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

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. The present study aims to assess the efficiency of engineering
preparation at the “Labzak Park City” construction site, located in Tashkent—a
region characterized by high seismic activity. The site features complex engineering-
geological and seismotectonic conditions, being situated within active fault zones
and historically exposed to earthquakes with intensities of up to 7-8 on the MSK-64
scale. The main objective of the study was to quantitatively evaluate the dynamic
response of the soil mass before and after the implementation of reinforced bored
piles. Numerical analysis was conducted using Plaxis 3D, a modern geotechnical
modeling program based on the finite element method (FEM). The computational
model comprised 10,468 finite elements and 24,231 nodes, ensuring a high level
of detail and reliability. An accelerogram from a real earthquake (magnitude M =
5.2), recorded near the study site in 2020, was used as the input seismic motion.
The modeling results demonstrated a substantial reduction in seismic impact
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parameters following engineering preparation of the foundation. Specifically, the
maximum acceleration at the key calculation node decreased by 41.53%, velocity
by 16.91%, and displacement by 11.29%. These findings indicate the high efficiency
of reinforced bored piles in damping seismic waves, particularly in loess-like,
subsidence-prone soils. The results support the feasibility and effectiveness of this
technology for enhancing the stability and reliability of foundations in seismically
active areas.

Keywords: seismic impact, seismicity, seismic intensity, acceleration, velocity,
displacement, peak acceleration of soil

Acknowledgment, funding: This research work was developed within the
framework of the fundamental and practical projects awarded by the Academy
of Sciences of the Republic of Uzbekistan on the topics “Study of the subsidence
properties of dispersed soils in laboratory and field conditions and development
of its classification during strong earthquakes” and “Study of the characteristics
of seismic vibrations of the soil-structure system and development of methods
for reducing the impact of earthquakes” and practical project awarded by the
Ministry of Higher Education, Science and Innovation on the topic “Development
and experimental testing of methods for reducing the seismic intensity and seismic
vibration parameters of the construction site by increasing the seismic strength of
the foundation soils.”

©OB. Ucmamniios, 7K. bo3opos, A. Xycomuaanuos, J. Slaurapos,
A. Mancypos, 2025.
O306excran Pecrrybnukace! FeutbiM AkanemusicbiHbIH CeHCMOIOT ST HHCTUTYTHI,
TamkeHT, ©30eKkcTaH.
E-mail: ahrorhs1980@gmail.com

PLAXIS 3D BATJTAPJIAMACDBI APKbLJIbI BYPFBIJTAHFAH
KAJAJIAPABI APMATYPAJIAY HET'IBIHJAE TOIIBIPAK
IHAPAMETPJIEPIHIH O3I'EPICIH AHBIKTAY

Hcemaunnos Baxutxan — OP FA CelicMonorust WHCTUTYTBIHBIH —T'€OJOTUS—MUHEPAIOTHS
FBUIBIMIAPBIHBIH JTOKTOpBI, TamkeHT, O30ekcran, E-mail: vakhit.mbm@gmail.com, https://orcid.
org/0000-0002-7893-1556;

Bo3zopoB Kouudex — CeiicMonorus FeutbIMAapbl HHCTUTYTHL, F'A, Tamkent, ©30excran, E-mail:
j-bozorov1968@gmail.com, https://orcid.org/0009-0008-5676-0144;

XycoMHAIUHOB AXPOpP — TEOJIOTHSI—MHHEPAIOTHS FRUIBIMAAPBIHBIH (unocodus mokropst (PhD),
Ceticmornorusi FeuUTbIMIapel HHCTUTYTHI, FA, Tamkent, ©30ekcran, E-mail: ahrorhs1980@gmail.
com, https://orcid.org/0000—-0001-6970-3482;

SlaurapoB DabAOp — TCONOTHS—MHHEPATIOTHS FBUIBIMAAPBIHBIH (uiaocodus mokTopel (PhD),
Ceticmornorusi FeUTbIMIApEl HHCTUTYTHL, FA, Tamkent, ©O30ekcran, E-mail: eldoradigarov@gmail.
com, https://orcid.org/0000—-0002—-2305-279X;

Mamncypos A3u3z:xon — CeiicMoI0THS FRUTBIMIAPEI HHCTUTYTHL, F'A, Tamkent, O30ekcran, E-mail:
mazizjon876(@gmail.com, https://orcid.org/0009-0007-9807-6925.

