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JuceprariiifHe JOCHIJDKEHHS TPUCBSAYEHEC BHUBYCHHIO BIUIMBY JHHAMIYHOI
B3a€EMOJIi CHUCTEMH  «HA3eMHa 4YacTHHA-QYHIAMEHT-TPYHT» Ha  HaIpy>XCHO-
nehOpMOBaHMI CTaH KOHCTPYKI[IH OaraTornoBepXxoBUX OY/I1BEIb.

VY écmyni BigMiueHO, 110 MPU MPOCKTYBaHHI OYy/IiBEIb Ta CIIOPY PO3PAXyHKH Ha
JUHAMIYH1 BIUTMBU MOKHA BUKOHATH, BUKOPUCTABIIU CIEKTPATBLHUN METOH, MPSIMHIA
TUHAMIYHUK MeToa abo HEeNiHIMHUN CTaTUCTUYHHUMA po3paxyHoK. llumm meromamu
PErJIaMEHTYEThCSI  PO3PaXyHOK CHCTEMH «Ha3eMHa YacTUHA-(QYHIAMEHT-TPYHT».
HeobOximHO BpaxoByBaTH OCOOJMBOCTI HENIHIKHOTO AedOpMYBaHHS KOHCTPYKIIIN
OymiBiIi Ta TPYHTIB, IHEPIiHI BJIACTUBOCTI TPYHTOBOI OCHOBH, JeMII(pyBaIbHI
BJIACTHBOCTI Ta iH.

Ha cucremy «HazemHa dactuHa-QyHIAMEHT-TPYHT» MOXYTh JISATH SK CTaTUYHI,
TaK 1 JUHAMIYHI HAaBaHTa)XCHHs. 3a CTAaTUYHMX HABAaHTAKCHb OC3rpaHUYHUN MacHB
MOXHa OOMEXHUTH. JIJIsi IbOTO JOCTATHBO BIIKMHYTH YAaCTUHY MACHUBY, SKa BiJaieHa
Bil OyZIiBJi, OCKUIBKM TEpPEMIIEHHS Ta 3yCHIIS 3MEHINYIOTHCA 31 30UTbIICHHSIM
BificTaHi Bix cnopyau. OpgHaK y AMHAMIII 151 IpOIeypa HE MOKe OyTH BHKOPHCTaHA.
OOmexxeHa miIssHKa BigOWBae XBWJII, IO HAIXOIATh Bil JpKepena BiOparii, a BOHH
MMOBUHHI PO3MOBCIO/IKYBATUCh Y HECKIHUEHHICTh. [le BimOMTTS BrummBae Ha aedopmartii
KOHCTPYKIii. [l anHamizy B3aemojii €lIeMEeHTIB y CHCTeMi «Ha3eMHa 4YacTHHA-
GyHIaAMEHT-TPYHT» HECKIHUCHHHI IPYHT MOAUISIIOTH HA OOMEXKEHY JUISTHKY, KA MOXKE
OyTH HEIIHINHOIO, 1 AUISHKY, SIKa TATHETHCS 10 HECKIHUCHHOCTI 1 TOBOJUTHCS JIHIMHO.

OOMexxkeHa [UISTHKA, $IKa BKJIIOYA€E CHOpPYAY Ta OOMEXEHUU TIpyHT, MOxke OyTu



3MOJIeJIbOBaHa 3a JIONMOMOTOI0 METOJy CKIHYEHHUX elleMeHTIB. HallOuibin ckiaaHoro
YaCTHHOIO aHaJi3y B3a€MOJIl CIOPYOW Ta TPYHTY € MOJICTIOBAaHHS HEOOMEKEHOI
OUISHKA. Y JUHAMIYHIN 3a/1ayl XBWII, SIKI pyXarOThCsl JO HECKIHYEHHOCTI, HE MOBUHHI
BiOMBATUCS BiJl TpaHWIlb. TOMY Ha TpaHUISIX CJiJ 3aCTOCOBYBAaTH TakKl TpaHUYHI
YMOBH, 32 SIKHX TOTJIMHAIOTHCS XBUJIi, SIKi CFOIM HAIXOJISATh.

