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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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IJIABHBI PEJAKTOP
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webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBogutenb uccienoBaHuii B 00JacTH HETPOIOTHH M MECTOPOXKICHHUM
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Relevance. Active urban construction near cultural heritage sites
may generate persistent technogenic vibrations that threaten structurally sensitive
historic buildings. Museum structures are especially vulnerable to repeated dynamic
loads because even moderate vibration levels may affect fragile architectural and
structural elements. Therefore, assessing construction-induced vibration impact
is essential for ensuring structural safety and developing effective protection
measures in heritage zones. Purpose. This study aims to assess the influence of
construction-induced technogenic vibrations on the structural safety of a museum
building located in the immediate vicinity of an active construction site. Methods.
A detailed seismic and vibration monitoring program was implemented to record
responses both in the ground and within the museum structure. Continuous
instrumental observations captured dynamic effects generated by heavy freight
vehicles, soil compaction equipment, and earthmoving machinery. The recorded
data were analyzed in terms of temporal behavior, spectral characteristics, vibration
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amplitude, dominant frequency ranges, attenuation patterns, and vibration
propagation from the construction zone toward the building. Comparative analysis
of records obtained outside the structure and in different structural elements was
carried out to quantify vibration transmission and identify possible resonance and
amplification effects. The observed vibration levels were also evaluated using
engineering-seismology-based vibration intensity approaches. Results. The results
show that construction-related vibrations may reach levels capable of affecting
sensitive architectural and structural components of the museum building if not
properly controlled. The analysis revealed measurable vibration transmission
from the construction site to the building structure, with local amplification effects
observed in certain elements and frequency ranges.

Key words: museum, technogenic vibrations, seismic monitoring, ground
vibrations, vibrational load, seismometer, PGV, seismic intensity
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AHHoTauusA. O3exminici. MoneHu Mypa HBICAHIAPBIHBIH MAaHBIHIAFBI
OeJIceH i KananblK KYPbUIbIC KYPBUIBIMABIK TYPFBIIAH 0CaJ TApUXH FUMaparTapra
Kayill TOHIIPETiH TYPaKkThl TEXHOTCHIIK JipiiAepdi TyAbIpYbl MYMKIH.
Mys3eli FuMaparTapbl KaHTallaHaThIH JWHAMHKAJIBIK JKyKTeMeJepre epekxiie
ce3iMTall, eTKeHI TINTi opTama JACHreiaeri JpuUlaiH ©31 HO3iK COYNIETTIK JKoHE
KOHCTPYKIMSUIBIK dJIEMEHTTEpre ocep eryl bIkTuMai. OcbiFaH OaiaHBICTHI
KYpBUIBIC JKYMBICTaphl TYBIHJATATBIH [ipil ocepiH Oaranay KYpPBUIBIMIBIK
KayiIcCi3AiKTi KaMTaMachl3 €Ty JKoHe MOJICHH Mypa aliMaKTapbIH 1A THIM/I1 KOPFaHBIC
HrapajiapblH o3ipiey yIiH aca MaHb3Abl. Maxcamul. OCBl 3epTTEyAiH MaKcaThl
OeJIceH i KYpBUIbIC alaHblHA TiKeJIeH JKaKbIH OpHajJacKaH My3ed FUMapaThIHBIH
KYPBUIBIMJBIK, KayilCi3AiriHe KYpBUIbIC KYMBICTAPhl TYBIHJATaThIH TEXHOTCHIIK
nipinaepaiy acepin Oaranay. Odicmepi. 3epTTey aschblHIa TONBIPAKTa Aa, My3el
FUMapaThIHBIH ©31HJE /e Maiiaa OonaTblH TepOenic jkayanTapblH TipKey YIIiH
CEHCMUKAIBIK JKOHE JIPUIAIK MOHUTOPHHITIH erKeH-Terkewsi Oarmapiamachl
KY3ere achlpbUIAbl. Y3IIKCi3 acmanTblK Oakpuiaylap ayblp JKYK KeJiKTepi,
TOMBIPAKTHl THIFBI3AY KaOABIKTaphl JKOHE Kep Ka3y TEeXHHKAChl TYIbIPAaThIH
JUHAMUKAJBIK dcepiepAl TipKedi. AJBIHFaH ACPEKTepP YaKbITTHIK MiHE3-KYJIKBI,
CHEKTPJIIK CHIIATTaMaliapbl, Aipil aMIUIMTYIACHl, OAChIM KUK JUaa30HAaphl,
oIcipey 3aHABUIBIKTAPBI KOHE TIPUIAIH KYPBUIBIC aiiMaFbIHAH FUMaparka Kapai
Tapanybl TYpPFBICBIHAH TalAaHAbl. FUMapar ChIPTBIHIA >KOHE OHBIH OpTYpIi
KOHCTPYKIMSUIBIK SJIEMEHTTEPIH e allbIHFaH kKa30aaapabl caabICTBIPMAbl Talaay
nipinain OepinmyiH caHIbIK OaranayFa, COHJIAH-aK BIKTHMaJl PE30HAHCTBHIK KOHE
KEPTUTIKTI KYLICI0 ocepiepiH aHbIKTayFa MyMKiHAiK Oepai. CoHbIMEH Karap,
TIpKEeNTeH MAipia JeHreiyiepi MHKCHEPIiK CEHCMONOTUSFa HETi3AeireH Iipin
KAapKBIHJBUIBIFBIH OaFanay Tocijiepl apKbUIbl KapacThIpbULIBL. Hamuoicenepi.
Hotmwxkenep kepceTkeHIel, KypbUIBIC >KYMBICTapblHA OaiIaHBICTBHI Aipiigep
THIiCTI OakplIay OONMaraH jKarnaija My3ell FUMapaTbIHBIH CE31MTall CIyJIeTTiK
KOHE KOHCTPYKUMSUIBIK 3JEMEHTTEpiHE ocep €Te alaTblH JACHIelnepre KeTyi
MYMKiH. Tanmay KypbUibic aqaHbIHAH FUMapaT KYPbUIBIMBIHA TIPiiliH ©JIMeHETiH
Typae OepiieTiHiH, COHAi-aK KEKEJIETeH JJIEMEHTTEp MeH Oenriiai Oip >KUiiikK
JMana3oHIapbIH/IA JKEPriTiKTI KYIIEI0 acepiiepiHiH OaliKanaTbIHBIH KOPCETTi.

