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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 Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH 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 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 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).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Soil liquefaction is one of the most critical geotechnical
hazards in seismically active regions. During strong ground shaking, saturated
loose granular soils may experience a significant reduction in strength and
stiffness, potentially causing ground deformation and damage to foundations and
engineering structures. Therefore, reliable identification of liquefaction-prone
soil layers is essential for seismic hazard assessment, seismic microzonation, and
earthquake-resistant design. Objective. This study aims to assess the liquefaction
hazard of foundation soils under strong seismic loading by integrating Standard
Penetration Test (SPT) data with peak ground acceleration (PGA) parameters and
to identify potentially liquefiable soil layers within the investigated geological
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profiles. Methods. Liquefaction potential was evaluated using the factor of safety
(FS) approach based on the relationship between the cyclic stress ratio (CSR)
induced by earthquake loading and the cyclic resistance ratio (CRR) estimated from
corrected SPT blow counts. Field investigations and laboratory analyses were used
to characterize the lithological composition and engineering properties of the soils.
Groundwater conditions and PGA values representing expected seismic loading
were incorporated into the calculations. Soil layers with FS<1 were classified
as potentially susceptible to liquefaction. Results. The analysis revealed a clear
dependence of liquefaction resistance on soil composition, density, saturation
conditions, and seismic loading. Loose, poorly graded, water-saturated granular
soils showed the lowest FS values and the highest liquefaction susceptibility.
Potentially liquefiable intervals characterized by FS<1 were identified within the
investigated profiles. Their spatial distribution was represented on lithological
cross-sections, allowing hazardous layers and their depth intervals to be clearly
distinguished. Conclusions. The integrated use of corrected SPT parameters
and PGA provides a practical framework for evaluating soil liquefaction hazard
under strong seismic loading. The proposed approach enables the identification
and spatial characterization of liquefaction-prone layers and can support seismic
microzonation, foundation design, and engineering measures aimed at reducing
liquefaction-related seismic risk.

