AHOTALIA
Jlumsun O.B. B3aeMoisi BACOTHUX OY/IBEJIb 3 IPYHTOBOIO OCHOBOIO MPHU AUHAMIYHUX
BITMBax. — KBamidikaiiitHa HayKoBa mpaiis Ha IpaBax pyKOIHUCY.

Huceprarnisi Ha 3100yTTS HAYKOBOTO CTymHeHs jJokTopa (imocodii 3a
cneniaigbHicTIO 192 — ByIIBHMITBO Ta IMBLIbHA IHXKEHEpisA, rajly3b 3HaHb 19 —
ApxiTekTypa Ta Oy1IBHUITBO. — KUIBChKHI1 HAITIOHATTLHUN YHIBEPCUTET OY/IIBHUIITBA
1 apXITeKTypu. MiHICTEPCTBO OCBITH 1 Hayku Ykpainu, Kuis, 2025 p.

OcHOBHUI 3MiCT AUCEPTALIITHOI po0OTH

HuceprarniitHa po0OoTa TPHUCBSIYCHA JOCTIKEHHIO B3a€EMOJII BHUCOTHHUX
OyiBeb 13 [PYHTOBOIO OCHOBOIO ITiJT A1€0 TMHAMIYHUX BIUIMBIB, 30KpeMa CEUCMIYHUX
1 BUOyX0OBUX HaBaHTaxeHb. OCHOBHOIO METOIO pOOOTH € PO3pOOKa Ta BJOCKOHAICHHS
METOJUK MaTeMaTUYHOTO MOJCIIOBAHHS JIs MiJBUIICHHS TOYHOCTI PO3paxyHKiB
HAIpPY>KEHO-1€(POPMOBAHOTO CTaHy CUCTEMU «OCHOBa—(pYyHIaMEHT—OYIIBIID» Ta
ONTUMI3AIll] MPOEKTHUX PIIICHb 3 YpaXyBaHHSM JUHAMIYHUX 1 CTATUYHHUX BIUIMBIB. Y
poOOTI TOCIIJIKEHO MEXaHI3MH YIIUIbHEHHSI IPYHTIB i1 (PyHIaMEHTaMU, BU3HAYEHO
BIUIMB KOMIIPECIHHUX BIJIACTUBOCTEM Ha HECydyy 3JaTHICTb OCHOBM, PO3pOOJIEHO
AITOPUTMH MOJIETTIOBaHHS MPOIIECIB 3MIHU 00’ €MY I'PYHTY 3a JJOTIOMOT'OI0 TPOTPaMHUX
KOMILIEKCIB, Takux sik Abaqus. OcoOnuBa yBara npujijieHa po3paxyHKy HarnpyxeHo-
ne(hOpMOBAHOTO CTaHy 0araTOCEKIIHHUX OyIiBeNb 13 ypaxyBaHHSIM HEPIBHOMIPHOTO
YIIUIBHEHHSI OCHOBU Ta MPOCTOPOBOI KOPCTKOCTI KOHCTPYKIIIH.

3anponoHOBAaHO METOJWMKH JHHAMIYHMX pO3pPaxyHKiB, 5Kl BKJIIOYAIOTh
BpaxyBaHHsI HENIHIMHUX BJIACTUBOCTEH MarepialliB MPU MOJCIIIOBaHHI BUOYXOBUX
HaBaHTaXxeHb 13 BUKopucTaHHsAM anroputmy CONWEP, a Takox pexkomeHaallii moa0
3HIDKEHHSI CEHCMIYHOTO BIUIMBY Ha JMHAMIYHHUM BIATYK Oy/iBEb MIJISXOM BBEICHHS
JOJIATKOBUX pUTENbHUX cucTeM. Lle m03Bojsie 3MIHIOBATH MPOCTOPOBY KOPCTKICTh
Oy[iBeJIb Ta KOPUT'YBATH iXHI PE30HAHCHI YaCTOTH.

HucepraiiiiiHe TOCHIIKEHHS PO3IIMPIOE 3HAHHS IPO B3AEMOJIII0 BUCOTHHUX
OyniBedb 13 IPYHTOBOIO OCHOBOIO B YMOBAaX CKJIAIHUX JUHAMIYHUX 1 CTAaTUYHUX
HaBaHTaxXeHb. OcoOnvBa yBara mNpuJiJICHA MIABUIIECHHIO Oe3reku OyiBensb 3a
eKCTpeMaJbHUX BIUIMBIB, TAKHX K 3€MJIETPYCHU Ta TEXHOTEHHI BUOYXH, SIKI MOXYTb

CIPHUYMHATH 3HAYHI 10JaTKOBI HAIIPYKEHHS Ta PYWHYBAHHS KOHCTPYKIIIi.



PesynbraTd  JOCHIDKEHHS MIATBEP/KYIOTh ©(PEKTUBHICTH  PO3POOICHUX
METOJMK JUIsl 3HUKEHHS aMIUTITY]l KOJIMBaHb, PIBHOMIPHOTO PO3MOALTY HaNpy>XEeHb Yy
KOHCTPYKIIiSIX, 3MEHIIICHHSI OCiIaHbh (DYyHJAMEHTIB 1 MiABUIIEHHS CTIHKOCTI CHOPY.
Po3po6ieni Mozeni Ta METOIUMKHM 3a0€3MeUyI0Th HE JIMIIE SKICHY OIlIHKY B3aeMOil
Oy 1Bl 3 OCHOBOIO, aJie i MOKIIMBICTh PO3POOKH €PEKTUBHUX MPOEKTHUX PIIICHb AJIs
3MEHIIICHHS] PYyHHIBHOTO BIUTMBY €KCTpeMalIbHUX (DAKTOpiB, TaKMX SK PE30HAHCHI
KOJMBaHHS 4u BUOYXOB1 yaapHi xBuii. [IpoBeaeHuil aHami3 JUHAMIYHOTO BIATYKY
OaratocekuiHuX Oy/iBeJib J03BOJIUB PO3POOUTH PEKOMEHAAIlli OO0 BBEICHHS
JI0JIATKOBUX PUTEIBHUX CUCTEM JIJIs BIAJIAINTYBaHHS OyAiBII1 B/l p€30HAHCHUX YacToT,
M1JBUIICHHS JUHAMIYHOI )KOPCTKOCTI Ta 3aM00IraHHs MPOTPECyOuOMy PyHHYBaHHIO.