[TpoGnemy B3aeMOIil CKIIAJOBUX CHCTEMH «HAa3eMHA YacTHHA-(YHIAMEHT-TPYHT)
MOJKHA PO3B’S3aTH OJTHUM 3 JBOX OCHOBHUX METOJIIB — IPSIMUM METOJIOM, 200 METOJIOM
M1JCUCTEM.

[TpsiMuii MeTos - 11e HAMMPOCTININA cocid mpoaHaizyBaTu 1o B3aemo/iro. 1106
BpaxyBaTH HECKIHYEHHICTh 3 JIOCTATHHOIO TOYHICTIO, HEOOMExkeHa 00J1acTh 00pI3YEThCA
JIOCUTD JJAJIEKO B CTPYKTYPH 1 HA Hil 3a0€3MeuyI0ThCs MPUOIM3HI TPAaHUYHI YMOBH.

Merton mifcucTeM - 1€ OUTbIl TOYHUN METOJ y MOPIBHSAHHI 3 MPSIMUM METOJIOM,
Xo4ya O0OYHMCIIOBaJIbHA 00JacTh MOXE OYTHM CYTTEBO MEHIIOI, HDK JJIS TPSIMOTO
MeTony. Y paMKax JUCEPTaliifHOi pOOOTH AOCTIIKYETHCS cCaMe METOI MiJICUCTEM.

Biamiueno, 1o y po60oTi HaBe1eHO po3po0JIeHI METOJANMKHA CTBOPECHHS YHCEITbHHUX
MoJieNiel CUCTEM «Ha3eMHa YacTHUHA-(QyHIAMEHT-TPYHT)» MPHU TUHAMIYHUX BIIUBAX, K1
BpPaxoOBYIOTb TUCUTIATUBHI BIIACTUBOCTI IPYHTY.

Y nepuiomy po3oini HaBeneHO TIEPEIYMOBU TUHAMIYHOTO PO3PAXYHKY CHCTEMU
«Ha3eMHa 4YacTUHa-(QYHIAMEHT-TPYHT». BiIMideHO, 10 pO3paxXyHKH IpPH PO3B’s3aHHI
TUHAMIYHMX 3a7ad  3aBkAd TOB’s3aHI 31 CKIAQJIHMMH Ta JOBMOTPUBAIMMU
OOYHUCIEHHSIMHU 1 10 I8 Tpobsiema e OUTbIe 3aroCTPIOETHCSA, KOMM  HEOOXITHO
JOCITIIUTH HAIMpPYKeHO-Ae(hOPMOBAHHI CTAaH CHUCTEMH «HA3eMHA YacTHHA-(QyHIaMEHT-
IPYHT», 60 HEOOXiTHO BpaxyBaTu OaraTo mapameTpiB IpyHTy. [limkpecieHo BaxIUBICTh
3a/1a4ui BUOOPY po3Mipy AUCKPETU30BAHOT YaCTUHU OCHOBH.

BukoHaHO aHali3 METOJIB YHCEIHLHOTO MOJICIIOBAHHS POOOTH CIOPYI MpH il
IUHAMIYHHUX HaBaHTa)XE€Hb. BI1AMIYEHO OCHOBHI BHIM AWHAMIYHMX HABAaHTAXEHL Ta
METOJIM TUCKPETHU3AIlii, a TAKOK METOJIA CKJIAJIaHHS PIBHSIHD PYXY.

PosrmstnyTi poGoTu Bimomux (axiBIiB B 00JacTi METOMIB JOCIIKEHHS Ta

MaTEeMaTHYHOTO aHaJli3y 3aJa4 JUHAMIKH CIIOPY/I.



BukoHaHO MOPIBHSAHHSA METO/(IB YUCEIBHOTO aHai3y CIIOPY/ IPH A1l IMHAMIYHHUX
HAaBaHTAXXEHb 33 MPUHLHUIIAMU JUCKpeTu3alii. BigMideHo, 110 HaWOLIbII MOUIMPEHUM
METOJ AUCKPETU3AIlli - METOJ] CKIHUCHHUX €JIEMEHTIB.

