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U3Boa: NpeameT oBor paja je aHanu3a KBanuTetTa NPUPOAHOT U KOHBEHLIMOHAIHOT Cyllerba
cyddocunHor gpeeTa xpacta. [Nopes KBaauTeTa Cylera, UCNUTaHa je 1 doja oBOr maTepujana,
Kao M yTuLaj npoLeca cylwera Ha npomeHy 6oje. Y ekcnepumeHTy je kopuwheHo cyddocmnHo
[APBO XpacTa Koje noTuye 13 LeHTpanHe Cpduje. Mpaha je HaKOH U3pe3nBatba CyLueHa NpUpoa-
HUM NyTem A0 oKo 20% BNaXKHOCTU, @ 3aTUM BELUTAYKM A0 BNAXKHOCTK 04, 9,5%. Micnutnsarem
KBa/MTETa NPUPOLHOT CyLleHa yTBPHEHO je BENMKO NPUCYCTBO MYKOTUHA, KAa0 M HeNpeLun3HocT
Mepera BAAXKHOCTM nomohy enekTpoBaaromepa. LLlapyka 3a BeLTauKo cyllere ce cacTtojana
on 24 packe, og, Kojux cy 4 kopuwheHe 3a npaherbe BAAXHOCTU M NPOdUAa BAAXKHOCTU Y TOKY
cywema. Ha Kpajy npoueca oapeheHa je KoHayHa BNAAXKHOCT, Pas/iMka BNaXKHOCTM Mo Ae6/bUHM
rpahe v ckopenoct. Mako je kopuwheH daar pexxum BewTayKor Cylleta, Pa3mak je, Kao mepa
CKOpenocTu, koa cyddpocmnHor xpacta 6uo Behu og, ouekmBaHor 3a yoduyajeHo ApBO XpacTa
ncte aedmbmHe. YTBphHeEHO je Aa npouec cylera Hema 3Ha4ajHor yTuiaja Ha npomeHy 6oje cyb-
docunHor gpseta. OueknsaHo, doja cyddocunHor apseta xpacTa je Suna 3HayajHO TamHuja y
oAHoCy Ha yoduuajeHo ApBO XpacTa, a yTBpheHa je n pasnnka y 6oju LLeHTPanHor U crosballkber

Zena tpynua cyddocunHor xpacra.

KmbyuHe peuun: cydoCuaHM XpacT, KBaMTET cyllera, doja ApBeTa

YBOA

CyddocunHo apso je HepocnanM3oBaHO APBO
Koje je CTOTMHama WAM Xu/bagama rogumHa duno
[EenoHOBaHO y pekama, MoYyBapama Ui MopeHa-
ma. Kaga ce apso Hahe y aHaepoOHMM ycnoBuma
OHO OuBa 3awTMheHo oA rnaBHUX daKkTopa Koju
YTUYY Ha HEeroBy gerpagaumjy — KemnodarHmx nH-
ceKaTa U JIMTHUKOMHUX /bMBa. Ha Taj HAYMH OHO
MO3Ke dUTM cauyyBaHO M3Y3eTHO Ayr BPEMEHCKM
nepuog,. Mako 13010BaHO 04, OBUX LUTETOYMHA, Y
OPBETY Ce, TOKOM BpeMeHa, ogurpaBajy dpojHu

npouecu. HajsHavajHuju je docmnmsaumja —3ame-
Ha OPraHCKUX jeaurberba HeOPraHCKMM, Koja Ko-
HAaYHO MOXe L0BecTu A0 KapdoHudukaumje nnm
netpuoukaumje matepujana (Christiernin etal.,
2009). CybdocunHnm ApBETOM Ce CMaTpa OHO Kof,
KOr je npouec pocmamsaumje 3anoyeT, anun He u
3aBpueH. [lo caga HajcTapuyja npoHaheHa aedna
cybdocumnHor xpacTa cy ctapocti oko 11 xusbaaa
roauHa (Sinkovic et al., 2009). Ocum docunnmsa-
uuje y ApBeTy ce TOKOM BpemeHa oaurpasajy u
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OpojHM Apyrv npouecu (XMAPOAUTUYKa aerpaja-
uMja, pasrpagtba OCHOBHWX FPaMBHUX enemeHaTa
MU MUHEpanunsaumja), Koju cy n3asBaHu pPasInym-
TUM YC/IOBMMaA CpeanHe Y KOjoj je ApBO AeMNOHOBa-
HO (TemnepaTtypa, KUCEeNOCT, MPUCYCTBO KMCEOHU-
Ka, Boga u cn.). Kolar et al. (2012) HaBoae Aa
YC/I0BM Y KOjMMa je ApBO AeNOHOBAHO MMajy 3HaT-
Ho Behu yTUL,Aj Ha NPOMEHe Koje ce jaB/bajy y Oa-
HOCY Ha Bpeme AenoHoBaka.

