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INPOMEHE BAAJKHOCTHU EAEMEHATA BYKBE U JACEHA TOKOM
ABETOAMHE U3AATAIBAY COBHUM YCAOBHUMA

Ap Topan Muauh, Banpearn npodecop, Yausepsurer y Beorpay, IlIymapcku daxyarer (goran.milic@sfb.bg.ac.rs)

WU3Boga: MpeameT oBOr paja je aHaM3a NPOMeEHa BNaXKHOCTU ApBeTa SyKBe U jaceHa TOKOM ABe
rogMHe y COOHUM yC0BMMa (3MMHK rpejatbe, 1eTn de3 KnnmaTtmnsauuje). PernctposaHe npome-
He BNIa*KHOCTM Cy MPBEHCTBEHO Pe3y/TaT NPOMEHA PeNnaTMBHE BNAXKHOCTM Ba3gyxa (MepeHa je
KanauuTMBHMM CoHAama). MpoceyHe penaTvBHe BAAXKHOCTU Basfyxa Yy eHTepujepy cy AaHac
HWXKe Hero HeKaja LUTO je MOKa3aHo My OBOM eKCMeprMeHTY (MpoceyHa pefliaTUBHA BNAXKHOCT
Ba3zyxa TOKOM ABe roguHe je usHocuna 44%). HajHuKy BNaxHOCT je ApBO AOCTM3aN0 Y BPO
XNaAHUM 3MMCKUM AaHWMa KaZa je npocTopuja 3arpesaHa v Tokom Hohu — usmehy 5% un 6%,
a Hajsuy noyeTkom jyHa: 10,4-10,9%. O4eknsBaHo, BNAXXHOCT ApBeTa Huje A40CTU3ana paBHo-
TEXHY BNAaXKHOCT — TOKOM 3MMe je BNAXKHOCT ApBeTa 3a OKo 1% BuLa, a 1eTh HUXa u o 2,5%
of, paBHoTexHe. MoTepheHa je npenopyka Aa ce pesaHa rpaha nvwhapa og Koje he ce un3pa-

hyBaTh Npon3BoAM 3a eHTepUjep cyLIn Ha 7-8% BNAXKHOCTW.

K/byuHe peun: SyKBa, jaceH, BNaXKHOCT, PaBHOTEXKHA BAAXKHOCT, KIMMa Y eHTepujepy

YBOA

Kao nocneauua npomeHa penatmBHe BAAXKHO-
CTM Ba3Zyxa y eHTepujepy, o4yBeK Cy NocTojanu
npodiemun n3asBaHN NPOMEHaMa BNAXKHOCTU Ap-
BETa Y roTOBUM NPOM3BOANMA. YTUCAK je Aa Cy OBU
npodnemu y nocnearbum geLeHnjama uspaxkeHu-
jn 360r Spxke rpaarbe HoBMX 0djeKaTa (LUTo Kao no-
cnegmuy UMa BesIKe KoIMUYnHe T3B. rpaheBuHcKe
B/lare y npocTopy), a KacHuje 36or kopuwhersa
LLeHTPa/IHOT rpejakba U KAnmaTmsauuje npocropa.
Kao nnycrtpaumjy npomerbeHe Kanme y eHTepuje-
pUMa JOBOJ/BHO je HaBeCTU NapameTpe T3B. COOHe
knmme (t = 20°C, ¢ = 65%). OBu ycnosu, dap 3a
Halle KIMMAaTCKO NoAgpyyje, BULLE HUCY peasiHu, Tj.
npoceyYyHa penaTMBHa BAAXKHOCT Ba3gyxa y YHyTpa-
WHeM npocTopy (3umu 3dor rpejara, netn 3dor
xnaherba) je CBaKaKo HWXKa, yrnaBHOM ucnog 50%.
OBO ce, HapaBHO, OApPa)KaBa M Ha BAAXKHOCT Ap-
BEeTa, NPOCeYHa PaBHOTEXKHA B/IA*KHOCT TOKOM ro-
OvHe je y BehnHM cTaHOBA OKO MM Yak mcnog 8%.

M3y3eTaK cy HOBM 00jeKTu (HapoumTo 3rpaae) rae
je 3dor rpaheBuHCKe Bnare npocevyHa penaTMeHa
BNAXKHOCT M M3Hag 70%. OBo goBoau Ao npodne-
Ma ca NPon3BOAMMA Of, APBETa y HOBUM 3rpasama,
HApPO4YUTO ca NapKkeTom. Hanme, HOBONOCTAB/bEHM
napKeT TOKOM NpBuX Mmeceumn nosehasa cBojy BNa-
YKHOCT WTO Aosoau go dydpersa u gedopmaumja.
MoTom, y HapegHMM rogMHama NapKeT nocTeneHo
CMatbyje CBOjy BNAAXKHOCT Tj. UCYLUYje Ce U yTexe
LUTO ONET A0BOAM [0 eCTETCKMX Npodnema y Buay
3a30pa usmelhy enemeHara.