Keywords: Soil liquefaction, engineering geology, cyclic stress ratio (CSR),
peak ground acceleration (PGA), standard penetration test (SPT), factor of safety
(FS)
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AnHoTanusi. Ozexminici. TOMBIPAKTHIH CYHBITYBl CEHCMHKAIBIK OeICeH/I
aftMaKTapIarsl aca MaHbI3ABI TEOTEXHUKAIBIK KayiTepaiH 0ipi OOIBIT TaOBIIAIbI.
Kymri ceiicMukanbik TepOenmicTep Ke3iHIAE CyFa KaHBIKKaH OOpIbUIIAK
TYHIPIIIKTI TONBIPAKTAPABIH OEpIKTIri MEH KaTTBUIBIFBI €A9yip TeMeHIeyi
MYMKiH, Oy >xep OeTiHiH aedopManuscbiHa, ipreracTap MEH HHKEHEPIIK
KYPBUIBICTAPJIbIH  3aKbIMJaHYybIHa oKeNyl bIKTUMaJ. COHJBIKTaH CYHBLTyFa
OciiiM TomBIpaK KabaTTapelH CEHIMJI aHBIKTAy CEHCMHUKAIBIK KayinTi Oaraay,
CEeHCMUKAIBIK MUKPOAYTaHJACTBIPY JKOHE CefCcMHKara Te3iMji kobanay YIIiH
MaHb3ABl. Maxcamsi. 3epTTeyiH MaKcaThl CTAHIAPTTHl NEHETPAIUSIIBIK ChIHAK
(SPT) nepextepi MeH TonbIpak yaeyiHiH eH >xorapsl MoHi (PGA) mapamerpiepin
KeIICH/II TMaijjajiaHy apKbUIBl KYINTI CEHCMUKAJIBIK OCep JKarjaiiblHJa Heri3
TOTBIPAKTAPBIHBIH CYHWBUTy KayliH Oarajay »KOHE 3epTTEITeH T'eOJOTHSIBIK
KUMajaparsl CYMBIIyFa O€iiM TOWBIpaK KabaTTapelH aHBIKTAy. Oodicmepi.
TombIpakThIH CYHBUTY BIKTHMAJIBIFB Kayirncizmik kodhdunuenti (FS) merizinme
Oaranannbl. by Tocinze JKep CiNKiHiCi 9CEpiHeH TYBIHIANUTHIH UKIIIK KEPHEYIep
karbiHackl (CSR) ty3erinren SPT COKKbI caHbl OOWBIHINA aHBIKTAIFAH HUKIIIK
kenepri karbiHackiMeH (CRR) canbicThipbuinbl. Jlanasiblk KoHE 3epTXaHalbIK
3epTTeyJep apKbLIbl TOMBIPAKTAP/IBIH JTUTONOTHSIIBIK KYPaMbl MEH HHIKEHEPIIK
KacueTTepl aHbIKTaNabsl. Ecenreynepje >KepacTbl CYNapbIHBIH JKarnaibl KoHE
KYTIJEeTiH ceHCMUKaJIBIK ocepni cumartailTeiH PGA monmepi eckepinmmi. FS<1
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OoiFaH TOMBIpaK KadarTapbl CYHbLTyFa BIKTUMal KalaTTap peTiHAe KIKTENIi.
Homuowcenepi. Tanmay HoTHXKeNepl TOMBIPAKTHIH CYWBUTyFa TO3IMIINITT OHBIH
KYPaMbl, TBIFBI3/IBIFBI, CYFa KAHBIFY JKaFJaiiapbl KOHE CEUCMHUKANIBIK ocep
JICHTeiMEH ThIFbI3 0aliTaHBICThI EKEHIH KOPCETTI. BoprbuIIak, Halap CYphINTaIFaH
JKOHE CyFa KaHBIKKaH TYHIpIIikTi TombIipakTapaa FS MoHIepi eH ToMeH OObIIl,
OJIap/IbIH CYWBLTyFa OeHiMTLTIT] )KOFaphl eKEHI aHBIKTAJIBI. 3epTTEITeH KHMalap/a
FS<1 wmomiMeH cumarranmarblH CYHBIIyFa BIKTUMAJl apalibIKTap aHBIKTAJIbI.
OmnapaplH KEHICTIKTIK Tapaiybl JTUTOJOTHSUIBIK KAMajapia KepCeTilin, KayinTi
KabaTTap MEH ONapIblH OpHANAcy TEPEeHJIrH HAaKThl aXbIpaTyFa MYMKIHIIK
oepui. Kopvimuinowl. Tyserinren SPT napametpnepi men PGA monaepin kemenai
naiiiagany KyIITI CEHCMHKANBIK OCep Ke3iH/Ae TOMBIPAKTHIH CYHBLTY KaymiH
Oarasay/plH MPAKTUKAJIBIK TOCLII OOMNBIT TaObIaAbI. ¥ CHIHBUIFAH 9JIC CYHBIITyFa
OeifiM KabaTTap/pl aHBIKTAyFa )KOHE OJapIbIH KeHICTIKTIK TapajdyblH CHTIATTayFa
MYMKIHJIK Oepe/ii, COH/Iali-aK CeCMUKAIIBIK MUKPOAyIaHIaCThIPY, ipreTacTapisl
Kobanay JKoHEe CYHBUIYMEH OalaHBICTBI CEHCMHUKAIBIK KayilTi TOMEHIETYre
OaFbITTANIFaH WHKCHEPITIK Iapaiap/ibl HeTi3/Iey YIIiH KOJJaHbITYbl MYMKIH.
