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INPOHUHAEMOCTbDb JPEBECHUHBI BETULA PUBESCENS U EE UBMEHEHUE

Tponuyaemocms 015 HcUOKOCMel U 2A306 AGNAEMCA OOHOU U3 8ANCHBIX DUUYECKUX Xapakmepucmuk opesecunvl. Ha nponuyae-
MOCIMb Opesecunbl OKA3bIBAIOM GIUAHUE AHAMOMUYECKUe U PUIUOIO2UYECKUe 0OCOOEHHOCMY OpedecHbX NOPOO U Haauvue aubo om-
cymcmeue nopokog opegecuivl. OOHUM U3 PACHPOCMPAHEHHBIX NOPOKOE OPEBECUNbL, GIUAIOWUX HA ee NPOHUYAEMOCTMb, ABNACMC
nobypenue. B npeocmasnennoii pabome npogedensl UCCIe008aHUA GIUAHUA NOOYPEHU OPE8eCUHbl HA NPOHUYAEMOCb Opesectbl
Betula pubescens. Ilonyuennvle Oannvle c6UOeMeNbCMEYION 0 Pe3KOM CHUMCEHUU NPOHUYAeMOcmu Oepe3060il Opesecutbl NOPad*CeH-
Hotl no6yperuem. CHUMNCEHUe NPOHUYAEMOCTU OMMEYEHO 80 BCEX CMPYKNYPHBIX HANPAGIEHUSX.

Knroueswie cnosa: opesecura, b6epesa, npOHUYAEMOCHb, NOPOKU OPEBECUHDBI, PAHe8Ast peaKkyust, NoOypeHue.

S. G. Eliseev,

Candidate of Technical Sciences, Associate Professor at the Department of TCMD, “Reshetnev Siberian State University of Science
and Technology”, Krasnoyarsk, Russia,

eliseevsg@sibsau.ru

V. N. Yermolin,

Doctor of Technical Sciences, Head of the Department of TCMD, “Reshetnev Siberian State University of Science and Technology”,
Krasnoyarsk, Russia,

vnermolin@yandex.ru

© Enucees C. I'., Epmonun B. H., HamsitoB A. B., Mutuna E. B., 2021

31



A. V. Namyatov,
Assistant of the Department of TCMD, “Reshetnev Siberian State University of Science and Technology”, Krasnoyarsk, Russia,
namyatov2010@yandex.ru

E. V. Mitina,

laboratory assistant of the Department TCMD, “Reshetnev Siberian State University of Science and Technology”, Krasnoyarsk, Russia,
eugeniya.mitina@yandex.ru

BETULA PUBESCENS WOOD PERMEABILITY AND ITS CHANGE

Liquid and gas penetrability is one of the basic physical properties of wood. The penetrability of wood is influenced by the anatomic
and physiological properties of wood species and the presence or absence of flaws in the wood. One of the common flaws that affect
the penetrability of wood is brown streak. This paper presents the research of the effect made by the brown streak on the penetrabili-
ty of Betula pubescens wood. The collected data prove the sharp reduction of penetrability in the birch wood affected by brown
streak. The reduction of penetrability was found in all structural aspects.

Keywords: wood, birch wood, penetrability, wood flaws, wound reaction, brown streak.

[IpoHuIIaeMoCTh IpeBECUHBI IS KHUIKOCTEH U Ta30B SABJSETCA ONHOM M3 BaXXHBIX (PU3HUECKUX Xa-
pakTepucTuK. Bo MHOTMX ciydasix HMEHHO 3TO CBOICTBO ONpeneNseT NPUHIUNHAIBHYIO BO3MOKHOCTh HC-
MOJIb30BaHMsI IPEBECHHBI B KOHKPETHOH NPOW3BOACTBEHHOW TEXHOJOIMH. Tak, ecTecTBEHHAas MpOHHLAC-
MOCTh JIPEBECHHBI SIBIISIETCS ONPENEISIONIeH sl BCEX METOJI0B MOJM(HUKALIUKN JPEeBECHHBI OCHOBaHHBIX Ha
BBEJCHUM PEareHTOB, onpeaeiseT 3Q(HeKTHBHOCTD TEXHONOTUH XMMUYECKOH NepepaboTKH APEBECHUHBI, TIC
CKOPOCTh POHUKHOBEHUS pearcHTa B APEBECHHY JIMMUTUPYET MPOAOIKUTEIBHOCTE MPOLecca XUMUUECKON
nepepaboTku U T. 1. [1, 2].