Bpno je 3HauyajHO Aa npov3BoaM Of ApBeTa,
6e3 063npa fa nn ynujajy Brary npyv BUCOKUM MU
eMUTYjy BogeHy napy Npu HUCKMM PenaTtuBHUM
B/TQXKHOCTMMA Ba3zyxa, NPAaKTUYHO Ha Taj Ha4uH
y ogpeheHoj mepu nonpassbajy cuTyauwujy, Tj.
ydnarkaBajy eKCTpeMHe penaTtuBHE B/IAXKHOCTU
Basayxa (canyHo je n ca TemnepaTypom). OBum
NO3UTUBHUM YTULLAjeM Ha pPenaTuBHY BAAXKHOCT
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Ba3ayxa, NO3UTUBHO Ce yTWYe U Ha 34paBJbe Jbyan
(Alapieti et al. 2020).

Lin/b oBOr paga je carnegaBarbe yTuuaja Kaimme
y eHTepujepy Ha NPOMeHe BNAXKHOCTU enemeHaTa
(napkeTHMX gawynua) dykse 1 jaceHa. JodujeHun
noAaLm o NpOMeHama BNaXKHOCTU ApBeTa peasHux
AuMeH3Mja npaheHMx TOKOM CKOpO ABe rofunHe
mory duTn fonyHa aHanM3ama KpuBMX copriuuje
nodujeHnx npaherem manux ysopaka ApseTa.
3Hauaj 0BUX eKCepuMeHTaNHUX pe3yaTaTa pacTe
ca NpencnuTMBarbeM KNacUYHUX TeOpUja copnLm-
je, Tj. HAUMHOM Be3nBarba MOJIEKY/IA BOAE 3a A4PBO.
Tokom nocnearux roamHa o0djaB/beHo je HeKonu-
KO pafoBa Koju npeucnutyjy noctojehe Teopuje
(Engelund et al. 2013, Shi i Avramidis 2017,
Thybring et al. 2019, Willems 2015, 2018).

MATEPUJAA 1 METOA

Mo Tpu napkeTHe gawynue dykse (aAMmeH3nje
360 x 50 x 21 mm, cavKa 1) v jaceHa (gumeHsuja
450 x 60 x 21 mm) y3eTe cy M3 NPOU3BOAHE OAMAX
HaKOH BELUTAYKOr Cyllerba M MallMHCKe odpase.
MocTas/beHe Ccy Ha CTO NPOCTOpUje Y CyTePEHY Koja
Ce rpeje TOKOM 3MMCKe Ce30He (LeHTpaaHo rpeja-

Cnuka 1. McnmuTmBaHe napkeTHe galuuue dykse

Cnuka 2. Meperbe mace napKeTHe Jallyuue jaceHa
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re, 15.10. — 15.4.). NapKeTHe Aallumnue cy ce Ha-
nasune y3 CynpoTHW 3,y OAHOCY Ha pagujaTope,
Tj. Ha OKO 4 M yaa/beHOCTU 04 paamjaTopa. Tokom
HenyHe ABe roAuHe NapKeTHUM Jallyuiama je
HEKOJ/IMKO NyTa Heae/bHO MepeHa Maca (cnuka 2),
a y UCTUM TEPMUHMMA je MepeHa TemnepaTtypa u
penaTMBHa BNAXKHOCT Baszyxa Yy NpoCTopuju.

3a meperbe napameTapa Kaume KopuwheHe
cy KanauutusHe coHge Ahlborn FHAD46 n Huroc-
eneKkTpoHunk DSVT-03 (camka 3).

Ha Kpajy npoueca, napkeTHe gawuuue cy
OoCyLleHe Ha anco/lyTHO CYBO CTakbe U U3MepeHa
MM je maca. Ha ocHoBy pobujeHux nopgartaka,
6uno je moryhe M3payyHaTu BAaXKHOCT cBake
nojeguHadyHe pawyunue y CBAaKOM TPEHYTKY
meperba mace no Gopmynu:

m, —m
% "%.100 (%)
my

u =

roe je:

U — BIA’KHOCT NapKeTHe Jalumue Yy MOMEHTY me-
persa (%),

m_ — Maca napKeTHe AaW4unLe y MOMEHTY Mepetba
(8),

m, — Maca napKeTHe AaLYnLe Y ancoyTHO CyBOM
cTamby (g).

Cnuka 3. KanauntmnsHe coHze 3a mepere Temnepa-
Type n penatneHe BN1aXKHOCTU Ba3gyxa



MMPOMEHE BTAXKHOCTW EJTEMEHATA BYKBE M JACEHA TOKOM ABE MOANHE U3JTATAHA...

Ha ocHoBy npoceyHumx BpegHocTM dopmupaHa
je KpMBa NpomMeHa BIa*KHOCTU TOKOM BpemeHa 3a
OYKBY M jaceH. AHanusnpaHe cy pasnvke nsmehy
nojeAMHaYHMX gawwyunua n nsmehy BpcTa gpseTa,
Kao u dp3unHa gecopnuuje u agcopnumje y 3aBu-
CHOCTM oA, NPOMEHa napameTapa Basayxa y npo-
CTOpUju. PaBHOTEXHA BNIAYKHOCT je U3pavyyHaBaHa
npema mogeny Hailwood — Horrobin (mogen je
AeTasbHO onucaH y Skaar 1988) Koju ce yecTo Ko-
pucTu 3a npeasuharbe paBHOTEXKHE BAAXKHOCTM Ha
OCHOBY NO3HaTe TeMnepaType U penaTtuBHe Bna-
JKHOCTU Ba3ayxa (e.g. Simpson 1998, Dieste et
al. 2010, Majka et al. 2014):