[loka3aHO OCHOBHI €Tamu pO3pPaxyHKy METOJIOM CKIHYEHHHX €JIEMEHTIB, Ta
(opMyBaHHS MaTPUYHOTO PIBHSHHS PYXY Y METOJ1 CKIHUEHHHUX €JeMEHTIB. 3p00JeHo
BHCHOBOK, IO 3ajaya JIWHAMIYHOTO pO3PAXyHKY CHCTEMH «Ha3eMHa YacCTHUHa-
GyHIaMeHT-IpyHT», s oTtpuMmanHsi TtoyHoro HJIC Bapro po3paxoByBaTH 3
BpaxyBaHHSM (aKkToOpy yacy.

PosrisinyTo reoMerpito Mojened, (i3MUHI Ta MEXaHIYH1 BJIACTHBOCTI MPY>KHHUX
ocHoB crnopyn ®Dykca-Binknepa ta Ilactepnaka. BimMiueHO HEZOJIKM IUX MOJETEH.
PosrnsiHyro (i3uyHO HEMiHINHI MOJeN IPYHTOBUX OCHOB crnopya. HaseaeHo
BHU3HAYaJIbHI CITIBBIIHOIIEHHS TEOpii IUIACTHYHOI TEKy4ocTi (Teopii TEKydocTi) Ta
nedopmMalliifHoi Teopii MIACTUYHOCTI, a TaKOXK KpUTepii TeKkydocTi. BigmiueHo, 1o y
MOJIETISIX IPYHTOBUX OCHOB HaiyacTillle BAUKOPUCTOBYIOTh OBEPXHI TeKy4ocTi boTkiHa,
Kynona-Mopa, pykkepa-IIparepa, Kynona-®aneena.

Y oOpyzomy po30ini po3rAAHYTO METOAW MOJCJIIOBAaHHA OCHOBU CIOPY/IH,
IIPOTIOHYETHCS METOJMKA MOJICTIOBAHHS  OMOPHUX B'SI3¢M 1 OCHOB 3 "KOPCTKOK"
MOHOBJIOIOYOI0 CUJIOK0 Y cepenoBullli nporpamuoro komiuiekcy JIIPA-CAIIP, a takox
METOJIMKA MOJICNIIOBAHHS B3a€EMOJIII €JIEMEHTIB CHUCTEMU «HAa3eMHA 4YacTHHA-
byHIaMEHT-TPYHTY.

[cHye nBa 3arajbHUX MIAXOAM JUIsI YUCENIBHOTO MOJENIOBAHHSA JUHAMIYHO1
B3a€EMOJIIi €JIEMEHTIB CHUCTEMU «Ha3eMHa 4YacTUHA-QYHIAMEHT-TPYHT» - 1€ METOJ
HiJICUCTEM Ta NPSIMUN METO/.

VY metoni migcucteM HeoOMEkeHa 00JIaCTh OCHOBH MOJUISETHCS Ha OOMEXKEHY
YaCTHHY OCHOBH pa3oM 3 OymiBiero i Ha HeoOMexeHy dacTuHy. OOMeKeHy 4YacTHUHY
MOJIETIIOIOTh METOJIOM CKIHYEHHHMX €JIEMEHTIB, M0 Jla€ MOJIMBICTh BpaxyBaTH
0COOJIMBOCTI TPYHTOBOI OCHOBH, y TOMY YHCII HEIIHIAHICTE. Jlnsg HeoOMexeHOl
YaCTUHU IPYHTY HEOOXITHO 3MOJEIIOBATH 1i HECKIHUEHHICTh. J[Jisi METONy MmiicUCTEM
HEOOX1IHI aHAIITUYHO BHUPAXKEHI TpaHU4YHI yMOBHU. [IpomoHyeThCsS MeETOAMKA

noeanands MetoaiB MCE ta SBFEM, sika mae MOXJIHMBICTh YHUKHYTH MPOOJIEM, IO



BUHUKAIOTh MPU PO3B’SA3aHHI 3a7a4 3 HEOOMEKEHHMH O0JACTSIMHU NPHU BUKOPUCTAHHI
THIITUX METOJIB.