[IpoHHIIaeMOCTb IPEBECUHBI OTIPEEIseTC KaK aHATOMHUICCKUMHU U (PU3HOJIOTHYECKHUMH OCOOEHHO-
CTSIMU KOHKPETHOH IpeBeCHON MOPOAbI, TaK U HAJTMYUEeM MO0 OTCYTCTBUEM psiAa celu(UIECKUX MOPOKOB
JPEBECHHBI, CYIIECTBEHHO BIMSIONIMX HA €€ IPOHMULAeMOCTb, TAKUX HAIIPUMEp, KaK JIOKHOE A1po, nodype-
HUE, KpeHeBas U TATOBas APEBECHHA, 3aCMOJIOK H JIp.

[MoOypenne, oaMH U3 MIMPOKO PaCHpPOCTPAHEHHBIX MOPOKOB JPEBECHUHBI JIUCTBEHHBIX OPOJI, AKTUBHO
pa3BUBAOIIUIICA B CBEXECPYOIEHHOH ApeBECHHE B TETUIOE BpeMs rozia B mpoliecce ee xpaHenus [3]. [Ipu men-
JICHHOM OTMHPaHHH 3a00JIOHU JIMCTBEHHOM PEBECUHBI B HEW MIPOUCXOIUT PAHEBas PEaKLysl, CICACTBUEM KO-
TOpoil sBiIseTca nodypenre. CyIIHOCTh paHEBOW PEaKIUH 3aKJII0YaeTCsl B MOCTCIIEHHOM OTMHPAHUH YKHBBIX
MapeHXUMHBIX KJIETOK ¢ 00pa30BaHHEM OKpAILCHHBIX I'YMMHUIIOZOOHBIX PaHEBBIX BellecTB. PaHeBas peakuus
HarpaBjieHa Ha 3aIUTY XKUBBIX YYacTKOB APEBECHHBI OT BBICBIXaHUsI WK MOpaXXeHusl rpudamu [4, 5].

HenpemenHbsiM aTprOyTOM IPOTEKaHUSI PAHEBOM peakLUM B ApeBecHHE M (GOopMUpOBaHUS NMOOype-
HUS SIBJISIIOTCS] HAJIMUKE B HEHl JKMBBIX JPEBECHBIX KIeTOK. Kak n3BeCTHO, )KUBbIE IPEBECHBIE KIETKU Yy SIIPO-
BBIX U CHEJIOJPEBECHBIX MIOPOJI COACPIKATCS TOIBKO B IEPUPEPHUUSCKON YACTH CTBOJIA U JIMIIB Y 3200JIOHHBIX
MOPOJ OHM PACIIONATraloTCs 10 BCEMY CEUEHHIO CTBOJIA.

VYuuThIBas TO, YTO HNOOYpPEHHE HE TOJNBKO M3MEHSET BHEUIHWH BUI APEBECHHBI, HO M OKa3bIBAET
BIIMSIHME Ha €€ €CTECTBEHHYIO MPOHHUIIAEMOCTh, ObUIO PEIIeHO OIIEHWTh YPOBEHb BIMAHHUSA MOOYpEeHHS Ha
NPOHMIIAEMOCTh APEeBECHHBI 3a00J0HHBIX ITOpoJ Ha npuMepe Betula pubescens.

Jis IpoBeieHNUs SKCIEPUMEHTAIBHBIX HCCIEIOBAaHUN U3 3-X CBEKEU3TOTOBJICHHBIX KPYIJIBIX JIECO-
MaTepuasioB Betula pubescens ObLIM U3rOTOBJICHBI 6 Kpsbked muHON 1,0 M M JaMeTpOM B BEPXHEM TOPIIE
oT 26 10 32 cMm.

