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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология және 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, 
the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді 
геология және техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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SEISMIC MICRO ZONING OF THE TERRITORY  
OF ALMATY ON A NEW METHODOLOGICAL BASIS 

 
Abstract. In connection with the reform of regulatory framework for construction sector of the Republic of 

Kazakhstan, the development of seismic zoning maps poses an urgent problem. The article presents a set of seismic 
microzoning maps of Almaty, developed on a new methodological basis for Kazakhstan, and provides explanatory 
materials on the development, understanding and use. Calculation of background seismic hazard was carried out in 
accordance with the basic provisions of Eurocode 8. Seismic microzoning included the implementation of two main 
tasks - the assessment of background seismicity and taking into account influence of soil conditions. Based on the 
analysis results, a set of maps have been arranged. When taking into account the influence of engineering and 
geological conditions, Russian and Kazakh works were used. The main maps ready for use in regulatory documents 
are provided. Analysis of capacities of the sediments of same age in different blocks made it possible to understand 
the dynamics of tectonic regime of the city territory. In the process of neotectonic activation, almost all previously 
existing tectonic disturbances were improved. In the contemporary relief of the urban area, most faults are not 
expressed. 

Keywords: structure and properties of soils, building regulations, macroseismic scale of intensity, geomor-
phology, repeatability laws for earthquakes. 

 
Introduction. The Decree of Government of the Republic of Kazakhstan dated December 31,                   

2013 No. 1509, was accepted to improve the construction legal base, it approved the Concept for 
reforming the regulatory framework of the construction sector of the Republic of Kazakhstan. The concept 
was developed in order to integrate Kazakhstan’s economy into European and world community. 
Eurocode 8 “Design of structures for earthquake resistance: General rules, seismic actions and rules for 
buildings” [1] is a section of the Construction Code of the Republic of Kazakhstan (SN RK EN), which is 
a set of several documents. With the introduction of SN RK EN 1998-1: 2004/2012 during the transition 
period, which ends in 2020, all non-relevant state standards of the Republic of Kazakhstan in the field of 
design and construction, and, therefore, previously developed SNiP, will be invalid. At the same time, 
without the National Appendix (indicative coefficients, i.e., nationally determined parameters), building 
codes SN RK EN 1998-1: 2004/2012 should not be used for the design of buildings and structures. 
Therefore, the development of seismic zoning maps based on Eurocode 8 is a National Application that 
takes into account the specific seismological national features and dangers of Kazakhstan. Its compilation 
is based on scientific research carried out in accordance with the requirements of Eurocode-8. 

The development of seismic microzoning maps (SMZ) in Almaty was carried out by the Institute of 
Seismology LLP by order of the Ministry of Education and Science of the Republic of Kazakhstan within 
the framework of R&D program “Development of SMZ maps of the territory of Almaty on a new 
methodological basis”. As co-contractors, specialists from the Seismological Experimental and 
Methodological Expedition LLP (SEME), the Kazakh Geotechnical Research Institute LLP (KazGIIZ) 
with the participation of the RSE Institute for Geophysical Research (IGR) were involved, consulting 
support was provided by the Kazakh Research and Development LLP Design Institute of Construction and 
Architecture” (KazNIISA). 
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Materials and methods. The seismic hazard assessment during seismic microzoning (SMZ) of the 
territory of the city of Almaty was carried out for the first time on the basis of methodology that complies 
with provisions of Eurocode 8 “Design of structures for earthquake resistance” [1]. When taking into 
account the influence of engineering and geological conditions, Russian and Kazakh works were used. 
The main distinguishing elements of the methodology: probabilistic approach to calculation of seismic 
hazard for 2 return periods of 475 and 2475 years; characteristic of seismic hazard in macroseismic 
intensities (MSK-64(K) and quantitative parameters of soil vibrations (peak accelerations PGA); a new for 
Kazakhstan methodological basis for calculating seismic hazard and taking into account the influence of 
soil conditions using updated experimental database. 

Seismic microzoning included the implementation of two main tasks – the assessment of background 
seismicity and taking into account the influence of soil conditions. Based on the analysis results, a set of 
maps were prepared. A block of work related to the study of the structure and properties of soils, 
development of seismic-geophysical models for key areas for clarifying their seismic properties (a map of 
types of soil conditions by seismic properties) and engineering-geological zoning of the territory of 
Almaty was carried out by KazGIIZ LLP, partially – RSE “IGI” and in 2017 – AlmatyGeoCenter LLP. 
The systematization of the materials of engineering and geological surveys for the past years was carried 
out, as well as the drilling of new wells, laboratory tests of cores; conducting geophysical profiles to 
determine the velocity section of the studied areas, refining the mapping of tectonic faults. The complex of 
geophysical methods included seismic exploration by the method of refracted waves, electrical exploration 
by the method of vertical electric probing and georadar survey [2,3]. 

