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1.V nepmomy po3zii IpoBeAEHO aHali3 Ta y3araJlbHEHO Cy4YaCHUM CTaH HayKOBUX IOCJIIIKEHD i CBITOBUI IOCBI,
3aCTOCYBaHHS JIepeB'STHUX KOHCTPYKLiN B yMOBax IMHaMiYHMX HaBaHTaxkeHb. [IpoaHanizoBaHO 0COGIMBOCTI
BHUKOPHUCTaHHS iH)K€HEPHUX [IepeB’sIHUX MaTepiajliB, 30Kpema KJIe€HO]I Ta [IepeXxpeCcHO-KJIEEHOI IepeBUHH, Y
Cy4aCcHOMY OyJIiBHUILITBI, @ TAKO>K BCTAHOBJIEHO ixHIO €(pEeKTUBHICTb IIpH Aii AMHAMIYHUX Ta iMIIYJIbCHUX BILJIMBIB.
Po3ry19HyTO OCHOBHI 3aKOHOMIPHOCTI (POPMYyBaHHS AUHAMIYHOIO BiITyKy KOHCTPYKLi, BKJIIOYA04YU POJIb
IeMryBaJbHUX BJIACTUBOCTEN, MexaHi3Mu gucuranii eHeprii Ta BIIJIMB KOHCTPYKTHBHUX i MaTepialbHUX
napaMeTpiB Ha NPoLeC 3aTyXaHHs KOJMBaHb. [IpoaHanizoBaHo NifAxony 40 BUSHAUYEHHS KoeillieHTiB AMHAMIYHOCTI
Ta X HOpMaTHBHE 3a0€3Me4YeHHs, a TAKOXK 0COOJIMBOCTI YACEIBHOTO MOJEJIIOBAHHS MHAMIYHOI po60TH
KOHCTPYKIii1 i3 BAKOPUCTAaHHSIM METOly CKIHU€HHHUX €JIEMEHTIiB. BCTaHOBJIEHO, 1110, HE3BAXKAI0YM HA 3HAYHUIA 006CST

IOCJIiIKeHb, MUTaHHS AMHAMIYHOI poO0TH 6araTomapoBUX AEPEBsSTHUX OAJIOK IIPH [Iii 30cepeKeHNX iIMITyJIbCHUX



HaBaHTa)KeHb 3aJINIIAI0THCS HELOCTATHBO BUBYEHUMU, IIJ0 OOYMOBIIIOE€ HEOOXIIHICTh MOABIINX
€KCIIEpPMMEHTAJIbHUX i TEOPETUYHUX NOCTinKeHb. B npyromy po3zisii po3po6yeHo Ta peani3oBaHO KOMILIEKCHY
METOJIMKY eKCIIepUMEHTAIbHUX JOCIiIPKEHb IepPEB’sIHUX 0aJIOK i3 CYLIbHOI, KJIe€HOi Ta [1IepeXpeCcHO-KJIe€HO]
InepeBuHu. [Iporpama BUNpoOyBaHb fepeabdadasna NoCioBHE NPOBEIEHHS CTATUYHUX i IMHAMIYHUX OOCJiIPKEHD i3
METOI0 BU3HAYEHHS )KOPCTKICHUX i IMHAMIYHUX XapaKTePUCTUK 3pa3kiB. Ha eTari cTaTU4HUX BUITPOOYBaHb
BM3HAUEHO MPYXXHi XapaKTepUCTUKY 06ajloK IIPU I1OIIepEeYHOMY 3THHI B Me>Kax JIiHIHO-TIPyKHOI po60TU MaTepiany.