JocnmipkeHHsT Mae SK HayKoBe, TaK 1 MpaKkTHYHE 3HAYCHHS, CHPHUSIIOUYU
BUPILICHHIO aKTyaJbHUX 3aBJaHb Cy4acHOI 1HXEHEpii Ta IUBLILHOTO OyIIBHHUIITBA.
Pe3ynbrat MOXKyTh OyTH BUKOPUCTaHI PU PO3pOOLI HOPMATUBHUX JOKYMEHTIB JJIS
IPOEKTYBAHHS BUCOTHUX CIIOPYJl y CEHCMIYHO HEOE3MeYHUX perioHax.

B nepuwiomy po30ini po3riasgaloThCs CydacHi mpoOjeMH B3a€MOJIiT BUCOTHUX
OyZIiBenb 13 IPYHTOBUMH OCHOBaMH, aKIICHTYIOUM yBary Ha 3a0e3reueHHl HalIHHOCTI
KOHCTPYKIIIM B yMOBaX Jii CTaTUYHUX 1 TUHAMIYHUX HaBaHTaXKeHb. BucoTH1 OymiBmi
CTBOPIOIOTH 3HAYHI HABAHTAKCHHS HA TPYHTOBY OCHOBY, IO BUKJIMKAE KOMITJICKCHHM
MeXaHI3M B3aeMOJIl Mk (yHIAMEHTOM 1 OCHOBOIO, BIUIMBAIOYM Ha IXHIO CTIHKICTH,
HECy4y 3JIaTHICTh 1 JOBTOBI4YHICTh. OCHOBHUMH aCIIEKTAMHU € BUBUYEHHS HAIMPYKEHO-
ne(OpMOBAHOTO CTaHY IPYHTY, KOHCOMIAAIi, 3CyBHOi CTIMKOCTI, a TaKOX OI[IHKa
ocijaHb 1 HEpiBHOMIpHMX Jnedopmariiii, sSKi MOXYTb CIPUYUHITH KPUTHYHI
NepeBaHTAXKEHHS KOHCTPYKITIH.

OcHOBHI TIIX0U A0 aHai3y B3aemo/ii "hyHIaMeHT—0CHOBA" TOIISIOTHCS HA
TEOPETUYHI, EKCIIEPUMEHTAIIbHI Ta EMITIPUYHI MeTOAU. TeopeTudH1 Mojieli 6a3y0ThCs
Ha MEXaHILI I'PYHTIB 1 BPaXOBYIOTh MPY>KHOIUIACTHYHI BIACTHUBOCTI MaTepiaiiB, IO
JI03BOJISIE  OI[IHIOBATH IMOBEIIHKY OCHOB MiJ[ PI3HUMH pPEXKUMaMU HaBaHTaXEHb.
Oco6nmBOro 3HaueHHs HAOyBalOTh YHUCJIOBI METOJAM, Takl SIK METOJ CKIHYCHHUX
€JIeMEHTIB, SKi 3a0e3Me4yroTh JACTAJbHUNA aHajli3 y TPUBUMIPHUX YMOBax.
ExcniepuMeHTanbHi JOCTIIKEHHS, TIPOBEACHI B JIAOOPATOPHHUX 1 MOJIbOBUX YMOBAX,

BKJIFOYAIOTh 3aCTOCYBaHHS 1HHOBAL[IMHUX METOJIB BUMIPIOBAHHS, TaKUX SK JIa3epHA



iHTepdepometpis 1 3D-ckanyBanHs. EMmipuyHi miaxoau 6a3yroThCsl HA CTATUCTHYHIN
00poOl11i TaHUX, OTPUMAHUX Y X0/l HATYPHUX CHOCTEPEKEHb.

Komrmpeciiinuii CTHCK, K OJHA 3 KIIOYOBUX XapaKTEPUCTUK I'PYHTOBUX OCHOB,
Oe3rnocepeHbO BIUIMBAE Ha OCIJaHHS (YHIAMEHTIB Ta iXHIO CTaOlIbHICTb.
HepiBHOMIpHE YUIIIBHEHHS TIPYHTIB YCKJIAIHIOE MPOTHO3YBaHHSA, IO MOTpelye
MOJIANBIIIOTO PO3BUTKY OUIBII TOYHMX MOJENEH, 30KpeMa 3 ypaxyBaHHAM
MIKpOPIBHEBHX XapaKTEPUCTUK TIPYyHTy. MoOJEIOBaHHS TaKuX TPOIECIB 32
JOTIOMOIOK0  MPOTpaMHUX KOMIUIEKCIB, sk Abaqus, VESNA, Plaxis, cnopuse
I1JIBUIIIEHHIO TOYHOCT1 MPOTHO31B 1 €pEKTUBHOCTI MMPOSKTHUX PillieHb. BauBY poJib
BIJIICPAIOTh CUCTEMHU MOHITOPUHTY B PEaJIbHOMY 4aci, IO J03BOJIIOTh ONEPATUBHO
BUSIBJISITH OCIJIaHHS Ta Jedopmarlii Ha paHHIX CTaisX.

Oco0JMBOCTI AMHAMIYHMX BIUIMBIB, TaKuUX SIK CeWCMI4HI Ta BUOYXOBI
HABAHTAXEHHS, BUMAratoTb po3poOKU KOMILUIEKCHUX MIiAXOJIB O OILIHKK CTIMKOCTI
KOHCTpyKIii. CelcMIvHI BIUTMBU, XapaKTepHI1 I CEWCMIYHO aKTUBHHMX DPET1OHIB,
BUKJIMKAIOTh CKJIaJH1 MPOIECH B3a€EMO/IIi Mi’K OCHOBOIO 1 ()YyHIAMEHTOM, 1110 BILUIUBAE
HAa aMIUTITYy 1 TPUBAJIICTh KOJUBaHb. Y TOH k€ 4ac BHOYXOBI HaBaHTAXKEHHS, 5IK1 €
KOPOTKOYACHUMHU 1 BHCOKOYACTOTHUMH, CTBOPIOIOTH JOJATKOBI BUKJIUKUA JJIs
POCKTYBaHHS BUCOTHHX CIOPYA. MOJENOBaHHS WX BIUIMBIB 32 JOMOMOTOIO
CyYaCHHX METOJIB TPSMOTO IHTETPYBaHHS JIO3BOJIIE BPaxXxOBYBaTH OCOOJMBOCTI
MaTepiaiB 1 KOHCTPYKTUBHMX PILIIEHb M1 J1€I0 BACOKUX MIBUAKOCTEN Ae(pOpMyBaHHS.