Tyiin ce3mep: Mypaxail, TEXHOTSHIIK TepOeicTep, CEHCMUKAIBIK
MOHHUTOPHHT, TOMBIPaK TepOeicTepi, BUOpauUsIIbIK )KyKTeme, ceiicMomeTp, PGV,
CeHCMUKaIBIK KapPKbIHABUIBIK
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AHHOTAUUs: AKmyarbHocmy. AKTUBHOE TOPOACKOE CTPOHMTEIBCTBO BOJIM3U
00BEKTOB KYJBTYpHOTO HaceIusi MOKET BBI3BIBATh YCTOWYHMBBIC TEXHOTCHHBIC
BUOpanMy, MOPEACTABISAIONIME  Yrpo3y Uil  KOHCTPYKTHBHO  YS3BHMBIX
HUCTOPUYECKUX 3IaHui. My3elHble COOpYKEHHsI OCOOEHHO YYBCTBUTEIbHBI
K MHOTOKpPaTHBIM JIMHAMUYECKUM Harpy3kam, IOCKOJIbKY JlaXe yMepeHHbIe
ypOBHH BHOpalnu CIOCOOHBI OKa3bIBaTh HETaTUBHOE BO3CHCTBUE Ha XPYIKHE
apXUTEKTYpHbIE M KOHCTPYKTHBHBIE 3JIEMEHTHI. B 3TO#l CBA3M OLleHKa BIMSHUS
BUOpAIMii, BBHI3BAaHHBIX CTPOUTENLHBIMH PaOOTaMH, MMEET Ba)KHOE 3HAYCHHE
Uit obecriedyeHnss KOHCTPYKTUBHON 0€30MacHOCTH M pa3paboTKu 3P PEeKTHBHBIX
Mep 3alllUThl B OXpaHHBIX 30HAX KyJIbTypHOro Hacineaus. [{ers. OLEHUTH
BJIMSIHAE TEXHOTCHHBIX BHUOpaIMii, 00yCIOBICHHBIX CTPOUTEIbHBIMH pabOTaMH,
HAa KOHCTPYKTMBHYIO O€30MacHOCTh 3[aHWs My3€s, pacloJOXEeHHOIO B
HEMOCPECTBCHHON OJM30CTH OT aKTUBHOW CTPOMUTEIBLHOU IUIOMIAKU. Memoobl.
Jia pemieHuss MOCTaBIEHHOW 3aJlaud peajiu30BaHa MporpamMma CeHCMHUYECKOro
u BUOPAalLlMOHHOTO MOHHUTOPHHIA, HAINpPaBICHHAs Ha PETHCTPAIMIO OTKIMKOB
KaKk B TPYHTOBOM MAacCHUBE, TaK M B KOHCTPYKUUAX 371aHus My3es. HempepbiBHbIE
WHCTpYMEHTaJIbHbIE HAOMIONCHHUS TO3BOJIMIM 3apUKCHPOBAaTh JAMHAMHYECKHE
BO3JICMCTBUS,  CO3/laBaéMble  TSDKEIBIMU  TPY30BBIMM  TPAHCHOPTHBIMU
CpeAcTBaMH, OOOpYyIOBaHHMEM MJisi YIUIOTHEHHs TpPYHTAa U 3eMIICPOHHOMN
TEXHUKOH. 3aperucTpupoBaHHbIE JaHHBIE AHAJU3MPOBAIUCH IO BPEMEHHBIM
XapaKTepUCTUKaM, CIEKTPAJIbHBIM OCOOCHHOCTSIM, aMIUINTyIE KoJeOaHHid,
npeodinagaroiiM Y4acTOTHBIM JAHMana3oHaM, 3aKOHOMEPHOCTSM 3aTyXaHus U