HajounrnegHnja pasnuka nsmehy cyddpocun-
Hor 1 yoduyajeHor gpBeTa xpacTa je doja. [pBo
nocTaje 3/1aTHO-8Pa0H, CMBO UM NOTMYHO LPHO, Y
Cno/bHUM fenoBuma Tpynua. OBa npomeHa je no-
cneguua peakumje reoxkha pactBopeHoOr y BOAM U
TaHWHa npucyTHor y apsety (Blrck et al., 2012).
JepnHo Kog 6oje gpBeTa Bpeme Mma Behu yTuLaj
Y OZHOCY Ha yC/oBe Y KojuMa je ApBO AenOoHOBAHO
(Kolar, Rybnicek, 2010). Jocagawtba ucnutnea-
Ha cyddocunHor ApseTa xpacTta yriaBHOM Cy ce
baBuna HEroBUM CBOjCTBUMA, av Maso je UCMK-
TMBakba CNPOBEAEHO Ha TEMY CyLlera OBOTr MaTe-
pujana. Llnsb oBor paga buna je aHanusa KBanuTe-
Ta NPUPOAHOT U KOHBEHLMOHANHOI Cyllena
cyddocunHor gpseTa xpacTa. JogatHu unb duo je
4a ce oapeau u kBaHTUUMKyje doja oBor ApBeTa
nopeknom u3 ueHTpanHe Cpduje, Kao 1 fa ce
YTBPAM 4@ N [0N1a3U A0 HeHe NPOMEHE TOKOM
npoteca cylwema.

MATEPHUJAA 1 METOA

Tpynuwm cyddpocuaHor xpacTa Koju cy Kopuwhe-
HU Yy UCTpakKMBatby n3BaheHu cy U3 nnasHor se-
MJ/bULLITA OKO peke Bennke Mopase y LLeHTpaaHOj
Cpouju. U3 ux je nodmjeHa HeokpajueHa pesaHa
rpaha HomuHanHe gedsbuHe 25 mm u gyxuHe 2
m. LWnpunHa gacaka je usHocmna og 15 go 50 cm.
JacKe cy HaKOH M3pe3nBatba CIOXKEHE Y CN0XKaje-
BE M OCTaB/beHe Aa ce NpupogHo cywe. Mocne 6
Meceum NPUPOAHOT cyLWwetsa, rpaha je gonpemsbe-
Ha y nadopaTtopujy 3a cBojcTBa ApseTa LLlymapckor
dakynTeTa, YHuBep3uTeTa y beorpagy, rae je nssp-

WweHo ucnutueare. Oamax no gonpemu rpahe y
nadopaTopujy, M3BpLUEHO je NPodHO Mmeperbe rpa-
BMMETPUjCKOM MeToZoM nomohy ABa TUMa enek-
TpoBnaromepa 1 nsadbpaHe cy 24 gacke 3a BelUTauy-
KO cylwekrbe. [paha je KOHBEHUMOHAMHO CyLUeHa y
nadopatopujckoj cywapu 3anpemuHe 0,8 md.
Onpema cyluape je UAeHTUYHA ONPeMM Koja ce Ko-
PUCTU Y UHAYCTPUJCKMM Cyllapama: peBep3ndu-
HUW BEHTUNATOPU, CUCTEM 32 HaBNAXKMBatbe Ba3ay-
Xa, U3MeHNBAUYM TONNOTE, ayTOMATUKa 3a Bohere
npoueca (Huroc ML-2000), ocam coHam 3a mepe-
H€e BIAaXKHOCTU ApBeTa U ABa MepHa MecTa Temne-
paType u paBHOTEXHe BnaxKHocTU. LUnpuHa cno-
»aja je usHocmna 70 cm, Ay*KMHA 2 M, @ N0 BUCUHU
je noctas/beHo 12 pepoBa gacaka. CoHae cy pas-
HOMmepHO pacnopeheHe y npeux 10 pegosa, 40K
Cy AacKe U3 ABa pesa ca BpxXa CyXKUAe 3a U3pesu-
Bakbe y30paKa TOKOM cyllerba. BusyenHum npe-
rnegom rpahe, npu dopmuparsy cnoxaja, yrephe-
HO je BE/IMKO MPUCYCTBO MYKOTMHA M PachyKAuHa.
Kako &1 ce nsberno uxoBo fasbe Wuperse y Npo-
Lecy BelTayKor cylwema, KopuwheH je dnar pe-
UM rge Temnepatypa Huje npenasuna 40°C (Ta-
6ena 1). Ha Kkpajy cywema je cnposeaeHa ¢asa
KOHAMUMOHUPaHea U xnaherba.

3a UcnNUTUBatbe KBaUTETa NPUPOLHOT U Be-
LITaYyKor cywerba oaadpaHo je 11 KOHTPOHUX Aa-
caKa. /13 oBMx gacaka cy uspesaHe enpysere (ciu-
Ka 1) 3a ogpehunBatbe KOHayHe BAaXKHOCTM (a),
330CcTanux Hanpesama (b) n npoduna BnaxkHoOCTU
(c). OmpehuBatbe BNaXHOCTY je BPLUEHO rpaBume-
Tpujckum nytem (EN 13183-1:2002), anu je npe
NoYeTKa BELUTAYKOr CyLleHa BAaXKHOCT U3mepeHa
1 nomohy enektposnaromepa. Pasnunka BnaxkHo-
cT1 no gedsbunHu (Npodun BAaXKHOCTM) U3paYyHa-
BaHa je Kao pas/iMKa BAAXKHOCTU LEHTPASHUX U
cnosbHUX namena (yKynHo je duno 5 namena 3a
CBaKy enpyseTy). Pasamak, Kao Mmepa CKOpenocTy,
je mepeH HakoH 48 yacoBa. YeTnpKU KOHTPO/IHE Aa-
cKe cy KopuwheHe 3a npaheme npoueca cylweha
M 13 WX CY, CBAKOT AaHa, n3pe3nBaHe enpyseTe
(cnuka 2) 3a oapehmsarbe BnaxkHocTHM (a) u npodu-
/12 BNAXHOCTU (C) y TOKyY cyllema.