70



ISSN 2224-5278 3.2025

AnHoTamus. byn 3eprrey jKoFapbl CeHCMHUKANBIK OEICEeHIUTIKIIeH CHITaT-
TanateiH TamkeHTTe OopHanackaH «JlaG3ak Ilapk cuTH» KYpBUIBIC allaHBIHIAFBI
WHXXCHEPJIIK JIAMBIH/BIKTBIH THIMJIUICIH Oarajayra OaFbITTaiFaH. Yuacke
KYpJIelli MHKEHEPITiK-TeONIOTHSIIBIK JKOHEe CeHCMOTEKTOHUKAIIBIK KaFIaiiapra ue,
OerceHi Oy3pLTy aliMaKTaphIHIa opHAIacKaH skoHe MSK-64 mrkanmacel 60HBIHIIIA
7-8 KapKbIHABUIBIFEIMEH TApPHUXH JKEp CUIKiHICIHE yIIbIparaH. 3epTTeyAiH Heri3ri
MaKCaThI TOITBIPAK MacCAChIHBIH KYIISHTINTeH Oyprbliay KaJalapblH cayFa JeiiH
KOHE 0/1aH KEeHiHI1 TUHAMHUKAIBIK PEaKLUUsICHIH caHIblK Oaranay O6omnasl. CaHabIK
Tajay COHFbI anieMeHTTep uicine (FEM) HeriznenreH 3amMmaHayu re0TeXHUKAIBIK
MoJenbaey Oarmapnamackl Plaxis 3D apkpuiel xyprizinai. Ecenirey Mopeni erxkeii-
TETKEHITI )KoHE CEHIMIUTIKTIH JKOFaphl JeHTeiiH KaMTaMachl3 eTeTid 10 468 cOHFbI
aneMeHT 1ieH 24 231 tyiinai kamTeiasl. Kipic ceicMUKanbIK KO3FalIbIC peTiHe
2020 >KbUTBI 3epTTEy ajaHbIHBIH JKaHBIHJA TIPKENTEH HAKTHI Kep CUIKiHICIHIH
akceneporpammachbl (MarHutynacel M = 5.2) mnaiimanaHsuigsl.  Mognenbaey
HOTIKEIepl 1preTacThlH MHKCHEPIIK JalbIHBIFbIHAH KeWiH CEHCMUKANBIK dcep
eTy TapaMmeTpJepiHiH aWTapibIKTali TeMeHJIeYiH KepceTTi. HakrTeipak aiircax,
HETI3Ti ecenrey TYHiHiHAeTi MakcuManasl yuey 41,53%-ra, sxpuinaMabik 16,91%-
ra, opblH aybIcThlpy 11,29%-ra Temenzeni. byn nHoTmwkenep ceificMuKanbiK
TOJIKBIHIAP/IBL, dcipece Jiecc Topi3ai, meryre OeiimM TombIpaKTap/a, CeHCMUKAIBIK
TOJIKBIHAAP/AbI COHIIPETIH apMmarypalaHfaH KaJlalapIblH >KOFapbl THIMAUIITIH
kepceteni. HoTmwxkenep celicMUKaNBIK OeNCEHI alMaKTapAarbl ipreTacTaplibiH
TYPaKTBUIBIFbI MEH CEHIM/IUTITIH apTTHIPY YIIiH OCBI TEXHOJIOTUSIHBIH OPBIHBLIBIFbI
MEH THIMAUTITIH KoJgaiasl. Makama maiganany Ke3iH[e CEeHCMHKAIBIK OCePIIiH
e3repy epeKIIeNiKTepiHe apHaiFaH Oyprbulay KaJalapblH KYIICWTy IIeTiHIl
TOTIBIpaKTapAa Kem KaldaTThl FUMapaTTap caly Ke3iHje, coHpai-ak, Plaxis 3D
KOMITBIOTEPJIIK OaraapiiaMachblHbIH KOMEIriMeH CEHCMUKAaNIbIK ocep eTy Ke3iHae
KEHICTIKTErl TOMbIpaKTa 00JIAThIH IMHAMHKAJIBIK ©3rePICTEP/Ii aHBIKTayFa 00JIaIbI,
aTar aiTKaH/1a )KbULIaMJIBIK, Y/ICY KOHE ChIpFaHay.

