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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. The Samarkand region is situated in a seismically active zone and
is characterized by the vulnerability of its housing stock, with various structural
designs, to strong earthquakes. The acceleration of urbanization processes, the
increasing proportion of outdated buildings with low seismic resistance, as
well as the uneven quality of construction across regions, further emphasize the
need for a scientifically based assessment of seismic hazard in the region. This
study aims to determine the level of seismic load on residential buildings and
the extent of potential structural damage by developing an earthquake scenario
model for the Samarkand region. As part of the study, an inventory of residential
buildings in the Samarkand region was conducted, classifying them according
to their structural type, construction materials, and structural systems. Based on
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the selected earthquake scenario, seismic impact parameters were calculated,
and the expected damage levels for buildings of various structural types were
estimated. The results obtained were used to identify areas with high seismic
risk, and the vulnerabilities of buildings were systematically analyzed. The
analysis revealed that seismic risk varies significantly across the districts of the
region, with buildings lacking sufficient lateral stiffness, outdated structures, and
low-rise buildings being particularly vulnerable. Some areas were classified as
having a high probability of serious structural damage in earthquake scenarios.
Furthermore, the study’s findings enable a regional differential assessment of
seismic risk and serve to identify building types requiring priority reinforcement
and high-risk areas within the Samarkand region. This approach establishes an
important scientific and practical foundation for integrating seismic safety into
urban and territorial planning processes, gradually strengthening the existing
seismically unstable housing stock, and improving the emergency preparedness
system.