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kepHey KarbiHacel (CSR); makcumangsl tombipak yaeyi (PGA); cranmaprTh
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AHHOTAUA. AxmyanvHocmy. PazKmKeHHEe TPYHTOB SIBISETCS OJHOM U3
HanboJee 3HAYMMBIX T€OTEXHHYECKHX OTMACHOCTEH B CEMCMHUYECKH aKTHBHBIX
pationax. [Ipu CHIBHBIX CEHCMHUYECKHX KOJCOAHUSIX BOJOHACHINICHHBIC PHIXJIBIC
JUCIIEPCHBIE TPYHTBI MOT'YT CYLIECTBEHHO TEPSATh IMPOYHOCTh U KECTKOCTb, UTO
CIOCOOHO MPHUBOIUTH K JeOpMalUsiM TPYHTOBOTO OCHOBaHUS, MOBPEKICHHIO
(hyHIaMEHTOB U pa3pylIeHIIO HHKEHEPHBIX coopykeHul. [loaTomy mocroBepHOe
BBISIBJICHHE TPYHTOBBIX CIIOEB, CKIIOHHBIX K Pa3KIKEHHIO, UMEET BA)KHOE 3HAaYeHNE
JUISL OLIEHKH CEHCMHMYECKON OMacHOCTH, CEHCMHYECKOr0 MHKPOpallOHUPOBaHUS
U CEHCMOCTOMKOTO MPOEKTHPOBaHUA. [[enn. OIEHUTL OMACHOCTH Pa3KIKEHUS
IPYHTOB OCHOBaHHUS INPU CHUJIBHBIX CEMCMHYECKHMX BO3JIEHCTBUSAX Ha OCHOBE
KOMIUIEKCHOTO ~ MCIOJIb30BAHUSI JAHHBIX CTAaHAAPTHOTO MEHETPAMOHHOTO
ucneitTanug (SPT) u 3HaueHnit muxoBoro yckopenusi rpyHta (PGA), a taxke
BBISIBUTh MOTEHLMAIBHO PazKUKAEMbIE CIOM B HCCIEIYEMBIX I'€OJOTHYECKHUX
paspesax. Memoowi. IloTeHnMan pazKKeHUs OICHUBAJICA C HMCIOIH30BAHUEM
ko3 punuentadesonacnocTu (FS), onpenensieMoro kak OTHOIIEHUE IUKINIECKOTO
conporunenus rpyHta (CRR) x orHomenuto muknndeckux HanpspkeHuit (CSR),
BO3HHUKAIOIINX IIPU ceiicMuyeckoM Bo3aeiicTBuu. 3HaueHne CRR paccuuteiBanoch
Ha OCHOBe CKoppekTupoBaHHOTO uncia yaapoB SPT. [ToneBeie u mabopaTopHbie
WCCIIEIOBAHMS TPOBOAMIINCEH IS ONpPEAENeHUs] JINTOJIOTHYECKOTO COCTaBa W
MHKEHEPHO-TEOJIOTMUECKNX CBOMCTB TpyHTOB. Ilpm pacuérax ydHTBHIBAIUCH
yCIIOBHA 3ajieTaHus TOA3EMHBIX BOoA W 3HadeHWs PGA, xapaxTepusyromime
0KU/1aeMbIil ypOBeHb celicMuueckoro Bo3zaencTBusd. Ciaou rpyHTa co 3HaU€HUEM
FS < 1 xnaccudummpoBanich Kak MOTEHIINATHHO TOABEPKEHHBIE PA3KHIKEHHUIO.
Pesynomamul. Ananu3 mokasan YETKYI0 3aBHUCHMOCTb CONPOTHUBIISIEMOCTH
IPYHTOB DPa3KMKEHHIO OT MX COCTaBa, IUIOTHOCTH, CTENEHU BOJOHACHIILEHUS
U YPOBHS CEMCMHUUYECKOTO BO3JEHUCTBHUA. PBIXJbIE, MJIOXO OTCOPTUPOBAHHBIE U
BOJIOHACBILICHHBIC TUCTIEPCHBIC TPYHTHI XapaKTEPU30BAINCH Hanboiee HU3KUMU
3HaYeHUAMHU F'S ¥ NOBBIILIEHHON CKIIOHHOCTBIO K Pa3KMKEHUIO. B 1ccie10BaHHbIX
paspesax BbISBIECHbI NOTEHIIMAIBHO pa3kuKaeMble MHTEpBaJIbI cO 3HauYeHueM FS
< 1. X npocTpaHCTBEHHOE pacIpeneiicHue MPEACTABICHO Ha JUTOJIOTUYECKUX
paspes3ax, 4TO TO3BOJIMJIO HAISHO OIPENENUTh OMAacHble CIOM U TIIyOWHBI
ux 3aneranus. Bwuisoovl. KomIiekCHOE HCIONIB30BaHHE CKOPPEKTUPOBAHHBIX
mapametpoB SPT u 3nadenuit PGA mpencraBiser co00M MPaKTHUSCKUH TTOIXO.
K OLIEHKE ONAacHOCTH pa3kKIKEHUS TPYHTOB MpPH CHIJIBHBIX CEHCMHMUYECKHX
Bo3nercTBUsX. [IpennaraeMblil MOAX0 MO3BOJISIET BBISIBISTH U IPOCTPAHCTBEHHO
XapaKTepH30BaTh CJOW, CKIOHHBIE K PaKMKEHHIO, M MOXKET MPUMEHSATHCS
MpU  CEHCMUYECKOM MHKPOPaOHUPOBAHUM, IPOSKTUPOBAHUU (PYHIAMEHTOB
U pa3paboTKe WHKXEHEPHBIX MEPOIPHUATHH, HAMpaBICHHBIX Ha CHIDKEHHE
CEHCMUYECKOTO PHCKa, 00YCIOBICHHOTO Pa3KUKEHUEM IPYHTOB.

