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Po3po6.ieHo MeToAUKY Ta NPOBeIeHO eKCNIEPUMEHTANbHI 10C/TizKeHHsl 3pa3KiB
JepeBHHM XBOWHHX MOPil OCbOBHM CTHCKOM B3I0BXK BOJOKOH 32
KOPOTKOYACHOr0 HaBaHTa:KeHHA 3 BoJoricTio nonan 30%. IloGynoBano
aiarpamu  gedopMyBaHHSl [J€PeBHHH Ta BH3HAYEHO eKCHePHMEHTAJbHHUM
IIJISIXOM YycepelHeHi KpUTHYHiI Aedopmanii 3a BiIMOBiZIHHX mNOKa3HUKIB
cepeaHbOI TPaHMYHOI MinHOCTI. 3amMpPONOHOBAHO METOAMKY BH3HAYE€HHSI
KPHTHYHHX JedopManiii nepeBHHE XBOHHHUX Nopia 3 BoJoricTio nonaa 30% ta
BH3HAYeHO KPHTHYHI Aedopmanii nepeBHHH MOAPHHH, COCHM, SUTMHH Ta
OKpeMO BHM3HAYEHO MPYKHY Ta MJIACTHYHY ckiaaaoBi. HaBeaeno 30ixkHicTb
TeOPEeTHYHHX Ta eKCMePHMEHTAJbHIX 3HAYeHb KPUTHYHHUX Aed opmaniii.

Wood is a strong elastic-plastic material with special physical and mechanical
properties. Products and elements based on wood can be used in various
aggressive environments, including those with high moisture content.
Humanity began to use wood thousands of years ago for various purposes.
Nowadays, we cannot imagine many branches of the economy without the use
of wood. This material pleases our eyes at every step: at home, at work, on the
street, in public places.

In recent years, modern testing machines have appeared that allow testing
various materials from the beginning of loading to the complete loss of material
strength. That is, it is possible to analyze the work of materials in the pre-
critical and supercritical stages of deformation, including wood.

The purpose of this work is to carry out experimental and theoretical studies of
coniferous wood samples of structural dimensions by axial compression along

157



the fibers with an increased moisture content (more than 30%Y) and to establish
the values of critical deformations.

The methodology was developed and experimental studies of softwood wood
samples were carried out by axial compression along the fibers under short-
term load with humidity over 30%. Diagrams of wood deformation were
constructed and averaged critical deformations were determined
experimentally for the corresponding indicators of average ultimate strength.
A technique for determining critical deformations of coniferous wood with a
moisture content of more than 30% is proposed. A formula for determining
such wood parameters is proposed. This formula consists of elastic and plastic
components. The critical deformations of larch, pine, and spruce wood were
theoretically determined, and the elastic and plastic components were
determined separately. Convergence of theoretical and experimental values of
critical deformations is given.

Kunrwuogi ciioBa:

JepeBrHa, OChOBMII CTHCK, KpUTHYHI aedopmarii, miarpamu neopMyBaHHS,
rpaHUYHA MillHICTb.

Wood, axial compression, critical deformations, deformation diagrams, ultimate
strength.

Bertyn. JlepeBuna — 1ie MinHMIA NPY>KHO-TJIACTUYHUN MaTepial 3 0COOTUBUMU
(i3uKo-MexaHIYHUMH BITaCTHBOCTSIMU. JlronctBo JIEpeBUHY  TI0YaJI0
BUKOPHCTOBYBATH THCSUi POKIB Ha3aj 3 Pi3HUM MpU3Ha4YeHHsIM. B Hamn yac Mu He
ysiBisieMo Oarato ramy3eil €KOHOMIKM 0e3 BHKOpPHCTaHHS nepeBMHM. JlaHuii
MaTepiaj paaye Halle OKO Ha KOXKHOMY Kpoli: B moOyTi, Ha poOoTi, Ha BY/IHL, B
TrPOMaJICbKMX MiCIISIX.

BupoOu Ta eneMeHTH Ha OCHOBI IEPEBUHU MOXYTb €KCIUTyaTyBaTHCS B PI3HUX
arpecUBHUX CepPelOBUINAX, B TOMY YHCII i 3 TIi/IBUIIICHAM BMiCTOM BOJIOTH. B maHiii
CTaTTi MU CripoOyeMO TMpoaHasi3yBaTy 3MiHy MEXaHIYHUX BIIACTUBOCTEH NepeBUHN
XBOWHUX TOpia 3a Bojorocti 30%, a came KpUTHYHUX AeopMalliif 3a 0CHOBOTO
CTHCKY B3JIOBXX BOJIOKOH.