Tyiiin ce3mep: celiCMHUKANBIK dcep, CEHCMUKAIIBIK, CEHCMUKAIBIK KapPKBIH-
TBUTBIK, YIIEY, KBUIIAMIBIK, OPBIH aybICTHIPY, TOTBIPAKTHIH €H KOFaphl yIeyi
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AnHoTaums. Hacrosimee nccnegoBaHue HarpaBieHO Ha JIETAIbHYIO OLEHKY
3¢ PEKTUBHOCTH HHXCHEPHOW IMOJITOTOBKU CTpouTenbHON miomanku «Labzak
Park City», pacnonoxenHoid B ropoge TalIKeHT — pErHOHE C BBIPAKCHHOU
celiCMMYECKO aKTHBHOCTBIO. Teppuropust 00beKTa XapakTepu3yeTcs CI0KHBIMHU
WHXEHEPHO-T€OJOTHYECKUMU U CEHMCMOTEKTOHUYECKUMH YCIOBUSMM: 30HA
pacrnosiokeHa B Tpeneiax aKTHBHBIX pPa3IOMOB M HCTOPHUYECKH IO/BEpIKEHA
3eMJICTPACEHHSIM MHTEHCUBHOCTBIO 7—8 OamnoB mo mkane MSK-64. OcHoBHOM
3a/1avueid uCcIeTOBaHMS CTAI0 KOJTMYECTBEHHOE CpaBHEHNE JMHAMUYECKON peakIInu
TPYHTOBOTO MacCHBa JI0 W IIOCIIe NMPHUMEHEHHS apMHUPOBAaHHBIX OypOHAOWBHBIX
cBail. J[is 4MCIEHHOro aHajaM3a MCIONb30BAJIACh COBPEMEHHAs Iporpamma
reoTexHunyeckoro mojaenupoBanus Plaxis 3D, ocHOBaHHasi Ha METO/IE KOHEYHBIX
anementoB (MKD). B pacuerHoit momenu 66110 3aaeiicTBoBano 10 468 KOHEUHBIX
areMeHTOB U 24 231 y3en, 9To 00ECHEeYnIIo BBICOKYIO CTETeHb JeTalu3alii 1
JIOCTOBEPHOCTH PE3yJbTaTOB. B KauecTBe BXOJHOTO CEMCMUYECKOTO BO3AECHCTBUS
HCIIOJIb30BAJIaCh aKCEIepOrpaMMa PEaIbHOTO 3eMIICTPSICEHUSI MATHUTY 10N M = 5,2
3apeTUCTPUPOBAHHOTO BOIM3H HccieayeMoit tromanku B 2020 roxy. Pe3ymsTaTs
MOJEJIUPOBAHUS [TOKA3aJIM 3HAYUTEIILHOE CHUKEHUE MapaMeTPOB CEHCMUUECKOTO
BO3/ICICTBHS TOC/IE MH)KEHEPHON MOATOTOBKM OCHOBaHHUsA. Tak, MakcHMMajabHOE
YCKOPEHHE B KIIOYEBOM PACUCTHOM Y3JIe yMEHBIIUIOCH Ha 41,53%, CKOpOCTh — Ha
16,91%, anepememenus —Ha 11,29%. 310 yka3siBaeT Ha BEICOKYIO 9P PEKTHBHOCTh
JIeMIIPUPOBAHMS CEHCMUYECKIX BOJH C TIOMOIIIBI0 apMUPOBAHHBIX OYPOHAOWBHBIX
CBaif, 0COOCHHO B YCIOBHSX JIECCOBHIHBIX, CKIOHHBIX K MpPOCAZKE TPYHTOB.
[TomryuenHble JTaHHBIE TOATBEPXKJAIOT 11€J€CO00Pa3HOCTh MPUMEHEHUS JaHHON
TEXHOJIOTUH IIPU MPOCKTUPOBAHUU 3/IaHUN U COOPYKEHHM B palloHax C BBICOKOM
CEHCMHUYECKOI OMACHOCTHIO, TAK KAK OHA CYIIECTBEHHO MOBBIIIAET HAJCKHOCTh U
YCTOHYHMBOCTh OCHOBAHUH B MPOIIECCE 3€MIIETPSICEHNSI.