Key words: seismic hazard, seismic impact, seismic vulnerability, seismic
risk, scenario earthquake, economic loss, residential buildings, database
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Annotanus. CamMapkaHj OOJIBICHIHBIH ayMarbl CEHCMUKAIIBIK OeICeH/Il
aliMakTa OpHaJacKaH, all dpTYPJi KYPBUIBIMABIK IIemrimaepi 0ap Typ¥biH Yi
KOpBI KYIITI JKep CUIKiHIcTepiHe ocan OonbIn Keneni. YpOanaany yaepicTepiHiH
KeAenaeyi, CeHCMHUKAIbIK TO3IMAUIrI TeMeH ecKi FuMmaparrap YJeciHiH
apTybl, COH/ali-aK eHipyep OOMbIHILA KYPBUIBIC CAlachbiHbIH OipKenKi 0oJMaybl
aliMaKTarel CEMCMHUKAIBIK KAYINTiI FEUTBIMHA HETi37e Oaraiay KaKeTTUTITiH o/laH
opi aprreipagbl. AtanraH 3eprrey CamapkaHa OOJBICHI ayMmaFbl VIIIH JKep
CUIKIHICIHIH CIECHApHIJIIK MOJEIIH 93ipJey apKbUIbl TYPFbIH FUMapaTTapra
TYCETIH CEHCMUKAJIBIK KYKTEME JICHTeHiH )KOHE BIKTUMaJ KYPBUIBIMJIBIK 3aKbIM
KOJIEMiH aHbIKTayFa OarbITTanFaH. 3epTrey aschinga CaMapKaHa OOJIBICHIHIAFbI
TYPFBIH YiUlepre TYTeHIEY JKYPTi3iim, oiap KYPBUIBIMIBIK THITEPi, KYPBLIBIC
MaTepuangapbl JKOHE KOHCTPYKTHBTIK JKyHenepi Oo#bIHIIA  KIKTEeNIi.
Tanmam anplHFaH JKep CUIKiHICI CIIEHApWAl HETI31HAE CEUCMHKAIBIK 9Cep €Ty
rnmapameTpiiepl €cemTeNil, OpTYypii KYPBUIBIMIBIK THOTETI FUMaparrap YIIiH
KYTUJIETIH 3aKbIMIaHy JIeHIreiepl Oaranan/ibl. AJIBIHFAH HOTHXKEJIEP HEri3iHje
CEeHCMUKANBIK KAYINTUIri >KOFaphl aylaHJap aHBIKTAIBIN, FHUMapaTTapablH
ocall TYCTapbl XKy#elni Typae Tannanasl. Tangay HOTHKeIepl 00JbIC ayiaHapbl
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OOWBIHINIA CEHCMUKAINBIK TOyeKelNl JICHIeHiHIH alTapibIKTall epeKIelIcHeTIHIH
kopcerTi. CoOHBIMEH Karap OYHipiik OepiKTiri »KeTKiTIKCi3, eCKipreH >KoHe a3
Ka0aTThl FUMapaTTap/bIH dcipece ocal eKeHIIr1 aHbIKTanasl. Kelbip aynanmap
CIICHAPHIUTIK Kep CUIKIHICI JKaFJalbIlHAa eJIeyJl KYPBUIBIMIBIK 3aKbIMJIaHYy
BIKTUMAJIIBIFBl  JKOFAphl ayMakTap peTiHAe >KIKTendi. 3epTrey OaphIChIHIA
ANBIHFaH HOTIDKENEP CEMCMHKANBIK KayinTi aimakrapasl auddepeHiuanib
Typae Oaranayra MYMKIHIIK Oepeni »oHe CamapkaHj OOJIBICHI KaFJalbIHIa
OipiHIII Ke3eKTe HBIFAUTYABl KaXKET €TeTiH FUMapaT Typiepi MeH KayinTuTik
JICHT €1 )KOFaphl ayJaHap bl aHbIKTayFa HEeTi3 00J1a/bl. By ToCin celiCMUKaIIBIK
Kayinci3mikTi Kajda KYpPBUIBICBI MEH ayMakTBIK JKOCIapiiay YaepicTepiHe
KIpIKTIpYy, KOJIAHBICTAFbl CEWCMHKAIBIK TYPFBIIAH QJICI3 TYPFBIH YH KOPBIH
KE3CH-KE3CHIMCH HBIFAUTY JXOHE TOTCHINE JKarjaimapra MaWbIHIBIK JKYHECiH
KETUINIPY YIIIH MaHBI3/IbI FRUTBIMU-TIPAKTUKAIBIK HET13 KaIBITACTHIPAIbI.
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IIBIFBIH, TYPFBIH YIJIEp, MOIMETTEp 0a3achl
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AnHoTanus. Teppuropuss CamapkaHACKOW 00JIaCTH pacIioioXKeHa B CeM-
CMUYECKH aKTHUBHOW 30HE U XapaKTepU3yeTcs YA3BUMOCTHIO KHIUIITHOTO (poHIa
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C Pa3IMYHBIMU KOHCTPYKTHBHBIMH PEIICHUSMHU K CHIIBHBIM 3€MIICTPSICEHUSIM.
YckopeHue mporeccoB ypOaHu3aluu, yBeIHUeHHE J0IH yCTapeBIINX 3JIaHUH ¢
HU3KOH CEICMOCTONKOCTHIO, 8 TAK)KE HEPAaBHOMEPHOCTH KaueCTBa CTPOUTEILCTBA
Mo paiioHaM OO0JIACTH JOTIOJHHUTEIBHO YCHUIMBAIOT HEOOXOTUMOCTH HAYYHO
000CHOBAaHHOW OIICHKH CEHCMHUYECKOW OITAaCHOCTH B permoHe. JlaHHOE
HCCIIeIOBAaHUE HANPABJICHO Ha OINPEICICHUE YPOBHS CEUCMHUYECKON HArpys3Ku
Ha XWJIBIC 3JaHWs U BECJIMYWHBI BO3BMOXHOTO KOHCTPYKTUBHOI'O ymep6a MyTEM
pa3pabOTKH CLIEHAPHO MOJIEITH 3eMIIETPSICEHUS IS TeppuTOpr CamMapKaHICKOH
obmactu. B pamkax uccienoBanusi Obljla MpOBEACHA MHBEHTAPU3ALNS KHIIBIX
3manuit  CamapKaHICKOW 00JacTH, KOTOphIe OBUIM KIACCH(PHUIIUPOBAHEBI TI0
KOHCTPYKTUBHOMY THUIy, CTPOUTEIBHBIM MaTepuaiaM MU KOHCTPYKTHUBHBIM
cuctemaM. Ha ocHOBe BBRIOpaHHOTO CIIEHAPHS 3eMIIETPSICEHHUS OBUIH BBITTOJTHEHBI
pacyeTsl MmapaMeTpoB CEHCMUYECKOTO BO3JCWCTBHS W OIEHEHBI OKHJAEMBIC
YPOBHU NOBPEXKACHUN 31aHUM pa3IMYHBIX KOHCTPYKTUBHBIX TUIOB. Ilo
pesyibpTaTaM aHaiau3a ObUIH BBISIBICHBI PAHOHBI C BBICOKUM CEHCMHYECKHM
PHUCKOM M CHCTEMAaTUYECKU MPOAHAIM3UPOBAHLI YSI3BUMBIC CTOPOHBI 3JaHUM.
PesynbraThl McciieoBaHUS MMOKa3ajid, YTO CEHCMUYECKHUUA PUCK CYIIECTBEHHO
pasnuyaeTcs 1o paiioHaM 00JIaCTH, & TAKIKE BBISIBIIIH, UTO 3/IaHUS C HEIOCTATOYHOM
OOKOBOI )KECTKOCTHIO, YCTAPEBIIIUE U MaJOATAXKHBIC 3aHUS SBISIFOTCS Hanbosee
ys3BUMBIMH. HekoTopsle pailoHbI ObuTH KiIacCHU(DHIIMPOBAHBI KaK TEPPUTOPHH
C BBICOKOW BEPOSATHOCTBHIO 3HAYUTEIBHOTO KOHCTPYKTHBHOrO yiiepba B
YCIIOBHSIX CIIEHAPHBIX 3emueTpsiceHnid. KpoMe Toro, momydeHHBIE pe3yibTaThl
MO3BOJISIIOT ~ MPOBOJIUTh  PETHOHANbHYI  JAU(G(EPSHIIMPOBAHHYIO  OLEHKY
CeCMHUYECKOro pucCKa W CJIyKaT OCHOBOM /ISl ompejeseHUs] TUIIOB 3JaHUM,
TPeOYIOIUX TMPUOPUTETHOTO YCHIICHHUS, a TaKKe PAalOHOB C TOBBINICHHBIM
ypoBHEeM pucka B mnpenenax Camapkaniackoil oOmactu. IlpencraBieHHBII
moaxoa (OpPMHUPYET BXKHYIO HAYyYHO-TIPAKTHUECKYIO OCHOBY I WHTETpAllud
TpeOoBaHM celicCMUYEeCKOH 0e30MacHOCTH B MPOLECCHI IPaJOCTPOUTENLCTBA U
TEPPUTOPHAIBHOTO TUIAHHUPOBAHUS, MO3TAIMHOTO YKPETUICHHS CYIIECTBYIOIIETO
CEHCMUYECKH HEYyCTOWYUBOTO KWJIHMITHOTO (HOHIA M COBEPIICHCTBOBAHUS
CHCTEMBI ITIOATOTOBKH K qpeSBquaﬁHBIM CUTyauusim.