HasiBHICTh €KOJIOTYHUX ACTIEKTIB TAKOXK € BaXKJIMBUM y KOHTEKCTI YIIUIbHEHHS
IPYHTIB 1 3MIH IXHIX NPUPOAHUX XAPAKTEPUCTHUK IMiJ Yac EKCIUTyaTallii CIOpYI.
[TepcniekTHBHI HAIIPSAMU TOCITIPKEHb BKITFOUAIOTh BUKOPUCTAHHS IITYYHOTO THTEIEKTY
JUIS aHATI3y JaHWX, IHTETpaIliio IHHOBAIIMHUX MaTepialliB Jjis cTadiii3allli OCHOB, a
TAKOX PO3POOKY METOAMK, IO BPaxOBYIOTh JIOBTOCTPOKOBI BIUIMBU CTaTUYHUX
HAaBAHTaXEHb Ta KOPOTKOYACHI aJie 31 3HAYHOIO J1€10 IMHAMIYHUX BIUIMBIB HA BUCOTHI
CHOpYAH.

Y opyzomy po3oini  npencraBieHo pPo3pOOKY METOJAMKUA MOJCTIOBAHHS
BUCOTHUX OyiBEIb Ha TPYHTOBIN OCHOBI 3 ypaxyBaHHSM 3MIHHOI CTHCHYTO! TOBIIII.
OcHoBHa yBara npujijieHa MaTeMaTUYHOMY OIMHKCY IMPOIIECIB YIIIIbHEHHS IPYHTIB Y

KOMIIPECIITHUX yMOBaX, OILIHII Hampy:xkeHo-nepopmoBanoro crany (H/C) cucremu



«OcnoBa-®ynnament-Criopyna» («O-®-C»), a Takox po3poOlll aJIropuTMIB
MOJIEJIIOBaHHS, 110 BPaXOBYIOTh KOMIIPECIHHI BIACTUBOCTI IPYHTIB Yy LIMPOKOMY
miarna3oHl THCKIB.

3anponoHOBaHa HOBA peaii3allisi MaTeMaTHYHOI MOJEN sfKa BPAaXOBYeE 3MIHY
Koe(IlieHTa MOPUCTOCTI Ta MOAydsS AepopMauii I'PYHTY 3aJI€KHO BlJ THUCKY, 3
aKIICHTOM Ha BpaxyBaHHS KOMIIPECIMHMX BJIACTUBOCTEH y KOHTEKCTI CTaHJIAPTHUX
71a00paTOPHUX BUMPOOYBAHb IPYHTIB Y OJOMETPUYHOMY Npuiiaji. s moaoBxKeHHs
KOMIIPDECIHHOT ~ KpMBOi O  BHCOKMX  Jlala3oHiB  TUCKY  BUKOPHCTaHO
Hamipinorapudmiuyauii 3axkoH ymuibHeHHs K. Tepmari. Ha ocHoBi po3poOieHoi
METOJIMKH CTBOPEHO aJTOPUTM, peali30BaHHUil y MporpaMHoMy KomIuiekcl Simulia
Abaqus 13 BUKOpUCTaHHSM Mignporpamu kopuctyBaua UMAT.

YucnoBe MOIETIOBaHHS J03BOJIUIIO MEPEBIPUTH €()EKTUBHICTD 3aPONOHOBAHOI
METOJIMKM Ha JIaOpaTOpHMX 3pa3Kax Ta peanbHUX cropynax. [IpoBeneHo anamis
BIUIMBY 3MIHHO1 BUCOTH po3paxyHkoBoi obnacti Ha HJIC cuctemu «O-D-Cy, 1o
JO3BOJIMJIO BU3HAYUTH ONTHUMAJIbHI PO3MIPU MOJENI [UIsi 3HUKEHHS BIUIMBY
rpaHUYHUX YMOB. JlOCHI/DKEHHS MIATBEPAWIM, IO YypaxyBaHHS KOMIIPECIITHOTO
CTUCHEHHS [IO3BOJISIE 3MEHIIMTH IMOXHOKH B OIIHIIl OCiIaHb (yHIaMeHTIB Ta
nedopmariii KOHCTPYKIII.

Ha npaktuanomy nipukiaai 25-moBepXoBOro KUTIOBOTO OYAMHKY 3 TAThOBUM
GbyHIaMEHTOM BUKOHAHO TMOPIBHSUIBHUNA aHalli3 TMPYXXHOTO PO3PaxXyHKy Ta
MOJIEJIIOBaHHS, SK€ BPAXOBYE 3MIHM 00’€My IpyHTY. BUABIEHO, 110 3aJIEKHICTbH
Moy aedopmarliii BiJi TUCKY CIpHUs€E OUIBbII PIBHOMIPHOMY PO3IOILTY 3yCHIb Y
POCTBEPKY Ta MaJisIX, 3MEHIIICHHIO MIKOBUX 3HAYE€Hb MOMEHTIB 1 TIJIOI1 KPUTUYHHUX 30H
10 30%. Y mporeci J0oCTiKEHHST BCTAHOBIICHO, IO JUTS 3a0€3MeUYeHHsT CTa01IbHOCTI
Oy 1Bl HEOOX1HO PO3TANIOBYBATH KIHII MaJlb HUKYE 3a 1Ie(pOPMOBAHY 30HY IPYHTY
1] HI30M pOCTBEPKOM MIHIMYM YZBIYI.

Otpumani  pe3yjiabTaTH JE€MOHCTPYIOTb, 10 BHUKOPUCTAHHS METOJUKHU
BpaxyBaHHs 3MIHU 00’ €My IPYHTY J103BOJISIE JOCATTH €KOHOMIYHOI €(DEeKTUBHOCTI 32
pPaxyHOK ONTUMI3aIlii JOBXHHHM TMallb, 3a0€3Meuyloud MpH I[bOMY HOPMAaTHBHO
TomycTUM1 ocigaHHs cropya. Kpim Toro, HampykeHo-nepopMoBaHUN CTaH,

OTpUMaHUN 3a JOMOMOIrOI0 PO3pPOOJICHOI MOJIeNl, MOXE OyTH BUKOPUCTAHUU IS



NOJAIBIINX JOCTIPKEHb JAWHAMIYHOI B3aeMojii OyjiBelb 13 OCHOBOIO 3a YMOB
celCMIYHUX, BUOYXOBHUX 200 1HIIKX AMHAMIYHHUX BIUIMBIB.