AmHami3z niTepaTypHUX [OCHiIKeHb. B ocTaHHI pokM 3’sSBUIIMCA CydacHi
BUNPOOYBalIbHI MAallMHY, SIKi JO3BOJIIOTH BUMPOOOBYBATH pi3HI MaTepiaiu Bin
MOYaTKy 3aBaHTa)XKEHHA 1 10 MOBHOI BTpatu MinHocti Marepiamy [1]. ToGto
MOXIIMBO aHaji3yBaTu poOOTYy MartepiaiiB B JOKPUTHYHIN Ta 3aKpUTHUYHIN cTamil
nedopMyBaHHSI, B TOMY YHUCHIi i JepeBUHHW. EKcrepuMeHTanbHi DOCIHiIHKEHHS
JIEpeBUHU PI3HUX TIOPiZ 32 JKOPCTKOTO PeXxMMy BUIPOOYBaHb Ha CTHUCK B3/IOBXK
BOJIOKOH OyJTM TIPOBE/ICHI Pi3HUMH JOCITiTHUKAMU Ta MOOYyIOBaHi TOBHI JiarpaMu
nepopmyBaHHs [2-6]. Hamm Takok Oynu TpoBelmeHI Taki MOCHIIKEHHS IS
JIepeBUHU JINCTSHUX Ta XBOMHUX TMOPIiJ 3 BpaXyBaHHS (pakToOpy BOJIOTOCTI, BiKy Ta
WBUAKOCTI neopmyBanns [7-9, 13, 14].
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B pobGorax [2-6] ekcnepuMeHTalbHUM MUISIXOM BCTAaHOBJIEHO 3HAYEHHA
KPUTUYHUX JedopMaliil pisHux nopin aepeBuHU. Hamu Takox Oysi0 BCTaHOBIIEHO
MOKa3HUKK KPUTUIHUX e opMalliil ik eKkCriepuMeHTalIbHUM IuisixoM [7-9, 13, 14],
TakK i TEOpETUYHUM 32 cTaHmapTHoi Boyorocri [13, 15-17].

ExcriepuMeHTanbHUMKM Ta TEOPETUYHMMH HOCHTI[DKEHHAMH [epeBUHU Pi3HOT
BOJIOTOCTI Ta Pi3HMM THIOM HaBaHTa)KEHHS 3aiiMaJiocs PsA 3aKOPAOHHMX BUEHMX
[10-12]. Hamu Oynu mpoBeneHi eKCMEepUMEHTANIbHI TOCHIIKEHHS 3pa3KiB
KOHCTPYKLIHHUX PO3MIpiB 32 OChOBOTO CTHCKY B3[IOBXK BOJOKOH 3 pi3HUM
MOKa3HUKOM BOJIOTOCTI Ta BCTAHOBJIEHO PsiJl OCHOBHMX MEXaHIYHUX BJIACTHBOCTEH.

Mera naHoi poOOTM — 1 TPOBENEHHS EKCIEePUMEHTabHO-TeOPETHIHNX
JIOCITI/KEHb JepPEeBUHU XBOMHUX TIOPiJ 3pa3KiB KOHCTPYKIIHMUX PO3MIpiB OCHOBUM
CTHCKOM B3IOBK BOJIOKOH 3 IiOBHINEHMM BMicToM Bojiorm (Oinmeime 30%) Ta
BCTAHOBJICHHSI 3HaUeHb KPUTUUHUX Jedopmartiii.