EMC =

1800 < KH

K,KH + 2K,K,K?H?
w \1-KH

1+ K.KH + K,K,K?H?
W = 349 + 1,29t + 0,0135¢2
K = 0,805 + 0,000736¢ — 0,00000273¢>
K, = 6,27 — 0,00938t — 0,000303t2

K, = 1,91 + 0,0407t — 0,000293¢2
roe je:
EMC — paBHOTEKHa BIasKHOCT (%),
H — penatvsHa BAasKHOCT Basayxa (%/100),
t — Temnepatypa Basayxa (°C),
W, K, K1, K2 — koeduumjeHTn mogena copnumje
Hailwood — Horrobin.

PE3YATATU 1 AUCKYCHUJA

Ha ropwem peny cnauke 4 npukasaHe cy
npomeHe TemnepaType W penaTUBHE B/IAXKHO-
CTW Basgyxa TOKOM CKOpPO ABe roauHe mepe-
Ha. BepTuMKanHe nnHuje Ha rpadunKy o3HavaBsajy
cpeauHy meceua (HNp. MHKWja og, o3Hake ,, OKT”
03HayvaBa 15. oKkTodap), a UCTOo BaxKM 1 3a rpadmk
BAAXKHOCTU ApseTa. O4yeknMBaHO, TemnepaTtypa ce
KpeTana y oncery og 17°C (y xnagHUM JaHUMa
npe v nocne rpejHe cesoHe) ao 25°C (y HajTonau-
jUM jynckum gaHuMma), ca NPocevyHOM BpPeaHOCTH
20,8°C. Bapujaumje penaTvBHe BAAXKHOCTU Ba3ay-
Xa cy mHoro Behe: og, MMHUManHWX 16% (Tokom
M3y3eTHO XNaHMX 3UMCKMX aHa Kaja je rpejatbe
paguno u Hohy) Ao MakcumanHux 73% (noyeTtak
jyHa), ca npoceyHom BpeaHocTn 44%. OBa npocey-
Ha penaTMBHA BNIAXKHOCT Ba3ayXa y eHTepujepy je

3HATHO HUXa Hero y nepuoay oA npe HeKoMKO
neuenunja (Cividini 2000). Tpeba uctahu aa cy sa-
pujaumje penaTMBHe BAAXKHOCTU Basayxa NpucyT-
He 1 yHyTap 24 yaca, jep je Hohy (HapounTo 3MMmM
300r n3ocTaHKa rpejatba TOKOM HohK) BAAXKHOCT
Ba3/yXxa HELTO BMLLA HEro fakby.

Ha porbem aeny cauke 4 npukasaHo je KpeTa-
e BNIA¥KHOCTU NApKeTHUX gawuuua dykee U ja-
ceHa (npoceyHe BpegHocTK). MoyeTHa BAAKHOCT
OyKoBMX galumua je nsHocmna oko 10%, pok je
3a jaceH To duno Buwe — oko 11,5%. Osa pas3nuka
ce TOKOM BpemMeHa CMakbMBana, aau Yak HU no-
cne ABe roguHe Huje y NoTnyHoCTM HecTana. Ca
C/IVIKe je BUA/bUBO fa BNAXKHOCT ApBeTa YyINaBHOM
npaTu penaTMBHY BNAXKHOCT Basayxa. Kaga pena-
TWMBHA BNAXKHOCT Ba3gyxa onaja, CHUXaBa ce U
BNIAYKHOCT ApBeTa U 0dpHyTO. MpoLec aecopnuu-
je nounrbe naraHo Beh TOKOM NeTHUX MecelM, a
MHTEH3MBUPa Ce Ca MOYETKOM rpejHe ce3oHe (OK-
T00ap). HajHWKy BNa)HOCT ApBO LOCTUKE Y BP/IO
XNafHUM 3UMCKUM JaHUMA KaJa rpejarbe paaum u
TOKOM HOhU (y OBOM eKCNepuMeHTY TO ce A0roau-
N0 y jeQHOj TOAMHW Kpajem jaHyapa M MOYETKOM
debpyapa v Taja je BNaXKHOCT ApBeETa U3HOCUAA
csera usmehy 5% un 6%). Mpouec aagcopnuuje no-
YnHbe NO NPaBWUTy TOKOM MapTa MeceL,a Kafa LeH-
TPasiHO rpejatbe, 300r BULIMX CNO/ballibMX TEMME-
paTypa, yr1aBHOM pagu CMarb€HUM KanauuTeTom.
[pso nosehaBa CBOjy BNa)KHOCT CBe 0 MoOYeTKa
jyHa Kaja je v penatMBHa BNIAXHOCT Ba3Ayxa Haj-
BMLIA (KacHWje ce penaTvBHa BNAAXKHOCT Basayxa
cMmatbyje 360r BULLIMX TemnepaTypa). Mocne npse
rogVHe je BNaXKHOCT jaceHa y OBOM nepuoay ms-
Hocuna npoceyHo 10,9%, a dykse 10,4%, a nocne
npyre rogmHe 10,8% un 10,6%, pepom. Buasbmso je
0a je, nako ce pas/iMKa NoCcTeneHo cMakbyje, To-
KOM YMTaBOr NepMoAa NPOCeYHa BAAXKHOCT jaceHa
BMLWa Yy ogHocy Ha dyksy. OBO je BepoBaTHO no-
cnefyuUa HUMKe BNAXKHOCTM OyKBe HAKOH BeluTauy-
KOT CyLUeHba, Tj. YNHbeHMLEe A2 jeAHOM OCYLIEHO Ha
HUKY BIAXKHOCT ApBO — 380r xucrepesuca copn-
Luje — KacHKuje aacopdyje HeLWTo Makby KONUYUHY
Boge. [lpyrum peumma, paBHOTEXKHA BIAXKHOCT My
je HewTo HUKa. Takohe, NO3HaATO je ga ApBO jace-
Ha U3/10KEeHO BULLIMM PeNaTMBHUM BNAXKHOCTUMA
Ba3ayxa (M3Hag 50%) 4OCTUXKE BULLY PAaBHOTEXKHY
BNIAXKHOCT Y 04HOCY Ha BehnHY OCTanux TBpAUX
nvwhapa (Glass et al. 2014). Unak, notpedHa cy
[oJaTHa UCTpaXKMBaka Kako Ou ce yTBpAMIIO fa
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/I NOCTOje 3HaYajHe pas/iMKe y PpaBHOTEXKHO]j Ba-
YKHOCTU 3a OBe ABe BpCTe.

