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U3Bopa: MpeameT oBor paga je aHanusa moryhHOCTH cyllera pesaHnx enemeHaTa xpacra u
jaceHa ca NnpuUcyTHOM KOpOM ApBeTa Ha je4HOj CTpaHu enemeHTa. OcylweHa je jeaHa Wwapa
XPacToBWX U jefiHa jaceHOBMX efieMeHaTa npu Yemy je npouec BOHEH Aa/bUHCKUM eNeKTpo-
B/IaroMepvma y Cyllapu, anu je BnaxxHocT ogpehrBaHa U rpaBUMETPUjCKUM MeTOAOM. AHa-
IU3UPaHe Cy U rpeLlKe cyllierba U BUX0BY y3poLu. Pe3ynTtati cy NoKasanu Aa ce KOHBEHLMO-
Ha/HO CyLLere MOXKe KOPUCTUTM 3a OBY HAaMEHY — Tpajatbe je penaTMBHO KpaTKo (4o 7 AaHa),
a Bapwjaumja KOHaYyHe BNaXKHOCTH penaTMBHO Mana. OCHOBHUM Npodsiem je penaTMBHO BEIMKM
dpoj 3aKpMB/bEHUX enemeHaTa Ha Kpajy Cyllerba, UCK/bYYMBO OHUX rae je yyewhe apseTa 'y
ofHOCY Ha Kopy Mano. Bpno BUCOKM KoeduUMjeHTN akcujanHor yTesarba Kope (4,5 nyTta sehu

of ApBeTa) cy y3poK oBMxX gedpopmaumja.

K/byuHe peun: eflemeHTH ca KOPOM, CyLLere, XPacT, jaceH, yTesarbe

YBOA

bvoeKkoHOMMja je pey 4Ymju 3Hayaj CTanHo
pacTe, a teH OuTaH Aeo je dosbe Kopuwhere
00HOB/BMBUX MaTepMjana, HapoyuTo ApBeTa.
Mocnearux rognHa ce A0CTa NaXKHe Y UCTPaXKK-
BatbMma noceehyje dosbem Kopuwhery ApPBHUX
oCTaTaka Koju HacTajy y npouecy Npou3BOAHbE.
3HauvajaH Aeo oBor GpoKyca je Ha KOpW, Koja y NpaK-
CW — OCUM Kao ropuBO — jOLU YBEK HEMA 3HAYajHUjy
npumeHy. bosbe Kopuwhere Kope Mmoxe 3Ha4ajHo
nonpasutn npodputaduaHoct npegyseha gpsHe
WMHAYCTpUje, HapounTo 380r YnrbeHUue aa je ao-
Oujajy decnnaTHo — npu Npoaaju Tpynaua Kopa ce
He odpayyHaBsa y 3anpemMuHy Tpynua.

Y 3aBUCHOCTM 0f, BPCTE ApBETa 3aNPEeMUHCKO
yyewhe Kope y Tpynuy m3Hocu of 5% no 28%
(Naunes etal., 1999; Guidi et al., 2008). Heke

BpcTe nvwhapa (HNp. xpacT, Tonona, darpem)
MMajy BpPAO BenuKU yaeo Kope. Monosuh u
Topgoposuh (2006) cy nokasanu ga ce yaeo Kope
KOA, XpacTa KuThaka nosehaga ca yuewhem de/bu-
ke n Behom BUCHMHOM cTadna n aa weHo ydewhe
npoce4yHo nsHocu og, 17,6% po 23,5%. Oso je y
CarnacHOCTU ca APYrMM UCTPaXKMBakbMMa No Koju-
Ma yyewhe Kope Kog xpacTa Ny»Kkaka (HapounTo
Kog, mnahux ctadana) moxe dutn m npeko 23%
(Diaz-Maroto et al., 2017). OBo 3Ha4uM ga ako
npeaysehe roguwbe npepagym 10000 m® Tpynaua
XpacTa Uau jaceHa, To 3HauM ga MMHUManHo 1000 -
2000 m3 Kope 3aBpLuM Kao ropueo. Mpepahmeaun
ApBeTa cy yrnaBHOM GOKycupaHu Ha nosehake
JofaTe BpeAHOCTU rNaBHUX NPOM3BOAA, M HA Taj
Ha4YMH 3aHemMapyjy eKoHoMcKku deHeduT Koju du
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Cnuka 1. Mpumep 3ugHe odnore og Kope gpseTta
(archiproducts.com)

