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Pedepar:

1. B nepmomy po3zisi poBeeHUH aHaJIi3 Cy4aCHOTO CTaHy JOCiIKeHb aPMOBAHUX J€PEBSTHUX KOHCTPYKILiH, 3
SIKOT'O CTa€ 3pO3yMiJIMM HEOOXiHICTb eTaJlbHOTO BUBYEHHS TaKUX KOHCTPYKLIM MiICUIEHUX KOMIIO3UTHUMU
cTpiukamu. Ha TemnepimmHiil 4ac B YKpaiHi IpakTUYHO BifiCyTHI AOCJiIPKEHHS CIiJIBHOI pOOOTHA KOMIIO3UTHUX CTPidOK
3 I€PEeB'STHUMU KOHCTPYKLiSIMU, Ta iXHill B3Ba€MHU BIJIUB, 10 YHEMOJKJIUBIIIOE PO3POOKY iH)KEHEPHOI METOAUKU
PO3paxyHKYy, IIPOTE B CBITi, B LI€H 4aC, aKTUBHO IIPOBOJSTD TaKi JOCJIJIKEHHS, 1O TOBOIUTD iXHIO aKTyaJIbHICTb.
[TpakTuyHi peKoMeHallii 3 IPOEKTyBaHHS AEPEBR SIHUX KOHCTPYKIIi# 3 apMyBaHHSIM KOMIIO3UTHUMMU CTPiYKaMu Ha

IaHUH yac B YKpaiHi BiicyTHi, TOMY iX po3po6Ka € BKpail HEOOXiTHOIO i Mpu3Beze 40 30i7bIIeHHS 3aCTOCYBaHHS



