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YTUIIA] ITAPEIbA HA KBAAUTET CYIIEIHA

N BOJY PESAHE I'PABHE bYKBE

Ap [opan Muanh, porient, Yuusepsurer y beorpaay — [llymapckn paxyarer

Ap Hedojma Toaoposuh, souent, Yansepsurer y Beorpapy — Ilymapcku gayarer

Ap Panko [onapuh, ponent, Yuusepsurer y beorpaay — [lymapcku dakyarer

M3BoA: Y pafy cy npuMKasaHu pesynTaTv aHanuse ytuuaja T3B. 6aaror naperba Ha KOHBEH-
LMOHaNHO cywere 1 Sojy Tako ocylleHe pesaHe rpahe Sykse. OcylueHa je wapa Koja ce
cacTojana oA, NapeHux U HenapeHux gacaka. MpaheHu cy BAAXHOCT U NPobUAN BNAKHOCTU
TOKOM CyLUeHa, @ Ha Kpajy cyletba cy oapehuBaHm KOHaYHa BAAXKHOCT, Pa3/iMKa BAAXKHOCTU
no aedmunu rpahe, ckopenoct u doja. CTaTUCTUUKKM 3HAYajHA pasnvKa usmehy napeHe u He-
napeHe rpahe Huje yTBpheHa HUK Kog, jeaHor ucnuTMBaHor NnapameTpa. Pesyntatv nokasyjy Aa
Ce MOXKe 04YeKMBaTM UCTU (MM Yak Sosbu) KBANUTET cyllerba napeHe Sykose rpahe y oaHocy
Ha HenapeHy cyleHy UCTUM pexumom. OcyLieHa napeHa pesaHa rpaha je umana Tamuujy dojy
ca Behum yyewhem LpBeHe y ogHocy Ha HenapeHy rpafy. YTepheHa je HenpeuusHocT mepera
B/IAYKHOCTU MapeHor 1 HemapeHor gpseta OyKBe y cyllapu y nogpyyjy BAaxHoctn 7-15% u
[laTa npenopyka 3a npeBasuaaxekbe oBor npodaema.

KmbyuHe peuu: pesaHa rpaha Sykse, napere, KBaAUTET cyllerba, doja

YBOA

Mapere pesaHe rpahe je mocTynak Koju ce y
APBHOj MHAYCTPUjU Npumetbyje Beh deueHnjama.
To je npoLiec y Kom ce Ha ApBo genyje sacuheHom
BOJEHOM MapoOM ca Hekum og, cnepehux um/besa
(Pervan 2009): npomeHa doje, cMatbere XUrpo-
CKOMHOCTH, yjefHauyaBae BNAXKHOCTU Mo Aeb/bu-
HU rpahe npe BeLlITAYKoOr cyllera, OMeKLlaBarbe
[pBeTa pasu KacHuje odpase Unu caBujatba, cTe-
punusaumja, ydnaxkasare Konanca. Ha pesynrarte
y norneay OBUX LM/bEBA YBEIMKO yTUUY Tpajarbe
napera, NpuMerseHa Temnepatypa (Hnp. Tolvaj et
al. 2010), kao 1 npuTUcaKk nape. NMpomeHa doje,
Kao Hajuyewhu uwmsb, 0dMYHO ce npunucyje xu-
APONN3N eKCTPAKTUBA M NONNPEHONHUM jeantbe-
HKWMa Koja HacTajy TOKOM naperba (Straze et al.
2008), anu pe3ynTaTi naperba y BeMKOj Mepu 3a-
BuCce o BpcTe gpeeTa (Varga i van der Zee 2008).

Mapetbe pesaHe rpahe y BehuHu cnyyajesa
CNPOBOAM Ce Ha CMPOBOM APBETY, Npe BelTa4yKor
cywera. Heka mctpaxusarba (Hnp. Alexiou et al.
1990, Harris et al. 1989, Majka i Olek 2007) no-
Kasana cy Aa je dp3uHa cyluerba MapeHor apseTta
Beha y ogHocy Ha HenapeHo (MPBEHCTBEHO Y HaA-
XUTPOCKOMHOM noapydjy). CynpoTcTaB/beHa cy mu-
W/beHa O 3HaYajy yTULUaja Napera Ha XMrpocKom-
Ha cBojcTBa gpseTa. Tako, Unsal i Ayrilmis (2004)
HaBoZe Aa Cy NPOMEHEe PaBHOTEXHE BNAXKHOCTU
nocne napera rpahe mepsbuse, anv He U 3Hayaj-
He ca NpaKkTUYHe Tauke reguwrTa. C gpyre cTpaHe,
Majka i Olek (2007) v Todaro et al. (2012) 3ade-
JIEXKUN CY 3HAaTHO HUXKE PAaBHOTEXHE BIAXKHOCTK
HaKOH Napera ApBeTa OyKBe, O4HOCHO Lepa.

