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JlyubKuii HalliOHAIBHUH TEXHIYHMA YHIBEpCUTET®
HamionansHuii yHiBEpCUTET BOJHOTO FOCHOAAPCTBA Ta MPUPOJAOKOPHCTYBaHHS

BIIJIUB TEMIIEPATYPHO-BOJIOI'ICHOI'O PEXKUMY HA JE®@OPMIBHICTbD
3rUHAJIBHUX EJJEMEHTIB IICJS TPUBAJOI EKCILTY ATALI

2

Haeseoeno pe3yromamu eKcnepumenmanbHux eUnpodyeans 6aiokK 3 yiibHoi 0epesuHu 3a Pi3HO20 meMnepamypHo-
60J102iCHO20 pedtcumy, AKL OY1u 6U2OMO061€eHI 3 KDOKGAHUX cucmem nicaa ix mpueanoi excniayamauii.. 3a2anom eunpooysano
dsanaoyamos 6anoK iz eonozicmio 12% ma 15% ma mepminom excnayamauii 25, 50 ma 75 pokie. Bcmanoeneno ennue
memnepamypHo-60102iCHOZ0 PelcUMy HA eTUHUHU BIOHOCHUX Oehopmauiii banok. Ilpu 36inbuenni 6onozocmi 6anox 3 12%
00 15% cnocmepizanoce ne3naune 30iNbUEHHA MAKCUMATBHUX GIOHOCHUX Oeqhopmauiil cCmucHymoi ma po3mazHymoi 30H.
3HaunuXx 3aKOHOMIpHOCH el 6NIUGY GIKY 0epesUHU HA PO3GUMOK Oehopmayiil HanioK He UA6JIEHO.

Kniouosi cnosa: Jlepesuna, nanpysicerno-oegpopmosanuii cman, oeopmayii, HAGAHMAIICEHHS, 3CUHANLHULL eleMenmn,
mMemMnepamypHo-60J102ICHULL PENICUM, MEPMIH eKCIyamayii.

V.V. Datsiuk, A.P. Pavluk

INFLUENCE OF TEMPERATURE-HUMIDITY REGIME ON THE DEFORMABILITY OF
BENDING ELEMENTS AFTER LONG-TERM OPERATION

Operational experience with timber structures shows that one of the most common defects causing negative
consequences for timber as a building material is moisture exposure. There are many causes of failure in timber structures of
buildings and coopycenuii. In most cases, failure results from a combination of specific factors and influences acting on
structural elements. An analysis of the conducted studies indicates that such factors include, among others, an increase in
timber moisture content and the aging of materials.

The results of experimental tests of solid timber beams under different service conditions are presented. Within the
framework of the tests, these conditions were simulated by varying the moisture content of the specimens from 12% to 15% and
by considering different service lives. In total, twelve experimental beams with service lives of 25, 50, and 75 years were tested.
The test specimens were divided into three series with different moisture contents and service lives.

As a result of the conducted tests, the values of the relative deformations of the beams were determined from the
beginning of loading until failure. The load-bearing capacity of the beams was established. The failure mode of the beams was
identified, occurring in the pure bending zone. The maximum values of relative deformations in the compressed and tension
zones were determined. It was established that an increase in timber moisture content leads to an increase in the relative
deformations of the compressed zone of the beam by up to 12%, and of the tension zone by up to 7%. No consistent patterns
regarding the influence of timber age on the development of deformations in the tested beams were identified. However, it
should be noted that no clear generalized correlation can be established regarding the influence of service life on deformability.
The deformation behavior and load-bearing capacity of beams depend on their service conditions and the presence of external
adverse effects on timber as a building material.

Key words: Wood, stress-strain state, deformations, loading, bending element, temperature-humidity regime,
service life.

IocTranoBka mnpoGJjemu. [locBiag ekcrmyaTtamii KPOKBSHHMX CHCTEM IMOKa3ye, IO OTHHUM i3
HaOLIbII MOIMPEHNUX BIUIMBIB, SIKi CIPUYUHAIOTH HETATUBHI HACHIAKHU [T AEPEBUHU K OYyAiBEITHHOTO
MaTepiaiy € BILUIMB TEMIIEPaTypPHO-BOJIOTICHOTO peskuMy. BiHn Moske 3ajesxaTu Bix Oaratbox ¢axTopis. I1ig
Yac eKcIUTyaTalii 3BOJIOKEHHS JEPEBHHMA MOXKE BHHUKATH BHACIINOK MPOTIKaHHS 1HXKEHEPHUX MEPEK,
MOLIKO/DKEHHS TiIpoi3oMsUiifHuX mapiB Ta Oe3nocepeHbO MOKpiBelb, YTBOPEHHS! KOHACHCATY, 3MiHU
nopu poky Ttomo [l]. ToMy mnuTaHHS MAOCHi/KEHHS 3TMHAIBHUX €JIEMEHTIB 13 BIUIMBOM 3MiHHU
TEMIIEPaTypHO-BOJIOTICHOTO PEXHUMY € aKTyaJlbHUM MUTAHHSIM CHOTO/ICHHS.

