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[Tornmubnennss cmiBmpari 3 €BpOCOIO30M Y TpaHCHOPTHINH cdepl Ta
BUKOPWCTAHHS TPAH3UTHOTO TOTCHIIANy VYKpaiHd € BaXJIMBUM HAIPSIMKOM
CHUIBHOI TpaHCHOPTHOI NOMITUKU. ChOroJHI peal3ylThCs 1HPPACTPYKTYPHI
MPOEKTH Ta MPOEKTU TEXHIYHOI 1 BINCHKOBOI JIormoMOrd. HalO1abI1 akTyalbHUMUA
JUISL METAIOJICIB € MUTaHHS, 0 MOB’S3aHl 13 3POCTaHHAM IMAapKy TPaHCIOPTHHX
3ac00iB Ta pyXy B3alTi3HUYHOTO TPAHCIOPTY MOOJIM3Y LMBUIBHUX OY/IBENb 1
CHOpPY/. 3alI3HUYHUN TPAHCIOPT € €KOJOTTYHO YUCTUM 1 TOMY € HE3aMIHHUM JIJIsi
CY4acHOTO CYCHUIbCTBA. AJle MPH I[LOMY BiJIOMO, III0 PYXOMHUU CKIIAJ] € HKEPEIoM
BiOpaIii y rpyHTi, SKi BIUIMBAIOTh HA MPUJIETIIl 0 3aJI3HUYHUX MaricTpajiei
Oyxisni. BiOpaiii MOXXyTh BUKJIMKATH HEPIBHOMIpPHE OCIIaHHS (DyHIAMEHTIB Ta
JIOIATKOB1 HANpyXKeHHS B €JIEMEHTaX Kapkacy OyxaiBenb. Ha rtemepimiHiii dvac
HEMa€ J0CTAaTHBOI KUTBKOCTI BIPOTAHUX JaHUX sIK BiOpallli Bii pyXoMOro CKJamy
PO3IMOBCIOJIKYIOTHCSI B FPYHTI 1 BIUIMBaIOTh Ha criopyau. OcoOJMBO BaXKIUBUM €
ypaxyBaHHS JOJATKOBUX JWHAMIYHMX HABAaHTAXXEHb BIJ] PyXOMOTO CKJIaay Mpu
JIOCITIJPKEHH] JUHAMIYHOI TMOBEIIHKK 0araTOMOBEPXOBUX OYIiBeNb, SKI € OUIbII
YYTIUBUMH JI0 TAKOTO THUIy HABAaHTAXEHB. Y JTiF0UNX HOPMATUBHUX JTOKYMEHTaX 3
MPOEKTYBAHHS OydiBENbh 1 CHOPYA HE PETIaMEHTYIOThCS JOMYCTHMI MMapaMeTpu
KOJMBaHb [PYHTY, IO HE HECYTh IIKOJIW ICHYIOYHMM IOPYydY OaraTomoBEpXOBUM
OyIiBIsIM a00 OKpeMuM ix ejeMeHTaMm. Takox Tpeba MiAKPECIUuTH, L0 TakKi
BIUTMBM BUHHUKAIOTh 3HAYHO YACTINIE HIXK CEMCMIYHI 1 HETaTUBHO BIUIMBAIOTH Ha
(G13UM4HI XapaKTepUCTUKH IPYHTIB. BOHM MOXYTh CTaTH NMPUYMHOKO JOJATKOBUX

OCilaHb I'PYHTY, 3CYBHUX TPOIIECIB Ta MOIIKOKEHb Oy1iBEIIb.
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BuxonanHsi yMoB 6e3aBapiifHOi ekcrutyaTalii 0araTonoBepxoBuX OyIiBeb
€ HEOOXITHUM JIJIi TOTO, MO0 TMOIMEPEANTH iX TMOIIKOKEHHS ab0 pyWHYBaHHS,
30eperTv 370pOB’sl 1 KUTTA JIOJEH Ta 3aXUCTUTH HABKOJMIIHE CEPEIOBHIIIE.
TouHna oIliHKa JIWHAMIYHOTO BIUIUBY PYXOMOTO CKJIaay Ha HaIpyXeHO-
neopMoBaHUil CTaH BHCOTHMX Oy/iBelIb € BaXKJIMBOK JJIsS IMJABUIIEHHS 1X
JIOBFOBIYHOCTI Ta HamiiHOCTI. CTBOpEeHHS €(PEKTHMBHOIO YHCEIBHOTO IMAXOIY
M0JI0 TOOYJOBH  PO3PaXyHKOBHX CXEM TIPYHTOBOiI OCHOBH 1 OymiBii, TOYHE
MaTEMaTUYHOTO MOJICNIIOBAHHSI KpalloBHX 3aJad CTAaTUKU 1 JWHAMIKH JacTh
MOKJIMBICTh SIKICHO MpPOTHO3YBaTH PIBEHb JWHAMIYHOI pEakiii eJIeMEHTIB
KOHCTPYKII Ha KOJWBAaHHS IPYHTY BiJ pyxomoro ckiaay. OcoOnuBo, 1€
CTOCYEThSI OY/IBEJIb y TYCTO HACEJIEHUX MYHKTaX Ta ICTOPUYHUX MICIISX.

