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1. TligBuienHs nedOpMiBHUX BJIACTUBOCTEN €J1EMEHTIB KOHCTPYKILH 32 LIMKJIIUHUX HABAaHTaKEHb IIJISIXOM

3aCTOCYBAHHS CIUIABIB 3 NaM'SITTIO pOpMU

2. Increasing the deformability of structural elements under cyclic loads by using shape memory alloys

Pedepar:

1. Pobota npucssiueHa nifiBullleHHIO 1epOpMiBHOCTI KOHCTPYKLIMHUX €JIEMEHTIB 3a UKJIIYHUX HaBaHTaKEHb
IIJISIXOM 3aCTOCYBaHHS CIIaBiB 3 nam'arTio popmu (CIIO). Po3pob6sieHo MeTOOMKY OJ1s1 LOCIIiI)KEHHS BIIUBY
acuMeTpii UMKy HaBaHTaXeHHs! Ha BaacTuBocTi CI1Q, BUKOPUCTOBYI0UM CUJIOBI, fedopMalliliHi Ta eHepreTUyHi
napameTtpu. EkcriepruMeHTasbHi JOCTiIKeHHs [T0Ka3aiy, o 6aska i3 BcraBkoio 3 CI1O mae nigsuiieny
niedOpMiBHICTh MOPIBHSHO 3i 3BUYANHOIO 32713006 TOHHOIO 6aJIKOIO 32 MAJIOIIMKIJIOBUX HABaHTaXKeHb. Y Mpolieci

BUTOTOBJIEHHS 6asku i3 CIIM-BcTaBKo0 BupimeHo npobiaemy 3'enHaHHs enemeHTa CIIO i3 po6odoto apmaTypolo. 3a



norniomoro ANSYS 3Mo7es1b0BaHO MOBEIiHKY 620K 3i BcTaBKoto 3 CII® min Aiero UuKIiYHOro HaBaHTaKeHHS,
[iATBepAUBIIY MifBULIeHHS NeOpMiBHOCTI Ta JOBrOBiYHOCTI KOHCTPYKILil. Po6oTa ckianaeTses 3 W'ITU po3fiiiB. Y
BCTYIIi OOI'PYHTOBAHO aKTyaslbHICTh, METY Ta 3aBAAHHS AOCJIIIPKEHHS, METOIY JOCJiI)KEHHS, HAYyKOBY HOBU3HY,
IIPaKTUYHe 3HAYEeHHSI Ta 0COOMCTUI BHECOK 3/100yBava. Y mepuomy po3fisi onucaHo Kkpuctaniyny 6ynosy CIIO Ta
OTJIs17, JliTepaTypH 100 ix 3acTocyBaHHs. CHOPMYJIbOBAHO METY Ta 3a/1ayi JocifKeHHs. Y Ipyromy po3zimi
OTIMCaHi METOAUKY JOCIIIPKeHHSI MexaHiuyHuX i pyHKuioHanpHUX BaactuBocteil CII®. Onucana metonuka
MOJI€JIIOBAaHHS MEXAHIYHOI IOBEAiHKM i AeMII(PYBaJIbHUX BIacTUBOCTE 6ay10K Yy ANSYS. V TpeTbomy po3aisi nogaHo
pe3yJIbTaTU BU3HAYEHHS (i3UKO-MeXaHIYHUX Ta PYHKIiOHANIbHUX BIslacTuBocTel CIIQ; nocifkeHp BIIABY
LIMKJIIYHOTO HaBaHTaXE€HHS HAa MEXaHIYHY NOBEIiHKY i BIACTUBOCTI NceBaonpy>kHoro NiTi. PesysbraT nokasainm,
110 MiJBULIEHHS aCUMETPii IUKJy HaBaHTaXeHHs noripuye GyHKIioOHaIbHI BJaCTUBOCTI MaTepiany. EHepris
nucunauii npu Ro = 0,1 3HayHO BuIA, HiX npu Ro = 0,5. @pakrorpadiynmii aHai3 MoKasas BIUIUB acUMeTpii Ha
KiJIBKICTh TPIMIMH Ta pesnbed 31aMiB. BctaHoBieHo, 1o i3 36inpmenHsm Ro Big 0,1 go 0,5 BToMHa 1oBrosiuHicTs NiTi
3HAYHO 301/IbIIyEThCS. Y YeTBEpPTOMY PO31ijli BUTOTOBJIEHA 3aj1i300eTOHHA 6asika i3 BctaBkoto i3 CIIP Ta 6e3 Hei.
ExcriepuMeHTasbHi JOCiIPKEHHS TI0Ka3any, 1o pyiHyBaHHs 6anku 3 CIIQ BinbyBaeTbcs npu nporuHi 20,3 MM, 10
y 2,8 pasiB nepesuiye AedOpMiBHICTb 3BUUYaiiHOI 6anku. Bukopucranusa CII® 3miHI0e XapakTep pyiHYBaHHS
KOHCTPYKIii Ha 6ibI MIAaCTUYHUH. ¥V I'SITOMY PO3LLiji po3p06JeHO MOeIbHUI 3Pa30K HITMHOJIY Ta IIPOBEAEHO
Bepudikaliio oro nNoBeJiHKY 3 pe3yjbTaTaMy eKCIIepUMEHTANIbHUX AOCiIpKeHb. [ToxnbKa 111 MOJe0BaHHS
CTaHOBUTH 3,25%. MoJiesl0BaHHs NiATBepIKye NiBULEHHS Je(OPMiBHUX BJIaCTUBOCTEN KOHCTPYKLiH 3a
LIMKJIIYHUX HaBaHTaXeHb. Po3pobeHo pekomeHalii mozo BrpoBamkeHHs CIIQ y KOHCTPYKLii 1151 mifBrIneHHS iX