77



ISSN 2224-5278 2.2026

0COOCHHOCTSIM pacipoCTpaHEeHUs] BUOpaUXid OT 30HBI CTPOUTENBCTBA K 3/1aHUIO.
CpaBHHTENBHBINA aHAJIN3 3aIIUCEH, TOMYYCHHBIX BHE COOPYKEHUS U B PA3IIMUHBIX
€ro KOHCTPYKTHUBHBIX 3JEMEHTaX, MO3BOJMI KOJIWYECTBEHHO OLCHUThH MEepeaady
BUOpanMii, a TakKe BBIIBUTH BO3MOXKHBIC 3((PEKTHl Pe30HAHCA M JIOKAJIBHOTO
ycuieHus. J{omoIHUTENbHO YPOBHU BUOPALIMN OLICHUBAINCH C UCIIOJIb30BAaHHEM
METOIOB MH)KCHEPHOH CEHCMOJIOTMM Ha OCHOBE ONPEACICHUS WHTCHCUBHOCTU
BUOPALIMOHHOTO BO3ACHCTBUSL. Pe3yibmamel. YCTaHOBIEHO, YTO BHOpaluH,
0OyCIIOBIICHHBIC CTPOMTENBbHBIMH paboTaMu, HpU OTCYTCTBUH HAaJJICKAILEro
KOHTPOJII MOTYT JOCTHraTh YpOBHEH, CIIOCOOHBIX OKa3bIBaTh BO3JCHCTBHE Ha
YYBCTBUTEJIbHBIC aPXUTEKTYPHBIC U KOHCTPYKTHBHBIC 3JIEMEHTBI 30aHHs My3esl.
AHanu3 BBISIBWI M3MEPUMYIO Iiepeady BHOpauui OT CTPOMTEIBHOM MIIOLIaIKN
K KOHCTPYKLMSIM 3aHUs, a TAKKE JIOKAIbHBIC S(PPEKTH YCHUIICHHUS B OTACIBHBIX
KOHCTPYKTHBHBIX 3JIEMEHTAX W YaCTOTHBIX AMANa30HaX.

