEXHOAOTMY, TeOMH(pOPMalMOHHAs CHUCTeMa,
AedpopManuy  KOHCTPYKIMII 34aHMII M COOPY>KEHUI, WH)KeHEePHO-TeOAOTMJYeCcKre W3BICKaHIL,
reorHpopMaInoHHas 6aza 4aHHBIX, TH)KeHEPHO-Te010TYeCKIe KapTHl.
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On determining frost susceptibility of soils

Abstract. Freezing and thawing of soils are common in cold regions. They may even be
considered as limit states from the thermo-hydro-mechanical point of view. Thus, to
characterize the behavior of freezing and thawing soils, some basic principles should be
considered. Design to prevent frost damage should be based on theories that have been
shown to apply to field conditions. The laboratory procedures used in the design should
imitate the expected freezing behavior, and the tested specimen should be prepared to
simulate the soil conditions in the field. The parameters from the test should be applicable
to the design model. If these principles are not applied, then the frost susceptibility can be
considered as a limit classification property describing the risk of damage in freezing and
thawing.

Keywords: frost susceptibility, frost damage risk, laboratory testing, modelling.

DOI: doi.org/10.32523/2616-7263-2021-136-3-20-24

Introduction

Freezing and thawing are characteristic ground processes in cold regions, which cover about 70%
of the dryland on the Globe (Tsytovich 1975). In the Arctic, the ground is perennially frozen and is
called “permafrost”, as to in more southern regions, the freezing only occurs seasonally, with
intermediate thaw periods.

The most common implications of cold climate and freezing are frost heaving and thaw
weakening of soils. To limit frost heaving, specific measures are needed to limit heaving so that the risk
of damage is reasonable.

Thaw weakening is mobilized, when frost-susceptible ground, containing excess ice, thaws, and
releases water, causing loss of strength, and bearing capacity, which may lead to excessive shear
deformations and rutting of road surface. This may in bad conditions lead to total failure of the road
and stop of trafficking.

In hydraulic liners that are constructed using frost-susceptible materials, freezing and ice
segregation may cause the formation of shrinkage cracks in the soil and/or irreversible compression of
soil matrix which may increase hydraulic conductivity thus degrading the function of the liner.

Artificial ground freezing is applied as a temporary strengthening for excavations, cavities and
tunnels. It may also occur at cooled structures like cold storages, ice rinks etc.

To control the long-term behavior of a structure exposed to cold, some principles should be
applied during design. Some effects are resulting as complete failure, jeopardizing the usability of the
structure, like slope stability, watertightness of hydraulic liners or extreme thaw-weakening on roads, or
frost heaving of foundations. In less severe cases, these effects cause considerable maintenance needs
and related costs.

Impacts of freezing and thawing in soils
Freezing causes moisture redistribution in partially saturated soils. it does not, usually, cause

volumetric expansion. When saturated soils freeze, ice segregation results from moisture flow driven by
pore water suction related to freezing point lowering at the freezing front. The freezing point decrease is
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characteristic of fine- grained soils such as silts and clays. In relatively slow frost penetration, ice is
segregated in ice layers and lenses in the freezing soil. The frost heave ratio (frost heave divided by
the thickness of the actual frozen layer) can vary from 0% to 20%. The suction (negative pore
pressure) generated in freezing soils can cause an increase of consolidation pressure in cohesive
soils. (This may be the origin of dry- crust phenomenon in natural clays and silts.) When clayey
soils are frozen for the first time, which often happens in artificial ground freezing, the suction
generated may cause excess compression and later settlements during thaw. In addition, the freeze-
thaw induced compression may result in the formation of cracks in the thawed soil. The resulting
increase in hydraulic conductivity can cause the failure of the liner.

As a frozen road structure, or a pavement on a frost-susceptible subgrade starts to thaw, the road
is softened, and its mechanical response degrades compared to that before freezing. When the thaw
front proceeds to the frozen, ice-rich subgrade, water saturates the pavement and subgrade, and its load
response (bearing capacity) is lowered. This results in increased total and irreversible deflections, seen
as increased surface settlements and rutting. Excess transport may cause “spring breakdown” and
interrupt the flow of traffic in the worst cases.

Thaw impacts are often treated as an indirect observational problem. The problem has been less
studied from soil-mechanics framework. The thaw deformation of roads might be handled as an
accumulated cyclic shear problem, considering effective stresses during thaw. In practice, the
trafficability can be estimated when knowing the actual frost penetration, actual thaw penetration, and
measured pavement response during thaw.

Definition

A frost-susceptible soil is defined in terms of frost-heaving and/or thaw weakening behavior (eg.
Andersland & Ladanyi (1994), Chamberlain (1980), ISSMFE/TCO08 (1989)).

Besides natural ground and natural soils, we may have the need of investigating frost-
susceptibility of constructed fills (eg. road layers) or artificially frozen ground. Moreover, the durability
of construction materials is also affected byfreeze-thaw and thus should be tested.

Validity

Frost heaving has been always seen on the roads and has been subjected to research to explain it
(Taber (1930), Beskow (1935), Casagrande (1938), andothers). Criteria of frost-susceptibility have been
collected and presented by Chamberlain (1980) and ISSMFE/TC8 (1989) among others. Indirect criteria
are also applied, because they give easy and quick answer to the problem, but their reliability is not
known.

The criteria for assessing FS (frost susceptibility) have been stated, but not generalized, due to
lacking theory. Thermodynamically based theories are, e.g., therigid ice theory (Miller 1977, 1980 and
Sheng et al. 2013) and the segregation potential theory (Morgenstern& Konrad 1980, 1981, 1982 and
Saarelainen 1992). Currently, most design guides and frost related literature define criteria that are not
consistent with the theories and the experimental testing practice is variable.

Criteria for classifying frost-susceptible soils or freezing expansion should becommonly agreed
by the Geotechnical Community.

Discussion of the development of a common freezing test procedure is still atan initial phase.
What we need is a theory for ice segregation in freezing soil, and the parameters needed to predict
frost heaving. To ensure the validity of the theory and the frost heave test, the comparison between site
and laboratory behavior should be carried out. An example, such a comparison for frost heaving has
been presented in Saarelainen (1992). Henry (2005) compared three frost heave models’abilities to

predict frost heave of laboratory specimens frozen under realistic field conditions. Similar research
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utilizing field sites and conditions would be of great benefit to frost heave prevention design. However,
the work should also beexpanded so that theory and criteria should also be made available for strength
lossand weakening in thawing soils, as well as for the change in hydraulic conductivity.

Application in design

Effects of freeze-thaw should be described so that they can be applied in design and planning,
not only as classification but also in quantitative manner. Figure 1 is an example of frost heave design
using the Segregation Potential.

Conclusion

1. The main effects of soil freezing are frost heaving, thaw weakening, freeze- compression, and
cracking that increases the hydraulic conductivity of soils after thaw.

2. To get applicable parameters for design, the test procedures should imitate natural freezing or
thawing, and the parameters should fit to the design model.

Observed
freezing Design
index climate
Observed -
frost heave and Site frost
frost </ heave
penetration coeff. SP
\ \ SP Design of Pavement
: »| Frost — z
(design) ) ; design
Pa\(ement Division in protection
design, : :
s ol —{ isotropic
: stretches
1011S Lab
l frost
heave
Laboratory coeff.
frost SP .
Sit heave test Design
e frost
investiga- } heave
tions v
i Estim.
ex —| frost .
properties feave Materials
coeff

Figure 1. Pavement design considering frost heave utilizing the Segregation Potential (SP)

3. The frost susceptibility may be considered as a soil property that can also be indirectly
estimated using classification properties or coarsely estimated withunverified laboratory freezing tests.
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TonbIipakThIH asi3ra Oel1iMaiairiH aHBIKTay Typaabl

Anaarma. TonplpakTelH My34aTybl >KoHe epyi CyBIK aliMakTapAa >Kmi kesgeceai. Oaapabl
TEPMO-TUAPO-MEeXaHNKAABIK TYPFBIAQH alfaHAa INEeKTi Kyl Aeld KapacTelpyra 0oaaasl. Ocblaaiiiia,
TOIBIpaKTapAbIH My3/aTy KoHe epiTy Ke3iHJAe JKarjalibiH CUIIaTTay YIIiH KelOip HeTisri MpuHIIUIITepA
eckepy KakeT. As3AbIH 3aKbIMAaHYBIH OOAABIPMaNTHIH AU3alH AaAaAblK >Karjaiilapra coliKec KeleTiH
Teopusidapra Herizgeayi Kepek. JKoDazay KesiHAe KOA4aHBLAATBIH 3epPTXaHaAblK IIpolliedypadap
MY34aTyAblH KYTiAeTiH >KarjaliblHa ColIKeCTeHAipy, a4 CblHaAfaH YATiHI JaJajarbl TOIIBIpaK
JKaFgalldapelH MoJeAbjeyre JaiibiHAay Kepek. CplHaKTaH a/blHFaH IIapaMeTpaep AuU3aliH YATiciHe
colikec Keayi Kepek. Erep Oya mpuHnunrep KoagaHblAMaca, OHAQ asi3fa Ce3iMTaAABIKTBL MY34aTy SKoHe
epiTy Ke3iHAe 3aKbIMAaHy KayIliH CUIIaTTalThIH IIIEeKTi JKiKTey KacueTi peTiHAe KapacThIpy¥Fa 00AaAbl.

Tyiin cesgep: Assra ce3iMTaaABIK, asf34aH 3aKbIMJaHy Kayili, 3epTXaHAABIK TeKCepy,
MOJeAabJey.

S. Saarelainen, H. Gustavsson
Yrusepcumem Aarmo, Icnoo, Punaanous

OO0 onpeaeaeHNN MOPO30OCTOMKOCTY IIOYB

Annorams. B xo104Hb1X pernonax oObIYHEI ITpOMep3aHNe 1 OTTarBaHMe 0YB. VX MoXKHO aaxke
paccmarpuBaTh KakK IIpeJeAbHble COCTOAHMA C TePMOTMAPOMEXaHMYEeCKOM TOUYKM 3peHmsA. Taxmm
oOpa3oM, 4TOOBI OXapaKTepu3oBaTh IIOBeJeHue IIpOMep3alolNX ¥  OTTaMBaIOIIMX TIPYHTOB,
HeOOXOAMMO  Y4YUTBIBATh ~HEKOTOpble OCHOBHBIe —NpUMHUMIIBL — /JusaiiH, IIpeAOTBpaIalONInii
MOBpeXAeHNe OT MOP03a, 40AKEeH OCHOBBIBATHCS Ha TEOPUSIX, IPUMEHNUMBIX K IIOAEBBIM YCAOBVSM.
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/labopaTopHble  IIpOLleAyphl, MCIOAb3yeMble IpU IPOeKTUPOBaHUM, AOAXKHBI MMUTUPOBATh
OXIgaeMoe IIOBeJeHNe IIPpY 3aMep3aHMI, a MCIBITaHHBIN oOpasel] J04AKeH OBIThb IIOATOTOBAEH AAs
MOAEAMPOBaHU: YCAOBMII IIOYBBI B mose. IlapameTpnl mcrbITaHus AOAXKHBI OBIThL IPUMEHUMBI K
pacderHoit Modean. Ecam oTm nmpuHUIMIIBI He HNPUMEHSIOTCA, TO BOCIHPUMMYMBOCTD K 3aMOpPO3KaM
MOJKHO paccMaTpuBaTh KakK IIpejeabHOe KaAacCUUKAIIVIOHHOE CBOVICTBO, OIMCBHIBAIOIIEE PUICK
IIOBPEXXAEHIS IIPU 3aMep3aHUN V1 OTTalBaHNI.

KaroueBble caoBa: MOpPO3OCTOMKOCTh, PUCK IIOBPEXAEHUsI OT MOpPO3a, AabopaTopHBIe
UCIIBITaHM, MOAeAUPOBaHNe.
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Abstract. In modern architecture, there is an increased need to design constructions in
conditions of dense development. It is important to implement a project without hitches.
However, during the construction process, design flaws or environmental impacts can
often arise in the end result. Therefore, proper design and monitoring allow taking
preventive measures that helps to avoid overhaul of buildings in the future, which also
affects to the cost of project, and sometimes-human casualties.

During and after the construction of high-rise permanent structures often-unacceptable
cracking can occur in the external walls and at the base slab of the basement.
Respectively, groundwater starts to leak through the cracks of basement, compromising
the serviceability and durability of the basement and rendering it unusable. The paper
presents the use of fiber-optic sensor technologies geotechnical engineering. In this
paper, it has been established the possibility of foundation monitoring system using
fiber optic sensors during the construction process.

The monitoring system includes a distributed fiber-optic voltage measurement system
using a fiber-optic cable, which allows you to control deformations that occur on the
surface of the plate.

This study involves an investigation of the foundation system in a high-rise buildings
and structures in Nur-Sultan city.

Keywords: strain, basement slab, high-rise buildings, fiber-optic sensors, civil
engineering.
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Introduction

High-rise buildings (buildings with a height of more than 75 m) pose new challenges for
engineers, especially in the field of calculations and design of above-ground structures, bases and
foundations. Therefore, designers of both above-ground and underground parts of the building are
forced to resort to more complex methods of calculation and design. Especially this applies to
geotechnicians, who are involved in the design of foundations for high-rise buildings. By complexity,
problematic design, erection, operation, impact on the environment and people, high-rises can be
attributed to the structures of increased danger and complexity.

Many megaprojects are being built in Nur-Sultan. One of the unique projects is the “Abu-Dabi
Plaza” (ADP) complex which was started to the construction from July 2011 in Nur-Sultan. This will be
the highest building in Central Asia. "Abu-Dabi Plaza" - a complex from several towers, united around
the main building with a height 320 meters - 75 floors here are used several heavy crane for construction
stage (see Figure 1).

Before you start laying the foundation, you need to decide on its technology and depth. It
depends on the expected load on it and the features of the natural conditions, namely the type of soil
and the depth of the groundwater. ADP residential skyscraper consists of 5 main towers (see Figure
1):Block R - offices and living quarters (75-Storey, Mixed Use 450 Apts 69,000 sqm, Office 37,000
sqm);Block O- office building (30-storey, Office 69,000 sqm);Block H- hotel and furnished rooms (14-
Storey Hotel, 190 Guest Rooms, 100 Serviced Apts, 32,000 sqm);Block Y- offices of class «A» (2-Storey,
Podium Retail, 50,000 sqm) and Block Z-residential apartments (17-Storey Residential 20,000 sqm).
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» BlockR
Block O
Block H
BlockZ
BlockY

Block P

Figure 1. Project ADP in Nur-Sultan city

During and after construction of the permanent structures unacceptable cracking occurred in the
external walls and base slab of the basement. Groundwater has been leaking through the cracks,
compromising the serviceability and durability of the basement and rendering it unusable.

Construction site Company has since engaged Golder to review the design of the basement to
establish the likely cause of the cracking and to propose methods for rectification. The chosen method
comprised an internal drainage system maintaining a dry interior whilst collecting and draining water
leaking through the walls and floor. Golder developed the system into a conceptual design consisting of
a voided slab covering the floor and a fagade for the walls [1-2].

Subsequent to the conceptual design Golder was made aware of the need for detecting and
monitoring potential expansion arising from delayed ettringite formation (DEF) and alkali-aggregate
reaction (AAR) in particular areas of the base slab. The possibility for DEF and AAR was highlighted by
accelerated expansion tests and concrete chemical tests.

The voided slab obstructs visual observation of the slab and access for monitoring. Golder
therefore developed a conceptual design for a slab monitoring system enabling the detection and
monitoring of DEF- and AAR related expansion and cracking during operation of the basement. The
primary element of the slab monitoring system comprises a distributed fibre optic strain sensing
(DFOSS) system employing fibre optic cable to monitor strains developing on the slab surface. This
paper presents the detailed design of the DFOSS system.

Design of distributed fibre optic strain sensing system. DFOSS has been employed for
measuring the strain in civil engineering structures for over a decade. It is now harnessed worldwide
for monitoring a wide range of structures, including tunnels, bridges, piles, dams, embankments and
diaphragm walls.

DFOSS relies upon backscattering when light is transmitted along an optical fibre. One particular
component of the backscattered light is produced by Brillouin scattering. At any point along a fibre, the
frequency of Brillouin backscattered light depends upon the strain and temperature at that point.
Making allowance for the effect of temperature therefore, the strain anywhere along a fibre can be
deduced by transmitting pulses of light down the fibre and analyzing the frequency of backscattered
light.

Compared to the use of isolated strain gauges, DFOSS offers a new paradigm for strain
measurement in that:
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- DFOSS returns the continuous strain profile along a structural element. Strain gauges can
provide only discrete pointwise readings and can miss vital strain variations between gauges.

- The backscattering from optical fibres is unaffected by electromagnetic interference.

- The core of optical fibres is made from pure silica which is very stable and inert. The fibres
therefore resist corrosion, do not contaminate the local environment and have a design life measured in
terms of decades.

- Optical fibres can operate over a much wider range of temperatures than most electronic
devices.

- Optical fibres are small and unobtrusive, and hence are easy to integrate into both new and
existing structures.

- The complete strain profile can be recovered for a fibre stretching several kilometers,
potentially replacing tens of thousands of discrete sensors. The single-cable approach greatly simplifies
installation.

- As a result of the ongoing development of DFOSS read-out units, a DFOSS system installed
now can benefit from potential enhanced measurement capabilities in the future.

Most analyzers require the installation of an additional optical fibre to measure temperature
alongside the strain sensing fibre so that the effect of temperature can be eliminated from the Brillouin
frequency shift.

The proposed DFOSS system comprises a grid of fibre optic cable bonded to the B4 slab linked to
an analyzer located in a temperature- and humidity-controlled room at Bl level (see Figure 2 for
“General plan of cable routing on B4 slab” and Figure 3 for “Part plan of cable routing in Block R
monitoring area on B4 slab”).

Gauge length. Fracture of the fibre must be prevented since installing the fibre below the voided
slab renders any remediation of the fracture practically unfixable. Fracture at a localized crack in the
slab is prevented by fixing the fibre only at discrete points rather than bonding the fibre to the slab
continuously along its routing. An unbonded length between two adjacent points of fixture is called a
gauge length. Prevention of overstraining relies upon the fibre undergoing the average surface strain of
the slab along a gauge length instead of experiencing the maximum localized strain adjacent to a crack.

An alternative to discrete fixing is to bond the fibre continuously along its length but to allow the
adhesive bond to yield beyond a predetermined shear stress. However, achieving consistent yielding of
the adhesive under site conditions is difficult in practice and risks either inaccurate representation of
strain in the case of premature yield or fibre fracture if yield is retarded.

Strain resolution.The degree to which an analyzer can resolve the strain in a fibreis limited by
noise and so resolution decreases with measurement distance. Strain resolution may be augmented by
improving the signal-to-noise ratio with a more powerful analyzer or by successively taking many
measurements and averaging.

The averaging of strain along a gauge length places a more stringent requirement on the strain
resolution compared with the case of a continuously bonded fibre. Furthermore, the spacing of the fibre
optic grid determines the distance of fibres from an expansion event and influences the required strain
resolution.

The lowest strain in a gauge length that would be induced by any conceivable expansion event
was determined to be 22 pe through assuming;:

A requirement to detect surface strains as low as 0.06%, equivalent to the strain of 0.6 mm m-1
explains the determination of the lowest induced strain which is summarized as follows:

1) For each expansion event, interpolate the relationship of applied volumetric expansive strain
and maximum induced surface strain obtained by numerical analysis to determine the critical value of
expansive strain required to induce the lowest detectable strain of 0.06%.
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2) For each expansion event and for a range of gauge lengths and grid spacings evaluate the
maximum strain induced across a gauge length by the critical value of expansive strain.

When considering expansion events across the entire conceivable range of events the lowest
induced strain is 22 pe. Although specifications for most analyzers state a strain resolution in the order
of 2 to 5 pe this refers to the condition of uniform strain along the entire fibre. Under irregular strain
conditions the resolution of typical analyzers increases to around 20 to 30 pe which is adequate to detect
practically all expansion events considered. Therefore, strain resolution is not a governing factor in the
DFOSS design.

RISER TO B1 LEVEL
BLOCK R MONITORING AREA-=~
\\
\
T T T s T T e L
Y —_ ot R — [ ~ln —— ]
I 1 1 i 1
: £ lda wr— -
— [ - — - —— —e
wagii Fd
]
- -
T by
| Ems 3] FIXING POINT FOR ONE CABLE
| S =
IEESRER @ FIXING POINT FOR TWO CROSSING CABLES
L

e CONDUIT WITH ONE CABLE

eeseee CONDUIT WITH TWO CABLES

s 1,111_.1:
i 4 i

X CONNECTION LOCATION

Eil

\
\-~-BLOCK Y MONITORING AREA

Figure 2. General plan of cable routing on B4 slab
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Figure 3. Part plan of cable routing in Block R monitoring area on B4 slab

At certain areas the base slab is thickened by casting additional concrete above the structural floor
level and in places steel mesh is cast into the thickened section to prevent surface cracking. To reduce
the risk of installing the cable at a curvature exceeding the allowable curvature the elevation of the cable
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should be maintained in the thickened sections and instead the channel depth adjusted to accommodate
the change in slab thickness.

Producing the channel at the thickened sections would necessitate cutting through any steel mesh
that might be present and additional time and tooling should be provided for this task.

Fixing points within the monitored areas in Blocks R, Y and Z are depicted at intervals of
approximately two meters or longer to create gauge lengths. Of the 525 fixing points 450 of them clamp
a single cable and the remaining 75 clamp two perpendicular cables. A fixing solution similar to that
illustrated in Figure 4may be employed to clamp either one or two cables.

At most intersections both cables are clamped but at six intersections, namely four at the centre of
the Block R core and two within the Block Y monitoring area, the intersections are spaced significantly
closer than two meters. At these six locations only, a single cable is clamped to avoid creating gauge
lengths shorter than two meters.

Stainless steel clamping plate

Fibre optic cable
Rubber spacer

4 thm
Stainless steel sandwich plate
8 mm

Rubber spacer

Stainless steel base plate

25 mm Channel in base slab

Z"O ma
Figure 4. Conceptual design of cable fixing point (contractor to provide design)

The analyzer measures strain by transmitting pulses of light down the fibre and analyzing the
frequency spectrum of the backscattered light. The optical budget of an analyzer may be increased by
extending the pulse width measured in nanoseconds, which reduces its attenuation. If the pulse width
is too long however, backscattered light from the leading edge of the pulse begins to interfere with
backscattered light from the trailing edge of the pulse and the analyzer is unable to differentiate
between the two. This places a limit on the minimum distance over which a value of strain can be
interpreted by the analyzer. This distance is termed the spatial resolution and may be likened to the
width of an averaging window for a sampling point [2-3].

A spatial resolution as short as 2 cm is achievable by some analyzers on the market but due to the
trade-off between optical budget and spatial resolution this comes at the expense of the optical budget
which at such a low spatial resolution would be only around 2 dB. To achieve the required optical
budget of 11 dB the spatial resolution would typically be no lower than around 0.5 m [3].

Even though the spatial resolution limits the minimum distance over which a value of strain can
be interpreted, the analyzer is still able to take multiple measurements at small intervals along the fibre.
The shortest interval between two sampling points is termed the sampling resolution and depends upon
the number of measurements made by the analyzer. Cable lengths and connectivity as portrayed in
Figure 5.
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Figure 5. Schematic diagram of distributed fibre optic strain sensing system

The commission test results were able to capture temperature changes caused by curing of
concrete during the testing as shown in Figure 6 and Figure 7. The temperature changes were significant
at certain locations at Block R where slab casting process were ongoing during the measurement time.
Similar measurement trends between both temperature and strain sensing cables indicates that the
strain changes were caused by change in temperature rather than structural movement [7].