KuarwueBble ciioBa: celicMUUecKasi OMMacHOCTb, CEHCMUYECKOE BO3JIEUCTBUE,
ceficMuyeckas ya3BUMOCTb, CEHCMUYECKUN PHUCK, CI[EHApHOE 3eMIIETPsICEHHUE,
SKOHOMHYECKUH yIepO, )KUJIble 3Manus, 0a3a JaHHbIX

Introduction. According to official statistical data, as of October 1, 2024, the
permanent population of the Samarkand region reached 4,275.3 thousand people,
showing a growth of 66.8 thousand people (1.6%) compared to the start of the
year. The urban population constituted 36.6%, whereas 63.4% resided in rural
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settlements (Samarkand Regional Statistics Department, accessed October 28,
2024).

To develop aseismic risk map in the Samarkand region, Geographic Information
System (GIS)-based software tools were used to organize, systematize, and
evaluate the relevant data regional distribution of information on seismic risk,
the number of buildings and structures, the geographical location of residential
buildings, the seismic vulnerability coefficient of buildings and territories, the
cadastral value of buildings, etc (Artikov et al., 2022).

Strong seismic events in the region result from the interaction and deformation
of heterogeneous crustal blocks. Such earthquakes are typically concentrated
within elongated and relatively narrow zones associated with active fault
systems, which are particularly susceptible to intense tectonic movements. The
spatial distribution of these seismogenic structures, together with the regional
seismic regime and the characteristics of ground motion they generate, forms
the fundamental basis for seismic hazard assessment. Contemporary seismic
zoning maps delineate areas of expected seismic intensity, indicating levels that
are likely not to be exceeded within a probabilistic timeframe of 50-100 years
(Artikov et al., 2021).