BbykoBa rpaha napeHa ,Ha upBeHO” Ouna je
nonynapHa geueHuvjama. Y nocnefrbux Asage-
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CeTak rogmHa, Ha TPXUWTY ce Yewhe Tpaxku T3B.
csetnonapeHa dykosa rpaha. OBaj ce 3axTeB Haj-
yewhe ocTBapyje NPUMEHOM HUXKMX TEMMepaTypa
1 Kpahum Tpajatbem napema. Ll osBor paga je
yTBphMBarbe yTULAja OBaKBOr Mapera Ha KOH-
BEHLIMOHANHO cyllere pesaHe dykose rpahe c
acrnekTa BNaXHOCTU 1 Npoduraa BNAXKHOCTU TOKOM
Cyllera, Kao M KOHaYHor KBanuTeTa cyllerba. [e-
TepMUHaLMja U KBaHTUUKOBake doje ocylleHe
napeHe pesaHe rpahe dykse je Takohe duo jegaH
of, LM/beBa UCTPaXKMBakba.

MATEPUJAA 1 METOA

Ucnntnsarbe je BPLIEHO Ha MapeHoj U He-
napeHoj pesaHoj rpahu dykse (Fagus sylvatica
L.) nebbuHe 50 mm wn gyxuHe 2,1 m. Wnpu-
Ha pacaka je usHocmna 12-30 cm. Csa rpaha je
duna de3 naxkHor cpua. MNapetrbe je U3BPLLEHO Y
WMHAYCTPUJCKO] MapuoHnum Kanaumuteta 20 m’> u
TO MOCTYNKOM T3B. &/1aror napera Kor Kapakrte-
puwe cnararbe rpahe Ha neTBuLEe, HUXKe Npume-
tbeHe TemnepaTtype 1 Kpahe Bpeme y ogHocy Ha
yoduyajeHn noctynak napersa. YKynaH npouec
naperba je Tpajao 23 yaca, a TemnepaTypa TOKOM
napema je usHocuna 80°C (Tadbena 1).

KoHBEHLMOHANHO cyllere je cnpoBeneHo
y nadopaTopujcKoj cywapu Kanauuteta 0,8 m’.
Onpemy cywape 4yvMHe aBa peBep3nduiHa BeH-
TUNATOpPa, CUCTEM 3a HaABNAXWUBae XJaLHOM
BOAOM, MU3MeHMBaAYM TOMNOTE U ayTOMATUKA 3a
Bohetrbe npoueca ca 0cam COHAM 3a Meperse Ba-
JKHOCTU ApBeTa U ABa MepHa MecTa 3a Temnepa-

Cnuka 1. LLlema n3pesnBarba y30paKka TOKOM Cyllerba

TYPY M PaBHOTEXKHY BAaKHOCT. Pasa 3arpeBakba
je cnposeggeHa ca nopactom Temnepatype 3°C/h.
KopuwheH je pexxkum cywera (Tadena 2) Koju je
yobuuajeH y Cpbuju (Mili¢ et al. 2013). Ha Kkpajy
cylwerba je CnpoBeAeHO KoHAUUMOoHUparbe (18
yacoBa, 58°C, ur=11%). Pe3aHa rpaha je cylweHa
00 10% BNaXKHOCTU, MEPEHO COHAAMA Y CyLlapw.

CylweH je cnorkaj Koju ce cactojao og 17 na-
peHux n 17 HenapeHux Aacaka cnaraHux y Hau-
3MeHnYHe pegose. CBMM gacKkama je npe cylwe-
Ha MepeHa maca, a Ha usadpaHux 14 pacaka (7
napeHux u 7 HenapeHux) n gumeHsmje. CoHge 3a
Mepere BAAXKHOCTU cy ydoaeHe y 4 napeHe n 4
HenapeHe gacke. LWnpuHa cnoxkaja je nsHocuna
60 cm, ayxuHa 2,1 m, a N0 BUCUHM je NOoCTaB/be-
Ho 10 penoBa pacaka. Ha Bpx nocnegmer pega
[acaKka nocTaB/beHU cy OeTOHCKM O10KoBM (3a
cMakbene gedpopmalmja), Kao 1 ABe gacke (nape-
Ha M HenmapeHa) Koje cy CAy»Kune 3a u3pesnBarbe
y30paKa TOKOM cyluerba (Cn. 1).