KaroueBbie cJjioBa: wMy3ell, TEXHOTeHHbIE KojeOaHWs, CEHCMHUYECKUI
MOHHUTOPHHI, KojeOaHHs IpyHTa, BUOpalMOHHAs Harpyska, ceicMometp, PGV,
ceificMruueckast HHTCHCUBHOCTD

Introduction. Modern urbanization processes, especially large-scale
construction and reconstruction work in large urban centers, are causing an increase
in technogenic seismic impacts on cultural heritage sites (Ismailov et al., 2023;
Ismailov et al., 2024). Historical buildings, in particular museums, are sensitive to
external dynamic influences due to the structural properties formed over centuries,
the physical and mechanical properties of materials, and the relative decrease
in strength limits (Kishkina, 2001). Their location in areas directly adjacent to
modern construction activities necessitates a comprehensive assessment of the
impact of technogenic seismic vibrations arising during the construction of new
structures on the structural system.

On construction sites, the movement of heavy trucks, sealing mechanisms,
excavators, drilling operations, and other technological processes create vibrations
with a certain frequency range. These vibrations, spreading through the soil
layers, can lead to the emergence of local stresses in the structural elements of
nearby historical objects, the formation of microcracks, and a decrease in overall
stability in the long term (Steinberg et al., 1993). Especially for cultural heritage
sites located in seismically active areas, there is an additional risk of technogenic
vibrations, which may serve as a factor that strengthens natural seismic impacts in
a synergistic way (Ismailov et al., 2022; Ismailov et al., 2023).

The development of the fields of seismology and engineering seismology
in recent years, as well as the significant expansion of the instrumental base of
leading scientific institutions under the Academy of Sciences of Uzbekistan,
allows for high-precision measurement and assessment of technogenic impacts on
cultural heritage sites. Conducting seismic monitoring in the internal structures of
buildings and adjacent construction areas using modern seismometric instruments
(Ibragimov, 2021; Ibragimov, 2022; Yemanov et al., 2018; Sadovsky et al., 1999;
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Verholantsev et al., 2019; Nadyojka et al., 2009) allows comparing the intensity,
frequency, and propagation characteristics of oscillations in real time (Ismailov et
al., 2020). Monitoring results allow for the assessment of vibrations from various
technical sources based on velocity amplitude using a special scoring system and
the identification of the most dangerous dynamic sources (Sadovsky, 1999).

In the scientific literature, a number of studies on the protection of cultural
heritage sites from man-made vibrations remain relevant. From this point of view,
the results of this study are of great practical importance in increasing the seismic
safety of cultural heritage sites, regulating construction processes, and developing
scientifically based recommendations (Ismailov et al., 2022).

Data and methods. An important stage of the research involves preliminary
visual analysis of the architectural features, structural design, and historical layers
of the object where seismic surveys were conducted. Therefore, Figure 1 shows
the exterior view of the museum complex where the study was carried out. This
image reflects the combined architectural composition of the building's historical
part and modern reconstructed wing, forming an initial impression for subsequent
seismic analyses (Figure 1).

= ———
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Figure 1. General exterior view of the museum building where the research was conducted.

The architectural and structural characteristics of the museum building shown in
the image are of great importance in determining its seismic resistance. Specifically,
the heavy decorative structures in the historical section, wooden columns, tiled
facade elements, and lightweight structures of the modern block have different
physical and mechanical properties (Ismailov et al., 2024; Ismailov et al., 2025;
Aktamov et al., 2025; Yodgorov et al., 2025). Consequently, seismic vibration
monitoring was conducted covering both structural zones of the object. Modern
construction processes near the museum building necessitate accurate recording
of the intensity, frequency, and distribution characteristics of man-made dynamic
loads transmitted to the structures. Therefore, in this study, a seismic monitoring
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system aimed at assessing the structural stability of the museum building is
developed and implemented based on a consistent methodological approach. The
general research methodology comprises three main stages: (1) selection and
placement of seismometric equipment; (2) classification of vibration sources and
instrumental seismometric records; (3) assessment of vibration intensity on a point
scale based on measured seismic records.