As slab casting and repair works were ongoing during the test, the temperature changes affected
the recorded strain measurements which increased the standard deviation of both fibre optic cable at
certain locations along the monitoring route.

By comparing the standard deviation of the first and second test, the results has shown that both
tests have very similar magnitude of standard deviation except for those areas where there were
significant changes in temperature. Therefore, for the current analyzer used, the thermal shift in
electronic components does not affect the precision error when the analyzer is powered off.

Up to date, the slab casting and repair works at the monitoring area (Level B4) are still ongoing.
Long term monitoring work will start after the completion of the slab casting and repair work at the
monitoring area [4-5].

250
Tight Buffer Fixed Point Strain Sensing Cable
Block R Vertical

200

Strain (ug)
———

-200
Chainage (m)

Figure 6. Strain measured at Block R vertical on 18/2/2020 16:45 (result of geotechnical monitoring)
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A. bypan6aesa, A.)K. XKycynoekos, A. Omapos
A.H. T'ymunaes amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

Hyp-Cyaran xaaacbiaaarbr AOy-/a6mu I1aasa sxepTeaeciHil TakTaHeri3gepiHiH
TeOMOHUTOPUHTI

Anaarmia. 3amaHayu coyAeTTe KOII JKarjaiila THIFbI3 KYPBIABIC JKarAallbIHAAFEl KYPBLABIMAAPABI
’KoDasay KaxkeT eTeai. JKoGaHBI >Ky3ere achIpy ©Te MaHBI3AbI, Oipak KypblabIC OaphIChIHAa KeOiHece
’KoDaja KaTeaikTep TybIHAAybl HeMece KOpIlaFaH OpTaHBIH COHFBI HOTIKere acepi 00Aybl MYMKIH.

CongpIKTaH, AyphiC >kKODaJay >KoHe yaKThlABI Oakblaay OoJalllakTa FUMapaTTapAblH Kypaeai
KeHJeAyiH 0oaablpMayFa MYMKiHAIK OepeTiH aaAblH-aly IIapaJapblH, COHBIMEH Oipre >KOOaHBIH
©31HAIK KYHBIHA, Kelide adaMAapAblH Kaza 00AMaybIHa aABbIIl KeAeAl.

Kemn xabarTel cTanMoHapAbBIK FIMapaTTapAbl caly KediHAe >KoHe O4aH KelliH KeOiHece CBHIPTKBI
KaOpIpFfasap MeH >KepTeJe TaKTachlHaH >KapbIKTap TaOyra 0oaaabl. JKep acTel cyaapnl >Kepreaejeri
JKaphIKTap apKblAbl eTe Oacraiiabl. bya >xepreae KaOaTBHIHBIH Y3aKTBLABIFBI MeH OepikTiriHe kayim
TOHAipill, OHBI IalijadaHyfa >KapaMchl3 eTedi. Makadagda TaAIIBIKTBI-ONTUKAABIK CEHCOPABI
TeXHOAOTUAAAPABIH TeOTeXHUKAABIK MHXKeHepusaja KOA4aHbLAYbl KepcertiareH. Kypolabic mponecinge
TaAIIBIKTBI-ONITUKAABIK AaTYMKTepAi KOAJaHa OTBIPBIN, ipreTacTblH MOHMUTOPMHI 3KYMeciH Kypy
MYMKIiHAII KapacThIPhLAFaH.

MoHnuTtopyHr >KyifeciHe IlAacTuMHaHBIH OeTiHAe maiiga 0oaaTeiH JedopManusaHel Oackapyra
MYMKIiHAIK OepeTiH TaAIIBIKTBI-ONTUKAABIK KabeabAl KOAJaHyMeH TapaAfraH OITHMKAaAbIK KepHeyai
oAIIey Xylieci Kipeai.

Ocnr seprrey asceiHga Hyp-Cyaran k. (Kasakcran) opnasackaH Ouik fuMapaTrap MeH
MMapaTTapAblH HeTidep JKyiieciH sepTrey O0AbIIT TaObLAaAbL.

Tyitin cesaep: xepHey, ipretac TakTacel, OMiK FMaparTap, TaAlIbIKTBI-ONTUKAABIK, AaTYUKTep,
a3aMarTThIK KYPBLABIC.
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A. bypan0Oaesa, A.K. Xycymnoekos, A. OMapos
Eepasuiicxuii nayuonaronvii yrusepcumem umenu A.H. ['ymuresa,
Hyp-Cyaman, Kasaxcman

I'eOMOHMTOPMHT ITIOABaabHOJ IIAUTEI B paMKax npoekTa AOy-/Za6mu I1aasa B ropoae Hyp-Cyaran

AnHoTanmmsi. B coBpemeHHON — apxmuTeKType Bce uyallle BO3HMKaeT HeOOXOAMMOCTh
IIPOeKTUPOBaHUsA KOHCTPYKIIMIA B YCAOBUAX ILAOTHOM 3acTpoliku. BakHO peaamn3osbiBaTh IIpOeKT Oe3
3aMIHOK, HO B IIpollecce CTpOUTeAbCTBA 4acTO MOTYT BO3HMKaTh OIIMOKM ITpOeKTa MAM BAUSHUE
OKpy>KalOllleil cpeabl Ha KOHeYHBI pesyabTaT. IlooTOMy mpaBmapHOe IIpOeKTHMpOBaHUE U
CBOEBPEeMEeHHBbI!I MOHUTOPHMHI IIO3BOASIOT IPUMHUMATh IIPEBEHTUBHBIE Mepbl, KOTOpble ITOMOTaloT
n3bexxaTh KallUTaAbHOTO pPeMOHTa 3AaHmUil B OyAyIlleM, 4yTO TakKe BAMSAET Ha CTOMMOCTD IIpOeKTa, a
MHOT/Ja U Ha Ye/A0BeyecKye KepTBBL.

Bo BpeMst u mocae cTpomTeAbCTBa BBHICOTHBIX CTaIlMIOHAPHBIX 34aHMUII MOIYT BO3HMKHYTDL 4acTO
He/OITyCTUMBIe TPeIlMHBl BO BHEITHMX CTeHaX M Ha (pyHAaMeHTHOM nanTte rnogsasa. CoOTBeTCTBEHHO,
TPYHTOBBIE BOABI HAuyMHAIOT IIpOTeKaTh uepe3 TpeIIMHBl B II0ABade, YTO CTaBUT 104 YIpo3y
paboOTOCIIOCOOHOCTh M AOATOBEYHOCTh IJOKOABHOIO BTa’ka U JedaeT ero HeNpUIroAHBIM  AAs
MCII0AB30BaHMs. B cTaThe npeacraBaeHO NpuMeHeHe BOAOKOHHO-ONITUYECKMX CeHCOPHBIX TeXHOAOTUI
reoTexHM4Yeckoll MHXeHepum. B jJaHHOIT pabore ycraHOBAeHa BO3MOXKHOCTb CO34aHUs CUCTEMBI
MOHUTOpMHTa (yHJaMeHTa C MCIIOAb30BaHIEM BOAOKOHHO-ONTMYECKUX JAaTYMKOB B IIpoIiecce
CTPOUTEeABCTBA.

Cucrema MOHMTOpPMHIa BKAIOYaeT B ceOs pacrpeieleHHYIO BOAOKOHHO-ONTHYECKYIO CHUCTeMY
U3MepeHNs HalpsDKeHMsl C  MCIOAb30BaHMEM BOJOKOHHO-ONTHYECKOTO Kabeas, 4TO I103BOAseT
KOHTpPOAMPOBaTh AedpopMaliiy, BOZHMKAIOII/e Ha IIOBePXHOCTH IIAUTEL.

B pamkax gaHHOrO Mccael0BaHUs IPOBOAUTCA MCCA€AOBaHME CUCTeMBl (PYHAAMEHTOB BBICOTHBIX
3aanmii u coopyxxennii B 1. Hyp-Cyaran (Kasaxcran).

KaloueBbie caoBa: HampspKeHme, IaMTa (yHAaMeHTa, BBICOTHBIE 3J4aHUsA, BOJAOKOHHO-
OIITUMYECKNe AaTYMKY, I'Pa’k4aHCKOe CTPOUTEeABCTBO.
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ITaMATHUKYM Ky abTOBOM apXxnTeKTypbl CapblapKu

Annortarmsa. CraThsa MOCBAIIEHa PacCMOTPEHMIO ABYX TPaAMIVIOHHBIX ITaMATHUKOB
rorpe6aAbHO-KyAbTOBOM apXuTeKTypsl Capblapky. DTO MaB30Jell CTapIlero ChlHa
Unnrucxana — JKomiel, a Takke OAUH M3 3aMedyaTeAbHBIX CpeAHEBEKOBBIX KyAbTOBBIX
coopy>keHuit — Azaamaxas. Ilorpe6aabHO-KyAbTOBbIE COOPYKEHMS SBASIOTCS 4YacThIO
TPaAMIIMIOHHONM Ka3aXCKOM KyABTYpHI U MWCTOPUM, a IIOTOMy HeobxoimMo Ooaee
rayboxoe 1 TIaTeAbHOe M3yJeHre DTOM MaA0MCCAeA0BaHHO TEMEL

Ilpn paccmorpennn Mmapzoaes JKollbixaHa caeayeT Y4UTBIBaTh, 4TO 9TO OAUH U3
HEeMHOTUX NaMATHUKOB Ha Teppuropnun KasaxcraHa, MMeIOIIMX COOCTBEHHOE UM:I, TO
eCTb M3BECTHO MM IIOIpeOeHHOIO, B 4YeCTh KOTOPOIO IIOCTPOEHO MeMOpMaAbHOe
coopy>kenne. Vims JKolpixaHa, MCTOPUYECKOTO JAesATeAs, CTapIIero ChlHa BEeANKOIO
UnHrncxana, ITO3BOASET M3 MCTOPUYECKUX ITMCHMEHHBIX JICTOYHUKOB YCTaHOBUTH
TOYHYIO JaTy CTpOMTeAbCTBa Map3odes Hag IrpaxoMm ymepiero JKomsl. Kpome Toro,
MecroHaxoxJeHue Masszodest JKompixana B IlentpaabHom Kaszaxcrane mossoaser
JUCTOPMKAM cAeAaThb BBIBOA O TOM, YTO cTaBKa JKomibl, HaxoAusliascs B BocTouHom
Kasaxcrane, ©Oplaa miepeneceHa B llenrpaapmbiii KasaxcraH, Ha 4YTO yKasblBaeT
MeCTOHaXOXJeHne Massodes. Haxoxaenme mapzoaes: JKomibIxaHa Ha TeppUTOPUM
cospemenHoro Kaszaxcrana geaaer mccaeaosanme amuHocty JKomipixaHa, a TakKe
MeMOpHMaAbLHOTO COOPY>KeHMsl — 4acThlo ucropun cpeanesekosoro Kasaxcrana.

/0 CeroAHAIIHEro AHsA Ka3aXWM COXPaHMAU B CBOEN TPaAWIIVIOHHON KyAbType 00psj
KpPyIoBOoro o0xoga — aliHaAMaK. DTOT 0O0psJ XOpOIIO M3BECTeH IIO IIePeMOHNN
MHAyTypaluM Ka3aXCKIX XaHOB, KOI4a M30paHHOIO XaHa IIOJHMMAaAU Ha OeA0I1 KOIIMe 11
IpeACTaBUTEAN 3HATU OOBOAMANM €I0 AeBATh pa3 IO Kpyry coaHma. Kpyrosere
ABVDKEHUsI BOKPYT OOABHOTO cOBepIlaAm IleAUTeAM-IIaMaHbl C I[eAbI0 U3AeYUTh
00ABHOTO. DTOT IIMPOKO M3BECTHBIM y KasaXxoB OOpsi4 OTpasmACsI M B CTPYKType
Ka3aXCKMX II0TpeOaAbHBIX COOPYKeHMII — Map3odesx. Tak, cpejHeBeKOBBINI MaB3o4ell
AsamaxaHa, a Taxke Mas3oaell Jysena CanapibaeBa (1866 T.) MMEIOT B TOAIIE CBOMX
CTeH OOXOAHBIEe Tralepey, IO KOTOPBIM COBEpINAaACi KPYroBoi 0OXO4 IO ABVKEHNIO
CoaHIla, 4TO yKa3blBaeT Ha ApEeBHeIINe KOPHM €ro IIPOMCXOXKAeHNs. BAMskm 1o
anaaoruu Massoaeit Camanngos (IX-X BB.) B byxape, maszoaent Cyarana Canxkapa B
TypxmeHnucrane, rage oOXOAHBIE Tadepen SABASIOTCA PYAUMEHTOM B CTPYKType BDTUX
COOpy>KeHUI1. B MaB3oaesIX, Iie HEeT OOXOAHBIX Tralepeil, oOps4 caKpaabHOIO 00X0Ja
COBepIIaACsl BOKPYT CAMOIO MaB30esl.

KaroueBble caoBa: apXmUTeKTypa, KyAbTypa, ITaMATHUK, TTOpTal, Kylioa, Ky0ba, HuIIa,
OapabaH, KOHCTPYKIIUsI, KUPIIMYM, PacTBOP, A€KOpP, CTaAaKTUTHI, [IOAMBA, FaH4, I1a3yph.

DOI: doi.org/10.32523/2616-7263-2021-136-3-33-45

BBeaenue

Bumne-npesnaent OpenObyprckoir ydeHoit apxmsHOM Komuccunm JKosedp-Antyan (Mocud
AnTonosnu) Kacranbe (1875-1958), apxeoaor, aTHOrpad), UCTOPUK, AMHIBUCT, €Ié B caMOM Hadade XX
BeKa I10 AOCTOMHCTBY OIIeHIA apXUTeKTypHble ITaMsITHUKM OTPOMHOI Ka3aXCKOJl CTely, OIy0AMKOBaB
KanurtaabHble TpyAsl [1]; [2]. DTo OblAM He TOABKO OAHM U3 IEPBBIX MUCbMEHHBIX COOOIIEeHUI, HO U
IepBhle HayJHble CBeAeHIs O ITorpebaabHO-MeMOPMAaAbHBIX ITaMATHMKAX Ka3aXCKUX CTeTIeil.

Hayunpiii yposennr pador IM. A. Kacranbe BBICOKO OIIeHUA BBIAQIOIIMIICA POCCUIICKIIA,
COBETCKUII YYeHBII-BOCTOKOBea B. B. baproapa. Bocxmmennsiii cpesHeBeKOBBIMM  IaMATHUKAMMU
Camapkanga, V1. A. Kacranbe 0Tgaa 404KHOe ¥ MeMOpHaAbHbIM coopy>KeHusam Creny, 4aKOHUIHO U
00OCHOBaHHO CPaBHMB CTEITHOE 3044eCTBO C IIOCTPOVKaMM BeAMKOro moakosoaua Tumypa: «/Jpesnoctu

BECTHUK EHY umenu A.H. Tymunesa. Cepus mexnureckue HayKu u mexHor02ut Ne 3(136)/2021 33
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


https://search.crossref.org/?q=10.32523%2F2616-7263-2021-136-3-33-45&from_ui=yes

Iamamuuxu xKyrvmosoi apxumexmypvl Capviapku

I0KHON 11040BUHBI CpegHeit A3uy BCAeACTBUE CBOell POCKOIIM U TIPaHAMO3HOCTU (MedeTu
caMapKaHACKMe U ApyIue) 3aTMUAU CKPOMHBIe 1 OeaHble IaMSATHUKYU CeBepPHOI e€ ITOAOBUHLI, B TO
BpeMsi Kak ITocAeHue 10 CBOei ApeBHOCTH ¥ MHOTOUMCAEHHOCTM 3aCAy>KUBAIOT e4Ba AU He DOABIIIero
BHUMAaHIs1, YeM I1epBbIe».

B ®roi1 HeDOABIION cTaThe JaeTcsl KpaTKOe OIMCaHue JABYX 3aMedaTeAbHBIX IIaMSITHUKOB
CTPOUTEABHOIO MCKYCCTBa HallMX ITpeAKoB, Map3oaeeB JKomibixana — crapiiero ceiHa [lorpscateas
Bceaennoit — Unnrnucxana - u AaanaxaHa, sBAAIOIIETOC 3aMedaTeAbHBIM 0Opa3lioM MeMOpHaAbHOIO
TBOpYeCTBa Oe3BeCTHBIX 30AUNIX.

Ileap nccaeaosanms. Lleapio gaHHOI cTaThy siBAsIeTCs 0OOOIIeHNe MaTepualoB 1CCAe0BaHMIA,
He TOAYYMBIINMX OTpa’keH!: B HaydyHoll aurtepartype. Marepmaanl mo namsaAtHmkaMm JKomrbixaHa u
AsammaxaHa COXPaHMANMCH B CIIeIMaAM3MPOBAHHBIX Hay4HO-MCCAeA0BaTeAbCKUX yupexaeHmsx PITI
«Kaspecraspanmns». Take MaTepnaabl B COBOKYITHOCTU C ONyOAMKOBaAaHHBIMM HayYHBIMU CTaThAMU U
MOHOTrpapUsAMM AAIOT BO3MOKHOCTh HamOoJee IT0OAHO IIPeACTaBUTh BTU IaMATHUKM KaK OOBEKTHI
MaTepuaAbHOM KyabTyphl. Takke 11eab pabOTHI - BBIABUTH U IOKa3aTh MECTO B KyAbType Ka3aXCKOIOo
HapoJa HCCAeAyeMBIX IIaMSITHHUKOB, MCTOpMYECKOe, apXUTeKTYpHOe, MCKYCCTBOBeJAYecKoe 3HaueHue
KOTOPBIX HEOCITOPUMO.

3agaun. Ilpum onmcanum Mmas3oaeeB JKomipixana 1 AsallaxaHa — MCIIOAB30BaAach
crelMaAu3MpoBaHHas AuTepaTypa, KOTopas sBASeTCS 4acThlO CINCKa AMCCePTaIlMOHHOM paboThI
(6bubanorpadpum). Viccaeaosanus, IpuBejeHHbIE B AAHHON CTaThe, IO3BOASIOT OIPeAeANUTh MeCTO
yKa3aHHBIX apXUTEKTYyPHBIX COOPY>KeHMI B KAaccupUKaIllMOHHOI CliCTeMe aHaAOTMYHBIX IIaMATHIKOB.

AxTtyaapHOCTB. OOpa3 PecriyOamkmu Kasaxcran, crasiero He3aBUCHMBIM TOCyAapCTBOM, He B
II0CAeAHIOIO odepeab POPMUPYETCs eT0 MCTOPUIECKUMI OCOOEHHOCTSIMM, HETIOBTOPVIMOII KYABTYPHOII
cnernduKoi1, 1 oOHapoAOBaHNMe UCKAIOYUTEABHO pellpe3eHTaTUBHBIX B 9TOM OTHOIIEHNU! IaMSITHIKOB
HapOAHOIO 3044YecTBa sBAAETCS BecbMa aKTyaAbHBIM M IIePCIeKTUBHBIM BOIIPOCOM He TOABKO B
Hay4HOM OTHOIIIEHIM, HO U B ICTOPUKO-KyABTYPHOM, a TaK’Ke ITOAUTNYECKOM I11aHe.

IIpeamer mnccaeaosanms. IIpegmerom mccaeaoBaHMs SBASIOTCSA CpeAHEBEKOBBIE ITaMSATHUKM
MeMOpMaAbHON apXUTEKTYpPhI (MaB30.4en).

Crenenp wu3yd4eHHOCTH. OTHOCUTEABHO IIO3JHee W3y4YeHNe apXUTEKTyPHBIX IIaMATHMKOB
Ka3aXCKOTO Hapoja OOBSICHAETCs CTePEeOTUITHBIM BOCIIPUATIIEM KOYeBON KyAbTYpPHI, KOTOpas allpuopH,
SAKOOBI He MOXeT UMeTh ITaMITHMKU CTPOUTeABHONM KyAbTyphl. Takum oOpasoM, yumTeiBas U
nojJyepknBas caAabyio cTelleHb WM3y4eHHOCTM MeMOpPMAaAbHBIX IIaMATHUKOB, MBI HaMepeHBI, I10
BO3MOXKHOCTH 3aIIOAHNUTD 9Ty AaKyHY (I1pobea).

OcHOBHasI 4YaCTh

Massoreii XKowvixana. TTamsaTHMK Haxoautcsa Ha AesoM Oepery pekm Kapakenrup, B 55 kM K
CeBepO-BOCTOKY OT ropoda JKeskasrana Kaparanamuckoit odaactu. BxogHbIM 1poeMOM OopmeHTHpOBaH
Ha 10ro-3anag (asumyt 210 rpaaycos). Ilpunbansureasno gatupyercs XII-XIV sBexkamn. 3aanne, caerka
YIIMpPEeHHOe KHU3Y, PaclioA0XKeHO Ha XOAMe I HeCcMOTps Ha HeOOAbllNe pa3Mephl HPOU3BOAUT
BIleYaTJeHle MOHYMEHTAaAbHOTO coopysKeHusa. OTcyTcTByIommii (pyHJaMeHT 3aMeHsAeT TIjaTeAbHO
110A00paHHOe MeCTO AAs CTPOUTEeABCTBA, IAe II0YBa COCTOUT U3 HeMPOCaJOYHbIX MaTepraloB (IedeHs,
IIeCOK), KOTOpbIe IepexoAuT B CKaabHylIO Iopody [3, c. 21]. Xopomias cOXpaHHOCTL MaB30Jes,
IIPOCTOSIBIIIETO MHOTO BEKOB, YKa3bIBaeT Ha ITPOAyMaHHBIN BHIOOP OCHOBaHM: cOOpy>KeHm: (puc. 1).
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Pucynok 1. Uctopudeckoe pOTO A0 pecTaBparim

CreHbl TIOCTPOEHBI M3 OKEHBIX Kupnmdell pasMepoM 28x28x6 cM.; B KaAagke IIOpTajda
BCTpedaloTca Kuprmum pasmepoM 30x29x6 cm. PeOpuctbiit  3Be3auarbiil OapabaH CAOXKeH U3
KBaJpaTHBIX (25x25x6 cM) 1 IpAMOYTOABHBIX (26x12x6 cm) kmprimueii. Kpyrasiit 6apaban 1 KyIoAabl
CAO>KEeHBI U3 IIPAMOYTIOABHBIX (29x15x6 cM) kuprimueii. Obaniioska pedpucroro bapabaHa 11 BHEIIIHETO
KylloJa BeJdach KBadpaTHBIMM (24x24x2,5 cm; 24x24x 3,5 cM) mamramm ¢ roayOoil IaAasyphblo.
Ckpenasommii pacTsop — ranHsHbi. I1o cBoell 00beMHO-IIPOCTPaHCTBEHHOM KOMITO3UIIUN MaB30Aei
Kombixana npeacrabasieT co00Oil 0 AHOKaMepHOe COOpPY>KeHNe C ITOPTaAbHO-KYIIOABHON KOMIIO3UIIME],
rAe raaBHBI (pacas BhlA€A€H B MOHYMEHTaAbHBIN ITOpPTaA-TIeIITaK CO BIMCAHHON CTpeAbYaTOl apKOM
Ha/ TAyOoKoit HuIleil. BepTukaabHble 4aeHeHMs IleITaka, CMBIKAIOIecs: TOpU30HTaAbHO Haj, HUIIeN
BXOAHOIO ITpoeMa, B Buge I1-oOpasnon 6oposaxu mupuHoit 45 cM, ObLAM 3aII0AHEHBI AeKOPaTUBHBIMU
KBaJpaTHBIMI IIAMTaMI, KpeNMBIIMMICS Ha TaHYeBOM (aa1e0acTpoBOM) pacTBOPE, O 4eM TOBOPST CAeAbI
ranya B [I-oOpasnom mosicke. Bricora mopraaa cocrasaser 8,0 M. Bepx nemraka sapepiiieH HeOOABIIIM
KapHM30M, BBIIIOAHEHHBIM IOCTeIIeHHBIM HaIlyCKOM BePXHUX PsAA0B KAaaKu Hag HyoKeaexarumu. [Tog
KapHu3oM mmeercst ¢ppus, BpIcOTON B 70 CM, KyJa yCTaHaBAMBAAMCH IAUTKU C roAyOON ITOAMBOIAL.
Tuvmnan apku m Qpus memTaka MMEIOT OCTaTKM CAeA0B TaHYeBOTO pacTBOpa, 4TO TOBOPUT O
A€KOPaTUBHBIX 91eMeHTaX, HeKOIr4a MX yKpallaBIIyX.