Tabena 1. Pexxum napersa (pesaHa rpaha 6ykee, 50 mm)

dasza Bpeme (h) Temnepatypa (°C)
3arpeBatbe 12 no 80°C
MNapemre 8 80°C
Xnahetrbe 3 -
Tabena 2. Pexxnm KOHBEHUMOHANHOT cyllera (pesaHa rpaha 6ykse, 50 mm)

BnaskHocT (%) 60 55 50 45 40 35 30 25 20 15 10 5
Temnep. (°C) 37 38 38 38 38 40 43 47 52 58 62 62
PaBH. BnaxH. (%) 155 155 15 145 14 13.5 125 95 7 5.5 4.5 4
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Cnuka 2. Y3opuw 3a ogpehurBarbe KOHaUYHe BAAXKHO-
ctn (A u D), npoduna BnaxkHoctu (B) n me-
pere pasmaka (C)

Y3opum A u C cy cayxunm 3a ogpehusare
BNIAYKHOCTU rPaBUMETPUjCKMM METOZOM, a Y30paK
B je KopuwheH 3a ogpehusare npoduna sna-
»KHOCTU no aedsbuHM (M3pesnsaHo je 10 namena)
TOKOM cyllera. M3pesnBatbe enpyseTa je BpLue-
Ho yKkynHo 10 nyTa y cnegehum BpeMeHCKUM UH-
TepBanuma: 0, 48, 96, 144, 192, 264, 336, 432,
504 yacoBa U Ha Kpajy cywersa. Ha Kpajy cywema
je NoHOBO mMepeHa maca CBMM Jackama, a KOH-
TPONHUM Jackama u anmeHsunje. M3 ceux 14 KoH-
TPO/IHMX facaka cy NoTom u3pesaHu ysopum (Ca.
2) 3a ogpehuBarbe KOHauyHe BAAXKHOCTM (y3opuu
A un D), npoduna BnaxHoctn (ysopuu B) u 3ao-
cTanux Hanpesata (y3opum C). Mepetrbe pazmaka
je BpweHo nocne 48 yacoBa. Pa3nnka BNAKHOCTU
no ned/buHM rpahe je nspadyHaBaHa Kao pasnu-
Ka u3mehy BNaXKHOCTU LEHTPaNHUX W BNAXKHOCTU
NMOBPLUMHCKUX Namena. [ed/buHa cBake namene
M3HocKAa je oko 5 mm.

M3pauyHaTe cy npocevyHe BPeAHOCTM 3a KO-
HauYHy BNAXHOCT, Pa3/INKY BAAXKHOCTM No Aedsbu-
HW U pa3mMak, Kao U CTaHZapAHe Aesunjauuje 3a
oBe napamertpe. MopeheHwn cy pesynTtatu 3a nape-
HY 1 HenapeHy pe3aHy rpahy. 3a ytephuBatbe cTa-
TUCTWUYKM 3HAYQjHUX pa3nnKa KopuwheH je T-TecT.

Mocne cywera, NapeHa u HenapeHa rpaha
cy obpyuweHe u ypehajem Erichsen EasyCo (D65
n3Bop ceetna, 10° yrao) mepeHe cy KoopguHate
6oje y CIEL*a*b* cuctemy (L* — cBeTamHa, a* -
LpBEHA HWjaHca, b* - KyTa HujaHca). Pasnuka y
boju (AE) namehy y3opaka napeHe u HenapeHe
OyKBe je u3payyHaTta u KnacudrKoBaHa Ha yodu-
YajeH HauuH (Hnp. Allegretti et al. 2008).

PE3YATATHU 1 AMCKYCHJA

Lumknyc cywersa (ykwydyjyhu dase 3arpesa-
Ha M KOHAMLMOHMPaHba) Tpajao je 523 yaca (Ch.
3). MpoceyHa NoYeTHa BAAXKHOCT, MEPEHO COHAA-
Ma y cywapu, usHocuna je oko 50%, npu yemy je
npocek YyeTupun coHge ydoaeHe y napeHy rpahy
n3Hocmo 58%, a y HenapeHy 42%. OBa pa3nuka
je jacHo BMA/bMBA Y NPBMX OCam AaHa Cyllema,
na dun notom (Mcnogd 25-27% BnaxHOCTU) KpuBe
cywetrba dune cnmyHe cBe Ao Kpaja. bpxke cywe-
Hbe MapeHux Jacaka y NpBMM AaHUMA cylliera je
BE/IMKUM [eN0M Y3POKOBAHO BMULIOM MOYETHOM
BAaxKHowhy. McToBpemeHo, To je cariacHo ca pe-
3yNTaTMMa NPETXOAHUX UCTpaXkmBaka (Harris et
al. 1989, Majka i Olek 2007).

KpuBe cyluerba facaka Ha BpXy C/OXaja Ao-
OujeHe Ha OCHOBY rpaBMMeTPUjCKN oapehnBaHe
BNAXKHOCTU MMajy cauyaH TpeHg (Cn. 4), ¢ Tum
LITO je HMXOBO MpUdnKaBarbe OCTBAPEHO joL
KacHuje (ucnog 20% BnaxkHoctn). OBO je nocne-
AMLA HUXKe NOYeTHe BNAXKHOCTU HemnapeHe Jacke
Yy OZIHOCY Ha Mepera COHAM Yy CyLlapw.