BuknaneHo 3anponoHoBaHy y poOOTI UMCeNbHY IpoLeaypy (OpMyBaHHS PIBHSIHb
pyXy Ta, SIK YaCTUHHUWA BUNAJOK, PIBHSHb PIBHOBAru, y 3ajayax, 1€ € Oe3rpaHuyHi
obnacti. [{ro nmponeaypy ynpoBamkeHo y nporpamHomy komruiekci JIIPA - CAIIP, mo
Jallo  MOXIUBICTH ¢GopmyBartu riopuani moxeni MCE/SBFEM 1 posp’szyBatu
NPAKTUYHO OYAb-sK1 (PI3WYHO JIIHIAHI Ta HENIHIMHI JUHAMIYHI 3a7a4l y 4yacl NpsIMUM
METOJIOM, & TAKOK METOAOM ITIJICUCTEM.

3anporoHOBaHO METOIUKY (POPMYBaHHS PO3PaXyHKOBHUX CXEM, Jie € Oe3rpaHudH1
00JacTi.

Bukonano TecTyBaHHS pPO3pOOJIEHOT YMCENBHOT MPOIEAYPH Ha BIIOMHUX
KJIACMYHMX 3a7ayaX MeXaHIKM TBepaoro aedopmiBHoro tina. [lokasano, mo mnpu
BUKOPUCTaHH1 PO3POOICHUX CKIHUEHHUX EJIEMEHTIB y YHCIOBUX MOJIEIISAX KOHCTPYKIIN
OyZiBenb 3a 3aMpONOHOBAHOI0 METOAMKOIO, PE3yJbTaTH PO3PAXYHKIB MPAKTUYHO HE
BIJIPI3HAIOTHCS Bl TEOPETUUHUX.

Y  mpemvomy po30ini BUKOHAHO Ppsii YHUCENBHUX EKCIIEPUMEHTIB 3
BUKOPUCTaHHSIM JIEKUIBKOX METOJIIB PO3paxXyHKy Ha JMHAMIYHI BIUTUBU. Po3risiHyTO
ICHYI0Ul METOJMKH PO3paxyHKy Ha JWHAMIYHI BIUIUBH Ta IPOBEICHO IMOPIBHSIHHS 3
3aMpONOHOBAHOI0 METOIUKOIO.

CrtBOpeHa po3paxyHKOBa CXeMa, Ta MPOBEJICHO NTMHAMIYHUN pO3paxyHOK OYIiBII1
roTesNbHOro Komiuiekcy Ha HoBomy momi OnecbKOro MOpPCHKOIO IMOPTY METOAO0M
HEJIHIMHOTO CTaTUYHOTO po3paxyHKy (pushover). BimMiueHi OCHOBHI miepeBaru Ta
HEJOJIKM METOJy, Ta 3alpOolOHOBAHO MOJAJNBIIl PO3PAaXyHKH BUKOHYBATH NPSIMUM
JUHAMIYHUM METOJIOM, Ta pO3pOOJIECHOI0 aBTOPOM METOIHUKOIO.

BukonaHo nuHaMiuHHNA pO3paxyHOK 27-TIOBEPXOBOTO MOHOJITHOTO OYyAMHKY Ha
BIUIMB ~ METPOMOJITEHY HErauOOKOro 3aknajgaHHsi. YucenbHUH  eKCIIEPUMEHT
BUKOHYBaBcsi y mnporpamHomy komiuiekci JIIPA-CAIIP. Jlns mopentoBaHHS BILTUBY
METPOMOJITEHY BHKOPHUCTOBYBAJIOCh CHHYCOiJaJibHE HABAaHTAXXCHHA B PYyXOMOTO
CKJIaJly METpOomnoiTeHy. BUKOHAHO poO3paxyHOK OyiBil JBOMa METOAaMHU: METOIO0M

CKIHUYCHHUX €JIEMEHTIB 31 CTaHJAPTHUMHU TPAaHUYHHUMHU YMOBaMHM Ha TpaHMI



TOCTIPKYBaHOT 30HH, a TAaKOXX 3 BUKOPUCTAHHSAM CKIHYCHHUX €JIEMCHTIB, IO
MO/ICIIIOIOTh HECKIHUEHHICTD, PO3POOIEHUX aBTOPOM.