B mpemvomy po30ini nOCTIIKEHO B3a€EMOJII0 BHCOTHUX OyiiBensb 13
IPYHTOBUMU OCHOBaMH 3a JIMHAMIYHUX BIUIMBIB, 30KpeMa CEUCMIYHUX 1 BUOYXOBHUX
HaBaHTaKeHb. (OCHOBHAa yBara TMpHUJIJICHA CyYaCHUM YHUCEIHbHUM METOJaM
pO3paxyHKy, TaKUM SIK CIEKTpalibHI, NOpsAMi JAWUHAMIYHI METOAM Ta METOIU
IHTErpyBaHHd B 4Yacl, $SKI BpaxOBYIOTh HENIHIAHI BJIACTUBOCTI MaTepiaiB.
3actocyBaHHA LMX MIJXOAIB  3a0e3leuye JACTANbHUW  aHall3  HaIpy>XEeHO-
nedopmoBanoro crany (H/JIC) cucremn «ocHOoBa—(pyHIAMEHT—OYMIBIS» IIPU
CKJIQHUX TUHAMIYHUX BIUTHBAX.

JlocmimxeHHsT JOBOJATH, IO JWHAMIYHI PO3PaXyHKH, SKi BpPaxOBYIOTh
nomnepeaHl CTaTU4HI MOJIENi, JO3BOJISIIOTH OIHUTH B3a€EMOII0 KOHCTPYKIIHN 1
I'PYHTOBHX OCHOB 13 BUCOKOIO TOUHICTIO. 3alIPONIOHOBAHO METOAMKY 1110 BUKOPHCTOBYE
npsiMe 1HTETPYBAaHHS 3a SIBHUMU Ta HESIBHUMU CXEMaMM I 3a7ad 13 KOPOTKUMHU
YaCOBUMHU MPOLECAMU Ta BUCOKMMU MIBUAKOCTSAMU AepopMaliiid, TAKUX K BUOYXOBI
BIUTMBUA. Bu3HaueHo, 10 OOYMCIIOBAIBHI TEXHOJOTI(, 30KpemMa MapayelbHi
obuucnenns Ta GPU-06poOka, 3Ha4HO MiABUIYIOTh €(EKTUBHICTh TAKUX METO/IB.

Jlmst  ceficMiYHMX PO3paxyHKIB 3ampONOHOBAHO BUKOPUCTAHHS MPSMOTO
JTUHAMIYHOTO METOJY 3 YpaxyBaHHSIM Pi3HUX (HOpM BiIacHUX KoyimBaHb. Lleit mMeron
JI03BOJISIE MOJIEJTIOBATH BIUIMB CEMCMIYHUX XBHJIb Ha OaraTOCEKIIitHI BUCOTHI Oy 1B,
BPaxOBYIOUM HEPIBHOMIPHUN PO3MOAUI KOPCTKOCTI Ta Mac KOHCTPYKUIIN. AHami3
MOKa3y€e, IO HEPIBHOMIPHICTh >KOPCTKOCTI MPU3BOAUTH JIO 3aKpy4dyyBaHHSA
KOHCTPYKI[iM, 30UIbIIEHHS HaNpyXeHb 1 MIJBULIEHHS PU3UKY TMOMIKOJKEHb Y
KPUTUIHUX 30HAX.

OcobOnmBa yBara mpuieHAa JTOCTIIPKEHHIO BHOYXOBHX HaBaHTaXEHb 13
BukopuctanusaMm ainroputmMiB CONWEP Ta wmeToAiB MoJeatOBaHHSA HEIIHINHOT
MOBEIIHKKM MaTepiaiiB. BcraHoBieHo, 10 BHOYXOBI XBHJII CTBOPIOIOTH JIOKAJIbHI
HABAHTAXXEHHS, SKI MEPEBUUIYIOTh MEXKY MII[HOCTI MarepiaiiB KOHCTPYKIIH, M0
notpelye BpaxyBaHHS TUIACTUYHUX BIIACTUBOCTEH 1 MOIIKOHKEHb TAKMX MaTepialliB K

OCTOH Ta CTallb. ,HJBI AZICKBATHOT'O MOACIIIOBAHHA I[I/IHaMi‘IHI/IX BJIACTUBOCTEH



MarepiaiiB BukopuctaHo mojen Concrete Damaged Plasticity 1 Johnson—Cook, siki
3a0e3MneuyoTh TOYHUH ONMUC CKIIAJHUX MpoLeciB aedopmaliiii i pylHyBaHb.

PosrisiHyTo Momens 6araTocekiiitHoro 25-moBepxoBoOro KUTIOBOTO OYAMHKY 3
najgboBUM (YHIAMEHTOM Yy CKJIQJHMX 1HXXKEHEPHO-TeoJIoriyHuX yMoBax Kuesa.
YucnoBe MOAETIOBAaHHS MIATBEPAWIO, IO AMHAMIYHI PO3PaxyHKHU 13 BpaxXyBaHHAM
PI3HHX IEKPEMEHTIB KOJIMBAHb IPYHTIB 1 KOHCTPYKIIIM CIPUSIFOTH 3HUKEHHIO aMILTITY/T
konuBaHb Ha 20-30%. BogHnouac HenocTaTHs mMpHHA AeQOpMalIiHUX LIBIB MOXKE
PU3BOIUTH 10 YAAPHUX HABAHTAXKEHb 1 MIIBUIIEHUX TOMIKOKEHB. 3apOITOHOBAHO
peKoMeHAaIi I TOKPAIICHHS CTIMKOCTI OyJiBedb, BKJIIOYAIOUM OINTHUMI3AIiIO
KOHCTPYKTHUBHUX PILLIEHb 1 IIMPUHU Je)OopMaI[iiHUX IIBIB.

Otpumani pe3yJbTaTd MiIKPECTIOIOTh BAXKIWBICTh BUKOPUCTAHHS Cy4YaCHUX
YUCEIbHUX METOMAIB Y MOJIEIIOBaHHI JUHAMIYHOI MTOBEIIHKYA BUCOTHUX OYJIBENb IS
PO3pOOKHU PILIEHD 3 MIJBUILEHHS 1XHBOI CTIMKOCTI Ta O€3MEKHU B YMOBaX CEHCMIYHHUX 1
BUOYXOBUX BILJIMBIB.