[TopraapHas Humra oOpaMAeHa apKOI, BHIITIOAHEHHOI KAMHYATON KAaAKOM. BricoTa mopraabHOI
apku - 4,56 M. Ilepexoa x moaycdepe HUIM OT IPsAMOYTOABHMKA CT€H AOCTUTAeTCs P ITOMOIIN
KOHCOABHBIX ITapycoB B (opMe SI4eUCTBIX CTaaakTuTos. Iloaycdepa HMIIM BBIITOAHEHAa MeTOAOM
paanaabpHO-KAMHYaTON Kaaaky (puc. 2). Ilumnrosasi, mekosas CTeHBI M Ioaycdepa MMeEIOT CAeabl
raH4YeBON IITYKaTypPKU.

B mumosoit creHe cgeaan BxogHou mpoem (1, 60 x 0, 88 M) mpsiMoyroasHOIT (POPMBI C
AEPEeBSIHHOM IIepeMBbIYKOM, YCTaHOBAEHHONM Hpu peMoHTe B 1946 rogy. VIMeeTcss HeBBHICOKMII ITOPOT.
Kaaaxa ceMHaaI1aTMKOHEYHOTO 3Be3A4aToro pedpucroro ObapabaHa Beaach Ha TAMHIHOM pacTBope. Bo
MHOTUX MecTaxX CTeH peOpucroro OapabaHa COXpaHMACS TAVMHAHBIN PacTBOP C YETKUMU CAejaMU
(AMHUAMM) KBajpaTa OOAMIIOBOYHBIX HANMT. ToAIMHA pacTBOpa, CKPeIASAIONnero OO0AMIJOBOYHEBIE
IAUTH ¢ DapabaHOM, pasaAnyHa, YTO SBASETCA CAeACTBMEM BhIpaBHMBAHNS Pa3HMIILI B KAajKe YIAOB
IpuU3MaTHIecKoro bapadaHa.
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Pucynok 2. I'nasubii ¢pacaa JKombixana

Cepepo-3amnagHblli, IOTO-BOCTOYHBIN M CeBepO-BOCTOYHBIe (pacagbl HUKAKUX apXUTeKTypHO-
AEKOpaTMUBHBIX YKpalleHuii He nmeior. OrcyrcTByeT u mapareT. Kapuus odpopmaeH mpocro, B Buje
He0O0ABIIOTO HaIlyCKa PsAAOB KMPIIMYHONM KAaAKH.

Massoaeii 1MeeT ABOVHOM KyIlOA: BHEIIHMII — KOHYCOOOpasHBIN, AeKOpMPOBaHHBIN
OOAMIIOBOYHBIMYM ~ TIOAMBHBIMU  IIAUTaMMU  OUPIO30BO-TOAYOOrO  ILiBeTa UM BHYTPeHHMI  —
noaycgepraecknii. Hapy>kKHpi1 (BHEITHNMIT) KyIIOA OIMpaeTcsl Ha BBICOKMIT 17-TpaHHBIN, 3Be3A4aTON
¢opmsl, HGapaban (puc. 3). ITpumepos Takoro odopmaeHmns B suge Oapadana ¢ 17-10 rpaHAMHU B
Lenrpaabnom Kasaxcrane ne Bcrpeuaercsa. Ilogodbmue Ttakoro Oapabana mbl HaxoauMm B IOxkHOM
Kaszaxcrane (KamOblackas o0aacTtb), Ha MaB3odee babasxu-xaTyH. Brime 3sesguaToro OGapabaHa
HaXOAUTCA KPYTAblli DapabaH, BBICOTa KOTOPOIO COCTaBAsIeT AEBATh PsAOB KAaAKM KMpHM4Ya (ILAQIIMS).
3Be3auaThiil OapabaH 1 moaycdepudecknii Kyrnoa oOAUIIOBaHBI KBagpPaTHBIMM TOAYOBIMM IIAUTaMM,
TOrga Kak Kpyrapli ©OapabaH Obla  00AMIIOBAaH IAMTaMM C TeOMETPUYECKUMM OpPHaMeHTOM,
IIpeACTaBASIONIUM IleperiieTeHNe IeCTUYTOABHUKOB, I OKaiMASACS IIAUTaMM C 3€A€HOM IIOAUBOM 10
Topuy. I'eomerprmyecknii OpHaMeHT BhIpe3aAcs Ha IAMTKe, KOTOpas 3aTeM IIOKpblBadach roayooit
oAuBOM [4, c. 24].
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Pucynok 3. IIpogoabHbIii paspes
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Kymnoa 3asepraacsi HasepmimeM (KyOOa) B ¢opMme KYBIIMHOB, COeAVHEHHBIX MeXKAy cOOOIt
AepeBsIHHBIM CTep>KHeM I IOKpPBITBIX 3eAeHOM moAusoil (puc. 4). Bepxumil «KyBIIMH» MMeeT ABa
oTpocTKa B (pOopMe POTroB MAM Y3KOIO IloAymecsila. BHyTpeHHOCTh 3BeHbeB HaBepIINs 3aAMBalach
raH4eBBIM pacTBOpPOM. «PosKK1» KyOOBI OpMeHTHPOBaHBbI II0 OCM BOCTOK—3amnag [5, c. 9-10].

BHenH:s 1TOBepXHOCTh BHYTPEHHETO KyIoJa HOKPbhITa TOACTBIM CAO€M IAMHSHOTO pacTBOpa, He
YCTYIaIOIIEero 10 IIPOYHOCTM TaHdy. BHyTpeHHmi1 noaycdepudeckuii Kynoa AuaMeTpom 5 M onmpaacs
Ha IIAaBHBII IIeCTHaAllaTUIPaHHNK, OOpa30BaHHBI ITOCPEeACTBOM HeOOABIINX AePeBsSHHBIX MMIIOCTOB,
IepeKMHYTHIX B yT1aX BOCbMUTPaHHIKA.

B cBoio ouepeab Imepexos OT KBaApaTHOTO IldaHa K BOCBMUTIPaHHMKY OCYIIeCTBASACS
IIOCPeACTBOM apOYHBIX IaPYyCOB C BBHICTYMAIOIIMMIU IIATaMM Ha BBICOTE OKOAO ABYX MeTpoB. TuMIaHbI
apoK BhIIIle 3aMKa BMeCTe CO CTeHaMlu OOpa3ylOT BOCBMMIPaHHMK. Tak Ipomcxogut repexos oT
KBa/paTHOTIO I11aHa K KyIIOAy-TIepeKpBITUIO KBaapaTHOTO IoMelleHus Mas3oaes (puc. 4). Chepuaeckas
JacTh apOYHBIX IIaPyCOB, TaK >Ke, KaK M KyIo4a, BHIIOAHEHbI MEeTOAOM pajuaabHO-KAMHIATON KAAAKH,
4TO MO3BOASIET IIpU AePUITUTe Aeca IIPOU3BOAUTD KAaaKy 0e3 IIpUMeHeHNs OItalyOKI.

AAs ocBelieHNs ITOMeIIeH)s Ha IIOIepeYyHON OCH, Y OCHOBaHM: KyIl04a, MMeIOTCs HeDoAbIe
OKOHHBIe IIpoeMbl (35X55 cM), pacmmMpsIOnecs BO BHYTPh IIpU MOMOIIM KAaAKM yCTymoMm. Takmm
00pa3oM OHM cAyKaT AAs paccemBaHus cBera. Kpome TOro, BXOAHON HpoeM TakXKe CAYKUT AAs
ocseleHns momenenns. Hukakux geKopaTuBHBIX MAU APYTUX YKpallleHni B MHTephepe HeT. CTeHbI
BHYTPU OIITYyKaTypeHbl IAMHO-CaMaHHBIM PacTBOPOM.

I'ayOokas mpogyMaHHOCTb KaXKAOTO IIlara, He BUAUMasl Ia3y TypucTa, HO XOpOIIO pa3andumast
uccaeAoBaTeAsIMHU, SIBASIETCS pe3yAbTaTOM BBICOKOTO HpogeccOHaAbHOIO MacTepcTBa U TIAyOOKOro
yBaskeHIsI K cBoeMy TpyAy. PesyabpraTel MacTepcTBa 3044€ro oIpoOOBaHbl MHOTOBEKOBBLIM BpeMeHeM —
caMbIM yOeAUTeAbHBIM U3 BUAOB MCIIBITaHUIA.

Pucynox 4. Ilaan Ha ormeTtke * 0,00; + 1,10 1 maaH 11oA-KynnoabHOro 6apabaHa

Masgsoaeir JKombixaHa sIBAsIeTCS OAHUM U3 HEMHOIMX apXUTeKTypHBIX IaMsATHUKOB Capblapku,
UMeIOIIMM JAOBOABHO TOYHYIO AaTupoBKy. OauH 13 3aMedaTeAbHBIX MeMOpPMaAbHO-KYAbTOBBIX
COOPY>KEeHMII CpeAHeBeKOBbs, Masap JKoImpixaHa IIOKOpseT 3puTeAs He TIPaHAMO3HOCTHIO, a
MOHYMEHTAaAbHOCTbIO O6III€FO peienms, SBAJETCS 49acCTbhbIO doraToro APXUTEKTYPHOIO HacAeAlsl
Ka3aXCKOTro Hapoda 1 KakK TAaKOBOM UMeeT IIpaBO He TOAbBKO Ha MCTOPUKO-apXUTEKTYpHOE N3y4€eHIe, HO
U Ha TBOPYECKOe OCMBICAEHNE B acIleKTe HOBBIX TpeDOBaHII1 COBPeMEeHHOM apXUTeKTyPhl He3aBUCHMOTIO
Kaszaxcrana (puc. 5).
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Pucynok 5. cropnaeckoe ¢poTo 11ocae peMOHTa ¥ COBpeMeHHbIN B/,

Massoreii Arawiaxara HaXoAUTCs Ha IpaBoM Oepery pekm KapakeHrnp, B 2 KM K I0TO-3ariagy ot
ceaa MaammpiOait  YabTayckoro paiioHa Kaparanguuckoit obaactu. AajamaxaH — OAUH U3
3ameuyaTeabHbIX ITaMATHUMKOB Capplapku. OH IIOCTpOeH Ha BBICOKOM XOAME€ M XOPOIIO BUJEH Ha
3HauuMTeABHOM paccrogHun. Hekporoap, B cocTtaBe KOTOPOIO OH HAaXOAUTCH, COCTOUT U3
Pa3HOBPEeMEHHBIX ITaMSATHIKOB MeMOPHMaAbHO-KyAbTOBOJ apXUTEKTYpPEI (puc. 6).

Masgsoaent Aaamaxana, — 0OAHOKaMepHOe IOPTaAbHO-KYIIOABHOE COOpY>KeHMe, ITIOCTPOeHHOe U3
KPaCHOTO K>KeHOT'O KMpIIM4da BBICOKON ITPOYHOCTH, pasmepom 28x28x 5,5 cm; 32x32x6,5 cm. Pazmepsnl
IaMsATHMKA I10 Hapy>kHo# KoHurypauym: 9, 73 x 11, 91 M. u KBagpar 10 BHyTpeHHeil I11aHIPOBKe —
6,31 x6, 33 M. [6, c. 63-64].

S OPICOIENRTE T 1 b X -
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Pucynok 6. icropmaeckast pororpadms 40 pecTaBparnm

CreHbI B MHTepbepe pacdyleHeHBI 110 I1aBHBIM OCSM YeTBHIPhMS JOBOABHO TAyOOKMMM HUIIIAMMU C
YCTPOIICTBOM TaKMX K€ HUIII IO YeTHIpeM yTAaM IIOMelreHs], 61arojaps 4eMy BHYTPeHHIiI oObeM B
IIAaHe BOCHPMHMMAaeTCA KaK BOCbMMUIpaHHUK. Ilepexos OT KBagpaTHOro maaHa K BOCBMUIPaAHHUKY
OCyIIIeCcTBAeH IOCPeACTBOM YIAOBBIX HUIII, OCHOBaHMe KOTOPBIX HauMHaeTcs C ypoBH: 3eman. Ilepexog,
OT BOCbMMTIPaHHMKA K IIeCTHaAllaTUTPaHHUKY M jadee K KPYyIy Kyllo4da OCyIIeCTBAeH IIPY IOMOIIM
CTaAaKTUTOB B yraax bocbMuyroabHuka. Apxurekrop T. K. baceHos cuntaeT HeCKOAbKO HEOOBIYHBIM
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KOHCTPYKTMBHBIM IIPMEMOM «HaAu4dye BHYTPeHHMX YTAOBBIX HUII, MAYIINX CKBO3b — C CAMOIO HM3a A0
ocHoBaHusA Oapabana kymoaa. Ilo cymiecTBy, yraosple HMIIM OOpasoBaHBl B peayabTare KAaAKU
BBICTYIIOB I10J, IIATHI YIAOBBIX apOK, HauMHasl ¢ I104a MaB3oaes» [7, c. 13].

Ha kpyraom HespicOkOM OapabaHe ITOKOUTCs ITOAycdepudeckuii Kymoa. B Toare roro-zamagHoro
IILA0Ha MMeeTCs Y3KMI Aa3, BeAyluil Ha TaJepelo BOKPYT MOAKyIIoAbHOTO Oapabana. IlepekpriT aa3
MeTOAOM /AOXKHOIO cBoga. l'azepesi-xog (aa3) B Toame creHsl pasmepom 0, 50 x 1, 60 M ormubaer
MaB30/eil C Tpex CTOPOH M BBIXOAUT Ha IIeIITaK U KpOBAIO. B yraax rasepem ycTpoeHBI KaMOpPKH,
IIepeKphIThIe CBOAOM 0aaxXy, - IpueM, MMeIOINII mpoucxoxenne us I. baaxu (Adr.). Hasnauenne
razepey HaIlOMMHaeT PUTyaAbHBINI 00X04 (aliHady) B JOMCAAMCKUX XpaMaX UM B CTPYKType B®TOro
34aHNs sABAsIeTCsl pyauMeHToM. OcBellieHne raepen OCyIlecTBAsSeTCs IIOCpeACTBOM IIeCcTy HeOOABIINX
okoH (18 x 35 cM.) 1o 4Ba Ha KakaoM (acage, KpoMme I1aBHOTO. B TMMITaHaX yrA0BBIX apOK, HAaIIPOTUB
KaMOpOK razepen, uMmerorcs npoémel pasmepamu 20 x 60 cm. Kpome TOro, B A0CKOCTI OCEBBLIX IPaHeit
IIOAKYIIOABHOTO OapabaHa yCTpOeHBI OKHa C HUCIAJAIONIMMU BO BHYTPb YCTYIaMU AAs pacceMBaHNs
CBeTa, OCBeIaIOIIero BHyTPEHHOCTh ITOMeIe s (puc 7).

Pucynok 7. T'aaBubiii ¢pacaa m 60K0BOI Ppacag

AAs KyIloA0B M CBOAOB MCIIOAb30BaAM TaHYEBBIM PacTBOP, AaHHBIN pacTBOp oOJerdaa KaaAKy
CBOJOB apOK M KyHoaA0B 0Oe3 omaayOku Oaarogapsi OBICTpOMY CXBaThlBaHMIO. B cmay cpoeit
I1A1aCTUYHOCTM OH oODecrieynBaA XOPOIIYIO COXPaHHOCTb M IIPOYHOCTH coopykeHuit. Ilpu psasosoin
KAaaKe IPUMEeHACA pacTBOP CyTAMHKA C IIPMMeChIO MeAKOTO I1ecKa M XpsIlia.

Buaumo, wmus3-3a OTCyTCTBUA JAeca IIpU CTPOUTEABCTBE Map3oJes OBLAO He3HaulTeAbHOe
IIpUMeHeHNe AecoMaTepnalos. Tak, B KOHCTPYKIIMIO CTeH B KaueCcTBe apMaTyphl 3aKAaablBaAcs Kaparad,
a Ipu BO3BeACHMM CTeH 3aKAajblBaAUCh KYCKU JepeBa B BUAe AAMHHBIX KOHCOAEN, CAYKMBIINE IIPpU
CTPOUTEABLCTBE OIIOPaMI A4Sl A€COB.

ITog Kymoaom 3aaoXKeHBI ABe Iaphl B3alIMHO IIepeceKalolIMXcs IepeKJaluH, KOTOpbIe,
BO3MOJKHO, CAY>KIMAM OIOpaMy IIpM BO3BeAeHMM Kynoaa. HekoToprle mccaegoBaTean camTaioT, 4To
IepeKAaayHbl IpejHa3HadeHbl 445 IOABeCKM IIKYP KePTBEHHBIX XKMBOTHBIX, B UYeM MX IOAAep>KIBaa
apxurekrop I'. I'. 'epacuMoB. DTO IpearioaoKeHne He BbIAeP KMBaeT KPUTUKY, TaK KaK BhIBeIlVBaHNe
PUTyaABbHBIX INPUHAAAEKHOCTEN, KaK M IIKYypP >KepTBEHHBIX >KMBOTHBIX Ha CTOAb OOABIIYIO BBICOTY
MpaKTU4IeCKU HeBO3MOXKHO (puc. 8).
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Pucynok 8. I1aan Ha ormeTke * 0,00; + 3,50 1 nmaam Kynmoaa

3AaHne MaB30/es1 MMeeT HerayOoKmit (pyHAaMEHT M3 MOKEHBIX KMpPIIMYeil, KOTOphle TPYAHO
cauTaTth (PyHAAMEHTOM, TaK KaK OH BBITASAUT KaK «yrayOJAeHHas» B IIOYBy CT€Ha MaB30.esl.
[Tpaktnyeckn PpyHAaMEHTOM COOPY>KEHUs CAYKUT TBepAblil (IIle0eHb, KaMeHb, IIeCOK) IPYHT X04AMa, Ha
KOTOPOM BO3/ABUTHYT MaB304€IA.

Kommnosuimusa raasHoro d¢acaga 34aHusA COCTOMT M3 OYeHb MOIIHOIO IOpTaja-TlelTaka C
00ABIIION U TAyOOKOI HUIIIeN 110 IIeHTPY, IIepeKpPhITON NOAYIIUPKYAbHO apKOii, apXMBOABTH KOTOPOI
II0AAEPKMBAIOTCA ABYMs TPeX4eTBepTHBIMM KOJOHKaMM, YCTaHOBJAEHHBIMU Ha oOpese KUPHUYHOIO
1okoas [8, c. 44—47]. KoAOHKM BBIIIOAHEHBI U3 KMpIIMYa C OOIell KAagKoll INIAOHOB, Ha TaHYeBOI
OTJeAKe KOTOPON HaHeCeHbl TOPM3OHTa/AbHBIE IIBBI, AeAsIue KOJAOHKY Ha PsJ HEeBBICOKMX MPU3M C
peavedoM B Buje OaHTUKOB-0aboueK. ba3bl KOAOHOK COCTOAT U3 YeThIpeX II0AyIIapoB, U3 KOTOPHIX ABa
CcpeaHux oOpa3yIOT HOAHBIN IIap, 3a’KaTbIil AByMs APYTMMM, C IIOBePHYTBIMM IAOCKOCTSIMU B pPa3HbIe
CTOPOHBI U CAy>Kalllyie OTIopaMM AAsl mmapa («s10.109Ka») 1 KOAOHKMU.

B raybune HMIIM pacIioA0KeH BXOAHON IIpoeM, IepeKphIThIN JepeBsSHHON Iepembrakoir. Ha
IIUIIIIOBOM CTE€He apO4YHONM HUINM, BBIIIe BXOAHOIO IIpOeMa, MMeEeTCs HPsSIMOYTOAbHOe yrayOAeHnue,
KOTOpOe  yKpaIllaloCh, IO-BMAVMMOMY, AUOO pe3HBIMM TeppakOTOBRIMU  IIAUTaMy,  AnOO
srurpapuUIeckM OpHaMeHTOM. BOKOBble CTOPOHBI apO4YHOl HUIIM IIelliTaka TakkKe IpopadOTaHbI
HIVPOKOM I10A0COM, HEKOI4a 3aIl0AHEHHOM 4€KOPOM.

[TaockocTs mermTaka IpopaboTaHa BePTUKAABHBIMM ¥ TOPU30HTAABHBIMI UJA€HEHWUSMU B BUAe
II05ICKOB-00p034, 0Opasyiomux OykBy «I1» 1 oXBaThIBaIOIIMX ITOPTAaAbHYIO apKy (puc. 9). LlentpaanHoe
yrayOAeHue IIOsICKa YKpallladoch M3Pa3LOBBIMM IIAUTaMM C TeOMeTPUMYeCKMM U PacTUTeAbHBIM
OpPHaMEHTOM, O 4YeM MO>KHO CyAUTb 11O AeKopy MaB3oaes JyseHa (korms AaalmraxaHa).
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Pucynoxk 9. Ispasnosble IAMTEI C TeOMeTPUUIECKNM U paCTUTeAbHBIM OpHaMeHTOM, rpadudecKas
padorta aBTOpa, 2019 roa

Bepx mermmTaka 3aBepIiaacs >KMBOIMCHBIM (PPU3OM U3 BOCBMUYTOABHBIX 3B€3/, IOKPBITHIX
roay0OBaTO-3€A1€HOM TAa3yphl0 M IIPOCTHIM KapHu3oM. @Ppus OIIOsACHBaA BCe COOPY>KeHue I10

IepuMeTpy.

[

[ \

Pucynoxk 10. OpHaMeHTbI M3 KMPIMIHON KAaaKy Ha O0KOBBIX ¢pacasax, rpadpmueckass paboTa aBToOpa,
2019 roa

ITaockocTu GOKOBBIX 1 3aAHEfI CT€HDI ITaMsITHIIKa, BbIIIIE ITOKOAS, OpHaAMEHTNPOBAAVICH Cl)I/II'ypHOIZ
KAa,ZI,KOf;I U3 CBETABIX M TEMHBIX JKOKE€HBIX KI/IpHI/I‘IEﬁ B BU1Ae «pOM6OB» " «TpeyroabHIMKOB»,
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COCTaBASBIIMX KMBOIIMCHBIN Y30p M CO34aBaBIINii UTPY CBeTa M TeHU, IpuJaBasi a>kypHOCTb KAaJKe.
OprannmyHOCTh U yMeJ0e pa3MellleHre OpHaMeHTa, HeMCTOIIMMas BhIAyMKa M TOHKMII BKyC MacTepa
criocooctpoBaan  dPpdexTy 0Oaarojaps TOABKO OAHOMY Marepmuady — kupnudy (puc. 10). ®pwus
3aKMMaACs C ABYyX CTOPOH TOAYOBIMH ITOsICKaMU U3 KUPIINYel, YAOKEHHBIX B «105KOK».