3 UOMX OpPUYAH JOCITIDKEHHS KOHCTPYKIIi TiJ JI€l0  pPyXOMOIO
HABAHTAKEHHA € BAXKIMBOIO 1HXKEHEPHOIO Tmpobiemoro. Ha kanb, icHyroui
YKpaiHChKI TIPOTpaMHiI KOMIUICKCH HE BUKOHYIOTHh YHCEIbHE MOJICITIOBAHHS TaKUX
3a7lad 'y TOBHOMY o00cs3i. lle MokHa TMOSICHUTH BIJACYTHICTIO BIJMOBITHUX
KOMITIOTEpHUX TMporeayp. ToMy ITOCHIKEHHS, [0 CHOPSIMOBaHI Ha CTBOPEHHS
YUCETbHOI METOAWMKHA BH3HAUYCHHS BIUIMBY KOJMBAaHb TPYHTY, CHPUYHMHEHHX
PYXOMHUM CKJIaJJOM, Ha PO3TAIIOBaHI B 30HI 3aJI3HUYHUX KOJiH OyIiBIl €
aKTyaJIbHUMHU.

HuceprartiitHa po6oTa NpUCBAYEHA PO3POOIII KOMIUIEKCHOTO MIIXO0AY 11010
YUCEJLHOTO JOCIHIDKCHHS JMHAMIYHOI TIIOBEIIHKM BHCOTHHX OyaiBelIb, IO
3HAXOJATHCS MOOJIN3Y PYXY 3aJI3HUYHUX MOTATIB. KoMIIeKCHUM MiX1/ moJisrae B
aHami3l CTaTUYHUX Ta JUHAMIYHUX XapaKTEPUCTUK TIPYHTOBOi OCHOBH 1
HanpyXeHO-1e(OopMOBaHUN CcTaHy 0araTornoBepXOBOi OYAIBII 13 3aCTOCYBaHHSIM
OOUYHCITIOBAILHUX TPOILEAYP MPOTrpaMHUX KOMILJIEKCIB CKIHYEHHO-EJIEMEHTHOIO
ananizy NASTRAN 1 SCAD. KommnekcHu#t miaxij CKiIaJa€eThes 3 1BOX eramiB. Ha
TIEPIIOMY €Talli JTOCTIDKYEThCS BIUIMB HABAHTAKCHHS BiJl PyXOMOTO CKJIATy, IO
nepeacThes uepe3 OalacToBy MNpuU3My, Ha JUHAMIYHY IIOBEAIHKY OCHOBH.
dopMyBaHHS po3paxyHKOBHUX 2D CKiHUEHHO-EIIEMEHTHUX MOJIENIeH 1 MaTeMaTUIHe