B uemeepmomy po30ini nociaipKeHO TMHAMIYHY B3a€MOJI1I0 0araToCeKI[iiHOTro
BHCOTHOTO OYJIMHKY 3 OCHOBOIO TIiJ] €0 CEHCMIYHMX HABAaHTAXKEHb Ta PO3POOJIEHO
METOJIUKY 3HMKEHHS ITMHAMIYHOTO BIATYKY KOHCTpYKIii. OCHOBHA yBara mpujijieHa
MOJIEJIIOBAHHIO CEMCMIYHMX BIUIMBIB 13 BpaxyBaHHSAM XapaKTEPUCTHUK IPYHTOBOI
OCHOBH, IPOCTOPOBOI KOPCTKOCTI OyaiBeNlb Ta B3aEMOJIl CyCiIHIX cekiiii. OcTraHH1
TEHJICHIII1 JO CIOPYHKEHHS Cy4YaCHUX BUCOTHUX Oy/1BEJIb B CEUCMIYHO HEOE3MEeUHUX
30Hax YKpaiHM MIJKPECIIOITh HEOOXIIHICTh YJOCKOHAJIEHHS MIAXOAIB [0
MIPOCKTYBAaHHS IIUX OY/IBEIb, 0COOIMBO B YMOBaX IIIJIbHO1 3a0y/10BH.

Jnst 06’exkta pociijikeHHs — 21-moBepXxoBOi Oy[iBI1 3 TpbOMa CEKIISIMU —
po3po0IeHO 00’€MHY CKIHUYEHHO-CJIIEMEHTHY MOJENb 13 JCTAJIbHUM BpaxyBaHHIM
I'PYHTOBOI OCHOBH. [Ipu MOIe/1I0BaHHI 32CTOCOBAHO METOJIOM HOPMAJIBHUX KOOPAUHAT
13 BUKOPHUCTAHHSIM OaraTOKOMIOHEHTHUX aKCeJeporpamM y SKOCTI CEHCMIYHOTO
HaBaHTaxkeHHs. llel miaxix J03BOJMB 3HU3UTH OOUYHMCIIOBAJIbHI BHUTPATH 1
3a0e3MeYuTH HEOOXIJIHY TOYHICTh PO3PaXyHKIB Ha MEPCOHAIBHUX KOMII IOTEpaXx.
BusnadeHo, 1m0 B3aeMO/Iisl CEKIliid Oy iR yepe3 IPyHTOBY OCHOBY CYTTEBO BILIMBAE
Ha Hampy>KeHo-nepopMoBaHUN CTaH Ta 3MiHY (OpPM KOJMBaHb, OCOOJMBO B yMOBax

PE30HAHCHUX SIBHUIII.



PesynpraTn mokazanu, IO TiJ Yac CEHUCMIYHOTO BIUIMBY B HECYUYUX
KOHCTPYKI[iSIX OyiBJII BUHUKAIOTh 3HAYHI BHYTPIUIHI 3yCHJUIS 3 €KCTPEMaJbHUMHU
3HAUYECHHSAMH y ITUTHOMY POCTBEPKY Ta Haisix ¢GyHAaMeHTIB. BusiBneHo 3HauHMiA
BIUTUB PO3MOJIITY HPOCTOPOBOI KOPCTKOCTI Ta Mac CEKIId Ha iXHIO AUHAMIYHY
NOBEAIHKY, IO MOKE€ IMPHU3BOJUTH 10 3YCTPIYHMX KOJIMBaHb 1 HEOE3MEYHOIo
30mmkeHHsT cekiiid. 1li sBumma 3yMOBIIOIOTh HEOOXITHICTD JAETATILHOTO BpaxXyBaHHS
XapaKTEPUCTUK OCHOBU Ta KOHCTPYKTUBHHUX pILIEHb JJis1 3a0€3MeUeHHs] CEHCMIYHOI
O€3MeKH.

3anponoHOBaHO METOAMKY 3HUKEHHS JMHAMIYHOTO BIATYKY IIJITXOM BBEACHHS
JOJIATKOBUX PUTEIILHUX CUCTEM. AHAJII3 IMHAMIYHOI TOBEIIHKU KApKACIB 13 pUTEIISIMU
Ta 0e3 HUX TOKa3aB, IO JOJAaBaHHS PUTENIB 30UIbIIyE TEpITy BIACHY YacTOTYy
KOHCTPYKIi 10 16%, 3HWKYy€ 3rUHANBbHO-KPYTUIIbHI KOJIMBAHHSA 1 3a0e3meuye OuIbll
PIBHOMIPHUH pO3MOJLI HANpyXeHb y nuoHax. Lle cnpusie miABUIIEHHIO AUHAMIYHOI
CTIHKOCTI Ta 3MEHILIEHHIO PU3HKIB MPOTPECYI0YOro pyHHYBaHHS KOHCTPYKIIIH.

Pe3ynpTaT qOCHIIKEHHL PEKOMEHIOBAHO JIO BIPOBAHKCHHS Yy TPAKTHKY
IPOEKTYBAHHS BUCOTHHUX OY/IBENIb y CECMIYHO HeOe3neuHux parioHax. Po3pobieni
MIIXOAW JO3BOJIAIOTH ONTUMI3yBaTH IPOEKTHI PIMICHHS, IMJABUIIUTH OE3MeKy 1
JOBTOBIYHICTh OyZiBEIb, @ TAaKOX 3a0€3MEYUTH TOYHICTH IMPOTHO31B HAIPY’KEHO-
1e(hOpPMOBAHOTO CTaHy KOHCTPYKIIIH MiJ I€10 TUHAMIYHUX BIUIUBIB.

VY nuceprarnii mpeacTaBiICHO HOBY peati3ailil0 MaTeMaTU4YHOI MOJE IS
OIIIHKM B3a€MOJI11 KOHCTPYKIIIH 13 IPYHTOBOIO OCHOBOIO, SIKA OMUCY€E MPOLIECH 3MIHU
00’eMy TIpYHTY TijJ HaBaHTAKEHHSIM. 3ampoOlOHOBAHO METOAMKY BU3HAYEHHS
napaMeTpiB  KOPCTKOCTI MOJIeJIl TPYHTOBOTO CEpPEeAOBHUINA JJIsi JIMHAMIYHUX
pPO3paxyHKiB, sfKa BpaxoOBy€ 3MiHy 00’€My Ta TEpepo3IOiad 30H CTHCIMBOI TOBIII
IPYHTIB OCHOBHU YHACHIZOK Jii CTaTUYHUX HaBaHTaXXeHb. Po3po0JeHO METONUKY
JNOCIIUKEHHS JIWHAMIYHOI TMOBEAIHKM OyJiBenb 13 BHUKOPUCTAHHAM MPSIMHUX
JTUHAMIYHUX METOJIB, SIKa J03BOJISI€E BU3HAYATU pealibHi jJedopmalili KOHCTPYKIIH Y
yacl TMpU B3aEMOJIi uepe3 IPYHTOBY OCHOBY, a TaKOX aHaji3yBaTH BHOYXOBI
HAaBAaHTAXXEHHS 13 BpaxyBaHHSIM HENIHIMHOI MOBEIIHKH MaTrepiaiiB 3a JOMOMOTOIO
anroputMmy CONWEP. Kpim Toro, 3anpornoHoBaHO METOJUKY 3HM)KEHHSI CEHCMIYHOTO