KuarwueBble ciaoBa: pa3xuKeHUE T[PYHTOB, MH)KEHEpHAas TIeEOJIOrus,
HUKJIHYeCcKoe oTHOlIeHUe Hanpspkennit (CSR), MakcuManbHOE YCKOPEHHUE TPYHTA
(PGA), cranmaprHoe meHeTrpanuoHHoe ucnbiTanue SPT, xoadduuuent 3amaca
ycrorunBoctH (FS)
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Introduction. At present, particular attention is being paid in our country to
the construction of high-quality and safe buildings and structures. Especially in
regions characterized by high seismic activity, the issue of earthquake-resistant
construction is of critical importance not only for ensuring public safety but also
for preventing potential economic and social losses (Ismailov et al., 2025-a).
Ensuring the seismic stability of buildings and structures requires a comprehensive
consideration of regional seismic hazard factors as well as the engineering-
geological characteristics of foundation soils (Ismailov et al., 2025-b: Andrus et
al., 2000).

Historical sources and modern observations indicate that the damage caused
by strong earthquakes manifests not only in engineering structures but also in
various forms of deformation of the ground surface (Avazov et al., 2026). Among
these adverse processes, one of the most hazardous is soil liquefaction induced by
seismic loading. Soil liquefaction primarily occurs in water-saturated, fine-grained
sandy layers and is characterized by a sharp reduction in effective stress and a
loss of soil strength properties. As a result, the stability of building and structure
foundations is placed under serious threat (Moss et al., 20006).

In regions experiencing rapid urbanization and high levels of seismic hazard,
the assessment of soil liquefaction potential is of particular scientific and practical
significance. Therefore, evaluating the response of foundation soils to seismic
loading in specific areas, as well as conducting a detailed analysis of their physical-
mechanical and hydrogeological properties, constitutes a pressing scientific task
(Ishihara, 1993; Cetin et al., 2004).

The main objective of this study is to assess the susceptibility of foundation
soils to liquefaction under strong seismic loading for a residential building
planned for construction in the city of Termez. To achieve this objective, the
following key tasks were defined: investigation of the engineering-geological and
hydrogeological conditions of the study area; determination of the lithological
composition and physical-mechanical properties of the soils; evaluation of the
seismic resistance of soils based on the results of in situ Standard Penetration
Tests (SPT); and identification of liquefaction hazard under strong earthquake
conditions.

The methodological framework of the study is based on the soil liquefaction
assessment approach proposed by Seed and Idriss (Seed et al., 1971). In this
method, liquefaction potential is determined based on the ratio between the cyclic
stress ratio (CSR) and the cyclic resistance ratio (CRR) representing the soil’s
resistance to external loading (Boulanger et al., 2014). In addition, a magnitude
scaling factor (MSF) accounting for earthquake magnitude was applied, allowing
empirical adjustment of the assessment results for different seismic conditions.
The results of in situ SPT tests were adopted as the primary source of input data
for the calculations.

The conducted investigations revealed that water-saturated sandy layers exhibit
a high susceptibility to liquefaction under strong seismic loading. This condition
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may lead to hazardous engineering-geological consequences, such as foundation
settlement, differential deformations, and a reduction in the structural stability of
buildings and structures. The results of the study scientifically substantiate the
necessity of considering seismic hazard factors in the justification of construction
projects within the territory of Termez city and are of significant scientific and
practical importance for improving seismic microzonation efforts.

Materials and research methods. The susceptibility of soils to liquefaction
under seismic loading is based on an integrated analysis of regional engineering-
geological conditions, hydrogeological factors, and seismological parameters
(Youd et al., 2001). The study utilized engineering-geological materials for the
area, including previously conducted field observations, drilling works, Standard
Penetration Test (SPT) results, and laboratory test data. Below, the engineering-
geological conditions of the area, the structure of the geological cross-section, and
the properties of soil layers are described in detail.

