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BJIMAHUE TEPMOOBPABOTKU U NMPOMNMUTKMU
NOJIMMEPHbIM COCTABOM HA NMPOYHOCTHbIE
N LE®OPMATUBHBIE CBOUCTBA AAIPEBECUHbI
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[eH3eHCcKuii rocyaapCTBeHHbIA YHUBEPCUTET apXUTEKTYpbl M CTpouTenbCTBa, ya. [epmaHa Tutosa, 4. 28, I. [leH3a, 440028,
Poccuiickas ®egepayus

AHHOTauusa

Beegenue. [lpeBecuHa, HeCMOTpPS Ha LLMPOKOE NPUMEHEHWe, 061afaeT CpaBHUTENIbHO HEBBICOKOW MPOYHOCTbLIO,
yTo 0bycroBAMBaeT HeobxoAMMOCTb pa3paboTkn MeTOLOB y/yyLleHUs ee CBOMCTB. B cTaTbe paccMoTpeHbl
OCHOBHble cnocobbl Mogndbukaumm: TepmoobpaboTka M NponuTka NONMMeEpPHbLIMK cocTaBaMu. TepMoobpa-
BoTka NOBbLILLAET YCTOMYMBOCTb K THUEHWIO U CHUXXAeT BnaronornoleHue. MponuTka obecneynsaeT 3awuty
oT bronormyeckmx Bo3nenCTBUI, NPAKTUHECKUN HyNeBOe BIaromnorfoLLeHNe U NMOBbILLIEHHYI0 MU3HOCOCTOMKOCTb.

Lenb. CpaBHeHMe GU3NKO-MeXaHUYECKUX M MPOYHOCTHbLIX CBOMCTB 06bIYHOM, TepMoobpaboTaHHOM 1M Nponu-
TaHHOW MOAUMEPHbLIM COCTABOM [iPEBECUHbI COCHBI.

Martepuansi u MeTogbl. BbinonHeHbl HaTypHbIE UCMbITAHUS LepeBsHHbIX 06pa3L,0B U3 COCHLI BTOPOro COpTa
Ha okaTue BAOJIb BOJIOKOH C ¢puUKcaumnen BepTUKanbHbIX HAaNpsXXeHun okatusa u gepopmaunin. McnoiraHus
BbIMOJIHEHbI Ha MMAPABAMYECKOM Npecce ¢ MakcuMasnbHow Harpy3skon 50 1. [lna ¢ukcaumn pepopmaunn
M Hanpsi>XeHWI UCMOb30BaNoCh TEH30MeTpuyeckoe obopynosaHue.

Pe3synbratsl. B xone npoBefeHUst HaTypHbIX UCMbITaHWI Bbln onpefenerbl GU3NKO-MexaHMYeckne xapak-
TepucTukn obblyHon, TepMoobpaboTaHHOMR, MPONMTAaHHON NOAUMEPHbBIM COCTaBOM, TepMoobpaboTaHHoO
¥ NPONWUTaHHOM NONMMEPHbBIM COCTaBOM ApeBecuHbl. OnpefeneH npegen NPOYHOCTU UCCelyeMblx 06pa3LLoB
M NOCTPOeHbl rpadukn OTHOCUTENbHBIX AedopMaLnii, MoKasbiBaloLWMe U3MEHeHNe NpefesioB MPOYHOCTM
ApeBecuHbl A9 ynpyrow ctaguv paboTel MaTepuana. CornacHo pesynbTaTtaM HaTypHbIX UCMbITaHWIA, ynpyras
cTagus paboTbl fpeBeCHHbl Npu cxaTum Aoxoant Ao 120 kH.