ITaockocTy OOKOBBIX CTEH IIellTaka yKpallleHbl (pUIyPHOI KAaAKON KUpIIUel B BUAe «€A10YKI»,
CTpeAKOll BBepX, UTO IpuJaBalo IMeIITaKy AerKocTh M yCTpeMAeHHOCTDh BBbICh (puc. 11). TTaomaaxa
BOKpPYT IIOAKYIIOABHOTO OapabaHa Oblaa oOrpaxkJeHa IlapareToM. Pacrop Kymoaa HOpuHMMAaeTcs
HEeBBICOKMM KPYTABIM U HVDKe AeCATUTPaHHBIM DapabaHaMu.

Teopueckne nmomckn 30aunx B X — Hauase XI BB. IpuBeAM K HOBOV apXUTEKTYPHONM KOHIIEMIUN —
IIOPTaAbHO-KYIIOABHOM KoMIto3unmu. Takum oOpasoM, raasHbIl (acal I0AydaeT JadbHelIree
IIPOCTPAHCTBEHHOe U XyAoKecTBeHHoe passuTume. B XI Beke aekopupopaHme sjaHmii Inpmupeao K
TIIaTeABHON Kaaake Kuprmdell. Kaagka kupnudeir MaBsoes: AaallaxaHa cAedaHa THIATeAbHO, XOTS
KUPINYY, UCHOAb30BaHHBIE IIPU CTPOUTEALCTBE, M3TOTOBAEHBI C HeOOABIIMMMU PaCXOXKACHUSAMU B
pasmepax. Buaumo, oHm 3rotoBAsAMCh B pa3HBIX MacTePCKUX U Pa3HbIMU CIIeHMaANCTaMu.
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Pucynox 11. ba3a K0A0HKU ¥ KMpIIMYHasi OpHaMeHTHasl Kaaaka. PoMOb1 1 eaka. fldencrasn
KJaaaka B TpOMIax

JexopupoBanue KUpIM4YHON Kaaaxkoi B XII Beke moaydaer gaabHelillee pas3BUTHe, OAHAKO
MOSABASIIOTCSA M HOBBIE CpeACTBa XyJOKeCTBeHHOM BhIpaszuTeabHOCTH (puc. 12). Pesnba mo kmprndy, B
C1Ay CBOEN TPYAOeMKOCTH, 3aMeHseTcs: pe3Hoy teppakoroir. B XII Beke pesnasi TeppakoTa He nMmeaa
ITOAVIBBI.

Pucynok 12. icropudeckoe ¢pOTO ¥ COBpeMeHHbIN BUA
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B kakoi1l Mepe xpoHoAOIrM4eckasl cucreMa JaTMPOBKU HaMATHMKOB apXUTeKTypsl LleHTpaapHOi
Asun mpueMaeMa AAs NMaMATHUKOB apXuTeKTypsl KasaxcraHa, sBAseTcs BOIIPOCOM, TpeOYIOIINM
csoero maydeHmsa. OAHaKO MTHOpMPOBaTh M paccMarpuBaTh HaMATHMKM Kasaxcrana B OTpbiBe OT
LIeHTpaAbHO- a3MaTCKUX HEBO3MOXKHO, TaK KaK Ha IPOTSKeHUM MHOTUX BeKOB HapoAbl LleHTpaabHOI
A3y CBA3BIBAIOT OOITHOCTH MCTOPUYIECKOTO, STHUYECKOTO M KyABTYPHOIO Pa3BUTHA.

CaeaoBaTeabHO, OIpejeleHNe BpeMeHN CTpOMTeAbCTBa Mab3oJes AjallaxaHa BO3MOXHO B
cAydae JaAbHENIero WCCAeAOBaHMsS CTPOUTEABHON KyABTYpPBl Ka3axoB M OpaTCKMX HapOAOB
Llentpaabnoit Asum. Ha cerogHAmHMII AeHb CHeUMaAUCTBl AATUPYIOT MaB3oAell AjalllaxaHa B
anarasone ot X 40 XV Beka.

3akaiodeHue

Ilogsoast wmTOIM IIPOAEAAHHOIO  JMCCAEAOBaHMS, cAeAyeT OTMeTUTb, 4YTO IaMATHUKU
MeMOp1aAbHO-KyAbTOBOV apXuTeKTypsl CapblapKu MccaeioBaHbl HedocrarouHo. Ha yposne pabGor
HEeMHOTOYMCAEHHBIX aBTOPOB CKa3aAlCh He TOABKO OTCYTCTBUe CUCTeMaTH4eCcKIX MCCAeA0BaHMIl, HO U
AOMIHaHTa COBeTCKO 11Ae0A0TUM, KOTOpas allpuoOpu yTBepKJada, 4To IOAAMHHAs KadaxcKas UCTOPs
HaunHaetcs ¢ 1917 roga, a crpouTeabHast KyAbTypa BOBCe OTCyTCTBOBaAa.

PaccmaTpuBaemMble  COOPYKeHMSI  SIBASIOTCS  CBOEOOpa3HBIMU — HTaAOHHBIMM  IaMATHMKaMU
oOmmpHoI crenHoi 30HbI LlenTpaapHoro Kasaxcrana. B 91011 craTthe mpeacraBAeHbl 4Ba 3HaUMTeAbHBIX
namsaTtHuKa Capblapku (Mas3oden JKomipixaHa 1 AsallaxaHa), OMNMCAHMS KOTOPBIX ITO3BOASIOT
yTBep>KAaTh, 4TO CpeHeBeKoBoe CTpouTeAbHOE MICKYCCTBO AOCTUTA0 3HAYMTEABHBIX
npodeccMoHaAbBHBIX BBICOT. B wacTHOCTM, TexHUKa Ilepexoja OT KBaApaTHOIO IldaHa K BOCHMEPUKY
IlyTeM YTAOBBIX CTpeAbuaThIX apokK, Kak B Map3oaee JKolbixaHa, U Iepexol K BOCbMUTPaHHUKY depe3
BBIKAaAKY YIAOBBIX HUII, UAYIINMX OT HM>KHETO OCHOBaHM CTeH (OT I104a), BBIITOAHEHbI 0e3yKOPM3HEeHHO
KaK C KOHCTPYKTUBHOIA, TaK M HCTETIYeCKO TOUeK 3peHNsl.

CeMHag1iaTn3Be344aThlil TpaHeHbII OapabaH MaB3oaAes JKoIllpixaHa yHUKaJdeH He TOABKO AAsd
pernona Capslapky, HO U Aas Bcelr Cpeaneir Asun. Heuto mogo6HOe MOXKHO yBUAETh B peOpMCTOM
Oapabane Map3oaes babaaxxu-xarys (B 18 xm ot 1. Tapasa), rae oH mepexo4uT B IIaTPOBOe IepeKpLITHe,
TOrJda Kak Ha Mab3oJee JKompixaHa OH (PYyHKIIMOHAaAbHO BBIIIOAHAET poab Oapabana. Kymoa y
rocaeaHero cpepOKOHNYECKUIA.

MccaeaoBannst KOHCTPYKTUBHBIX OCOOEHHOCTeN JaHHBIX COOPY’KeHMII, pacCMOTpeHMe WUX B
JUCTOPMYECKO)  IlepcHekTuBe U UCI0Ab30BaHME APYIMX MeTOAOB  JaTUPOBKM, HampuMep,
pPaaMoyraepoAHOIO aHaAU3a AEPeBSHHBIX KOHCTPYKIMI, IIO3BOAAT IPU JaAbHeNIIeM MU3ydeHUN
IepecMoOTpeTh AaTMPOBKY CTPOUTEAbCTBA AaHHBIX MaB301€eB.

BeiBoaABI

Buisod 1. Aata cmeprtu JKomipixaHa He yKasblBaeT Ha TOYHOE BpeMs COOPY>KeHUs 3JaHIs
MaB304es1, 100 NMOTOMKM UMHIMCXaHa, NPUHSABIINE MCAaM, MOPOIO depe3 AAUTEABHBINI CPOK IIOCJe
KOHYMHEI IPeAKa, CTPOMAN MaB304el MyCyAbMAaHCKOIO TUIIA HaJj, X HeMYCyAbMaHCKIMU OCTaHKaMMU.

ITocae cmepTu XKombixana B 1227 rogy eMy He MOIAH IIOCTPOUTh MYCyAbMaHCKOE COOpPY>KeHIe,
noka B 1256 roay xanom yayca JKomier He craHoBuTCA Maaammii 6pat baty bepxke, ymeprmit B 1266
roay. Berpocimit Bepke craa GaaroyectMBbIM MYCyAbMaHMHOM. YTBepAMBIINCH Ha TPOHe, OH BeAea
YCTaHOBUTD ISITHUYHYIO MOAUTBY - HaMa3 - I IMEeTh KaXK40My BOMHY MOAUTBEHHBIV KOBPUK.

Ha mam B3rasg, MMeHHO OH MOI IIOCTPOUTh MYCYAbMAaHCKMI ITaMATHUK HaJj MOTMAON
Komrixana. Toraa mapsoeit JKomisixana Mor ObITE HOCTpOeH BO BTopoit moaosune XIII Bexa.

Buisod 2. Ilpu mccaegopanum massoaes Kommxana B 1973 roay Llenrpaasno-Kasaxcranckoi
sKcreantuet Mununcrepcrsa KyAsTypsl Kasaxckoit CCP 6141 3adpyuKcpoBaHbl 00ANIIOBOYHEIE
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roayOble IIAUTHL Ha KymoJe u OapaOane (in situ). [Ipu cocraBaeHnn mpoekra pecraBpanuy MaB3oAest
9TU JaHHbIe CTaAy 0DOCHOBaHMEM PeKOHCTPYKIIUM KyIlo4a C MCII0Ab30BaHMeM IOAyOBIX IIANT.

Buisod 3. PecraBpaTopbl He 3aBepIIMAM PeKOHCTPYKLMIO pa3pyllIeHHOM dYacTu IIopTasa
MaB3o/es AJalllaxaHa, HO e€e MOKHO BOCCTAaHOBUTH IIO0 OOpasily Map3oaes: /Jys3eHa, KOTOPBI Obla
nocrpoeH B 1963-1966 rosax kKak TouHas komms AsamiaxanHa. Takoe sagaHme 1oAyd4ma CTPOUTeAb
Cepaarr Eaamany sl oT 3akazunka cembnt CaHABIOAEBBIX.

Buisod 4. B mepmos BosBedeHms AjalllaxaHa CTPOMTEAbHOE MCKYCCTBO 0OOraTMAOCh
AeKopaTuBHBIM odopMmaeHneM ¢acaloB CO BCeX CTOPOH ITaMATHMKA pa3HOOOpasHBIMU ¢opMamMu
KAaAKU KUPIIMYEIL.
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P.Y. YekaeBa, A.T. Cem0on, M.K. CemOu
A. H. I'ymuaes amuirdazvl Eypasus yammork yrusepcumemi, Hyp-Cyaman, Kasaxcman

Capnlapka MdAeHM apXUTeKTyPaChIHbIH eCKepTKilTepi

Anparna. Makaaa CapblapKaHbIH >Kepaey >KoHe TaOBIHYIIBIABIK apXMTeKTYpPachIHbIH eKi
AdCTYpAl eckepTKilllITepiH KapacTelpyfa apHaafaH. bya IllbmHFbicXaHHBIH yakeH yabl — JKOIIBIHBIH
KeceHeCi, COHBIMEeH KaTap OpTarachlpAbIK AiHU FUMapaTTapably Oipi — AaamaxaH. JKepaey >koHe TaObIHY
KYPBIABIMAApPBl A9CTYPAi Ka3akK MojeHMeTi MeH TapUXBIHBIH 0eairi 604bIn TabblAagbl, COHABIKTAH a3
3epTTeATeH TaKbIPHIIITEI TePeHipeK JKoHe MYKMAT 3epTTey KasKeT.

JKompixan kecenecin 3eprrey kesdiHge Oya Kasaxcran aymarbiHga ©3iHAIK aTaybl Oap, SFHU
JKep/AeHTeH aJaMHBIH eciMi 0OeariZi, OHBIH KypMeTiHe MeMOpMaAAbIK KYPBLABIM OOAFaH CUpeK
eckepTKimTepaiy Oipi ekeHiH eckepy kaxer. Tapmxmu tyara, Yabl IIIbIHFBICXaHHBIH YAKeH YABI
JKomrpixaHHBIH ecimi Tapuxm >Kasba JepekKesJepiHeH KalTbhic OoaraH JKOIIBIHBIH CylieriHiH ycTiHe
KeceHe caAyAblH HaKTBI KyHiH aHBIKTayFa MyMKiHAIK Oepeai. ConbiMeH Kartap, JKolbixaH KeceHeciHiH
Opraanik Kasakcranaga opnaaacys! tapuxibsidapra Ilpirsic Kaszakcranga opnasackan JKomibl mra0-
notepi Opraanlk Kaszakcranra kerripiaai AereH KOPBITBIHABI JKacayFa MyMKiHAIK Oepeai. By skaraaiabr
KeceHeHiH opHaJacKaH >Kepi kepcetin Typ. JKomibixan keceHeciHiH Kasipri Kasakcran aymarblHaH
TaObiaybl  JKomIbIxaHHBIH >Keke ©OacblH, COHJAal-aK MeMOpMaAAbIK KYPBIABIMBIH — 3epTTeyai
opTarachIpablK Kazakcran Tapuxbiabiy Oip Oeairine aitHaaAbIpaabl.

44 Ne 3(136)/2021 AH. Tymunes amoindazor EYY Xabapuvicor. Texnuxkarvi 2oiAvim0ap xate mexHoAOZUSATP cepusicol
ISSN: 2616-7263, eISSN: 2663-1261



P.V. Yexaesa, A. T. Cembu, M.K. Cembu

Ochl yaKbITKa JAeifiH KasaKTap Ad9CTypAi MajeHUeTiHAe ainaima («aiiHaAMaK») FYPIBIH CaKTall
kezeai. bya egeT-rypbin Kasak XaHAapBIHBIH YABIKTay paciMiHeH >Kakchl KopiHeai. O calilaHFaH XaHAbI
aK Kuisre KeTepil, akCyleKTep OHBI KYH IlleHOepiHAe TOFBI3 peT alfHaAblll ©TKeH. bakcel emirrizep
eMJeAyIlliHi caybIKTBIPY VIINiH aifHaAMaAbl KoO3faablcTap >Kacaabl. Kasakrap apacelHga KeHiHeH
TaHbIMaA OOAfaH OyA BIPBIM Ka3aKThIH >KepJey KYpPbIABICTAphl - KeceHedep KYPbLABIMBIHAA KOpiHic
TanTel. MbIcaabl, OopTarachIpAbIK AJalllaxaH KeceHeciHAe, coHali-aK /JyseH CaHablOaeB KeceHeciHJe
(1863-1866 >x>k.) KaOBIpfadapbIHBIH KaABIHABIFBIHAAQ aliHaAMa Tadepesaap Oap, oaAapAblH OOIBIHAQ
KyHHiH KO3FaabICbIHA ColiKeC AOHTeAeK cepyeH >KacaaAbl, 0YA eH eXKeAri TaMbIpAapAbl KepceTeai, OHBIH
mbiry Teri byxapasarsi Camanmarep keceneci (IX-X £r.) men TypkmeHncrangarbl Camxap Cyartan
KeceHeCi YKCacCTHIK OOJBIHINIA >KaKblH, MYHJa aliHaAMa TaJepesidap OChl KYPBLABIMBIHAA PYAVIMEHT
OoabIn TaObL1aABl. AlfHa/Ma ralepesaaphl XKOK KeceHeAepe KeceHeHi >Kep OeTiHAe aifHaAbII, COHBIMEH
KaCHeTTi ASCTYPAl OpBIHAANIABI.

TyitiH ce3aep: coyaeT, MaJeHMeT, eCKepTKill, ropraa, KymOes, KyOOa, Tayarmracel, OGapaOaH,
KYPBLABIC, KipIIilll, epiTiH4l, AeKOp, CTaAaKTUT, MpPUTalyisl, TaHd, I1a3ypb.

R.U. Chekaeva, A.T. Sembi, M.K. Sembi
L. N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Monuments of cultural architecture of Saryarka

Abstract. The article is devoted to the consideration of two traditional monuments of the burial
and cult architecture of Saryarka. This is the mausoleum of the eldest son of Genghis Khan - Zhoshy, as
well as one of the wonderful medieval religious buildings - Alashakhan. Burial and cult structures are
part of the traditional Kazakh culture and history, and therefore, a deeper and more thorough study of
this little-studied topic is necessary.

When considering the Zhoshykhan mausoleum, it should be noted that this is one of the few
monuments on the territory of Kazakhstan that have their own name, that is, the name of the buried
person is known, in whose honor the memorial structure was built. The name of Zhoshykhan, a
historical figure, the eldest son of the Great Genghis Khan, allows us to establish the exact date of the
construction of the mausoleum over the ashes of the deceased Zhoshy from historical written sources. In
addition, the location of the Zhoshykhan mausoleum in Central Kazakhstan allows historians to
conclude that the Zhoshy headquarters, located in Eastern Kazakhstan, was moved to Central
Kazakhstan, as indicated by the location of the mausoleum. The finding of the Zhoshykhan mausoleum
on the territory of modern Kazakhstan makes the study of the personality of Zhoshykhan, as well as the
memorial structure, a part of the history of medieval Kazakhstan.

To this day, Kazakhs have preserved in their traditional culture the rite of a circular detour -
ainalmak. This rite is well known from the inauguration ceremony of Kazakh khans, when the chosen
khan was raised on a white felt mat and the nobility circled him nine times in the circle of the sun.
Shaman healers made circular movements around the patient in order to heal the patient. This rite,
widely known among Kazakhs, was reflected in the structure of Kazakh burial structures - mausoleums.
So, the medieval mausoleum of Alashakhan, as well as the mausoleum of Duzen Sandybaev (1866) have
bypass galleries in the thickness of their walls, along which a circular walk was made along the
movement of the Sun, which indicates the most ancient roots of its origin. The mausoleum of the
Samanids (IX-X centuries) in Bukhara and the mausoleum of Sultan Sanzhar in Turkmenistan are close
by analogy, where bypass galleries are a rudiment in the structure of these structures. In mausoleums,
where there are no bypass galleries, the sacred detour was performed around the mausoleum itself.

Keywords: architecture, culture, monument, portal, dome, kubba, niche, drum, construction,
bricks, mortar, decor, stalactites, irrigation, ganch, glaze.
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Optimization of compositions and technology of production of small-clinker floured
cements using the most effective fillers

Abstract. Considering the physical chemistry of grinding it is worth quoting the
grinding of mineral building material as “the change of physical-chemical properties of
finely ground materials can not only be due to the reducing the particle sizes, at
mechanical grinding significant changes of the crystalline structure of their surface
layers (thickness 15-20 microns) take place, in many cases the technological properties of
fine powders are not so much due to dispersability but are namely due to the structure
rupture”, at that the energy costs for this are “significantly greater than for the exposal
of surfaces with a clean cleavage”. The speed of heterogeneous chemical processes
involving fine powders is determined primarily not by the magnitude of their specific
surface area, as commonly is believed, but by the decrease of energy of activation as the
result of crystalline structure rupture and amorphization.

However, both specific surface area and energy demands to achieve are actual
evaluation of the effectiveness of any material grinding at a particular unit.

The main factor of the production process of cements of low water demand is the
grinding, characterized by grindability.

Key words: small-clinker floured cements, grindability, activation, phosphoric and blast
furnace slags, energy resource-saving.

DOI: doi.org/10.32523/2616-7263-2021-136-3-46-55

Introduction

One of the urgent problems of cement production in the Republic of Kazakhstan is the absence of
raw materials, because the considerable part of natural sources of raw materials in the immediate
proximity is exhausted and has no real replacement. In the future, it will lead to the inevitable partial or
complete replacement of natural resources by technogenic ones, the importance of which should
increase steadily, including environmental reasons [1,2-6,13].

Nowadays, Kazakhstan has accumulated 10 million tons of electro-phosphoric slags (LLP
“Kazphosphat”, Taraz) and 85 million tons of metallurgical slags (LLP “IspatKarmet” Temirtau) and
ash of the heat electric generation plant (HEGP) of Akmolinskaya oblast and North- Eastern regions of
Kazakhstan. The richest deposits of carbonate, dolomite and dolomitic rocks are found in South
Kazakhstan and Zhambyl oblasts [7-9].

The project aims to establish an industrial production of a new generation of high-tech small-
clinker floured binders, the technology of which is based on joint grinding of the initial clinker or
Portland cement without additions with carbonate rocks and wollastonite- containing rocks, as well as
with blast furnace and electro -thermo- phosphoric slags and other technogenic wastes in the presence
of superplasticizer (1 - 2%) in the Republic of Kazakhstan. Cement ratio: filler in the small-clinker
floured cements (SCFC) varies from 20:80 (SCFC -20) to 80:20 (SCFC-80) [10-12]. The new type of cement
has a low water demand, high brand strength from 300 to 1000, processibility, rapid rate of hardening in
normal conditions. Its production is wasteless, environmentally full, allows the utilization of many
technogenic materials. Construction from concretes on SCFC meets the principles of “green building”.
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Materials and methods

Portland cements manufactured atm Portland cement of LLP “Standartcement” PC500A0
according to GOST 10178 — Portland cement 500 free of additions, of normal hardening; Portland
cements of LLP “Shymkentcement” were used as a binder.

Fields of carbonate -containing rocks (limestones), located in South Kazakhstan oblast,
Tulkibasskyi area, LLP “Umit SD” and Zhambyl oblast, Sary- suskyi area, LLP “Kazphosphate” in the
Republic of Kazakhstan have been used for study.

Blast-furnace and electro-thermo-phosphoric slags were the fillers in the study. Also, there was
used a chemical additive in the form of a chemical (superplasticizer) - C-3 (specs TS 6-36- 0204229-625-
90 *) of JSC “Polyplast” production.

The grinding equipment for research has been chosen on the basis of obtained results of
grindability of SCFC - 100. The grindability has been studied in four types of laboratory mills, carrying
out the grinding in different ways such as a ball one with abrasive and shock- gravitational grinding,
vibratory -ball one (of “Consit” company) with abrasive and shock-vibratory grinding, a spring one
with abrasive and splitting -compressing grinding, in centrifugal- planetary mill “Activator - 4m” with
impact- abrasive grinding. Grindability of mineral components (PC and mineral additives) was
evaluated by the specific surface area (S, cm ?/ g), achieved in certain time intervals of grinding in one or
another mill. The specific surface area of binders was determined at the PSH-12 (LLC “"Hodakov” SPC).
Operation of the device is based on the measurement of the specific surface area of powder materials by
Kozeini- Karman method for air permeability and porosity of compacted powder layer and average
sizes of particles corresponding to it [13].

The particle size distribution (PSD) of SCFC - powders was performed at the laser analyzer
“Analisette 22 Nanotech” (Germany) with a measuring range 0,1-2000 microns and “Horiba LA-950”
(Japan) with a measuring range 0,01-3000 microns[14-17] .

Results and discussion

Specific surface area (Ssa) of Portland cement and the time required to achieve it were adopted as
the grindability criterion. Specifically, of the experiment there were obtained kinetic curves of Ssa
dependence from the time and grinding conditions. Specifications of the mills are presented in Table 1.