KuroueBsble ci1oBa: ceiicMuueckoe BO31€HCTBIE, CEHCMUYHOCTb, ceficMuYecKast
WHTEHCUBHOCTb, YCKOPEHHUE, CKOPOCTH, IIEPEMEIIIEHHS, TMKOBOE YCKOPEHNE TPyHTa

Introduction.

Significant efforts are being undertaken worldwide to mitigate the consequences
of major earthquakes and to ensure seismic safety (Ismailov, et al, 2023, 2024-a;
Khusomiddinov, et al., 2022; Sadykov, et al., 2023; Atabekov, et al., 2022; Artikov,
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et al., 2022; Artikov, et al., 2020a-b; Ibragimov, et al., 2022). In seismically active
regions, particular attention is given to enhancing the seismic resilience of soil
covers for buildings and structures and to reducing the intensity of seismic impact,
which, in turn, is transmitted to buildings and structures. Currently, in developed
foreign countries, research is being conducted to reduce seismic intensity at
construction sites where collapsible loess soils are widespread (Ismailov, et al.,
2024-b). One of the priority tasks is also to determine the engineering preparation
methods depending on the type of collapsible loess soils, to create an optimal
methodology for assessing seismic impact on buildings and structures using
selected one-dimensional models, and to develop methods for evaluating changes
in seismic intensity using various technologies.

Materials and methods

The primary advantage of bored piles is the relative simplicity of their
manufacturing and installation technology. Since these piles are produced by
pouring concrete into a pre-prepared hole, several beneficial qualities can be
highlighted, including the ability to manufacture bored pile shafts of any length.
Moreover, during installation, bored piles, unlike driven piles, are almost not
subjected to dynamic impacts, which positively affects their strength. Another
significant advantage of bored piles is their applicability in reconstruction projects,
including the densification (reinforcement) of existing pile foundations (Kolosov,
et al., 2018).

“Labzak Park City,” site hereinafter referred to as the “Object” is located in
the Shayhontohur district of Tashkent. Structurally, this area belongs to the
transitional region from the Tien Shan epi-platformal orogen to the Turan platform.
The seismicity of the area is directly related to the tectonics of this region and
is manifested along seismogenic faults that have been activated in the current
stage of geological development (Ibragimov, 1978). Local seismic manifestations
are associated with the modern seismic activity of the Karjantau fault system,
which trends northeast, and the Pretashkent flexure-fault zone. Alongside local
earthquakes, the area is also affected by transit earthquakes occurring within the
Nurek fault system, the North-Angren and South-Angren faults, the eastern end of
the North-Fergana seismically active zone, the South-Fergana seismogenic zone,
as well as strong earthquakes occurring within the Chatkal Ridge. The dynamic
influence zones of the aforementioned faults have been delineated by Ibragimov
(1978) into corresponding seismogenic zones.