Reliable identification of seismic hazard zones expected to exhibit activity
in the coming years requires an analysis based on the temporal, spatial, and
magnitude-related regularities governing seismic processes at the sources of the
strongest earthquakes. In this context, the interrelationship between the seismic
dynamic behavior of different active tectonic structures should be examined, with
due consideration given to their characteristic scales and geometrical dimensions
(Ibragimova et al., 2021; Zavyalov, 2006)

A comprehensive and integrated evaluation of all these parameters plays a
key role in regional socio-economic development, particularly in the context
of comparing the effectiveness of seismic risk mitigation measures across
different administrative territories (Riznichenko, 1992). The aim of this study
is to evaluate the potential economic losses by examining the seismic risk of
individual residential buildings in the event of strong earthquakes with a high
likelihood of occurrence at the regional scale.

Relevance. Globally, forecasting potential losses from strong earthquakes
in seismically active regions and mitigating their impacts are considered highly
important. Consequently, efforts are focused on assessing seismic risk through
comprehensive research, predicting it over specific timeframes, and implementing
measures to reduce earthquake-related consequences. Evaluating expected
economic losses from seismic events contributes to the socio-economic resilience
and sustainable development of countries exposed to high seismic hazards.
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Currently, forecasting potential losses and mitigating the impacts of strong
earthquakes at the regional level remain highly significant issues for the republic.
Seismic events, which substantially affect the development of districts and
cities in seismically active areas, are closely linked to the scale of economic
losses within these regions. Efforts are actively underway to assess seismic risk
through comprehensive studies and to provide timely forecasts, enabling the
implementation of effective measures to reduce earthquake-related consequences.

Materials and methods. Certain statistical patterns emerge in the spatial
and temporal distribution of successive strong earthquakes within seismically
active zones. An analysis was conducted on over 200 significant seismic events
with magnitudes of M > 4.8 recorded since 1900 (Artikov et al., 2021), it was
found that in 65% of cases, the time interval between two successive earthquakes
within the same seismically active zone does not exceed five years (Bisch et al.,
2021). Furthermore, time intervals of 610 years, 11-15 years, and 16-20 years
each represent roughly 10% of consecutive seismic events. The predominance
of short intervals (0—5 years) among successive earthquakes suggests that
seismic occurrences in active zones are temporally clustered rather than evenly
distributed, reflecting distinct periods of heightened seismic activity (Ibragimova
et al., 2021; Riznichenko, 1992; Zavyalov, 2006)

Subsequent investigations of the present seismological conditions in
seismically active zones were carried out through a comprehensive analysis of
forecasted seismic regime parameters. This approach allowed for characterizing
the dynamics of fault-source areas by approximating the timing of major fault-
generating processes. Particular focus was placed on 29 seismically active zones
with a documented history of strong earthquakes (Ibragimova et al., 2021; V.A.
Ismailov et al., 2024; Riznichenko, 1992)

As depicted on the map, from historical times to the present, the region has
experienced several earthquakes with magnitudes of M > 5.0, including events of
M > 6.0, predominantly in the eastern part of the study area. The majority of these
seismic events occurred during historical periods. One of the earliest documented
earthquakes took place near Samarkand in 1799, with a magnitude of M = 6.0.
Later significant earthquakes include the Oratepa events of 1897 in the South
Fergana seismogenic zone, with magnitudes of M = 6.6 and M = 6.7. A map
has been compiled to illustrate the epicenters of major and strong earthquakes
recorded over the past 150 years (Figure 1).
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Figure 1 - Map of Epicenters of Historically Recorded Strong Earthquakes
(T.U. Artikov, R.S. Ibragimov et al.)

Structurally, the region lies within the transitional zone between the Tien Shan
orogen and the Turanian platform. Strong earthquakes in this area are linked
to the ongoing geodynamic activity of the Zarafshan seismogenic zone, whose
seismic potential, based on seismotectonic data, is estimated to reach a maximum
magnitude of M. = 6.5 (Ibragimova et al., 2021)

In the southern part of the Samarkand region, two deep latitudinal fault
systems—the Southern Tien Shan and Hisor-Kokshal—exhibit very high seismic
potential, with a maximum estimated magnitude of Mu.x = 7.5. Earthquakes of M
> 7.0 have occurred repeatedly within these seismogenic zones. In the northern
part of the region, the North-Kulguktau-Turkiston, Kurshab, Zarafshan, South-
Auminzatav-Aktav, and Kyzylkum frontage seismogenic zones are located, each
with a considerable seismic potential estimated at Mmax = 6.5 (Ibragimova et al.,
2021)

Prior to the era of instrumental observations, the most significant seismic
events in the region were the 1490 earthquake with a magnitude of M = 5.8 and
the 1799 earthquake with a magnitude of M = 6.0, both of which occurred within
the Zarafshan seismogenic zone (Artikov et al., 2021).