Tadena 1. Pexkmm KOHBEHLMOHANHOT Cyluerba (pe3aHa rpaha cyddocuaHor xpacrta, 25 mm)

BnakH. apseta (%) u,-20 20-16 16-12 12-u, KoHauu.
Temnepatypa (°C) 30 30 32 40 37
PaBH. BnaxH. (%) 9 7 6 5 9
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Cnuka 1. HaunH n3pesunsarba enpyBeTa 3a KOHTpoOAy
KBa/MTETA CyLUeHa, @ — UCTIUTUBAE BAAXKHOCTH, b
— UCNUTUBAHE CKOPEIOCTH, C — UCMINTUBAHbE Pacno-
pesa BNaXHOCTU Mo Aeb/bUHM

50mm

Cnuka 2. N3pesnsarbe y3opaka 3a UCNUTUBAHE BAa-
JKHOCTY (@) M pacnopesa BAayKHOCTY (C) TOKOM cyLuerba

=) e 5
Cnuka 3. Pa3nunka y 60ju 1 BeNIMKO NPUCYCTBO MyKO-
TUHa Ha rpahu cyddocunHor gpeeTa xpacra (n1eso), y
nopehetby ca rpahom yoduyajeHor xpacToBor ApBeTa
(necHo)

boja je mepeHa Ha cBUM fackama, npe u nocne
cylema, Ha HeodpaheHoj NnoBpLWMHUK. Ha cBaKoj
[acum cy HacymnyHo ofadpaHa 1 odenexeHa ABa
MepHa MecTa, Kako dU ce HaKOoH cylera Moria
M3mepuTH 60ja Ha UCTOj NO3MLMju. Ha oBaj HAUMH
je duno moryhe KBaHTMOUKOBATU eBEHTyaslHYy
npomeHy doje y npouecy cyliera.

MpomeHa doje No WMPUHM COPTUMEHTA je UC-
nUTaHa Ha paanjaHMM JAacKama, TaKo LUTO je Ha
WMPUHK Lenor copTumeHTa oja mepeHa Ha cBa-
KnMx 20 mm. Y oBom cny4ajy Soja je mepeHa Ha
obpaheHoj noBpwKHU. 3a mepere doje, Kopu-
wheH je ypehaj Erichsen Easy Co (anmeHsuja co-
yMBa 3a CHMMakbe je 10 mm, a ypehaj je dno noge-
LWeH Ha yrao nocmaTtparba 10° u ocsemberse D65
3a lHEBHO CBET/I0), KOjU Mepu KoopauHaTe doje y
CIEL*a*b*cucremy (L* — ceetimHa, a* - upseHa
HUWjaHca, b* - yTa HKjaHca). Ha ocHoBY AodnjeHnx
BPeaHOCTM KoopAuHaTa ogpeheHa je pasnuvka y
6oju npema cnegehoj bopmynu:

DE=+/(L,- L)+ (a,-a,)+ (b,- b )

Knacuoukaumja je ypaheHa npema Kputepujy-
My Koje cy npuKasanu Allegretti et al., (2008).

PE3YATATHU 1 AMCKYCHJA

BusyenHum npernegom rpahe Koja je cylweHa
npuvpoaHuUMm nyTem yTBpheHo je Aa nocToju Benu-
Kn Opoj NyKOTUHA M pacnykauHa (caunKa 3). Ose
rpewke cy nocneamua dpsor rydbutka Bose 13 ap-
BETa HAKOH M3BNavera Tpynaua 13 BoAe 1 My/ba.
Mocne pa3pesuBarba Tpynaua rpaha je cyweHa
CTaHAAPAHOM NpoLeaypPOM MPUPOAHOT CylleHa
KOja ce y npaKkcu npumeksyje 3a yoduuajeHo ApBo
XpacTa. Ha ocHoBy nouuer ctaka oBe rpahe moxe
ce 3aK/by4YnTU fa Cy YC/I0BU NPUPOAHOr Cyllera
npesuLLe OLITPK 33 0Baj MaTepujan v aa du rera
Tpedano, oAmax HaKOH paspesnBatba, CYLIUTH Be-
LUTAYKUM NYTEM Y3 NMPUMEHY NOCESHUX pemma.
Mpenopyka HeKkux npovsBohaya je Aa ce pesaHa
rpaha cyddocuaHor xpacta ogmax HakoH paspesu-
Barba ybaLM y cyluapy y yc/ioBe penaTuBHe Ba-
HOCTM $>90%.