C 00631pOM Ha PasNUUUTY NOYETHY BIANKHOCT,
OYEeKMBaH je U pasnnunT NPpodun BAANKHOCTU NO
£ed/bMHU NapeHe 1 HenapeHe Aacke y NpBUM Aa-
HMMa cywemnsa (Cn. 5). MoBpLUMHCKK ciojeBu (ae-
O6/buHE NpUdMKHO 5 mm) napeHe facke ynase
Yy XUTPOCKOMHO nogpyyje nocne oko 50 yacosa
cywema (ykbydyjyhu 3arpeBare), 40K je Mo uu-
TaBoj aedsbmHu BnaxHocT ncnog 30% nocne 200
YacoBa cyllera. 360r HUCKe NOYEeTHE BIAXKHOCTH,
yutasa gedsbMHa HenapeHe gacke je ucnog 30%
Beh nocne 96 yacosa cywera. Yak 1 nocne 336
yacoBa (14 paHa) cywera, NPoduA BNAAXKHOCTU je
jacHO owWTpKjM Kog, NapeHe y O4HOCY Ha Henape-
Hy Jacky. Ha camom Kpajy cylerba, Kao 1 nocne
basze KoHAMUMOHMPaHba, NPOPUAN BNAANKHOCTU CY
C/IVYHW.

MpoceyHa KOHayHa BNaXKHocT ogpeheHa rpa-
BMMETPUjCKM 3a 14 ncnmTaHux Aacaka je M3Hocu-
na 7,1% (CA4 0,9%). MNpoceyHa noyeTHa BAAXKHOCT
oppeheHa Ha OCHOBY KOHAYHe B/IAXHOCTU M
maca facaka npe u nocne cylliema je n3Hocuna
43.9% (CA, 6.5%). MpoceyHe noyeTHe U KOHa4yHe
BNIAXHOCTM 33 NapeHe U HemapeHe Aacke MpuKa-
3aHe cy y Tabenu 3. Huje ytBpheHa cTaTUCTUYKK
3HayajHa pas3nuka mM3mehy napeHux U Henape-
HUX [AacaKa HW 33 MOYETHY, HN 33 KOHayHy BAa-
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Cnuka 4. Kpuse cywerba 3a napeHy 1 HenapeHy gacky (oapeheHe rpasumeTpujcki)
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Cnuka 5. Mpoduan BnaxkHocTH no AebsbmHK rpahe (neBo — NapeHa Aacka; AecHO — HenapeHa Aacka)

XHocT. M nopepg, Tora, Ha OCHOBY pa3/ivKe n3me-
Hy noyeTHe M KOHayHe BNA*KHOCTU, jacHO je Aa
je npoceyHa 6p3nHa cywera duna HewTo Beha
napeHe (0,076%/4) y ogHocy Ha HenapeHy rpahy
(0,065%/4).

MouyeTHa BNAXHOCT M3MepeHa coHAama y
Cyllapu Ha HenmapeHMM gackama je Beha y og-
HOCY Ha rpaBUMeTPUjckM ogpeheHy BAaXKHOCT U
TO 3a 2-6%. Koa napeHux gacaka To oacTynakbe
je Behe n nsHocn 4-24%. U Kop KOHauyHWUX BNa-
JKHOCTW, COHZAE Cy MOKa3uBase BULIE BPEeAHOCTU
o4 cTBapHuX (3a 0,4-6%). butHo je uctahu ga je
YWTaB LMKAYC Cyllerba CrpoBeseH ca u3adpaHum

TMnom apseTta 6poj 3 (wTo npoussohay nponu-
cyje 3a OykBy). AHanusa nokasyje ga &u Tpeda-
10 KOPUTOBaTU KPMBY Yy ayTOMaTULM (3aBUCHOCT
€NEeKTPUYHU OTMOP — BAAXKHOCT) y Noapydjy Bna-
KHOCTU gpBeTa usmehy 7 n 15% u To Tako Aa
Oyne npudauKHa KpuBM 33 TUMNOBE ApBeTa ca
03HaKom 2 (roe cnaga napeHa dyksa), dap npwu
Mepery Ha BUCOKMM TemrepaTypama KapakTepu-
CTUYHMM 33 OBO MOAPYYje BAaKHOCTU. Tako du ce
136erno npecylimBare pesaHe rpahe dykse.
MpoceyHa pasnnKa BAAXKHOCTM NO Aed/bUHM
3a 14 ucnuTaHuMx gacaka usHocuna je 2,8% (CL4
1,5%). Huje ytBpheHa cTaTUCTMYKKM 3HAYajHa pa-

Tadena 3. NMoyeTHa U KOHaYHa BNAXKHOCT, Pas3/iMKa BAAXKHOCTU NO Aed/bMHU U BENNYMHA pa3maka 3a NapeHy