MOTI/IN OCTBApUTU Kopuwherem Kope. 3aBUCHO
of,BpCTe ApBeTa, Kopa CafpKu pasnnynTa opraH-
CKa jeouiberba: Lenynosa, INrHuH, TaHuH, cyde-
puH, deTynunH u gp. (Fent et al., 2013; Deineko,
Fustova, 2015) 1 nonako nNpoHanasm cBoje Mecto
Yy XeMWjcKoj, bapmaLeyTcKoj, rpaheBmMHCKOj 1 apy-
MM MHAyCTpMjama. Kako 61 ce Kopa ApBeTa Kopu-
CTMNa y HaBedeHUM rpaHama notpedHe cy Benuke
WMHBECTULMje, aNn NoCToje 1 APYrM HAUMHU A3 ce
0Baj maTepujan UCKOPUCTM 338 MHOBATUBHE NpPO-
n3Boge Koju du ctBopuam 3HavajHo Behy gogaty
BPeAHOCT y OAHOCY Ha ynoTpedy Kope Kao n3Bop
eHepruje. JefaH og TakBUX Npov3Boaa Mory dutu
1 3uaHe odnore of Kope apseTa (cavka 1).

Ca nojaBom OBaKBWMX NPOM3BOAA M HA AOMa-
hem TpXKUWTY HacTana je notpeda fAa ce ucnura
TEXHO/I0TNja MPOU3BOAHE, KA0 U CBOjCTBA KpajHber
npoussoga. HajsaxkHnju neo npoueca Npounssoa-
He OBaKBUX APBHUX 0dnora je cywere. Pagu ce
0 COPTMMEHTMMA HecTaHAApAHUX U mehycodHo
Pa3’NNYUTUX AMMEH3Kja, NPU TOM Ca PA3INYUTUM
yyewhem Kope 1 ApBeTa, LUTO KOMM/IMKYje npoLuec
cywerba. LUnsb oBor paga je ucnutmsare moryh-
HOCTW KOHBEHLMOHA/IHOT Cyllera APBETA Ca KO-

POM, Kao M aHann3a TUMUYHUX FPeLlaKka Koje ce y
TOM NpoLecy jaB/bajy.

MATEPUJAA 1 METOA

McnuTueaHe cy ABe Haj3sHavajHuWje BpcTe gpBe-
Ta 32 OBY HAMeHY: XPacT U jaceH. EnemeHTu Koju cy
CYLLEHWN MMANN Cy AMMeH3nje: ay*KnHa 25 - 40 cm;
WwupuHa 2,5 - 5 cm, a gebmbuHa je duna yjeaHave-
Ha Ha 2,5 cm. OBaj oncer gumeH3unja nocneauua
je HaumHa podujarba enemeHaTa. HakoH npBor
pesa Ha Tpynuy, Ha NPUMAPHOj MaLUWHK, HacTaje
oCTaTaK Koju ce Ha3mBa OKopaK. OBaj COPTUMEHT
MMa HenpasuiaH 081K 1 HEerosom Aasbom odpa-
4oM (Kpaherbem M Naparbem) HacTajy esleMeHTH
Koju cy KopuwwheHn y 0BOM UCTpakMBatby (Canka
2). 380r HeyjeiHAYEHMX MMEH3Mja COPTUMEHaTa
YAEO0 KOpe v ApBeTa je S10 pasnnyuT.

36or cneunduUyHUX AMMeH3Uja enemeHaTa
cnararbe je BpLUEeHOo yHaKpcHo, de3 neteuua (cam-
Ka 3). EneMeHTV cy KOHBEHLMOHANIHO CyLIEHMU
y nadopaTopujckoj cywapu 3anpemuHe 0,8 m3.
Onpema cyliape je UAeHTUYHA ONPeMM Koja ce Ko-
PUCTU Y MHAYCTPUJCKMM cyllapama: pesep3ndun-
HW BEHTM1AaTOPU, CUCTEM 3a HaB/AXKMBakb€e Ba3ay-
Xa, U3MerMBayM TON/0Te, ayToMaTuKa 3a Bohere
npougeca, 0cam COHAN 3a Mepese BNa*KHOCTU Ap-
BeTa M ABa MepHa MecTa 3a TemnepaTypy v pas-
HOTEXHY BNaXKHOCT. TOKOM dpopmuparba CoKaja
y 6 3adpaHux enemeHara cy noctaB/beHe COHAE
3a npaherse BNaXKHOCTW ApBeTa.

Tokom npoueca cylera, BAAXHOCT je npa-
heHa M rpaBumeTpujcku, Ha 8 y3opaka. Maca
KOHTPO/IHMX e/lemMeHaTa je n3amepeHa Ha noyert-
Ky npoueca cyllera U CBaKOAHEBHO je mepeHa
[0 3aBpLueTKa npoueca. Paau nakwer mepema,
KOHTPOJIHM €1eMEHTU Cy NOCTaB/bEHWN Ha NPUCTY-
nayHa mecTa yHyTap Komope. Ha Kpajy npoueca

Cnuka 2. MNpouec n3page enemeHarta 3a Cyluere U3 OKOpaKa (C JieBa Ha 4ecHo)
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Cnuka 3. HauuH cnararba enemeHara 3a cyweme

Cyllerba UCTU eNleMeHTM Cy OCYLUEHM [0 anconyT-
HO CyBOT CTakba M NOHOBO UM je U3MepeHa maca.
Ha ocHoBy TMx moagaTaka M3payyHaTa je noyeTHa
B/IAXHOCT KOHTPOJIHWX efleMeHaTa, Kao U 04rosa-
pajyhe BNa)KHOCTU 33 CBaKM AaH cyllera.