MOJICTIOBaHHSI KpaloOBHX 3ajad CTaTUKA 1 JUHAMIKM 0aJacToBOi NPU3MH 1
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IPYHTOBOi OCHOBH BHKOHAHO Yy CEpPEIOBHILI MporpamMHoro kommuiekcy MSC
NASTRAN. Jlnsa po3B'si3aHHs 3a/1a4y CTaTUKU B JHIAHIN 1 HEMiHIMHIA TOCTaHOBAX
3actocoBaHo Meroau [ayca 1 Herorona-Padcona BiamosigHo. JlnHamiuHa
MOBEIHKA JOCTiDKeHa MeTtogoM Heiomapka. B pesymbrari  po3paxyHKiB
(GhOpMYIOTBCSI BEKTOPH MPHUCKOPEHB IPYHTY, sIKI BAHUKAIOTh Ha PI3HUX BIJCTaHSX 1
rMOWHAX Bl MICIS MPUKJIaJaHHs TUHAMIYHOTO HaBaHTakeHHs. Ha npyromy ertami
y nporpamHoMy komruiekci SCAD dopmyerbes 3D momens 6aratornoBepXoBOi
KapKacHOi OyaiBl 1 TMPOBOJUTHCS JOCHIDKEHHS il HampykeHo-1ehOpMOBaHOTO
CTaHy HpU il KIHEMaTU4YHOro 30y/KeHHs IpyHTY. KiHemarnuHe 30y KEHHS
IPYHTY y BHUIJISIZII BEKTOPIB MPUCKOPEHb MPHUKIAAAIOTHCA MO BUCOTI (YHAAMEHTY
Oynuuky. J[MHaMi4Ha MOBEIHKAa BUCOTHOI OyAiBJIl aHAMI3yeThCs 3a JOMOMOTOIO
cnekTpaipbHoro meromy. Ha apyromy erami y mporpamHomy komruiekci SCAD
dbopmyetscss 3D Mopenb OararomoBepXxOBOI KapKacHOi OyiBii 1 MPOBOAUTHCA
JOCTIKEHHSI 11  HaMpy>KeHO-I1e(POpMOBAaHOTO CTaHy TMpU il KIHEMATUYHOTO
30ymkeHHs IpyHTy. KiHemartnuHe 30y/KE€HHS IPYHTY MPEACTaBICHO y BHIJISAIL
BEKTOPIB TMPHUCKOPEHb, IO MPHUKIATAIOTHCS MO BHUCOTI (YyHAAMEHTY OYIUHKY.
JlunaMiyHa TIOBEAIHKA BHCOTHOI OY[IBIII  AHANI3YEThCA 32 JOMOMOTOIO
CHEKTPATBHOTO METO/LY.

Mepwuit po3gin poboTM nNpuUCBAYEHO OrAAZY ICHYHOUYMX MeTOoZiB
AOCNigKeHHA BMNAMBY BiGpPOAMHAMIYHMX HaBaHTaXKeHb Big, Pyxy TPaHCNOPTY Ta
NOTAriB METPOMNOANITEHY Ha [PYHTOBI OCHOBW i3 B3AEMOAIED 3 HeECyYyMmMu
KOHCTpPYKLUiamun byaisens.

Migxogn [0 OUIHKM AMHaMIYHOT MNOBEAIHKM FPYHTIB Npu Aiil pyxomoro
CKnagy npeacTasaeHi y HaYKOBMUX nybnikaujisax TeopeTUYHNMMN,
eKCMepuMeHTaNbHUMMN Ta eMMipUYHUMU JOCNIAKEHHAMU. TeopeTuyHi meToam
6a3yloTbcA Ha  MexaHiui FPYHTIB 3  ypaxyBaHHAM  MNPYXHO-MAACTUYHMX
BJ1aCTUBOCTEN FPYHTIB OCHOBW. EKCNepuMmeHTanbHi A0CNiAXKEHHA, NpoBeeHi B

NabopaTopHMX | MONbOBMX YMOBAaX, BKAKOYAOTb 3aCTOCYBaHHA iHHOBALiMHUX



METOAiB BUMiptOBaHHA. EMnipnyHi niaxoan 6a3ytoTbca Ha CTaTUCTUYHIN 06pobui
AaHUX, OTPUMAHUX Y XO4i HAaTYPHUX CMOCTEPEXKEHb.

3a3Ha4yeHo, WO npu pPiI3HOMAHITTI HayKOBMX Mpaub, MNPUCBAYEHUX
AOCNIAMXKEHHIO Pi3HMX BUAIB BNJMBY Ha CNOPYAM, TAKUX AK CEMCMIYHUIA BNAMB Ta
BITPOBI Ny/bcalii, acnekTn Bibpauii, WO BUKAMKAE PYX 3aNi3HUYHOIO TPAHCNOPTY,
3a/IMWATbCA Mano BUBYEHUMWU. Y HOPMATUBHUX AOKYMEHTAX CbOroAHi HeMae
BIiPOrigHUX AaHWX NpPO Te, AKMM YMHOM BibpaLii, WO BMHMKAKOTb MNig 4Yac pyxy
NOTAry NO peinKax, PO3NOBCIOAMKYKOTbCA MO MOBEPXHi 3eM/i i BNAMBAKOTbL Ha
cnopyaun. Mpu uboMy 0CO6AMBO BaXK/AMBO OLWHUTM BMJIMB HaBaHTAXKEHHA Big,
PYXOMOTFO CKNagy Ha AMHaMidHy noBegiHKy Garatonosepxosux byaisenb. Lie
AACTb MOMKAMBICTb 3abe3neynTm BMKOHAHHA YMOB 6e3neyHoi ekcnayaTauii
cnopyA, nonepeanTy ix pymHyBaHHA Ta 36epertn 340poB’a i XKUtta nogen.