AHani3 ocraHHiX JochaigxKeHb. I[CHye BenMKa KUIBKICTh NPUYMH PYHHYBaHHS JepeB’SHUX
KOHCTPYKUi# OyaiBeins i ciopyl. 3ae01Ib1Ioro 1o pyHHyBaHHS IPU3BOIATH MOEJHAHHS MTEBHUX (AKTOPiB
1 YMHHMKIB BIUTMBY Ha KOHCTPYKTHBHI e€J1eMeHTH. ABTOpH [2] cepea TakuxX BHIUISIOTH NMEPEBaHTaKCHHS
4yepe3 CHIroBi HABAaHTAKCHHS, TOMWJIKH TIiJl 4ac MPOEKTYBaHHS, MIOMUJIKH Mijl 4aCc BUKOHAHHS MOHTaXY,
HEBIMOBIIHICTh KOHCTPYKIiH. [0 OKpeMoi Irpyny YNHHHKIB BITHOCATHCS HEAOCTATHSA AKICTh MaTepialis,
MPOHUKHEHHsI BOJIOTH, KJIIMATHYHI BIUIMBU Ta HEHAJI)KHE TEXHIYHE 00CIyroByBanHs [2-4].

Oxpim ¢akTopiB SBHOTO HETaTUBHOTO BIUIMBY Ha JepeB’sHI KOHCTPYKIIiH, iCHYIOTh 1 iHIII, SKi
MIPOSIBIISIIOTECS. B OUTBIIOMY PO3pi3i 4acy 1 Bi3yaJIbHO CIIOCTEpITaroThCs JUIe iX Hachiakd. Jlo Takmx
(bakTopiB BiHOCATH BOJIOTICTh IEPEBHHH, SIKA i IIAETHCS 3MiHaM B mporieci ii ekciutyarartii [5-9]. Binbie
TOTr'0, BOHA 3aJIEXKUTh BiJl TEMIIEPATYPHO-BOJIOTICHOI'O PEKUMY CEPEIOBHUINA, B IKOMY €KCIUTYyaTY€EThCS, TaK
SK JEPEeBUHA MOXE «IIOTJIMHATH» 1 «BIJAAaBaTH» BIAHOCHY BOJIOTICTh. Y BUIaJKaX BUKOPUCTAHHS B SIKOCTI
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OyMiBEeIHHOTO MaTepiany JIEPeBUHH i3 MiIBHIICHOI BosoricTio (Oinbme 12%) i i ekcruryarariii B TeImux
MPUMIIIEHHIX Oy/e BUHUKATH 3MiHA BOJIOIOCTI OajKH, i, SIK HACNIJOK, YTBOPEHHS TPILIUH BiJ YCYLIKA
JIEpeBHUHU. Y JEepEeB’THUX KJICEHUX KOHCTPYKIISAX 38 paXyHOK HEOHOPIAHOCTI BOJIOTOCTI IIAPiB IEPEBHHU
MOJKYTh BUHUKATH JIOJIATKOBI BHYTPIIIIHI HANIPY>KEHHSI, SIKi HE BPAaXOBYIOThCS PO3PaXyHKOBHMH MOJICIISIMU
[10,11].

VY pob6orax [12-14] cepen meTaapHOTO aHaNi3y pyHHYBaHb IEPEB’SHMX KOHCTPYKINH Ha Pi3HHX
00’€KTax aBTOPH BUJLISIOTH BIUIMB BOJIOTH SIK OJHY 13 MPUYMH BUHUKHEHHS MOIIKO/KEHb. Y 0aratbox
00’€eKTax JTOCITIJKeHb NOJAATKOBHM HETATUBHUM YMHHHUKOM BIUTUBY Ha TEXHIYHWI CTaH OyJlH yCaJIKOBI
nedopmariii gepeBuHH, sKa Oyiia 3BeAcHA 3 HAATO BHUCOKOIO BOJIOTICTIO IOPIBHSHO 3 PIBHOBAKHOIO
BOJIOTICTIO OYIiBIIi B IILJIOMY.

