O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHH HOMeP: 0826U002635
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 17-06-2026

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya
Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bypak JImutpo OpiitoBuy

2. Dmytro Burak

KBasmigikamis:

InenTudikarop ORCID ID: 0009-0005-0507-5022

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 192

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: By#iBHMITBO Ta LMBiIbHA iHKEHEPs
T'anmy3sb / ranysi 3HaHB: apxirekrypa Ta GyAiBHULTBO

OCBiTHbo—HayKOBa nmporpama 3i CreniaJibHOCTI: ByniBHULTBO Ta LMBilbHA iHKEHEDIs

JlaTa 3axHcCTy: 12-08-2026

CnenianbHICTB 32 OCBIiTOIO: [IpOMHUCIIOBE Ta LIUBiIbHE GY/IiBHUIITBO

Micue po6oTH 3400yBava: Haujonanbuuii yHiBepcuteT "JIbBiBCbKA MOMIiTEXHIKA"

Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs1. Crenana banpepu, JIeBiB, 79013, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:

Image not found or type unknow



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CIeNiaai30BaHOi BY€HOI pagH): PhD 14637
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. Creniana banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHUX PyOpHK: 67.11.31

Tema gucepranii:
1. Hecyya 3patHicThb Ta 1eOpPMaTUBHICTb 6a7I0K, BUTOTOBJIEHMX 32 TEXHOJIOTiE 3D OpyKy

2. Load-bearing capacity and deformability of beams manufactured using 3D printing technology

Pedepar/anoTamis:

1. CroropHi 6yziBesibHa raay3b CTUKAETHCS 3 HecTavyelo KBasidikoBaHOI po6040i CHiIH, 0 HETaTMBHO BIJIMBAE HA
TEePMiHHU Ta SIKICTb OyZiBeIbHUX POOIT. OgHMM i3 IJISXiB BUPillleHHS Liiei Npo6ieMu € BIPOBaIyKeHHS TeXHOJIOTii 3D
IPYKy B OyIiBHUITBI. 3aBIsSKM BUCOKOMY PiBHIO aBTOMaTHU3allii Ta KOMITIOTEPHOMY KEPYBAHHIO BOHA JI03BOJISIE
CKOPOTHUTH ITOTPeOY B POOOUiil CUJli, ONTUMi3yBaTU BUKOPUCTAHHS MaTepiasiB, 3SMEHIIUTY BUTPATH Ha MaTepiabHi
PECYpCH Ta JIOTICTUKY, a TAKOX CYTTEBO 3MEHIINTU BYIJIELI€BUN CJIif ranysi. LI1o TEXHOJIOrio epeBaskHO
BUKOPHMCTOBYIOTH [1J1 3BE€JJ€HHS CAMOHECYYUX CTiH a00 BUTOTOBJIEHHS ONAJyOKU, HE BKJIIOYAI0YM HaPYKOBaHi
€JIEMEHTH JI0 CUJIOBOTO PO3PaxyHKy OyziBesb. BomHOYac MOKJIMBICTb BUTOTOBJIEHHS 3D IPyKOBaHUX HECY4HX
KOHCTPYKIi# O3BOJIMTh 3HAYHO ONTUMI3yBaTu OyiBesbHi IIpouecu. ['0JI0BHUM BUKJIMKOM BUTOTOBJIEHHS HECYIUX
KOHCTPYKLi# 3a JoOMOror 3D npuHTepa € BiflCyTHICTh YKPAiHCHKUX Ta MI’KHAPOJHUX HOPMATHUBHUX JOKYMEHTIB,
SIKi peryJoTh IPOEKTYBAHHS i OyIiBHULITBO TAKMX KOHCTPYKLiH. Lle 06MesKye MOKIMBOCTI TPAKTUYHOTO
3actocyBaHHs 3D IpyKy J1s1 BUTOTOBJIEHHS [TIOBHOLIIHHMX HECYYMX KOHCTPYKLIiY Ta CTPUMYE iHTerpauiio 1jiei