MeTOI[I/IKa CKCIICPUMCHTAJIBHUX I[OCJ'IiI[)KeHB. EKCHepl/IMCHTaﬂbHi
JOCITIKEHHSI BUKOHAHO 3 BHKOPHCTaHHSAM TaKUX IOPiA IEpPeBHHH, SIK MOIpPUHA,
COCHa, fANMHA. Po3Mip MpHU3M-ONMM3HIOKIB, BHTOTOBJIEHHMX B 3aBOICHKMX YMOBAX,
craHoBuB 30x30x120 mMM. 3pa3ku OTpUMaHO WDISIXOM BHUpi3yBaHHA 3 OpyciB.
Bomnoricte nepeBMHM Ha MOMEHT BHIpoOyBaHb Oyna Buma 30%. Bosoricts
KOHTpoJroBasnacs BonoromipoM MD-814. [y npoBeieHHs eKCIIEpUMEHTY 00paHO
napTiro 3 12 3pa3kiB /151 KOXKHOI i3 BKa3aHUX MOpPiJ IEpeBUHY, BIK SKMX CTAHOBUB
opieHTOBHO 60 pOKiB.

BunpoGyBaHHs pu3M NpOBOAUIIOCA B IPECi OCLOBUM CTHCKOM Y3/I0BK BOJIOKOH
32 KOPOTKOYACHOTO HaBaHTaKEHHS 3a JKOPCTKOTO PEXUMY BHUMPOOyBaHb (3a
MPUPOCTOM TIepeMillieHb ITUTH TIpecy) Y BiAMOBITHOCTI 3 YHHHUMHU HOPMaTHBHUMU
JOKYMEHTaMH.

Buxiianensss ocHOBHOTO MaTepiany. Kputuuni nedopmauii cyuinsHoi
NIEPEBUHU U g4 — 1€ AeopMallii, AKi BiAMOBINAIOTh MAKCUMAJILHOMY HATIPY>KEHHIO
3paskKa fc,4. BOHM 3HAXOAATHCA HA BEPIUMHI AiarpaMy «HanpyXeHHA-1edopmMarii»
(Puc.1).

CylinpHa OepeBMHA Mpalloe SK NPYKHO-TUIACTMYHWI MaTepian, ToMy s
3HaXO/KEHHsI KpUTUIHUX AedopMauiii BUAisieMo aABi ckiaaosi [15-17]

uc,(),d = uc,el + uc,pl’ (1
e U, — TIPY’KHA MeOpMAIlisl CYIITEHOL IEpEBUHM,
Uepi — TITACTHYHA JledopMallis CyuijbHOI JepeBUHH.

BpaxoByroun Hallli ekCriepUMeHTalIbHI  ocikerns [7-9, 13, 14] dopmyna (1)
Halyne BUTJIsAY

7 2
Upoa =Teoa! Eo 107 f 04 2)

ne Ey— novyaTkoBuit MOIYJb TIPY’KHOCTI CyLIIBHOI I€PEBUHM;
¢ — Koe(iLlieNT, 10 3aJIeKKUTh BiJ BOJIOIOCTI I BIKY CyLiJIbHOI JepeBUHH.
3a Bojorocti Oimbme 30% Ta Biky aepesuHm B Mexkax S50...100 pokis

koediuient ¢, = 8,7 1077 (MTTa) ans 6yab-sxoi xBoiiHoi nopou nepesut [13].
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Puc.1. [loBHa miarpama nedopMyBaHHS «HANpyXeHHS-AehopMartiin
JIEPEBUHM Ta KOMITO3UIIMHUX MaTepialliB Ha 1T OCHOBI OCLOBUM CTHCKOM
B3JI0BX BOJIOKOH [13]

[Ticns mpoBeneHHs1 eKCrepuUMeHTy Ta 0OpOOKM pe3ynbTariB Oynu moOynoBaHi
ycepeaHeHi niarpamu 1eopMyBaHHs AEpPEBUHU «G-U» XBOMHUX (MOAPWHM, COCHH,
AJMHKM) TIOPiN NepeBMHM BiJ TOYATKy 3aBaHTAXEHHA 1 0 TOYKM TPaHUYHUX
nedopmariiii 3a Bosiorocti Oibine 30% (puc.2). Ha manux miarpamax € ABi DiUISHKA:
BHCXIi/IHa Ta criajiHa. Lle cBigunTh Npo Te, 110 IepeBrHA MPALIOE HE TUTBKH 10 TOUKH
MaKCHMaJIbHOTO HANpyXXeHHs, a i Ma€ MeBHY 3aJIMIIKOBY (3aKpUTHUYHY) MiLlHICTh
TTiCIIS MPOXOJKEHHS 1Ii€l TOUKH.

