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CBOJCTBA APBETA IIPBEHOT XPACTA (QUERCUS RUBRAL.)
OAPEBEHA ®PAKTOMETPHUJCKHUM MEPEIbHMA -

INIPEAMMMWHAPHU PE3YATATHU

AunA. urok. ViBana JKusanosuh, ncrpaxusay capapunk, MucruTyT 3a mrymapcrso, Cpouja

Ap @uann Josanosuh, Hayunu capapruk, MucTHTYT 32 iiymapcrso, Cpbuja

auna. urok. Henap Ilypjanan, Mcrpaskusay nmpunpasHuk, FHcTHTYyT 32 mymapcrso, Cp6uja
Ap He6ojma Topoposuh, Banpearn npodecop, IlTymapcku dpakyarer, Yausepsurer y Beorpaay, Cpbuja
Ap Topar Muauh, peaosau npodecop, Ilfymapcku dpakyarer, Yausepsurer y Beorpaay, Cpbuja

U3BoaA: Y 0BOM pagy NpuKasaHu cy NpeaMMUHAPHWU pe3ynTaTv OCHOBHUX CBOjCTaBa ApBeTa
upBseHor xpacTa (Quercus rubra L.) Kao 1 3aBUCHOCT U3melhy cBOjcTaBa U3BPTaKa Jo0OMjeHNX Ha
nybehem cTabny u MCNUTUBaHMX cBOjcTaBa. Ha cTtabny cy u3BaheHu M3BPTUM NPEYHMKa 5 mm
Ha Kojuma cy, Kopuwherem GpakTomeTpa, ogpeheHn: uspctoha Ha NPUTUCAK NapaiesHo ca
BNaKaHUMMa, paamjanHa yBpcToha Ha caBujarbe 1 yrao noma. Kopuwherem fecKkpunTuBHe
CTAaTUCTUKE U BULLECTPYKe perpecuje ytepheHa je 3aBUcHOCT n3mehy GppakTomeTpujckmnx na-
pameTapa U OCHOBHUX GU3NYKO-MEXAHUYKMX CBOjCTaBa ApBeTa oapehHeHnx AeCTPyKTUBHUM
MeToZama: rycTUHe ApBeTa, YUBpcTohe Ha NPUTUCAK NapanenHo ca BAAaKaHUMMA U CaBOjHUX
cBOjcTaBa (YBpcToha Ha caBujatbe U MOAYN eN1acTUYHOCTM Npu caBujakby). [lobujeHe BpeaHoO-
CTW UCNUTUBAHMX CBOjCTaBa LLPBEHON XpacTa Ce Hasase y rpaHuLama iMTepaTypHUX nogaTaka.
CTaTUCTMYKa aHaNn3a je NOKasana Aa ce pagmjanHa yspctoha Ha caBujarbe HE MOXKE KOPUCTUTH
Kao noy3zaH GpakTOMeTpUjCKM NapameTap y NpoLeHn KBaauTeTa apseTa. Ca gpyre cTpaHe,
nobvjeHu pesyntaTu cyrepuuly aa ce ogHoc namehy apyra ABa napameTpa (uspctohe Ha npu-
TUCaK NapanenHo ca BAaKaHLMMa W yrna JiIomMa) U CBOjCTaBa ApBeTa LPBEHOr XpacTa Moxe
yCneLwHo onucaT Kopuwherem mozena BUWECTPYKe perpecuoHe jegHaumHe (KoebuumjeHt
neTepMmuHaumje je 6uo y nHtepsany og 0,945 go 0,990).

K/byuHe peun: upseHm xpacT, bpakTomeTap, CBOjCTBA ApBeTa, My/NTMBAPUjaLMOHN PErpecuoHn

MoAenm

YBOA

LlpBeHn ceBepHW xpacT (Quercus rubra L.,
Fagaceae) je Bpcta anwhapa, yHeTa y EBpony us
CeBepHe Amepvike 1691. roguHe (Gubka un Spi-
Sak 2010). Y Cpbuju TpeHyTHO NocToje marbe no-
BPLUMHE NoA, 0BOM BPCTOM, @ 3Ha4YajHMje cacTojuHe
Hanase ce y oKonnHW rpaaa beorpaga (Lazarevié
2020). KBanuteT apBeTa CeBepHOT LPBEHOT XpacTa
[0 cafla H1je UCMUTMBAH Ha OBMM NPOCTOPMMA, Na

