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1. PanioHasnbHE IPOEKTYBaHHS 3aJ1i300€ TOHHUX i IT0J1iMepOeTOHHUX OyiBeb i3 feMiipepamu CyXoro TEPTS 3a

IOTIOMOTIOI0 METO/IIB POMOBOIO iHTEJIEKTY.

2. Rational design of reinforced concrete and polymer concrete buildings with dry friction dampers using the
particle swarm optimization.

Pedepar:

1. Inceprarnis Ha 3006YTTSI HAYKOBOTO CTYIIEHs KaHWaTa TEXHIYHUX HayK 3a creuianpHicTio 05.23.17 «BynisenbHa
mexaHika» (19 - ApxiTektypa Ta 6yZiBHMLTBO). — [lep>kaBHUI BUILWI HaBYaIbHUN 3aKiag, «[IpugHinpoBceka
Iep>kKaBHa akazieMis OyiBHULITBA Ta apxiTeKTypu» MiHicTepcTBa OCBiTH i Hayku Ykpainuy, JIHinpo, 2020. Po3BuHyTO
METOJI, POI0 YaCTUHOK [IJIs1 BU3HAUYEHHS MiClib pallioHAJIbHOTO PO3TallyBaHHS AEMII(PEPIB CyXOro TepTs y
6araToroBepxoOBUX KApKacHUX OyIiBJIsAX IJIs1 MiIBULIEHHS iX cefCMiuHOi CcTiliKoCTi. [JoCmimKeHo BIJINB 3HA4Y€Hb

rapaMeTpiB METOMY POI0 YACTHHOK Ha MOro MPaKTUYHY 301KHICTh [1pY MOIIYKY EKCTPEMYMiB TECTOBUX DYHKIIIH.



BruxoHaHO NOPiBHAJILHUI aHaji3 METOAY POIO YaCTUHOK Ta TEHETUYHOTO aJITOPUTMY. BUKOHAHO YnCesbHE
IVHaMiYHe MOJIeJIOBaHHS 6araToroBepxoBoro kapkacHoro 6ynuHky y [TK JIIPA-CATIP. BusHadyeHo palioHaIbHe
posTallyBaHHs AeMIQepiB, sike 3ade3neuye HaNIBU/IIIE 3TaCaHHs KOJIMBaHb. BUKOHAHO NOPIBHAJIIBHMI aHai3
IVHAaMiYHUX XapaKTePUCTUK KapKaCHUX Oy/liBeJlb, BATOTOBJIEHUX i3 3a71i300€TOHY Ta [10J1iMep6eToHy. PO3p0o6yieHO
aHaJIITUYHY IVHAMIYHY MOZIesIb 6araToroBepXOBOrO KAPKACHOro OyANHKY i3 Jemiidepamu CyXoro TepTsl.
Po3pobseHo maTeMaTUYHY MOJIeJIb CEIICMIYHOIO HaBaHTakeHHs. JlOCIiP>KeHO HeCTallioHapHi KOJIMBaHHS OyJUHKY
mif fieto nepioguyHux i ceficMiuHNX HaBaHTaKeHb. Ofep>KaHo YMCebHi pO3B'SI3KY HeJTiHIMHUX JUHAMIYHUX
PiBHSIHB 3a JonoMoroio Mmetoay PyHre-KyrTu. BusHaueHo Miciig pallioHaJIbHOTO pO3TalllyBaHHS JeMIQepiB CyXOro
TepTs. JocimkeHo AuHaMiuHI XapaKTepUCTUKYU OYIUHKIB, KapKac SIKUX BUTOTOBJIEHO i3 3a71i300€TOHY Ta
noslimepoeTony. Pe3yspTaTul [rucepTallii MO>XKyTh BUKOPHUCTOBYBAaTUCh IIPY PO3POO1Li TPOEKTIB OYIMHKIB i Criopyy, i3
IiABUILEHOIO CTIMKICTIO 0 CEMICMIYHUX i JUHAMIYHMX HaBaHTaXeHb. Kill0uoBi cj10Ba: ceIICMOCTiliKe OyIiBHULITBO,
nemidepu Cyxoro TepTs, rojaimepoeToHHi Oy i, InHaMiYHI HABaHTa)KEHHS, HECTAL[ilOHAPHI KOJIMBAHHS,

paliioHaJIbHE TPOEKTYBAaHHS, POMIOBUM iHTEJIEKT.