Tokom ode roguHe je y nepuoay Kpaj maja u
noyeTak jyHa NopacT BAAXKHOCTU ApBeTa N3HOCUO
oKo 0,1% pHeBHO, O4HOCHO BNAXHOCT APBETA je
3a feceTak gaHa nosehaHa 3a 1%. CnuyHa dp3u-
Ha gecopnuuje je 3abenekeHa TOKOM 3UMCKUX

JaHa Kaga je rpejarbe paauno des npecTaHKa.
leHepanHo je dp3nHa agcopnumje Beha og Sp3unHe
[ecopnumje WTo je U O4EeKUBaHO, jep je penatms-
Ha BNIAXKHOCT Ba3ayxa TOKom nponehHux meceum
KOHTUHYMPAHO BUCOKA, AOK je TOKOM 3UMCKMUX
MeceLM HUCKa penaTMBHA BIAXKHOCT TOKOM [aHa,
ncnpeceuaHa 6n1arvum noseharbem TOKOm Hohu.
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Cnuka 4. NMpomeHe TOKOM fBe roaMHe y eHTepujepy: a) TemnepaTtypa v pesaTMBHa BNAXKHOCT Ba3ayxa; 0)
BNIAYKHOCT MapKeTHUX Aalymua SyKBe 1 jaceHa (mpoceyHe BpeaHOCTH)
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MMPOMEHE BTAXKHOCTW EJTEMEHATA BYKBE M JACEHA TOKOM ABE MOANHE U3JTATAHA...

Ha cnnum 5 cy npukasaHe npomeHe B/a*KHO-
CTV NOjeAMHAYHUX MAPKETHUX AalyMLa TOKOM
aena npaheHor neproga (oktodap — maj). Mory ce
YyOuuTH penaTMBHO Mase pasnuke namehy nojeam-
HaYHMX 4aWYKULa UCTe BPCTe, HAPOYUTO Mane To-
Kom agcopnuuje (jep je dprka 300r KOHTUHYMPAHO
BMCOKE penaTuBHe BAaXKHOCTK). TOKOM AecopnLu-
je cy pasnuke yHyTap BpcTe HewTo Behe. Hajseha
pasnuKa nsmehy nojeAMHaYHNX AaALLYMLA je U3HO-
cuna 0,3% (4 3a jegHy v 3a Apyry BpPCTy ApBeTa).

Ha cnvum 6 cy npukasaHe npoceyHe BAaXHO-
cTv SdyKBe UM jaceHa, Kao u oarosapajyha pasHo-
TE)KHa BNAYKHOCT (M3padyHaTa no popmynu (2)).
OueKnBaHO, BNAXKHOCT ApBETa He AOCTUNKE pPaB-
HOTEXHY B/IaYKHOCT — TOKOM 3MME je BAaXKHOCT
ApBeTa 3a 0Ko 1% BuLWwa, a NeTU HUXKa 1 8o 2,5%
op, paBHoTexkHe. OBa Beha pa3nuka netu je no-
cnefmua penaTMBHO KpaTKor nepuoaa y Kom je
paBHOTEXKHa BNIAKHOCT BP/10 BUCOKA, a/ln U XUCTe-