Engineering-Geological Conditions. The engineering-geological conditions
of the study area were investigated based on data from exploratory boreholes.
The boreholes were drilled to a depth of 50 m to determine the lithological
composition of soils, their physical-mechanical properties, and the groundwater
table. According to the obtained data, the geological profile of the site exhibits a
complex layered structure. The upper part of the cross-section comprises a fill layer
extending from 0 to 1.3 m depth. This layer contains construction and domestic
waste, characterized by disturbed structure and heterogeneous density. Between
1 and 4 m depth, light brown loess and loam soils occur. These layers exhibit
stiff-plastic strength and are located above the groundwater table. At depths of
3-7.5 m, loess, loam, and fine-grained sands alternate with some silt layers. As
these layers are situated within the saturated zone, they are partially moist and
exhibit variability in their physical-mechanical properties. Between 7.3 and 50 m
depth, sand soils of various grain sizes (fine to medium) are present. The sands are
grayish-brown, water-saturated, and have medium density. Thin silt layers occur
in some intervals within the sand strata.

In water-saturated sandy soils, seismic shaking induces cyclic loading that
leads to a sharp increase in pore water pressure. This phenomenon reduces the
effective stress of the soil skeleton and significantly decreases shear resistance and
strength parameters. As a result, soil layer stability is compromised, increasing
the likelihood of engineering-geological hazards such as foundation settlement,
differential deformations, tilting, or leaning of structures (Marcuson, 1978).

Hydrogeological Conditions. Groundwater in the study area is located in
Quaternary deposits and is widespread across the region. Aquifers consist primarily
of fine- to medium-grained light gray sands, containing gravel and compacted
silts. Seasonal fluctuations of the groundwater table are observed. During summer
and autumn, the water level rises, while the minimum level is typically recorded
in February (sometimes in December or March), and the maximum rise occurs
between July and September. The long-term average amplitude of water table
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fluctuations is 1.0-1.5 m. During field observations conducted in March 2025, the
groundwater table was found at a depth of 4-4.8 m. During the period of maximum
rise, the water table is expected to increase by 1.5 m, reaching 2.5-3.3 m below
the surface.

Seismic Conditions and Design Seismic Parameters. The seismicity of the area
is closely associated with tectonically active zones in southern Uzbekistan and
neighboring Afghanistan. In this study, the seismic activity and potential hazard
of the major seismogenic zones near the construction site were analyzed. The
Gissaro-Kokshal seismogenic zone in the northern part of the region exhibits high
seismicity, with historical Karategin earthquakes (1907, M=7.3-7.4) producing
ground shaking of up to 7 points on the MSK-64 scale in the project area. For
the Baysun-Kuhitang and Surkhontog-Sherobod-Kelif seismically active zones
in the northwest direction, a maximum magnitude of M_ =6.5 is estimated,
generating seismic effects of up to 5 points in the project area. For the Bobotog-
Kuhitang seismogenic zone in the eastern part of the site, M_  values of 6.0-
6.5 were determined. On November 3, 2025, an earthquake of M =6.9 occurred
approximately 90 km southwest of Termez city, in Afghanistan. This seismic
event significantly affected local settlements, including residential buildings
and ordinary structures, with observed shaking. The earthquake-induced ground
motion was assessed at 6 points on the MSK-64 scale, indicating a potential hazard
level for foundations and low-rise residential buildings. These data serve as a basis
for assessing the seismic hazard of the project area and for defining earthquake-
resistant construction measures (Yodgorov et al., 2025).

According to the MSK-64 scale, the Termez city area belongs to a seismic zone
with I = 7 points and corresponds to Category II soil conditions. Based on these
seismic conditions, the maximum peak ground acceleration (PGA) for the study
area was adopted in the range of 0.20-0.25g (Chen et al., 2009). These PGA values
were used as the main seismic parameter for assessing the susceptibility of soils
to liquefaction under seismic loading. In particular, the seismic stability of soils
was evaluated in conjunction with Standard Penetration Test (SPT) data, and the
factor of safety (FS) was determined. Corresponding to the adopted PGA values,
synthetic accelerograms representing the temporal variation of seismic effects are
presented below (Kayen et al., 2013; Khayriddinov et al., 2026) (Figures 1 and 2).

Synthetic accelerogram [PGA 0.25g]
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Figure 1. Synthetic accelerogram (PGA=0.20g).
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Figure 2. Synthetic accelerogram (PGA=0.25g).

At the same time, synthetic accelerograms play a crucial role in evaluating
the response of building structures to seismic loading, performing dynamic
calculations, and ensuring the seismic stability of constructions. They allow the
expected seismic loads on the designed buildings and structures to be approximated
as closely as possible to real conditions. In the design of residential and socially
significant facilities planned in Termez city, the use of seismic hazard parameters
based on synthetic accelerograms is of considerable scientific and practical
importance, enabling the justification of effective seismic safety measures.