Jlpyruii po3aisi poOOTH NPUCBIYEHO TEOPETUYHUM OCHOBAaM 1 METOJaM, Ha
AKX 0a3yeTbCsl YMCeIbHA METOAMKA aHaJi3y CTaTUYHOI 1 JTUHAMIYHOI MOBEIIHKU
I'PYHTOBOI OCHOBH 1 0araTornoBepxoBoi OyaiBIi.

BuxkianeHi OCHOBHI CITIBBIAHOIICHHS METOAY CKIHUYEHHUX EJIEMEHTIB st
noOyZ0OBM MaTeMaTUYHUX MOJIeNied TPYHTOBOI OCHOBM 1 0ararornoBepxoBOi
Oynisni. JIiHiliHA KpaiioBa 3a/1a4a CTaTUKKU 0aJacTOBOI MPU3MHU 1 IPYHTOBOT OCHOBH
noOy7oBaHA Ha OCHOBI TMPUHIUIY MOXJIMBUX TiepeminieHsb Jlarpamxka B
y3araJibHeHUX KoopauHaTtax. HemiHiliHa kpaiioBa 3a/1aya cTaTuku chopmyibOBaHa
13 3actocyBaHHsAM Metony Hbtorona — Padcona. KpaiioBa 3amaua auHamMiku
I'PYHTOBOI OCHOBHM MOOYy/J0BaHa Ha OCHOBI BapiaiiitHoro npunnumy [lamambepa-
Jlarpamka B y3araJlbHEHUX KOOpJWHATaxXx. MaTeMaTu4yHe MOJICTIOBAaHHS
JUHAMIYHOT TOBENIHKH 0araTomoBEepXOBOi KapkKacHOi OymiBil BiJ MPUCKOPEHBb
IPYHTY, COPUYMHEHUX DPYXOMHM CKJIaaoM, Oa3zyeThcsi Ha mpuHiumi Jlarpamxka,
MPUHIUII MIHIMYMY HOBHOI MMOTEHI1aJIbHOI €Heprii CUCTEMHU.

Y Tperbomy po3aijii poOOTH peanizoBaHO METOJ CKIHYEHHUX CIIEMEHTIB y
noOyZ0Bl MaTEMaTUYHUX MOJENEH CTaTUKH 1 AUHAMIKKA I'PYHTOBOI OCHOBH. Jliis

NEepPEeBIPKUA BIPOTIAHOCTI CTBOPEHOI YHUCENbHOI METOJIMKH PO3paxoBaHa TECTOBA
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3aJa4ya 3 BU3HAUEHHS CTATMYHUX 1 JMHAMIYHUX XapaKTEPUCTUK OJHOIIAPOBOI 1
OaraTomapoBoi IPYHTOBOi OCHOBH 13 3aCTOCYBaHHSIM MPOTPaMHUX KOMIUIEKCIB
MSC NASTRAN, JIIPA-CAIIP 1 SCAD. JlocmimkeHa cTaTUYHA MOBEIIHKA JBOX
MojieJiel TPYHTOBOI OCHOBM TMpPH PI3HUX 3HAYEHHSX HaBaHTaxeHHS. OTpumani
13010JIs1 BEPTUKAJIBHUX 1 TOPU3OHTAIBHUX MEPEMIIICHb BY3JIB PO3PAXYHKOBUX
Mojiesied TPYHTOBOI OCHOBM 1 0anacToBOi NpPU3MH, a TaKOX BEPTUKAIbHUX,
TOPU30HTAJIBHUX 1 IOTHUHUX HANpy>KeHb B IX eleMeHTax. BukoHaHo MomanbHUIA
aHaii3 1 oTpuMani GOpMH 1 YaCTOTH BJIacHUX KoJiMBaHb. CHIBMAAiHHS 130M0JIIB
nepeMilieHb 1 JAUHAMIYHUX XapaKTepUCTUK IPYHTOBOI OCHOBU B YCIX TpPbOX
KOMILJIEKCAX J1aJJ0 MOJIMBICTh 3pOOMTH BHUCHOBOK NP0 JIOCTaTHIO 301KHICTH
OTPUMaHMX pe3yNbTaTIB 3 pe3yidpTaTaMu MporpamMHoro kommiekcy MSC
NASTRAN i mo1iapHICTS HOTO 3aCTOCYBAHHS IS JOCIIKEHHS BILTUBY PYyXOMOTO
CKJaly Ha IPYHTOBY OCHOBY. BHKOHaHI JeTanbHI AOCHIIKEHHS CTaTHUYHOI 1
JMHAMIYHOI MOBEAIHKH OJTHOIIAPOBOI 1 6araTomapoBoi MOieJIeH IPyHTOBOI OCHOBHU
13 3HAYHUMU TO3JOBXHIMHU PO3MipamMu y JIIHIMHIA 1 HeniHIiHIA noctaHoBUl. [Ipu
JIHIAHOMY PO3pPaxyHKy MOJENIb OCHOBHM TMOJAaHA Yy BUIJISAL JIHIHHO-TIPY>KHOTO
niBnpocTopy. [Ipu HeniHIHHOMY CTaTUYHOMY PO3paxyHKY OJHOIIAPOBOI IPYHTOBOI
OCHOBM BHUKOpHCTaHa 1l€ajibHa MpYXKHO-IUIAaCTU4YHAa Mojneiab Mopa — Kynona.
3BakalouyM Ha HENIHIWHY TOBEIIHKY TPYHTIB, JUIsl ypaxyBaHHS T[IJIACTHYHHX
nedopmaltliii Ipu HETIHIKHOMY CTAaTUYHOMY PO3paxyHKY OaraTomapoBOi OCHOBU
npuitHsaTa moaenb Jpykepa — Ilparepa. [IpoananizoBani pe3ysibTaT pO3paxyHKiB.
[TopiBHSIHHA pe3ynbTaTIB MOKa3a10 30UTbLIEHHS Aedopmalii 3a paxyHOK (i3UYHO1
HEJHIMHOCTI.