[MpoBiBiIM aHani3 OTpUMaHUX AiarpaM, OyJI0O BCTAHOBJIEHO CepenHi KPUTHYHI
nedopmanii 3a BIAMOBIAHMX TOKA3HUKIB CEPEAHbOI TPAHWYHOI MILHOCTI BCIX
JIOCHIDKYBAaHUX TOPiA OepeBHHHU. 3a ¢opmynoro (2) Oyno BH3HAUYEHO KPHUTYHI
nedopmanii TeopeTMUHUM ILUIAXOM. Takok 3a wielo K (OPMYJIOI0 OKpeMo
3HAXOIMMO TMPYKHY Ta IUIACTUYHY CKanoBi. OTpuMaHi pe3yabTaTh 3aHOCHMO 10
Tabm. 1.
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Puc.2. Jliarpamut «Ge-Uc» CYLITBHOT I€PEBUHN XBOWHHUX TMOPiJl 3 OOMEKEHHSM B TOUIL
rpannyHAX Aedopmariii 3a Bosorocti 6inasie 30%

Tabnuus |
3HaueHHs CepeqHiX KPUTUUHUX NedopMalliii JepeBUHN XBOWHUX MOPiJ BU3HAYCH]
eKCIePUMEHTAJIbHUM ILIISIXOM Ta 32 opmylioro (2)

Newn | Tlopoma | K-c1b | fe04 Eo, Ue,0,d,exp Uc,el th Ueplth Ue,0,d,th
nepesunu | npusMm | Mlla | MIla
IT.
1 Moapuna 6 24,8 | 10600 | 0,00756 | 0,00182 | 0,00587 | 0,00769
2 Cocna 6 21,3 | 9700 | 0,00582 | 0,00220 | 0,00394 | 0,00614
3 Slnuna 6 19,4 | 10700 [ 0,00565 | 0,00181 | 0,00328 | 0,00509

[lpoBenemo aHami3 OTpPUMAaHHMX eKCIEPUMEHTAJIbHUX Ta TEOPETHYHHUX
pe3ynbTaTiB JOCII/IKEHb 32 BCiMa 3pa3kaMM XBOWHHX TOpiA CyLIBHOI IepeBUHU
Boorictio Oibime 30% (puc.3), (Tadi.2) MeTomaMu MaTeMaTHYHOI CTATHCTHKH.
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Puc.3. BingxuneHHs TeopeTHUHUX 3HAYCHL KPUTHIHUX Aedopmariiit aedopmariiit 3a
(opmyioro (2) Bi ekcriepiMEHTAIBHUX JIEPEeBUHH XBOWHUX TOpia BouoricTio Oibiie 30%

Ta6muus 2
CraructnuHa ouiHka Gopmynu (2) 3 BU3HaU€HHS KPUTUYHUX AehopMaltiii
CYLIJIbHOI IepeBUHHU XBOMHUX Nopia BosoricTio noHaa 30%

®Dopmyna 115l BU3SHAUYCHHS BinxuneHHs Bin ekcriepiMeHTaIbHIX
KpuTHUHEX Aedopmariii 3Ha4YeHb, %
Au,l Au,Z Au Oy Au,max
— 2 -22,25 | 22,09 | 0,60 16,5 | 22,25
Upoa = Jeoa! B+ feoa

. €1=870-10° (Mlla)”

36 3paskiB. Ay, Ay, — HIKHA Ta BEepXHA MeEXi BIIXWICHb BiJg
eKCTIepUMEHTAIBHAX 3HA4eHb; A,, O, — CepeIHhOAPU(PMETHYHI Ta CTAHAAPTHI
3HAYCHHS WX BiIXWJICHD,

Ay, max — MAKCUMATBbHE 3 Ay 1 1 Ayp.

OTxe, aHaJi3yt0uM puc.3 Ta 1aHi npuBeaeHi B Tabn.2 NpuXoauMo A0 BUCHOBKY,
wo 36iKHICT TEOPETHMYHUX Ta EKCIEePUMEHTAIbHUX 3HAa4€Hb KPUTHYHUX
nedopmaliiii € 3a70BIIBHOIO HE3aJIeKHO BiA MOpOOM AepeBHHU. MakcuMmalbHa
pO30iXKHICTE ONTU3BKA CKITAMAE Ay max=22,25%.