Function, classification and placement methodology of seismometer

The seismometers used in monitoring allow for high-precision recording of
various types of oscillations, velocity and acceleration components of earthquakes.
These instruments were selected to compare the strength and spectral characteristics
of vibrations in different areas of the structure. During the monitoring process, a
seismometer (Giiralp: CMG-6TD) with high sensitivity and capable of recording
reliable data across a wide dynamic range was used to record oscillations (Ismailov
et al., 2020; Khusomiddinov et al., 2022; Ismailov et al., 2025).

Velocimeter (Giiralp: CMG-6TD).

The CMG-6TD velocimeter is a three-component digital seismometer that
registers ground vibrations with high accuracy in the frequency range of 0.033-50
Hz. It features three-directional measurement, accurate time synchronization via
GPS, autonomous operation, and a robust waterproof housing (Figure 2).
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Figure 2. Guralp 6TD broadband seismometer, break-out cable, GPS antenna, and battery for
power supply.
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To ensure the accuracy and reliability of monitoring during seismometer
placement, several scientific and technical principles were applied. These
principles include considering the sensitivity of structural elements inside the
building, optimal identification of vibration sources in the external area, phase
synchronization of measurement points, and ensuring maximum sensitivity of
instruments. Additionally, the coordination of internal and external measurement
points is taken into account to analyze the building's stability and determine the
transmission of external influences to the structure. Soil conditions are assessed
according to Kuzmenko's methodology (Kuzmenko et al., 1990; Kishkina., 1999).

In the internal zone of the building: the foundation and the main load-bearing
structures were selected as the most sensitive vibration-receiving elements.

In the external area: points close to the source of vibrations from construction
equipment, but reflecting local soil conditions, were identified in the construction
pit adjacent to the museum

(Figure 3).
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Figure 3. Schematic layout of measurement points in the museum and construction area.

The synchronous operation of seismometers enables precise temporal alignment
of oscillatory processes at measurement points, allowing for highly accurate
assessment of their phase differences, propagation speeds, and transmission
mechanisms through the structure. This approach facilitates the determination
of the spectral composition of oscillatory waves, their attenuation levels, and
potential hazardous seismic effects on structural elements. Furthermore, such
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functional placement of measurement points enables systematic comparison of
vibration fields inside and outside the building, evaluating the actual impact of
dynamic loads from external sources. This enhances the reliability of monitoring
results and aids in establishing safety criteria for the museum building's structural
elements that are sensitive to technogenic seismic vibrations.

Classification of vibration sources and instrumental seismometric records. To
characterize the nature of vibrations during construction work near the museum
building, all major dynamic sources were sequentially recorded over time, with
each individually classified according to its type of activity and technological
regime. This approach allows for the analysis of the spectral composition of
vibrations generated by various mechanical processes, their amplitude variability,
and the conditions of their transmission to the building (Figure 4).

Seismometer A P

Seismometer

Seismometer

Figure 4. Diagram of the location of wave excitation sources and receiving seismometers.

Measurement points were selected to cover both the interior and exterior
areas of the building, as well as to fully encompass the actual propagation zones
of vibrations resulting from the movement and operation of heavy machinery.
The seismometers are precisely oriented in north-south, east-west, and vertical
directions and are mounted on a solid, non-deformable foundation. This allows for
phase-accurate comparison of oscillations from various sources.

During the monitoring process, the following main vibration sources were
recorded:

1) Movement of trucks. Vibrations generated during the passage of heavy
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trucks through the construction site were recorded. This process allows for the
assessment of the nature of background dynamic loads on the museum building,
low-frequency oscillations caused by wheel pressure, and the extent of their

propagation (Figure 5).

e S

e

Figure 5. Seismogram of recorded vibrations at the location of the T6Y92 seismometer (in the
building): Mode-1; truck movement (time: 17:49-17:52).

2) Vibration seal (roller) with different operating modes. The vibrating
compactor was tested at three different rotational speeds:
900 CPM - low-frequency mode: mainly characteristic of the surface compaction

process of soft soils (Figure 6).
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Figure 6. Seismogram of recorded vibrations at the location of the T6Y92 seismometer (in the
building): Mode-2; operating mode of the vibrating roller at 900 CPM (time: 17:56-17:59).