Bbioabl. Ha ocHoBaHMM HaTypHbIX UCMbITaHWIA YCTAaHOBEHO, YTO TepMoobpaboTka 1 NponuTka LpeBecUHsbl
MOIMMEPHbIMU COCTaBaMM MPUBOASAT K CHUXEHUI0 1edOpMaTUBHOCTU, YBESIMUYEHUIO XPYNKOCTH U KOJIKOCTH
maTepuana (o ueM cBMeTeNbCTBYET XapakTep pa3pylleHus 06pasLoB), yMeHbLIEHMIO MPOYHOCTU U MOLYNS
ynpyroctu matepuana Ha 5-10%. OgHako MogundurkaLma gpeBecuHbl obecneynBaeT NOBbILIEHHYO 3aLLNUTY
oT BrMonormyeckmx Bo3LenCTBUIA U BNaru, yBennumBas cpok ciy>bbl KOHCTPYKLMU.

KnioueBble c/ioBa: aHW30TPOMHbIE MaTepuassl, TepMoobpaboTka apeBecuHbl, cTabunusauns ApeBecHHbl,
nosIMMepHbIN cocTas, epopMaTUBHOCTb, MOAENMPOBaHMe, NporpaMMHblin koMnieke ANSYS
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MofIMMepPHbIM COCTaBOM Ha NPOYHOCTHbIE U fiedopMaTMBHbIEe CBONCTBA ApeBecuHbl. BecTHuk HUL «Ctpoutesns-
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Abstract

Introduction. Despite its widespread use, wood is relatively weak. This has led to the development of methods
to enhance its properties. This article examines two primary methods of modification: thermal treatment
and impregnation with polymer compounds. Thermal treatment increases resistance to decay and reduces
water absorption. Impregnation provides protection against biological agents, enhances wear resistance,
and achieves nearly zero water absorption.

Aim. This paper aims to compare the physical, mechanical, and strength properties of untreated, thermally
treated, and polymer-impregnated pine wood.

Materials and methods. Natural compression tests were conducted on second-grade pine wood specimens
along the fiber direction. Vertical compressive stresses and deformations were recorded. The tests were
performed using a hydraulic press with a maximum load capacity of 50 tons. Strain and stress measurements
were taken using a strain gauge.

Results. During the in-place tests, the physical-mechanical properties of untreated, thermally treated,
polymer-impregnated, and both thermally treated and polymer-impregnated wood were determined. The
ultimate strength of the samples was identified and graphs of relative deformations were constructed to show
changes in wood strength limits during the elastic stage of material behavior. According to the in-place test
results, the elastic stage of wood compression extends up to 120 kN.

Conclusions. In-place tests revealed that thermal treatment and polymer impregnation of wood results
in reduced deformability and increased brittleness and friability of the material, as evidenced by the nature
of sample failure. Additionally, there is a 5-10% decrease in material strength and elastic modulus. How-
ever, wood modification enhances protection against biological agents and moisture, thereby extending the
service life of the structure.

Keywords: anisotropic materials, wood thermal treatment, wood stabilization, polymer composition, de-
formability, modeling, ANSYS software complex
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BBepeHune

JlpeBecuHa Kak MaTepual U3BECTHA YeI0BEUECTBY ¢ AaBHUX BpeMeH. Ee ncmonb3oBanu 1iist co3-
JaHUs OpyIuil Tpyna, MeOesl U CTpouTeNnbcTBa. HatypabHas qpeBecrHa SBIsIeTCs] KOHCTPYKIIU-
OHHBIM MaTE€pUaJIOM CPaBHUTEIBHO HEBBICOKOH MMPOYHOCTH, TIOTOMY aKTyaJlbHa pa3pad0oTKa HOBBIX
Croco0OB MOBHIILIEHUS TPOYHOCTHBIX U Ie()OPMATHBHBIX CBOMCTB APEBECHUHBI JJISl pACIIUPEHHUS
obnacteit ee pUMEHEHHS.