Takox, onHi€eto 3 nepesar 3anponoHoBaHoi GpyHkii (2) € Te, o KoedillieHT ¢;
3a BostorocTi 30% € 0qHAKOBMM 3a 3HAUEHHSM UTs BCIX MOpia IepeBUHHU.
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BucnoBkn.

1. Po3poGneHo MeTomuKy Ta TPOBEIEHO eKCIepUMEHTalbHI OOCIiIKeHHS
3pa3KiB JOEpPEeBMHM XBOMHUX TIOpPiJ OCHOBHM CTHCKOM B3JIOBX BOJIOKOH 3a
KOpPOTKOYaCHOTO HaBaHTaXKeHHs 3 BoioricTio monam 30%.

2. TlobynoBano miarpamu nedopMyBaHHS JEpeBUHM Ta  BU3HA4YEHO
EKCTIepUMEHTANTLHUM LIJISIXOM yCepelHeHI KpUTH4HiI Aedopmaliii 3a BiAMOBigHUX
MOKA3HUKIB CepeIHbOI TPAHUYHOT MILIHOCTI.

3. 3anpornoHOBaHO METOAMKY BH3HAYEHHS KPUTUYHUX HedopMariii aepeBrHH
XBOMHUX Mopif 3 BosoricTio noHan 30% Ta Bu3HAUeHO 3a Gopmyrioro (2) KpUTHIHI
nedopmarii 1epeBUHN MOAPHUHH, COCHH, SUIMHU Ta OKPEMO BU3HAYE€HO MPY)KHY Ta
IUIACTUYHY CKJIA/IOBI.

4 HaBemeHo 30DKHICTb TEOPETUYHHMX Ta EKCMEPUMEHTANIbHUX 3HAa4YeHb
KPUTUUHUX JedopMariid.
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B aa6opatopii HYBI'TI npoBeneHo KOMILIEKCHI eKcIepHMEHTAJIbHO-
TeopeTHYHi J0CIiTKeHHS POGOTH eJ1eMEHTIB 3 LiILHOT Ta KJIE€HOI IepeBUHM 32
0CbBOT0 CTHCKY, NPpSIMOro Ta Kocoro mnomepeyHoro 3runy. Ha ocHoBi
eKCNePUMEHTAIILHUX I0CTi’KeHb BCTAHOBJIEHO ciyHMH Monyasb dedopmauiii
JAepeBHHH NPH 0CbBOMY CTHCKY Ta nonepednomy 3ruHi. [loGyxyBano aiarpamu
aeopmMyBaHHs Pi3HUX WIAPIB AepeBUHM 0aJI0K 3 LIJILHOT Ta KJIEEHOI AepPeBUHHU
B 30Hi YMCTOro 3ruHy Mo BUCOTi MONMePeYHoro nepepisy 3a poGoTH Ha MPAMUIi
Ta KOCHHi 3rHH 3a Jil OJHOPa30BHX Ta MNOBTOPHHX HABAHTAXEHb.
ExcnepumenTaibHO BH3HA4Y€HO NMOJIOKEHHSI HEHTPaIbHOI JTiHil B 30Hi mpAMoro
YHCTOro 3ruHy. BcTaHoBJIeHO, 0 MOYMHAIOYH 3 MOYATKY NPHKJIATAHHS
0HOpPA30BOr0 KOPOTKOYACHOI0 CTATHYHOrO0 3aBAaHTA)KeHHH HelTpajabHa
MJIOIIMHA B 0aJIKaX 3 HiJILHOI Ta KJIEEHOI 1epeBUHH 3MiHIOE CBOE NMOJIOKEHHS B
CTOPOHY 3MEHIIEHHS] BHCOTH PO3TATHYTOI 30HU.

In the laboratory of the National University of Water Management and Nature
Management, complex experimental and theoretical studies of the operation of
elements made of solid and glued wood under axial compression, direct and
oblique transverse bending were carried out. The obtained results of
experimental studies made it possible to establish the shear modulus of wood
deformations under axial compression and transverse bending. The shear
modulus of deformations with increasing loads decreases due to the growth of
elastic and plastic deformations of wood, and at any two experimental points, a
graph of dependence can be reliably plotted and the initial modulus of elasticity
of wood can be established.

The layer-by-layer relative deformations of the wood in the beams were
established, which were determined in the zone of pure bending at different
distances from the neutral plane at different levels of load. Also, the processing
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