Ha nojeanHum y3opumma gpeeTa xpacra npu-
MeheHa je nosy»KHa 3aKpUB/LEHOCT U Npe BeLuTaY-
Kor cywerba. C 063Mpom Aa cy eleMeHTU XpacTa
Beh dunu y npocylieHom cTakby BAAXKHOCTU MOTO
ce NpeTnocTaBuUTK Aa je Y3POK KpUB/beHa Hejea-
HaKo yTe3akbe Kope 1 gpseTa. 38or Tora je 13Bp-
LEeHO mMeperbe aKCHjanHor yTesara Kope 1 ap-
BeTa xpacTa. Y Ty cBpxy KopuwheHe cy enpyseTe
AyxuHe 10 cm. MpBO je py4yHUM aniaTom 04BOjeHa
Kopa o4, ApBeTa Ha ogadpaHum y3opumma, a 3a-
TUM CYy MepeHe Maca v y»KMHa ApBeTa U Kope, Y
BNIA*KHOM M Y ancoyTHO CYBOM CTakby. Ha ocHoBY
TUX Mepera M3payyHaTo je yTe3arbe, a MOTOM U
KoedbULMjeHTM yTe3arba Kope 1 ApBeTa XpacTa.

Mpouec cywera BoheH je ayTomaTcku, npe-
Ma MPeTXo4HO KpeupaHum pexummnma (tadena
1). OcyweHe cy age wapxe (jegHa xpacTa v jea-
Ha jaceHa) 4O KOHayHe BNAXKHOCTU of 8% W TO
Nno PeXnuMnma ca MAEHTUYHMM TemnepaTypama.
PaBHOTEXHA BNAXKHOCT y PEXKMMY 33 XpacT je duna
Hua 1 170 o4, 30% BNaXKHOCTU ApBeTa A0 Kpaja
cywera. Pasnor je wro cy enemeHTn xpacta seh
OUAN NPOCYLLEHM, aNln U UCKYCTBA M3 NPOSHUX Cy-
LeHba Koja Cy NMoKasania fa Hema BesIMKOr pusmKa
op, nojaBe nykoTuHa. Oda pexuma cy u3 Tor pa-
3/710ra MMana penaTMBHO HUCKE PAaBHOTEXHE BAa-
*KHocTU. [lopaTtHo, oBo je omoryhuno pehe akTu-
BMparbe CMCTeMa 3a HaBiaXmBakoe Koju du, 3dor
Mane 3anpemMuHe cylwape U maae KoanumHe ap-
BETA Y H0j, Y CYNPOTHOM PaZivo A0CTa YeCTo WTo
61 nosehano notpowmy eHepruje (Elustondo,
Oliveira 2009). C 063npom Ha many 3anyHeHocT
KOMOpe, yTpoLlak eHepruje no m* kyGHom apse-
Ta je jow 3Ha4ajHWju Hero uHa4ve Kog nuwhapa
(Mili¢, 2019).

PE3YATATHU 1 AMCKYCHJA

MoueTHa BNAXXHOCT ApBETa M Kope

Y30puu ApBeTa jaceHa MMasu cy NoYeTHy Ba-
YKHOCT oKo 40%, oK je apBo xpacta duno seh y
NpPOCyLIeHOM CTakby BAaXKHOCTU (Tadena 2). Y uc-
NUTUBAHOM Ofcery (MPOCYLIEHO CTakbe), BAAXKHOCT
Kope xpacTa je duna 3a oko TpehnHy HUXKa y oaHO-
Cy Ha BnaxHocT apseTa. OBO je ouyeknBaHo 1 3dor

Tabela 1. Pexxvmu cylierba enemeHata xpacTa U jaceHa ca Kopom

BnaxkHocT gpBeTa % 40,0 350 30,0 27,0
Temnepatypa °C 350 360 37,0 390
PasHoteXHa o/ 165 155 134 11,0
5 BAaxHOCT
£,
enamiBHa o 826 803 73,7 643
BN1AYKHOCT
PasHoTeMHa o/ 165 155 144 12,0
I BAAKHOCT
o
S PenatusHa
% 82,6 80,3 770 69,22
BNIAXKHOCT