TaKMX KOHCTPYKLiN B OyIiBJISIX Ta CIIOPYAx Pi3HOrO NPU3HA4YE€HHS. Y IPYroMy po3Lisi IPOBEeAEHNI aHaTIi3y
YUCeJIbHUX JOCJiIKeHb HaNlpy>XeHO-1e(POPMOBAHOTO CTaHy KOHCTPYKILil 3 KJIE€HOI Ta IIepeXxpeCcHO-KIIeE€HOI
Il€PEBUHM TiJICUJIEHUX KOMIIO3UTHUMMU CTpiukamu B nporpamHomy Komiuiekci (TIK) JIIPA-CAITP meTonom
ckinueHHux eneMeHTiB (CE). [loBeneHo, 10 6aJIKu 3 KJIEEHOI I€PEeBUHU MiiCUIeHi KOMITIOBUTHUMU CTPiuKamu
MaloTh B c€peHbOMY Ha 18% MeHIIi BepTuKasbHi gedopmaliii Ta Ha 27% MeHIIi HOpMasbHi HAIPYKEHHS Bif
aHasoriyHuX 6ayIoK 3 KJIEEHOi JepeBUHU He MiICUJIeHNX KOMIIO3UTHUMU CTpiukaMu. PaMu 3 KiieeHoi fepeBruHA
nificueHi KOMIIO3UTHUMU CTPiYKaMu MaloTh B CepeiHbOMY Ha 39% MeHIli BepTUKaJbHi fJedopmaliii Ta B
cepeHbOMY Ha 57% MeHIIi MaKCMMaJsbHi HOpMaJsibHi HAIIPY>KE€HHS B PO3TATHYTIl 30Hi puresis. [lnutu 3
nepexpecHo-kieeHoi nepesuHu (ITK]II) mizcuieHi KOMIO3UTHUMU CTPidKaMU MaloTh B cepegHboMy Ha 20% meH1i
BepTHKaIbHI AedopMalii Ta Ha 32% MeHIli HOpMaJlbHI HalIpy>KeHHs Bif, aHasoriynux maut 3 [1K]] He nifcunienux
KOMIIO3UTHUMU CTpiukamu. [IpoTe oKpeMoro BUBUEHHSI NOTPedye Nifdip YHIBEPCATIBHOTO METOY YUCEJIBHOTO
MOJIEJIIOBaHHS KOHCTPYKIIM 3 KJIEEHOI Ta IEPEXPECHO-KIIEEHOI EPEBUHHU B IPOrPAMHUX KOMILJIEKCAX. B TpeTboMy
PO3/iJi OIMCaHO eKCIIePUMEHTAJbHI JOCiI>KeHHSI IOBHO PO3MipHOTO 3pa3Ka 6ajky 3 KIE€HOI JepeBUHU
IiICUI€HOI KOMIIO3UTHUMU CTPiukaMu. 3a pe3yJibTaTaMy IIPOBELEHOTO aHali3y HallPy>KeHO-1e(pOPMOBAaHOTO CTaHy
0aJIKy 3 KJIEEHO]I Je€PEBYHM MiJICUIEHOI KOMIIO3UTHUMMU CTPiYKaMU 3a Pe3yJIbTaTaMU €KCIIEPUMEHTY BCTAHOBJIEHO,
1110 BU3HAYEHHS MEXaHIYHUX BJIACTUBOCTEN IepeBMHY IIPY 3TVHI, METOIOM BUIIPOOYBaHHS 3pa3KiB epEeBUHU 3
opHiei mapTii, mae OCTOBIpHE 3HAYEHHS MOJYJIIO IIPY>KHOCTI 1171 3aCTOCYBAHHS MOr0 B PO3PaxXyHKy PeaIbHUX
KOHCTPYKLil. HaBeeHo airoputMm NpoBefeHHs eKCIIEPUMEHTAIbHUX JOCIiI’KEHb 0AJIOK 3 KJIe€HOI JePEBUHU
MigCUIEHMX KOMIIO3UTHUMHU CTPIYKaMU 3a JJOIIOMOIOI0 €JIEKTPOTEH30METPil. Bu3Ha4eHO MOCIiIOBHICTE BUKOHAHHS
MifCcUIeHHs 6aJIoK 3 KJIEEHOI IepeBUHU KOMITO3UTHUMU cTpidkamu Sika CarboDur S512. BctaHoBeHo, 1110
iICUJIEHHS €KCIIEPUMEHTAIbHOTO 3Pa3Ka IIJISIXOM HaKJICIOBAaHHS Ha PO3TITHYTY 30HY KOMIIO3UTHUX CTPIYOK,
3MEHIIy€e BEPTUKAJIbHI fedopmalii Ha BemunHy 10 13%, B TOM XKe Yac, pyMHYBaHHS €KCIIEPUMEHTAIbHOTO 3Pa3Ka
iICUIEHOTO KOMIIO3UTHMMU CTPiUKaMU BiZIOyJIOCh IIpY 3HA4YEHHI, sIKe € Ha 63% O6i/1bIIrM 32 rPaHUYHE
MaKCcHMaJlbHe PO3paxyHKoBe HaBaHTaxeHHs npu kmod =1 Ta Ha 80% 6inbIMM 32 MaKCUMaJbHE PO3PaXyHKOBE
HABaHTaXEHHS €KCIIEPUMEHTAIbHOIO 3Pa3Ka He MiJCUI€EHOr0 KOMIIO3UTHUMHU CTPiYKaMU 3 ypaxyBaHHIM