Po3ristHyTo mnHMTaHHS CEWCMIYHOTO MIKpOpallOHYyBaHHS Ha mpukiaal 13-tu
moBepxoBoi OymniBmi, mo nodynoBaHa y M. Opeca. IIpoBeneHO aHaii3 MOBEIIHKHU 1
peakilii KOHCTPYKIIH OymiBial Ha CEMCMIYHI BIUIMBU 3 YypaxXyBaHHSM BIJICTaH1 BijJ
eMILEHTPY, MPOCTOPOBOT POOOTH KOHCTPYKIII, B3a€MOJii 3 IPYHTOBOIO OCHOBOIO 1
Oarato iHmKUX. BuWKOHAHO TOPIBHSUIBHUN aHA3 METOJUKH PO3PAXYHKY, IO
NPOIMOHYETHCSA, 3 ICHYIOUMMH METOJMKaMU Ta JIOBEJICHO HEOOXIAHICTh CTBOPEHHS
MOJIeJIi TPYHTOBOT OCHOBH 3 0€3MEPEPBHUM MPOXOHKCHHS CEHCMIYHUX XBUJIb.

BinmMiueHo, 110 3amporoHOBaHA aBTOPOM METOJHMKA YHCEIBHUX PO3PaxyHKIB €
YHIBEpPCAJIbHOIO, 110 32 ii TOMOMOTOI MOXKHA KOPEKTHIIIE PO3paxOByBaTH CIIOPYIU Ha
MUHAMIYH1 BIUIUBH.

Y  uemeepmomy po30ini PO3TNSHYTO YHUCEIbHUN ekcriepuMeHT 20-Tu
MOBEPXOBOTO MOHOJIITHOTO KOMIUIEKCY, y SIKOMY Micisg 6-TH GaidbHOro 3eMIETPYCY
3’ SIBUJIMCSI TPITUHU B OBaJbHIN MJIUTI IEPEKPUTTS. Po3paxyHKOBY MOENb MPOCTOPOBOT
cxemu OyniBiai cTtBopeHo y mporpamHoMy komruiekci JIIPA-CAIIP. Po3paxyHkoBi
HAaBaHTaXXCHHS Ha €JIEMEHTH KOHCTPYKIIIM 3aJaHO y BIIMOBIIHOCTI O 3aBIaHHS Ha
pO3paxyHOK. Y pO3paxyHKOBi cXeMi BpaxoBaHO (I3MYHI HEJIHINWHI BIACTUBOCTI
MarepiajaiB KOHCTPYKIlii. beToH Ta apmarypa 3MoJenbOBaHi y BIAIMOBIIHOCTI [0
KpecieHb. Po3paxyHOK Ha JUHAMIYHI BIUIMBM BHKOHAHO 3a 3alpONOHOBAHOIO
Metoaukoro. Ha rpanuri oGmacti momeni Oynu 3amaHi TPhOX Ta YOTHPHOX BY3JIOBI
€JIEMEHTH METO/IY MiJICUCTEM.

Xapakrtep pyHHYBaHb, SIKHH OTPUMAHO 32 PO3PAXYHKOM, JOOpE y3TOKYETHCA 3
TIMCHUMU PYHHYBaHHSAMH €JIEMEHTIB CTIOPY/IU MICTS 3eMIIETPYCY.

Po3paxyHku Ha TMHAMIYHI BIUTMBY (I3UYHO HETIHIMHUX CIIOPY/ HA OE3rpaHUyIHIN
IPYHTOBI OCHOBI 3a ITIEF0 METOJMKOI0 BPAaXOBYIOTh HACKPI3HE MPOXOHKCHHS XBUIb y
0e3rpaHNYHOMY TPYHTI.

Po3pobnena merommka po3paxyHKy CHUCTEMH «Ha3eMHa 4YacTHHA-(YHIaMEHT-

IPYHT» Ha JWHAMIYHI BIUIMBH JA€ MOXJIMBICTb aHaJi3y Hampy>KeHO—Ae(OpMOBaHOTO



CTaHy crnopya Oyab-sIKOi CKIAJHOCTI 3 ypaxXyBaHHSIM HENMIHIMHUX BJIACTUBOCTEH
MarepiaiiB eIEMEHTIB CUCTEMH.

KurouoBi cjoBa: uncenpbHe MOAENIOBaHHSA, (PI3MYHA HENIHIWHICTb, TUHAMIYHI
BIUIMBY, CHUCTEMa «HA3eMHAa 4YacTUHA-(QpYHIAMEHT-IPYHT», METOJ] CKIHYEHHHX

€JIEMEHTIB, METO/I ITIJICUCTEM.