BnaHOCT ApBeTa, MepeHa efleKTpoBnarome-
pUMa, OACTYNa Of, BAAXKHOCTU payyHaTe rpaBmMme-
TPUjCKX. BpeaHOCTM BAAXKHOCTN MepeHe Kanaum-
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TUBHMUM BAaromepom (Npu MNoOLELeHOCTU Ha
ryctuHy 0,65 g/cm3) npukasyjy 3HayajHO HuKe
BPEAHOCTU Y OAHOCY Ha peasnHe (passnka OKo
10%), MaKo je BNaxHOCT ApBeTa y oncery y Kom du
KOHTaKTHU BAaromep Tpedano fa Aaje noysaaHe
pesynTate (cnvka 4). BpeaHoOCTM BAaKHOCTU ApBe-
Ta U3MepeHe BIaromepom Ha dasun eneKkTpuyHor
oTnopa dauKe cy peanHum. Y cayyajy Kopekuuje
3a BPCTYy ApBeTa Ha Tpehy rpyny, Kojoj npunaza
XpacT, 04CTynakbe BAAXKHOCTU Y OAHOCY Ha rpaBu-
METPUjCKM MeToZ, je oKo 4,5%. Mpwn KopeKunju 3a
BPCTY ApBETA HA YETBPTY rPyny OCTynarbe je Marbe
o4 1%. YnpaBo 3 Tor passiora je ayTomMaTCcKo BO-
hHere npoueca cylera NoAeLeHO Tako Aa CoHAe
Mepe BNIAXKHOCT Y3 KOPEKUWjy Ha 4eTBpTy rpyny
BpCTe ApBeTa. HakoH nNpmMpoaHor cylweka pacno-
pea, BNaxKHOCTH Nno Aed/buHM je o Beoma yjes-
HauyeH. paaujeHT BnaxHocTu (FB) HakoH npupoa-
HOT cywema je usHocwmo 0,33 %/mm.

Op, ponpeme rpahe y nadopaTtopumjy Ao noyeT-
Ka BELUTAYKOr CyLlera AOoLWo je A0 ryduTKa Bna-
JKHOCTW U3 ApPBETA, Na je NoYeTHa BNaXHoCT rpahe
3a BELUTAYKO Ccyllerbe (MEPEHO rPaBUMETPUjCKM)
6una 18,4%. KoHauyHa BnaxkHocT duna je 10,6%
(cnuka 6) 1 npouec je Tpajao NPUSAUNKHO 265 va-

coBa. Y noyeTHoj dasu cyllera ce MoxKe npume-
TUTK ocuMNaLmja 3a4aTe PaBHOTEXKHE BIAXKHOCTU
1 BE/IMKO OACTYNakbe CTBapHe o4 3ajaTe paBHoOTe-
*KHe BaXKHocTW. HacTana oacTynama cy nocneau-
LLa TEXHUYKe rpeLUKe Koja je KopurosaHa 1y npeo-
CTaZioM geny cylwera cy 3agaTyv napameTpu
yrnaBHOM dunu peannsoBaHu.

Paznuka namehy KoHauyHe BNaXKHOCTU U3Mepe-
He coHaama y cywapu (9,4%) n cTBapHe KoHayHe
BAaxHocTu rpahe (10,6%) nocnegmua je oacryna-
Ha MepeHba BNaXKHOCTU eIeKTPOBIAaroMepuma of,
BPeAHOCTU [O0dUjeEHUX FPAaBUMETPUjCKOM MEeTo-
aom. OBO oAcTynakrbe Ce jaBuio y Lenom npouecy
cylwera U Herosa BpeaHocT je og 0,8% po 1,5%
(cnuka 6).

lpagujeHT BNAaXKHOCTU Ha Kpajy BeLUTayKor cy-
wera je d1o 0,23 %/mm (cauka 7). Osa BpeaHOCT
33,0B0/baBa 3axTeBe HajBULLE K/lace KBaauTeTa,
LUTO je OYEKMBAHO, jep je rpaha npeTxo4Ho npocy-
WeHa NPUPOAHMM NyTEM U Ha Kpajy BeluTauyKor
cylwera KoHAMUMOHUpaHa. KpeTarbe rpaanjeHTa
BN1IAXKHOCTU Y TOKY Cyllierba NPUKA3aHo je Ha npu-
Mepy jeaHe penpeseHTaTUBHE gacke (cauka 8).
Ha ocHoBy npoduna BNaXKHOCTM MOXKe ce BUAETU
[0a je y TOKy cywera gowno go dnaror yjeaHada-

rpasumeTpuja KoHA,. rpyna 4 KoHA. rpyna 3 KanaumTuBHOCT
21
19
17
11
00 05 10 15 20 25
BnaxkHocT apBeTta (%)

Cnuka 4. 3amepeHe BnaxKHocTM cyddocunHe rpahe xpacra y 3aBUCHOCTU 04, HAUYMHA Meperba (KanauuTuBHOCT
- Mepetbe KOHTaKTHUM BIarOMEPOM MpuW KOPeKLujy 3a ryctuHy 0,65 g/cm?; KoHa, rpyna 3 — meperbe yooaHUM
BNIArOMEPOM Mpu KOPEKLMjU Ha rpyny 3 1 KOHA,. rpyna 4 — meperbe yoo4, HYM B1aromepom npu Kopekuuju Ha