1 HenapeHy rpahy

MapeHa pesaHa rpaha

HenapeHa pesaHa rpaha

MoyeTHa BRaskHOCT (%) 46,4 (8,2) 41,5 (3,5)
KoHauHa Bna*kHoCT (%) 6,8 (0,7) 7,5 (1,0)
Pasnnka BnaxkHocTu no aedsbuHu (%) 2,4 (0,8) 3,2 (1,9)
Pasmak (mm) 1,5 (0,4) 1,8 (0,5)

CraHgapaHa Aesujaumja y 3arpagama
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Cnuka 6. KoopaumHate doje (ca cTaHaapaHUm aesuja-
uMjama) napeHe 1 HenapeHe pesaHe rpahe

3/IMKa M3mehy napeHux M HemapeHux Jacaka Hu
no oBOM KpuTepujymy. Mnak, ako ce yame y 06-
3Mp Za je No4yeTHa BAAXKHOCT NapeHux Jacaka
6una HewTo Beha, oyekmBaHa je &duna u seha
pasfiMKa y BAAXKHOCTU No Aed/bUHKM NnapeHux aa-
caKka. PesyntaTv To HMCY NOTBPAMUAN LUTO yKasyje
[a je, Npy UCTUM NMOYETHUM BIANKHOCTUMA U UC-
TOM pexumy cyliera, moryhe o4ekmBaTh Yak 1
paBHOMEPHMjU NPOdUA BNAAKHOCTA Ha Kpajy Cy-
Lwerba nNapeHe pesaHe rpahe. MpoceyaH pasmak,
Kao Mepa CKopenocTu, 3a 14 ucnuTaHux gacaka
nsHocwmo je 1,6 mm (CL 0,4 mm). Pasnuka y senu-
UMHM pa3maka namehy napeHe v HenapeHe rpahe
HMje CTaTUCTMYKM 3HavajHa. Mnak, Kao 1 Kof pa-
3/IMKe BIAXKHOCTM No Aed/bUHU, MOXKe ce NpeTno-
cTaBUTK Aa je moryhe, Npu UCTUM MOYETHUM BAa-
KHOCTMMA M UCTOM PEXMMY Cyllerba, OCTBAPUTH
YaK M BULUKM KBANUTET Cyllerba NapeHux Aacaka.
bnaro napere je Mano 3HaYyajaH yTMLUaj Ha
npomeHy doje pesaHe rpahe dykse. MpoceyHa L*
BPELHOCT je HMKa Kog napeHe dykee (Cn. 6), AOK
cy a* u b* BpegHoctn Buwe. Kao wTo je oyeku-
BaHO, CTaHAapAHe AeBujauumje cBMX MapameTtapa
boje cy 3HaTHO Behe Ha MmapeHoj y oAHOCY Ha
HenapeHy rpahy. YKynHa pasnuka y 6oju nsmehy
napeHe u HenapeHe rpahe je Bucoka (AE=7.3).

3AKAYIIH

YtBpheHo je Opxe cywere dnaro napeHux
[lacaKka y HaTXMIPOCKOMHOM MoApPYYjy BAaXKHOCTK
y 04HOCY Ha HemapeHy rpahy, WTo je BeMKUM ae-
JIOM Y3POKOBaHO BMLLIOM MOYETHOM BaaxkHouwhy.

88

KpuBe cywera ncnog 25% BnaxKHOCTU Cy CUYHE
33 MapeHe M HenapeHe Jacke.

Mpodunu BnaxkHocTn no AedsbuHKM rpahe
TOKOM Cylleha Cy MOKasaau Aa Cy LeHTpasHu
C/NI0jEBU MapeHUX [acaka, 300r BULLE MOYETHe
BNIAXKHOCTM, 3HATHO KaCHMje YLUAN Y XUTPOCKOMHO
noApyyje BAAXKHOCTU Y OQHOCY Ha HemnapeHe Aa-
cke. OBO MNaK HWje JOBENO [0 HeyjeAHaYeHnjux
npoduna BnaxxHoCcTn 1 Behe CKOpPenocTn napeHmx
[acaKka Ha Kpajy cywera. CTaTUCTUYKM 3HAYajHa
pasnuka namehy napeHe u HenapeHe rpahe Huje
yTBpheHa HM Kop, jeAHOr UCMUTMBAHON NMapame-
Tpa (BN1a¥KHOCT, pas/inKa BAAXKHOCTM No Aed/buHM,
pa3mak), YaK cy MpocevyHe BPEAHOCTU Pas/inKe
BIQYKHOCTM MO Aed/buHM 1 pasmaka dune mare
(y3 marby cTaHAapAHy Aesujaumjy) Kog napeHux
Jacaka. okasaHo je Aa ce yoduyajeHn pexunm
cyllera 3a HemnapeHy OYKBY MOXe KOPUCTUTU U
3a dnaro napeHy rpahy, anu cy notpedHa goaat-
Ha UCMUTMBAHA KaKo OU Ce yTBPAU/IE EBEHTYaNIHE
cneundUYHOCTM cyluerba napeHe pesaHe rpahe
OyKse.