BIUIMBY Ha JMHAMIYHHUI BIATYK HECYYMX KOHCTPYKU1NA OyZiBEib LUISIXOM BBEIECHHS



J0JIATKOBUX PUTEILHUX CUCTEM, 1110 3a0€3MeUyI0OTh 3MiHY ITPOCTOPOBOI KOPCTKOCTI Ta
KOPEKIII0 PE30HAHCHUX YacTOT Oy/IiBJIL.

3anponoHOBaHa peasizaiis MaTeMaTHIHOI MOJIeJl TOBEAIHKU IPYHTY B YMOBax
KOMIIpECIii 103BOJINIIA BPAXOBYBATH P13HY IITMOMHY CTUCHYTOI TOBIIII IIPU PO3paXyHKaX
KOHCTPYKI[IM y CKJIaJll CHCTEMH «OCHOBa—(pyHIaMeHT—cropyAa». Bukopucranus wmiei
METOJIUKH JTO3BOJIHMIIO 3MEHIIUTH apMyBaHHS (pyHIaMEHTHUX KOHCTPYKIliK 10 30% B
OKpeMHux 30HaXx. Po3polOiieHa MeToauKa BpaxoBYE€ BIACTHUBOCTI KOMIIPECIHTHOTO
CTUCHEHHSI IPYHTIB OCHOBM B IIMPOKOMY Jlana3oHl HaBaHTaXe€Hb, 0a3yluHCh Ha
pe3ynbTaTax CTaHJIAPTHUX JIA0OPATOPHUX KOMIPECIMHUX JIOCHIIKEHb, IO MAae
0cOo0JIMBE 3HAYEHHS JIJIs1 (PYH/IaMEHTIB BUCOTHHUX OY1BEJb 1 IPOMHUCIOBUX CHOPY, /1€
cepenHii Tuck mig migomBor nepesumrye 0,25-0,3 MIla. Buxopucranns
3alpONOHOBAHOI METOJUKH JIJIsl TOCTIKEHHS Oy1iBeIb Ha CEMCMIYHI HAaBAaHTAKCHHS
13 3aCTOCYBaHHSAM METOJIy HOPMAJIBbHUX KOOPAWHAT N03BOJIAE€ €(EKTUBHO 3MEHIINTH
KPYTHJIbHI KOJMBAHHS Ta 3a0€3MEYUTH OLIbII PIBHOMIPHUN PO3MOJLIT HANPYKEHb y
HECYy4YMX eJIeMEeHTax OyJiBJl IUISIXOM JIOJaBaHHS >KOPCTKOCTI Yy BHIJISAI Oajok.
Peamizamist Moxeni kommpecii pyu MOJCITIOBaHHI B3aeMOAll OyiBil 3 IPYHTOBOIO
OCHOBOIO JIO3BOJIWJIA 3HAWTH palllOHalIbHE TMPOEKTHE pIlIeHHS (YHIAMEHTIB, SKE
3a0e3nedye eKOHOMIYHUHN e(EeKT 3aBISIKM CKOPOYCHHIO JOBXHHH TaJlb, YTPUMYIOUH
ocimanHs OymiBIl B MeEXax JOMyCTHMHUX 3HAYCHb. 3ampoONOHOBaHA METOIUKA
JUHAMIYHUX PO3PaXyHKIB Ha 06a31 sBHUX MeTo1B Ta anroputMy CONWEP no3ponuna
po3poOuTH Oe3neyHl KOHCTPYKTHBHI PIIIEHHS ISl 3MEHIUEHHS BIUIMBY BUOYXOBUX
yAapHUX XBWJIb HA HECYYl KOHCTPYKIIii Oy TiBIi.

Pe3ynbTaTu JOCHIKEHHS MPEJCTaBIICH] y AUCEpTalliiHiii poOOTI Ha Temy:
«B3aemois BUCOTHUX Oy/iBENb 3 TPYHTOBOKO OCHOBOIO MPU JUHAMIYHUX BILUTUBAX)
BIIPOBA/KEHI Ha 00’€KTl «bByIIBHUIITBO J>XMUTIOBOIO OYIMHKY 3 BOYIOBaHUMH
IPUMILICHHSIMYU IPOMA/ICBKOT0 NpU3HAYEeHHS Ha ByJ. Akajaemika 3abosioTHoro, 148 y
lNomociiBcekomy paiioni M. KueBa. 4-i1 myckoBUM KOMIUIEKCY», 13 BHUKOPHUCTAHHSIM
po3po0IeHOi HOBOI METOJMKH MO  BHU3HAYEHHIO 30H MOPYILIEHOI CTPYKTYpU 31
3MIHEHUMU BJIACTUBOCTSIMH B TaJIeBiil OCHOBI M1 pyHIaMEHTaMU, I03BOJIUIIO OOpaTH
palioHaJIbHI PO3MIpPH MaJlb 3a0€3MeUnII0 CYTTEBE 3HMKEHHS COO1BAPTOCTI IPOESKTHOTO

pILIEHHS, 1110 3aCBIIYYETHCS aKTOM PO BIIPOBAIKEHHS.
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ABSTRACT
Lytvyn O.V. Interaction of high-rise buildings with the soil base under dynamic
influences. — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 192 —
Construction and Civil Engineering, branch of knowledge 19 — Architecture and
Construction. — Kyiv National University of Construction and Architecture. Ministry
of Education and Science of Ukraine, Kyiv, 2025.

The main content of the dissertation

The dissertation is devoted to the study of the interaction of high-rise buildings
with the soil base under the action of dynamic influences, in particular seismic and
explosive loads. The main goal of the work is to develop and improve mathematical
modeling methods to increase the accuracy of calculations of the stress-strain state of
the "base-foundation-building" system and optimize design solutions taking into
account dynamic and static influences. The work investigates the mechanisms of soil
compaction under foundations, determines the influence of compression properties on
the bearing capacity of the base, and develops algorithms for modeling the processes
of soil volume change using software packages such as Abaqus . Particular attention is
paid to the calculation of the stress-strain state of multi-section buildings taking into
account uneven compaction of the base and spatial stiffness of structures.