OpnHUM K3 BApUAHTOB MOAH(UKAIIUY SBIIACTCS TEPMOOOPAOOTKA. DTOT MPOIECC 3aKIIH0YACTCS
B HarpeBe JPEBECHHBI 10 ONPeAEIeHHON TeMIIEpaTyphl, YTO MPUBOIUT K U3MEHEHHIO €€ CTPYK-
TypBl U cBOUCTB. Tak, TepMooOpaboTaHHas ApeBeCHHA CTAHOBHUTCS Oojiee yCTOWYMBOM K THUE-
HUIO, HE TIOIBEPKEHa BO3JEHCTBUIO BpEeAUTENEH, 3HAUUTEILHO YMEHBIIIAETCS €€ CIIOCOOHOCTh
K BJIAroMorIONICHHIO, TIPH 3TOM JPEBECHHA COXPaHsIET CBOIO €CTECTBEHHYIO TEKCTYPY U KPacoTy.

Eme onun cioco6 MoanuKanuy — MponuTKa JPEBECHHBI YKUIKUMH TEPMOOTBEPKIAIOIIIMH
MOJMMEPHBIMH COCTaBaMH (CTaOMIU3alMsl APEBECHHBI). B pe3ynsraTe ApeBeCHA CTaHOBUTCS
MOJTHOCTBIO HE TOABEPKEHA OMOIOTHYECKHM BO3ACHCTBHIM, UMEET OKOJIOHYJIEBOW MPOICHT
BJIarOMOTIIONIEHHUS (3TO 0COOCHHO BaYKHO AJISI APEBECHHBI, KOTOPasi HAXOAUTCS B YCIOBUSIX MOBBI-
HIEHHOW BITa)KHOCTH), & TAK)KE TIOBBILIAETCS €€ M3HOCOCTOUKOCTH (aKTyaJbHO JJISl OTAEIOYHBIX
MarepuanoB, OpyIuil Tpyaa, MeOen).

Janee Ha oCHOBE HATYpHBIX 00pa3OB TEPMOOOPAOOTAaHHON M MPOMUTAHHOW JPEBECHUHBI
HE0OX0IMMO pacCMOTPETh U3MEHEHHE MMPOYHOCTHBIX M JAe()OPMaTUBHBIX CBOMCTB, a TaKKe
HanpshkeHHO-neopmupoBanHoe cocrossaue (H/IC) Ha ocHOBe pe3ysbTaToB pacueTa 00pas3IoB
B IIporpaMmMHoM Komruiekce ANSYS.

3KCI19pVIMEHTaJ1bHaF| 4acTb

s onpeneneHrs MPOYHOCTHBIX U Ae()OPMATUBHBIX XapaKTEPUCTUK OBLIM MPOBEICHBI Ha-
TYpHBIC UCTIBITAHUS 00Pa310B. J[jist 3TOro ObLIM N3TrOTOBJICHEI IEPEBIHHBIC OPYCKH C pa3MepaMu
50 x 50 x 200 () MM U3 COCHBI BTOPOTO COPTa.

[porecc TepMo0OPaObOTKH APEBECUHBI POU3BOAMUTCS B CIICIIUATBHON BAKyYMHO-CYIITHIILHOM
KaMmepe, B KOTOpOii MaTepHal IIaBHO HArPeBaeTCsl B TCUCHNE HECKOJIBKHMX YacOB JI0 TEMIIEPaTyphbl
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170-190 °C (B 6e3BO3AYIIHOI Cpejie) U HAXOAUTCSA B TAKOM COCTOSIHUU B TEUCHHE 5—6 4acos,
B 3aBUCHMOCTH OT COPTa U TBEPAOCTH JPEBECUHBI, YTO MPUBOAMUT K H3MEHEHHIO CBOHCTB JpeBe-
cuHbI. /[peBecuHa npruodpeTaeT TEeMHBINA OTTEHOK, CPAaBHUMBIH ¢ KOPUYHEBBIM HIIM IOKOJIAHBIM
[[BETOM, KOTOPBIH YCHIIMBAET €CTECTBEHHBIC Y30phl U TEKCTYpY Aepesa (puc. 1).