rpyny 4)
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CnuKa 5. Tok cywetba pesaHe rpahe cyddocunHor apseTa xpacra
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Cnuka 6. Pasnuka y Meperby BAAXKHOCTU COHAAMA Y CYLIapy U rPaBUMETPUJCKUM METOLOM
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© TpaAujeHT BAXHOCTH NOC/e MPUPOAHOT Cyw. TPaAnjeHT BNaXKHOCTM NOC/E KOHBEHLL. CyLl,
B=0,33%/mm
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Cnuka 7. Pacnopes BNasKHOCTU Mo AeS/buHM rpafe Ha NoueTKy U Ha Kpajy cylwera
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Cnuka 8. MpomeHa BNAXKHOCTU NOBPLUMHCKUX U LIEHTPasHMX C/1ojeBa (No Aed/brHM) y TOKY Cyllera — NpuKa-
3aHO Ha NpMMmepy jeHe JacKke
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Bakba BNAXKHOCTM Mo Aeb/bUHU COPTUMEHTA. 3a
rpahy yoduyajeHor gpBeTa xpacTa, ucte aedbuHe
W Tpajatba KOHAVLMOHUPaba, MOXKE Ce OYeKMBa-
TW jOW HWUXKM NPOCEYaH rpagunjeHT BAAXKHOCTH,
oko 0,1 %/mm (Milié, Kolin, 2008).

Ha Kpajy npoueca cywetba, rpaha je umana Bu-
COK HMBO CKOpenocTu. Paamak, Kao mepa CKopeso-
CTM, MepeH HaKoH 48 yacoBa 610 je NpoceyHo 2,2
mm (Tadena 2). OBaKo BeNMKe BpeaHOCTM pasma-
Ka HUCY OYeKmMBaHe Kog rpahe Koja Mma HU3akK rpa-
OWjeHT BAAXKHOCTU. Y NMTepaTypu ce HaBOAM 3Ha-
YajHO CMatberbe MoAy/la eNnacTUYHOCTU Kop,
cyddocunror apseta (Mankovski et al., (2016),
Koldar, Rybnicek, 2010), wTo morke dutn jegaH
o[, y3pOKa BUCOKe cKkopenoctn. Cmatberbe moayna
e/lacTUYHOCTM aosoam Ao nosehara gedopmaum-
ja npu HenpomereHOM Hanpesatby. MNpema npe-
nopyuu ctaHaapaa CEN/TS (2010) 14464 rpaha
OCyLIEeHa y OBOM eKCNePUMEHTY MMa BUCOK HUBO
CKOPENOCTU.

Boja cybdocmnHor apBeTa xpacTa 3HavajHoO ce
pasnukyje og doje yoduyajeHor gpseTa xpacrta
Koja ce moske Hahu y nutepatypu (Mikleci¢ et al.,
2012). YKrynHa pasnuKkay doju je senuka (AE = 36).

Tabena 2. OCHOBHM NMoOKa3aTe/bl KBAIUTETA BELUTAY-
KOr cywera (X — cpeftba BPeAHOCT, 0 — CTaHAapAHa
Aesujaumja)

lMokasaTesb KBauTeTa  Jed. mepe X (]
KoHauyHa BnaxHoCT (%) 10,6 0,62
ApBeTa
[pagunjeHT BNasKHOCTH (%/mm) 0,23 0,03
Pasmak - ckopenoct (mm) 2,2 0,58

CBe KOMMOHEHTE MMajy HUKY NPOCeYHY BpegHOCT
kopg, cyddocunHor gpeeTa (civka 8), npu uemy je
Hajseha pasnuka, npeko 50%, KoA KOMMNOHEHTe
cseTnHe (L*). CTaHaapaHe AeBujaunje cBUX na-
pameTapa cy oyeknaHo Behe Kog cyddocunHor
ApseTa. AHanM3om nogataka o 6oju npe u nocne
CylleHa MOXKe ce 3aK/byyuTu [a je pasnnka He-
npumetHa (AE = 0,3) 1 Aa npouec cywera Hema
3HayvajHor yT1uaja Ha npomeHy doje cyddocmnHor
apseta. Koa cyddocmnHor apBeTa xpacTa ce jaB/ba
pa3nuka y 60ju LeHTpasHOT 1 cnosbalkber gena
Tpynua. PasnuKa je Benunka, BUA/bMBA OKOM, LUTO
je y oBom pagy v notepheHo (AE =9,2)

80
70
60
50
40 :[
30

20

10 |

I

CybdocunHm xpact

L*

b*

YobuuajeHu xpact

Cnuka 9. MapameTpu doje cyddocunHor 1 yoduuajeHor gpseTta xpacTa
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3AKAYIIIN

Ycnosu npupoaHor cylwera apseta y Cpduju
npesuLLe cy OWTPHM 3a cylere cyddocunHor ap-
BeTa xpacta. Nocneanua Tora mory dutn dpojHe
NMyKOTMHE U pacnyKAnHe Ha pe3aHoj rpahu. Mpe-
NopykKa je fa 0BO ApBO oAMax no Baherby 13 Boge
Tpeda WTo npe paspesaTv U ocywmnTn Kopuwhe-
HeM diarmx pexmma.

Mepere BnaxkHoctu cybdocunHor apseta
XpacTa nomohy enekTposnaromepa Huje noysaa-
Ho. Bnaromep Ha dasu oTNOPHOCTK, NoAeLLeH 3a
Mepetrbe BIaXKHOCTU yoduyajeHor ApBeTa XpacTa,
npuKasyje oko 4,5% HuKe BpeaHOCTW Yy OAHOCY Ha
rPaBUMETPUjCKM A0dMNjeHY BNAaXKHOCT.