nedbopMiBHUX BJIACTUBOCTEM.

2. This work is dedicated to increasing the deformability of structural elements under cyclic loads by using shape
memory alloys (SMA). Methods were developed to study the impact of load cycle asymmetry on SMA properties,
utilizing force, deformation, and energy parameters. Experimental studies showed that beams with SMA inserts
exhibit increased deformability compared to conventional reinforced concrete beams under low-cycle loads.
During the manufacturing process of beams with SMA inserts, the problem of connecting the SMA element to the
working reinforcement was resolved. Using ANSYS, the behaviour of beams with SMA inserts under cyclic loading
was modelled, confirming increased deformability and durability of structures. The dissertation consists of five
chapters. The introduction substantiates the relevance, goals, objectives, research methods, scientific novelty,
practical significance, and personal contribution of the researcher. Chapter one describes the crystal structure of
SMA and provides a literature review on their applications. The research purpose and objectives are formulated.
Chapter two outlines the methods for studying the mechanical and functional properties of SMA. The methodology
for modelling the mechanical behaviour and damping properties of beams in ANSYS is described. Chapter three
presents the results of determining the physical-mechanical and functional properties of SMA, as well as studies
on the effect of cyclic loading on the mechanical behaviour and properties of pseudoelastic NiTi. The results
showed that increasing the load cycle asymmetry worsens the material's functional properties. The dissipation
energy at Ro = 0.1 is significantly higher than at Ro = 0.5. Fractographic analysis revealed the impact of asymmetry on
crack formation and fracture relief. It was established that increasing Ro from 0.1 to 0.5 significantly enhances the
fatigue life of NiTi. Chapter four describes the manufacturing of a reinforced concrete beam with and without an
SMA insert based on parameters determined in chapter three. Experimental studies indicated that the destruction
of beams with SMA occurs at a deflection of 20.3 mm, 2.8 times higher than that of conventional beams. The use of
SMA changes the fracture behaviour to a more plastic nature. In chapter five, a nitinol model specimen was
developed and verified against experimental results. The modelling error was 3.25%. Modelling confirmed
increased deformability of structures under cyclic loads. Recommendations for implementing SMA in structures to
enhance deformability were developed.
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