In 1897, the South Fergana seismically active zone experienced two historical
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earthquakes in Ura-Tub, with magnitudes of M = 6.6 and M = 6.7. The most
powerful Karatau earthquakes, with a magnitude of M = 7.3, occurred in 1907
along the Hisar-Kukshaul fault system. During the early period of instrumental
observations, one of the notable events was the 1915 earthquake in the Zarafshan
seismically active zone, which registered a magnitude of M = 5.7. Between 1926
and 1928, moderate earthquakes occurred in the region, with the largest reaching
M = 5.4 (Artikov et al., 2021).

Recent seismic activity has been primarily linked to the North-Kuljuktov-
Turkestan seismogenic zone. Within this zone, the Marjonbulak earthquake of
2013 registered a magnitude of M = 6.1, followed by the Kitab earthquake of
2016 with M = 5.0. Additionally, in 2017, an earthquake with a magnitude of M
= 5.1 occurred near the village of Bakhmal (Ibragimova et al., 2021)

Results and discussions. Based on an analysis of comprehensive forecasting
parameters, a map depicting the areas expected to experience seismic activity
in the coming years has been prepared (Figure 2). To assess the current level of
seismic hazard from source zones, four gradations have been defined, determined
by the number of identified anomalous indicators. These gradations are referred
to as conditional areas:

-Low probability of earthquakes in the coming years: 0-3 forecast indicators
detected (yellow areas);

-Moderate probability of earthquakes: 4-5 forecast indicators detected (brown
areas);

-High probability of earthquakes: 6—7 forecast indicators detected (orange
areas);

-Very high probability of earthquakes: 8—11 forecast indicators detected (red
areas).

A synoptic forecasting methodology has been developed to identify areas
likely to experience seismic activity in the coming years. This approach considers
both the influence of local internal tectonic stresses within each seismically active
zone and the impact of external stresses generated by destructive earthquakes
occurring in the region.

Regions that have historically experienced strong earthquakes are considered
potentially hazardous within seismically active zones. Given their relatively
low variability over decades and centuries, the progression of seismotectonic
processes—including the current stress levels in these zones—was analyzed,
indicating that these areas are likely to experience significant seismic activity in
the coming decades.

Areas exhibiting current anomalies in various seismic regime parameters
have been identified. These seismically active zones were classified according
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to the number of detected anomalous indicators, enabling an estimation of the
likelihood of strong earthquake occurrence.

Regions in Uzbekistan expected to experience seismic activity have been
identified in the context of potential strong earthquakes in the Central Asian
region.

- Zarafsﬁan 3

D Not high  Areaswith different number of
; manifested prognostic signs
l High (according to data up to 2015)

[l very high

|:| Seismic active zones

Strong earthquakes epicenters (M>4,8)
were happened in 2016-2017 years

Figure 2 - Map of areas expected to experience seismic activity in the coming years based on
comprehensive seismic regime forecast parameters (T.U. Artikov, R.S. Ibragimov et al.)

At present, Uzbekistan has seven regions classified as having a very high
probability of experiencing a strong earthquake, and six regions with a high
probability. Of these, twelve are situated in Eastern Uzbekistan, while one is
located in Central Uzbekistan (Ibragimova et al., 2021)

The high-probability seismic hazard zone in Central Uzbekistan is subdivided
into two areas of seismic activity within the Samarkand region. Seismic events in
this zone are expected to reach a minimum magnitude of M = 5 (Artikov et al.,
2022).

The scenario earthquake was selected using the «INTensity MAP v3.0»
software. This program, version «INTensity MAP v3.02», was developed by
specialists at the Institute of Seismology of the Academy of Sciences of the
Republic of Uzbekistan for seismic hazard assessment (DGU 09237). Its primary
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purpose is to evaluate the seismic impact based on specified earthquake parameters
under average ground conditions.

Methodological Approaches to Seismic Risk Assessment. Seismic risk is
typically evaluated using two primary approaches: deterministic and probabilistic.