[IpeacTaBnenuii mepmuii eTan YuCeabHOTO MIAXOMY JI03BOJUB JOCTIAUTH
JUHAMIYHUN BIUIMB PYXOMOTO CKJIQJy Ha PO3MOBCIOJKEHHS BIOpaliil y IpyHTI,
BU3HAYHTH NMPUCKOPEHHS IPYHTY HA PI3HUX BIJICTAHSX 1 TNIMOWHAX OCHOBH.

YeTBepTHii po31ij MPUCBIYCHUIA PO3paxXyHKaM JCKITBKOX peaNbHHUX 33134
po HampyXeHo-negopMoBaHUW CTaH 1 JUHAMIYHY TIOBEIIHKY KapKaCHHUX
OyniBenb 3  pI3HUMH  KOHCTPYKTUBHHMH  DIIICHHSMH. 3a  JIOMOMOTOO

CHEKTPATBHOTO METOAY JOCTIHKEHO HAMpPYKEeHO-Ae(OpMOBaHUI cTaH OyAiBil MIPU
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Iii pO3paxyHKOBUX HABaHTaXCHb Ta BIOpOAMHAMIYHOTO 30ypeHHS IPYHTY,
MPUKIAJEHOTO MO0 BUCOTI PyHAaMEHTY OyAMHKY y BUIJISIII BEKTOPIB MPUCKOPEHb.
Po3B'sa3ana 3amaua Ha BJAcHI 3HAYCHHs JUIS 3HAXOJ/DKEHHsS TepiodiB 1 dopm
BJIACHHMX KOJHMBaHb OyaiBimi. JlochnipkeHHs MPoeMOHCTPYBAJIO, 110 BIUIUB BiOpartii
IPYHTY BiJl PyXOMOI'O CKJIaay € MOMITHMM Ha pIBHI OCHOBU Oy/IiBJi, HaBITh Ha
BIICTaHi, IO JO3BOJICHA JEpKaBHUMHU OyaiBeIbHUMH HopMmaMmu. i 3MiHH
BUKJIMKAIOTh MEPEPO3INOALT HAaBaHTAKEHb HA Mali 1 MPU3BOAATH 10 30UIbIICHHS
TOPU3OHTAJIBHUX TMEpeMilieHb Kapkacy OyIMWHKY. 3a3HayeHo, WI0 3aralbHI
TOPU30HTAJIbHI TEpPEMILIEHHsI Kapkacy OyIiBIl MpU [li NPUCKOPEHb IPYHTY
3QJIUIIAIOTECS Y MEXaxX JOMyCTHMHX 3a HOpMaMmu, ajieé MPH IbOMY CYTTEBO
30UTBITYIOThCS. Ha nuHamiuHy moBeAiHKy OyiBJIi TaKOXX BIUIMBA€E PO3TAITyBaHHS
il MO BIJHONICHHIO 10 3ali3HMYHMX KOJid. [IpoaHanizoBaHO AEKUIbKa KYTIB
opieHTarli OymiBiAl A0 KOJIA 1 OLIHEHO 3MIHM TOPU3OHTAJIBHUX TMEPEMIIICHb
KapKacy y KOHTPOJIbHUX TOYKaX.
KarouoBi cioBa: umcenpbHa METOAMKA, METOJ CKIHUYCHHUX CJICMCHTIB,
HEeJIHIHA CTaTUKa, JUHAMiKa, TIPYHTOBA OCHOBA, NPUCKOPEHHS TIPYHTY,

OararonoBepxoBa OY/1BJIs, PyXOMHI CKIaI.