2. The dissertation is devoted to the prediction of rational locations of friction dampers in multi-storey buildings
to enhance their resistance to seismic and dynamic loads using the methods of swarm intelligence. The method of
particle swarm optimization is further developed in application to the tasks of rational design of buildings and
structures. The explicit formulas for evaluation of the particles positions in the solution space are presented.
Restriction conditions are specified so that to define the search area. Different types of boundary conditions
governing the behavior of a particle when its coordinates fall outside the solution space are analyzed. Criteria for
the termination of the search process are formulated. For a practical verification of the method of particle swarm
optimization, some benchmark functions are considered. A comparative analysis of the particle swarm
optimization procedure and the genetic algorithm is presented. Numerical models of multi-storey buildings with
dry friction dampers are further developed. The simulations were performed using the FEM package LIRA-SAPR.
Modal analysis determines the frequencies and periods of natural vibrations. The seismic analysis is performed and
the maximum horizontal displacements of the top of the frame are determined. The problem of the rational
location of friction dampers is studied in a case of periodic load applied horizontally to the foundation of the
structure. The load frequency is assumed to be equal to the fundamental frequency of the first normal mode,
which ensures the most dangerous case of the resonance. The objective function is the displacement amplitude of
the top of the frame. The problem of the rational location of friction dampers is solved by the method of particle
swarm optimization. Dynamic properties of the polymer concrete frame building are studied and the seismic
analysis is performed using the FEM package in LIRA-SAPR. Analytical models describing the dynamic behavior of
multi-storey frame buildings with dry friction dampers are further developed. The calculation model is adopted in
a form of a vertical cantilever rod with lumped masses. The governing system of differential equations of motion is
introduced and futher integrated numerically by the Runge-Kutta method. In order to justify the applicability of
the proposed analytical model, its natural frequencies are compared with the results of the modal analysis of the
original structure performed in LIRA-SAPR. The problem of a rational location of friction dampers in the six-storey
frame building using the proposed lumped mass model is considered. There are two types of objective functions
that need to be minimized: 1) the maximal displacements of the floors and 2) the maximal inter-storey drifts. The
case of a periodic load with a frequency equal to the fundamental frequency of the structure is considered. The
rational locations of the dampers are. The same solution is obtained for the both objective functions implying the
installation of the all three dampers at the floor 1. The seismic acceleration is simulated by a stochastic Gaussian
process as a superposition of harmonic waves with discrete frequencies and random phases. The spectral energy
density of the earthquake is described by the empirical Kanai-Taimi model. Based on the proposed model,
accelerograms for different types of soils are developed. Non-stationary vibrations of the six-storey frame building
under the seismic load are investigated. The minimal displacements are achieved installing the dampers at the
floors 1, 3, 4, whereas the minimal inter-storey drifts require installation of the dampers at the floors 1, 2, 3. The
latter solution provides also the minimal accelerations of the building. The dynamic properties and the natural
frequencies of a six-storey polymer concrete building are studied. The floors displacements, the inter-storey drifts



and the accelerations of the floors are determined. A comparative analysis of the obtained results for the
reinforced concrete and the polymer concrete buildings is presented. The developed dynamic models and the
methods of simulation of buildings with friction dampers can be used in the design of houses and structures with
enhanced resistance to seismic and dynamic impacts, as well as for the reconstruction of existing buildings to
increase their seismic protection.
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