Seismic impact. The proposed research methodology focuses on evaluating
and analyzing seismic risk using probabilistic approaches. The probabilistic
method estimates the likelihood of seismic effects at a site arising from various
seismic sources. In probabilistic assessments of seismic impacts on structures
and buildings, three main factors are considered: the intensity of the impact, the
spectral characteristics of ground vibrations, and the probability that the calculated
values will be exceeded within a specified time period (Ismailov et al., 2024;
RADIUS, 2000)When evaluating the impact force, parameters such as ground
vibration intensity (expressed in terms of acceleration, velocity, or displacement)
and the attenuation characteristics of seismic waves for the specific area are taken
into account.

Three main seismic zones affecting residential buildings in the territory of the
Samarkand region are distinguished. They are divided into the South Fergana,
South Uzbekistan, and Bukhara-Gazli seismogenic zones. The seismic activity of
these zones is M=5.5; Magnitude M=6.5 and M=7.5. When assessing the activity
of these seismogenic zones, the following main criteria are used: assessment of
active faults and the occurrence of historical earthquakes in these faults.

Taking these aspects into account, in the 1st scenario, the seismogenic zone of
South Fergana and South Uzbekistan, in the 2nd scenario, the seismic activity of
the junction of the seismogenic zones of South Uzbekistan and Bukhara-Gazli,
the presence of earth fissures, and the frequent occurrence of earthquakes in this
area are considered to be the most active. Therefore, the structure of fault place-
ment at the junctions of seismogenic zones is considered very complex; at such a
time, the probability of causing a strong earthquake increases, which leads to an
increase in the activity of the adjacent seismogenic zone.

Based on the probabilistic approach, two earthquake scenarios are illustrated
in the map shown in Figure 3. The main seismic hazard is divided into two zones:
the North-Eastern part of the study area is considered to have no seismic hazard,
while the South-Eastern part is identified as a seismic hazard zone (Yodgorov et
al., 2025). Using the «INTensity MAP v3.0» program, two earthquake scenarios
were selected and evaluated based on the parameters shown in Figure 3.
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1-scenario (x=67.18, y=39.96, M=6, h=5km) 2-scenario (x=66.45, y=39.40, M=7, h=15km)
Figure 3 - Schematic map of earthquakes with scenario estimation of earthquake intensity

The main task of the program is to calculate the intensity of seismic impact
in accordance with the average ground conditions based on the parameters of
the given seismic source - magnitude, location of the epicenter, focal depth,
and propagation characteristics. At the same time, the program allows, during
the modeling process, to generate intensity maps, taking into account local
seismotectonic conditions, energy dissipation, and the factors of formation
intensification.

As aresult, the use of the «INTensity MAP» program serves to form a reliable
initial database for scientifically based selection of a scenario earthquake,
assessment of the strength of the predicted seismic impact in the spatial distribution
of the territory and subsequent analysis - risk modeling, damage forecasting, and
planning of sustainability measures (Yodgorov et al., 2025).

Seismic Vulnerability. Seismic vulnerability refers to the ratio of the expected
cost to restore structures that can withstand a destructive seismic event of a given
intensity, compared to their initial value. Vulnerability ranges from 0 (no damage)
to 1.0 (irreparable damage). By knowing the current value of a structure, the
potential damage can be estimated. The relationship between vulnerability and
seismic impact (e.g., in intensity points) is known as the vulnerability function.
Vulnerability functions form a critical functional basis for assessing regional
seismic losses.

A vulnerability function represents a relationship used to predict the statistics
(such as the mean or standard deviation) of the distribution of seismic losses. It
predicts how much damage a structure (e.g., a residential building or a bridge)
will suffer under the probability of a seismic event (Vakhitkhan Alikhanovich
Ismailov et al., 2024b, 2024a)
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Vulnerability functions (Figure 4) for structural building types identified
within the territory of the Republic of Uzbekistan were developed using the
GESI_Program software. This computer program assesses structural damage
during specified seismic events. The software was developed between 1999 and
2001 as part of the United Nations Global Earthquake Safety Initiative pilot
project (RADIUS, 2000; Tyagunov et al., 2012).