SUMMARY

Kostin D.Ye. Implementation of the finite element method in the dynamic
problems of multi-story buildings under the influence of rolling stock. — Qualifying
scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 192 —
Building and Civil Engineering. Kyiv National University of Construction and
Architecture, Kyiv, 2026.

Deepening cooperation with the European Union in the transport sector and
utilizing Ukraine's transit potential is an important direction of the common
transport policy. Today, infrastructure projects as well as technical and military
assistance projects are being implemented. The most urgent issues for metropolises
are those related to the growth of the vehicle fleet and railway traffic near civil
buildings and structures. Railway transport is environmentally friendly and
therefore indispensable for modern society. However, it is known that rolling stock
is a source of vibrations in the soil, which affect buildings adjacent to railway
mainlines. Vibrations can cause uneven settlement of foundations and additional
stresses in the building's frame elements. Currently, there is insufficient reliable
data on how vibrations from rolling stock propagate in the soil and affect
structures. It is particularly important to account for additional dynamic loads from
rolling stock when investigating the dynamic behavior of multi-story buildings,
which are more sensitive to this type of loading. Current regulatory documents for
the design of buildings and structures do not regulate the permissible parameters of
soil vibrations that are harmless to nearby multi-story buildings or their individual
elements. It should also be emphasized that such impacts occur much more
frequently than seismic ones and negatively affect the physical characteristics of
soils. They can cause additional soil settlements, landslide processes, and damage
to buildings.

Fulfilling the conditions for the trouble-free operation of multi-story
buildings is necessary to prevent their damage or destruction, preserve human

health and life, and protect the environment. An accurate assessment of the
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dynamic impact of rolling stock on the stress-strain state of high-rise buildings is
crucial for increasing their durability and reliability. The development of an
effective numerical approach for constructing computational models of the soil
base and the building, as well as accurate mathematical modeling of the boundary
value problems of statics and dynamics, will enable a qualitative prediction of the
level of dynamic response of structural elements to soil vibrations caused by
rolling stock. This is especially relevant for buildings in densely populated areas
and historical sites.

For these reasons, the study of structures subjected to moving loads is a
significant engineering problem. Unfortunately, existing Ukrainian software
packages do not perform full-scale numerical modeling of such problems. This can
be explained by the lack of appropriate computer procedures. Therefore, research
aimed at creating a numerical methodology to determine the impact of soil
vibrations caused by rolling stock on buildings located in the railway track zone is
highly relevant.

The dissertation is devoted to the development of a comprehensive approach
to the numerical investigation of the dynamic behavior of high-rise buildings
located near moving railway trains. The comprehensive approach consists of
analyzing the static and dynamic characteristics of the soil base and the stress-
strain state of a multi-story building using the computational procedures of the
finite element analysis software packages NASTRAN and SCAD. The
comprehensive approach involves two stages. The first stage investigates the
influence of the load from the rolling stock, transmitted through the ballast prism,
on the dynamic behavior of the foundation. The generation of 2D computational
finite element models and the mathematical modeling of the boundary value
problems of statics and dynamics of the ballast prism and soil base were performed
within the MSC NASTRAN software environment. To solve the static problems in
linear and nonlinear formulations, the Gauss and Newton-Raphson methods were
applied, respectively. The dynamic behavior was investigated using the Newmark

method. As a result of the calculations, vectors of soil accelerations occurring at
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various distances and depths from the point of application of the dynamic load
are generated. In the second stage, a 3D model of a multi-story frame building is
created in the SCAD software package, and its stress-strain state is investigated
under the kinematic excitation of the soil. The kinematic excitation of the soil in
the form of acceleration vectors is applied along the height of the building's
foundation. The dynamic behavior of the high-rise building is analyzed using the
response spectrum method.

The first chapter of the work is devoted to a review of existing methods for
studying the impact of vibrodynamic loads from road transport and subway trains
on soil bases interacting with the load-bearing structures of buildings.

Approaches to assessing the dynamic behavior of soils under the action of
rolling stock are presented in scientific publications through theoretical,
experimental, and empirical studies. Theoretical methods are based on soil
mechanics taking into account the elastoplastic properties of the foundation soils.
Experimental studies conducted in laboratory and field conditions include the use
of innovative measurement methods. Empirical approaches are based on the
statistical processing of data obtained during field observations.