61 6MN0 Of HAYYHOT M NPAKTUYHOT 3HaYaja Npoy-
YUTM CBOjCTBA OBE OTNOPHE M Bp3opacTtyhe BpcTe,
KOja NpecTaB/ba BEOMA KBa/IMTETAH MaTepujan 3a
obpaay y apsHoj nHayctpujn (Vansteenkiste et
al. 2005). Ca cmarbetbeM KBa/IMTETHUX LUYMCKUX
pecypca, ApBHU MaTepujan 6u Tpebano KopucTUTK
MHOro cMUcneHunje n eduKacHmje 3a NpomsBoae
o4, ApBeTa Kao WTo je HamewTaj (Hu et al. 2021).
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CeBepHMU LpBEHU XPaCT je NOKa3ao U3yseTHe
pesynTate y Kcepome3odUHUM U KCepoTepMO-
OUAHMM CcTaHMWTMMa XpacTa. To je BpcTa Koja
60/be NOAHOCU apUAHOCT Of XpacTa KUTHaKa
(Quercus petrea L.), a matbe je 3axTeBHa Kaaa je
y NuTakby NAOAHOCT 3em/buwwTa. Jlako ce npu-
narohaBa pasNMUMTUM KAMMATCKUM YCA0BMMA
1 0obpo noagHOCU HUCKe TemnepaTtype. Bucoka
BWUTA/IHOCT, KAa0 M OTMOPHOCT Ha LWTETOYMHE,
Cylwy, Mpa3eBe, BETPOJIOME U CHEXHe CMeToBe
YMHe OBY BPCTY BEOMa NOro4HOM 3a YHOLLEeHe Y
Lwyme ca nocebHOM HaMEHOM Yy XpacTOBOM NozA-
pyyjy (Isajev et al. 2006). Mpema Wowkuhy un
Monoeuhy (2002) cBojcTBa ApBeTa ceBepHoOr
LpBEHOr XpacTa Cy BeOMa CMYHa gomahum Bp-
cTama u3 poga Quercus L.y Cpbujn.

OcobuHe apseTa cy yrnaBHoM ogpeheHe te-
rOBOM CTPYKTYPOM, BUONOLIKMM U OPraHCKUM no-
peKsiom, ann 1 ycnosmma Kopuwhera u terose
ekcnioaTauumje. JeaH of, OCHOBHMX LIM/beBa NpakK-
ce v Teopuje je WTO 60s/be Kopuwhere APBHUX CU-
pOBMHa, Na je pe3ynTaT Tora pasBoj BesnKor 6poja
HeAeCTPYKTUBHUX U NONYAECTPYKTUBHUX MeTOAa
3a aHaNU3y KBanuTeTa ApBeTa y cBUM pa3ama ek-
cnnoataumje. BehnHa oBmx metoga ogpehyje cBoj-
CTBa ApBeTa Ha MHAMPEKTAH HauMH; CTOra Cy KOH-
CTpyncaHu ogrosapajyhu ypehaju 3a ogpehusarse
KapaKTepuUCTUKa aHa/M3npaHor maTtepujana Ha
OCHOBY OoTnopa bywera (Sharapov et al. 2020),
6p3vHe 3ByKa (Baar et al. 2012), ancopnuuje
3pavetba (Dupleix et al. 2012) utg,. Momohy cTa-
TUCTUYKUX METOAA, MePeHU MapameTpu ce TpaHC-
dopmumwy y TpaxeHa CBOjCTBa ApBeTa. KoHayHo,
npoBepaBsa ce TAYHOCT NPUMerbeHe MeToze, yCro-
cTaB/bakbeM Kopenauuje nsmehy cBojctaBa apBe-
Ta yTBpHEHUX HeAECTPYKTUBHOM METOLOM U OHUX
N3MEPEHNX eKCNepPUMEHTASTHO.