Assessment of the background and specified seismic hazard for Almaty for two levels of probability 
of exceeding the seismic effect – 10% (return period 475 years) and 2% (return period 2475 years) for             
50 years was performed by the Institute of Seismology. The used methodology for analyzing seismic 
hazard and taking into account influence of soil conditions was considered in detail in [3-7]. It was made 
together with compilation of maps of the General seismic zoning of the territory of the Republic of 
Kazakhstan [8], and was used during the SMZ with significant detail at all stages of work. 

In addition to the modern approach, an updated database was used for the SMZ, which included 
information currently available – an updated seismic catalog, a seismotectonic model (map of seismic 
generative zones), and modern ground motion attenuation models. When performing the calculation part, 
modern software was used, which allows for significantly more complete consideration of various 
information about seismicity. The use of the latest developments of Russian seismologists on the influence 
of soil conditions using continuously changing soil coefficients and on non-linearity has also become an 
innovative element in seismic microzoning [9]. The “continual” approach that was used [10] implies a 
continuous rather than abrupt change in characteristics. This allowed us to avoid errors due to incorrect 
relationships between the values of seismic intensities and accelerations inherent in the MSK-64 (K) 
seismic scale, to avoid discrete representation of continuous values and to proceed to direct calculation of 
final accelerations based on seismic rigidity obtained from engineering-geological and instrumental 
geophysical surveys. 

Results and discussion. The result of the work was the making of a set of maps for the territory of 
Almaty using a new methodological basis. Maps were made using modern GIS technologies at a scale of 
1:10 000. The set consists of a primary one and an additional one. The basic set includes 5 maps necessary 
for the development and updating of construction regulatory documents of Kazakhstan, which will be used 
at the state and city level to improve the seismic safety of Almaty. After inclusion in the regulatory 
documents, the maps will be intended for widespread use by specialists, the city administration and the 
population. 

Map of calculated accelerations (figure 1). The map is intended for direct use in construction 
calculations. It was obtained on the basis of background seismic hazard maps of peak accelerations (PGA) 
and allows us to directly use its values for engineering calculations. On this map, the step of the contour 
lines is 0.02 g, and the values within the intervals do not change. The accelerations calculated in each 
point correspond to the maximum of two values – the peak ground acceleration at the return period of             
475 years or 2/3 of peak ground acceleration at return period of 2475 years. 
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Figure 1 – Map of seismic microzoning (SMZ-1rasch) of the territory  
of the city of Almaty in calculated soil accelerations (in g units) 

 

Probabilistic seismic microzoning maps in MSK-64 (K) macroseismic intensity scales for two return 
periods of 475 and 2475 years (the probability of exceeding the seismic intensity of 10% and 2% over 50 
years) (figures 2-3). 

 

 
 

Figure 2 – The map of seismic microzoning (SMZ-2 475) of the territory of Almaty in intensities of the MSK-64(K)  
macroseismic scale for return period of 475 years (probability of exceeding 10% over 50 years) 
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Figure 3 – The Map of seismic microzoning (SMZ-2 2475) of the territory of Almaty in intensities  
of the MSK-64(K) macroseismic scale for return period of 2475 years (probability of exceeding 2% for 50 years) 

 

The map of types of soil conditions by seismic properties (figure 4). 
 

 
 

Figure 4 – Map of types of soil conditions by seismic properties in the territory of Almaty 
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The map of engineering-geological zoning (figure 5). The map reflects the main features of geomor-
phology, geological structure, hydrogeological conditions, lithological composition of soils, the mani-
festation of dangerous processes of an exogenous nature, the depth of the ground waters. 