1500 CPM - medium-frequency operating mode: represents the standard
compaction process, which is widely used in construction (Figure 7).
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Figure 7. Seismogram of recorded vibrations at the location point of the T6Y92 seismometer (in
the building): Mode-3; operating mode of the vibrating roller at 1500 CPM (time: 17:59-18:01).

2200 CPM - high-frequency mode: reflects the intensive oscillations generated
during the compaction of deep layers (Figure 8).
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Figure 8. Seismogram of recorded vibrations at the location point of the T6Y92 seismometer (in
the building): Mode-4; operating mode of the vibrating roller 2200 CPM (time: 18:01-18:03).

Each mode is characterized by different vibration amplitudes, spectral
composition, and duration, which allow us to determine the specific mechanisms
of influence of construction technology.

3) No-vibrator mode of the roller. It was especially noted that the compactor
moves only due to its own weight. This process, unlike vibrational mode, helps to
isolate only the effects of static load and mass oscillations. Thus, the differences
between the translational motion of the mass and the dynamic action in the
vibrator-activated state are determined (Figure 9).
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Figure 9. Seismogram of vibrations recorded at the location point of the T6Y92 seismometer (in
the building): Mode-5; non-vibrational state (time: 18:03-18:05).

———

4) Excavator work. Various excavator operations, such as the impact of the
bucket on the ground, soil lifting, displacement of equipment, and mechanical
interaction with the ground, were recorded as separate sources of vibration. These
processes are often characterized by impulsive, short-duration, but high-amplitude
oscillations (Figure 10).
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Figure 10. Seismogram of recorded vibrations at the location of the T6Y92 seismometer (in the

building): Mode-6; excavator movement (time: 18:05-18:10).

This made it possible to distinguish the spectral composition and amplitude
characteristics of vibrations generated by various technical processes. Obtaining
complete seismograms for each event provides a basis for conducting systematic
analysis in subsequent stages of monitoring.

During the research, seismic recordings were obtained from equipment (trucks,
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rollers, excavators, etc.) operated in various modes inside the museum building
and in the construction pit. In this article, one seismogram is presented as a
representative example for each type of equipment, while the remaining data and
detailed records are provided as an appendix.

Assessment of seismic intensity based on seismograms. The recorded vibration
data were processed according to peak ground velocity (PGV) and the vibration
intensity was assessed on a point scale used in current engineering practice.
This assessment method allows for qualitative and quantitative determination
of the potential risk of man-made vibrations to the structure. Corresponding
score indicators of PGV and PGA values obtained from various sources serve
to compare their risk levels, as well as to identify the technical process with the
maximum impact. The use of instrumental seismic intensity in assessing the
influence of vibrations recorded near the museum building on structural stability
is a scientifically sound approach. Scientific sources note that V.B. Zaalishvili
studied approaches to assessing seismic risk based on PGA, and also developed
empirical regression relationships for converting instrumental indicators such as
PGA and PGV into macroseismic intensity (points) in seismological studies.

This scale establishes ranges of maximum values for acceleration, velocity,
and displacement for each intensity level, which are widely used in international
practice for assessing artificial and natural seismic vibrations. In the study, the
PGV values of the velocimetric records obtained inside and outside the museum
were compared with this table, and the equivalent intensity scores of the vibrations
affecting the building were determined.

This approach is important as a sensitive, digital, and reproducible method for
assessing the structural safety of historical objects. Using instrumental intensity,
the vibration zone, their propagation, and the force of impact on the structure are
quantitatively expressed (Zaalishvili et al., 2024) (Table 1).

Table 1. Instrumental seismic intensity scale of V.B. Zaalishvili and other researchers:
assessment criteria based on the maximum parameters of ground motion.