JyHaMivyHi JOCiIKeHHS BUKOHAHO i3 3aCTOCYBaHHSIM CIIeliaIbHO PO3PO6JIEHOTO CTEHAA 3 MasITHUKOBUM
MEXaHi3MOM, 1110 3abe3Mevye BilTBOPEHHS OJHOKPATHOTO iMIYJIbCHOTO HABAaHTaKEHHS Ta PEECTPALLilo BiIbHUX
KOJIMBaHb. 1le 103BOINI0 BCTAHOBUTYU OCHOBHI IMHAMi4YHi mapamMeTpu, 30KpeMa BJIACHI YaCTOTH i XapaKTePUCTUKU
3aTyxaHHs. OCo0/IUBY yBary NpuiijieHo 3a6e3le4eHHI0 YUCTOTH eKCIIEPUMEHTY: YHidiKallii yMOB BUTOTOBJIEHHS
3pas3KiB, BIOCKOHAJIEHHIO OIIOPHUX BY3JIiB Ta 3aCTOCYBAaHHIO BUCOKOTOYHOI BUMipIOBAJIbHOI anaparypu. s
IiIBUIIEHHS JOCTOBIPHOCTI pe3yJ/bTaTiB BUKOPUCTAHO METOIM CTAaTUCTUYHOI 0OPOOKU JAHUX i3 3aCTOCYBAaHHSIM
Kkpurepito CTbiofieHTa. Y TPETbOMY PO3/iji HaBeJeHO Pe3yJIbTaTu €KCIIePUMEHTaNbHUX JOCHiIKeHb (iZuKo-
MEXaHIYHUX Ta AUHAMiYHUX XapaKTE€PUCTHUK 0aJIOK i3 CYLisbHOI, KJIe€HO]i Ta IEPeXPEeCHO-KJIEEHO] JepeBUHU. 3a
pe3yJsibTaTaMy CTaTUYHUX BUIIPOOYBAaHb BU3HAYEHO MOAyJli fedopmaliii Ta momyi gedopmallii 3CyBy: AJis CyLiIbHOL
IepeBuHU - ??? = 7.66 ['Tla; ??? = 0.48 I'Tla, nnig kneeHoi - ?2?2? = 7.30 I'Tla; ???? = 0.46 ['Tla, nj1g nepexpecHO-KJIe€eHOi
- 92?2? = 5.88 I'Tla; ???? = 0.37 I'Tla. BctaHoBs€HO, 110 HAMGIIbLTY )KOPCTKICTh MAIOTh OAJIKU i3 CyLIiJIBHOI lepEeBUHH,
TOZ] SIK 1151 6araTomapoBUX MaTepiaiB croctepiraeTbes ii 3SHUKeHHsI. EKCliepuMeHTaslbHi 3aJ1€KHOCTI
«HaBaHTAKEHHS-TIPOTMH» MAIOTh JIiHITHUI XapakTep, 10 MiATBEPIKye POOOTY MaTepiay B IPyXKHiil 0671aCTi.
HocnimkeHHs AMHAMiIYHOI TOBEiHKY 1T0Ka3aJIy, 110 MaKCUMaJbHi nepeMineHHs 620K 3pOCTal0Th MTPOIMOPILiHHO
BEJINYMHI iIMITyJIbCHOTO HaBaHTaKe€HHsI. Ha OCHOBI crieKTpasibHOrO aHasli3y BU3HAYEHO BJIACHI YaCTOTHY KOJIMBAHb,
ki craHoBATh 75 'y 07141 cyuinbpHOI gepeBuny, 73 ' - niisg kineeHoi Ta 67 ['1 - 171 nepexpecHO-KJIEeEeHOi, i3
33/10BiJIPHOIO 30DKHICTIO 3 TEOPETUYHUMY 3HAYEHHIMU. BCTAaHOB/IEHO €KCIIOHEHLITHMI XapaKTep 3aTyxaHHS
KOJIMBaHb Ta BU3HAYEHO JIorapupMiuHUI IeKPEMEHT 3aTyXaHHS: 1151 CyLisbHOI nepeBunu ? = 0.186, nj1s1 KieeHoi Ta
nepexpecHo-KieeHoi nepeBrnu ? = 0.099, mo CBiIYMThL IIPO IHTEHCUBHIIIE PO3CiIOBaHHS €HEPTil y CyLiIbHIN
nepesBuHi. OTpUMaHi pe3yJbTaTu MigTBEPIXKYIOTh CYTTEBUI BIUIMB CTPYKTYPH AEPEBUHU HA KOPCTKICHI Ta
IVHaMiyHi XxapakTepuCTUKY 6ajloK. B yeTBepTOMy po31ijli BUKOHAHO KOMIIJIEKCHE €KCIIEPUMEHTAIbHO-TEOPETUYHE
IOCJiI)KEHHS] pOOOTH IEPEB’SIHUX 0aJIOK i3 CYLibHOI, KJI€€HO]I Ta IEPEXPECHO-KJIEEHO] €PEBUHU NIPYA CTATUYHOMY
Ta iMIIyJIbCHOMY HaBaHTa)KeHHi (yaapi). BcTaHOBIEHO, 1110 PE3y/IbTaTh YUCETbHOTO MOZEJIIOBAHHS IPOTUHIB Y
nporpamHomy komiiekci Dlubal RFEMS no6pe y3rofKyloTbCsl 3 €KCIIepUMEHTAJIbHUMY JAHUMU CTaTUYHUX
BUIIpoOyBaHb: A4 1D ta 3D Mopeseil 6aoK i3 CylLibHOi, KIIe€HOI Ta IEPEeXPeCHO-KJIEEHO] JepeBUHM N10XUOKa He
nepesuinye 1-3%, toxi sk gy CLT-6anok npu mopenoBanHs 3D eslemeHTaMu 3i 30€peXeHHSIM OpieHTallii 1amesen
Ta 3aCTOCYBAaHHSM MogeJi maTepiany sk ajs CJI noxu6ka gocsirae 17%. AHaniTUYHNAN PO3PAXyHOK 32 METOJMKOIO
C.I1. TumoIeHkKa 11okasaB 4OOPY Bif[IOBiIHICTb EKCIIEPUMEHTY: BiIXUJI€HHS CTAHOBJISATH 10 7.5% 7151 KJIe€HOi
IepeBuHH, 10 11% nyis nepexpecHo-KaeeHoi Ta 61113bKo 1.5% 11 CyLibHOI lepeBUHU. YnceabHUI TUHAMIYHUN
aHani3 y Dlubal RFEM5 moaysis RF-DYNAM Pro nae koHCepBaTUBHI pe3ysbTarty i3 3anacom: 10% (C), 18% (K1) ta
17% (TIKI). Po3paxoBani koedilieHTy [rHaMiYHOCTI 32 eKCIIepUMEeHTaIbHUMU JaHUMU CTaHOBIIATE: 0.0632 (CLI),
0.0559 (KJI), 0.0545 (TTK]I), a TeopeTM4HO 06UMCIeH] 3HaueHHs Koe(illieHTiB 1J1s1 TPUKYTHOI allpOKCUMalLlii
BuxifHoro immnysscy: 0.0571 (CI), 0.0543 (K1) ta 0.0476 (ITKI), BinxuneHHs ckuagae 1o 13%.