240 200 16,0 12,0 9,0 6,0 KOH.
410 450 480 540 580 580 54,0
8,5 5,5 3,5 2,7 2,5 20 11,0
509 314 182 136 128 9,0 69,0
10,0 7,0 5,0 4,2 3 3,5 11,0
59,7 41,7 28,8 246 203 203 69,0
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HUKe BNAXKHOCTW KOpe Y CBeXe NocevyeHoMm apBe-
Ty 1 360r dper cywera Kope (Dibdiakova et
al., 2014). BnakHOCT camor ApBeTa xpacTa je no-
Kasana HeyodunyajeHO BEMKY Bapujaumjy WTo ce
MOKe 00jaCHUTU TUMe Aa Op3nHaA NPUPOLHOT Cy-
Wweka fena ApBeTa HenocpegHo Ao Kamdujyma u
Kope [,0CTa 3aBUCK Of, MNOJI0¥Kaja Yy CaMOM C/IOXajy
Ha nunaHu. C od3Mpom ga oBaj maTepujan Hajue-
whe y nMnaHu cToju HadauaH Ha romuay, Tj. Aa ce
He cnake nNpasBuaHoO, To he ce enemeHTH Koju cy y
YHYTPALHOCTU 3HAYajHO Criopuje CyLIUTH.

Tabela 2. BnaxkHoCT enemeHara npe cylemwa

noYyeTHa BAAKHOCT (%) jaceH ();TBCJ) (XKT;’ZT)
cpenHba BpegHoCT 40,2 23,9 16,5
CTaHZapAHa AeBujauunja 1,3 5,2 1,0
KoeduunjeHT Bapujaumje 3,3 21,7 6,0

BnaKHOCT APBETA TOKOM CyLleHa

OueKkunBaHo, 300r HUKEe NoYeTHe BAAXKHOCTU
npoLiec cylwera efleMeHaTa XxpacTa je Tpajao Kpa-
he (4 paHa) y ogHocy Ha jaceH (6 gaHa). Y oda
C/ly4Yaja cy BAAXKHOCTW enemeHaTa ogpehusaHu
rpaBUMETPUjCKM (Meperbem mace) dune Huxe
04, Mepetba y Cyluapu Aa/bUHCKUM eNleKTpoBa-
romepuma (cnuka 4 un 5). [a cy y3poka ose no-
jaBe: enemeHTU Kojuma je mepeHa maca cy dunm
M310XKEHN]N OLUITPKNjOj KNIMMW, jep Cy Ce HaNasnaun
Ha yNacky BasAyxa Yy C/I0XKaj, Na je U 0YEeKUBaHO
43 UM BRaxHocCT dyae HewTo, a/iv He OBOJIMKO
HuKa (Milic et al. 2008). Opyrn moryhu y3pok je
Henpeun3HO mepere Aa/bUHCKUX eneKkTpoBna-
romepa. OHO Moe dUTK nocneamua Manux au-
MeH3Mja CopTMMeHaTa, anu u moryhe pasnuvunte
3aBUCHOCTM BAIAXKHOCTU O, MEPEHOT OTNopa Koz,
Masor gena ApBeTa HenocpeaHo y3 Kopy. PeanHa
je npeTnocTaBKa Aa ce 0Baj €10j gpBeTa (de/bukKa)
Yy OBOM CMMC/Y MOHALWA Apyrayuje og yoduyajeHor
ZApBeTa xpacTta/jaceHa. bpojHe cy pasnuke nsme-
Ny de/buKe M cpumke jeapuyaBux BpCTa ApBeETa,
npe ceera xemujcke, anu u pusmuke (Hnp. Miles,
Smith, 2009; Pasztory et al., 2014). Bpno dutHo
je n aa je rpaHuLa XMrpocKonHocTH desbrKe 3HaT-
HO BMLUIA Y OZHOCY Ha CpYmMKy. 380r Tora cy Kpuse
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Cnuka 5. KpuBa cylwera enemeHaTa jaceHa ca KOpom

3aBMCHOCTU €/IeKTPMYHOT OTNOPa OZ BAAaXKHOCTH
[pBeTa Hanpas/beHE 3a CPUMKY, jep ce OHAa MHOTO
yewhe Kopuctu.

BnaskHoOCT gpBeTa, ogpeheHa rpaBMmeTpuj-
CKM, Ha Kpajy cywera je duna 6,9% (SD=0,6) 3a
xpacT u 5,8% (SD=0,9) 3a jaceH, WTO je HWUXKe op,
)Kes/beHe KoHauyHe BnaxHocTu. OBO npecylunBsa-
e je Takohe nocneamua HempeunsHUX mepera
enektposnaromepa. C 0d63upom aa npecywmsa-
e ApBeTa 3HayajHo noeehasa cBe aedopmaLu-
je apseta (Denig et al., 2000; Stanish, 2008;
Berberovi¢, Milota, 2011), To &1 paHuje 3aBp-
LWaBakbe cywera (Hnp. 33 1 gaH kpahu npouec)
Nonpasu/Io 1 CUTyaLuMjy Ca acneKTa 3aKpUB/bEHO-
CTU COpTMMeHaTa.