[IponuTKa >KUAKHUMH TEPMOOTBEPKAAOIUMHU noauMepamu (coctaB ¢pupmsl 100TERM)
JUTSL CTa0MITU3aIMK IPEBECHHBI aHAJIOTHYHO TepMOOOpabOTKe MPOU3BOIUTCS IPH ITOMOIIHU Ba-
KyYMHPOBaHHS B CTICLIMAIEHON KaMepe B TeUeHUE HECKOJIbKIX 4acoB (puc. 2a). Ilpu orcyTcTBUM
BaKyyMHOW KaMephl APEBECHHY MOKHO OCTaBUTH ITOTPYKEHHOH B COCTAB B TEUCHNE HECKOIBKUX
Hegenb. [lonrmepsl NPOHUKAIOT B TIOPHI APEBECHHBI, @ 3aTeM 3alleKaloTcsl B [IEYH ITPU TeMIIeparype
100-120 °C, B 3aBUCHMOCTH OT IpUMEHsieMoro nonumepa (puc. 260). [lonumep takxe momuep-
KHBaeT y30p U TEKCTypy AepeBa, sl OONblIei KOHTPACTHOCTH B MOJUMEDP MOKHO J100aBISTh
pa3nuYHbIe KPacuTeIH.

[Janee BBIMONHEHO ompezesieHne PaKkTHIecKOT0 MO YIPYTrOCTH MOAU(MUIUPOBAHHOM
JIpeBECUHBI (TepMOOOPaOOTaHHOMH, CTAOMIIN3UPOBAHHOM OJIMMEPOM, TEPMOOOPAOOTAHHOM U CTa-
OMIM3UPOBAHHOM MMOTMMEPOM) HAa OCHOBE UCTIBITAHUH Ha 4-TOUEUHBIN N3rHO OPYCKOB pazMepamu
30 x 30 x 200 mm B cootBeTcTBUM ¢ ['OCT 16483.9-73 [1]. ComacHO pe3ysbTaraM UCHIBITaHHH
YCTaHOBJICHO yBeJIMYCHHE 1e(DOPMATHBHOCTH CTAOMIU3NPOBAaHHOTO 0Opasna Ha 5—10 %, uTo ro-
BOPHT O CHIDKEHUH HECyIel criocoOHOCTH. MI3MeHeHe 3HaueHNsT MOMLYJIsl yIPYTOCTH OOBIYHOM
JIPEBECHHBI U TEPMOOOpaOOTaHHOM cocTaBisteT +5 %.

ala) 6 (b) B (c)

Puc. 1. 06wuin Bug 0bpaswuos: a - bpycok 50 x 50 x 200 MM 13 TepmMoobpaboTaHHo cocHebl; 6 — bpycok 50 x 50 x 200 MM
13 cTabunmanpoBaHHoM cocHebl; B — bpycok 50 x 50 x 200 MM 13 TepmMoobpaboTaHHON U cTabMAN3MpPOBaHHOM COCHBI
Fig. 1. General view of the specimens: a - 50 x 50 x 200 mm block of thermally treated pine; b - 50 x 50 x 200 mm block
of stabilized pine; ¢ - 50 x 50 x 200 mm block of thermally treated and stabilized pine
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ala) 6 (b)

Puc. 2. O6opynoBaHue gns ctabunmnsauum: a - BakyyMHbIN Wwkad; 6 — CylInnbHbI LWKadp
Fig. 2. Equipment for stabilization: a - vacuum chamber; b - drying oven

[IpoBenenHble CHBITAHUST OOPA3LIOB MMOKA3aJl 3HAYCHUS OMpPEeNIIeMbIX XapaKTePUCTHK,
Onmu3kue k 3HaYeHusM, npuBegeHHbM B CIT1 64.13330.2017 [2]. Ha 3TOM 0CHOBaHUY IPU MOJICITH-
POBaHUH U pacyeTe MPUHUMAINCH TaOIMYHbIe 3HAYCHHUS PACUETHBIX XapaKTEPUCTHK JPEBECHHEI
COCHBI BTOPOTO COpTA.