Dynamic calculation methods are proposed, which include taking into account
nonlinear material properties when modeling explosive loads using the CONWEP
algorithm, as well as recommendations for reducing the seismic impact on the dynamic
response of buildings by introducing additional transom systems. This allows changing
the spatial stiffness of buildings and adjusting their resonant frequencies.

The dissertation research expands knowledge about the interaction of high-rise
buildings with the soil base under complex dynamic and static loading conditions.
Particular attention is paid to increasing the safety of buildings under extreme impacts,
such as earthquakes and man-made explosions, which can cause significant additional
stresses and structural failure.

The results of the study confirm the effectiveness of the developed methods for

reducing the amplitudes of vibrations, uniform distribution of stresses in structures,



reducing foundation settlements and increasing the stability of structures. The
developed models and methods provide not only a qualitative assessment of the
interaction of the building with the base, but also the possibility of developing effective
design solutions to reduce the destructive impact of extreme factors, such as resonant
vibrations or explosive shock waves. The analysis of the dynamic response of multi-
section buildings allowed us to develop recommendations for the introduction of
additional transom systems to decouple the building from resonant frequencies,
increase dynamic stiffness and prevent progressive destruction.

The research has both scientific and practical significance, contributing to
solving urgent problems of modern engineering and civil engineering. The results can
be used in the development of regulatory documents for the design of high-rise
buildings in seismically hazardous regions.

The first section considers modern problems of interaction of high-rise buildings
with soil foundations, focusing on ensuring the reliability of structures under static and
dynamic loads. High-rise buildings create significant loads on the soil foundation,
which causes a complex mechanism of interaction between the foundation and the
base, affecting their stability, bearing capacity and durability. The main aspects are the
study of the stress-strain state of the soil, consolidation, shear stability, as well as the
assessment of settlements and non-uniform deformations, which can cause critical
overloads of structures.

The main approaches to the analysis of the "foundation-base" interaction are
divided into theoretical, experimental and empirical methods. Theoretical models are
based on soil mechanics and take into account the elastic-plastic properties of
materials, which allows assessing the behavior of bases under different loading
regimes. Numerical methods, such as the finite element method, are of particular
importance, which provide detailed analysis in three-dimensional conditions.
Experimental studies conducted in laboratory and field conditions include the use of
innovative measurement methods, such as laser interferometry and 3D scanning.
Empirical approaches are based on statistical processing of data obtained during field

observations.



Compression, as one of the key characteristics of soil foundations, directly
affects the settlement of foundations and their stability. Uneven soil compaction
complicates forecasting, which requires further development of more accurate models,
in particular, taking into account micro-level soil characteristics. Modeling such
processes using software packages such as Abaqus , VESNA, Plaxis , helps to increase
the accuracy of forecasts and the effectiveness of design solutions. Real-time
monitoring systems play an important role, allowing for prompt detection of
settlements and deformations at early stages.

The features of dynamic effects, such as seismic and explosive loads, require the
development of comprehensive approaches to assessing the stability of structures.
Seismic effects, characteristic of seismically active regions, cause complex processes
of interaction between the base and the foundation, which affects the amplitude and
duration of vibrations. At the same time, explosive loads, which are short-term and
high-frequency, create additional challenges for the design of high-rise buildings.
Modeling these effects using modern direct integration methods allows us to take into
account the features of materials and structural solutions under the influence of high
deformation rates.

The presence of environmental aspects is also important in the context of soil
compaction and changes in their natural characteristics during the operation of
structures. Promising research areas include the use of artificial intelligence for data
analysis, the integration of innovative materials for stabilizing foundations, and the
development of methods that take into account the long-term effects of static loads and
short-term but significant dynamic effects on high-rise structures.

The second section presents the development of a methodology for modeling
high-rise buildings on a soil base taking into account a variable compressed layer. The
main attention is paid to the mathematical description of soil compaction processes
under compression conditions, the assessment of the stress-strain state (SSS) of the
“Base-Foundation-Building” (“F-F-S) system, as well as the development of
modeling algorithms that take into account the compression properties of soils in a

wide range of pressures.



A new implementation of a mathematical model is proposed that takes into
account the change in the porosity coefficient and the deformation modulus of the soil
depending on the pressure, with an emphasis on taking into account the compression
properties in the context of standard laboratory tests of soils in an odometric device.
To extend the compression curve to high pressure ranges, the semi-logarithmic law of
compaction of K. Terzaghi was used . Based on the developed methodology, an
algorithm was created, implemented in the Simulia software package Abaqus using the
UMAT user routine.

Numerical modeling allowed us to verify the effectiveness of the proposed
method on laboratory samples and real structures. An analysis of the influence of the
variable height of the calculation area on the NDS of the “O-F-S” system was carried
out, which allowed us to determine the optimal dimensions of the model to reduce the
influence of boundary conditions. The studies confirmed that taking into account
compression allows us to reduce errors in the assessment of foundation settlements and
structural deformations.

A comparative analysis of elastic calculation and modeling, which takes into
account changes in soil volume, was performed on a practical example of a 25-story
residential building with a pile foundation. It was found that the dependence of the
deformation modulus on pressure contributes to a more uniform distribution of forces
in the grillage and piles, a reduction in peak moment values and the area of critical
zones by up to 30%. In the course of the study, it was established that to ensure the
stability of the building, it is necessary to place the ends of the piles at least twice as
low as the deformed soil zone under the bottom of the grillage.

The results obtained demonstrate that the use of the soil volume change method
allows achieving economic efficiency by optimizing the length of piles, while ensuring
regulatory permissible settlements of structures. In addition, the stress-strain state
obtained using the developed model can be used for further studies of the dynamic
interaction of buildings with the foundation under seismic, explosive or other dynamic
influences.

The third section investigates the interaction of high-rise buildings with soil

foundations under dynamic loads, in particular seismic and explosive loads. The main



attention is paid to modern numerical calculation methods, such as spectral, direct
dynamic methods and time integration methods, which take into account nonlinear
properties of materials. The application of these approaches provides a detailed
analysis of the stress-strain state (SSS) of the “base—foundation—building” system
under complex dynamic loads.