koedinienty kmod po3paxoBanum BianosinHo 1o IBH B.2.6-161:2017. 3a sKicHUM XapaKTepOM HaIlpy>KEHOT'O CTaHy
IlepEeBUHU OTPHMMAaHOI0 €KCIIEPUMEHTAJIbHUM JIOCTIIKEHHSIM B 6aslkax 3 KJIe€HOI lepeBUHH Ta B 6ajiKax 3 KJIe€HO]
I€PEBUHM MiJICUJIEHUX KOMIIO3UTHUMMU CTPiuKaMU YiTKO BUJHO, 110 MAaKCUMaJIbHi [10B3/10BXHI Hallpy>KE€HHSI B
nifgcuaeHrx 6aiKkax 3MEHIIWIINCH 110 42%, MaKCUMaJibHi OTUYHI HAIIPY>KeHHS 361/IbIININCh B MiICUIEHNX 6aKax
IO 57%, a IOTWYHI HAIIPY>KeHHS 301IbIININCH B JesKuX nepepizax 1o 79%. V yeTBepToMy po37isi IpOBeeHo aHali3
YMCEJIbHOTO MOJEJIIOBAHHS €KCIIEPUMEHTAJIBHOI YCTAHOBKY, 3 METOIO0 BU3HAYE€HHS HAIIPY>KEHD B IIepepisax,
BM3HAYEHHi BepTUKaJIbHUX AedOopMalliil Ta IOPiBHSHHS OTPMMAHUX PE3YJIbTATiB, 3 HATYPHUMU
€KCIIepUMEHTAJIbHUMU BUIPOOYBAaHHSAMU. BU3Hau€HO, 1[0 Pe3yJIbTaTU MOJEIOBAHHS €KCIIEPUMEHTAJIBHOTO 3pa3ka
B cepenoBuii [TK JIIPA-CAIIP, ne BepTukasnbHi gedopmallii B 3pa3kax MifCUaeHUxX KOMITO3UTHUMU CTPiYKamMu
3MEHUIWINCh Ha BeJINYUHY 10 17%, MiATBEpIKYIOTh pe3yJIbTaTH MiJICUIEHHS €KCIIEPMMEHTaJIBHOTO 3pa3ka LJISIXOM
HaKJIEIOBAaHHS Ha PO3TITHYTY 30HY KOMIIO3UTHUX CTPIYOK, B IKUX BEPTUKAJIbHI AedopMallii SMEHIIYIOTbCS Ha
BEeJIMYUHY 10 13%. BCcTaHOBJIEHO, 1O SIKICHUI XapaKTep HANIPYy>KEHOTO CTaHy NePEBUHU OTPUMAHUH 3 YUCJIOBOTO
IOCIIiIPKEHHS MATBEPIKYETLCSI EKCIIEPUMEHTOM, 3arajloM MOB30BXKHI HAIPY>KEHHS B PO3TATHYTIN 30HI
IOCJiIKYBaHUX [1epepi3iB MalOTh JOOPY 30DKHICTb. JlesiKi BiIMIHHOCTI B KiJIbKiICHUX 3HAYE€HHSIX TONIEPEYHUX Ta
IOTUYHUX HaIIPy>KeHb IMOSICHIOIOTHCSI 0COOIMBOCTSIMY OYZOBU JIePEBUHU Ta HASIBHICTIO PaKTOPIB, sIKi MOXKYTh
CYTTE€BO BIUIMBATH Ha ii Hanpy>xeHo-1ePOpMOBaHUI CTaH i SIK HACJIIOK MILIHICTD B LiIoMy. EJIeKTpOTEeH30MeTpisl
Iy>Ke 4yTJIMBa 0 HEOJHOPINHOI OyA0BU JepeBUHU. B IporpaMHOMY KOMILJIIEKCI IEPEBVHA 3a[1a€ThCSI

imeanizoBaHoOIO.

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>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHM: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGILIbII
BaXXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIIiIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HaNPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIIA
TPaHCIIOPTYBaHHS €HEePrii, BIPOBAI)KEHHS €eHeproepeKTUBHUX, peCypco30epiralourx TeXHOJIOTIl, OCBOEHHS

aJIbTEPHATUBHUX IPKEPEJI eHeprii

ITizcyMKH JOCIim>KeHHS: HoBuil HANPAMOK y Haywi i TEXHiL
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Biacue IlpisBume Im'st [To-6aThKOBI Makcnm'iok Opiit Beesomnopon

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignmoBizanbHMIL 32 HiATOTOBKY Komap Mukosia AHTOHOBHY

00JIiKOBUX JOKYMEHTIB

PeecTpaTop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