IMocTanoBKa 3aBaaHHs. MeTOI0 poOOTH € BCTAaHOBIICHHS jaedopMaltiii 6aaoK 3 MiTLHOI JepeBUHI
3a pi3HOi BOJIOTOCTI Ta TEPMiHIB €KCILTyaTarii BiJ MOYaTKy 3aBaHTAXEHHS 1 10 pyHHYBaHHS.

MeToauka ekcriepUMEHTAILHUX J0CTIIKeKHb. B paMkax BUKOHaHHS MOCTABJICHOT METH POOOTH
Oy70 TIPOBENEHO MIOCIIPKCHHS OaJloK 13 IUIbHOI JepeBWHU. JlepeBWHA JJIT BUTOTOBJICHHS OaJioK
BHKOPHCTOBYBaJIach 13 00’€KTIB (KPOKBSHHX CHCTEM), M0 TiepedyBajl B eKCIUTyaTallii MpOTArOoM
mpuOar3HO 25, 50 Ta 75 poKiB 31 3MIHOIO TEMITEPATYPHO-BOJIOTICHOTO PEXXKHIMY.

Kpim TepMmiHy ekcrimyaTariii me OoJHHUM MapaMeTpoM, SIKUH JOCTIIPKyBaBcs SK (aKTop BIUIMBY Ha
nedopmariii 6amok, Oyna Boioricts. Bosoricts 0ajok, sKki mianaBainck BUIPOOyBaHHS, cTaHOBIIIA 12 Ta
15% BignoBimHo. Pi3HMI Bik Ta BOJIOTICTH JOCTIAHUX 0ATOK MOJIEITIOBAIN Pi3HI PEXKUMHA EKCIUTyaTaIlii.

BunpoOyBanHs ipoBOIMIIOCE B cepTr(iKOBaHIK Taboparopii. MeToanka BUIpoOyBaHb 3THHAITBHUX
eJIEMEHTIB LIILHOTO TIepepi3y HaBeleHa B HaykoBiil mpaui [15]. BunpoOyBanHIO minmgaBanuch Oaimku 3
nonepeunuM nepepizom 50x80(h) mm i noBxkuHO0 1650 MM. Po3paxyHkoBuii npositT ctaHoBUB 1500 MM.
HaBanTtakeHHS MPHUKIAAaI0Ch B TPETHHAX MPOJBOTY, IO 3a0e3MmedyBaio poOOTy Oanku B 30HI YUCTOTO
3TUHY.

[epen BunpoOyBaHHsAMHU BCi Oanku OyiiM YMOBHO HO1JICH] Ha IIICTh cepili — IO ABi OaJIKH B KOXKHIN
cepii. BuMiproBanHs BiHOCHUX Aedopmaltiii 0alok BUKOHYBaJIOCh 3 BUKOPHCTAHHSIM TEH30JaTYUKIB Ta
TEH30METPUYHOI CUCTEMH. 3arajibHa KUIbKICTh TaTYHKIB HA KOXHIH Oaiili craHoBuia 8 mit. BcTaHoBIeHHS
JaTYMKiB MPOBOAMIOCH B CEepeAMHI MpONbOTY Oankd, Tak SK B JaHoMy Michi aedopmauii OyayTh
MaKCUMAaJTbHI.

Bci ekcriepiMeHTH MPOBOAMIINCH 3T1THO JIIF0YMX HOPMAaTHBHUX TOKYMEHTiB [16-19].

Pe3ysbTaTH eKcniepMMEHTAJBHUX AOCHiTKeHb. [licas oOpoOKM OTpUMaHMX pe3ylbTaTiB
orpuManu rpadiku aedhopMyBaHHS OalOK BiJ MOYATKy 3aBaHTaKEHHs 1 10 pyiiHyBaHHS. Ha puc. 1...6
HaBeJeHi rpadiku nedopmyBanns 6anok b-1, b-3, b-5, b-7, b-9 ta b-11 (1o oaHiif Ha KOXHIN 13 cepii
0aJoK) Ta cxemMa po3TalllyBaHHS TEH30JaTYHKIB 110 BiIHOLICHHIO 10 MTOTIEPEYHOTO Mepepi3y OakH.
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B tabnuni 1 HaBeneHi oTpuMaHi pe3yIbTaTH MaKCHUMaIbHUX BIJHOCHUX IedopMaliil CTUCHYTOI Ta

PO3TATHYTOT 30HU IS KOKHOI 13 0aJIOK, 10 BUIPOOOBYBAJIHCE.