McTparkmBatbe je MoKasano Aa cy notpedHa
yHanpehera y mMepery BAAXKHOCTU MapeHor U
HenapeHor ApseTa dykse y cylwlapama, HapounUTo
y noapyyjy BnaxkHoctn 7-15%.

Boja napeHe pe3aHe rpahe nocne cywema
je duna TamHMja ¢ M3parKeHUjUM TOHOM LipBeHe
boje y oaHocy Ha HenapeHy rpahy, anun ca sehom
Bapujaumjom doje.

HanomeHa: Pag je peannsoBaH y oKBMpPY Npo-
jekta &p. TP 31041 koju ¢uHaHcuMpa MuHucTap-
CTBO MpOCBETE, HayKe U TEXHONOLWKOr pa3soja Pe-
nydnuke Cpduje. [leo pesynTtaTa je npeseHTOBaH
Ha KoHdpepeHunjn ,Wood technology & product
design” ogp:<aHoj y Oxpuay (MakegoHuja) og 30.
8. 0o 2. 9. 2015.
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AND COLOUR OF BEECH TIMBER

INFLUENCE OF STEAMING ON DRYING QUALITY

Mili¢ Goran, assistant professor, University of Belgrade — Faculty of Forestry
Todorovi¢ Nebojsa, assistant professor, University of Belgrade — Faculty of Forestry
Popadi¢ Ranko, assistant professor, University of Belgrade — Faculty of Forestry

Abstract: This paper presents the results of an analysis of influence of the “light” steaming
process on conventional drying and colour of beech timber. A stack consisting of steamed
and unsteamed boards was dried. Moisture content and moisture content profiles were re-
corded, and at the end of drying final moisture content, moisture content difference across
thickness, case-hardening and colour were determinated. No statistically significant difference
between steamed and unsteamed timber was established in any of the examined parameters
(MC, AMC, gap). The results indicate that equal (or even) better drying quality can be expected
with steamed beech timber than with unsteamed timber, given the same drying schedule.
Dry steamed timber was darker and more reddish than the unsteamed one. An imprecision of
measurement by probes in the kiln was noticed in measuring steamed and unsteamed beech
timber having a moisture content of between 7% and 15%, and a solution for overcoming this

problem was given.

Key words: beech timber, steaming, drying quality, colour

INTRODUCTION

The steaming of timber is a process that has
been used in wood industry for decades. It is a
process in which saturated water steam is ap-
plied on wood with one of the following goals
(Pervan 2009): colour change, hygroscopicity
decrease, moisture content equalizing across
timber’s thickness before kiln drying, wood sof-
tening for further timber processing or bending,
sterilization, reduction of collapses. Results of
these goals are highly affected by the duration
of steaming, applied temperature (e.g. Tolvaj et
al. 2010) and steam pressure. Colour change, as
the most common goal, is usually attributed to
hydrolysis of accessory compounds and arised
condensed polyphenolic products during steam-
ing (StraZe et al. 2008), but the result of steaming
highly depends on the wood species (Varga and
van der Zee 2008).

Timber steaming is mostly conducted on
green wood, before kiln drying. Some researches
(e.g. Alexiou et al. 1990, Harris et al. 1989, Majka
and Olek 2007) showed that the drying rate of

steamed boards is higher than that of unsteamed
boards (mostly in the early stages of kiln-drying,
for moisture contents higher than 30%). On the
other hand, there are conflicting opinions on
how significant the influence of steaming is on
hygroscopic properties of wood. Thus, Unsal and
Ayrilmis (2004) stated that the equilibrium mois-
ture content changes after timber steaming are
measurable but not important from the practi-
cal point of view. On the other hand, Majka and
Olek (2007) and Todaro et al. (2012) observed the
significantly lower equilibrium moisture content
values after steaming of beech and Turkish oak,
respectively.

Beech timber intensively steamed to dark red
colour had been popular for decades. In the last
twenty years or so, there has been an increased
demand for the so-called light-steamed beech
timber. This demand is usually met by applying
lower temperatures, and shorter duration of
steaming. The goal of this paper is to establish
the influence of such steaming on conventional
drying of beech timber in the context of moisture
content, and moisture content profiles during dry-
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ing, as well as the final drying quality. Determina-
tion of exact colour of dry steamed beech timber
was another goal of the research.

MATERIALS AND METHODS

The research was conducted on 50 mm thick
steamed and unsteamed beech timber (Fagus syl-
vatica L.) that was 2.1 m long. Board width was
12—-30 cm. All boards were without red heart-
wood. Steaming was conducted in an industrial
steaming chamber with a capacity of 20 m?by us-
ing the so-called light-steaming that is character-
ized by stacking timber on stickers, by lower tem-
peratures, and by a shorter-than-usual duration
of steaming. The entire steaming process lasted
for 23 h, and the applied steaming temperature
was 80 °C (Table 1).