SUMMARY

Pysarevskiy B. U. Numerical modeling of structures of multi-storey buildings
under dynamic impact. — Qualifying scientific work on the rights of manuscripts.

The thesis for candidate degree of engineering science (PhD) in the specialty 192
— Construction and civil engineering — Odessa State Academy of Civil Engineering and
Architecture, Odessa, 2021.

The thesis investigation is devoted to the study of the influence of the dynamic
interaction of the system "aboveground part-foundation-soil™ on the stress-strain state of
the structures of multi-storey buildings.

In the introduction it is noted that in the design of buildings and structures, to
analyse the dynamic effects, one can use following methods: spectral method, direct
dynamic method or nonlinear statistical calculation. These methods regulate the analysis
process of the system "structure-substructure-soil foundation”. It is necessary to take
into account the features of nonlinear deformation of building structures and soils,
inertial properties of the soil foundation, damping properties, etc.

Both static and dynamic loads can act on the system called “structure-
substructure-soil foundation”. To analyse some static loads, the infinite soil body can be
constrained. To do this, it is sufficient to discard the part of the soil body which is far
enough from the building, so as displacements and effort decrease with increasing
distance from the structure. However, in dynamics this procedure cannot be used.
Constrained area reflects the waves, which come from the source of vibration, though
these waves must propagate to infinity. This reflection affects on the deformation of the
structure. To analyze the interaction between elements in the system "structure-
substructure-soil foundation" the infinite soil body can be divided into two areas: a
constrained area, which can be nonlinear, and an area that extends to infinity and
behaves linearly. The constrained area, which includes the structure and the bounded
soil foundation, can be modeled using the finite element method. The most difficult part

of the analysis of the interaction between the structure and soil foundation is the



modeling of an unlimited area. In dynamic problem, the waves moving to infinity
should not be reflected from the boundaries. Therefore, such boundary conditions
should be applied at the borders, under which the waves coming here can be absorbed.

The problem of interaction between elements in the system "structure-
substructure-soil foundation" can be solved by one of the two main methods: the direct
method, or the method of subsystems.

The direct method is the easiest way to analyze this interaction. To take into
account the infinity with sufficient accuracy, the unlimited area is truncated far enough
from the structure and it provides approximate boundary conditions.

The method of subsystems is more accurate method than the direct method,
although the computational area may be significantly smaller than for the direct method.
As a part of the dissertation the method of subsystems is investigated.

It is noted that the paper presents the developed methods of creating of numerical
models of the system “structure-substructure-soil foundation” under dynamic
influences, which take into account the dissipative properties of the soil foundation.

The first section presents the prerequisites for the dynamic analysis of the system
"structure-substructure-soil foundation™. The main elements of the analytical model are
highlighted. It is noted that the dynamic analytical process is always associated with
complex and long-term calculations and that this problem is exacerbated when it is
necessary to investigate the stress-strain situation of the system "structure-substructure-
soil foundation”, because it is necessary to take into account many parameters of the soil
foundation. The importance of the selection problem of the dimension of the discretized
part of the soil foundation is emphasized.

The analysis of methods of numerical modeling of work of structures under
dynamic loadings is executed. It also noted the main types of dynamic loads and
sampling methods, as well as motion equation formation methods.

The dissertation also considered with the works of the well-known specialists in
the field of research methods and mathematical analysis of the problems of structures

which are under dynamic impact.



The discretisation principle comparison of the methods of numerical modeling of
structures under dynamic loads is introduced. It is noted that the most common method
of discretisation is the finite element method.

The main stages of the analysis by the finite element method and formation of the
matrix motion equation in the finite element method are shown. It is concluded that the
problem of dynamic analysis of the system "structure-substructure-soil foundation”, as a
rule, is solved in time.

In the current thesis, it also considered the geometry of the models, physical and
mechanical properties of the elastic soil foundation according to Winkler and Pasternak
models. The disadvantages of these models are noted. Physically nonlinear models of
soil foundation of structures are considered. The defining relations of the theory of yield
plasticity (yield theory) and the deformation theory of plasticity, as well as plastic yield
criterions are given. It is noted that in the models of soil foundations the yield surfaces
of Botkin, Mohr-Coulomb, Drucker-Prager, Coulomb-Fadeev are the most often used.