Janee ObUTH BBITIOTHEHBI UCITBITAHUS 00pa3I0B, KOTOPBIE TPOU3BOMIIMCEH Ha THIPABINYECKOM
npecce [1-500 (puc. 3a). Harpyxxenue o0pas3iioB MpOU3BOAMIOCH HEMPEPHIBHO CO CKOPOCTHIO
5 xH/muH. [{yst paBHOMEPHOTO pachpeeeH sl Harpy3Ku Ha Topel o0pasiia yCTaHaBIUBaIach
JIOTIOJTHUTENbHASL OCHACTKA (puC. 3a). [l onpenenenus HOpMaIbHBIX HAMTPSDKEHUH CHKaTHs Ha T10-
BEPXHOCTBH 00pa3I[0B HAKJICCHBI TEH30PE3HCTOPHI, OAKIIOYEHHBIE K KOMIUIEKTY JJIs1 TEeH30METPHH
(puc. 3a). VcnibiTanus NpOBOIMIIMCH JIO MOJTHOTO pa3pylieHus 00pa3ios (puc. 36, ). Merozuka
MIPOBEICHHUS UCTIBITAHUM aHamoruyHa [3].

I'paduku oTHOCUTENBHBIX AeopMannii cyxaTusl 00pa3LOB MpEACTaBIEHBI Ha puc. 4, cornac-
HO KOTOPOMY yIpyTas CTajaus padoThl TEPMOOOPaOOTaHHBIX MaTepuaaoB A0XoauT a0 115 kH.
Buemnuit Bua rpaKOB TOBOPUT O XPYNKOCTH TOJyY€HHOTO MaTepuaa, 4To MOATBEPIKAAETCSI
XapaKkTepOM pa3pylieHus 00pasios (puc. 36).

CornacHo pe3yabTraraM HaTypHBIX UCIIBITAaHUH, 00pa3Iibl ObLUTH 3aMOJICTUPOBAHBI B TPOTrPaMM-
HoM Komiutekce (ITK) ANSY'S. Meroarka MoaenupoBaHus 00pas3ioB, a TAKIKE BOZMOKHOCTB TPH-
meHeHust [IK ANSY'S onucansr B [3]. OObeMHas KOHEUHO-3JIEMEHTHAS MOZICIhL 00pasiia u cxema
NPUIOKEHHS] HATPY3KH MOKa3aHbl Ha puC. 5.

Hanee npencrasiensl pe3ynbTarhl pacuera B [IK ANSYS: nepemenienust u HanmpsKeHUs
cxarus (puc. 6).

Ha ocHoBe pe3ynbraToB HaTypHBIX HCITBITAHUN H KOMITBIOTEPHOTO MOAEIMPOBaHHsI 00pa3LoB
TMOCTPOCHBI IPAVKN PACTIPE/IEICHNs BEPTHKABHBIX HANPsLKeHUH Cxatust 0, (puc. 7). Kax or-
MeueHO paHee, cnenrnprka o00pyIoBaHUs MpeaIonaraeT Harpy>xeHiue oopasia 10 BeTHUYuHBI
5 xH, 4to otobpaxeHo Ha puc. 7.
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:‘: "
ala) 6 (b) B (c)

Puc. 3. VicnbiTaHve fepeBsiHHbIX 006pa3LoB Ha cxaTue: a — obpasew, B npecce [1-500; 6 - 0bLwmit BUA paspylueHus
TepMoobpaboTaHHoro obpasua; B - 0b6wuit BUA paspylweHuns TepmoobpaboTaHHoro n ctabunusmposaHHoro obpasua