Standard Penetration Test (SPT). Based on the results of engineering-geological
investigations, the boundaries, lithological composition, and physical-mechanical
properties of potentially liquefiable soil layers were evaluated. In this assessment,
in situ Standard Penetration Test (SPT) results served as the primary data source
(Figure 3). These test results provide essential information for determining the
density, strength, and stability of soils under seismic shaking.

N

Standard Penetration Test (SPT) equipment
and testing procedure

Figure 3. Standard penetration test (SPT) field investigations.
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The results of in situ Standard Penetration Tests (SPT) conducted in exploratory
boreholes serve as the primary parameter for assessing the stiffness of soil layers
and their resistance to cyclic loading within the study area (Table 1).

Table 1. Table of In Situ Standard Penetration Test (SPT) Results from Exploratory Boreholes.

SPT-test (S, T,, T,) Conditional )
N Penetration Number |  dynamic Vertical stress
- interval, m S, | T, | T, | ofblows resistance,
150 mm P, o,kPa | o . kPa

1 1.5-1.95 3 4 5 9 0.9 29 29

2 3.0-3.45 4 6 8 14 1.4 57 45

3 4.5-4.95 2 3 4 7 0.7 85 59

4 6.0-6.45 4 5 6 11 1.1 114 73

5 7.5-7.95 6 7 9 16 1.6 143 87

6 9.0-9.45 5 4 6 10 1.0 171 100
7 10.5-10.95 4 5 7 12 1.2 200 114
8 12.0-12.45 7 8 9 17 1.7 228 128
9 13.5-13.95 10 11 13 24 2.4 256 142
10 15.0-15.45 12 13 14 27 2.7 285 156
11 16.5-16.95 13 15 17 32 3.2 313 169
12 18.0-18.45 15 17 19 36 3.6 342 183
13 19.5-19.95 11 13 16 29 2.9 370 197
14 21.0-21.45 14 15 18 32 32 399 211
15 22.5-22.95 13 16 19 35 3.5 428 224
16 24.0-24.45 16 18 20 38 3.8 456 238
17 25.5-25.95 19 20 22 42 4.2 485 252
18 27.0-27.45 20 21 24 44 4.4 513 266
19 28.5-28.95 17 19 21 40 4.0 542 280
20 30.0-30.45 21 22 24 46 4.6 570 293
21 31.5-31.95 23 24 26 50 5.0 599 307
22 33.0-33.45 21 22 23 45 4.5 627 321
23 34.5-34.95 22 24 25 49 4.9 656 335
24 36.0-36.45 24 26 28 54 5.4 684 349
25 37.5-37.95 21 23 25 48 4.8 713 362
26 39.0-39.45 22 24 27 51 5.1 741 376
27 40.5-40.95 25 27 29 56 5.6 770 390
28 42.0-42.45 26 28 30 58 5.8 798 404
29 43.5-43.95 25 29 31 60 6.0 827 417
30 45.0-45.45 27 31 32 63 6.3 855 431
31 46.5-46.95 29 33 34 67 6.7 884 445
32 48.0-48.45 28 30 32 62 6.2 912 459
33 49.5-49.95 31 33 35 68 6.8 941 473

For each sounding interval (depth range, m), the penetrator is driven to a
depth of 150 mm, and the number of blows in three series is recorded (S, - result
of the first series of blows; T, T, - results of the subsequent two series). Based
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on the number of blows, the conditional dynamic resistance of the layers (P,) is
determined, which represents the soil’s resistance to cyclic loading and seismic
effects. The Pd value serves as a primary parameter for evaluating the stiffness and
stability of soil layers, as well as for calculating the factor of safety (FS) under
seismic loading.

Liquefaction Analysis Methodology

The liquefaction analysis was performed using the approach proposed by Seed
and Idriss (Seed et al., 1971). The methodology included the following steps:

* Determination of the maximum shear stress (t__ ) and the stress reduction
coefficient (7).

. amax . ,,.d — (Tmax )d

g (7 e )

* Calculation of the cyclic stress ratio (CSR).

CSR=0.65-Zv . Gumx .}
o, g

* Application of the magnitude scaling factor (MSF) to adjust the soil’s cyclic
resistance (CRR) to the conditions of the study area.

CRR,, =CRR,, , . - MSF

* Calculation of the factor of safety against liquefaction (FSliq) and assessment
of the liquefaction hazard based on the results.