Y1e3amwe Kope v gpBeTta

CBaKaKo Haj3HAYajHMjW Y3POK KpMB/beHbA OCY-
LWeHUX enemeHaTa ApBeTa jaceHa M xpacTa jecte
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Cnuka 6. KoeduumjeHTH akcmjanHor yTesarba apBeTa
u3 gena de/bUKe U Kope Kog xpacTa

npucycTeo Kope. O831Mpom fia ce eleMeHTU Kpuae
Ha cTpaHy duKe KopW, MOTI0 ce NPEeTNoCTaBUTH
[a ce Kopa BULLE aKkcujanHo yTexe. OBO NoTBp-
hHyjy n KoedunumnjeHTH yTesama (caunKa 6), rae ce
MOXe BUAETH [ja Ce Kopa XPacTa aKCMjalHO yTexe
OKo 4,5 nyTa Buwe Hero Apso. OBaj pe3ynTar ce
cnaxe ca nogauuma Koje cy npukasann Meyer
et al. (1980). Aytopu cy HaBenu Aa je akcujanHo
yTesarbe Kope BpcTe Tsuga heterophylla sehe y
0HOCY Ha APBO M KOHCTATYjy Aa je yTe3arbe Kope
koa, nnwhapa sehe y ogHOCYy Ha Kopy YeTuHapa.
360r pasnuka y cBOjcTBUMA M Aed/bUHU Kope U3
nojeAvHUX Aenosa Tpynua, U Bapujaumja akcu-
janHor yTesarba Kope je 3HaTHO Beha y ogHocCy Ha
ApBo. YTBpheHO je Aa je yTMLaj Kope Ha KpuBJbe-
He efleMeHaTa NPUCYTaH camo Y C/yyajy Kaaa je
yyewhe apBeTa y efeMeHTy Mano. Koa enemeHara

Cnuka 7. 3aKpUB/bEHOCT OCYLLUEHUX enemeHaTa xpa-
CTa U jaceHa ca marbum n Behum yyewhem gpseta y
oHOCY Ha Kopy

ca Behum yyewhem gpBeTa Huje AOLW0 A0 NojaBe
3aKPUB/LEHOCTU (CMKa 7). BUTHO je HarnacuTu Aa
Y KOHKPETHOM C/y4ajy U OBW 3aKPUB/bEHU COPTU-
MEHTU He NpeaCcTaB/bajy LWKApPT, jep ce ckpahyjy u
TaKO KOPUCTE 3a NpaB/bekbe Kpajrer Npounssoaa.

3AKAYYIH

Y pagy je nctpaxkmsaHa moryhHoCT KOHBEHLM-
OHa/IHOT CyLleHa XPacToBUX U jaceHOBUX eneme-
HaTa ca 3HayajHum yyewhem Kope. MoKasaHo je
[a Cce Ha 0Baj Ha4YMH mory fodwujaTu cyBu enemeH-
TV Koju he ce KOpUCTUTH 3a U3paay 3uaHUX 0dno-
ra. Mako cy y nutary T8pau nuwhapu, speme cy-
LweHa je 61MNo penaTMBHO KpaTKo —4 1 6 AaHa, na
ce MOry o4eKkmnBaTy BpemeHa ncnog, 10 gaHa yak u
KafZa ce cylle NoTnyHO CMpoBU enemeHTH. Mpu cy-
Weky AeTMMUYHO NPOCYLIEHUX e/leMeHaTa, WTo
je yewha cuTyaumja y NpakcK, MOXKe Ce O4EKMBaATH
Be/IMKa BapujaLmja NoveTHe BAAXKHOCTU. Y 0BOM
UCTParkMBakby TO HUje yTULLano Ha nosehaHy Ba-
puyjaumjy KOHavyHe BNAXKHOCTW.

Mepera fa/bUHCKMX eNeKTpoBaromepa y cy-
Lapu cy cse BpeMe npotieca duna suLa og cTeap-
He BJIaXKHOCTM e/flemeHaTa LWTo je pe3ynTupano
NPeHNCKOM KoHavyHoM BnaxHowhy. 36or Tora ce
MOXe MPenopyyunTn Aa cyLliere y Npakcu Tpaje je-
[AaH faH Kpahe, 04HOCHO Aa ce npoLec 3aBpLuaBa
Kaaa je npocek coHaun namehy 9% mn 10%.