Fig. 3. Compression testing of wooden specimens: a - specimen in the P-500 press; b - general view of the failure
of a thermally treated specimen; ¢ - general view of the failure of a thermally treated and stabilized specimen
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Fig. 4. Relative deformation of the specimens
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Puc. 5. 06beMHan KoHeuHo-3neMeHTHast Mogenb obpa3sua B [TK ANSYS: a - 0bwmin BUA, cxeMa HarpyxeHus;
6 - ceTka 3/1leMeHTOB
Fig. 5. Three-dimensional finite element model of the specimen in ANSYS software: a - general view, loading scheme;

b - element mesh
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Puc. 6. a - BepTukanbHble HanpsxkeHus oxatus npu Harpyake 25 kH B MK ANSYS; 6 - BepTvKanbHble nepeMelLeHuns
npu Harpy3ke 25 kH B MK ANSYS
Fig. 6. a - Vertical compressive stresses at a load of 25 kN in ANSYS software; b - vertical displacements at a load
of 25 kN in ANSYS software
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Puc. 7. Mpaduku pacnpeseneHus BepTuKanbHbIX Hanpsi>KEHUN cxxaTus o, obpasuos
Fig. 7. Distribution of vertical compressive stresses o, in the specimens

CornacHo puc. 7, yCTaHOBJIEHA CXOUMOCTb Pe3yJbTaTOB HAaTYPHBIX MCIIBITAHUN U KOMITbIO-
TEPHOTO MOJISIIUPOBAHUSI U YIPYToi ctanuu padbotel Marepuia (10 120 kH), uto moaTBepxkaaet
NPaBUIIBHOCTB CO3AaHUs 00BEMHON KOHEYHO-JIEMEHTHON MOJIENIN 00pa3IoB.

3akniouyeHue

MonundunupoBaHHas ApeBecrHa o0nagaeT psaoM MPEenMyLIecTB 10 CPaBHEHUIO ¢ OOBIYHOI:
OHa He TOJBEPKEHA OMOJIOTMYECKUM BO3ACUCTBHSIM, 3allIMIIEHA OT HACEKOMBIX M MPAKTUYECKH
TIOJIHOCTBIO HE BIUTHIBAET BOAY (CTaOMIM3UpoBaHHas ApeBecrHa). OqHako 00paboTKa IpEBECHHBL,
BKJIIOYAIOLIAs BO3AEUCTBUE BBICOKOM TEMIIEPATYPBI U IPOIUTKY Pa3IMYHBIMU COCTABAMU, CHUKA-
eT ee 1e(OPMaTHBHOCTD M ITPOYHOCTH, Jiefiast Ooiee XpyMnKOH U KOJIKO# (0 4eM CBHIETENbCTBYET
xapakTep paspylieHus o0pasios). Kpome Toro, Takas 00paboTKa MPUBOAUT K CHHKCHUIO MOTYJIS
ynpyroctu mMarepuana Ha 5—-10 %.

BaxxHO OTMETUTH, YTO CTENEHb MPOMUTKH 00Pa3OB MOJTUMEPHBIM COCTABOM COCTAaBIIsIa
okoJ10 2540 %. CoOTBETCTBEHHO, YBEJIMUCHUE CTENICHN MPOMUTKY NPUBENET K elle OObIIeMy
CHIDKCHHUIO TIPOYHOCTHBIX B Ae(OPMATUBHBIX CBOHCTB.

Takum 00pa3zoM, COBpeMEHHBIE METOIbI 00PAOOTKH MO3BOJISIIOT 3HAYUTENBHO YITYyUIUTh CBOM-
CTBa APCBCCUHLI U PACIINPUTH O6HaCTI) €C IPUMCHCHMUA. Nmenno MO3TOMY NPOYHOCTHEIC U €~
(hopMaTHBHBIE CBOWCTBA JPEBECHHBI, IOABEPKEHHON TEPMOOOPAOOTKE U POMUTKE MOTMMEPHBIM
COCTaBOM, CTAHOBSITCS IPEAMETOM BCe OOJbILIEr0 BHUMAHUS HCCIII0BATENEH.
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