The primary data used to develop the program were collected in 1998-1999
as part of the international project «Risk Assessment Tools for Diagnosis of
Urban Areas Against Seismic Disasters», implemented by the UN-IDNDR. The
vulnerability function used for seismic risk assessment was created through
research studies conducted in cities such as Addis Ababa (Ethiopia), Antofagasta
(Chile), Bandung (Indonesia), Guayaquil (Ecuador), Zigong (China), Izmir
(Turkey), Skopje (Macedonia), Tashkent (Uzbekistan), and Tijuana (Mexico).
The results of this scientific study were used in an experiment in which the
same building materials were utilized in each city. The findings revealed that
the vulnerability index for the city of Tashkent did not exceed 10% of the total
indicator (RADIUS, 2000).

In addition to vulnerability functions, boundary conditions for damage—
characterized by the total direct costs of restoring buildings to their original
state—were also presented. Furthermore, the relationship between the maximum
ground acceleration (PGA) and intensity (on the MSK-64 macroseismic scale)
was calculated using the equation: /max=0.41/—0.755+0.08 (Aktamov et al.,
2025; Khusomiddinov et al., 2025).
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Figure 4 - Vulnerability function for buildings using different types of construction materials
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Buildings built using local materials (“guvalak”, “pakhsa” and “raw brick™);
buildings built of fired bricks; wooden (shallow, fine) residential buildings;
reinforced concrete (panel, large-panel, monolithic and reinforced concrete)
buildings; buildings with a metal frame or diaphragm (joint) frame are included
in various types of buildings (Alkaz et al., 2012; Paikun et al., 2022).

It should be noted that the average vulnerability of buildings and structures
is calculated based on the determined seismic vulnerability values for buildings
subjected to seismic impacts. The seismic vulnerability of buildings and struc-
tures is assessed according to the following methodology (Tyagunov et al., 2012).

SN, MR,
MVR ==

>,
i=1

In this context, MVR represents the vulnerability index of buildings and
structures, with its value corresponding to the average for buildings of the
selected type. N denotes the number of buildings of the same type subjected to
seismic impacts. The (MVR) indicator allows for a quantitative comparison of
the seismic vulnerability of buildings and structures across districts and cities,
and it plays an important functional role in relative assessments (Lingeshwaran et
al., 2021; Luo et al., 2020; Wang and Pan, 2020; Yamakawa et al., 2019)

Classification by type of building materials. One of the most important
stages of seismic risk assessment is the classification of buildings according to
the degree of their reaction to a given seismic impact. According to cadastral
data, residential buildings erected in the Samarkand region are divided into the
following types of building materials:

- buildings built using local materials (type A guvalak, pakhsa and raw brick)
without anti-seismic measures;

- buildings built of fired brick (type B);

- wooden (panel, thin, double-thin) residential buildings (type V);

- concrete (panel, large-panel, monolithic and reinforced concrete) residential
buildings (type C);

- metal-framed (iron beams, heavy-duty connections) residential buildings
(type D).

According to cadastral data, 3 types of building materials were used in the
construction of residential buildings in the Samarkand region (Table 1).

In the Samarkand region, residential buildings constructed using local building
materials represent a higher proportion compared to multi-storey buildings. These
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locally constructed buildings are most widespread, particularly in rural areas,
including settlements, towns, and districts.

Table 1. Distribution of the regional housing stock by type

Area Reinforced concrete Fired brick Local clay materials

499 24475 594173

Samarkand region

According to the Cadastral agency, there are 594,173 buildings built using
local building materials in the Samarkand region; 24,475 buildings made of fired
bricks; 499 concrete (panel, large-panel, monolithic and reinforced concrete)
buildings.

Residential buildings located in the region were divided by type and
systematically analyzed. This data was used as an important primary source in
assessing seismic risk. Information is provided on the distribution of residential
buildings with different seismic effects by type of building materials depending
on their territorial location (areas with different seismic effects) (Table 2).

Table 2. Distribution of residential buildings and building materials by type in areas with
different seismic effects in a scenario earthquake.

Structural types of buildings Toal Seismic impact in
Reinforced concrete | Fired brick | Local clay materials points (MSK-64)
36 7828 245201 253065 6
454 13949 267926 282329
9 2698 81046 83753 8