pesuca copnuuje (Tokom agcopnuuje je pasnuka
n3mehy cTBapHe BNaXKHOCTU ApBeTa U U3pady-
HaTe paBHOTEXHe BNA*KHOCTM Beha Hero Tokom
Aecopnuuje). BaxKHo je HarnacuTu A4a nojam pas-
HOTEXHe BNIaXKHOCTW HKje of, BeIMKOT 3Havaja 3a
ycnoBe NPOMeH/bUBE KIMME Y eHTepujepy, Tj. Aa
ce TemnepaTtypa W penaTMBHa BNAXKHOCT Basayxa
CTa/IHO Mekbajy U APBO HEMA BPEMEHA A3 AOCTUT-
He B/Ia’KHOCT PaBHOTEXKe, jep Cy npoLecu aacopn-
umje n gecopnumje spso cnopu. OBo je nocneamua
HUCKUX KoeduumjeHaTa andysuje y nonpeyHnum
npasuyma. 360r Tora ce MoXKe O4eKMBaTH Aa ce,
noA ytuuajem AHeBHUX Bapujaunja Kanme, Bna-
YKHOCT ipBeTa Merba CaMo Yy C/10jy o4, oko 1 mm
(Hameury 2005). U gpyrv UCTpaskneaumn HaBoae
[a ce MpOMeHa BNAXXHOCTU NoJ yTUuajem KpaT-
KOTpajHMX ocumnaumja kKnume goraha camo y no-
BpWMHCKOM cnojy apseTa (Mili¢ et al. 2020). Y
OBOM UCTPaXXMBaky Cy MPOMEHe y Macu ApBEeHUX
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Cnuka 5. NMpomeHa BAaXKXHOCTM MojegMHauyHMX NapKeTHMX Aaluumua dyKee 1 jaceHa y nepuoay okTodap — maj
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Jawynua dune Ha AHEBHOM HUBOY MAKCUManHoO
80 0,4 g. AKo 61 ce oBa KOMNIETHA NPOMEHA Npw-
nvcana camMo NoBPLIMHCKOM c/ojy ApseTa (1 mm)
MOrAn d1 OYeKMBaTM Aa je NPOMEHaA BNAXKHOCTU
TOr TAHKOT C/10ja Ha AHEeBHOM HMBOY A0 0,5% (Ha
CaMoj NOBPWMWHYM BULe, @ HA AyOuHu og 1 mm
Matbe 0f, OBOT NPOCEKA).

MNogaum o KpuBama copnuuje y aMTepatypu
Cy Yr1aBHOM 0OMjeHUN KIMMaTM3aLMjOM y30paKa
ApBeTa Ha TayHo oapeheHoj penaTMBHOj BNaXKHO-
CTM Basgyxa (HNp. Hag conuma). Y HoBuWje Bpe-
me ce 3a To Kopwucte T3B. BC (Dynamic Vapour
Sorption) aHanusatopu — ypehaju y Kojuma ce Kpu-
Ba copnuuje Aoduja npeko mepera mace gpBeTa
Y YC/I0BUMA NPOMEH/bUBE PEaTUBHE BIAYKHOCTU
Basayxa. MeToz je MHoro 8p:u y ofHOCy Ha yodu-
YajeHy KAMmaTtusaumjy (y KiMma Komopu Uan Hag,
Co/MMa), anu je nokasaHo (Glass et al. 2017) pa
Cy BpEMeHa Koja UCTpaxKMBaym Kopucre 3a JOCTU-
3arbe ogpeheHe paBHOTEXKHE BNIAXKHOCTW yriaB-
HOM MpeKpaTka (08MYHO MaKkcumanHo 60 MUHYTa),

Tj. 4@ APBO, YNPKOC MaiMm AMMEH3MjaMa, 3a 0Baj
nepuoa, He AOCTUIHE PAaBHOTEXKHY BIIAXKHOCT, Ha-
POYMTO MPY BULLMM PENaTUBHUM BIAXKHOCTUMA.
OBO [0BOAM [0 HEAOBO/BHO TaYHWUX pe3ynTaTa,
nako cam metog odesdehyje MHOro NpeunsHu-
jY KOHTpONy KNMMe Hero Hnp. KAaMmaTtusauuja
HaZ conMma. U HeKn gpyru uctpaxunsaun (e.g.
Willems 2015) HaBoae Aa ce M30TepmMe Copnum-
je podunjeHe ABC meToAO0M TOKOM HEKONIMKO AaHa
pasfnvKyjy of OHWX A0OMjeHUX MmaHyenHo (Haz
CO/IMMa) TOKOM HEKONIMKO Heaesba. OBAe npuKa-
3aHK pe3ynTaTn cy Aodpa ocHoBa 3a nopehere
peanHux nojaTtaka y ekcnioatauuju nponssoa
oA, ApBeTa y eHTepujepy ca n1adopaTopujcknm no-
hauMma o KpmuBama copnuuje. BUTHo je nctahu aa
[PBO Yy OBOM EKCMepUMeHTy Huje duno yrpaheHo,
HUTK nakmpaHo. Kog yrpaheHor 1 nakupaHor nap-
KeTa MOry ce O4YeKMBaTU cnopuje NpoMeHe, Kao u
MakoU OMcer NPOMeHa BAaXKHOCTU (BMLIA MUHU-
MaJiHa M HUXKa MaKCMMasiHa BpeaHOoCT).
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Cnuka 6. NMpomeHa paBHOTEXKHE BNAXKHOCTU M BAAXKHOCTM NAPKETHUX AaLluMLa OyKBE U jaceHa TOKOM ABe

rogvHe y eHTepujepy
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3AKAYIIIN

Y paay je aHanM3npaHa NPOMeHa BAAXKHOCTU
ApBeTa OyKBe U jaceHa TOKOM [iBe rOAMHE Y eHTe-
pujepy y BapujaduaHUM KIMMATCKMM yCN0BMMA.
Ha ocHoBy fo0unjeHuUx pesyntata mory ce ussyhu
cnepehu 3ak/mbyyLm:

1. Tokom gBe rogmHe npahera, NPoOCceYHa Tem-
nepatypa y npocTopy y CyTepeHy 3rpaje
(3umu rpejarbe, netn des KAMmaTtumsaumje) je
n3Hocmna 20,8°C, a npoceyHa penaTmeHa BAa-
YHOCT 44%. OBO je 3HAaTHO HUXA penaTusBHa
BNIAXHOCT Ba3AyXa of, HeKaaa yoduuajeHux 3a
eHTepujep.