Table 1
Specifications of mills
Name of the indicator Types of mills
Spring one  |Vibratory- ball one of| Ballone |Centrifugal planetary
LLC "Consit" mill
1 2 3 4 5
Engine power, kKW 1,5 0,55 0,25 15
The volume of the 4,1 5 94 1300(x4)
grinding chamber, 1
Mass of grinding - 10-14 15-20 06-20
bodies( balls), kg T
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Diameter of - 10-20% 10-20% o o
bodies being ground 12-60% 12-60% 51'5?3 O/fj/o 10-60%
(mm) share in % 14-20% 14-20%

Weight of the
material being crushed
, kg:

- max 0,5 1,8 4,0 0,4

- min 0,1 0,7 1,0 0,05

Content, %

0 1-2 2-5 5-10 10-20 20-30 30-40 40-50 50-60 60-100  100-150  150-200 200-250

Size of particles in microns
" Unground PC (Ssa=320m?/kg)
""" Ground PC (Ssa=685m?/kg)
— Ground PC with superplasticizer C-3 (Ssa=692m?/kg)

Figure 1. Distribution of the particles of the initial and ground Portland cement according to the
sizes

In Figure 1 the granulometric composition of the particles of the initial cement (320 m?/kg) has a
bimodal character of distribution with maxima in the sizes range of 10-20 microns and 63-100 microns.
At this the right-hand branch of the curve “stretches” to 200- 250 microns. Grinding PC with 1% C-3 and
without it increases the ‘height” of the main maximum (range 10-20 microns) with 29% to 34 and 32%,
respectively, due to the re- grinding of larger fractions, at this the role of C-3 in the grinding is low (over
the entire range.) Grinding in both cases increases the share of all fractions smaller than 10-20 microns
by 10-15%, which should lead to a high speed and depth of the cement binder hydration. Average
geometric size of particles of the initial, ground “dry” and with C-3 composes respectively 17.3 microns;
7.8 microns and 8.5 microns [10-12,18-21].

As seen in Figure 2 the character of the curves of PSD of ground sand refers to a bimodal one with
maxima in the range of 10 ... 20 microns (25%) and 2 ... 5 microns (17.5%). The total share of average
particles 2 ... 20 microns reaches 58%, thin ones (<2 microns ) - 25% , large ones (> 20 microns ) - 17%.
Introduction of SP C-3 at sand grinding leads to the shift of the curve toward thin (28%) and medium-
sized particles (70%), fractions over 20-30 microns disappear. At this the content of these particles has
considerably reduced (up to 2%).
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Content, %

0 12 25 5-10 10-20 2030 30-40 40:50
Size of particles in microns
®~ Ground sand (Ssa=700m¥/kg)
=~ Ground sand with superplasticizer C-3 (Ssa=688m?/kg)

Figure 2. The particle size distribution of ground quartz sand

Comparing the curves of PSD of ground PCs and quartz sand, then at equal Ssa, they differ not
only in smaller average geometric sizes of ground sand (4.13 microns and 6.20 microns, without and
with C-3 respectively), but also in the lack of particles 30-40 and 40-50 microns of the latter and, in
general, by greater influence of superplasticizer C-3 on grinding the material. Character of PSD of
limestone (Figure 8) is also described by a bimodal curve, but its peculiarity is in the small maximum
(rather a “shoulder”) in the range - 10-20 microns. A strongly pronounced maximum of interval of 2-5
microns - 22% dominates, but the share of finer particles 0-2 microns is also high - 33%. On average,
their interrelationship with the particles in the range of 2-20 microns is exactly 1:1. Grinding with the
addition of C-3 increases the share of fine particles (up to 5 microns) 65%, the share of large and
medium particles reduces.

Comparative curves of PSD of Portland cement and of the “second” components of SCFC - fillers
are presented in figure 9. They imply that PSD of Portland cement differs significantly from PSD of
fillers (with almost equal Ssp = 700m?/kg) at dominance of the fraction 10-20 microns (about 35%) with
nearly symmetrical change to the right and to the left. PSD curves of carbonates (limestone and marble)
are shifted toward smaller factions and differ

To quantify the efficiency of grinding we introduced the following criteria:

1) grindability factor: GF = (S2 — S1) / At (m?/kg emin),

Where S1 and Sz - specific surface area of the material (m?/ kg) before and after grinding during
the time At (min);

2) specific energy costs on the increase of the specific surface area of the material A S =100 m?/kg

E=N*At/(AS*10?) (kWh * kg/m?);

3) efficiency coefficient of SAM at grinding Fsawm is equal to the ratio of the GF of grinding with
SAM to GF when grinding without SAM: Fsau - GFsav/GFo

Results of calculations of the obtained experimental data are presented in Table 2.
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Table 2
Design criteria of Portland cement grindability
No. Indicators Type of mills
Ball one Consit Activator Spring one
w/a C-3 w/a C-3 w/a C-3 w/a C-3
2% 2% 2% 2%
1 2 3 4 5 6 7 8 9 10
Specific ~surface area, (320 320 320 320 280 300 320 320
m?/kg 380 425 460 600 600 600 500 600
1 | initial S1
- calculated S2
2 |Grinding time At 480 480 480 360 6 4 2 5
minutes to S2 (calculated)
3 |Coefficient of 0,125 0,218 (0,29 0,78 533 75 90 56
grindability GC (m?%kg*
min)

4  |Specific energy costs E 6,66 3,8 3,14 1,17 0,467 10,33 0,028 10,043
(S = 100 m? kg) * kWh
kg/m?

5 [Efficiency coefficient of [1,74 2,69 1,4 0,62
SAM at grinding of Ksaw

In Table 2 specific energy costs, grindability coefficient and grinding time increase in the series:
spring, activator, vibration - ball, ball one. Whereas the efficiency coefficient of SAM at grinding
increases in the series: spring, activator, ball and vibratory- ball one. In the spring mill SAM is not the
grinding intensificator, on the contrary, it slows it down, the reason is probably in a different
mechanism of grinding in the spring mill (cracking) when the surface energy effects less on strength
than in the vibration one (shock - abrasive mechanism of grinding).

In general superplasticizer C-3 accelerates the grinding from 1.5 to 2 times and reduces energy
costs by 40-90%.

Thus, for further studies mills that have industrial analogs have been selected - vibratory- ball and
planetary - centrifugal ones. Refusal from a spring mill is connected with the absence of such ones in an
industrial version.

Specific surface area of powders - Ssa is an integral one, more precisely, an averaged characteristic
of their dispersability, though being widely used. The quantitative granulometric composition or
disperse composition which affects the technological characteristics of the powder, as such, and on the
properties of the cured binder, in particular cement stone, seems much more informative and
meaningful for binders. Therefore, grinding efficiency of PC and its modifying components (quartz
sand - as control composition, limestone, etc.) should be assessed precisely by
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disperse composition - the particle size distribution (PSD), which was done on the laser analyzer
“Analisette 22 Nanotech” in the laboratory “CSRIgeolnerud” (Kazan). Grinding of materials was
performed in the vibratory- ball mill “Consit”.

There are presented the PSD curves of the initial unground Portland cement and ground “dry”
and with C-3 to Ssp about 700 m?/kg in figures 6-8.

Conclusion

There was found out dependence of Portland cement grindability, depending on the type of
grinding equipment.

PC grindability in the presence of C-3 increases in the series: ball, vibratory- ball, spring and
activator, whereas the specific energy costs, grindability coefficient and grinding time increase in the
series: spring, activator, vibration - ball, ball. At this coefficient of efficiency of SAM in grinding
increases in the series: spring, activator, ball and vibratory- ball. In spring mill SAM is not the grinding
intensificator , but on contrary, it slows it down, the reason is probably in a different grinding
mechanism in the spring mill (cracking) when the surface energy less effects on strength than in the
vibration one (shock - abrasive mechanism of grinding).

The opportunity to intensify the process of grinding the fillers -quartz sand, carbonate rock
(limestone) and slags have been found out.

So, superplasticizer C-3 has practically no influence on the grinding of sand. Another pattern is
observed when grinding it with limestone. Grinding the limestone with additive of C-3 increases the
share of fine particles (up to 5 microns) 65% and reduces share of large and medium particles. Such a
difference in PSD has a positive topological aspect when combining PC powders and fillers. Particles of
the latter ones will fill the volume “gaps” between the PC particles, increasing the density of their total
packaging.
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EH THiMAi TOATBIpFBIITAPABI KOA4aHA OTHIPLIIL, YCAaK KAMHKePAi IleMeHTTepAl aAyAbIH KypaMbl
MeH TeXHOAOIMSChIH OHTalAaHABIPY

AnpaTtna. YHTakTayAblH (PU3MKaABIK XMMMUACBIH eCKepe OTBIPHII, MUHEepaAAbl KypPBLABIC
MaTepraljapbIHBIH YHTaKTaAybIH KeATipTeH JKOH: «ycaK YHTaKTaAfaH MaTepuaaiapAblH (PU3MKaABIK-
XMMMSIABIK KaceTTepiHiH e3repyi Tek OealleKTepain KimmipeioiHne 6aiiaaHbICTBI eMec, MeXaHMKaAbIK,
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YHTaKTayJa KpHUCTaAAbl KYPBIABIMHBIH aillTapABIKTall e3repyi oaapAblH OeTki KaOaTTapblHAa
(kaapiHABIFB 15-20 MUKpOH) OpbIH alaabl. Kenteren >karaaiidapaa ycak YHTaKTapAblH TeXHOAOTUAABIK,
KacueTTepi AucIIepcTidikke OailAaHBICTBI eMeC, AdAipeK alTKaHAa, KYPBLABIMHBIH >KapblAybIMeH
OalidaHBICTBI, OyA VIINiH SHEPIMsl IIBIFBIHAAPBI «alTapAbIKTail Ta3a OellleKTeAreH OeTTepAiH
SKCHO3MLMACBIHAH Tepi yAKeH». ¥cak YHTaKTap KaTbICaTblH IeTepOTeHAl XMMUAABIK IIpoliecTepain
JKbIAAAMABIFBI, €H aAAbIMeH, oAapAblH Oeariai Oip OeTki KaOaTBIHBIH IITaMachIMeH emec, KeDiHece,
KPUCTaAABIK KYPBLABIMHBIH KapbLAYBl MeH aMOp(U3aIusChl HOTVDKeCiHAe aKTUBTeHY DHepPIUSICHIHBIH
TeMeH/eyiMeH aHBIKTaaAbl.

JlereHMeH, HaKThl OeTKi KabaT IleH OFfaH KO KeTKi3yAiH DHepIUSABIK Ka’KeTTiairi - Oya Oeariai
Oip KOHABIPFBIAAFBI Ke3-KeAreH MaTepuaaAbl YHTaKTay TUiMAiAiriHiH HaKThI Oarachl.

Cyra TeMeH cypaHBICKa Je IleMeHTTepAi ©HAIpy HpollecCiHiH Heri3ri ¢akTOphl ycaKTalyMeH
CHUITaTTaJaThIH YHTaKTay O0ABII TaOblAaAbI.

Tyitin ce3aep: ycaK yHTaKTaAFaH IIeMeHT, YHTaKTaady, akTuBarus, ¢pocopabl KeHe JOMHa
MeIITePiHiy IAaKTaphl, SHePIUAHBI YHEMAEY.

H.b. Capcen0aes, b.K. Capcentaes, XK.T. AiimeHoB,
A.K. Aiimenos, H.b. AitHaGekoB
HOxno-Kasaxcmarcxuii ynusepcumem umeru M. Ayasosa, Ilvimkenm, Kasaxcman

OHTI/IMI/ISaLH/ISI COCTaBa 1 TEXHOAOIMN ITPOM3BOACTBA ME€AKOKANMHKEPHBIX IIEMEHTOB C
HMCIIOAB30BaHMEM Handoaee Bq)(l)eKTI/IBHI)IX HaloaHuUTeaAem

AnnoTamms. PaccmarpuBas Guandeckyio XMMMIO M3MeAbYeHNs, CTOUT OTMeTUTDh M3MeAbdeHne
MMHepaAbHBIX ~ CTPOMTEALHBIX  MaTepuadoB:  «U3MeHeHMe  (PU3MKO-XMMMYECKMX  CBOJCTB
TOHKOM3MEeAbYeHHBIX MaTepualoB MOXKeT IIPOMCXOAUTL He TOABKO 3a C4eT yMEHbBIIeHHUs pa3MepoB
9JacTull, IpY MeXaHN4ecKOM M3MeAb4eHNN 3HauuTeAbHble M3MeHeHMsI KPUCTAaAAMIeCcKOl CTPYKTYPBI UX
IOBEPXHOCTHBIX CA0€B (ToAmmHOM 15-20 MKM) BO MHOIMX CAyYasX TeXHOAOTMYeCKue CBOVCTBa
TOHKOAVICIIEPCHBIX IIOPOIIKOB O0YCAOBAEHbI He CTOALKO AUCIIEPIMPYEMOCTBIO, CKOABKO paspyllieHreM
CTPYKTYpbl», IIpM DTOM 3aTpaThl SHEPIUM Ha 9DTO «3HAYUTEABHO OOAbIle, yeM AAsl OOHaKeHUs
ITOBEPXHOCTEM C YMCTBIM CKOAOM».

CKOpOCTh TeTepOTeHHBIX XMMMYEeCKMX IIPOIecCOB C ydacTueM TOHKOAMCIIEPCHBIX ITOPOIIKOB
orpe/easeTcs B IepByIO odyepeab He BeAUYNHON UX YAeABHON IIOBEPXHOCTH, KaK IIPUHATO CYUTATh, a
yMEeHbBIIIeHeM 9SHepIMM akTuBallMM B pe3yabTaTe pas3pblBa KPUCTAaAAUMYECKOV CTPYKTYpBl U
aMmopdusarumn.

Ognako ygeabHasl MAOIIaAb IOBEPXHOCTM U TOTPeOHOCTh B DHEPIUN AAsd ee AOCTVKeHUs
SIBASIIOTCSI peaAbHOI OlleHKOM 9(QPeKTUBHOCTM M3MeAbdeHMsI AI00Oro Marepuasda Ha KOHKPETHOM
arperare.

OcHOBHBIM ~ (paKTOPOM  IPOM3BOACTBEHHOIO ITpOIjecca MaJOBOAHBIX II€MEHTOB SBASETCS
u3MeAbueHne, XapakTepusyIolieecs: 13MeAb4aeMOCThIO.

Karouesbie caoBa: 1jeMeHThl MeAKOKAMHKEpPHBbIE, M3MeAb4aeMOCTh, akTuBanus, PpocopHble u
AOMEHHBIE I111aK!, YHepropecypcocoepeskeHme.
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Technical regulation in the construction

Abstract. The system of technical regulation is considered as foundation for the creation
of a high construction culture, increasing the competitiveness of the industry in
Kazakhstan. Key actions to reform regulatory framework which was established by the
government focused on achieving a sustainable balance of economic and social interests
of construction participants and consumers. The process of adopting international
standards to Kazakhstan soil and construction conditions is gradual. The first step was
to adapt foreign technical documentation to the national technological environment. In
this way, there were developed appropriate methodologies for assessing conformity to
educate builders and designers to develop appropriate training programs, handbooks,
and manuals, translation to the Kazakh language, checking the general format of the
maintenance of the Eurocodes by comparative calculations, etc. It is important that this
process does not contradict the Eurocode relating to any aspects of the requirements in
Kazakhstan that are not covered by the Eurocode. The article presents discussions of
stages for harmonization and adaptation of Eurocode to Kazakhstan norms.

Keywords: standard, technical regulation, construction, concept, harmonization.
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Introduction

Construction codes pursue several socially significant aims - ensuring the safety of life and health
of people and other living organisms and the creation of decent conditions for their existence.

The purpose of building codes and regulations is to reduce the risks associated with the
exploitation of buildings and structures to a level acceptable by society [1-3]. Any technical standards,
regardless of what is the subject of their consideration - fire safety, electrical networks, sanitary
equipment, ventilation, or energy resources - should reflect the current level of risks that society
considers acceptable. At the same time, the purpose of the rules remains unchanged at an acceptable
level of risk and aims to protect health, ensure safety and create decent living conditions for people. The
difference between different levels of risk lies in the degree of health, degree of safety, and degree of
comfort. In economically developed societies, this degree is much higher than in less developed ones.
Accordingly, in developed countries, the level of risk expected by society is much lower than the level
of risk considered acceptable by less developed societies.

Construction norms and rules impose minimum requirements on construction objects by setting
minimum allowable restrictions. A participant of the construction activity should not ignore them. In
case of non-observance of the established restrictions, there is a risk that the building or structure will
cease to provide an acceptable level of safety for people in it [4].

Concerning building codes, the level of safety is interpreted as the degree of risk that society
considers acceptable in terms of damage to human health and safety. In the meantime, extreme degree
of risk lies between minor damage (for example, bodily injuries) and fatal, catastrophic damage for
instance loss of human life. This level of risk is contextual and depends on many factors, including
political, social, and cultural buttress and traditions of society, the level of its economic development,
the level of building technologies used, the professional level of human resources, and the expectations
of consumers of building products. Accordingly, the bottom bracket of minimum requirements in
building codes is determined by a degree of risk to human life and safety that a society considers
acceptable.
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The concept of reforming the regulatory framework

The experience of Kazakhstan is also an important example, as the advantage of the countries
largely depends on the reform of the system of technical regulation, which was carried out
comprehensively, based on a well-thought-out national strategy.

The concept of reforming the regulatory framework of the construction sector represents the
vision, opportunities, and stages of reform, including the industrial policy of the industry in the
Republic of Kazakhstan [5].

The concept reflects the main opportunities and expected scenarios for reforming the regulatory
framework of the construction sector, taking into account regional and global integration processes.

The system of technical regulation is considered as the foundation for the creation in Kazakhstan
of a high construction culture, increasing the competitiveness of the industry.

Key actions to reform the regulatory framework should be focused on achieving a sustainable
balance of economic and social interests of construction participants and consumers. Successful
implementation of such a vision requires great efforts from the state in terms of abandoning the
historically established monopoly on technical regulation of the construction market and a gradual
transition to a system of technical self-regulation [5].

The degree of economic and creative freedom granted to the subjects of regulation must be
simultaneously supported by an adequate social self-awareness of the regulated subjects and the
observance of the norms of professional ethics.

This concept is based on the orientation towards the deep integration of the construction industry
of Kazakhstan into the regional and global socio-economic system by harmonizing the principles of
technical regulation with a variety of forms of implementation of these principles considering national
peculiarities.

Special attention was paid to the close cooperation of public authorities and specialists of the
private sector, the direct participation of all interested government bodies and enterprises, and
organizations of the private sector who represent the professional interests and interests of consumers
of products of construction activities.

The path to the future success of the system of technical regulation of construction will be laid
through the tools for the implementation of the Concept.

The purpose of the Concept is to create a progressive system of technical regulation that will
satisfy society’s expectations of product construction activities regarding their safety as well as in
creating favorable conditions for economic development and prosperity of populated places. The
regulatory reform periods according to the concept are shown in Figure 1[5].
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Preparatory
stage

2011-2015

development of a set of building codes of
the SN RK EN, identical to the Eurocodes,
and national applications, taking into
account climatic, geological, natural-
climatic, seismological and other features
of Kazakhstan

the development of building codes and

codes of practice for buildings and
structures, engineering systems

Period of
coexistence

2015-2020

all national applications must be adopted

training programs was developed for
students on the design of building
structures using the new system of
technical regulation

Period of
modernization
2020-2025

Creation of a new regulatory and technical
base for the construction industry,
harmonized with at least 90% with similar
systems of the countries of the European
Union

deep and sustainable integration of the

domestic construction industry

harmonization of reference standards
supporting building codes and codes of
practice

practical testing of a new regulatory

high construction culture
framework

Figure 1. Regulatory reform periods
The practicability of the European construction norms adaptation

The adaptation of the Eurocodes into the construction and designing practice implies the creation
of such conditions which will not allow existing of different standards related to identical products.
Accordingly, the process of scientific, technical, and economic integration will not be possible without
reducing various national standards to the united, agreed conditions. The logic of such requirement
implies the creation of appropriate incorporate scientific and technical committees with the
participation of all concerned countries” representatives. The results of such work are the Eurocodes
integrating the best scientific and technical achievements available in various national standards.

At the moment when such integrated norms appear, a question naturally emerges about the
inadmissibility of simultaneous acts of the two standards - integrated and national.

The adoption of the Eurocodes by a country gives it the advantage of an intensive exchange not
only by goods but by technologies as well. But it is considerably not easy to take such a path. There is a
bunch of conditions: application of closely related technologies, organizational methods, control, and,
most important, the protected consumer rights. The same technical safety implies the same legal safety,
which is of crucial importance and predetermines the important tasks for a country willing to possess
an economy, integrated with developed countries [6].

The effectiveness of the European approach to the field of technical regulation is acknowledged
by several existing agreements on mutual recognition of the results in compliance assessment with such
countries as Japan, the USA, Canada, Australia, and others [7].

The key target of the Eurocodes adoption in Kazakhstan is the integration of the construction
sector into the European system of technical regulation and the elimination of barriers to the activities of
foreign investors in the country.

The analogs of native standards associated with the Eurocodes are given in Table 1.
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Table 1
Comparison of the Eurocodes and native norms for designing engineering structures
Eurocode Eurocode title GOST, SNiP, SP
number
EN 1990 Basis of structural design GOST 27751- 87
EN 1991 Actions on structures SNiP 2.01.07-85*
EN 1992 Design of concrete structures SNiP 52-01-2003,
EN 1993 Design of steel structures SNiP II-23-81*
EN 1994 Design of composite steel and concrete structures SP 52-101-2003
EN 1995 Design of timber structures SNiP II-25-80
EN 1996 Design of masonry structures SNiP I1-22-81*
EN 1997 Geotechnical design SNiP 2.02.01-83%,
SNiP 2.02.03-85
EN 1998 Design of structures for earthquake resistance SNiP II-7-81*
EN 1999 Design of aluminum structures SNiP 2.03.06-85

Transition to parametric model in all system components of technical regulation within the
construction industry (normative base, supervision, and control, compliance assessment system),
taking into account the advanced foreign experience and national features play an important role.

The process of adopting international standards to Kazakhstan soil and construction conditions is
gradual. The first step was to adapt the foreign technical documentation to the national technological
environment. In this way, the appropriate methodologies were developed for assessing conformity to
educate builders and designers to develop appropriate training programs, handbooks, and manuals,
translation to the Kazakh language, checking the general format of the maintenance of the Eurocodes
by comparative calculations, etc. The process needed not to be contradicted the Eurocode relating to
any aspects of the requirements in Kazakhstan that are not covered by the Eurocode. Stages for
harmonization and adaptation of Eurocode to Kazakhstan norms are shown in Figure 2.

Harmonization normative documents

Stage of adaptation

Determination of the

Translation and Translation and parameters

workshops with
European experts

editing, and
comparative analysis
of the Eurocodes

registration of
translations of
EN standards

Creation of test

Development of traditional standards

based on Eurocodes

databases

Pilot projects,
comparative
calculations, tests

Training of students,

experts

Comparative analysis
of the construction

expenses

Publication of
national
standards

Translation and
technical editing of
references on
Eurocodes

Decision on the applicability of Eurocodes
regarding traditional norms

Adaptation Eurocodes

Figure 2. Program of harmonization national standards with Eurocode
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Geotechnical specificity of standards

Eurocode 7 is a comprehensive code that is concerned with the entire geotechnical design process.
This design process is illustrated by the flow diagram in Figure 3. Eurocode 7 distinguishes between
simple geotechnical designs, such as those for light buildings on firm ground and involving negligible
risk for people or property and for which the fundamental requirements are satisfied based on
comparable experience and qualitative geotechnical investigations, and complex designs, such as large,
sensitive structures on soft ground or deep excavations close to old buildings. For the latter case,
additional calculations and more extensive ground investigations are required [8].

The factors to be taken into account when assessing the complexity of a geotechnical design are as
follows: ground conditions; groundwater conditions; regional seismicity; influence of the environment;
nature and size of the structure; conditions with regard to the surroundings.