MaKo je NnpeTxo4HO NPUMPOAHO CYLUEHO U KOH-
ONLMOHMPAHO, Ha Kpajy npoueca KOHBEHLMOHaN-
HOT cylera ApBO cydPOCMAHOT XpacTa MMano je
HeLTo BULWM rpagujeHT BaaxHoctm (MB = 0,23 %
/mm) y o4HOCY Ha OYeKMBaHe BPeAHOCTM 3a yodu-
YajeHo A4pBO XpacTa.

FROM CENTRAL SERBIA

KoHTposom KBanMTeTa BELITAYKOT CyLleHa 3a-
benekeHa je NoBULIEHA CKOPENOCT Y OAHOCY Ha
yoduuajeHe BpeLHOCTM HAKOH Cyllera ApBeTa
xpacTa ucte gedsbmHe. Moxe ce NpeTnocTaBUTU
[a je y3pOoK Tora cMarberbe MoAy/1a enacTMyHOCTU
ko cyddocunHor apseTa.

boja cyddocunHor xpacrta je 3HaTHO TaMHMja
o doje yoduuajeHor gpseTa xpacta. MNopes sesnu-
Ke Bapujauuje doje, cneunduryaH je teH nocreneH
npenas o, ceBetanje, S/IMKe CPXKMU, Ka TaMHUjoj,
dnuke Kopw. MpoLec BELWTAYKOr Cyllera Huje
MMaOo 3HayajHor yTuuaja Ha npomeHy doje cyddo-
CU/IHOT ApBeTa XpacTa.

HanomeHa: Pag je peannsoBaH y okBMpy Npo-
jekta 6p. TP 31041 n &p. TP 37008 Koje PpuHaHCK-
pa MUWHUCTapCTBO NpPOCBETE, HayKe U TEXHONO-
WKor pa3soja Penydnuke Cpduje. [leo pesynTata
je npeseHTOBaH Ha KOHdepeHuwuju ,6th Inter-
national Scientific Conference on Hardwood Pro-
cessing” oap»aHoj y Jlaxtnjy (PuHcka) og, 25. 9.
[0 28.9.2017.
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Abstract: The subject of this paper is the analysis of the quality of natural and conventional
drying of subfossil oak wood. In addition to the drying quality, the colour of this material, as
well as the effect of the drying process on colour change have been tested. The subfossil oak
logs that were used in this experiment originate from the Morava River in Central Serbia. After
sawing, timber was air-dried to about 20% moisture content (MC) followed by kiln-drying to
9.5% MC. By examining the quality of air-drying of the subfossil oak wood, a high presence of
cracks was found, as well as the inaccuracy of humidity measurement using electric moisture
meters. The stack for kiln-drying consisted of 24 boards, of which 4 were used for the moni-
toring of MC and MC distribution across the thickness of plank during drying. Drying quality
was evaluated after the kiln-drying process. Although mild drying conditions during kiln-drying
were applied, the gap as a measure of case-hardening had a value greater than usual for oak
of same thickness. It was found that the drying process has no significant effect on the change
in the colour of subfossil wood. The colour of the subfossil oak wood was significantly darker
than the usual oak wood, and the colour difference between the central and the outer parts of
the trunk of the subfossil oak was determined.

Keywords: subfossil oak, drying quality, wood colour



DRYING QUALITY AND COLOUR OF SUBFOSSIL OAK FROM CENTRAL SERBIA

INTRODUCTION

Subfossil wood is unfossilized wood deposited
in rivers, swamps or moraine sediments for hun-
dreds or thousands of years. In anaerobic condi-
tions wood is protected from the main factors that
affect its degradation - xylophagous insects and
lignicolous fungi, and it can be preserved for an
extremely long period of time. Although it is pro-
tected against the influence of fungi and insects,
many processes take place in wood over time. The
most important is fossilization — the replacement
of organic compounds with inorganic ones, which
can ultimately lead to the carbonization or petrifi-
cation of materials (Christiernin et al., 2009).
The wood in which the fossilization process has
begun, but has not been completed, is considered
to be subfossil. So far, the oldest found subfossil
oak logs are about 11 thousand years old (Sink-
ovic et al., 2009). In addition to fossilization, a
number of other processes occur in wood (hydro-
lytic degradation, decomposition of basic structur-
al elements and mineralization). These processes
are caused by different conditions of the environ-
ment in which the wood is deposited (tempera-
ture, acidity, the presence of oxygen, water, etc.)
Kolafr et al. (2012) state that the impact of the
environment in which the wood was deposited on
the changes in chemical composition prevails over
the effect of time.

The change in colour is the most obvious dif-
ference between subfossil and recent oak wood.
The colour of wood turns to gold-brown, dark gray
or black in the outer layer of the trunk. It is caused
by the reaction of the ferric components from the
water and the tannins present in oak (Birck et
al., 2012). The intensity of the shade is primarily
determined by the time during which the wood
has been deposited in water and soil (Kolaf, Ry-
bnicek, 2010). In previous research of the subfos-
sil oak wood its properties were mainly investigat-
ed and only a few papers are related to the drying
of this material. The aim of this study is to analyze
the quality of air-drying and conventional drying of

subfossil oak wood. An additional goal is to deter-
mine and quantify the colour of subfossil oak
wood originating from central Serbia and to deter-
mine if there is a change in colour during the dry-
ing process.