2. The first section presents an analysis and generalization of the current state of scientific research and
international experience in the application of timber structures under dynamic loading. Particular attention is paid
to the use of engineered wood products, including glued laminated timber and cross-laminated timber, in modern
construction and their effectiveness under dynamic and impulsive actions. The fundamental principles governing
the dynamic response of structures are examined, including the role of damping properties, mechanisms of energy
dissipation, and the influence of structural and material parameters on vibration decay. Approaches to determining
dynamic amplification factors and their regulatory provisions are analyzed, together with numerical modelling
techniques based on the finite element method. It is established that, despite the significant body of existing
research, the dynamic behavior of multilayer timber beams subjected to concentrated impulsive loading remains



insufficiently studied, necessitating further experimental and theoretical investigations. The second section
presents the development and implementation of a comprehensive experimental methodology for investigating
solid, glulam, and cross-laminated timber beams. The testing program included sequential static and dynamic
investigations aimed at determining the stiffness and dynamic characteristics of the specimens. During the static
testing stage, the elastic properties of beams under transverse bending within the linear-elastic range were
determined. Dynamic investigations were conducted using a specially designed test rig equipped with a pendulum
mechanism capable of reproducing a single impulsive load and recording free vibrations. This made it possible to
determine the principal dynamic parameters, including natural frequencies and damping characteristics. Special
attention was paid to ensuring experimental reliability through the standardization of specimen manufacturing
conditions, improvement of support assemblies, and the use of high-precision measuring equipment. Statistical
data processing methods based on Student’s t-test were applied to enhance the reliability of the obtained results.
The third section presents the results of experimental investigations of the physical-mechanical and dynamic
characteristics of solid timber, glued laminated timber, and cross-laminated timber beams. According to the static
test results, the modulus of elasticity and shear modulus were determined as follows: for solid timber - ??? = 7.66
2?2, 2?2 = 0.48 ???; for glued laminated timber - ?2?? = 7.30 ??7?; 22?2 = 0.46 ???; for cross-laminated timber - ???? =
5.88 ??7; 22?22 = 0.37 ???. It was established that solid timber beams possess the highest stiffness, while multilayer
timber materials exhibit reduced stiffness. The experimentally obtained load-deflection relationships demonstrate
linear behavior, confirming the elastic performance of the material. The investigation of dynamic behavior showed
that the maximum beam displacements increase proportionally to the magnitude of the impulsive load. Spectral
analysis enabled the determination of natural frequencies amounting to 75 Hz for solid timber, 73 Hz for glued
laminated timber, and 67 Hz for cross-laminated timber, showing satisfactory agreement with theoretical values.
An exponential decay pattern of vibrations was identified, and the logarithmic decrement of damping was
determined as follows: ? = 0.186 for solid timber and ? = 0.099 for both glued laminated timber and cross-
laminated timber, indicating more intensive energy dissipation in solid timber. The obtained results confirm the
significant influence of timber structure on the stiffness and dynamic characteristics of beams. The fourth section
presents a comprehensive experimental-theoretical study of the behavior of solid timber, glued laminated timber,
and cross-laminated timber beams under static and impulsive loading (impact). It was established that the
numerical simulation results for beam deflections obtained using the Dlubal RFEMS5 software package are in good
agreement with the experimental data from static tests. For 1D and 3D models of solid timber, glued laminated
timber, and cross-laminated timber beams, the discrepancy does not exceed 1-3%. However, for CLT beams
modelled using three-dimensional elements while preserving lamella orientation and applying a material model
corresponding to solid timber, the discrepancy reaches 17%. Analytical calculations based on the Timoshenko
method demonstrated good agreement with experimental results: deviations amount to up to 7.5% for glued
laminated timber, up to 11% for cross-laminated timber, and approximately 1.5% for solid timber.
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