L (g‘;e;‘tss‘)ty PGA, sm/s* | PGV, sm/s PGD, sm PGA-PGV PGAE
1 0.448 0.0167 0.0003 0.007 0.6
15 0.704 0.0289 0.0006 0.02 1
2 112 0.0501 0.0013 0.056 1.62
25 176 0.0867 0.0028 0.152 2.63
3 28 0.15 0.0062 0.42 427
35 44 0.25 0.014 11 7.08
4 7 0.44 0.03 3.08 117
45 T 0.75 0.063 8.25 19.5
5 175 13 0.14 2275 324
55 28 22 03 616 537
6 44 38 0.66 16722 89.1
6.5 70 6.5 1.4 455 151
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7 110 11 3.2 1210 251
7.5 175 19 7 3325 416
8 280 33 15 9240 691
8.5 440 57 33 25080 1150
9 700 98 72 68600 1900
9.5 1100 170 160 187000 3160

In assessing vibrations recorded near the museum, PGV was selected as the
primary diagnostic parameter, as it is considered an effective indicator for historical
structures sensitive to low-frequency vibrations. The measured PGV values
were equated to corresponding intensity scores according to V.B. Zaalishvili's
instrumental intensity scale. This table presents typical values of PGA, PGV,
and PGD observed at various intensity levels, which allowed for a quantitative
assessment of dynamic loads affecting the museum structure.

Results and analysis. As a result of seismic monitoring, the maximum velocity
values of vibrations generated during construction equipment operation were
determined. During experimental observations, seismic signals were recorded
in the following modes: movement of heavy trucks, vibrating rollers at various
rotational speeds (900, 1500, and 2200 CPM), with the vibrator turned off, and
during excavator operation. The maximum values recorded in each mode were
evaluated according to the MSK-64 scale. This approach enabled quantitative
assessment of vibrational load intensities and determination of their impact on the
museum building structures.

Table 2. Intensity of seismic loads affecting the museum building under various operating modes
of construction equipment.

Point of measurement - Nel
Ne Vibration source (time) PGV, nm/s IntepSIty
(points)
1 17:49-17:52 (trucks) 77689 1
Guralp T6Z05 2 17:56-17:59 (vibrating roller - 900 CPM) 180369 1.5
3 17:59-18:01 (vibrating roller - 1500 CPM) |219898 1.5
4 18:01-18:03 (vibrating roller - 2200 CPM) | 591900 2.5
5 18:05-18:08 (excavator) 130233 1.5
Point of measurement - Ne2
Ne Vibration source (time) PGV, nm/s Intepsny
(points)
1 17:49-17:52 (trucks) 205731 1.5
Guralp 2 17:56-17:59 (vibrating roller - 900 CPM) 223932 1.5
T6Y92 3 17:59-18:01 (vibrating roller - 1500 CPM) | 135278 1
4 18:01-18:03 (vibrating roller - 2200 CPM) |305622 1.5
5 18:03-18:05 (roller - no vibrator) 86312 1
6 18:05-18:10 (excavator) 32211 1
Point of measurement - Ne3
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Ne Vibration source (time) PGV, nm/s IntepSIty
(points)
1 18:52-18:55 (trucks) 310065 1.5
Guralp 2 18:55-18:58 (vibrating roller - 900 CPM)  [495672 2
T6Y%4 3 18:58-19:00 (vibrating roller - 1500 CPM) | 946765 3
4 19:00-19:01 (vibrating roller - 2200 CPM) | 661407 2.5
5 19:01-19:02 (roller - no vibrator) 832389 2.5
6 19:02-19:05 (excavator) 770490 2.5
Point of measurement - Ne4
Ne Vibration source (time) PGV, nm/s IntepSIty
(points)
1 18:52-18:55 (trucks) 324924 1.5
2 18:55-18:58 (vibrating roller - 900 CPM) | 628715 2
Guralp TOZ13 ™3 174.5819:00 (vibrating roller - 1500 CPM) | 593392 2
4 19:00-19:01 (vibrating roller - 2200 CPM) | 696099 2.5
5 19:01-19:02 (roller - no vibrator) 505313 2
6 19:02-19:05 (excavator) 585921 2

Analysis. The museum building is a historical object, and its structural system
is more sensitive to vibrations than modern buildings. Such structures often have
a complex structural scheme, and their load-bearing elements consist of worn-out
materials. Therefore, the assessment of the intensity of anthropogenic vibrations
arising during construction work near the museum is important from the point of
view of ensuring the seismic safety of the structure. The conducted monitoring
increases the likelihood of local resonance states and cumulative deformations in
the museum structure due to vibration machines, heavy equipment movement, and
vibrations generated during excavator operation.