Figure 1 presents a map of the epicentres of significant and strong earthquakes
recorded in the vicinity of the site over the past 150 years, indicating the seismically
active zones within which they occurred. Table 1 provides the parameters of these
earthquakes and their distances from the site. The greatest seismic effects on the
site were noted from the historical earthquakes of 1868 and 1886, with magnitudes
of M=6.5 and M=6.7, respectively, which occurred at a distance of approximately
20-30 km from the site. Among the strong earthquakes of the early instrumental
period, special attention should be given to the 1946 Chatkal earthquake with
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a magnitude of M=7.6, which occurred at a distance of approximately 200 km
from the site. According to macroseismic data, the intensity of seismic impacts
from this earthquake at the construction site reached 7 according to the MSK-64
scale. Several strong earthquakes occurred in the vicinity of the construction site
during the instrumental observation period. During the 1966 Tashkent earthquake
with M=5.2, whose epicentre was almost directly at the construction site, the
macroseismic effect was 7-8 according to the MSK-64 scale. Strong tremors (I1=7)
were felt at the construction site during the 1977 Tavaksay earthquake with M=5.2,
which occurred approximately 40 km from the site; the 1980 Nazarbek earthquake
with M=5.3, which occurred 20 km from the construction site (I=7); and the 1987
Altyn-Tyube earthquake with M=5.1, at a distance of approximately 60-70 km
from the site (I=6).

In the last 10-15 years, several moderate-strength earthquakes have occurred
within a 50 km radius of the construction site: within the city of Tashkent in August
2008, January 2010, and March 2018. The earthquake with a magnitude of M=5.6
that occurred in the Tuyabuguz area on May 25, 2013, at a distance of 30 km from
the site, caused tremors at the construction site with an intensity of 5-6 on the MSK-
64 scale.

Thus, the maximum macroseismic effect from all known seismic events at the
construction site has not exceeded 7-8 according to the MSK-64 scale.
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Fig. 1. Map of epicentres of strong earthquakes in the vicinity of the site from historical times to
the present day
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Results.
The construction site “Labzak Park City” (Fig. 1) is the subject of this research.
An assessment of seismic impact and changes in seismic effect will be conducted
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using the Finite Element Method (FEM) by spatially reinforced bored piles at
construction sites where loess-like soils are prevalent. Direct support for numerical
methods in addressing the propagation of seismic waves in an infinite half-space
is not feasible. To accomplish this, the area of interest within the infinite space
is substituted into a finite parallelepiped. Boundary conditions are applied to the
extended sides of the parallelepiped to represent the effect of the discarded portion,
allowing waves incident on the boundary to be transmitted without reflection.
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Fig. 2. Schematic map of “Labzak Park City” buildings

The displacements and velocities of the obtained nodes in the soils will
be determined, taking into account the physical and mechanical properties of
the material. In this task, the infinite half-space will be replaced with a finite
parallelepiped (Ilyichev, et al., 1999; Yuldashev, et al., 2018; Lysmer, et al., 1969).
Boundary conditions will be applied to the sides of the parallelepiped where the
continuation of the medium has been discarded.

g, = aplu o, = apV,v g, = apl,w
Ty = bpliil T.. = bpVlw Ty = bpliil (1)
T,y =bpVlar) T, = bplu Ty = bplv

The kinematic relation can be formulated as follows:
g=Lu (2)
LT is the transpose of the differential operator, defined as

d d d
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To solve the problem we will use the finite element method. The dynamic model
of the problem solution field is presented in Fig. 2.

Fig. 3. A model in which the domain is partitioned into finite elements

As a result of applying the Finite Element Method (FEM), the continuous
mechanical system is transformed into a discrete one. The studied area is divided
into 10 468 finite elements with 24 231 nodes. The finite elements are shaped as
irregular tetrahedrons. The primary equation, which depends on the time of motion
of the volume under dynamic loading, is expressed as follows:

(M1t} + [CHa} + [K]{u) = {F) (4)

The order of the system of differential equations is 72 693, where

M - the mass matrix;

C - the damping matrix, which also accounts for boundary conditions;

K - the stiffness matrix;

F - the load vector;

u - the displacement vector;

u’ - velocity;

u” - acceleration.