2. [lpoceyHa paBHOTEKHA B/IAXKHOCT 3a HaBe-
OeHe ycnose Kanme nusHocu 8,3%. Umajyhu y
BUAY [a je 33 NPOCTope KOoju HUCY Y CyTepeHy
npoceyYHa penaTMBHA BAAXKHOCT Basayxa (Tume
M PaBHOTEXKHA BNIAXKHOCT) jOLU HUMKa, Mpenopy-

Ka je Aa ce pesaHa rpaha anwhapa og Koje he
ce n3pahmBaTV NPOM3BOAM 32 EHTEPUjEP CYLIN
Ha 7-8% BNaXKHOCTU.

HajHW»Ky BNaXKHOCT je ApBO A0CTM3aN0 y BP0
XNagHUM 3UMCKMM Z@aHMMA Kafa je rpejarbe
paauno u Tokom Hohu U Taga je BAaxHOCT
ApseTa usHocuna nsmehy 5% n 6%, a Hajsuwy
noyeTtkom jyHa: 10,4-10,9%.

Ou4eKMBaAHO, BNAXKHOCT ApPBeTa HUje A0CTU3ana
M3payvyHaTy PaBHOTENKHY B/IAXKHOCT — TOKOM
3MMe je B/IaXKHOCT gpBeTa 3a oko 1% Buwa, a
NeTV HUKa 1 ao 2,5% op, pasHoTexkHe. OBa Beha
pasnuKa neTu je nocnesmLa penaTmBHO KpaTkor
nepuoAaa y KOM je paBHOTEXKHA BIAXKHOCT BP/IO
BMCOKA, a/I1 U XmcTepesuca copnuuje.
HanomeHa: Pag je peann3oBaH y OKBMpPY Npo-

jekta 451-02-68/2020/14/2000169 Kojn duHaH-
cupa MUHUCTapCTBO NPOCBETE, HAaYKe U TEXHOO-
WKor passoja Penybauke Cpbuje.

MOISTURE CONTENT CHANGES OF BEECH AND ASH ELEMENTS
DURING TWO YEARS IN ROOM CONDITIONS

Goran Mili¢, associate professor, University of Belgrade - Faculty of forestry (goran.milic@sfb.bg.ac.rs)

Abstract: The subject of this paper is the analysis of moisture content (MC) changes of beech
and ash wood during two years in room conditions (heating during winter; no air conditioning
during summer). The registered MC changes are primarily the result of changes in relative
humidity of the air (measured by capacitive probes). The average relative humidity of the air
in the interior is lower today than in the past, as also shown in this experiment (the average
relative humidity of air during two years was 44%). The lowest wood MC was reached on very
cold winter days when the heating was on even during the night - between 5% and 6%, and the
highest one at the beginning of June: 10.4-10.9%. As expected, the wood did not reach equilib-
rium moisture content — during winter, MC is by about 1% higher, and in summer it is lower by
up to 2.5% than the equilibrium. The recommendation that the sawn timber from which the
interior products will be made should be dried at 7-8% MC was confirmed.

Key words: beech, ash, moisture content, equilibrium moisture content, climate in the interior
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INTRODUCTION

As a consequence of changes in the relative
humidity of the air in the interior, there have al-
ways been problems caused by moisture content
(MC) changes of wood used in finished products.
The impression is that these problems have been
more pronounced in recent decades due to the
faster construction of new buildings (which re-
sults in large amounts of so-called “construction
moisture”), as well as due to the use of central
heating and air conditioning. As an illustration of
the changed climate in interiors, it is enough to
state the parameters of the so-called room climate
(t=20°C, RH =65%). These conditions, at least for
our climate area, are no longer realistic, i.e. the
average relative humidity in the interior (in winter
due to heating, in summer due to cooling) is cer-
tainly lower, often below 50%. This is reflected on
wood MC, and the average equilibrium moisture
content (EMC) during the year in most apartments
is around, or even below 8%. The exceptions are
new buildings (especially multi-storey buildings) in
which the average relative humidity is often above
70% due to construction (built-in) moisture. This
leads to problems with wood products in new
buildings, especially with wooden floors. Namely,
the newly installed wood during the first months
increases its MC, which leads to the swelling and
deformations. Then, in the following years, the
wood floor MC is gradually reduced, i.e. it dries
out and shrinks, which again leads to problems,
now in the form of gaps between the elements.