EnemeHTu xpacta ca manum yyewhem apseta
Cy Umanun mHoro Behu cTeneH 3aKpuB/bEHOCTU Ha
Kpajy cyluema WTo je nocneamua sHaTHo Beher ak-
cujanHor yTesarba Kope (4ak 4,5 nyta sehe y ogHo-
Cy Ha ApBo). MNaK, 1 0BM 3aKPUB/bEHU ENEMEHTH
Y KOHKPETHOM C/ly4ajy He npeacTas/bajy LWKapT,
Beh ce ckpahyjy v Taksu KopucTte 3a GuHaNHK
npounssog,. 360r 40OUjeHNX BPELHOCTH yTe3arba U
3Hayaja Koju Kopa Mma 3a OBaj NpPouM3BOJ, UCTPa-
uBarbe he ce HacTaBUTU Kako du ce oapeanna
JApyra cBOjcTBa KOpe Koja yTu4y Ha Kopuwhere y
npovsBoauMa (rycTuHa, ytesare y CBa TpW aHa-
TOMCKa NpaBLa, KapaKTepUCTMKe copnumje 1 pas-
HOTEXHa BNAXKHOCT).

C 063upom fa ce gpseHe odsore ca KOpom
mory aodujatu He camo U3 oKopaka, Beh npak-
TUYHO M3 CBUX KPYMHMUX OCTaTaka Ha NUaaHu, Yunja
KOZMYMHA je Kog nuwhapa v Beha oa 15% 3anpe-
muHe Tpynua (Popadic¢ et al., 2014), jacHo je ga
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CMPOBUHE 3a U3pajy OBUX NPOM3BOAA Ca BUCOKOM
foaaTtom BpegHowhy Mma BULE HEro 40BO/bHO.

HanomeHa: Pag, je peann3oBaH y OKBMPY Npo-
jekTta 6p. TP 31041 n 6p. TP 37008 Koje ¢duHaH-
cupa MUHUCTapCTBO NPOCBETE, HAayKe U TEXHOJIO-
WKor pa3soja Penydnuke Cpduje.

POSSIBILITY OF DRYING OAK AND ASH ELEMENTS WITH BARK

Goran Mili¢, associate professor, University of Belgrade - Faculty of forestry, (goran.milic@stb.bg.ac.rs)
Marko Veizovi¢, teaching assistant, University of Belgrade - Faculty of forestry
Nebojsa Todorovi¢, associate professor, University of Belgrade - Faculty of forestry

Abstract: The subject of this paper is the analysis of the possibility of drying oak and ash ele-
ments with the presence of tree bark on one side of the element (bark edge). One batch was
dried per species, and the process was controlled by moisture content (MC) probes in the kiln,
but also determined by the oven-dry method. Drying defects and their causes were also ana-
lyzed. The results showed that conventional drying can be used for this purpose - the duration
is relatively short (up to 7 days), and the variation of the final MC is relatively small. The main
problem is a relatively large number of crooked elements at the end of drying, particularly
those where the share of wood in relation to the bark was small. Very high axial shrinkage
coefficients of the bark (4.5 times higher than wood) are the cause of these deformations.

Key words: elements with bark, drying, oak, ash, shrinkage

INTRODUCTION

The importance of bioeconomy is constantly
growing, and with it also the importance of a bet-
ter use of renewable materials, especially wood.
In recent years, a lot of researches focused on po-
tential better use of wood residues generated in
the production process. A significant part of this
focus is on the bark, which in practice still has no
significant application, except as a fuel. A better
use of bark can significantly improve the profitabil-
ity of wood industry companies, especially due to
the fact that they get it for free - when selling logs,
the bark is not calculated in the volume of the log.

Depending on the species, the volume share
of bark in the trunk is from 5% to 28% (Naunes
et al., 1999; Guidi et al., 2008). Some deciduous
species (e.g. oak, poplar, black locust) have a very

102

large share of bark. Popovi¢ and Todorovic¢
(2006) showed that the share of bark in sessile
oak increases with the increase of sapwood and
tree height, and that its share ranges from 17.6%
to 23.5%. This is in agreement with another re-
search (Diaz-Maroto et al., 2017) according to
which the share of bark in common oak (especial-
ly in younger trees) can be over 23%. This means
that if a company processes 10,000 m* of oak or
ash logs per year, a minimum of 1000 - 2000 m?3
of bark ends up as fuel. Wood processing compa-
nies are mainly focused on increasing the added
value of the main products, and thus neglect the
economic benefits that could be achieved by us-
ing bark. Depending on the wood species, bark
contains different organic compounds: cellulose,
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Figure 1. Example of a wall covering made of bark
(archiproducts.com)

lignin, tannin, suberin, betulin etc. (Fent et al.,
2013; Deineko, Fustova, 2015) and is gradually
finding its place in the chemical, pharmaceutical,
construction and other industries. In order to use
tree bark in these branches, large investments are
needed, but there are other ways to use this mate-
rial for innovative products that would create sig-
nificantly higher added value compared to the use
of bark as an energy source. One of such products
can be wall coverings made of bark (Figure 1).

