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Pedepar:

1. B nepumomy po3znisii IpoBeIeHUH aHali3 Cy4aCHOTO CTaHy AOCJiIPKEeHb aDMOBAHUX [I€PEB'STHUX KOHCTPYKLH, 3
SIKOTO CTa€ 3pO3yMiIMM HEOOXiTHICTh eTaJlbHOTO BUBYEHHS TaKUX KOHCTPYKLIN MiICUIEHNX KOMIIO3UTHUMH
cTpiukamu. Ha TemnepimHiit yac B YKpaiHi IpakTUYHO BifiCyTHI AOCJIIPKEHHS CIiJIbHOI pOOOTH KOMIIO3UTHUX CTPidOK
3 IepEB'STHUMHU KOHCTPYKLISIMHU, Ta iXHill B3a€MHUI BILJIUB, 110 YHEMOJKJIMBIIIOE PO3POOKY iH)KEHEPHOI METOAVKU
PO3PaxyHKYy, IIPOTE B CBIiTi, B LI€¥ 4aC, aKTUBHO MIPOBOMSATD TaKi NOCIiIKEHHS, IO JOBOIUTD IXHIO aKTyaJIbHICTb.
[TpakTuyHi pekoMeH ALl 3 IPOeKTyBaHHS AEPEBR THUX KOHCTPYKIiH 3 apMyBaHHSIM KOMIIO3UTHUMH CTPiYKaMu Ha
IaHWi1 yac B YKpaiHi BificyTHI, TOMY iX po3po0Ka € BKpail HeOOXiIHOIO i Tpu3BeLe 10 30i/IbIIeHHS 3aCTOCYBAHHS
TaKMUX KOHCTPYKIi} B OyIiBJISIX Ta CIIOPYax Pi3HOrO NPU3HA4Y€HHS. Y IPyroMy po3zili IpOBeAeHNI aHaTIi3y
YUCEJIbHUX JOCIIKEHb HAIPY>XKeHO-1e(OPMOBAHOTO CTaHy KOHCTPYKILiH 3 KJIIEE€HOI Ta IIEPEXPECHO-KIIEEHOI

IlepEeBUHMU MiJICUJIEHNX KOMIIO3UTHUMU CTpiukamu B iporpamHomy komriuiekci (ITK) JIIPA-CATIP meTonom