TEXHOJIOTIi y Cy4aCHi CUCTEMU NPOEKTYBAHHS. Y 3B'SI3Ky 3 LIUM aKTyaJIbHUM € [IPOBEJICHHS €KCIIEPUMEHTAIbHUX



IOCJIIPKEHD Ta aaAMTallisl iCHYI0YMX PO3PAaxXyYHKOBUX IigXOiB [IJIS1 OLiHIOBAHHS HECYUOi 3[aTHOCTI Ta
nepopmaTuBHOCTI 3D-ApyKOBaHMX HECYYMX KOHCTPYKLIi. [lucepTralis IprUcBsiueHa eKCllepUMEeHTaJIbHUM Ta
TEOPETUYHUM JOCJIiIPKEHHSIM POOOTH 6aj10K, BUTOTOBJIEHUX 32 TEXHOJIOTiE0 3D ApyKy, Ta BUBHAUEHHIO iX HeCcy4oi
3ATHOCTI Ta Je(OPMaTUBHOCTI B 1abOPAaTOPHUX YMOBax. [lepen ApyKOM IOCIiIHUX 3pa3KiB Oysa po3pobieHa
METOJIMKa BUTOTOBJIEHHS Ta CII0COOW apMyBaHHS 6aJI0K 3 BpaxyBaHHSM 0COOJIMBOCTEN JaHoi TexHosoril. JocminHi
6asiku 6ysu MoAiyieHi Ha cepii, sIKi Bifpi3HsMcs MK COO0I0 OpieHTallielo APYKY Ta MeToJaMy apMyBaHHs. baku
cepiii 1-3 6y BUTOTOBJIEH] 6€3 MoNepeyHoro apMyBaHHsL. 11 BCTAaHOBJIEHHSI 6aJI0K cepiil 3 Ta 5 y IpOeKTHe
pob6oye MOJI0KEHHS Mif] Yac BUNPOOYBaHb ix o6epTanu Ha 90° BiTHOCHO MOJIOXKEHHS], B IKOMY BOHU 0y/11
HagpyKkoBaHi. [lonepeyny apmatypy 6ajyiok cepiii 4 Ta 6 BCTaHOBJIIOBaJIY IIicJIsl 3aBeplLIeHHs ApyKy. basnku cepii 6
3apOEKTOBaHa 3 repefdadyeHuM Je@eKToM Y BUTJIsi IOPOKHUHM Y CTUCHYTIH 30Hi nepepisy. banku cepiit 1-3 6e3
IIOTIepEeYHOro apMyBaHHSI 3PYHHYBaINCS 110 NTOXUIIOMY Iepepisi. basku cepiit 4-5 3pyitHyBaucs 10 HOPMaJIbHOMY
nepepisi micsist [OCSATHEeHHS rPaHNYHUX AedopMalliil y po3TArHyTiil apmarypi. basku cepii 6 3 nepenbadyBaHnnm
IedeKToM NoKazanu pisHuil xapakrep pyiHyBaHHs. [')padiku npupocty nedopmaliii Ta IPOruHiB NpencTaBieHi y
po6oTi. OKpeMuMHU JOCTIIKEHHIMY €KCIIEPUMEHTAJIbHO BU3HAYEHI MEXaHiYHi XapaKTepUCTUKU O€TOHY eKCTPYy3ii, a
came MIIIHICTb Ha CTUCK i MOZYJIb IPY>KHOCTI, Y Pi3HUX HaNpsSIMKax NPUKJIaJaHHs HaBaHTaXXEHHS 110 BiTHOUIEHHIO
IO IapiB Ta y KOHTPOJILHUX 3pa3Kax, BUTOTOBJIEHUX B omasy61i. Haiibinbine 3HaueHHs MIIJHOCT] Ha CTUCK [10Ka3ajo
BUIIPOOYBaHHS KOHTPOJIbHUX 3pa3KiB. 3pas3ku, BUTOTOBJIEH] Ha 3D NnpuHTEpi, 10Ka3aau HIDKYY MillHICTb 6ETOHY
€KCTpYy3ii. AHaJIi3 eKCIIEPUMEHTAJIBHUX 1 TEOPETUYHUX PE3YJIbTATIB [10KA3aB, 10 3aCTOCYBAHHS YAHHOI METOAVKU
PO3paxyHKY IIOXUJIOTO Ilepepidy 3TMHEHNX KOHCTPYKLil 6e3 IonepeyHoi apMaTypu 4o 6aJI0K, BUTOTOBJIEHUX 32
TEeXHOJIO0Ti€l0 3D IpyKy, IPU3BOAUTD 10 3aBUIIEHHS iX PO3PaxXyHKOBOI HECYYOI 30aTHOCTI. MakcumasbpHa
PO3ODKHICTD MK TEOPETUYHMUMMU Ta €KCIIEPUMEHTAIbHUMY 3HAY€HHSIMHU CTaHOBUJA 10 43 %. 3a1IpONIOHOBAHO
YTOYHEHHS [0 METOJMKU PO3PAxyHKY 3 ypaXyBaHHSIM MIIJHOCTi 6€TOHY €KCTPY3ii Ha po3TAr Ta 3pis. [liciisa BHeCceHHd
YTOYHEHD BiIXUJIEHHS MK PO3PaxyHKOBUMHU Ta €KCIIEPUMEHTAJIbHUMU 3HAYE€HHSIMU 3MEHIIUIIOCH 10 1-29 % B
CTOPOHY €KCIIEPMMEHTAJIbHUX PE3yJIbTaTiB. 3aCTOCYBaHHS YNHHOI METOLVKU PO3PaXxyHKy HOPMaJIbHOTO IE€PEPi3y
6aJ0K 32 AedopMaLifiHOI MOAEJUIIO BiTIOBIIHO 10 YAHHUX HOPMaTUBHUX JOKYMEHTIB IEMOHCTPYBAJIO 3a/10BiIbHY
301KHICTb 3 €KCIIEpUMEHTAJIbHUMU pe3ysbTaTaMu. Lle miareBepaKye MOKINBICTb BUKOPUCTAHHS AedOpMaLlifiHO]
MogeJi 1715l OLiHKY Hecy4oi 37aTHOCTI 3D-1pyKoBaHUX 3aj1i300€TOHHUX €JIeMEHTiB. BCTaHOBJIEHO BILJIMB OpieHTallil
1IapiB IPYKy Ta TEXHOJIOTIUYHUX Je(EeKTiB, 30KpeMa MIKIIapOBUX BHYTPIIIHIX IIyCTOT, HA HECYYy 3LATHICTb i
IeOpPMaTUBHICTb 6AJ10K, BUTOTOBJIEHUX 3a TexHoJIorieto 3D npyky. [l BpaxyBaHHS 3HWKEHHS iX HECYUOi
3/1aTHOCTI €KCIIEPUMEHTAaIbHO BU3HAYEHO Koe(ilieHT BIIMBY AedeKTiB. 3a pesysibTaTaMy BUKOHAHOI pob0oTH