MATERIAL AND METHODS

The research involved trunks of subfossil Oak
(Quercus spp.) which have been deposited under
the surface of alluvial plains of the Great Morava
River in Central Serbia. Unedged timber was ob-
tained after sawing. The nominal thickness of the
boards was 25 mm, the width was 15-40 cm and
the length 2m. Timber was stacked for air-drying
for the period of about six months and then deliv-
ered to the Laboratory for wood properties at the
University of Belgrade - Faculty of Forestry. The
moisture content was determined using both con-
ductance and capacitance moisture meters, but
also by the oven-drying method. A total of 24
boards were kiln-dried and used for further re-
search. The lumber was conventionally dried in the
laboratory kiln with the capacity of around 0.8 m?
of timber (stack 2.0 m x 0.7 m and 12 rows in
height). The kiln consists of two reversible fans,
cold water humidification system, electrical heat-
ing elements and computer control regulation
with eight probes for measuring timber moisture
content (MC), and two sensors for measuring tem-
perature and equilibrium moisture content (EMC).
The probes were evenly distributed in the first 10
rows, while the planks from two rows from the top
served for cropping the samples. These samples
were used for tests during the drying process. By
visual inspection of the material, during the forma-
tion of the stack, a large presence of cracks and
fissures was found. In order to avoid their further
expansion during the kiln-drying process, a mild
schedule was used with the temperature not ex-
ceeding 40 °C (Table 1). At the end of the drying
process, the conditioning and cooling phases were
applied.

Table 1. Conventional drying schedule (subfossil oak, 25 mm)

MC (%) 21.2
Temperature (°C) 30
EMC (%) 9

16 12 Conditioning
32 40 37
6 5 9
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Control boards (11 pcs.) were selected for test-
ing the quality of air and kiln-drying. From these
boards, three samples for determination of the
properties of dried wood were cut out (Figure 1):
(a) final moisture content, (b) case-hardening, MC
distribution across thickness (c). MC determina-
tion was done gravimetrically (EN 13183-1: 2002),
but before the beginning of kiln-drying, MC was
also measured using electro moisture meters. The
distribution of moisture across thickness was cal-
culated as the difference in the moisture content
of the central and external lamellas (there were a
total of 5 lamellas for each sample). The gap, as a
measure of case-hardening, was measured after
48 hours. Four control boards were used to moni-
tor the drying process and from them samples
were cut out every day (Figure 2) for determining
MC (a) and MC distrbution across thickness (c).

The colour was measured using Easyco, manu-
factured by Erichsen. The diameter of the lenses
was 10 mm, the device was set at the observing
angle of 10°, and illumination D65 for daylight.
Measurements were made on marked places be-
fore and after the kiln-drying process, so it was
possible to see if there is a difference. The differ-
ence in colour of the central and outer layers of
the subfossil wood trunk was measured too. It was
measured on the central flat sawn boards from the
pith to the bark with a 2 cm step.

Based on the obtained coordinate values, the
colour difference was determined according to the
following formula:

AE=-/(L,-L)*+(a,-a,)+ (b,-b )’

The classification was made according to the
criteria shown by Allegretti et al., (2008).

RESULTS AND DISCUSSION

The visual inspection of subfossil oak boards
has shown that there were too many cracks and
fissures after air-drying (Figure 3). These are the
consequence of the rapid loss of water from the
wood after the removal of logs from water and
sludge. Considering that subfossil oak timber was
subjected to air-drying procedures commonly ap-
plied to recent oak in industrial practice its poor
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300 mm

Figure 1. Sample preparation for the determination
of: a — moisture content, b — case-hardening, c — dis-
tribution of MC across thickness

[20mm;

Figure 2. Preparation of samples for determining MC
(a) and MC distribution across thickness (c) during
the drying process.

Figure 3. The colour difference and the large pres-
ence of cracks in subfossil oak wood (left), compared
to recent oak wood (right)

condition afterwards showed that air-drying is not
suitable for this material. It should be kiln-dried im-
mediately after sawing with the use of a specific
drying schedule. The recommendation is to put the
wood in the conditions of air humidity of RH > 90%.
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The MC of the wood measured by electro mois-
ture meters differs from the MC obtained gravimet-
rically. Although the MC of the boards was within
the range in which the capacitance moisture meter
should be reliable, values of MC (at a density set-
ting of 0.65 g/cm?) were significantly lower than
the real values, with a difference of about 10% (Fig-
ure 4). The MC values of the wood measured by
the conductance moisture meter were closer to
the real values. In case of correction for the type of
wood to the third group where the oak wood be-
longs, the difference compared to the gravimetric
method was about 4.5%. For the correction for the
type of wood in the fourth group, the diference
was less than 1%. For this reason, the automatic
drying process was adjusted, so that the probes
could measure moisture with a correction to the
fourth group of wood types. After air-drying, the
distribution of MC across thickness was very uni-
form. The moisture gradient (MG) after natural dry-
ing was 0.33 %/mm.