It is very important that wood products, re-
gardless of whether they absorb moisture at high
or emit water vapor at low relative humidity, pas-
sively regulate indoor moisture fluctuations, i.e.
have a moisture buffering effect (it is similar for
the temperature). In this way, the wood products
exert a positive effect on human health (Alapieti
et al. 2020).

This paper aims to reveal the influence of cli-
mate in the interior on MC changes of beech and
ash parquet elements. The obtained data on MC
changes of bigger samples monitored during al-
most two years can be a supplement to the analy-
sis of sorption curves obtained by monitoring typ-
ical, small wood samples. The significance of such
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experimental results grows with the re-examina-
tion of classical sorption theories, i.e. wood-water
interactions. In recent years, several papers have
been published that review the existing theories
(Engelund et al. 2013, Shi and Avramidis
2017, Thybring et al. 2019, Willems 2015,
2018).

MATERIAL AND METHODS

Three parquet elements of beech (dimensions
360 x 50 x 21 mm, Fig. 1) and ash (dimensions 450
x 60 x 21 mm) were taken from the factory imme-
diately after kiln drying and machining. They are
placed on a table about 4 m distance from radia-
tors, in a basement room that is heated during the
winter season (central heating, 15.10.-15.04.). The
mass of parquet elements was measured several
times a week (Fig. 2) for almost two years, while
the temperature and relative humidity in the room
were measured at the same time.

Figure 2. Mass measurement of the ash parquet el-
ement
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Figure 3. Capacitive probes for measuring tempera-
ture and relative humidity of the air

Ahlborn FHAD46 and Nigos-electronics DSVT-
03 capacitive probes were used to measure
climate parameters (Fig. 3).

At the end of the process, the parquet ele-
ments were oven-dried and their mass was meas-
ured. Based on the obtained data, it was possible
to calculate the MC of each element at the time
of mass measurement according to the formula:

m m
—*  "%.100 (%)
mg

MC=

where:
MC — moisture content of the parquet element at
the time of measurement (%),
m_— mass of the parquet element at the time of
measurement (g),
m, — oven-dry mass of the parquet element (g).
Based on the average values, a curve of MC
change over time was formed for beech and ash
wood. The differences between individual ele-
ments and between wood species were analyzed,
as well as the rate of desorption and adsorption
depending on the changes of the air parameters
in the room. EMC was calculated according to the
Hailwood-Horrobin model (a model described in

detail in Skaar 1988), which is often used to pre-
dict EMC based on known temperature and rela-
tive humidity (e.g. Simpson 1998, Dieste et al.
2010, Mother et al. 2014):

EMC =

1800 ( KH

K,KH + 2K, K,K2H?
w \1—KH

1+ K.KH + K,K,K?H?
W =349 + 1,29t + 0,0135¢2
K = 0,805 + 0,000736¢ — 0,00000273¢>
K, = 6,27 — 0,00938t — 0,000303¢>
K, = 1,91 + 0,0407¢t — 0,000293¢>

where:

EMC — equilibrium moisture content (%),

H — relative humidity of the air (%/100),

t — air temperature (°C),

W, K, K1, K2 — Hailwood - Horrobin sorption model
coefficients.

RESULTS AND DISCUSSION

The upper part of Figure 4 depicts the chang-
es in temperature and relative humidity of the air
during almost two years. The vertical lines on the
graph indicate the middle of the month (e.g. the
line marked “Oct” indicates October 15), and the
same applies to the graph of wood MC. As expect-
ed, the temperature ranged from 17°C (on cold
days before and after the heating season) to 25°C
(on the warmest days in July), with an average val-
ue of 20.8°C. The variations in relative humidity
were much higher: from a minimum of 16% (dur-
ing extremely cold winter days when the heating
was working all the time) to a maximum of 73%
(early June), with an average value of 44%. This
average relative humidity in the interior is signif-
icantly lower than several decades ago (Cividini
2000). It should be noted that variations in relative
humidity exist within 24 hours as well, because at
night (especially in winter due to the lack of heat-
ing during the night) the humidity is slightly higher
than during the day.

The lower part of Figure 4 depicts the MC
changes of beech and ash parquet elements (av-
erage values). The initial MC of beech elements
was about 10%, while for ash it was higher - about
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11.5%. This difference diminished over time, but
even after two years, it did not completely disap-
pear. It can be seen from the figure that MC most-
ly follows the relative humidity of the air. When
the relative humidity decreases, MC decreases.
The desorption process begins slowly already dur-
ing the summer months and intensifies with the
beginning of the heating season (October). The
wood reached the lowest MC on very cold winter
days when the heating worked during the night
(in this experiment it happened in one year at the
end of January and the beginning of February —in
that period MC of the wood was between 5% and
6% only). The adsorption process usually begins
during March, when the central heating — due to
higher outdoor temperatures — mainly works at a
reduced capacity. The wood increased its MC until
the beginning of June when the relative humidity
is the highest (relative humidity later decreases
due to higher temperatures). After the first year,
the MC of ash in this period was on average 10.9%
and of beech 10.4%, and after the second year
10.8% and 10.6%, respectively. It can be seen that
the average MC of ash is higher than that of beech
during the entire period, although the difference
is gradually decreasing. This is probably a con-
sequence of the lower MC of beech wood after
kiln drying, i.e. the fact that once dried to a lower
MC, the wood — due to sorption hysteresis — later
adsorbs a slightly smaller amount of water com-
pared to the wood dried to a higher final MC. In
other words, its EMC is slightly lower. Moreover,
it is known that the ash wood exposed to a high-
er relative humidity (above 50%) reaches a higher
MC compared to most other hardwoods (Glass
et al. 2014). However, further research is needed
to determine if there are significant differences in
EMC for these two species.