Initial assessment of design
complexity

Preliminary classification
into a particular
Geotechnical Category

\ (optional)

Geotechnical investigations to obtain
geotechncial data and evalution of geotechnical
parameters

Y

Reassessment of design complexity
(if used)
i

Specification of design situations,
Including loads and ground properties

I

Design by calculations, prescriptive measures,
load or model tests, or the observational
method

Preparation of a Geotechnical Design Report

Checking the design during construction

Figure 3. European and international standards for geotechnical design and construction and ground
investigation and testing [8]
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Testing methods for pile foundations in different stages of investigations include the follows
Weight sounding test (WST); Cone penetration test (CPT); Dynamic probing tests (DP); Standard
penetration test (SPT); Field vane test (FVT); Pressuremeter test (PMT); Static axially loaded
compression; Pile integrity tests and determination of a pile length. The principal difference between
Eurocode and the Kazakhstan Code is the absence of requirements for the geotechnical design in the
latter. In Eurocode, the strategy of geotechnical design includes the interaction of two disciplines,
namely geological and geotechnical engineering.

Presently, it is, however, difficult to design without qualitative geotechnical investigations.
Geotechnical research includes the results of engineering and geological investigations that are used
during the investigation of the soil and foundation. Recommendations from Eurocode are aimed at both
researchers and designers. The special requirement was absent in the Kazakhstan code and engineering
and geological investigations represent different parts of the design process; frequently there is no
interaction between researchers and designers. Another difference between Eurocode and the
Kazakhstan code is the design of soil basements, which is recommended to be carried out in three steps.

Results and discussion

During the first and second steps of the foundation design, it is allowed to use preliminary
strengthen and deformation properties of the soil as taken from a table of SNiP RK. During the third
step, it is required to perform both laboratory and field tests so to obtain approval of the design project.
According to Eurocode, for all of the aforementioned steps, the strengthen and deformative properties
of soil must be determined only from laboratory or field tests. Moreover, Eurocode uses the term
“derive value”, which means the value of a geotechnical parameter of soil obtained by results of
laboratory or field testing of soil using either a correlation relationship or an inverse calculation. For
example, the deformation modulus is obtained independently from laboratory tests, field tests by
dilatometer, by correlation relationship with physical parameter, or by results of well-known settlement
calculation.

About geotechnical parameter values: the values should be obtained from test results; other data
shall be interpreted appropriately for the limit state considered; account shall be taken of the possible
differences between the soil properties and geotechnical parameters obtained from test results (derived
values) and those governing the behavior of the geotechnical structure; geotechnical parameter values
governing the behavior of a geotechnical structure may differ from derived values due to several factors
listed in Eurocode 7. The process to obtain characteristic parameter values is summarized in Figure 4.

Measured values in field tests

Stage 1
Covered by EN 1997-1

Values at particular
points in the ground or
locations on site where

tests carried out or values
from particular specimens

v

Test results

v

Derived values

A 4

Geotechnical parameter values

Factors involved and to be
considered at each stage are
given;
assessment of test and design
conditions on parameter
values
relevant published data and
local and general experience

Stage 2
Covered by EN 1997-1

Overall parameter value
for volume of soil
affecting the occurrence
of the limit state

v

Characteristic value

v

Aoblication of partial factor

A 4

Design value for use in design
calculations

Cautious estimate taking
account of:
number of test results
variability of ground
scatter of test results
particular limit state and
volume of ground involved
nature of structure

Figure 4. The process to obtain characteristic parameter values
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Also, the comparison showed that Eurocode 7 does not pay so much attention to pile testing for
permafrost soils, and the value of the depth of freezing soil in Kazakhstan is higher [9-10]. Finally,
comparisons have shown that the traditional Kazakhstan code does not include normative documents
for pile integrity testing.

By Eurocode 7, when choosing the type of pile and method of installation, the pile’s integrity
must be verified through suitable testing. Pile integrity testing (Figure 5) provides a check of the
homogeneity of piles and provides a method for detecting hidden defects in the piles (e.g., cracks and
necking in driven piles).

Figure 5. Performing pile integrity test

In pile integrity tests, the highest quality signals are achieved by observing the following:

— Blow zones of concrete foundation construction should be trimmed back to sound material,
free of loose surfaces and debris.

— The surface should be free of water.

— Any structures or elements attached to the concrete foundation construction, long projecting
reinforcement, or cages, may return signals generated by these elements which may make the signal
impossible to interpret. Often, interference from these elements may be electronically filtered out: access
to the side of the pile should permit delivery of several hammer blows and provide sufficient room for
movement of the transducers on the side; “green” concrete should not be tested. The concrete
foundation construction normally requires a curing time of 28 days to being ready for testing; several
blows should be delivered to each test place to ensure repeatability and hence consistency of results
[11].

The test procedure associated with a pile integrity test consists of the following steps:

— Clearing of the concrete pile from the soil, snow, ice to sound surface. Preparation of three
zones (if possible) of flat, dry concrete on the pile; the size of such zones should be approximately
100x100 mm to attach the sensor (accelerometer) and to blow by a special hammer on the concrete
surface.

— The following parameters are introduced in memory of the device: Site, symbol of concrete
foundation, length, stress wave velocity in concrete.

— The sensor, registering reflected signals is fixed on a prepared zone on the pile through special
paste for best registration of the signals. Three light blows are produced by a special hammer on the
foundation site of the prepared place. The graph (reflectogram) of blow amplitude to the length of
concrete foundation dependence is represented on the display of the device. If the operator determines
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graphs to be acceptable for interpretation, these results are written into the memory of the device for
additional processing. If the blows were either very strong or very weak, the device does not register
any signal and it is required to repeat the blow. The blows are produced until the operator can interpret
the reiterative graphs (reflectograms).

All integrity test data are processed by special software after testing, and output is represented by
a graph “signal amplitude” — “crack location”. According to the graphs the operators classify the depth
of crack penetration. A technical report will be given to the client after all tests with detailed analysis.

The pile side is struck with a hand-held hammer that sends sound waves directly through the
concrete foundation. Pile side movements affected by a series of hammer blows and subsequent
rebounds are then received by a very sensitive acceleration meter positioned on the side of the
foundation. The acceleration signal is converted into velocity and is represented on the screen as a
function of time. All results are easily saved into the computer, to be used in the processing thereof.

The interpretation of reflectograms consists of the following actions:

— If the graph has clear fluctuations with a further reflection of the signal, it means the pile has
experienced necking, cracking, incursions, geological influence, etc.

— If such fluctuations are not significant, it means that the pile is without defects.

— If the curve has sharp clear upward peaks followed by downward peaks, then the pile is likely
acceptable. If, however, the graph has downwards and then upward peaks, then the pile likely has
necking, the influence of geological conditions (e.g., soils filled by water), change of density of soil or
concrete, etc.

— If the graph has sharp fluctuations, it means that the pile has serious cracking/necking in the
place of the beginning of fluctuation.

Figure 6 shows some defective piles. One of the main advantages of pile integrity testing is that
the ITS system enables the following to be realized for any pile, with a minimum inconvenience to a
construction process at a given site: very quickly receive required information on piles; uncover
different pile’s defects, determine a pile’s length up to 60m. Thereby the method supposes to fulfill the
integrity tests of piles on the fly.

At a given site, it is required to test a minimum of 50% of driven piles and 60% of bored piles
using the pile integrity test. This guarantees the reliability of a buildings’ foundation without any
damage.

Figure 6. Examples of defective piles

These features were taken into account in the first and second phases of regulatory reform.
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Conclusion

The analysis showed that Eurocode 7 — Geotechnical Engineering seems to be more reliable for
adaptation for Kazakhstan construction conditions. Many countries have successfully accepted
Eurocode 7. Eurocode 7 has already shown itself to be a very elaborate design code, with
recommendations and requirements for the most geoengineering process. It also allows for the use of
common international geoengineering terms and provides understanding among designers, testing
specialists, and geotechnical engineers all over the world. Eurocode 7 includes recommendations and
requirements for modern advanced technologies and embraces many aspects of modern geoengineering
design. By comparison to Eurocode 7, the Kazakhstan code has a lot of features. Eurocode 7 is also
presented by unified documentation for geoengineering. Investigation showed that the introduction of
the Eurocodes was allowed to ensure the use of high technologies and innovations, as well as to
eliminate technical obstacles under the implementation of investment projects in Kazakhstan. The
reform’s basis was three components: normative base, supervision and control system, conformity
assessment system.

During the modernization period, which according to the 2021-2025 yy. concept [5], attention
should be paid to the digitization of regulatory documents of the construction industry, as the use of
BIM technology allows the automated verification of information and electronic models of each
construction project against the valid technical safety requirements of design and technological
solutions, which will minimize the risk of various types of unforeseen events and also allow the
automation of expert review. And work has begun on introducing automated verification of design and
estimate documentation, similar to the experience of Singapore (E-Plan Check).

Funding: Ministry of Education and Science of the Republic of Kazakhstan (Grant «The Best
University Teacher-2020»).

References

1. Xacenos C.C., Haypystaes K.A. Ilepcniextusnr BHeApenus HOBbIX CrpomTeapHbix Hopm u
ITpasua (EBpoxoapr) B Pecriybanke Kazaxcran // Becrank KasI’ACA. - 2011. - Ne 3-4 - C. 102-105.

2. Tarerryaos A.IIl., AxGepaun T.K., Oxoneunmkos B.JI., Maxambero M.C. // Aokaag
ITpoexrrnas akagemus "KAZGOR".- 2010.- C.10.

3. 3akoH Pecnybaukm Kasaxcran «O TexHmueckoMm peryaumpoBanum», No 396-VI 3PK
(c M3MEHeHUsIMU U A0TIOAHEeHMIMU 110 cocTostHMIO Ha 30.12.2020 r.).-2020.-C.60.

4. Cepnix A. /| Texanueckoe peryaupoBaHie B CTPOUTEAbCTBE. AHAAUTIYECKIIT 0030 MIPOBOTO
ombita (SNIP). - 2010. - C.889.

5. Konnemnmus no pepopmMupoBaHUIo HOpMaTUBHOI Oa3bl crpouTteabHoit ceprr PK. - 2013. - No
1509.

6. Zhusupbekov A.Zh., Lukpanov R., Tulebekova A.S. Geotechnical issues of adaption of
Eurocode to Kazakhstan Norms // Proceedings of International Symposium on Backwards Problem in
Geotechnical engineering and monitoring of geo-Construction. - Japan, 2011.- P. 133-137.

7. Beim ], Gravare C.J., Klingmuller L. De-Quing and Rausche F. Standardization and
Codification of Dynamic and Static Pile Testing, a Worldwide Review // Deep Foundations Institute. -
USA,1998.- P.25.

8. Frank R. Design of pile foundations following Eurocode 7 // Journal Development of Urban
Areas and Geotechnical Engineering. — 2007.- Vol. 11, P. 119-130.

9. Ilaxmos X.A., Tyaebekosa A.C., basnaos P.K. Bansnne cesonHOIIpoMep3aromniux rpyHTOB Ha
ocHoBaHIe gyHiamMeHTOB // PecriybankaHcKas HayqHO-TIpaKTIdecKas KOH(pepeHIns MOCBsIeHHas 15-
aetmio  EHY  um. AH. I'ymmaesa «CTpouTeabcTBO, apXuTeKTypa M TPaHCIOPT: COCTOSIHHUE U
IepCrieKTUBLI pasBUTUs».-Actana, 2011.- C.12-17.

BECTHUK EHY umenu A.H. Tymunesa. Cepus mexruueckue Hayxu i mexHor0zut Ne 3(136)/2021 64
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


https://online.zakon.kz/document/?doc_id=2051485

Technical regulation in the construction

10. IHaxmos  K.A., Tyaebekosa A.C. IlpomepsaHme TIpyHTOB IO TIAyOuMHe B
Ce30HHOITpOMep3aloux rpyHrax// Marepnaast VII MexxayHapoAHO HaydYHON KOH(pEPeHIINI MOAOABIX
yuensbix «Hayka 1 o6pasosanme -2011». -Acrana, 2011. - C.184-187.

11. Report of KGS #10345, LTD, Nazarbayev Intellectual School — 2011.- P.21.- URL:https://kgs-
astana.wixsite.com/society (letter 11.01.2021).

A.C. TyaeGexoBa, A. JKanknHa
/A.H. I'ymuaes amvindazol Eypasus yammorx yrueepcumemi, Hyp-Cyaman, Kasaxcman

K¥pI)IZH)ICTafI)I TE€XHMKaAbIK peTTey

Angatna. Texamkaablk peTrey >Kyiieci KasakcraHga >Korappl KypblAblC MaJAeHUETIH KYpY,
casaHblH Oocekere KaOileTTiAiriH apTTeIpy VIIiH Heri3 peTiHAe KapacTbIpblaadbl. YKiMeT KypraH
HOPMAaTUBTIK-KYKBIKTBIK ~ OasaHbl pedopMasday >KOHiHAeri HeTisri ic-KUMBlAAAap KYPBLABICKA
KaThICyIIblAap MeH TYTBIHYIIbLAAPAbIH SKOHOMMKAABIK >KOHE 94eyMeTTiK My4JAeAepiHiH TypakThl
TeHrepiMiHe K04 >KeTKidyre OarbITTaaraH 0OoaarbiH. KaszakcraHAbIK TONBIpaK >KoHe KYPBLABIC
KardaiidapblHa XaAblKapaAblK CTaHJapTTapAbl KaObladay Ipolieci OipTiHgen >Xypimn >kateip. bipinmmi
KagaM IIeTeAAiK TeXHMKaAbIK Ky>KaTTaMaHbl YATTBIK TEeXHOJOIMAABIK oOpTara OeitiMmaey 00aAABI.
Ocplaaiiia, KypBLABICIIBIAAP MeH >Ko0aJayIblaapAbl TUIiCTi OKy OardapAamMajapblH, aHBIKTaMaAbIKTap
MeH HYCKayAbIKTapAbl 93ipAeyre, Kasak TidiHe ayJapyra, CaAbICTHIPMaAbl ecelTeylep apKbLAbI
Eypokoarapabl >KypridyaiH >kaamnbsl GpOpMaTEIH TeKCepyTe OKBITY YIIIiH COMKeCTiKTi OaradayAblH THUICTi
daicteMesepi o3ipaeHai keHe T.0. Oya mponectiy Kasakcranaa EypokoaneH KaMTblAMaraH
TaJallTapAblH KaHJall da Oip acrekTidepiHe KaTBICTBI €ypOKOJAKa KalIlbpl KeaMeyi MaHbI3AbL. bya
Makadada EypokoATel KasaKCTaHABIK HOpMaJapra YilAecTipy >KoHe OeiliMaey Ke3eHAepiH TalKblaay
YCBIHbLAFaH.

TyiiiH ce3aep: craHAapT, TEXHUKAABIK peTTey, KYPBLABIC, TY>KBIpbIMAaMa, YiiAecTipy.

A.C. TyaeGekosBa, A. JKanknHa
Espasuiickuii nayuonaronuiil yrusepcumem um. . H. I'ymuaresa, Hyp-Cyaman, Kasaxcman

Texumuaeckoe peryanpoBaHue B CTpOUTeAbCTBE

Annorammsa. CucremMa TeXHUYECKOTO peryAMpoOBaHMs paccMaTpMBaeTcsl KaK OCHOBa  AAsd
CO34aHMSI BBICOKOM CTPOMTEAbHOM KyabTyphl B Kaszaxcrane, ITOBBIIIEHMS KOHKYPEHTOCIIOCOOHOCTM
orpacan. OCHOBHbIE AeNICTBUA 110 pepOPMIUPOBAHNIO HOPMAaTUBHO-IIPaBOBOI Da3pl ObLAYM HaIlpaBAEeHbI
Ha AOCTVDKEHUe YCTOMYMBOro OaJaHca DKOHOMMYECKMX M COIIMAAbHBIX MHTEPecoB Y4aCTHMKOB
crpouTeancTBa 1 norpedureseit. Ilocrernenno naer npoijecc TpuHATHA MeKAYHaPOAHBIX CTaHAAPTOB C
ydeToM ocoOeHHOcTell cTpaHbl. [lepBpIM IaromM crada agamnranus 3apyOeskKHOM TeXHUYecKo
AOKyMeHTallMi K HaIlMOHaAbHOM TexHoAormuyeckoir cpege. Takum oOpasom, paspaOoTaHbI
COOTBETCTBYIOILIME€ METOAMKI OLIeHKM COOTBETCTBMS AAs1 OOy4eHIUs CTpOUTeAell U IPOeKTUPOBIIKOB,
pa3paboTaHBl COOTBETCTBYIOIINE y4eOHble IIPOTPaMMBl, CIIPAaBOYHMKIU M MHCTPYKIIUM, IPOU3BOAMUTCS
nposepka oOmiero ¢gopmara segeHns EBPOKOAOB IyTeM CpaBHUTeABHBIX pacdeToB U T.4. B ganHOI
craThe IpeJAcTaBAeHO OOCy>KJeHlUe DTaIrloB TapMOHU3alUM U ajanTanuy EBpOKOAOB K KasaXCTaHCKUM
HOpMaM.

Kawouesble caoBa: CTaHAapT, TeXHUYECKOE peryAuMpoOBaHMe, CTPOUTEALCTBO, KOHILISIIIINS,
rapMOHM3aLVsL.
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XITTAP 73.31.17
A.C. Kagpipos*, A.A.T'anokoB, K.I'. bazaGekosa

Kapazanovr mexnuxanvix ynusepcumemi, Kapaeanovl, Kazaxcman

*Baitnansic yuin asmop: adil.kadyrov@mail.ru

Mo0Onabai K04 ©TIIeCiH COHFBI alibIPBIM d/iCi apKbLABI ecernrTey

Angatna. Kenreren ipi Kadaaapga, Meromoaucrepge KyH caHall XaAblK CaHBIHBIH
apTyblHa OallAaHBICTHI aBTOKOAIKTEp CaHBI 4a apThill Keaeai. CtarucTuka OolibiHIIa Oip
yiire exi aBTOkeaikTeH covikec Keaedi. CoraH OallAaHBICTEI Kellledepe YAKEH
KemTedicrep maiiga Ooayaa. Kemreaictep Kala 9KOHOMMKAcChIHAa —9DKOAOTUAABIK,
YKOHOMUAABIK 3USAH TUTi3yAe. ABTOKOAIKTeH IIBIKKAH 3UAHABI Tazzap DKOAOTUsIFa Kepi
ocepiH Twrisin, >KahaHABIK SKBIABIHYFa oKeayde. ©OJeMAe KeIITeAiCTi IIerryre
0allAaHBICTBI TYpPAl KO3FAABICTBI YMBIMAACTBIPY Iapadapbl YCbIHBLAaAbl. JKaHa >Koa
oTIelepiH  caly, WHTeAAEKTyaAAbl KOAiK >KyiledepiH  AaMBbITy, KO3FaABICTBI
YIBIMAACTHIPYABIH 3aMaHayu Tociagepi. Kasasapapl kenTeaicTi aaAbIH aly MaKcaTbIHAA
>KaHallla >KobaJarl, >KaHa Tociagep OOMBIHIIA KYPLIABIMBIH, 3KOA >KaFAaildapbIH ecKepirl,
KO3Fa/bIC >KOJaK CaHBIH apTTHIPLII KoDasaysa. bipakra kenreren ipi Kadaaapga Keiie
JKOA JKeAiciH e3repTy MYMKiHAiri ©oamaybiHa OalidaHBICTBL OepiareH MakaJada
KeITeAicTi aaAbIH aayFa OailAaHBICTHI JKaHa ic - IIapalap YCBIHBLAYAQ.

DBepiaren MoceAeHi Imremry yIIiH, TaHKTBI KOA CAAFBIINTap HeridiHAe MoOMABAL >KOA
oTneci ychHbLAFaH. MOOUABALI JK0A ©TIeci KblAJaM >KUHAABII, aBTOKOAIKTEpAiH exi
JAeHrelije KO3FaAybIHBIH apKacbhlHAA, KeIITeAiCTiH aaAblH alaabl. Makadaga MoOMAbAIL
KO OTIeCiHiH KYpPBIABIMBI CUIaTTaafraH. I'padpukaablK cHumIaTtamMackl OepiareH.
I'papuxaasix cyabacel KepceTiareH. MoOmAbAi >KOA OTIIECIiHIH HeTi3siH OpTOTpPOITEI
TaKTa Kypanasl. OpTOTpOITH TaKTa - ToceM OeTiHe ITiCipiAreH, KUBLABICKAH KOAJAEHEH
Tipeyaep MeH OOIABIK apKaAblKTaH TypaThIH TaKTa. Makadaga OpPTOTpOMI
koodPurmenti ecenreareH. OpPTOTPONTHIK TaKTaHBIH MaTepUaABIHBIH KaTTBIABIK
cuIlaTTaMachl ecellTeATeH. i - TYHiHi yIIiH TeHci3gikTep keaTtipiareH. byriay Tyiinaepi
aHBIKTaAraH. bepiaren ecenTeyaepaeH COH Kyll cadyalap ecenrteareH. liay MomenTi,
KOA/eHeH KyIII aHbIKTaAFaH.

Depiaren Maxadada OpPTOTPOITEI TaKTaHBl O€piKTiKKe, OPHBIKTBIABIKKA > KOHE
TYPaKTBLABIKKA - COHFBI alfbIPBIM 94iCi apKbIAbI ecerTey >KacaAraH.

Tynia cesgep: kemreaic, MOOMABAI >KOA e©THeci, DKOAOIMS, OPTOTPOINTHI TaKTa,
MOOMABA] k04 eTreci, AupPepeHInAIBK KodPPUIeHT, opToTpormsa KoddpPpuIineHTi,
ITyaccon xoadpduimenTi, KaTTHIABIK CUIIaTTaMachl, TYITiH.

DOI: doi.org/10.32523/2616-7263-2021-136-3-67-73

Kipicrre

Kasipri taHaa 06i3aiH eade >koHe Oacka Ja KeITereH JaMbIfaH eAJepPAiH aAAblHAQ ©3€eKTi
KOKelKecTi Maceaeaepain Oipi >KoaJarbl KeNTeAiCTep CaHBIHBIH apTybl OacThl Macede OOABII TYP.
bepiaren Moaceaesep Kadadarbl KOAiIK CaHBIHBIH apTyblHaH, KeIllle — >KOA >KeAiCiHiH OYpBIHFBI
KYPBLABIMABIK apXUTEKTypacChlHAAa CaAbIHBII, KellledepAeri KYpriH O0eAiKTi yAFalTy MyMKiHAIriHiH
0oamaybIHaH TybIHAAII OTHIP.

Kasakcranaa cratucrmka OoliblHINIa Oip oTOachifa eKi aBTOKOAikTeH coiikec Keleai. Kemreaic
yaKbBITBIHAA 9pOip aBTOKeAiK >Kyprisymrici Oip OarbITTa >KYMBICKa OapaTBIHBIH ecKepeTiH 0o.acak,
KeIITeAiCTiH TyBIHAAQyBIHBIH OacThl ceOeOiH Ooakayfa MYMKiHAIK Oap. COHBIMEH KOcCa, KUBLABICTapAa
TEXHOTEHAIK arlaTTap HeMece K04 OOMBIHAAFEI JKOA KYMBICTapPHl, KO — KOAiK OKMFaJaphl Aa KeNTeAiCTi
TyABITapbIH OacThl cebenTep OOABIIT TaObLAaABI.

Konreren memaekeTrep OCbI KeITeAICTi aaAblH ady MakcaTbhiHAAa op TypAi KO3FaAbICTHI
YMBIMAACTRIPY IIapadapblH ycbhiHysa. OHgall IIapadapra TypAai JAeHreiigeri KeIipaep, akblaAbl
KO3FaABICTBI YIIBIMAACTHIPY IIapadapsl, 6acka Aa MbIcaadapAbl KeATipyre 00aaabl.