The second section discusses the modeling methods of the soil foundation of the
structure, offers a method of modeling the support connections and soil foundations
with a "rigid" regenerative force in the software package “LIRA - SAPR”, as well as a
method of modeling the interaction between the elements of the system "structure-soil
foundations".

There are two general approaches for numerical modeling of the dynamic
interaction between the elements of the system "structure-soil foundations": a method of
subsystems and a direct method.

In the method of subsystems, the unlimited area of the soil foundation supposed
to be divided into two parts: a limited part of the soil foundation together with the
building and an unlimited part. The limited part can be modeled by the finite element
method, which makes it possible to take into account the features of the soil foundation,
including nonlinearity. For an unlimited part of the soil foundation it is necessary to
model it’s infinity. The method of subsystems requires analytically expressed boundary

conditions. We offer a method of combining FEM (Finite element method) and SBFEM



(Scaled boundary finite element method), which avoids the problems that arise when
solving problems with unlimited areas when using other methods.

The work offered the numerical procedure of formation of motion equations and,
as a partial case, equilibrium equations, in problems where there are infinite areas. This
procedure is implemented in the software package "LIRA - SAPR", which made it
possible to create hybrid models of FEM/SBFEM and to solve almost any physically
linear and nonlinear dynamic problems in time by the direct method, as well as the
method of subsystems.

The technique of creation of analytical models where there are boundless areas is
offered.

In the dissertation, it describes the results of the testing of the developed
numerical procedure based on the known classical problems of solid body mechanics. It
Is shown that when using the developed finite elements in analytical models of building
structures according to the proposed method, the results of calculations do not differ
from the theoretical ones.

In the third section, several numerical experiments were performed using various
methods of the dynamic effects analysis. The existing methods of analysis of dynamic
influences are considered and a comparison with the proposed method is carried out.

The model is made, and the dynamic calculation of the building of the hotel
complex on the New pier of the Odessa seaport by a method of nonlinear static
calculation (pushover) is carried out. The main advantages and disadvantages of the
method are noted, and it is proposed to perform further calculations by the direct
dynamic method, and the method developed by the author.

As a part of the study it performed a dynamic calculation of a 27-storey
monolithic building, which is under influence of the shallow subway. The numerical
experiment was performed in the “LIRA-SAPR” software package. To simulate the
impact of the subway, a sinusoidal load from the rolling part of the subway was used.
The analysis procedure of the building is performed by two methods: the finite element
method with standard boundary conditions at the boundary of the study area, as well as

using finite elements modeling infinity, developed by the author.



The issue of seismic micro-zoning is considered on the example of a 13-storey
building, which is built in Odessa. The analysis of behavior and reaction of
constructions of the building to seismic influences taking into account distance from the
epicenter, spatial work of a structure, interaction with soil foundation and many others
Is carried out. As a part of the current research, it proposed a comparative analysis of the
proposed analytical method with existing methods, it also showed the need to create a
model of the soil foundation with a continuous transmission of seismic waves.

It is noted that the method of numerical calculations proposed by the author is
universal, and with it’s help it is possible to provide the analysis of constructions under
dynamic influences more correctly.

The fourth section considers a numerical experiment of a 20-storey monolithic
complex, in which some cracks appeared in the elliptic slab after 6-magnitude
earthquake acting. The analytical model of the three-dimensional configuration of the
building was created in the software package "LIRA-SAPR". The calculated loads on
the structural elements are set in accordance with the calculation task. The analytical
model takes into account the physical nonlinear properties of structural materials.
Concrete and reinforcement are modeled in accordance with the drawings. The
calculation of dynamic effects was performed according to the proposed method. At the
boundary of the model area, three and four node elements of the subsystem method
were specified.

The nature of the damage, which is analyzed, is well consistent with the actual
destruction of structural elements after the earthquake.

The calculations on the dynamic effects of physically nonlinear structures on a
boundless soil foundation based on the proposed method take into account the
throughput of waves in boundless soil foundation.

The developed analysis method of the system "structure - boundless soil
foundation" under dynamic influences allows to analyse the stress-strain state of
structures of any complexity taking into account the nonlinear properties of materials of

system elements.



Key words: numerical modeling, physical nonlinearity, dynamic influences, soil -

structure system, finite element method, substructure method.
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