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Analytics

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.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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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).

[ - Selsmic bouadary
[ ] - The boundary parton of th scismic
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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).
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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

— 131 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

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.

A. B. CagbikoBa, H. B. Cunauesa, H. I1. Crenanenko
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nayra OaiylaHbICThl CEHCMUKAIBIK ayJaHIacThIpy KapTallapblH 93ipliey ©3eKTi Macelere aifHaibin oThlp. Makaiazia
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Kazakcran yIiH »aHa o/licTeMeIiK Heri3zie d3ipjieHreH AJIMaThl KajJaChlHbIH CEHCMHKAJIbIK MUKPOAYAaHAACTHIPY
KapTaChIHbIH )KUBIHTBIFBI MEH 33ipiiey, TYCIHY jKoHE KoJiiaHy OOMBIHILA TYCIHAIpME MaTepHaiapsl OepiireH.

DonubIK ceiicMUKaNbIK Kayin ece6l EBpokon 8 Herisri karupaTrapbiHa caii xyprizini. CeficMUKaIbIK MUKPO-
ayJIaHAACTBIPY €Ki MIHAETTI KaMTHIbl — (POHIBIK CEHCMHKAIBUIBIKTHI Oaranay )KOHE TOIBIPAK KaFIaibIHbIH 9CEPiH
ecenke anmy. Tangay HOTHXKeIepi OOMBIHIIA KapTauap KUBIHTBIFBI JKacaljibl. MHKEHEepiK-TeoJOTrusuIbIK 1IapTTap
9CepiH ecenTereHie pPeceinik xKoHe Ka3aKCTaHABIK d3ipiieMenep naiiaananbuiasl. HopMaTHBTIK KyKaTTapjaa Kojijaa-
HyFa JaiiblH HETi3r1 KapTaiap KeJaTipiireH.

Typai OGnmokrapaarbl Ke3eHi Oip IIeriHauIep KyaTbhlH Talfay Kajda TePPUTOPHSICHI TEKTOHUKAIBIK PEXHUMIHIH
JMHAMHUKACBIH TYCIHyre MyMKiHIiK Oepai. HeorekToHHMKaNbIK OeiceHmineHy yaepici OapbichiHaa OypblH OosFaH
TEKTOHHUKAJIBIK OY3bUIBICTBIH OapIbiFbl JKOWbLIIBL. Kanma TeppuTOpHSCHIHBIH 3aMaHayu OenepiHie ailTapibiKTai
KEeMIIIIiKTep OalKaIMabl.

Tyiiin ce3mep: TONbBIPaK KACHETI JKOHE KYPBUIBIMBI, KYPBUIBIC HOpMaJaphl, KAPKbIHIBLIBIKTHIH MaKpOCeHCcMu-
KaJIBIK [IIKAJIACHI, TeOMOP(OJIOTHS, )Kep CUIKIHICIHIH KalTaJaHbIMIBIK 3aHIaphl.

A. B. CagbikoBa, H. B. Cunauesa, H. I1. Crenanenko
Uucturyt ceiicmonorun, Anmatsl, Kasaxcran

CEMCMUYECKOE MUKPO30OHUPOBAHUE TEPPUTOPUU
I'. AIMATHI HA HOBOM METOJUYECKOM OCHOBE

AHHoTanusi. B cBsi3u ¢ pedhopmMupoBaHneM HOPMATUBHO-IIPABOBO# 0a3bl CTPOUTENBHOM oTpaciau Pecry0Onuku
Kazaxcran pa3paboTka KapT CeHCMUYECKOro paifoHUPOBaHUS MPEJCTaBIISIET CO00# aKTyallbHyI0 IpodaeMy. B crarbe
MpeACTaBIeH KOMIUIEKT KapT CEHCMHYECKOT0 MHKPOPAHOHUPOBaHUs AJMaThl, pa3paboTaHHBIA Ha HOBOW METOJO-
norudeckoi ocHoBe [uisi KazaxcraHa, ¥ JaHbl NOSICHUTENIbHBIE MaTepUalibl 110 pa3paboTKe, IOHUMAHUIO M UCIIOJb-
30BaHUIO.

PacueT ¢oHOBOW celicMUYECKOW OMacHOCTH MPOBOJIUIICS B COOTBETCTBHM C OCHOBHBIMH TOJIOXEHUSIMHU EBpo-
kona 8. CeiicMuueckoe MUKpPOPaHOHHPOBAaHHE BKJIFOYAJIO BBHIOJHEHHE NBYX OCHOBHBIX 33/1a4 — OLCHKY ()OHOBOM
CEHCMUYHOCTH U YYET BIMSAHUA MOYBEHHBIX ycioBui. [lo pesynbraraM aHanu3a cocTaBiieH KOMIUIEKT KapT. Ilpu
y4ere BIMSHHAA HHXCHEPHO-TEOJOTHUYECKUX YCIOBHI HCHOIB30BAHBI POCCHHCKHE W Ka3aXCTaHCKHE pPa3pabOTKH.
[IpuBeneHbI OCHOBHBIE KapThl, TOTOBBIE JIJIsl HCIIOJIB30BAHNS B HOPMAaTHBHBIX JOKYMEHTAaX.

AHanmM3 MOITHOCTH OTJIOKEHHH OJHOTO BO3pacTa B Pa3HBIX OJIOKAaX IMO3BONWI MOHITH JUHAMUKY TEKTOHH-
4EeCKOro pexrMa TepPUTOPHU ropoja. B mpoiecce HEOTEKTOHUUECKON aKTUBH3ALUK ObUIH YCTPAaHEHBI PAKTHIECKU
BCE CYIIECTBOBABIIHME paHee TEKTOHWYECKUE HapylleHHs. B coBpeMeHHOM penbede TopoJCKONH MECTHOCTH O0Jb-
IIMHCTBO Pa3JIOMOB HE BHIPAYKEHO.

KiroueBble ca0Ba: CTPyKTypa M CBOMCTBAa T'PYHTOB, CTPOMTEIBHBIE HOPMBI, MaKpOCEHCMHUYECKas IIKaja
WHTEHCUBHOCTH, T€OMOP(OIOTHS, 3aKOHBI TIOBTOPIEMOCTH 3EeMIICTPSCCHHH.
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