With the appearance of such products on the
domestic market, the need to examine the pro-
duction technology and the properties of the final
product has arisen. The most important part of the
production process of such product is drying. The
elements used in production are of non-standard
and different dimensions, with a different share of
bark and wood, which complicates the drying pro-
cess. The aim of this paper is to examine the pos-
sibility of conventional drying of bark edge wood,
as well as the analysis of typical defects that may
occur in this process.

MATERIAL AND METHODS

The two important species used for this pur-
pose were examined: oak and ash. The elements
for drying had the following dimensions: a 25 - 40
cm length, a 2.5 - 5 cm width, and the thickness
was uniform - 2.5 cm. This range of dimensions
is a consequence of the way the elements were
obtained. After the first cut on the log, on the pri-
mary sawing machine, an irregular shape residue
is formed. Its further processing results in the el-
ements used in this research (Figure 2). Irregular
dimensions of the elements cause different bark
and wood shares.

Due to the specific dimensions of the ele-
ments, the stacking was done crosswise, without
stickers (Figure 3). The elements were convention-
ally dried in a laboratory kiln with a volume of 0.8
m3. The equipment of the kiln is identical to the
equipment used in industrial kilns: two reversible
fans, cold water humidification system, electrical
heating elements and computer control regulation
with eight probes for measuring wood moisture
content (MC), and two sensors for measuring tem-
perature and equilibrium moisture content (EMC).
Six probes for the monitoring of wood MC were
placed in the selected elements and evenly distrib-
uted in the kiln volume.

During the drying process MC was also moni-
tored by the oven-dry method on 8 samples. The
mass of the control elements was measured at the
beginning of the process and daily until the end
of the drying. For practical purpose, the control
elements were placed in accessible spots inside
the chamber. At the end of the drying process, the
same elements were oven dried and their mass
was measured again. Based on these data, the in-
itial MC of the control elements was calculated,

Figure 2. The formation process of the elements for drying (left to right)
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Figure 3. Crosswise stacking of elements

as well as the corresponding MC for each day of
drying.

Crook deformation was observed on some
samples of oak wood even before kiln drying. Since
the MC of the oak elements was below the fiber
saturation point (FSP), it could be assumed that
the cause of the curvature was unequal shrinkage
of the bark and wood. Therefore, the measure-
ment of axial shrinkage of oak bark and wood was
performed. Samples of 10 cm length were used for
this purpose. First, the bark was separated from
the wood with hand tools on the selected sam-
ples, and then the mass and length of the wood
and bark were measured at initial MC and in the
oven-dry state. Based on these measurements,
the longitudinal shrinkage and the shrinkage co-
efficients of oak bark and wood were calculated.

The drying process was conducted according
to previously created schedules (Table 1). Two
batches (one oak and one ash) were dried to a fi-
nal MC of 8% according to schedules with identical

temperatures. In the oak schedule the EMC was
lower compared to the ash schedule from 30% MC
until the end of process. The reason is the lower
initial MC of oak elements, but also the experienc-
es from trial drying, which showed that there is no
high risk of cracks. Both schedules therefore had a
relatively low EMC. Additionally, this resulted in a
less frequent activation of the humidification sys-
tem which, due to the small volume of the dryer
and the small amount of wood in it, would other-
wise work intensively, which would increase en-
ergy consumption (Elustondo, Oliveira 2009).
Due to small wood volume in the chamber (a lot
of air gaps), energy consumption per cubic meter
of wood is even more significant than usually for
hardwood drying (Mili¢, 2019).

RESULTS AND DISCUSSION

Initial moisture content of wood and bark

Samples of ash wood had an initial MC of
about 40%, while oak wood was already below
the FSP (Table 2). In the examined range, the MC
of the oak bark was by about one third lower than
the MC of the wood. This is expected due to the
lower MC of the bark in green wood and due to
the faster drying of the bark (Dibdiakova et al,,
2014). The MC of oak wood itself showed an un-
usually large variation. This can be explained by
the fact that the air drying rate of sapwood and
bark depends a lot on the position in the stack in a
sawmill. Considering that this material in sawmill
is usually piled up, the elements inside the heap

Table 1. Conventional drying schedules for oak and ash elements with bark

Moisture content % 400 350 30.0 27.0 240 200 16.0 12.0 9.0 6.0 con.

Temperature °C 350 360 37.0 390 41.0 450 480 540 580 580 54.0
EMC % 165 155 134 11.0 85 55 35 27 25 20 110

v

O .

9 [k % 826 803 737 643 509 314 182 136 128 9.0 69.0
humidity
EMC % 165 155 144 120 100 70 50 42 35 35 11.0

-

< Relative % 826 803 77.0 692 597 417 288 246 203 203 69.0
humidity
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will dry significantly slower compared to the ele-
ments on the surface.