CRR

FS,,=——
CSR

FS., is an engineering parameter that directly reflects the liquefaction hazard.
It is determined based on the cyclic resistance ratio (CRR) obtained from SPT
tests and the cyclic stress ratio (CSR) calculated from seismic loading. In the
assessment of liquefaction potential, in situ SPT data serve as the primary source
of information. The number of blows recorded during the SPT (N=T +T, values)
provides information on soil density and strength, and allows determination of
whether liquefaction is likely to occur under seismic loading (Robertson et al.,
1998).

From a practical perspective, an F S“qu indicates relative stability of the soil;
however, for engineering safety, values of 1.2-1.5 or higher are typically required.
Considering the historical earthquake data, the moderate seismic regime, and the
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flat terrain of the Termez city area, the liquefaction hazard in the study site was
assessed based on soil layers with F S =1 under seismic loading.

Results and analysis. The liquefaction hazard of soils at the study site
under seismic loading was assessed based on the results of field and laboratory
investigations, as well as regional seismic parameters. Standard Penetration Test
(SPT) results obtained from exploratory boreholes were systematically compiled,
and key parameters including the number of blows (N), conditional cyclic
resistance (P,), vertical stresses (o, cv(em), normalized SPT values (N, ), cyclic
resistance ratio (CRR), stress reduction coefficient (r,), and cyclic stress ratio
(CSR) were calculated for peak ground accelerations of 0.20g and 0.25g. Based on
these parameters, the factor of safety against liquefaction was determined for each
soil layer under seismic loading, allowing the stability of the soils to be evaluated
(Table 2).

Table 2. SPT-based parameters calculated for liquefaction potential analysis under seismic
loading (PGA=0.20g and 0.25g).

Peget—
N I;?e(f NP lzf;a lf(ff)(;m, Cy Neoes CRR,, "a gglgg l(j.SZOg Sil;g E.SZSg

val, m
1 }SS 9 10.9(29.325 |29.325 |1.700 | 15.300|0.163 {0.987|0.128 | 1.271 |0.160 | 1.017
2 325 14 |11.4 (57275 |45.258 |1.486 |20.810(0.226 |0.975|0.160 | 1.407 |0.201 |1.126
3 335 7 10.7 85775 |59.043 |1.301|9.110 |0.105 |0.964|0.182|0.579 |0.228 |0.463
4 225 11 |1.1(114.275(72.828 |1.172 |12.890 |0.140 | 0.952 |0.194 | 0.718 |0.243 [0.574
5 ;35 16 [ 1.6 | 142.775|86.613 |1.075|17.192{0.183 |0.941 (0.202 | 0.907 |0.252 |0.726
6 225 10 |1.0 [ 171.275|100.398 | 0.998 1 9.980 |0.113 |0.928 |0.206 | 0.549 |0.257 {0.439
7 :835 12 11.2(199.775 | 114.183 | 0.936 | 11.230 | 0.124 | 0.888 | 0.202 | 0.615 |0.252 {0.492
8 325 17 | 1.7 [228.275|127.968 | 0.884 | 15.028 | 0.160 | 0.848 |0.197 | 0.816 |0.246 |0.653
9 335 24 (2.4 1256.775 | 141.753 | 0.840 [20.158 |0.217 | 0.808 [0.190 | 1.143 |0.238 [0.915
10 };25 27 2.7 1285.275|155.538|0.802 |21.649 [0.237 |0.767 [0.183 | 1.295 |0.229 [ 1.036
11 1235 3213.2313.775|169.323 | 0.768 | 24.592|0.284 | 0.727 | 0.175 | 1.621 |0.219 | 1.297
12 }225 36 (3.6 342.275|183.108 | 0.739 | 26.604 | 0.328 | 0.687 | 0.167 | 1.962 | 0.209 | 1.570
13 }ggs 29 (2.9 1370.775 | 196.893 | 0.713 |20.667 | 0.224 | 0.647 [0.158 | 1.413 [0.198 | 1.130
14 ;}25 3313.2(399.275|210.678 | 0.689 |22.736 | 0.253 | 0.607 | 0.150 | 1.690 |0.187 | 1.352
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4.633
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0.404
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0.800
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0.052
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472.593

0.460
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0.800

0.200

0.052
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12.365

The obtained FS values were compared under peak ground accelerations

(PGA) of 0.20g and 0.25g. This comparison is of critical importance for defining
precautionary measures for surface layers, designing structures based on dynamic
calculations, and ensuring seismic stability.