It is noted that despite the variety of scientific works dedicated to studying
different types of impacts on structures, such as seismic effects and wind
pulsations, the aspects of vibration caused by railway traffic remain insufficiently
studied. Currently, regulatory documents lack reliable data on how vibrations
arising during the movement of a train on rails propagate along the ground surface
and affect structures. At the same time, it is particularly important to evaluate the
impact of the load from the rolling stock on the dynamic behavior of multi-story
buildings. This will make it possible to ensure the conditions for the safe operation
of structures, prevent their destruction, and preserve human health and life.

The second chapter of the work is devoted to the theoretical foundations
and methods underlying the numerical methodology for analyzing the static and

dynamic behavior of the soil base and multi-story building.
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The basic relations of the finite element method for constructing
mathematical models of the soil base and multi-story building are presented. The
linear boundary value problem of statics of the ballast prism and soil base is
constructed based on Lagrange's principle of virtual displacements in generalized
coordinates. The nonlinear boundary value problem of statics is formulated using
the Newton- Raphson method. The boundary value problem of soil base dynamics
IS constructed based on the d'Alembert-Lagrange variational principle in
generalized coordinates. The mathematical modeling of the dynamic behavior of a
multi-story frame building subjected to soil accelerations caused by rolling stock is
based on Lagrange's principle, the principle of minimum total potential energy of
the system.

In the third chapter of the work, the finite element method is implemented
in the construction of mathematical models of the statics and dynamics of the soil
base. To verify the reliability of the developed numerical methodology, a test
problem was solved to determine the static and dynamic characteristics of a single-
layer and multi-layer soil base using the MSC NASTRAN, LIRA-SAPR, and
SCAD software packages. The static behavior of two soil base models under
various load values was investigated. Contour plots of the vertical and horizontal
displacements of the nodes of the computational models of the soil base and ballast
prism, as well as the vertical, horizontal, and shear stresses in their elements, were
obtained. Modal analysis was performed, and the natural mode shapes and
frequencies were obtained. The coincidence of the displacement contour plots and
dynamic characteristics of the soil base across all three software packages allowed
concluding that there is sufficient convergence of the obtained results with the
results of the MSC NASTRAN software package, confirming the feasibility of its
application to study the impact of rolling stock on the soil base. Detailed studies of
the static and dynamic behavior of single-layer and multi-layer soil base models
with significant longitudinal dimensions were performed in linear and nonlinear
formulations. In the linear analysis, the base model was represented as a linearly

elastic half-space. In the nonlinear static analysis of the single-layer soil base, the
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ideal elastoplastic Mohr-Coulomb model was used. Considering the nonlinear
behavior of soils, the Drucker-Prager model was adopted to account for plastic
deformations in the nonlinear static analysis of the multi-layer base. The
calculation results were analyzed. A comparison of the results showed an increase
in deformations due to physical nonlinearity.

The presented first stage of the numerical approach made it possible to
investigate the dynamic impact of rolling stock on the propagation of vibrations in
the soil, and to determine soil accelerations at various distances and depths of the
base.

The fourth chapter is devoted to the calculations of several real-world
problems regarding the stress-strain state and dynamic behavior of frame buildings
with various structural solutions. Using the response spectrum method, the stress-
strain state of the building under the action of design loads and vibrodynamic soil
excitation, applied along the height of the building's foundation in the form of
acceleration vectors, was investigated. The eigenvalue problem was solved to find
the periods and natural mode shapes of the building. The study demonstrated that
the impact of soil vibration from rolling stock is noticeable at the building's
foundation level, even at distances permitted by state building codes. These
changes cause a redistribution of loads on the piles and lead to an increase in the
horizontal displacements of the building's frame. It is noted that the overall
horizontal displacements of the building frame under the action of soil
accelerations remain within the limits allowed by the norms, but significantly
increase. The dynamic behavior of the building is also affected by its location
relative to the railway tracks. Several orientation angles of the building relative to
the tracks were analyzed, and changes in the horizontal displacements of the frame
at control points were evaluated.

Keywords: numerical methodology, finite element method, nonlinear

statics, dynamics, soil base, soil acceleration, multi-story building, rolling stock.