The conventional drying was done in a labo-
ratory kiln with the capacity of around 0.8 m?® of
timber. The equipment of the kiln consists of two
reversible fans, cold water humidifying system,
electrical heating elements and computer control
regulation with eight probes for measuring timber
moisture content (MC) and two sensors for tem-
perature and equilibrium moisture content (EMC)
measurements. The heating phase was conducted
with a temperature increase of 3°C/h. A drying
schedule commonly used in Serbia (Mili¢ et al.
2013) was chosen (Table 2). After drying, the con-
ditioning phase was conducted (18 hours, 58°C,
EMC=11%). Timber was dried to target 10% mois-
ture content, measured by the probes in the kiln.

Table 1. Steaming schedule (beech timber, 50 mm)

Figure 1. Samples extraction plan during drying

A stack of 17 steamed and 17 unsteamed
boards was dried, and these boards were placed
in alternating layers. Masses of all boards were
measured, and for 14 chosen boards (7 steamed
and 7 unsteamed) the dimensions were also
measured. Probes for measuring moisture con-
tent were inserted in 4 steamed and 4 unsteamed
boards. The stack was 60 cm wide, 2.1 m long
and 10 layers of boards high. On the top of the
uppermost layer, concrete blocks were placed (to
decrease deformations), as well as two boards (a
steamed one and an unsteamed one) that were
used to extract samples during drying (Fig. 1).

Samples A and C were used to determine
the MC by the oven-dry method, and samples B
were used to determine the MC profiles across
thickness (10 lamellae were cut) during drying.
Samples extraction was conducted 10 times, in
these intervals: at 0, 48, 96, 144, 192, 264, 336,
432, 504 hours, and at the end of drying. At the

Phase Time (h) Temperature (°C)

Heating 12 till 80°C

Steaming 8 80°C

Cooling 3 -

Table 2. Conventional drying schedule (beech timber, 50 mm)

Moisture cont. (%) 60 55 50 45 40 35 30 25 20 15 10 5
Temperature (°C) 37 38 38 38 38 40 43 47 52 58 62 62
EMC (%) 155 155 15 145 14 135 125 95 7 5.5 4.5 4
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Figure 2. Test samples for determination of final MC
(Aand D), MC distribution across thickness
(B) and gap measurements (C)

end of drying, masses of all boards were meas-
ured again, and dimensions were also measured
on control boards. Samples were then extracted
from all 14 control boards (Fig. 2) in order to de-
termine the final MC (samples A and D), the MC
profiles (samples B) and case-hardening (samples
C). Gap measurements were taken 48 hours lat-
er. Moisture content difference across thickness
(AMC) was calculated as the difference between
moisture contents of the central and the surface
lamellae. Each lamella was 5 mm thick.

Average MC, average AMC and average gap
were calculated, as well as the standard devia-
tion for each of these parameters. The results ob-
tained for steamed and unsteamed timber were
compared. The t-test was used for establishing
statistically significant differences.

After drying, the steamed and unsteamed
boards were sanded and the colour coordinates
in the CIEL*a*b* system (L* — lightness, a* - red
hue, b* - yellow hue) were determined using a Er-
ichsen EasyCo device (D65 light source, 10° angle).
The colour difference (AE) between steamed and
unsteamed beech was calculated and classified in
a standard manner (e.g. Allegretti et al. 2008).

RESULTS AND DISCUSSION

The drying cycle (heating and conditioning
included) lasted for 523 hours (Fig. 3). Average

initial MC, measured by probes in the kiln, was
around 50%, of which the average value of four
probes in steamed timber was 58%, while the av-
erage value of four probes in unsteamed timber
was 42%. This difference was clearly present in
the first eight days of drying. At moisture content
below 25-27% drying curves were similar to the
end. Faster drying of steamed boards in the first
days of drying was mostly caused by the higher
initial moisture content. This is also in agreement
with the results of previous research (Harris et al.
1989, Majka and Olek 2007).

Drying curves of boards at the top of the
stack obtained according to oven-dry determined
MC followed a similar trend (Fig. 4), with curves
converging even later (below 20% MC). This was a
consequence of lower initial MC of an unsteamed
board, compared to measurings by probes in the
kiln.

Considering the different initial MCs, a differ-
ent MC distribution across thickness was expect-
ed with both types of boards in the first days of
drying (Fig. 5). In the steamed board, the MC of
surface lamellae (approximately 5 mm thick) was
inside the hygroscopic area as soon as 50 hours
after the start of drying (including heating). The
MC of other lamellae did not fall under 30% in
the first 200 hours of drying. The unsteamed
board had a lower initial MC, so the board had an
MC below 30% across its entire thickness as soon
as 96 hours into drying. Even after 336 hours (14
days) of drying, the MC profile is clearly sharper
in the steamed than in the unsteamed board. At
the end of drying, and also after the conditioning
phase, the MC profiles were similar.