The theory is described here within the framework of linear elasticity. However,
all models can, in principle, be used for dynamic analysis. Groundwater levels may
be present in the studied areas to obtain data.

For the numerical implementation of the given task, the Plaxis 3D software
package (Lysmer, et al., 1969) will be used, which includes various options for
physical material equations. The matrix M accounts for the mass of the materials
(soil + any structure).

When performing integration with respect to time in the numerical representation
of dynamics, stability and accuracy of the computational process are important
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factors. The Newmark numerical integration scheme is used. The properties of the

soil are provided in Table 1.

Table 1. Physical and mechanical properties of materials

Soil parameters

Before stabilization

After stabilization

Bulk density (p), g/cm? 140-L74 '410 _515'74 —1'93_5'30
. 1.25-1.50 1.79-1.95
Dry density (p,), g/cm’ a0 85
Moisture content (), % % %
Porosity (1), % 46.:2;525.0 30.352-354.3
Shear wave velocity (V), m/s % %
o . 450-560 2000-2210
Longitudinal wave velocity (Vp), m/s 500 2100
Young modulus, E (MPa) 229 4420
Poisson’s ratio, p 0.34 0.30
Internal friction angle, ¢ 24 31
Cohesion C, (kPa) 6 20
Groundwater level, h 12.5 12.5

Dimensions of the site

80 x 100 x 30 m

80 x 100 x 30 m

Fig. 4. Representation of 13261 nodes used in our model

As a result of applying the Finite Element Method, the continuous mechanical
system is replaced by a discrete one. The studied area with 24 231 nodes is divided
into 10 468 finite elements. The number of resulting second-order linear differential
equations is 72 693. The finite element shapes are chosen as irregular tetrahedrons.
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For both models of equal size, selected after inputting the soil parameters, a real
accelerogram recorded after an earthquake in the same area is introduced as the
seismic impact. The accelerogram is shown in Figure 5. It was recorded as a result
of an earthquake with a magnitude of M = 5.2, which occurred at 7:38 AM local
time on 06.11.2020, with the accelerometer coordinates (X =40.16; Y =71.72) and
a focal depth of H= 10 km.
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Fig. 5. Accelerogram used in our model to simulate dynamic impact

The selected model consists of 24 231 nodes, with the irregular tetrahedron
divided into 10 468 finite elements. Plaxis 3D was used for calculation of velocity,
acceleration and displacement during the application of seismic impact. Figure 6
shows the comparison of accelerations at the maximum seismic impact in the nodes
before and after soil stabilization (Fig. 6).

Maximum value = 0,7859 m/s? (Element 6448 at Node 17) Maximum value = 2,976 m/s? (Eement 101 at Node 13693)
Minimum value = -4,123 m)s (Element 513 at Node 12666) Mrimum value = 5,330 m/s? (Flement 540 at Node 12626)

(@) (b)
Fig. 6. Accelerations in all nodes along the X-axis in the natural state (a) and after soil stabilization
(b)att=2s

The difference in maximum accelerations at node 13 261 at t = 2.6 seconds
along the X-axis for both cases will be considered. In the natural state, the highest
acceleration achieved by this seismic impact is a_ = 376.3 cm/s?, while after soil
stabilization (engineering preparation), it reaches a_,= 220 cm/s’. This means
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that after the engineering preparation of the construction pit using the reinforced
pile method, the acceleration at the node decreased by 4a_= 156.3 cm/s* (Fig. 7).
Overall, it can be stated that the acceleration decreased by 41.53%.