In the next step, the FS (factor of safety) values determined from the calculations

were schematically illustrated in relation to the soil’s lithological profile. This
diagram clearly shows the lithological composition of each layer, the groundwater
table, and its seasonal fluctuation levels. Additionally, intervals where FS<I were
specifically highlighted, indicating soil layers that are susceptible to liquefaction
(Figure 4).
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Figure 4. Liquefaction zones of soils and variation of safety factor (FS) along the lithological
profile (PGA 0.20g and 0.25g).
Scale: Horizontal - 1:500, Vertical - 1:100.

Legend: 1) Fill soil - loam with disturbed structure containing construction
and domestic debris; 2) Loess-like loam, light brown in color, with consistency
ranging from hard to stiff-plastic, collapsible, occurring above the groundwater
table (GWT), 3) Loess-like loam with interlayers of sandy loam, light brown in
color, with consistency from semi-hard to soft-plastic, non-collapsible, occurring
below the GWT and within the capillary rise zone; 4) Heterogeneous sand, from
fine to medium-grained, grayish-brown in color, water-saturated, of medium
density, with thin interlayers of loam; 5) Groundwater level as of March 2025, 6)
Groundwater level at the calculated maximum; 7) Soil liqguefaction zone, 8) Safety
factor (FS) at PGA 0.20g, 9) Safety factor (FS) at PGA 0.25g
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This approach allows for a visual analysis of the stability of soil layers under
seismic loading. As a result, fine- to medium-grained saturated sand layers
were identified as the primary hazard source, being the most sensitive zones to
liquefaction under cyclic seismic loading. In contrast, compacted loess and silty
layers, as well as deeper dense sand layers, constitute relatively stable zones.

The combined analysis of the lithological-structural profile and FS values is of
significant practical importance for seismic hazard assessment, providing a basis
for identifying precise depth ranges of liquefaction-prone soils and guiding the
design of foundation structures.

Based on the engineering-geological data and calculated FS values, the
susceptibility of soils to liquefaction was divided into the following depth zones:

0-1.5 m and 1.5-3.5 m depth - stable zone: FS(0.20g) = 1.27-1.40, FS(0.25g) =
1.02-1.12. These layers consist of dense loess and stiff-plastic silty soils, showing
no significant liquefaction risk under seismic loading.

4.5-6.5 m depth - highly hazardous zone: FS(0.20g) = 0.57-0.72, FS(0.25g) =
0.46-0.57. This zone primarily comprises fine sand and partially saturated silty
soils, with a sharp decrease in resistance to seismic shaking.

7.5-12.0 m depth - moderately hazardous zone: FS(0.20g) = 0.61-0.91,
FS(0.25g) = 0.49-0.72. Sand layers are saturated, and some intervals may exhibit
reduced resistance.

Below 13.5 m depth - conditionally stable zone: FS(0.20g) = 1.14, FS(0.25g)
~ 0.91. Due to compaction, sand layers in this zone show minimal liquefaction
potential.

Seasonal fluctuations of the groundwater table may reduce FS values in the
upper layers. The most hazardous interval was identified at 4.5-6.5 m depth,
considered the primary zone negatively affecting foundation stability.

Conclusions. In this study, the susceptibility of foundation soils of a residential
building in Termez city to liquefaction under seismic loading was comprehensively
assessed. The results indicated that the stability of soil layers under seismic influence
is not uniform with depth and is strongly dependent on engineering-geological
conditions. In particular, fine- to medium-grained saturated sand layers exhibited
the most unfavorable engineering-geological conditions under seismic shaking
and were identified as the zones most sensitive to liquefaction. In contrast, high-
density loess and silty layers, as well as deeper dense sand layers, demonstrated
relatively stable behavior under seismic loading. Alongside the lithological
composition of the soils, seasonal fluctuations of the groundwater table were found
to significantly affect seismic stability, with rising groundwater levels potentially
increasing the risk of liquefaction in certain layers. The findings highlight the
importance of integrating engineering-geological data with seismic calculations
for reliable assessment of foundation soil stability. The study conclusions provide
a scientific basis for selecting engineering measures aimed at soil improvement,
reducing seismic risk, and accounting for seasonal variations in groundwater
during foundation design. Furthermore, the results can serve as a scientific and
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practical foundation for developing seismic safety measures for residential and
infrastructure facilities in Termez city and surrounding areas, as well as contribute
to the advancement of regional studies on soil liquefaction susceptibility.
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