Mobuabaenaipiaren ;xo04 etreaepi MogyabaepaeH Typaabl. Oaap ©3 aaAblHa KMHAAAThIH —
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KYPacThIPBLAATBIH KBLAXKBIMAABl KOIIp ©TIIeAepiH KaMTuabl. bepiaren KypblabiMaap Keaik
Kernredici 0oAraH aymakTa HeMece acaabT TOCEMIHIH acTbhIHAA JKYPrisidill >KaTKaH KOMMYHaAAbI
Keaizepai JKeHAey JKYMBICTaphl Ke3iHge KO3FaablC >KOAaKTapbIHbIH OMiK OeTiHAe OpHaTbLAaAbL.
Mobunapai K04 eTneci TeTeHIle KargalidapAa, JXOHJey KYMBICTaphl XXYpill XKaTKaH ayJaHgapaa
IepleHANKyAsAp OarpITTa KO3Fadyra MYMKIHAIK Oepeai, coa apKblAbl, aBTOKOAIK KeIlTeAicTepiH
KOJBII, JKOHAEY >KYMBICTaphl JKYpIIl KaTKaH O©AiKTeH alfHaAbIIl ©Ty KaXKeTTiAiriHeH apblaTabl,
COA apKbIABI KaAaHbIH AOTMCTUKACBIH JKaKcapTaabl (cypet 1).

Cypet 1. MoOGmabai xoa eTmeci

ATaaraH KYpBIABIMABI ©TIledepai KOAdaHa OTBIPBII, KaJdaJarbl KerTeaiC yaKbITBIHAAFbI KOAiK
AOTUCTUKACHI, KaAaHbIH DKOAOTMAABIK JKarjaibIH >KaKcapTadbl KoHe OTBIH >KaHapMaliblH yHeMmJeyTe
MYMKiHgiK Oepeai. OcbIHBIH OapAabIFbl KaJaHbIH SKOHOMUKAABIK JKarjaiiblHa OHTAllAbl dcep eTeTiHi
Oapimisre MaiM.

bepiaren KypbiabiMm MoOuAbAi 6oabi ecenreaedi. Kublabicka aBTOKOAIK Tipkeyilrl Hemece KK
aBTOKOAIIl apKblAbl ©3iHiH IIaccuMbl KOMeriMeH >KeTkKisiseai. Kmblabicka >KeTKi3iATeH cOH Te3 apaja
’KMHar, Oy3y MOOMAbAL KOA ©TIeciHAeri OpHaTbhlAFaH OHTallAaHABIPbIAFaH IIApHUPAL — TOCIAAbI
aBTOMaTTaHABIPbIAFaH 0allAaHBIC apKblAbl >Ky3ere achlpblaaabl. OcblHaal OalldaHBICTBI KOAAaHY
KYPBIABIMHBIH CaAMarblH >KeHiAJeTill, KemnTeJic maiiga OoaraH aymMakTa Hemece >KOHAEY >KYMBICHI
0OABIII )KaTKaH ayMaKTa KellTeAiCTi aaAbIH ady¥fa KeMeKreceai (cyper 2).

II/'A’!II DA, /40110 1 1), 4 /
—Z I/if/ 757 ,////‘/ ’,{{4///////////

-l '
a{

s\

45
L 75K

H>4,5Mm]

Cypert 2. MoO1abai k04 eTreciHiH rpaduKaabIK ©AmIeMi
1 - 6acThI K04 OTIIe; 2 — KOCBIAY CBI3BIFBL; 3 — OacTallkbl MOAYAb; 4 — OpTaablK MOAYAab, 5 — K04
oTIIere NMepPIEeHANKYASIP K01, 6 —COHFBI MOAYAb, 7 — KOCBILY DA1eMeHTTepi, 8 — Tipeyaep, 9 — TakTa
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Mobuarvdi xoa emnecin corzl aibipoim a0ici ApKbIALL ecenimey

3epTTey aaicTepi

Mobnapai k04 KYPBIABIMBIHBIH aca >KMi YCBIHBLAQTBIH KOHCTPYKIMAJAAPBIHBIH Oipi — Koc
>)KOAaKThl MOOMAbAL >Koa etieci. Oa o3 KeseriHAe aAThHI JKeKe MeTalad MOAyAbAep KYpacThIpblLAaAbl,
opbip MOAYAb ©3 Ke3eriHAe KYPTiH 004iKTi (KYPBLABIMABI — OPTOTPOIITHIK TaKTa) JKoHe caaMak, TyCeTiH
KeA/eHeH >KoHe OOIIABIK OepeHeaepAeH TypaThlH TOPT Tipey TypiHAeri KeHiCTiK KaHKCBHIHAH TypaAbl
(cyper 3) [1-3].

£ > |<_p|\:§; p—si iﬁ .

A
7 =
Y A .
h=0 3m h=0 3m
A-A
T
) l 77 B=35M
~ A
| , V22222 / B=35M
7 // .
2 7 z
B-B
1 S
A
b=35M

Cypert 3. Koc >x0aaKTbl MOOMABA] K04 ©TIeciHiH cya6ach
1 - KOC OpTOrOHAAb MOAYAb, 2 — TOPT €Hic MOAYAb, 3 —arapeab

bapasik Moayabaep Oip — OipiMeH TorIcaabl — mapHUpAi OipikkeH niameai 6aliaaHbIC (IITBIHKBIP)
apKbLABI OipiKKeH.

Mobuabai 04 eTHeciH CTaTMCTHKAABIK aHBIKTaAMaraH >Kylielepre ecenTey yaKbITBIHAA iIIIKi
KYIIITep MeH >KBIAXKY >KyileaepiH Oip FaHa TeHCi3AiKTep apKplabl ecenTey MyMKiH emec. Coa ymiiH
YCBIHBIABII OTBIPFaH >Kylie peTiHAe paMaHBl —ecelTey KaXkeT. bepiaren pamanbl KypJeai KepHey
>KarJarblHAa A€l KaOblaJaiMBbI3.

Mobuabai >xoa eTiieci OpTOTPONTH TakTagaH KypaaraH. OpTOTPONTHl TaKTaHBI ecernTey
GaprIcbIHAA >KaOBIH OeTTi, TaKTaHBIH OOMABIK KoHe KoAJeHeH KbIpAapbiH JKoHe KYPBLABIMHBIH Herisri
apaablK apKaABIFbIHBIH OipiKKeH >KYMBICBIH eCKepy KasKeT.

ApaabIK KYPBLABICTBIH 0ACThI JKYMBIC CUITaTTaMachlH CaHABIK MO/JeAbaey OaphICBIHAAFBl KeHiCTiK
ecernTeyAepiHiH COHFBI allbIPBIM 94iCi >KoHe COHFBI AeMeHTTep 94icCi JKeTKiAIKTi Typae alllblK KopceTeai.

TaakpLaay
OproTrpornTsl TaKkTa YIIIiH Herisri AnddepeHinaiAblK TeHAIK ToMeHAerigelt 004aab [4, 5]

0w o*w o'w  P(x,
Rl A +p 7= (x.y)
OX ox“dy oy Dx

, 1)
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MYHAAFbI:

W= W(X, y) - TAKTaHBIH I/[iAy (1)yHI(LU/I}ICLI;
p = p(X, y)- rakra GeriHAeri XyKreaim;

t - TaKkTaHBIH KAABIHABIFEI;

E,. Ey - X, Y ocbTepi OOMBIHAAFEI TAKTaHBIH CEPIIIMAIAIK MOAYAi;

Uy, i, - Ilyaccon koabduimenti;

Oprorporms koopPuIINeHTi:

OpTOTpOHTLI TaKTa MaTeplnaabIHbIH KaTThIAbIK CUIIaTTaMacChl:

3 3 3
3 Ext ) B Eyt ) _ hyEyt —u.De =u.D
XTiom . N Py T P1Tooa - MxPx = HyYy,
12(1_Hxlly) 12(1_l~1xuy) 12(1_Hxliy)
Gt3
H=D, +2D,y; Dy =—; 2
1 Xy Xy 12 2)

OproTponThl TaKTaHBIH TiKOYPBIIITH TOPABIH i- TYMiHi yIIiH (CypeT 5) yIIiHII TeHCci3AiK yIIiH
apaablK >Ka3blaaAbl [6-7]

Cyper 5. TikOypbImITel TOp yAarici

2

. . .. . .. . N
TikOYpeIIITEL TOPABIH, | - Tyitidi yord  (2) TeHci3airi keaeci T e >Kasplaaapl (h=——
Yp pAbIH Y Y (2) TeHciza YPA AL ( 2

IIapTTapbIH ecKepe OThIphI, A, - “X” ocki OoitbiHIIa TOp Kajamsl, A, - “Y” ocbki OOIBIHINIA TOP

y
Kazamul) [5]:

w; (6n2 + 4an + 6B) + (Wi + W, )(—4n? — 2an) + (Wy, + Wy )(—2a, — 4B) +

2 Pyt O
(Wo +Wp +Wp +Wg)(ap) + (Ws +we)(n®) + (Wy +wy)(B) = D.
X
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Mobuarvdi xoa emnecin corzl aibipoim a0ici ApKbIALL ecenimey

HeMece

W + ao (Wi + W) + ag (W, + W) +as(Wo +Wp + W +Wq)+

Py’ (3
+ag(Wg + W) + ag (W, +W,) == :
Dx
Byriay tyitinaepin anbikraran coy Wy (M =12, ....Ny), [ Ng - imKi >nekTik (ecenTik) Tyiin

caHBI], TiaiMAeri iIIIKi Ky caayaap TeMeHJeTi popMyaasap apKbLAbI aHBIKTaAaAbl:
a) liay momenTTepi:

3
oyt

o%w o%w
My =—(Dy +Dy, 3 atd

ox? oy? Dy = ot Dy St

24 22w 12 12
My = (D, — +Dy =) 5 Gt

OX oy Xy =5 (4)

2
o°“w E E
MXy=2ny(@) O(,X:1 X : y: y )
—HxHy 1-pypy
ayxy = Dxtty = Dypy;

0) Keagenen kymrep:

i 2 2
o, - 2[p 2w, 2w
OX ox2 oy
i 2 2 ©)
Sl P T
x| "oy ox
Hoatmxeaepi

TikOyphIIITE TOPABIH (CypeT 5) I - TYWMiHi YIIIiH COHFBI ailbIppIMAap OolibiHINA (4,5) epHekTepi
YILIiH Keaeciaern:

D 2(nDy + Dy)w;
M’ZM Xi =—D>{n(wk +W|)+—1(Wm +Wn)_(X1)I}
Dy Dy

2(Dy +nD1)Wi}

D D
M/ZM yi :_Dx{Dl(Wk +WI)+7y(Wm +Wp) -
X

Dy Dy
5 (6)
: o i |
21y "My, = Dy o n[(Wg + Wy ) — (W +Wp)
X
’ | ]
20y*Quc = Do nlwg —2(wy —wie) =i ]+ == [2(wie —wh) + (W +wy) = (W + W)
X
D H
27‘V3Qy = DX{DV[(W\, —wy )+ 2(wy, — wn)]+ D—[Z(wm —=Wp) + (Wp +Wg) — (W + Wo)]}
X X
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KopsIThIHABI

TepTOyprIIITEI TOp TyliHAepi YIIiH IleKapa IIapTTapbl OPTOTPONTHI TaKTa IIapTTapbiMeH
COVIKeC KeJeAl.

bepiaren 1mapTTapAblH colikeC KeAyi, KYPBIABIMHBIH OepiKTiriH, OPHBIKTBIABIFBI ~Me€H
TYPaKTBLABIFBIH KaMTaMachl3 eTeHAiriHe aifKbIH 491e4.
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Pacuetr MOOMABHOTO IIyTerpoBoda Me€TOAOM KOHETHBIX paSHOCTeﬁ

Annoramysi. Bo MHOTMX KpyIIHBIX I'OpOJax, Meraroamcax ¢ KaXkAbIM AHeM U3-3a yBeAUYeHIs
YICAEHHOCTY HaceAeHUs YyBeAMYMBAeTCsl KOAMYecTBO aBTomMoOuaeint. Ilo cratucruke, Ha oAuH AOM
IIPUXOAMUTCS 110 ABa aBTOMOOMAs. B cBsA3M ¢ 9TUM Ha yamuijax nosAsAsioTcs 0oapmine npooku. [TpoOku
HAHOCSAT DKOAOTMYECKIIl, DKOHOMUYECKUI yIiepO SKOHOMUKe ropoga. Bpeansle rassl, Bblgeasiomniyecs
113 aBTOMOOM A, HeTaTUBHO BAMAIOT Ha 9KOAOTHUIO U IIPUBOAAT K I1002AbHOMY IIOTEIIAEHMIO.

Aas pellleHus AaHHOM 3ajauy IpeAAOKeH MOOMABHBINA IIyTEeIpOBOA Ha 0Oa3e TaHKOBBIX
IIyTeIIpoBOAOB. MOOMABHBIN ITyTeIIpoBO/, OBICTPO cOOMpaeTcs U MpejoTBpalllaeT 3aTopbl, Oaarogaps
ABVDKEHMIO aBTOMOOmMAeil Ha AByX ypoBHsAX. OCHOBYy MOOMABHOTO ITIyTeIIpOBOAA COCTaBAseT
oprorponHas nanta. OpToTponHas nAuTa - ILANUTa, COCTOSAIIAs U3 IIOIIePEYHLIX YIIOPOB U IIPOAOALHBIX
0a0K, MpMBapeHHBIX K IIOBEPXHOCTH HACTIAA.

B aaHHOII cTaThe MOCPeACTBOM MeTOAa KOHEUHON pa3HOCTHU CAeAaH pacdyeT OPTOTPOITHONM IIAMTHI
Ha IIPOYHOCTD, YCTOMYMBOCTD M CTaOUABHOCTD.

Kaiouesbie caoBa: 3aTOp, MOOMABHBIN ITyTEIIPOBOA, 9KOAOISI, OPTOTPOIIHASI I1LANTa, MOOWABHBIN
Iy TEIIPOBOA.
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Mobuarvdi xoa emnecin corzl aibipoim a0ici ApKbIALL ecenimey

A.S. Kadyrov, A.A. Ganyukov, K.G. Balabekova
Karaganda State Technical University, Karaganda, Kazakhstan

Calculation of a mobile overpass using the finite difference method

Abstract. In many large cities and megacities, the number of cars increases every day due to the
increase in the population. According to statistics, there are two cars per house. In this regard, there are
large traffic jams on the streets. Traffic jams cause environmental and economic damage to the city's
economy. Harmful gases released from the car have a negative impact on the environment and lead to
global warming.

To solve this problem, there is proposed a mobile overpass based on tank overpasses. The mobile
overpass is quickly assembled and prevents congestion, thanks to the movement of cars on two levels.
The mobile overpass is based on an orthotropic slab. Orthotropic is a plate consisting of transverse stops
and longitudinal beams welded to the surface of the flooring.

In this article, there is calculated an orthotropic plate for strength, stability, and stability using the
finite difference method.

Keywords: congestion, mobile overpass, ecology, orthotropic plate, mobile overpass.
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XtTAP 73.49.99
b.A. Cyaees*, A.b. KenecOex, b.b. Tornmsboaesa, K.I'. baaaGekosa

Kapazanower mexnukanvix ynusepcumemi, Kapazanoor, Kazaxcman
*Baiinanvic ywin agmop: 06_03_92@mail.ru

BKCKaBaTOpAbIH KOChIMIIIa KYMBbIC MYIlIeCiH MaTeMaTVMKaAabIK YilI‘i[ley

Angarma. Makasaga KOCBIMITIA JKYMBIC 3KaOABIKTapBIH OPHATY apKBLABI DKCKaBaTOPABIH
SKYMBIC MYIIIeCiH MOAepHM3alsiAay IIapadapsl KapacTelpblarad. Ockl MaKcaTKa SKeTy
VIIiH OCBl calajarbl 94eMAIK ToXXipuOeHiH >Kardailbl 3epTreadi. MoHTaXKjay MeH
aAyAbIH bIHFalLABLABIFBIH KAMTaMachl3 €TeTiH CTaHAAPTTHI acIlaAbl >KaOABIKTBIH OpPHBIHA
DKCKaBaTOp HeridiHAe acdaabTOETOH >KaOBIHBIH J>KOHAEYTe apHaAFaH >KYMBIC
>KaOABIFLIHBIH JKaHa Typi YceiHBLAFaH. KockMITa KecKimTeH TypaThIH SKYMEBIC MYIIIeci
acdaapTOETOH >KaOBIHBIH Kecyre apHaAfaH >KoHe HerisriMeH OipikTipiareH Toricaasr
>KaO4bIK TypiHAe >KacaaraH. KocsiMina ¢pesacsl Oap KOl MaKCaTThl IMApaBANKaABIK
DKCKaBaTOPABIH MaTeMaTMKaAbK Mogeai >Kacaadpl. Solidworks OargapaamaceiHga
KeCKIITi CUIIAaTTaliTBIH MOJeAl YCBIHBIAFAH >KoHe AUCK MoJeAabJeHreH. Solidworks-ta
Auck yAarici Simulation KemeriMeH CBIHAAABI >KoHe eIKell-TerKeiai 3epTreyaep
Kyprisiaai. Xympic MyllleciHe acep eTeTiH KyIITep KapacCThIPBLABII, KOMIIBIOTEpPAiK
seprreyaep >Kypriziagi. HeTmkecinge, xeckimneH >kaOabIKTaaraH >KaHa >KYMBIC
MYIIeciHiH THMiMAIAiriH KepceTeTiH >XyKTeMeadep aAbHAbL JKyMmblc Myleci KeckeH
TOIIBIPAKTBIH KOJAeMiH ecelTey VIIiH MaTeMaTHKaAblK MOJeAbdep >Kacaaabl, aa
Jpesepaey npoueci Canr-Benan MogeaiMeH cumaTTalfaH.

OmnbIH Herizinge BIFBICY AedOPMAIUACH YCHIHBIAFAH PEOJOTUAABIK MOJEAb aABIHABL
DKCKaBaTOPABIH KYMBIC MYIIIECiHiH MaTeMaTUKaAblK MOJeai >Kacaaabl, OFaH ColiKec
DKBUBAJAEHTTIK KYIIT aHBIKTaAAbl. MaTeMaTKaABIK MOAeAb AepOpMaIIVITHLIH KeHiCTIKTiK
CUIIaTBIH >KoHe Oepizic »aeMeHTTepiHIH e3apa opekeTTecyiH eckepedi. Makaaaga
MYHJall AuCKizepal IlaligadaHy opTypai Kecy IlapaMeTpAepiHiH Kecy AMCKiCiHiH
KepHeyal KyiliHe ocepiH HaKTbLAay¥a, KeCy AUCKIiCiHIH eHi OoilbIHIIA KepHeyAiH
TapaAyblH adyfa MYMKiHAIK OepeTiHi 3epTTeareH. Solidworks KOMIIBIOTEPAiK
OarsapaaMachlHja — 93ipJAeHIeH  JKoHe  ChlHaAfaH  MaTeMaTMKaAblK — MoJeaAbAep
HOTIKeAepiHiH calikecTiri OarjapaaMaablK >KacaKTaMa >KYIecCiHiH >KYMBICBIH, OHBI
KOAAAHYABIH THMIMAIAITiH pacTayFra MyMKiHAIK Oepai.

Tyi1in ce3aep: DkckapaTop, Pppesa, K041 ToceMi, acPpaabTOETOH >KaOLIHBI.

DOI: doi.org/10.32523/2616-7263-2021-136-3-74-83

Kipicmie

Koa xeaiciH >xeHe Keaik MHQPaKYPBIABIMBIH AaMBITy 9SKOHOMMKAABIK OaillaHbICTapAbIH
KapKbIHABIABIFBIH aliKbIHAAABI JKoHe €41 DKOHOMUKACBIH AaMBITYAbIH MaHBI3AbI IIapTTapbIHBIH Oipi
0oapIn TabbLAaAbl. MeMaekeT YKOHOMMKaChIHBIH OeaceHAl ecyi JK0A callachIHBIH TOMeH 0OAybIHa JKoHe
JKOA >KeAiCiHiH MHPPaKYpPhIABIMABIK OObeKTidepiHiH OTKi3y KabOileTiHiH TeMeH OOAyblHa HerizjeAreH
MHPPaKYPHLABIMABIK IIIeKTeyAepMeH IeKTeAyi KoHe TillTi TOKTaThLAYBl MYMKiH.

AcdaaptOeToHABI (PpesepaiK KYMBIC Myllledepi K04 TeceMiH KaAIlblHa KeATipy YIIiH KeHiHeH
KoAJaHblAaAbl. OJeTTe, acdalbTOETOH TeceMJepiHe TeMIlepaTypaHBIH aybITKybl, KOAiK >KYpiciHiH
JKYKTeMe/epi, Heris OeH >Xep TeceMiHiH TOMeHIi KaOaTTapbIHBIH ©3Tepyi, >KoAAapAbIH KBICKBI KYTiIl
yCTalybl, COHJall-aK Kellledep MeH MarucrpadbiapAblH acaabTOETOH K0A TeceMAepiHiH KapTaio
nporecrepi acep ereai. Kemeaep men koagapAbiy acdaabTOeTOH >KaOBIHAAPBIHBIH AepOpMallschl,
JKapBIKTap¥a, BIFbICyAapFa (TOAKBIHAAPABIH Ializa OOAyblHA) >KoHe aOpasuBTI TO3ybIHa BIKIIAA eTeai
[1,2].

3eprTey aaicTemeci

KocpmIma >XyMBIC MYIIECIH €HTi3y apKbIAbl >Kep Ka3aTblH, >KOA-KYPBIABIC MalllMHaAapbIHbIH,
COHBIH ilTiHAe, Oip MIOMIIITI 9KCKaBaTOpAapAbIH XKYMBIC MYIIECiH XKeTiaAipy >KOHiHAeTi OChI
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Drcrasamopdvir, KOCLIMULA KYMBIC MYULeCin MAMeMAmuKarvlx yazirey

MiHAeTTepAl Imerrryre OarbITTaAfaH i34ecTipy >KoHe FBIABIMU-3€PTTey >KYMBICTapBIH >KYPTi3yaiH
TYpPaKThI Ka>KeTTiAiriH eckepe OTBIPHII, OCHI OaFbITTa OeAriai O6ip >KyMbICTap Ky priziaai.

91eMaiK ToxXipubese >KOA >KaMBIAFBICBIHBIH KecCiAreH KaOaTTapbIHBIH MaTepMaAblH IalijadaHa
OTBIPBII, KO/ >KaMBIAFBICBIH KaAIIbIHA KeATipy4iH eki saici KoadaHblaaabl. bipinmii saicrieH KeciareH
KabaTTapAbIH MaTepuaAbl CTalllIOHAaPABIK apaAacThIpy KOHABIPFBICBIHAA KaliTa KOAdaHblAaab! [3-5].

Exinmi Tocia OOMBIHINIA KeCiATeH >KOA >KaMBIAFBICHIHBIH MaTepuaadapsl MOOMABAL >KOA
MaIlllMHaChIHBIH KOMEeTIMeH KaliTa OHAeAIIl Toceael.

Ic xysiHage KypblabIC >KOA MalllMHaJdapbIHBIH 0a3aablK IIacCUiHiH HeTidiHAe Oip-OipiHe Toyeaai
eMec, AFHM op TYpAi >KYMBICTapAbl OpblHAAyFa MYMKIiHAIK OepeTiH MalllMHaJap >KUi KOAAaHbLAAaAbL:
Oyabpao3epaep-9KcKaBaTOpAap, THeTiIITep-9KCcKaBaTopaap, OyaAbjaosepaep-pumiepaep >KoHe T.0.
MYH/all MalllHaAap >KYMBIC >KaOABIKTapbIH aAMacThIpMail €Ki JKYMBIC TYPiH OpBIHAAQABL.