 

 
 

Figure 5 – Map of engineering-geological zoning of the territory of Almaty 
 

The additional set included 9 maps necessary for specialists in construction area and seismologists. 
Maps from the optional kit are not provided in the article. Maps (1-2) of probabilistic assessment of 
background seismic hazard for return period of 475 and 2475 years (probability of exceeding the seismic 
intensity of 10% and 2% for 50 years) in macroseismic intensities according to the MSK-64(K) scale 
(attenuation of intensity along structures). The results of calculating background intensity, presented in the 
form of intensity isoseysts in increments of 0.1, are digitized from 8.8 to 9.9 for return period of 475 years 
and from 9.4 to 10.7 for a period of 2475 years. The maps in macroseismic intensities according to the 
MSK-64(K) scale of intensity refer to medium soils by seismic properties, for surface 30-meter strata of 
which shear wave propagation velocities from 250 to 600 m/s are typical. 

Maps (3-4) of probabilistic assessment of the background seismic hazard for return periods of                   
475 and 2475 years (probability of exceeding the seismic intensity of 10% and 2% over 50 years) in peak 
ground accelerations. Maps characterize seismic hazard in geometric mean values of peak accelerations in 
fractions of g. The contours were drawn with a step of 0.05 g and are the boundaries of the intervals of 
peak accelerations. Inside the intervals, values increase nonuniformly from the isoline with a smaller 
denomination to the isoline with a larger one. PGA background seismic hazard maps refer to rocky and 
rocky-like geological formations for the 30 m surface thicknesses which are characterized by shear wave 
propagation velocities ≥800 m/s. Probabilistic seismic microzoning maps (5-6) for return periods of                  
475 and 2475 years (probability of exceeding seismic intensity of 10% and 2% over 50 years) in peak 
ground accelerations. Map (7) of transverse wave propagation velocity in 30-meter soil layer. Map (8) of 
the results of average increments of intensities according to the method of seismic rigidities. Map (9) of 
the actual data (location of wells for which stratigraphic data were obtained). 

The input data for calculating background seismic hazard maps were models of seismic generative 
zones [11]; earthquake recurrence laws [3,12,13]; ground motion attenuation models depending on the 
magnitude of earthquake and the distance to observation point [3,12,14-16]. The calculation of SMZ maps 
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in MSK-64 (K) points was done on the basis of the SEISRISK-III computer program package modified by 
SRISKnas. The modification consisted in adapting this complex to work with intensity in points and using 
the dependences of attenuation of intensity on magnitudes, distances and depths of foci obtained for the 
territory of the Northern Tien Shan [12,13]. To analyze the hazard in accelerations, we used the M3C 
software using the Monte Carlo method and giving the same results as the traditional Cornell approach. 
Field and office work on finding the increments of macroseismic intensity by engineering-geological and 
seismotectonic surveys with determination of shear and longitudinal wave velocities to a depth of                      
30 meters was carried out by KazGIIZ LLP. 

The overall increments of macroseismic intensity were calculated by the method of S.V. Medvedev 
[17] (for 10 and 30-meter soil strata) for 1446 points of an irregular grid. The range of intensity increment 
values varies from -0.9 to +0.9. Negative increment values were acquired for the southern part of the study 
area with solid rocky soil. When taking into account the influence of soil conditions in acceleration maps, 
not traditional increments for Kazakhstan were used, but soil coefficients, which are a function of 
continuously changing seismic stiffness [3]. The continuum approach [10] made it possible to move away 
from the use of soil categories, spasmodic changes in characteristics of soil conditions and seismic effects. 
Soil coefficients, as in the case of increments of macroseismic intensity, are calculated according to 
geological and geophysical studies at 1446 points in the city with the results of typification of soil 
conditions. Nonlinear soil behavior was taken into account. 

The zones of possible appearance of tectonic faults are shown on maps 2, 3 and 5 of the main set 
(Figures 2, 3, 5) and maps 5 and 6 of the additional set. Their planned configuration and position, 
according to which the tectonic movements and seismogenic deformations are possible in the future, is 
determined by modern block-discontinuous structures – moving blocks of the earth’s crust [16]. 
Significant shifts during strong earthquakes occurring outside the city and possible manifestations of 
residual deformations in soil within the city are possible along all faults. Information on neotectonic 
displacements along faults covered by athick loose cover was obtained from the results of geophysical 
studies [16]. 

Conclusions. The analysis of thicknesses of coeval sediments in different blocks lets us evaluate the 
dynamics of the tectonic regime of the city. In the process of neotectonic activation, apparently, almost all 
previously existing tectonic disturbances were updated. In modern relief of the urban area, most faults are 
not expressed. The width of the zones of possible impact of faults is demnstrated to some extent 
conditionally taking into account the increased accuracy of their planned binding. Faults of submeridional 
direction were considered as seismic generating – Zailiysky (magnitude MLH 8.2) in the southern 
mountainous part and Almaty (magnitude MLH 7.0) in the central part of the city, separating the extension 
cone from the foothill plain. 