From the time when the subfossil oak wood
was delivered to the laboratory to the beginning of
kiln-drying, there was a loss of moisture from the
wood, so the initial MC of the wood for kiln-drying
(measured gravimetrically) was 18.4%. The final
MC was 10.6% (Figure 6) and the process lasted
about 265 hours. In the initial drying phase, the

oscillation of the given EMC and the large devia-
tion of the actual from the given EMC can be ob-
served. These deviations were the result of a tech-
nical error that has been corrected and in the
remaining part of the drying process, the set pa-
rameters were mostly realized.

Depending on the method for measuring the
moisture content, different results were obtained.
The final MC measured by the probes in the kiln
was (9.4%) and the actual final MC of the wood —
measured gravimetrically was 10.6%. This devia-
tion occurred throughout the drying process and
its value ranges from 0.8% to 1.5% (Figure 6).

Moisture gradient at the end of the kiln-drying
process was 0,23 %/mm (Figure 7). This value
meets the requirements for the high drying quali-
ty, which was expected because the wood was
previously air-dried and conditioned after the
kiln-drying process. The change of the humidity
gradient during the drying is shown on the exam-
ple of a representative board (Figure 8). On the
basis of the MC profile, it can be seen that during
the drying process, a slight uniformity of moisture
content acrossthickness was obtained. For the re-
cent oak wood of the same thickness and duration
of conditioning, an even lower average moisture
gradient, about 0.1%/mm can be expected (Mili¢,
Kolin, 2008).

gravimetry conductive group 4

11

00 05 10

Moisture content (%)

conductive group 3 capaticance

21

19

17

15 20 25

Figure 4. The measured MC of the subfossil oak depending on the method of measurement
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Figure 5. The drying process for the subfossil oak wood
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Figure 6. The difference in the MC of wood, measured by probes in kiln and the gravimetric method
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© Moisture gradient after air drying Moisture gradient after kiln drying

MG=0,33%/mm
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Figure 7. MC across thickness of the plank at the beginning and at the end of the drying process
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Figure 8. The change of MC of the surface and central layers (in thickness) during drying - shown on the exam-
ple of a single board
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At the end of the drying process, quality con-
trol showed severe case-hardening. The gap, as a
measure of case-hardening, was measured after
48 h of conditioning and its average value was 2.2
mm (Table 2). Such high gap values are not expect-
ed in materials with a low moisture gradient. The
literature indicates a significant reduction of the
MOE in the subfossil oak wood (Mankovski et
al., 2016; Kolaf, Rybnicek, 2010), which can be
one of the reasons for severe case-hardening. The
reduction of MOE leads to an increase in deforma-
tion at the unchanged stress level. According to
the CEN/TS (2010) 14464 recommendation, the
wood dried in this experiment had severe
case-hardening.

The colour of the subfossil oak differs from the
colour of the recent oak wood which can be found
in the literature (Mikleci¢ et al., 2012). The total
colour difference was high (AE = 36). All compo-
nents had a lower average value in the subfossil
wood (Figure 8), with the largest difference of over
50%, in the lightness component (L*). As expect-

Table 2. The basic kiln-drying quality indicators
(x —mean, o - standard deviation)

Quality indicator me;:i:e?;ent X o
Final MC (%) 10.6 0.62
Moisture gradient (%/mm) 0.23 0.03
Gap — case-hardening (mm) 2.2 0.58

ed, the standard deviations of all parameters were
higher in the subfossil wood. By analyzing the col-
our data before and after drying, it can be conclud-
ed that the difference is imperceptible (AE = 0.3)
and that the drying process does not have a signif-
icant effect on the change in the colour of the sub-
fossil oak wood. In this material, there is a differ-
ence in the colour of the central and the outer part
of the log. The difference is significant and visible
to the eye, which is confirmed by the measure-
ments (AE =9.2)

80
70
60
50
40 :I:
30

20

10 I

I

Subfossil oak

L*

b*

Recent oak

Figure 9. Colour parameters for the subfossil and recent oak wood
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CONCLUSIONS

Air-drying is not suitable for this material since
its consequences can be cracks and fissures. It
should be kiln-dried immediately after sawing with
the use of a specific drying schedule.

Measurement of subfossil oak wood MC using
an electric moisture meter is not reliable. The con-
ductance moisture meter, set to the third group
for the type of wood, where oak belongs, shows
by about 4.5% lower value compared to the gravi-
metrically obtained MC of the subfossil oak wood.

Although this wood was previously air-dried
and conditioned at the end of the kiln-drying pro-
cess, the moisture gradient (MG = 0,23 %/mm)
had a higher value than expected for the recent
oak.

The gap, as a measure of case-hardening, had
a higher value than usual for oak of same thick-
ness. The lower value of the modulus of elasticity
can be one of the reasons for the increased gap
values after kiln-drying.

The subfossil oak is considerably darker in col-
our compared to the recent oak wood. Gradual
colour change from the center to the outer layers
of the trunk is specific for the subfossil oak wood.
The conventional kiln-drying process had no signif-
icant effect on the colour change of the subfossil
oak wood.

Note: This research was realized within pro-
jects TR 31041 and TR 37008 financed by Ministry
of Education, Science and Technological Develop-
ment, Republic of Serbia. It was partially present-
ed at the Conference “ 6th International Scientific
Conference on Hardwood Processing” held in Lah-
ti (Finland) from 25.09. to 28.09.2017.
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