Kpsoxku Obiim paznenensl Ha aAse rpynnsl. [lepas rpynma kpspkell B KoauyecTBe 3 MT. (IO OJHOMY
0T K&XIOIo JecoMarepuala) Al FapaHTUPOBAaHHOrO (OPMHUPOBAHUS IOOYPEHHs APEBECUHBI I10CIIE MHOTO-
CIIOMHOW THIPOM30JSIIMN TOPLOB M MECT MOBPEXKICHHUS KOPbI, OblIa MOMEIIEHa Ha CTEJUIAXH, TAe XpaHH-
nach B TeueHue 60 nHeit npu remmeparype 22 °C.

Tpu kpska BTOpO# rpynmbl ObLIM pacluiIeHbl O paanycy Ha 4 CEeKIMHU U MIOMELICHBI B CYIIUIBHYTO
KaMepy, TJe CYIIWINCh pHu MATKUX pexkumax (t = +40 °C) no BnaxuaocTu 12 %.

[Tocne BeIgepskky B TeueHue 60 nHeil 0Opasibl MepBoii IPYMITBI TAKKE OBUIH PACTIUIICHBI 110 PAIUyCy
Ha 4 CeKILMU U BBICYIIECHBI B CYyIINIBHON KaMepe Npu aHAJIOTHYHOM TeMIepaType U peskumax.

IIpu sTOM Bce 00pasLbl IpeBECHHBI UMEIH XapaKTepHbIE MPU3HAKK MOOYPEHUS C MPAKTHUECKH PaB-
HOMEPHBIM PaclpeieIEHUeM OKPAcKH 10 BCEMY CEUEHHUIO KpsiKa.

W3 moAroToBieHHONW OMMCAaHHBIMU BBIIIE CIIOCOOAMH JIPEBECHHBI OBIIIM M3TOTOBJIEHBI 00pa3Ibl s
oTpeneNieHus ra30MpOHMULaeMOCTu. MccnenoBanyue ra3onpoHUIAeMOCTH IPOBOAMIOCH C YUYETOM CTaHIApT-
HO# MeTomukw, permamenTupoBanHord ['OCT 16483.34—77. OTnuunTeIbHOW 0COOCHHOCTBIO NMPUMEHSIEMOMH
B MICCJIEJOBAHNHM METOAMKHU SIBISIIOCH MCIOJIB30BaHUE 00Pa3lloB HECTAHAAPTHOW — MPSIMOYTOJILHONH (OPMEI
Y HECTaHIAPTHOM CTPYOLMHBI 1151 NX (PUKCALIH.

Jns onpexneseHus MONepeyHON NMPOHULAEMOCTH B PAAHANIbHOM M TaHTCHIHMAIBHOM HAaIllpaBJICHUU
H3TOTABIMBAIMCH 00Pa3Ilbl MPSIMOYTOIBHON (OpPMBI pasMepaMud B MM 55%35X15 COOTBETCTBEHHO: BBICOTA

32



(BmOJB BOJIOKOH) X IMUPHUHA X TOJIHMHA. J{JIs1 OTIpeieIeHrs Ta30MPOHUIIAeMOCTH BAOJIb BOJIOKOH MCIIONB30Ba-
JUCh 00pa3Iel pazMepamMu B MM 55%35%x200 (mmocnemuuii pasmMep BAOIL BOJOKOH). OOpaslbl 3aKUMaUCh
B CTaJIbHOHN CTPYOILIMHE C PE3MHOBBIMU MPOKIAJAKaMH. BOKOBbIE MOBEPXHOCTH 00Pa3IOB (32 UCKIIOYCHUEM
WCIIBITHIBAEMBIX) M30JUPOBAIMCH HAaHECEHHWEM JBYX cioeB Kpacku [1d-115 m mByX CIIOEB CHIIMKOHOBOTO
repMeTHKa. BraxxHocTh 00pa3ioB B MOMEHT MCHBITAHUS cocTaBisiia 12 %. VcnplTaHUS TPOBOAMINCE TIPU
nasinennu 0,5 MIla. KpurepreM OIIEHKM NMPOHUIIAEMOCTH HCIIBITYEMOW JAPEBECUHBI ABISUICS KOI(PDUITMCHT
razonponunaemoctu (K, M /c-MIla). Pe3ynbraTsl McCcIeTOBAaHU TPUBEICHBI B TAOIHIIE.