In both years, in the period end of May - begin-
ning of June, the increase of MC was about 0.1%
per day, i.e. MC of the wood increased by 1% in
ten days. A similar rate of desorption was observed
during the winter days when the heating was run-
ning continuously. In general, the rate of adsorp-
tion is higher than that of desorption, which is ex-
pected, because relative humidity is continuously
high during spring months, while during winter
months relative humidity is low during the day, but
with a slight increase during every night.
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Figure 5 depicts the MC changes of individual
parquet elements during a part of the monitored
period (October - May). Relatively small differ-
ences between individual elements of the same
species can be observed, especially small during
adsorption (because it is faster due to continu-
ously high relative humidity). During desorption,
the differences within the species are somewhat
larger. The largest difference between individual
elements was 0.3% (for both wood species).

Figure 6 shows the average MC of beech and
ash elements, as well as the corresponding EMC
(calculated by the formula (2)). As expected, the
wood did not reach EMC — during winter, MC is
by about 1% higher, and in summer it is lower by
up to 2.5% than EMC. This higher difference in
summer is a consequence of a relatively short pe-
riod in which relative humidity of the air is very
high, but also the sorption hysteresis (during ad-
sorption the difference between the actual wood
MC and the calculated EMC is higher than during
desorption). It is important to emphasize that the
concept of EMC is not of great importance for the
conditions of changing climate in the interior — the
temperature and relative humidity are constantly
changing and wood does not have time to reach
EMC, because the processes of adsorption and de-
sorption are very slow. This is the consequence of
low diffusion coefficients of wood in the transverse
directions. Therefore, it can be expected that, un-
der the influence of daily climate variations, MC of
the wood changes only in a layer of about 1 mm
(Hameury 2005). Other researchers also report-
ed that, under the influence of short-term oscilla-
tions of the climate, the MC change occurs only in
the surface layer of wood (Mili¢ et al. 2020). In
this study, changes in the mass of wood elements
were up to 0.4 g per day. If this change were attrib-
uted only to the surface layer of wood (1 mm), we
could expect that the MC change of this thin layer
is up to 0.5% daily (on the surface itself more, and
at a depth of 1 mm less than this average).

Data on sorption isotherms in the literature
were mainly obtained by the conditioning of small
wood samples at a well-defined relative humidi-
ty of the air (e.g. over saturated salt solutions). In
recent times, researchers often use the so-called
DVS (Dynamic Vapor Sorption) analyzers — devices
in which the sorption curve is obtained by con-
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tinuously measuring the mass of wood in condi-
tions of variable relative humidity. The method is
much faster than common conditioning (in climate
chamber or over the salts), but it has been shown
(Glass et al. 2017) that the times that research-
ers use to reach a certain equilibrium (hold times)
are generally too short (usually a maximum of 60
minutes), i.e. that the wood, despite its small di-
mensions (milligram range), does not reach EMC

during this period, especially at higher relative hu-
midity. This leads to insufficiently accurate results,
although the method provides much more precise
climate control than e.g. conditioning over salts.
Some other researchers (e.g. Willems 2015) also
state that the sorption isotherms obtained with
DVS over a few days differ from those collected
manually over many weeks. The results presented
here are a good basis for comparing real data dur-
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ing the use of wood products in the interior with
laboratory data on sorption curves. It is important
to point out that the wood in this experiment was
not built-in or coated. Slower changes, as well as a
smaller range of MC (higher minimum and lower
maximum value) can be expected with installed
and coated parquet.

CONCLUSIONS

The paper analyzes the moisture content
change of beech and ash wood during two years in
the interior with variable climatic conditions. The
following conclusions can be drawn on the basis of
the obtained results:

1. During the two years of monitoring, the aver-
age temperature in the laboratory located in
the basement of the building (heating in win-
ter, without air conditioning in summer) was
20.8°C, and the average relative humidity was
44%. This is a significantly lower relative hu-
midity for the interior than in the past.

2. The average EMC for the stated climatic condi-
tions is 8.3%. Bearing in mind that for spaces
that are not in the basement, the average rela-
tive humidity (also EMC) is even lower, it is rec-
ommended that the sawn hardwood timber,
from which the interior products will be made,
should be dried at 7-8% MC.

3. The lowest wood MC was reached in very cold
winter days when the heating was working
during the night and then the wood MC was
between 5% and 6%, and the highest one was
recorded at the beginning of June: 10.4-10.9%.

4. As expected, the wood did not reach the cal-
culated EMC — during winter, wood MC is by
about 1% higher, and in summer it is lower by
up to 2.5% than EMC. This larger difference in
summer is a consequence of a relatively short
period in which relative humidity of the air is
very high, but also of sorption hysteresis.

Note: This research was realized within the
project 451-02-68/2020/14/2000169 financed by
Ministry of Education, Science and Technological
Development, Republic of Serbia.
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