13
CIIUCOK ONYBJIIKOBAHUX TIPAIIb 3A TEMOIO
JTUCEPTALIL

HayxoBi npani, B sikux omy0JlikOBaHi OCHOBHi HAayKOBi pe3yJibTaTH
AUCepTAaIii:

a) CTaTTi y HAYKOBUX BHJAHHIX, BKIIOYEHUX JO IMEPEIiKy HayKOBHUX
daxoBux BuAaHb YKpaiHW (B T.4. BKIIOYEHHUX JO TMEPETiKy HAyKOBUX (DaxoBUX
BUJIaHb Y KpaiHM 3 IPUCBOEHHSIM KaTETropii «A»):

1. Lukianchenko 0O.0., Kozak A.A., Kostin D.Ye. Analysis of dynamic
behavior of a multi-storey frame building in the railway traffic area // Strength of
Materials and Theory of Structures: Sci.-Tech. Coll. — Kyiv: KNUBA,. — 2025. —
Issue. 114. — P. 127-134. (Web of Science, Q4)

Ocobucmuii  6Hecok 3000y8aya: BUKOHAHO HYUCENbHUL AHANI3 HANPYHCEHO-
deghopmosanoco cmauy Kapkacy 0Oazamonosepxogoi  0y0ieni, ogopmieHa
MeKcmosa YacmuHa i 2paghiuni mamepianu.

2. Lukianchenko 0.0., Kozak A.A., Kostin D.Ye. Finite element modeling of
the static behavior of an elastic-plastic soil base under the action of rolling stock //
Strength of Materials and Structural Theory: Sci.-Tech. Coll. — Kyiv: KNUBA, —
2025. — Issue 115. — P. 107-113. (Web of Science, Q4)

Ocobucmuii 6Hecox 3000y6a4a: BUKOHAHO HYUCENIbHUU aHANI3 OOHOWAPOBOL i
bazamowaposoi IpyHmMosoi 0CHO8U V TIHIUHIN NOCMAHO8YI, 0OopMIAeHA MEeKCMOo8da
yacmuHa i epagiuni mamepianu.
0) cTaTTl y HayKOBHMX BHUIAHHSX, BKIIOYEHHX /0 MEpeiKy HayKOBHX (haxoBUX
BUJIaHb YKpainu kaTeropii «b»:

3. Lukianchenko, O., Kozak, A., & Kostin, D. (2025). Investigation of the
influence of ground accelerations Indifferent directions on a building in the railway
traffic zone // Building Constructions. Theory and Practice, (16), P.77-86.

(®axoBe BuaHHs KaTeropii b)
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Ocobucmuii  6Hecox 3000y8aua: NpoBe0eHO 02180 ICHYIOUUX OO0CAI0NCEHD,
BUKOHAHO YUCETbHUL AHANI3 OUHAMIYHOT N0BeJIHKU 0Y0i6i, 0hopmaeHa meKkcmosa
yacmuna i epagiuni mamepianu.

4. Lukianchenko, O., Kostin, D. (2025). Analysis of the dynamic behavior of a
frame building considering the multilayered nature of the soil foundation //
Building Constructions. Theory and Practice, (17), P.200-210. (daxoBe BHIaHHs
kareropii b)

Ocobucmuii 6Hecok 3000y8aua: nNpo8e0eHO aHAli3 NONePeoHix 0O0CHI0NHCEHD,
BUKOHAHO YUCENbHUU AHAI3 OUHAMIYHOT N08ediHKU 0Y0i8i, ohopmaena mekcmosa
yacmuna i epagiuni mamepianu.

HaykoBi mnyoOaikamii, sKki 3acBifuyloTh anpofauniro MartepiaJuiB
AUCepTAaLii:

5. Kocrin Jlenuc OriiHka BIUIMBY KOJHMBaHb IPYHTY, CIPUYUHEHUX PYXOMUM
CKJIaJOM, Ha BHUCOTHY OyniBmo / Te3n MIKHApOAHOTO HAYKOBO-TEXHIYHOTO
cumnosiymy CIDS 2025, Kuis, 30 — 31.10.2025 — C. 43 — 46.

6. Omnsera Jlyk’ssauenko, Annpiii Ko3zak, Jlennc Koctin lunamiuHa moBeiHKa
BHCOTHOI OyJIiBJIi, pO3TAIlOBaHOI MOOIHM3Y pyXy 3alli3HHMYHOro Tpancropty / V
MixuapogHa  HayKOBO-TIpakTHuHa KoH(pepenuis «bymiBmi Ta  cnopynu
CHEIaJbHOTO MPU3HAYEHHA: CydacHI MaTepiaiii Ta KoHCTpykiii». Kuis, 14 — 16
tpaBHs 2025 poky — C. 76 — 77.

Ocobucmuii 8Hecox 3000y8aua: NPOBeOeHO AHANI3 IPYHMOBUX MOOeell, BUKOHAHO

yucenvruul ananiz H/[C 6yodieni, ogpopmiena mexcmosa yacmuHna i UCHOBKU.