Taakbiaay

JKorapriga KkepceTiareH MalMHalapAbIH oMOeOaNTHLABIK KAaCHeTiH eCKepe OTBIPHII, Oip MeMIIITi
DKCKaBaTOPALIH KYPBLABIMBIHA JKaHFBIPTyAap €HIi3y apKblabl, 1-cypeTTe KopceTiareH >KYMBIC 5KaOABIFbI
YChIHBIAAABL. bBya >KabGABIKTBI KOAJaHY apKblabl ecKi acaabTOETOH TpoTyapAaphiH ally, Tay
KBIHBICTApbIH OY3y, My3JaTblAFaH TOIIBIPAKThI KecCy, ecKi FrMaparTapAbl OealekTey >koHe T. 0. yIIiH
narjasiaHy¥ra 601aabl.

Cyper 1. I'mapaBankaabiK 9KCKaBaTOPABIH KOII (PYHKIIMSIABI JKYMBIC 5Ka0 ABIFBI

KyppiabiMga acdaabTrarbl HeMece KaTThl TOIBIpaKTarbl >KapBIKTapAbl MeXaHMKaABIK KecyTe
KbI3MeT ereTiH 1 >keDe opHartblaraH. JKeGeHi keTepy Tycipy YIIH I'MAPOIMAMHAP 9 OpHaTBLAFaH.
Tyrkara 8 OexiTiareH >KaAmbl KO3FaATKBIIIIIEH HeMece >KeKe KeTeKIleH OacKapblAaThIH alfHaAMaAbl
TicTepi Oap 7 Keckill opHadacKaH. DKCKaBaTOPAbIH HETi3Ti JKYMBIC >KaOABIFbI IIIOMIII OOABIIT TaObLAAAbL:
KebGeniH OoripiMeH TYTKaHbBl 2 0Oackapy IMApPOIMAMHAPI 5 >KeHe mmemimTi 4 Oackapy VIIiH
ITMAPOLMANHAP 3 OpHaTbLAFaH. Keckiln >KyMbIC MYIIIeCiH icKe KOCY YIIIiH I'MAPaBANKaAbIK KO3FaATKbIIII
Ko4aJaHblaaabl. JKyMbIc MyImeci icke KOCblAFaH Ke3/Ae, TOIBIPaKThIH Hemece acpaabT >KaMbLAFBICBIHBIH
OoiibIMeH KecikTep >KacaablHagbl. KypblabiMaa KOAAaHBIAATBHIH IMAPABAUKAABIK KO3FAATKBIIITBIH
KOMeTiMeH >KYMBIC MYIIeCiHiH peBepCUBTi KO3FaAbIChl KaMTaMacchl3 eTiaeai. KypblabIMABIK >KarbIHaH,
MyYHJail >KaOABIKTBIH >KYMBIC HMKAI 9KCKaBaTOPABIH >KYMBIC IMKAIMeH cumarrac, Oipak >KyMBbIC
KO3FaABICTapBIHBIH CUIIAThIMeH epekiedeHedi. Tombipak OeTiHae Hemece acaabT >KaMbLAFBICBIHAA
caHbplAayAbl Kecill TacTaraHHaH KeliH, ¢pesepai >KyMbIC Mylleci IMApPaBAMKAaAbIK, LUAMHAP 9
KoMeriMeH, TyTKaMmeH Oipre KeaiK >KaFJailblHa aliHadaAbl. TyTKa IIOMIIITiH >KyMBICBIHa Kejepri
KeATipMec yIIIiH >keOeHiH iIllKi KybIChIHa KeTepiaeai (cyper. 2).
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Cyper 2. Auck Tapisaec KOCBIMIIA JKYMBIC MyIIieci Oap T'MApaBAMKaabIK 9KCKaBaTOPABIH
KaO ABIFbI

YChIHBIAATBIH >KaHa >KYMBIC >KaOABIFBIHBIH CaHABIK ecCerlTeyiH OpbIHAay YIIiH Kecy AMCKICiHiH
KaTThI KyliAeTi MoJeAi YCbIHbBLAaABl, cypeT 3.

OLIDWORKS AnR yueBumx 3ameaeiinh. TOAMKE A7 R 0 Byarousx 4 on e,

Cyper 3. KaTThI KyJigeri KecKin Auick Mogeai

CoHrpl  DAeMEHTTep oJiciMeH ecemlTeyre apHaAfaH eCeNTiK >KyKTeMeAepAiH >KMBIHTBIK
KepceTKimTepi 1-kecTede KeaTipiaren.

Kecte 1
EcemnrreareH XXyKTemeaepaiH KbICKallla CUIIATTaMachl
Ne Kepcerkint araysr CanaplK MaHi
1 Bapamix TyitiHAep caHbl, Oipaik 14342
2 Criprkpl >xykreme N, H 290
3 MaxkcuMazaapl apakaTbIHAChI 41.751
4 ApaxkatbsiHacel 6ap DaemMeHTTEp % 98.6
5 acriexT KareiHacel > 10% »aemeHTTEp 0.0664
6 % OypMaaHFaH DAeMeHTTep 0,487
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Kecy kymrepin Koa4aHy >KeHe 9pTypAi KyKTeMe KyIITepi Ke3iHAe Kecy AVCKiCiHiH TicTepiH TapTy
KapTaJapblH aHbIKTay cyA0aaapsl 4 )koHe 5 cypeTTepae KeATipiareH.

Cypert 4. CBIpTKBI )KYKTeMe Ke3iHge KeCKilll IbIIaKThIH TicTepiHiH KepHeyiH CTaTHMKAaabIK,
Taagay P=290 H

|

o | 4 Conmmme o s

4844

Cypert 5. Tyiiinaik kepHeyai craTukaabik Taaaay P =290 H ceIpTKEI XyKTeMe Ke3iHAeTi Kecy
TicTepiHiy Amckici

CaHgpIK ecenTeylep MeH MoOJeAbJey HOTIUIKeCiHAe aAbIHFaH KYIITepaiH MaHAepi 2-KecTese

KeATipiareH.
Kecre 2
HaTmxeaik xymrrep XaHe peaKknys Kymrepi

Taupaarau bipaix Y comacsr Z coMmacsl HITIIXeCL
Xcomacsl

SKVIBIH

Oykia Mmojaean H 63,4899 51,56788 70,1456 85,20338

Tanagaaran bipaix ©amey Y comacer Z. comacbl HITVXKeci
Xcomacsr

SKIBIH

Oykia Mmojaean H. M 63,45899 45,6321 78,4598 187,5509
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Hatikxeaep

KeckimTiy KeHicTikTeri OpHBI KelecCi KO3FaABICTapAbIH YiileciMiMeH aHBIKTalaAbl: OHBI >KeOe
KYBICBIHAH IIIbIFapy, KeCy >Ka3bIKTBIFbIHAA TOKTaTy, >KeOeHiH OekiTiAreH OeairiH e3iHiH OOIABIK OCiHe
KaTBICTBI OYpy, KecKiIlTi TiK >Ka3bIKTBIKTa Oypy, acaabT >KaMBIAFBICBIHA HeMece TOIBIpaKKa eHIidy
JKoHe Kecy.

Keckimn TypiHgeri KOCbIMIIIa >KYMBIC >KaOABIKTapPBIHBIH >KYMBICHI Ke3iHAe KeCiAreH TOIBIPaKTBIH
Ke/eMiH KeJecigell aHbIKTayFa 001aAbl:

ve Stkoks
Lv @D
MYHAAFBI 5-Kecy CTaHOTBIMEH KeCiATeH TOIbIPaKThIH KOAJeHeH KMMackl, M?
L-Kecy y4acKeciHiH Y3bIHABIFBI, M;
ky-TOTIBIPaKTHIH JKOFaAy KOO(PPUIMEHTi;
ke-yakpIT oTe keae naiigaaany Koo PpuiieHTi;
V- KeCKIIITiH allHaAy >KblAAaMABIFbL.

Kocbimina >xyMbIc MyIIIeciHiH - KecKillliH Taa4ay HOTV KeCiHAe, OHBIH >XYMBICBIHBIH caldapblHaH
Kecy AMCKIiCiHIH IHIapiiay KyIIiMeH IIeKTeAreHiH KepceTeal. JepTreyaep KepceTKeHAell, Oya cadaja
IIapIIayAsl TO3y, MBIIIAKTBIH AJCKire OeKiTy TyliiciHze HeMece oTiieAi 0©OAiKTiH KybICTaphl OeTiMeH
TyMicyiHae naiiga 60Aysl MyMKiH [6-8]. OcbIran 6aiiaaHBICTHI eceriTey KYpriziaji.

AcdaaproOeToH OeTiH MacCHUBTEH KecCiAreH Kesae >KoHe KYMBIC MYIIeCiHiH aaAblHJAa ChIMAAy
IpMU3Machl TypiHAe KBLAXY KediHJAe, KaOaTThl ppesepaey Ipolieci Kypaeadi peoaornsablK MojeAbMeH
YCBIHBIAYBI MYMKiH eKeHAiri Oeariai. bipinmti moaean-CeHT-BenaHHBIH KaaccuKaAblK, MOAeAl, eKiHIIIicl
G2, Z mapameTpaepi Gap >KoHe cepIliMAi IAaCcTUKaAbIK MoJeAb 6045 TabbLAaAb! (cypet 3). bya Mmoaean
KeCKillllIeH >KYMBIC icTey Ke3iHAe OeAIlleKTep OpPTaCBhIHBIH 9]€MeHTiH MacCUBTeH Kecy IIpOlleciH
Moaeabaenai [9].

P
. 1
A%
-
G2 z

/

Cyper 6. AcpaabT6eTOH XKaOBIHBIHBIH CepHiMai MAaCcTUKAaABIK MOJeAi
MyHngan xylieaeri KepHey Keaeci apakaTbIHACIIeH aHbIKTaAaAbl:
Ty =T, +Tg T T, T T 2)
XKyiteniH aepopmarninsicel Keaeci TeHA€yMeH cuIlaTTalabl:
Y=Yz +Y¢ 3)
Acdaabt GeTiHiH OoaiHyi Ke3iHAe ycaKTay Aa KypeAi, OHBI CepIiMAi TaAIIBIKTEI MOAeAb TYPiHAe

yCBIHYFa 001a4bl, OHBIH DAeMeHTTepi JXyKTeMe Ke3iHAe MaTepuaaAblH Ae3je cepIiMai AepopMallsCchiH
eJiKTenai.
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C >xene I' a1emeHTTEepl MaTepMaAAbIH KaTThl I11aCTUKaABIK JKoHe TYTKBIP KacleTTepiHiH KOpiHiciH
eaikreriai. CBIHFBIII MaTepuaadap YIIiH Mogeab geMIIpepAik DAeMeHTIH KylleAeH IIbIFapy apKbLAbI
KaTThI I1I1aCTUKKE allHaAa/bl.

AcdaaptOeToHAB 3 CypeTTe KoOpCeTiATeH peoAOTMAABIK MOJeAb HeTidiHAe YChIHyFa 00aaabl.
TyTKbIpABIFEI [ Oap KaTThl IAACTMKAABIK DAEMEHT, TiK OYPBIIITH Tic TypiHAeri DocaTy DAeMeHTiHiH
OopTara epeKeTTecyi Ke3iHAe BIFBICY KepHeyiHiH Iaiiga 00aybIHa 9KeaeAi:

T =TTy (4)

bi3 TeIFBI3AaY ITpOITECiH Keaeci MoAeAb peTiHAe YChIHAMBI3:
Y=V eyn )

TroiFpI3aay mpolleci cTaTMKaABIK >KyKTeMe Ke3iHAe BIFbICY AedOopManusAchl TypiHAE YCBIHBLAYBI
MYMKiH. BaiiaaHbICTBIpBIAFaH OpTa YIIIiH BIFBICYFa TO3IMAiAIK Telle-TeHAiri Oy3blaFaH >Karjaiiga, IeKTi
Telle-TeHAIK TeOpMsChIHA Heri3jeareH Kecy MyllleciHiH OeTiHaeri KepHey KeJeci TeHAeyMeH
cuIiaTTalajbl:

O-0OnT p+cw , (6)

KapacThIpbLAFaH HYKTe/e BIFBICY KepHeyi Kailja;
MYHAAFBl O n - KAABIIITHI KEPHEY;
T - iImKi KepHey OYPBIIILL;
cw-aare3us Koo PUIMeHTi.
beariai ceIpTKEI Xargaiiaapa KOHTYp apKbLAbI Kecy JeHeciHe Ka>keTTi OpTa KbICBIMBIH aHbIKTay¥Fa
00aaAbl.
O3 KeseriHJe, AaMBbIFfaH OpTa Kecy JeHeciHe KBICBIM >KacailiAbl, >KapThblAail >Ka3bIKTBIKTBI aAa/bl
KoHe Z OCiMeH ITleKTeaei, OHbIH OoiibIMeH P KpIChIMBI O04iHel. OeTTiH ropu3oHTKa Kea0ey Oy pBIIILI a3
00/FaH Ke3Je KaABIIITH KepHEY MEeH BIFBICY KepHeyi TeH 001aAbl:

o, = 4] x+cactgpl-1/ A +P) ]
z, = A[x+Coxctgp(l-1/A) + P}
1-sin pcos 2«
A = 1 £ 2y
—sin p )

MyHaars! x-aFrbIMAarbl TiKk KOOPAMHAT;
P-co1pTkbI OeTiHe Oipkeaki O6iHIeH KBICHIM;
a — >Kep OeTiHAeTi OpTaMeH >KaHacaThIH KeCKIITiH KeCcy D1eMeHTiHiH KeA4eHeHTre (Kecy
OypHIIIIbI);
Keckimr jgeneniH KoplmaraH oOpTaMeH e3apa opeKeTTecyi KesiHge maiiga 0oaaThIH
KapChLABIKTapABIH KOCBIHABICH N >KoHe OeAriZeHreH 3aHABLABIKTAp HeTi3iHAe ecenTeayi MyMKiH.
Perpeccusaplk Toyeaaiaik TypiHgeri MaTeMaTUKaAbIK MOAeAD KeAeCigelt:

an =aotaix+...anX" 8)
MyHaa a=0;a2=0;
O n =ao +a1 x at ai=A1 ¥ ; a=A1(1-1/A1) C@ctg p )
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Tenaey opTa MeH >KYMBICIIIBI AeHeHiH IIeKTi KyJiHeH HIbIFaThIH ToyeAAidik TypiH adaasl. Ai = Al
DoaraHaa

O n=Ai[ 7 X+ Coctg(1-1/A1) P (10)

Kecerin aenenin mbImarbiHEIH —(PpOHTaAbABI OeTiMeH KO3FaAyblHa Te3iMAiAiri KaABIIITBI
KOMITOHEHTTepi TeHAeyAepMeH aHbIKTaAabl:

dN = o, dldy;

dQ=dN/cosd;

(11)
dl =dx/sin ap (12)
MYHJAFHI O, - AaMbIFaH OeTTiH KecKill TicTiH OeTiHe yiikeaic Oypsoirsl [1].
®poHTaabAbl OeTKe TapTy KYIIIiHiH Ke44eHeH KOMIIOHeHTi:
dP p 1= dQ cosp1 (13)
B1-90°~(a p+5,) (14)
Korapriga aniTelaraHAap HeTisiHAe:
dP p =—2FL . dxdy (15)

sina O *cos O 1

Bipinmi >kakbIHAayAaFbI IIeTTiK acepAiH >KYMBICHI KeCKIiIlITiH KeciareH geHeciHiH Oip Oeairine acep
eTeTiH DKBMBAJAEHTTIK KYIITiH MaHiMeH aHbIKTaJa/bl, €Hi KecKilllTiH JaMblfaH OeTiHe eKi ece TepeHAiriHe
TeH, iev = B + 2c.

N >xene b Mmonaepin dP ansikTay popmyaacbiHa KOMBII, OHBI MHTErpaajay apKbLAbl alaMbl3:

p p =(1+ctga ptg & 1A1fOB+2h{f0n[yx + cwctgp(l — 1/A1)dx}dy (16)
Hemece
P p =AaAi(B+2h[S + cw ctgap(1 + )], (17)
myHAa: Ao=(1+ctgaptgdi).
KopbITbIHABI
YCBIHBIABIIT OTHIPFAaH MaTeMaTMKAABIK MOAeaAb AeOpMallVsHBIH KeHIiCTIKTIK CHUIIaTBHIH >KoHe
Oepizic »aeMeHTTepiHiH ©3apa opekeTTecyiH eckepedi. OcpiHAall Mogeabiepai KOMIIBIOTEPAiK

3epTTeyJdep MareMaTUKaAblK MOJAeAbAeyAiH ColKecTiriH, OargapaaMaablK KaMTaMachl3 eTy JKylieciHiH
©HIMAi4iriH, OHBI KOAAaHYABIH TMiMAIAITiH pacTayFa MYMKIHAIK Oepai.
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b.A. Cyaees, A.b. Kenecoek, b.T. Cazambaesa,
b.b. Torm30aeBa, K.I'. baaabekoBa
Kapazandunckuit mexruveckuil yrusepcumem, Kapazaroda, Kasaxcman

MartemaTuueckoe MOJdeannpoOBaHMe 40II0OAHUTEAbHOIO pa60qero OpraHa SKCKaBaTOpa

AnBOTanmms1. B ctaThe paccMOTpeHBI BOITPOCH 10 MOAepHU3any pabodero opraHa 9KcKaBaTopa
IIlyTeM YCTaHOBKU AOIOAHUTEABHOrO pabouero obopysosanms. Aas AOCTMKEHNS 3alaHHON IieAN
U3Yy9eHO COCTOsSIHIME MUPOBBIX IIPAKTMK B 9TON o00Aactu. Bmecro craHAZapTHOrO HaBeCHOTO
0bopyAoBaHMs, 00eCIIeunBaoIIero y400CTBO MOHTaXKa M CHSTHS, IpejA0>KeH HOBBHI BiJ pabodero
00opyA0BaHNSA AAs1 peMOHTa acdaAbTOOeTOHHOIO IOKPBITUSI Ha Oa3e KCKaBaTtopa. Paboumit opraH,
COCTOAIIMII U3 AONOAHUTEABHON ¢pe3bl, IIpedHa3HauYeH AAs paspylIeHns: acdaibTOOeTOHHOTO
IIOKPBITNS U BBIIIOAHEH B BU4e HaBECHOTO OOOpPYAOBaHNs, COBMEIIEHHOIO C OCHOBHBIM. Paspaborana
MareMaTn4decKasi MOAeAb MHOIOIIeA€BOTO IMAPABANIECKOTO DKCKaBaTopa ¢ AOMOAHUTEABHON (PPe3orl.
[Ipeaao>keHa MMUTAIIMOHHAS MOAeAb paOOTHI Pppessl B mporpamme Solidworks 1 cMogeanposaH AuCK.
B Solidworks oOpasen; amcka 6b14 mporecTMpoBaH ¢ momombpio Simulation, m OblAM ITpOBeAEHBI
IIoApOOHBIe MCCAeAOBaHMA. PaccMOTpeHBI CHABI, BO3JAENCTBYIOIIMe Ha paboumii opraH, IIPOBeJeHBI
KOMITBIOTEpHBIE 1ICCAeAOBaHMA. B pesyabraTe OBLAM ITOAYYeHBI Harpysky, KOTOpBIe IIOKa3aau
9} PeKTUBHOCTL HOBOTO paboOuYero OpraHa, OCHAIeHHOro pes3ljoM. /as pacuera oObema TIpyHTa,
cpe3aeMOro paboOuMM OpraHoM, pa3paOOTaHBI MaTeMaTUdecKue MOJAeAl, a Ipoliecc (ppesepoBaHIA
onncad mogeanio Cant-Benana. Ha ee ocHoBe Oblaa moaydeHa peoaormdeckast MOAeAb, IO KOTOPOI
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b.4. Cyaees, A.b. Kenecoex, b.b. Tozusbaesa, K.I'.barabexosa

ObL1a TpeaaokeHa Jedopmanus casura. brlaa paszpaboraHa maremaTmyeckas MoJdeab pabodero
OopraHa ®KCKaBaTOpa A4s OIpejeAeHNs CUABl DKBUBaJA€HTHOCTU. MaTeMaTmdeckas MOAeAb YIUTHIBaeT
IIPOCTPaHCTBEHHBIN XapakTep gedpopMalluy U B3aIMOJAEVICTBISI DAeMeHTOB IlepeAaun. Vicroap3osanue
TaKUX AVICKOB IIO3BOASET YTOYHWUTH BANMSHIE Pa3ANYHBIX IIapaMeTpOB pe3aHNs Ha HallpsKeHHOe
COCTOSIHIE PEeXKYIIero AucKa, IIOAy4eHO pacrpejeleHne HaIlpsKeHUIT 10 IIMPUHEe PeXYIIero AycKa.
CooTBeTcTBIE PE3yAbTaTOB pa3paOOTaHHBIX I apOOMPOBAaHHBIX MaTeMaTWJYecKX MoJeaeil B
KOMITbIOTepHOI mporpamMe Solidworks 11o3oanao rmoarsepauts 9PpPeKTUBHOCTD ee MPUMeHEeHNs.
Karouesble caoBa: 9kckaBaTop, ppesa, 40pOKHOe IOKPHITHe, acdaabTOOETOHHOE ITOKPBITHE.

B.D. Suleev, A.B. Kenesbek, B.B. Togizbayeva, K.G. Balabekova
Karaganda Technical University, Karaganda, Kazakhstan

Mathematical modeling of the additional working body of the excavator

Abstract. The article discusses measures to modernize the working body of the excavator by
installing additional working equipment. There has been studied the state of world practices in this area
to achieve this goal. There is proposed a new type of working equipment for repairing asphalt concrete
pavement based on an excavator instead of standard attachments that provide ease of installation and
removal. The working body consisting of an additional milling cutter is designed for cutting asphalt
concrete pavement and is made in the form of attachments combined with the main one. There has been
developed a mathematical model of a multipurpose hydraulic excavator with an additional milling
cutter. The article proposes a simulation model of the milling cutter operation in the Solidworks
program. The authors modeled a disk. In Solidworks, there was tested a sample disk using Simulation.
The authors conducted detailed studies. The article considers forces acting on the working body. The
authors carried out computer studies. As a result, there were obtained loads that showed the
effectiveness of the new working body equipped with a cutter. There have been developed
mathematical models to calculate the volume of soil cut by the working body, and the milling process is
described by the Sant — Venan model. On this basis, there was obtained a rheological model, according
to which there was proposed shear deformation. The authors developed a mathematical model of the
excavator working body, according to which there was determined the equivalence force. The
mathematical model takes into account the spatial nature of deformation and the interaction of
transmission elements. The article investigates that the use of such discs makes it possible to clarify the
influence of various cutting parameters on the stress state of the cutting disc, to obtain a stress
distribution over the width of the cutting disc. The correspondence of the results of the developed and
tested mathematical models in the Solidworks computer program allowed us to confirm the
performance of the software system, the effectiveness of its application.

Keywords: Excavator, milling cutter, road surface, asphalt concrete pavement.
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bacyra k04 koitbraasr: 25.08.2021 .
AIITBIK KOAJaHBICTAFBI DAeKTPOHABI HycKa: http://bultech.enu.kz

MasmyHsiHa THpriorpadus Kayan OepmMeiiai

Peaaximsa mexen-kaibr: 010008, Kasakcran Pecriyoamnkacsr Hyp-Cyaran K.,
Corbaes Kerreci, 2.
AH. T'ymmnaes areingarsl Eypasus yATTBIK YHUBEpPCUTETi
Tea.: +7(71-72) 70-95-00(immki 31-428)
AH. Tymmaes ateiajarsl Eypasns yATTHIK YHUBepCHUTeTiHiH OacmachiHAa OachlaAb!


http://bultech.enu.kz/