cKkinueHHUx eneMeHTiB (CE). [JoBeneHo, o 6aJIKu 3 KJIE€HOI I€PEBUHU MiiCUIeHI KOMIIOBUTHUMU CTPiYKamu
MaloThb B cEpeHbOMY Ha 18% MeHIIi BepTHKabHi Aedopmalii Ta Ha 27% MeHIi HOpMaJlbHi HAallpYKeHHS Bif,
aHasoriyHuX 6ayIoK 3 KJIEEHOI JepeBUHU He MiICUIeHUX KOMIIO3UTHUMU CTpiukaMu. Pamu 3 kiieeHoi fepeBruHU
nifiCUJIeHi KOMIIO3UTHUMU CTPiYKaMu MalOTh B CepeIHbOMY Ha 39% MEHIi BepTUKaJbHi fedopmaliii Ta B
cepeIHbOMY Ha 57% MeHIIi MaKCMMaJslbHi HOpMaJibHi HAaIIPY>KE€HHS B PO3TATHYTIl 30Hi puredis. [lnntu 3
nepexpecHo-kieeHoi nepesunu (ITK]II) nizcuneHi KOMIO3UTHUMU CTPidKaMU MaloTh B cepegHboMy Ha 20% MmeH1i
BEpPTHKaJIbHI AedopMalii Ta Ha 32% MeHIi HOpMaJlbHI HalIPY>KEHHS Bif, aHasorivnux maut 3 [K]] He nigcuienux
KOMITO3UTHUMU CTpiukamu. IIpoTe OKpeMoro BUBYEHHS IOTpedye Hif6ip YHIBEpCaJIbHOTO METOLY YUCEIbHOTO
MOJIEJTIIOBaHHS KOHCTPYKIIi 3 KJIEE€HOI Ta IEPEXPECHO-KJIEEHOI JE€PEBUHHU B IPOrPaMHUX KOMIIJIEKCAX. B TpeTboMy
PO37iJi OIMCaHO eKCIIePUMEHTAJbHI JOCiI>KEHHSI IOBHO PO3MipHOT0 3pa3Ka 6ajKy 3 KIe€HOi JepeBUHU
MiICMJIEHOI KOMIIO3UTHUMU CTPiuKaMu. 3a pe3yJibTaTaMy IIPOBELEHOTO aHAai3y HAlPYy>KeHO-1e(pOPMOBAHOTO CTaHy
0asKy 3 KJIE€HOI IepEBUHH MiICUIEHO] KOMIIO3UTHUMU CTPiUKaMU 3a pe3yJIbTaTaMU €KCIIEPUMEHTY BCTAaHOBJIEHO,
1110 BU3HAYEHHS MEXaHIYHUX BJIACTUBOCTEN IepeBVHHU IIPY 3TVHIi, METOIOM BUIIPOOYBaHHS 3pa3KiB lepeBUHU 3
opHiei napTii, [ae OCTOBIpHE 3HAUYEHHS MOJLYJIIO IIPY>KHOCTI /171 3aCTOCYBaHHS MOT0O B PO3PaxyHKY peajlbHUX
KOHCTPYKLiil. HaBemeHo aaroputm NpoBeeHHs eKCIIepUMEHTAIbHUX OCIiIKeHb 6aJIOK 3 KJIe€HOI IepeBUHU
MiTCUJIEHUX KOMIIO3UTHUMU CTPiYKaMU 3a IIOIIOMOTOI0 €JIeKTPOTEH30METPii. BU3HaueHO NMOCHif0BHICT BUKOHAHHS
MifcUIeHHs 6aJI0K 3 KJIeEHOI IepeBUHU KOMITO3UTHUMU cTpiukamu Sika CarboDur S512. BctanoBneHo, 1110
NiICUJIEHHS €KCIIEPUMEHTAIBHOTO 3Pa3Ka IIJISIXOM HaKJICIOBAHHS Ha PO3TITHYTY 30HY KOMIIO3UTHUX CTPI4OK,
3MEeHIye BepTUKabHI fedopmariii Ha Besnuuny 10 13%, B TOM >Ke 4ac, pyiiHyBaHHS €KCIIEPUMEHTAJIbHOTO 3pa3ka
iICUIEHOTO KOMIIO3UTHYMMU CTPiUKaMU BifIOyJI0Ch IIPU 3HAYEHHI, sIKe € Ha 63% O6i/1bIIKM 32 rPaHUYHE