On the maps of SMZ in accelerations (in the main and additional sets), the minimum level of danger 
is mentioned for the central part of the city in the region of mountain river extension cones. On the 
probability maps of seismic microzoning (SMZ) in MSK-64 (K) macroseismic intensity scales for two 
return periods, the most dangerous zones of the initial seismicity with intensity values of 9 and 10, due to 
the Kungei, Zailiysky, Almaty seismic generative zones, occupy almost the entire territory of city. In the 
northern part of the city, intensity contours are 8.8-8.9 on the map with return period of 475 years and         
9.4-9.5 with recurrence period of 2475 years. Such tremors can be produced by both remote and local 
seismic generative zones. 

 
 

А. Б. Садықова, Н. В. Силачева, Н. П. Степаненко 
 

Сейсмология институты, Алматы, Қазақстан 
 

ЖАҢА ӘДІСТЕМЕЛІК НЕГІЗДЕ АЛМАТЫ ҚАЛАСЫНЫҢ 
ТЕРРИТОРИЯСЫН СЕЙСМИКАЛЫҚ МИКРОАЙМАҚТАНДЫРУ 

 
Аннотация. Қазақстан Республикасы құрылыс саласының нормативтік-құқықтық базасын реформа-

лауға байланысты сейсмикалық аудандастыру карталарын әзірлеу өзекті мәселеге айналып отыр. Мақалада 
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Қазақстан үшін жаңа әдістемелік негізде әзірленген Алматы қаласының сейсмикалық микроаудандастыру 
картасының жиынтығы мен әзірлеу, түсіну және қолдану бойынша түсіндірме материалдары берілген.  

Фондық сейсмикалық қауіп есебі Еврокод 8 негізгі қағидаттарына сай жүргізілді. Сейсмикалық микро-
аудандастыру екі міндетті қамтиды – фондық сейсмикалылықты бағалау және топырақ жағдайының әсерін 
есепке алу. Талдау нәтижелері бойынша карталар жиынтығы жасалды. Инженерлік-геологиялық шарттар 
әсерін есептегенде ресейлік және қазақстандық әзірлемелер пайдаланылды. Нормативтік құжаттарда қолда-
нуға дайын негізгі карталар келтірілген. 

Түрлі блоктардағы кезеңі бір шөгінділер қуатын талдау қала территориясы тектоникалық режимінің 
динамикасын түсінуге мүмкіндік берді. Неотектоникалық белсенділену үдерісі барысында бұрын болған 
тектоникалық бұзылыстың барлығы жойылды. Қала территориясының заманауи бедерінде айтарлықтай 
кемшіліктер байқалмады. 

Түйін сөздер: топырақ қасиеті және құрылымы, құрылыс нормалары, қарқындылықтың макросейсми-
калық шкаласы, геоморфология, жер сілкінісінің қайталанымдық заңдары. 
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СЕЙСМИЧЕСКОЕ МИКРОЗОНИРОВАНИЕ ТЕРРИТОРИИ 

Г. АЛМАТЫ НА НОВОЙ МЕТОДИЧЕСКОЙ ОСНОВЕ 
 
Аннотация. В связи с реформированием нормативно-правовой базы строительной отрасли Республики 

Казахстан разработка карт сейсмического районирования представляет собой актуальную проблему. В статье 
представлен комплект карт сейсмического микрорайонирования Алматы, разработанный на новой методо-
логической основе для Казахстана, и даны пояснительные материалы по разработке, пониманию и исполь-
зованию.  

Расчет фоновой сейсмической опасности проводился в соответствии с основными положениями Евро-
кода 8. Сейсмическое микрорайонирование включало выполнение двух основных задач – оценку фоновой 
сейсмичности и учет влияния почвенных условий. По результатам анализа составлен комплект карт. При 
учете влияния инженерно-геологических условий использованы российские и казахстанские разработки. 
Приведены основные карты, готовые для использования в нормативных документах. 

Анализ мощности отложений одного возраста в разных блоках позволил понять динамику тектони-
ческого режима территории города. В процессе неотектонической активизации были устранены практически 
все существовавшие ранее тектонические нарушения. В современном рельефе городской местности боль-
шинство разломов не выражено. 

Ключевые слова: структура и свойства грунтов, строительные нормы, макросейсмическая шкала 
интенсивности, геоморфология, законы повторяемости землетрясений. 
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