Average final MC determined by the oven-dry
method in 14 tested boards was 7.1% (SD 0.9%).
Average initial MC determined by final MC and
board masses before and after drying was 43.9%
(SD 6.5%). Average initial and final MC for both
steamed and unsteamed boards are shown in
Table 3. There was no statistically significant dif-
ference found between steamed and unsteamed
boards, in neither initial nor final MC values.
However, on the basis of difference between the
initial and final MC, it is clear that the average
rate of drying was somewhat greater in steamed
(0.076%/h) than in unsteamed timber (0.065%/h).
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Figure 3. Drying curves (steamed, unsteamed and average), temperature and EMC in test run
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Figure 4. Drying curves for steamed and unsteamed board (determinated by oven-dry method)
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Figure 5. Moisture content distribution across thickness during drying (left - steamed board; right — unsteamed board)

In unsteamed boards, the initial MC meas-
ured by probes in the kiln was higher than MC
determined by the oven-dry method by 2 — 6%.
In steamed boards, this difference was greater
and was between 4% and 24%. At final values,
the probes again measured values greater than
real (by 0.4 — 6%). It is important to emphasize
that the entire drying cycle was conducted ac-
cording to the timber type 3 (recommended for
beech by the kiln manufacturer). The analysis
shows that used electrical resistance—MC curve
should be corrected in the area between 7% and
15%, in such a way that it is closer to the curve

for timber type 2 (steamed beech), at least with
measurements taken at high temperatures that
are characheristic for this area of MC. This would
prevent beech timber from overdrying.

Average AMC for 14 examined boards was
2.8% (SD 1.5%). There was no statistically signifi-
cant difference between steamed and unsteamed
boards in this view, too. However, if taken into
account that the initial MC of steamed boards
was somewhat higher, a greater difference was
expected in MC across thickness of steamed
boards. The results did not confirm this. This
indicates that, with the same initial MCs and by

Table 3. Initial and final moisture content, moisture content difference across thickness and gap for steamed

and unsteamed boards

Steamed boards

Unsteamed boards

MC, .. (%) 46.4 (8.2) 415 (3.5)
MC, , (%) 6.8 (0.7) 7.5 (1.0)
AMC (%) 2.4 (0.8) 3.2 (1.9)
Gap (mm) 1.5 (0.4) 1.8 (0.5)

SD in parenthesis
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Figure 6. Colour co-ordinates (with SD) of steamed
and unsteamed beech timber

using the same drying schedule, a more even MC
profile could be expected at the end of drying of
steamed timber as compared to unsteamed tim-
ber. Average gap, as a measure of case-harden-
ing, was 1.6 mm (SD 0.4 mm) in the 14 exam-
ined boards. The difference in the sizes of gap in
steamed and unsteamed timber was not statisti-
cally significant. Still, as with the AMC, a higher
drying quality could be expected with steamed
boards in a situation with the same initial MC and
the same drying conditions.

The light steaming had a significant effect on
colour change of beech timber. Average L* value
was lower for steamed wood as compared to un-
steamed (Fig. 6), whereas a* and b* values were
higher. As expected, standard deviation of all
coordinates for steamed timber was higher than
for unsteamed timber. The total colour difference
between steamed and unsteamed samples was
high (AE=7.3).
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CONCLUSIONS

It was found that, above MC of 30%, drying of
light-steamed boards was faster than that of un-
steamed boards. This was mostly caused by the
higher initial moisture contents of the steamed
boards. Drying curves below MC of 25% were
similar for both types of boards.

MC distribution across thickness during dry-
ing indicates that the central layers of steamed
boards, having had a higher initial MC, entered
the hygroscopic area much later than those of
unsteamed boards. Still, this did not produce
greater AMC nor a greater case-hardening at
the end of drying of steamed timber. No statis-
tically significant difference between steamed
and unsteamed timber was found in any of the
examined parameters (MC, AMC, gap). The aver-
age values of AMC and gap were indeed lower
(with a smaller standard deviation) in steamed
boards. The research showed that a common dry-
ing schedule for unsteamed beech can be used
for steamed timber as well, but further work is
needed to determine the specificities of drying
of steamed beech timber.

It was also found that improvements are need-
ed in measuring moisture content of steamed and
unsteamed beech timber in kilns, especially with
a moisture content ranging between 7% and 15%.

The colour of steamed timber after drying was
darker and more redish than the colour of un-
steamed timber, but with higher colour variation.

Note: This research was realized within pro-
ject TR 31041 financed by Ministry of Education,
Science and Technological Development, Republic
of Serbia. It was partially presented at the Confer-
ence “Wood technology & product design” held
in Ohrid (Macedonia) from 30.08. to 02.09.2015.
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