Tabn. 1
MaxkcumanbHi BiqHocHi nedopmanii 6aa0k
Hazra Bogoricts Tepwmin excruryararii Cepist MakcumanpHi | MakcuManbHi
Oanku Oanku NEPEBUHHU, 3 SIKOT nedopmarrii nedopmarrii
BUTOTOBJISITUCH OaJIKH, CTHUCHEHOT PO3TATHYTOT
pOKiB 30HH, U ¢ g 30H1, U tg

x10% x10%
b-1 12 25 1 49,9 43,8
B-2 12 25 50,3 44,8
b-3 12 50 2 50,2 434
b-4 12 50 49,5 42,1
B-5 12 75 3 53,3 44,2
b-6 12 75 49,5 44,1
b-7 15 25 4 58,9 49,3
b-8 15 25 57,1 46,4
B-9 15 50 5 56,4 44,2
B-10 15 50 56,1 49,2
b-11 15 75 6 55,1 42,9
b-12 15 75 56,2 48,4

B Tabnuii 2 HaBeaeHI MaKCHMaJIbHI CEpeIHI 3HAUCHHS AeopMalliif CTUCHYTOI Ta PO3TATHYTOI 30H
JUTSL KOXKHOI 13 cepiii Oanok. CepeiHi 3HaUSHHS /ISl KOXKHOI 13 Cepill 3HAXOUIIUCH K CepeIHE apu(pMeTHIHE

MIXK MAKCUMaJIbHUMH 3HaUYCHHIMH AedopMaliiii 180X 0ajiok.

Taba. 2
MaxkcumanbHi gedopmanii CTHCHYTOI Ta PO3TITHYTOI 30H 0aJI0K
Howmep cepii PyiiniBae CepenHi MakCHUMaITbHI CepenHi MakCHUMaITbHI
HaBaHTaXeHHS, KH nedopmarii CTHCHEHOT nedopMariii po3TArHyTOl
30uH, U ¢¢x10™ 30Hi, U 1¢x10™*
1 cepis 147 50,10 44,30
2 cepis 14,0 49,85 42,75
3 cepis 13,5 51,40 44,15
4 cepis 12,8 58,00 47,85
5 cepis 121 56,25 46,70
6 cepis 11,2 55,65 45,65

MaxkcumaibHi BiTHOCHI AedopmManii cTUCHYTO1 30HM Ul OalloK MepLIoi, Apyroi Ta TpeThoi cepii

3HAXOJMIIUCH B MEXaX Bifl Ucd= 49,85x10™ 10 Uca= 51,40x10™, po3Tarayroi 308m — Big Ucd= 42,75x10*

10 Ucq= 44,30x10™. MakcumaibHi BigHOCHI 1edopMalii CTUCHYTOI 30HH JIsi 6aJIOK 9eTBEPTOI, I’ ATOi Ta

IOCTOT cepii 3HAXOMMIUCH B MeXKax Bil Ucg= 55,65x10 10 Uca= 58,00x10™, po3TarayToi 3004 — Bif Ucd
=45,65x10" 10 Uca=47,85x10™.
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BucHoBKH.
1. B pe3ynbrari TpOBEACHHS BHUIPOOYBaHb BCTAaHOBJICHO BIUIMB TEMIIEPATYPHO-BOJIOTICHOTO

PSKMMY Ha BEJIWYHMHU BITHOCHUX aedopMaliiii mepeB’ssHuX OaloK LIILHOrO Iepepidy Micis TpUBajoi
eKCIuTyaTarlii.

2. BcraHoBiieHO, 1110 301IbIIEHHS BOJOTOCTI epeBUHU 3 12 10 15 % mpu3BOAUTH 10 HE3HAYHOTO
301IBLICHHS] MAKCUMAJIBHUX BIIHOCHUX AedopMaliil CTUCHYTOI Ta pO3TSTHYTOI 30H.

3. 3HaYyHUX 3aKOHOMIPHOCTI MK PO3IOIIJIOM MAaKCUMAJIbHUX BIAHOCHHUX AedopMaliiii Ta TepMiHOM
eKCIUTyaTallii IGpeBUHU B paMKax BUIIPOOYBaHb ()aKTHYHO HE BUSBIICHO.
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