Tabnauna
I'azonponunaemMocThb JpeBecHHbI Oepe3bl
CrpyKTypHOE HanpaBJIcHIe KonnuecTBo ucnbITaHHBIX 00Pa3LOB, CpenHee 3HaueHHE Ko:;(bdmuuemfi ]
LIIT. razonponuiaemocty, m”/c-MIla -10
[lepBas rpynma o6pa3noB (qpeBecuHa ¢ MOOypeHHEM)
BJI0JIb BOJIOKOH 15 586,08 + 18,05
paauagbHOe 15 0,44 £0,021
TaHTCHIIMAJIbHOC 15 0,48 +£0,022
Bropast rpynma 00pasioB (KOHTPOJIb)
BJIOJIb BOJIOKOH 15 1328,78 + 28,09
paguanbHOE 15 2,54 £ 0,084
TaHTCHI[UAIEHOE 15 1,47 £ 0,065

W3 npencraBieHHBIX B TaONUIle ¥ HA PUCYHKE JaHHBIX BHIHO, YTO paHEBas PEaKIMs BHI3BIBAECT 3HAUM-
TEJIbHOE CHIDKEHHUE Ia30MIPOHUIIAEMOCTH APEBECUHBL. TaK, B IPOAOIBHOM HAIpaBiIeHUU IPOHHUIIAEMOCTh ApEBe-
CHHBI C TOOYypEeHHEM OKa3anach B 2,3 pas3a HIDKE B CpaBHEHHH C KOHTPOJIBHBIMHU oOpa3iamu. B TanreHumamsHoM
HAaIpaBJICHUH OBbUIO OTMEYEHO TPEXKpPaTHOE CHIDKEHHE MPOHULAEMOCTH. A Hanbosee pe3Koe CHIKEHUE MTPOHH-
LIaeMOCTH HaOJIOAAI0Ch B PaalbHOM HAIpaBJIeHUH MOYTH B 6 pa3 HIDKE, YeM y APEBECHHBI 0e3 MoOypeHus..

ITomMumo 3TOrO, OBITA OTMEUEHA Clenyomas 0COOEHHOCTb. B KOHTpONbHOW IpeBecHHE (HE MMEB-
e moO0ypeHwsl) MoKa3aTel MPOHUIIAEMOCTH B PaliaibHOM HampaBieHu: ObutH B 1,7 pa3a BbIIIEC TAHTCH-
LUAJIBHOTO.

3] 3 2,54 < 1400 d2s./c
O =
584 25 3% 1200
=8o 2 1 =87 1000
S5E 15 SEE 00
g2 SES 586,
g gl 0,44 22% 600
% oS 05 S 2
g% O Ss 400
~ 0 <
. 200

PannansHoe TaHre :
a o
Puc. HpOHl/Il.laeMOCTL ApeBEeCUHbI 66})63!:1: a — NoNnepeK BOJIOKOH; 0— B/10JIb BOJIOKOH

[TorydeHHBIe TaHHBIC COTIACYIOTCS W C Pe3yJbTaTaMU HCCIEeIOBaHHM, MPEACTABICHHBIME B padoTe
[6]. B To Bpems kak y IOpeBEeCHHBI C TOOYypEeHHEM OTMEYaeTCs HE TOIBKO PE3KOE CHIDKEHHE IMOTepPEedHON
MIPOHUIIAEMOCTH, HO M M3MCHEHHUE €€ COOTHOIIICHHUS 10 HAIIPABICHUSIM. Y CTAHOBJICHO, YTO Y TAKOU IpEeBECH-
HBI IPOHUIIAEMOCTh B TAHTCHIIMAIBHOM HaIlpaBJieHU Ha 9,1 % BbIIIE pauaIbHOM.