In this research work, we focused on one, but the most important element
of risk - the average damage to buildings under a given seismic impact. It is
this element of seismic risk that directly affects economic damage and threatens
human health or life (Table 3). Due to the location of various seismogenic zones
in the territory of Samarkand region and adjacent areas and the high probability
of occurrence of strong earthquakes with an intensity of 6, 7, 8 and 9 points, we
assessed the seismic risk under the influence of earthquakes with an intensity of
6, 7 and 8 points.
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Table 3. Economic damage caused by various seismic impacts in the districts of the Samarkand

region
Number . . . Reinforced
Fired brick Local clay materials New
Districts of concrete .
o risk
buildings | ¢ 7 8 6 7 8 |6 78
Akdarya 34718 459 | 1023 19041 | 11503 1 217,843
Bulungurian 38480 419 35554 | 11 1 313,831
Jomboy 37966 1008 35631 362,698
Ishtikhan 50680 321 43018 4 182,132
Kattakurgan
city 14036 | 3979 9903 9 48,910
Kattakurgan 60747 | 1632 53072 4 197,455
Koshrabad 21208 119 20886 2 65,561
Narpay 38031 82 36464 9 103,254
Nurabad 25053 308 | 33 19037 | 5486 3 124,976
Payaryk 57856 837 | 410 34001 | 13317 3 263,960
Pastdargom 69283 90 | 869 9690 | 51165 119 327,779
Pakhtachi 90 1 89 0,276
Samarkand
city 53180 5496 47492 89 647,953
Samarkand 52900 2935 46009 353 556,027
Taylak 41644 1745 | 1661 20333 | 12888 2 535,200
Urgut 73955 11 {1037 1436 | 68147 9 |1865,041

Using the collected database, the cadastral value of residential buildings in the
study area is an important practical aspect for the development of seismic risk
maps of residential buildings in the regions, as well as for the implementation of

policies to increase the seismic resistance of residential buildings at the regional

level, increase seismic safety, and prepare for catastrophic earthquakes. Economic
seismic risk map of the Samarkand region assessed for a scenario earthquake

(Figure 5).
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To assess seismic risk at the administrative-territorial level, it is necessary to
account for the distribution of the housing stock across all administrative districts,
considering zones of varying seismic intensity.

Using cadastral data, a total of 658,300 residential buildings in the region
were examined.

The analysis showed that a significant proportion of buildings in the region
are constructed from local clay-based materials. For instance, under Scenario 1,
structures made from locally produced raw brick (pakhsa) comprise 96% of all
residential buildings. Consequently, the majority of primary damage indicators
are associated with buildings that are seismically vulnerable due to their clay
construction.

To evaluate the potential damage to these vulnerable structures within the
study area, economic losses were estimated at the district level.

In this assessment, the estimated seismic risk translates into economic losses
of 2.326 trillion sums in Payariq district and Samarkand city; 1.208 trillion sums
in Jomboy and Samarkand districts; 6.883 trillion sums in Bulungur and Taylok
districts; and 4.693 trillion sums in the districts of Aqdaryo, Bulungur, Qoshrobod,
Pasdarg‘om, Pakhtachi, Nurobod, Narpay, Ishtikhon, and Kattakurgan.

Based on the Scenario 2 map, the seismic risk assessment results indicate the
following potential economic losses: 3.068 trillion sums in Urgut district and
Samarkand city; 1.091 trillion sums in Taylok and Samarkand districts; 1.486
trillion sums in Bulungur, Jomboy, Poyariq, Aqdaryo, and Pasdarg‘om districts;
65.837 billion sums in Pakhtachi and Qoshrobod districts; and 607.817 billion
sums in Nurobod, Narpay, Ishtikhon, and Kattakurgan districts.

This map was created to quantify direct economic losses from strong
earthquakes, taking into account the construction materials of all buildings and
structures in the Samarkand region.

Conclusion. As of October 1, 2024, the Samarkand region had 658,300 resi-
dential buildings, all of which were systematically analyzed using the electronic
database. Economic losses were estimated based on building construction mate-
rials, geographic coordinates, and actual cadastral values from the State Cadastre
Chamber, and corresponding maps were created according to seismic risk levels.
Under Scenario 1, for an earthquake at x = 67.18, y = 39.96, M = 6, h = 5 km,
the potential economic losses across the districts of the Samarkand region were
estimated at 4,691 billion sums. For Scenario 2, an earthquake at x = 66.45, y =
39.40, M =7, h =15 km, potential losses were projected at 6,319.4 billion sums.

The results of this study, which assessed the probable social and quantitative
impacts of direct losses from seismic events on different structural types of
residential buildings across all settlements in the Samarkand region, will serve
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as a foundation for planning potential socio-economic loss mitigation and for
developing scientific and practical programs aimed at reducing seismic risk.
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