MaKCHMMaJlbHE PO3paxyHKoBe HaBaHTaxeHHs npu kmod =1 Ta Ha 80% 6inbIIMM 32 MaKCUMaJbHE PO3PaXyHKOBE
HaBaHTaXEHHS €KCIIEPUMEHTAIbHOTO 3pa3Ka He MiJICUJI€HOr0 KOMIIO3UTHUMU CTPiYKaMU 3 YpaxyBaHHSIM
koedinienty kmod po3paxoBanum BianosinHo 1o IBH B.2.6-161:2017. 3a sKicHUM XapaKTepOM HaIlpy>K€HOI'O CTaHy
Il€pPEBUHU OTPMMAHOI0 €KCIIEPUMEHTAJILHUM JIOCTIIKEHHSIM B 6asIKax 3 KJI€€HOI IepeBUHY Ta B 6aJjIKax 3 KJI€€HO]
I€PEeBUHMU MiJICUJIEHUX KOMIIO3UTHUMMU CTPiYKaMU YiTKO BUJHO, 110 MAaKCUMaJIbHi NOB3[I0BXHI Hallpy>KE€HHSI B
nigcuaeHrx 6asKkax 3MEHIIWIINCH 110 42%, MaKCUMaJibHi JOTUYHI HAIIPY>KEHHS 361/IbIININCh B MiICUIEHNX 6ajiKax
10 57%, a IOTUYHI HaIIpY>KeHHs 3011bININCH B JesKuX nepepizax 1o 79%. VY yeTBepToMy po37iji IPOBeAeHO aHali3
YMCEJIBHOTO MOJIE/IIOBAaHHS €KCIIEPMMEHTAJIbHOI YCTaHOBKY, 3 METOIO BU3HAUEHHS! HAIIPY>KEHb B Nlepepisax,
BU3HAY€HHi BEPTUKAIbHUX JedopMalliil Ta MOPiBHIHHS OTPUMAaHUX Pe3yJbTaTiB, 3 HATYPHUMU
€KCIIEpMMEHTaIbHUMU BUIIPOOYBaHHIMU. Br3HaueHo, 0 pe3yJIbTaTy MOJIE/II0BaHHS €KCIIEPUMEHTAJIbHOTO 3pa3ka
B cepenoBui [TK JIIPA-CAIIP, ne BepTukanbHi gedopmallii B 3pa3kax MigCuaeHUx KOMIIO3UTHUMU CTPiYKamMu
3MEHIIWINCh HA BeJINYUHY 10 17%, MiATBEpIKYIOTh PE3yJIbTaTH MiJICUIEHHS €KCIIEPMMEHTAJIBHOTO 3pa3ka LIIJISIXOM
HaKJICIOBAHHS HAa PO3TIATHYTY 30HY KOMITIO3UTHUX CTPiYOK, B IKUX BEPTUKAJIbHI Aedopmalii 3MeHIIYIOTbCS Ha
BEeJIMYUHY 10 13%. BcTaHOBJIEHO, 10 SIKICHMI XapaKTep HAIIPYy>KEHOTO CTaHy IePEBUHU OTPUMAHUH 3 YUCIIOBOTO
IOCJiIKEeHHS NI TBEPIKYETHCSI EKCIIEPMMEHTOM, 3arajloM IOB3J0BXHI HAIIPY>KEHHS B PO3TITHYTIN 30Hi
IOCJIiIKYBAaHUX [IepePi3iB MalOTh JOOPY 30DKHICTb. JlesiKi BiIMIHHOCTI B KiJIbKiICHUX 3HAYEHHSIX IONIEPEYHUX Ta
IOTUYHUX HaIIPy>KEHb IOSICHIOIOTHCSI 0COOJIMBOCTSIMY OYZOBU [IEPEBUHU Ta HASIBHICTIO (PAKTOPIB, SIKi MOXKYTh
CYTTE€BO BIUIMBATH Ha ii HaNpy>kxeHo-1ePOpPMOBaHUI CTaH i SIK HACJILOK MILIHICTb B LiIoMy. EJIEKTpOTEH30MEeTPisl
Iy>Xe 4yTJIMBa 4O HEOJHOPINHOI OyAOBU JepeBUHU. B IporpaMHOMY KOMILIEKCI I€PEBVHA 33[1a€ThCSI