The research proves that dynamic calculations, which take into account previous
static models, allow to estimate the interaction of structures and soil foundations with
high accuracy. A method is proposed that uses direct integration according to explicit
and implicit schemes for problems with short time processes and high deformation
rates, such as explosive impacts. It is determined that computational technologies, in
particular parallel computing and GPU processing, significantly increase the efficiency
of such methods.

For seismic calculations, the use of a direct dynamic method is proposed, taking
into account various forms of natural oscillations. This method allows modeling the
impact of seismic waves on multi-section high-rise buildings, taking into account the
uneven distribution of stiffness and mass of structures. The analysis shows that uneven
stiffness leads to twisting of structures, increased stresses and increased risk of damage
in critical zones.

Special attention is paid to the study of explosive loads using CONWEP
algorithms and methods for modeling nonlinear behavior of materials. It is established
that blast waves create local loads that exceed the strength limit of structural materials,
which requires taking into account the plastic properties and damage of materials such
as concrete and steel. For adequate modeling of dynamic properties of materials, the
Concrete model was used Damaged Plasticity and Johnson — Cook , which provide an
accurate description of complex deformation and fracture processes.

A model of a multi-section 25-storey residential building with a pile foundation
in the difficult engineering and geological conditions of Kyiv was considered.
Numerical modeling confirmed that dynamic calculations taking into account various
decrements of soil and structural vibrations contribute to a decrease in vibration
amplitudes by 20-30%. At the same time, insufficient width of expansion joints can

lead to shock loads and increased damage. Recommendations are proposed to improve



the stability of buildings, including optimization of structural solutions and the width
of expansion joints.

The results obtained emphasize the importance of using modern numerical
methods in modeling the dynamic behavior of high-rise buildings to develop solutions
to increase their stability and safety under seismic and explosive conditions.

In the fourth section, the dynamic interaction of a multi-section high-rise
building with the foundation under the action of seismic loads is investigated and a
method for reducing the dynamic response of structures is developed. The main
attention is paid to the modeling of seismic effects taking into account the
characteristics of the soil base, spatial stiffness of buildings and the interaction of
neighboring sections. Recent trends in the construction of modern high-rise buildings
in seismically hazardous areas of Ukraine emphasize the need to improve approaches
to the design of these buildings, especially in conditions of dense development.

For the object of study — a 21-storey building with three sections — a three-
dimensional finite element model was developed with detailed consideration of the soil
base. The modeling was performed using the normal coordinates method using
multicomponent accelerograms as a seismic load. This approach allowed to reduce
computational costs and ensure the necessary accuracy of calculations on personal
computers. It was determined that the interaction of building sections through the soil
base significantly affects the stress-strain state and the change in vibration forms,
especially under conditions of resonance phenomena.

The results showed that during seismic action, significant internal forces arise in
the supporting structures of the building with extreme values in the slab grillage and
foundation piles. A significant influence of the distribution of spatial stiffness and
masses of sections on their dynamic behavior was revealed, which can lead to counter
vibrations and dangerous convergence of sections. These phenomena necessitate
detailed consideration of the characteristics of the foundation and structural solutions
to ensure seismic safety.

A method for reducing the dynamic response by introducing additional crossbar
systems is proposed. Analysis of the dynamic behavior of frames with and without

crossbars has shown that adding crossbars increases the first natural frequency of the



structure by up to 16%, reduces bending and torsional vibrations and provides a more
uniform distribution of stresses in the pylons. This contributes to increasing the
dynamic stability and reducing the risks of progressive structural failure.

The research results are recommended for implementation in the practice of
designing high-rise buildings in seismically hazardous areas. The developed
approaches allow optimizing design solutions, increasing the safety and durability of
buildings, and ensuring the accuracy of predictions of the stress-strain state of
structures under the influence of dynamic influences.

The dissertation presents a new implementation of a mathematical model for
assessing the interaction of structures with the soil base, which describes the processes
of changing the volume of soil under load. A method for determining the stiffness
parameters of the soil environment model for dynamic calculations is proposed, which
takes into account the change in volume and redistribution of zones of the compressible
layer of the base soils due to the action of static loads. A method for studying the
dynamic behavior of buildings using direct dynamic methods is developed, which
allows determining real deformations of structures over time during interaction through
the soil base, as well as analyzing explosive loads taking into account the nonlinear
behavior of materials using the CONWEP algorithm. In addition, a method for
reducing the seismic impact on the dynamic response of building load-bearing
structures is proposed by introducing additional transom systems that provide a change
in spatial stiffness and correction of the building's resonant frequencies.

The proposed implementation of the mathematical model of soil behavior under
compression conditions made it possible to take into account different depths of the
compressed layer when calculating structures as part of the “base—foundation—
structure” system. The use of this technique made it possible to reduce the
reinforcement of foundation structures by up to 30% in individual zones. The
developed technique takes into account the properties of compression of foundation
soils in a wide range of loads, based on the results of standard laboratory compression
studies, which is of particular importance for the foundations of high-rise buildings and
industrial structures, where the average pressure under the sole exceeds 0.25-0.3 MPa.

The use of the proposed technique for studying buildings for seismic loads using the



normal coordinates method allows effectively reducing torsional vibrations and
ensuring a more uniform distribution of stresses in the load-bearing elements of the
building by adding stiffness in the form of beams. The implementation of the
compression model in modeling the interaction of the building with the soil base
allowed us to find a rational design solution for the foundations, which provides an
economic effect due to the reduction of the length of the piles, keeping the settlement
of the building within the permissible values. The proposed dynamic calculation
methodology based on explicit methods and the CONWEP algorithm allowed us to
develop safe design solutions to reduce the impact of explosive shock waves on the
supporting structures of the building.

The results of the research are presented in a dissertation on the topic:
"Interaction of high-rise buildings with soil base under dynamic influences"
implemented at the facility "Construction of a residential building with built-in public
premises at 148 Akademika Zabolotnogo St. in the Holosiivskyi district of Kyiv. 4th
launch complex", using the developed new methodology for determining zones of a
damaged structure with changed properties in the pile base under the foundations,
allowed choosing rational pile sizes and ensured a significant reduction in the cost of
the design solution, which is certified by the act of implementation.

Keywords: high-rise buildings, dynamic effects, explicit methods, seismic
resistance, blast resistance , stress-strain state, soil compression, numerical simulation,
direct dynamic method, multi-storey buildings, base-foundation-building system,
seismic loads, soil, concrete, pile foundation, stiffness, soil compaction, engineering

structures, finite element method, mathematical models, soil base.