Acceeleration across X axis
—— Affer soil stabilization
|—+— Namral state of soil

e @)

o 100 200 3% 49 590 690 ) 800 220 100
Time (3]

Fig. 7. Acceleration of the 13261* node (x = 50, y =40, z = 0) at time t = 10 sec along the X-axis

Figure 7 shows the acceleration of a selected node over 10 second period. It
can be seen that the time during which the accelerogram reaches its maximum
and minimum values, corresponds to the acceleration values from a seismic
impact. It can be assumed that the application of dynamic impact (represented by
accelerogram) was appropriate and correct.

=103 mjs]
100,00

80,00
60,00
0,00
2,00

000
00
0,00
0,00
40,00

100,00

2,00

140,00

160,00

180,00

200,00

20,00

Vel led up 10,0 times) (Time 2,600 5) Velocities v, (scaled up 20,0 times) (Time 2540 5)
Maxir 19244 mjs (Element 1086 at Node 2962) Maximur =-0,(7584m/s (Element 6532 at Node 555)
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(a) (b)
Fig. 8. Velocities at all nodes along the X-axis in the natural state (a) and after soil stabilization (b)
att=2.6s

For both cases, the change in acceleration values at node 13 261 att = 2.6 s
along the X-axis was considered (Fig. 8). In the natural state, the maximum velocity
reached v ;= 20.1 cm/s, while after engineering preparation, the maximum velocity
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was v ,= 16.7 cm/s. This indicates that after the engineering preparation, the
velocity at the node decreased by 4v_= 3.4 cm/s, which corresponds to a reduction
of 16.91% in percentage terms (Fig. 9).
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Fig. 9. Velocity characteristics of the 13261* node (x = 50, y = 40, z = 0) at time t = 10 sec along the
X axis

(a) (©)
Fig. 10. Displacements in all nodes along the X-axis in the natural state (a) and after soil
stabilization (b) at £ = 3.3 sec

Changes in the maximum displacement values at node 13261 along the X-axis
over t = 3.3 seconds were analyzed in the natural state and after engineering
preparation (Fig. 10). In the natural state, the maximum displacement was u
= 3.92 cm, while in the model after soil stabilization, it reached u _,= 3.59 cm.
This indicates that displacement at the nodes decreased by Au_= 0.33 cm, after
engineering preparation, representing a difference of 11.29%. Values of velocity,
acceleration, and displacement at the node along the X-axis before and after soil
stabilization are provided in Table 2.
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Table 2. Displacement, velocity and acceleration along the X-axis before and after soil

stabilization
Before| After | Differ. | Before | After | Differ. |Before | After| Differ.
Value Acceleration, a_(cm/s?) Velocity, v_(cm/s) Displacement, u_(cm)
Method of st. a, a, Aa_ v, v, Av, u, u, Au
Reinforcement | 5, 5\ 239 | 1563 | 200 | 167 | 34 | 392 |350| 033
of piles
Discussion

A comparative assessment was conducted at a single node for two models with
coordinates X = 100 m, Y = 80 m, Z = 30 m, selected for the state before and
after engineering preparation. This comparison was carried out for two cases, i.e.,
the results for velocity, acceleration, and displacement of the soil in the natural
state and after engineering preparation were compared. For both models, it was
determined that the difference in maximum acceleration values at ¢ = 2.6 s along
the X-axis at node 7011, with coordinates (X = 50, Y =40, Z = 0), decreased by 4a_
= 156,3 cm/s. Additionally, for both models at t = 2,6 s, the difference in velocity
along the X-axis was Av = 3,4 cm/s. For these models, the difference in maximum
displacements along this coordinate decreases by 4u = 0,33 cm, which corresponds
to the decrease by 11.29% in percentage. '

Conclusion

The article is devoted to investigate the effect of soil stabilization to the change in
mechanical response of soil. The site where construction of multi-storey buildings
in now taking place is well-known for its subsidence-prone soils. The site was
simulated using Plaxis 3D software, and an accelelogram was used to simulate the
dynamic effect of such soils. It was found that soil stabilization had a considerable
effect on improvement of soil strata and increased it’s seismic resistance.
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