Analysis of the results of seismic observations made it possible to identify the
following important features of oscillations affecting the museum building:

1. The intensity of vibration during the movement of construction equipment
differs significantly. The movement of trucks caused vibrations of the lowest
intensity (1-1.5 points according to MSK-64). Such vibrations usually do not cause
structural damage, but they can widen existing microcracks in museum walls.

2. As the rotational speed of the vibrating roller increases, the vibration
intensifies. PGV values, recorded at frequencies of 900, 1500, and especially 2200
CPM, reached a range of 2-3 points. These vibrations can cause: delamination
in the plaster layer of walls, fine destruction in decorative elements, micro-
deformations in floor coverings. High-frequency oscillations are especially
dangerous for historical buildings, as they impose frequently recurring dynamic
loads on structural elements.

3. Although the vibrations from excavator operation are relatively low, the
cumulative effect is strong. Although excavator vibrations are in the range of
1-2 points on average, due to the duration and frequency of work, accumulative
deformations can occur in structural elements.
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4. Comparison of internal and external measurement points showed an
important result. The recorded vibrations were maximal in the pit area, i.e., in the
area closest to the construction equipment. However, their partial extinction was
observed as they spread into the interior of the museum building. Nevertheless:
high-frequency oscillations are significantly reflected in the internal structural
elements of the building; this indicates the possibility of a resonant state occurring
in some local zones of the building.

5. The monitoring results have practical significance for the seismic protection
of the museum. The collected data will allow:

[ identification of structural zones most susceptible to vibrations;

[J development of protective measures (for example, vibration isolation,
temporary structural reinforcement);

[ establishment of permitted operating modes of construction equipment;

[ improvement of safety standards during construction near the museum.

The activity of construction equipment carried out near historical buildings can
pose a certain danger through anthropogenic vibrations. Based on these monitoring
data, it is necessary to develop measures for the protection of structures.

Conclusion. The results of seismic monitoring conducted in field conditions
within the framework of this study made it possible to quantitatively assess
the intensity of vibrations arising during the operation of various construction
equipment in the museum building and the adjacent pit area. In the measurements,
the highest values of vibrational speeds were recorded directly in the pit area,
especially during the operation of the vibrating roller at a frequency of 1500 and
2200 CPM, as well as in the non-vibrating mode and during the operation of the
excavator, the intensity reached 2.5-3 points. According to the MSK-64 scale,
these values correspond to the range "from insignificant to insignificant" and
increase the probability of the occurrence of local resonance phenomena in some
structural elements.

Within the museum building, including in the foundation zone and upper
structural parts, the recorded vibrations are relatively low, usually in the range of
1-1.5 points. Only in some high-frequency vibration modes, an increase in intensity
up to 2.5 points was observed, however, this level does not pose a significant threat
to the overall stability of the museum structure. The most noticeable oscillations,
observed at a frequency of 1500 CPM of the vibrating roller and in non-vibrating
mode, can be explained by the propagation of low-frequency waves and resonance
effects in structural elements.

The high maximum PGV values recorded in the pit area indicate a significant
level of load on engineering structures. These results indicate that they should be
taken into account when designing protective measures to strengthen the foundation
and reduce vibrations. Although the excavator's activity formed a relatively
moderate seismic effect, it was found that the operation of heavy equipment in
a limited area caused an increase in intensity in the pit zone by up to 2.5 points.

The form and spectral characteristics of the recorded oscillations are
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characteristic of seismic processes of technogenic origin, where the main part
of the amplitude is observed along the horizontal components (X and Y), while
the vertical component (Z) is expressed to a much lower degree. In general,
the monitoring results show that the museum building is not at a critical risk of
anthropogenic seismic impacts caused by construction equipment under current
operating conditions. However, considering the constructive sensitivity of cultural
heritage sites, the possibility of increased vibrations in the foundation zone
should be assessed and monitored through continuous monitoring during nearby
construction processes, particularly when using equipment with high vibrational
loads.
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