pO3pobieHi peKoMeH allii 010 IPOeKTYBaHHS 0aJIOK, BUTOTOBJIEHUX 32 TEXHOJOrieo 3D npyky.

2. Today, the construction industry faces a shortage of skilled labor, which negatively affects the duration and
quality of construction works. One of the ways to address this problem is the implementation of 3D printing
technology in construction. Due to its high level of automation and computer-controlled operation, this
technology makes it possible to reduce labor requirements, optimize material utilization, and decrease material
and logistics costs. In addition, the application of this technology significantly reduces the carbon footprint of the
construction industry. Currently, this technology is primarily used for the construction of self-supporting walls or
for the fabrication of formwork, with the printed elements not being included in the structural analysis of
buildings. At the same time, the possibility of manufacturing load-bearing structures using 3D printing technology
could significantly optimize construction processes. The main challenge in manufacturing load-bearing structures
using 3D printing technology is the absence of Ukrainian and international regulatory documents governing the
design and construction of such structures. This limits the practical application of 3D printing for the production
of fully load-bearing structural elements and hinders the integration of this technology into modern design
practices. Therefore, experimental investigations and the adaptation of existing calculation approaches for
assessing the load-bearing capacity and deformability of 3D-printed load-bearing structures are of considerable
relevance. The thesis presents experimental and theoretical studies of 3D-printed beams and investigates their
load-bearing capacity and deformability under laboratory conditions. Before printing the experimental specimens,
methods for beam fabrication and reinforcement were developed. The experimental beams were divided into



several series differing in printing orientation and reinforcement methods. Beams of Series 1-3 were manufactured
without transverse reinforcement. To place the beams of Series 3 and 5 in their design position during testing,
they were rotated by 90° relative to the printing position. The transverse reinforcement of the beams in Series 4
and 6 was installed after the completion of the printing process. Beams of Series 6 were designed with an
intentional defect in the form of an internal void located in the compressed zone of the cross-section. Beams of
Series 1-3 without transverse reinforcement failed along an inclined section. Beams of Series 4-5 failed in a normal
section after the tensile reinforcement had reached its ultimate strain. Beams of Series 6, containing an intentional
defect, exhibited different failure modes. Graphs of strain development and beam deflections are presented in the
thesis. Separate experimental studies were conducted to determine the mechanical properties of extrusion
concrete, including compressive strength and modulus of elasticity, for different loading directions relative to the
printed layers, as well as for control specimens cast in formwork. The highest compressive strength values were
obtained for the control specimens. Specimens manufactured using a 3D printer exhibited lower compressive
strength of the extrusion concrete. The analysis of the experimental and theoretical results showed that the
application of the current calculation method for inclined sections of bending members without transverse
reinforcement to beams manufactured using 3D printing technology leads to an overestimation of their calculated
load-bearing capacity. The maximum discrepancy between the theoretical and experimental values reached 43 %.
Refinements to the calculation method were proposed taking into account the tensile and shear strength of
extrusion concrete. After the introduction of the refinements, the deviation between the calculated and
experimental values decreased to 1-29 % toward the experimental results. The application of the current
calculation method for normal beam sections based on the deformation model in accordance with current design
codes demonstrated satisfactory agreement with the experimental results, which confirms the possibility of
applying the deformation model for evaluating the load-bearing capacity of 3D-printed reinforced concrete
elements. The influence of the printing layer orientation and technological defects, in particular interlayer internal
voids, on the load-bearing capacity and deformability of beams manufactured using 3D printing technology was
established. To account for the reduction in their load-bearing capacity, a defect influence coefficient was
experimentally determined. Based on the results of the completed research, recommendations for the design and
manufacturing of beams produced using 3D printing technology were developed
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