YuuTsiBast Moxy4YeHHBIE SKCTIEPUMEHTANBHBIE JaHHBIE MOKHO CIETIaTh CIIETYIOIIHE BEIBOIBIL:

— paHeBas peakiys IPEBECHBIX KJIETOK PE3KO CHIIKAET MPOHHUIIAEMOCTh APEBECUHBI Oepe3bl M0 BCEM
CTPYKTYPHBIM HAIpPaBICHUSAM, YTO Yallle BCErO SBISETCS OTPUIATEIBLHBIM (DAKTOPOM IMPHU UCIIOIB30BAaHUHU
0epe30BOl JPEeBECHHBI;

— HamOoJee pe3Koe CHIKEHNE MTPOHNIIAEMOCTH OTMEYaeTCs B paIualbHOM HAIIPABICHHH;

— BBICYIIMBaHUE CBEKEPACIMIICHHBIX MIJIOMATEPHATIOB MTO3BOJSET B MOJHON Mepe COXPaHUTh €CTe-
CTBEHHYIO MPOHUIIAEMOCTh Oepe30BOH APEBECHHBI, TOCKOJIBKY MPEIOTBpAIlaeT BO3MOXHOCTb Pa3BUTH
paHeBoO# peakiuu U GopMUpPOBaHHS TOOYPEHUS.
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EXPERIMENTAL INVESTIGATION OF THE INFLUENCE OF TEMPERATURE
ON THE THERMAL CONDUCTIVITY OF RAW COCONUT FIBERS

The high energy consumption in building is a major contributor to climate change and atmosphere pollution worldwide. Insulation
materials derived from natural fibers are an excellent alternative to reduce the energy demand due to their low cost, low environ-
mental impacts during the production stage and high bio-degradation rate at the end of life. This paper presentsthe potential of co-
conut fibers for building application by investigating their thermal conductivity over the temperature range of -10°C to 50°C.Test
data showed the thermal conductivity valueswere between 0.0379 W/(m.K) and 0.0665 W/(m.K) and that is lower than other conven-
tional and natural fiber materials. Furthermore, the)-values increased with an increase in mean temperature both case of 30 mm and
50 mm thickness. Finally, the relationship between thermal conductivity and mean temperatureexpressed by fitting data to a poly-
nomial function.

Keywords: thermal conductivity, coconut fiber, mean temperature, thermal dependence

Introduction

Since the energy consumption of buildings accounts for a considerable part of the global total en-
ergy, there is a strong demand to improve the energy efficiency in buildings and constructions. According to
Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010, on the energy per-
formance of buildings, new construction will have to consume nearly zero energy and that energy will be to a
very large extent from renewable resources [Parliament, 2010]. This is because the construction sector has
been identified as the largest energy consumer, generating up to 1/3 of global annual greenhouse gas emis-
sions, contributing up to 40% of the global energy, and consuming of 25 % of the global water worldwide
[Lemmet, 2009]. The increased consumption of natural resources for lighting, refrigeration, ventilation, re-
cycling, heating and cooling system in commercial buildings due to the acceleration of urbanization, results
in the enormous expenditure for used energy. Energy expenditure in buildings can be considerably reduced
with the use of natural fibrous insulation materials. Natural fibers such as coconut fiber, sugarcane fiber, cot-
ton, rice straw and others consist of lignocelluloses fibers are promising alternatives for use as biodegrad-
able, renewable, and environmentally friendly building thermal insulation. Natural fibers are also increasing
use as insulating materials, again mainly because of perceived superior environmental credentials compared
with other traditional insulation materials. The most beneficial effect of the insulation based natural fibers is
not only its low value of thermal conductivity but also the natural character of these fibers. Another advan-
tage is that it is a renewable material which has no strong impact on the environment and health. When com-
pared with conventional materials such as foam polystyrene or mineral wool, they have sometimes even bet-
ter thermal performances. Some disadvantages are their high wettability and absorbability due to their open
pore structure as well as being flammable. Besides, they are easily attacked by biological fungi and parasites
[Zach et. al., 2013]. Nevertheless, they can be used as a potential insulation material in construction if they
are modified properly by some physical or chemical treatments.

Coconut fiber is extracted from the husk of coconuts, is cheap and locally available in many tropical
and semitropical countries. The common name, scientific name and plant family of coconut fibre is coir, cocos
nucifera and arecaceae (Palm), respectively [Ali et. al., 2012]. The general advantages of coconut fibre include
moth-proof; resistant to fungi and rot, provide excellent insulation against temperature and sound, flame-
retardant, unaffected by moisture and dampness, tough and durable, resilient, spring back to shape even after
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