Table 2. Initial MC of the elements

Initial MC (%) ash oak (wood)  oak (bark)
average 40.2 23.9 16.5
SD 1.3 5.2 1.0
CoV 33 21.7 6.0

Wood MC during drying

As expected, due to the lower initial MC, the
drying process of oak elements was shorter (4
days) compared to the drying of ash (6 days). In
both cases, MC of the elements determined by
mass measurement was lower than the probes
measurements in the kiln (Figures 4 and 5). There
are two causes of this phenomenon: the control
elements were exposed to a harsher climate, be-
cause they were at the entrance of air into the
stack, so it was expected that their MC would be
lower, but not so low (Mili¢ et al. 2008). Another
possible cause is inaccurate measurement of kiln
probes. It can be a consequence of the small di-
mensions of the elements, but also possible dif-
ferent dependences of MC and the measured elec-
trical resistance in a small part of the wood next
to the bark. It is a realistic assumption that this
layer of wood (sapwood) behaves differently in
this sense than the heartwood of oak/ash. There
are numerous differences between the sapwood
and the heartwood, which are primarily chemical
differences, but there are also physical ones (e.g.
Miles, Smith, 2009; Pasztory et al., 2014). It
is also very important that the FSP of sapwood is
significantly higher compared to the FSP of heart-
wood. The kiln measuring probes are adjusted to
the dependences of the electrical resistance on
the MC of heartwood, because it is used much
more often.

The final MC, determined by the oven-dry
method, was 6.9% (SD = 0.6) for oak and 5.8% (SD
= 0.9) for ash, which is lower than the targeted
final moisture content. This overdrying is a con-
sequence of inaccurate measurements of electric
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electric probes

moisture content (%)
5 5
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0 1 2 3 4 5

drying time (days)

Figure 4. Drying curve of oak wood elements with
bark
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Figure 5. Drying curve of ash wood elements with
bark

probes. Since overdrying of wood significantly in-
creases all deformations of wood (Denig et al.,
2000; Stanish, 2008; Berberovi¢, Milota,
2011), an earlier completion of drying (e.g. 1 day
shorter process) would improve the situation.

Wood and bark longitudinal shrinkage

Certainly the most significant cause of crook of
the dried oak and ash wood elements is the pres-
ence of bark. Since the elements are curved to the
side closer to the bark, it was assumed that bark
shrinks more than wood in the longitudinal direc-
tion. This is confirmed by the shrinking coefficients
(Figure 6), and it can be seen that the bark of oak
shrinks longitudinally about 4.5 times more than
the wood. This result is in agreement with the data
presented by Meyer et al. (1980). The authors
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Figure 6. Longitudinal shrinkage coefficient of oak
sapwood and bark

stated that the axial shrinkage of bark of the spe-
cies Tsuga heterophylla is higher than the shrink-
age of wood, but also that the shrinkage of bark
in deciduous trees is higher than the shrinkage
of bark in conifers. Due to the differences in the
properties and thickness of bark from individual
parts of the log, the variation of the axial shrinkage
of bark is significantly higher compared to wood. It
was noticed that the crook of the elements is pres-
ent only when the share of wood in the element is
small compared to bark. In elements with a higher
share of wood no deformation occured (Figure 7).
It is important to emphasize that in this particular
case, these curved assortments do not represent
waste, because they are shortened and thus used
to make the final product.

Figure 7. Crook of kiln dried oak and ash elements
with lower and higher shares of wood compared to
bark
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CONCLUSIONS

The study investigates the possibility of con-
ventional drying of oak and ash elements with a
significant share of bark. It has been shown that
dry elements wall coverings production can be
obtained this way. The drying time was relatively
short for hardwoods (4 and 6 days), so process du-
ration of less than 10 days can be expected even
for completely green elements. When drying air
dried elements, which is a more common situa-
tion in practice, a large variation of the initial MC
can be expected. In this study, a large variation of
initial MC did not influence a high variation of final
MC.

Kiln probes measurements showed a higher
MC of wood compared to the oven-dry method.
This was the case throughout the process, which
resulted in a too low final MC. Therefore, it can be
recommended to shorten drying process by one
day, or to end process when the average of the
probes is between 9% and 10% MC.

Elements of oak with a small share of wood
were much more crooked, which is a consequence
of significantly higher axial shrinkage of bark (as
much as 4.5 times higher than wood). However,
these crooked elements in this particular case do
not represent waste, and after shortening they
were used for the final product. Due to the ob-
tained values of shrinkage and the importance of
bark for this product, research will continue to de-
termine its other properties that affect the use of
products (density, shrinkage in all three anatomi-
cal directions, sorption characteristics and equilib-
rium moisture content).

Considering that elements, for wall coverings
with bark, can be obtained practically from all
large sawmill residues and considering that the
amount of these large residues in deciduous trees
is more than 15% of the log volume (Popadi¢
et al., 2014), it is clear that there is more than
enough raw material for these products with high
added value.

Note: This research was realized within
projects TR 31041 and TR 37008 financed by
Ministry of Education, Science and Technological
Development, Republic of Serbia.
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