imeasizoBaHoOIo.

2. In the section 1, an analysis of the current state of research on reinforced wooden structures is conducted,
highlighting the necessity for a detailed study of such structures reinforced with composite tapes. Currently, in
Ukraine, there is an almost complete lack of research on the combined performance of composite tapes with
wooden structures and their mutual influence, which prevents the development of an engineering calculation
methodology. However, such research is actively being conducted worldwide, proving its relevance. Practical
recommendations for designing wooden structures with composite tape reinforcement are currently lacking in
Ukraine, making their development extremely necessary and leading to increased application of such structures in
various types of buildings and constructions. In the section 2, an analysis of numerous numerical studies on the



stress-strain state of glued laminated timber (glulam) and cross-laminated timber (CLT) structures reinforced with
composite tapes using the finite element method (FEM) in the LIRA-SAPR software package is conducted. It has
been proven that glulam beams reinforced with composite tapes have, on average, 18% less vertical deformation
and 27% lower normal stresses compared to similar glulam beams not reinforced with composite tapes. Glulam
frames reinforced with composite tapes have, on average, 39% less vertical deformation and 57% lower maximum
normal stresses in the tensioned zone of the beams. CLT plates reinforced with composite tapes have, on average,
20% less vertical deformation and 32% lower normal stresses compared to similar CLT plates not reinforced with
composite tapes. However, selecting a universal method for numerical modeling of glulam and CLT structures in
software packages requires further study. In the section 3, n the third chapter, experimental studies of a full-size
sample of a glulam beam reinforced with composite tapes are described. Based on the analysis of the stress-strain
state of the glulam beam reinforced with composite tapes from the experiment, it was found that determining the
mechanical properties of wood in bending, by testing samples of wood from the same batch, provides reliable
modulus of elasticity values for use in the calculation of real structures. An algorithm for conducting experimental
studies of glulam beams reinforced with composite tapes using strain gauge techniques is provided. The sequence
for reinforcing glulam beams with Sika CarboDur S512 composite tapes is specified. It was found that reinforcing
the experimental sample by bonding composite tapes to the tension zone reduces vertical deformations by up to
13%. At the same time, the failure of the reinforced experimental sample occurred at a value 63% higher than the
ultimate design load with kmod =1 and 80% higher than the ultimate design load of the unreinforced experimental
sample, considering the kmod factor calculated according to DBN V.2.6-161:2017. The qualitative nature of the
stress state of wood obtained from experimental research in glulam beams and glulam beams reinforced with
composite tapes clearly shows that the maximum longitudinal stresses in the reinforced beams decreased by up to
42%, the maximum shear stresses increased by up to 57% in the reinforced beams, and the shear stresses
increased in some sections by up to 79%. In the section 4, an analysis of the numerical modeling of the
experimental setup is conducted to determine stresses in the sections, assess vertical deformations, and compare
the obtained results with actual experimental tests. It was found that the modeling results of the experimental
sample in the LIRA-SAPR software environment, where vertical deformations in samples reinforced with
composite tapes decreased by up to 17%, confirm the results of reinforcing the experimental sample by bonding
composite tapes to the tension zone, where vertical deformations decrease by up to 13%. The qualitative nature of
the stress state of wood obtained from numerical research is confirmed by the experiment. Overall, the
longitudinal stresses in the tension zone of the examined sections show good correlation. Some differences in the
quantitative values of transverse and shear stresses are explained by the peculiarities of the wood structure and
the presence of factors that can significantly influence its stress-strain state and, consequently, its overall
strength. Strain gauge measurements are very sensitive to the heterogeneous structure of the wood, whereas in
the software environment, the wood is idealized.

Jep>kaBHHH peecTpaliiiHuii Homep [IiP:

IIpiopuTeTHHH HanIpsSIM PO3BHTKY HayKH i TEXHIKHU: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGLIbII
BRXJIMBUX IPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLiaNy 1151 3a0€e311e4eHHsI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU y CBiTi Ta CTAJIOr0 PO3BUTKY
CYCIIiILCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HANPSIM iIHHOBALLiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTI
TPaHCIIOPTYBaHHS €HEPTii, BIPOBAI)KEHHS €HEProePeKTUBHUX, PpeCypCco30epiralourx TeXHOJIOTl, OCBOEHHS
aJIbTEPHATUMBHUX IKEPeEJI eHeprii

ITizcyMKH JOCiI>KeHHS: HoBuil HANPSMOK y HayLi i TEXHiL
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