dpakTomeTap je ypehaj 3a meperse uBpcTohe
ApBeTa Ha 71IoM U 4BpcTOhe Ha caBujarbe UK
nputucak (Rinn et al. 1996) Ha U3BPTKY y3eToM
MNpecneposum cBpanom ca ogpeheHor aena cra-
6na. YspcTtoha apBeTa Ha NpUTHCaK je 4obap NoKa-
3aTesb KBa/IMTETa U CTakba ApBHOr TKMBa (Chiu et
al. 2006; Rinn et al.1996). bpojHe cTyaunje cyrepu-
Ly Aa ce ycnepq, pasrpajte ApBeTa AejcTBOM naTo-
reHaa, pagujanHa uspctoha cmakbyje Ha UCTU Ha-
UYMH Kao M IOHTUTYANHaNHA YBpcToha (Mattheck
etal. 1995; Gruber nHagermann 2000). Tang
et al. (2005) HaBoae BMCOKY Kopenauujy nsmehy
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ygpctohe Ha caBujatbe U NpUTUCHe yBpcTohe
napasiesiHo ca BnakaHuuMma. Matsumoto et al.
(2010) cy 3ak/byumnun aa ce ppakTomeTap MoKe
NPMMEHWTH 3a NpoLeHy cBojcTaBa Aybeher apse-
Ta Ha OCHOBY BMCOKOT KoeduLujeHTa AeTepMuHa-
umnje nsmehy uspctohe Ha NpPUTUCAK U FyCTUHE.
KoHauHo, Ishiguri je o6jaBno 6pojHe pagose o
Kopuwhetrby dpakTomeTpa 3a aHaAU3y CBOjCTaBa
apseTa (HNp. Ishiguri et al. 2011), a y pe3ynTta-
TUMa CBOjWX CTyAMja HarNalWaga Aa ce MexaHunyKa
CBOjCTBa ApBEeTa MOry npeasuaeTn Kopuwherem
oBOr MHCTpymeHTa. KoHKpeTHo, Matheny u
Clark (1999) cy npouernBanM MOMEHT JIOMa U
yrao sioma u3BpTaKa U3 gokrer gena ctabna ose, u
24 ppyre BpcTe, Kopuctehu dpakTomeTap. Aytopu
HaBofe Aa pe3ynTaTv Bapupajy Y 3aBUCHOCTU Of,
cermeHTa W3BPTKA M Monoxaja ctabna. Takohe,
npumeheHe cy BenvKe Bapujaumje y pesyntatuma
nsmelhy pasnMunTUX N0Kaumja, na cy cyrepucanmu
4a 6u bakTopm cTaHWWTa MorvM 6UTK pasnosu
TaKBWX pa3anka. ctn aytopu Hasoge Aa dakTopu
Kao LUTO CY K/IMMa, 3eM/bULLITE, PETAaTUBHA BNIAXK-
HOCT, U3/I0KEHOCT BETPY, MpeTxoaHo onTepehetbe
CHErom v nefom, Kao M NpupacTt mory 6uTn ms-
BOP(M1) TakBMX Bapujaumja. OHM Cy 3aK/byumnn aa
y npoueHun rybuTka yspctohe noBesaHor ca pas-
rpagHom, pesyntate dpaktomeTpa Tpeba yno-
penuTn ca BpeaHOCTUMA A0BMjeHUM 13 3a4paBuX
y30paKa ucTe BpcTe ApBeTa.

bpojHe cTygmje cy noTBpAaunie 3aBUCHOCT
namehy pesyntata ¢ppakTomeTpujcke aHanu-
3e 1 cBojcTaBa gpseta (Schvarze et al. 1995;
Gruber n Hagermann (2000); Tang et al.
2005; Matsumoto et al. 2008). EkcnepumeHTH
cy ypaheHu Ha ByKBW, jenu, TONonu v gyrnasunju, a
nobujeHe cy jegHauMHe Koje cy MMane cpeatbe 1o
jake koeduumjeHTe geTepmuHaumje (R?).

Ha 6a3u cBera HaBeaeHor, UW/b paja je aa ce
ncnuTa 3asucHocT nsmehy napamertapa gobwuje-
HWUX GPaAKTOMETAaPCKOM aHaIM30M U OCHOBHUX du-
3UYKMX U MEXaHUYKMX CBOjCTaBa ApBETa CeBEepPHOT
LpBeHor xpacTa. [lobujeHn pesyntati 6u gonpu-
HEeNU MHTEH3UBHMjeM Kopulhery NonyaecTpyk-
TUBHWUX METOAA Y MPOLLEHN CBOjCTaBa ApBeTa Kao U
6o/bem yTBPHUBatbY KBaNUTETA ApBeTa y Aybehum
cTabnMma oBe asIoXTOHEe BPCTe Koja ce OAJIMYHO
npunaroguna KAMmaTtckum ycnosuma Cpbuje.
CTora cMo NOKyLIann Aa 0AroBOPMMO Ha NUTaka
KOju cy GpPaKTOMETAapCKMU NapameTpu y Kopena-
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LMjN Ca KOjJUM MEXaHUYKMM CBOjCTBMMA ApBeTa
CeBepHOr LIPBEHOT XPacTa M KOIMKO edUKACHO U
npeyunsHo pesyntupajyhe jegHaunHe npegsuhajy
npoy4asaHe Bapwujabne.

MATEPUJAA U METOAE PAAA

Mpunpema y3opaka un metoae
ncnuTUBama

Y30pum LpBEHOr XpacTa y OBUM MUCTPaXKu-
BatbMMa Cy y3eTM U3 cacTojuHe Koja ce Hanasu
y /lunosnukoj wymn n beorpagy, Cpbuja (nar.
44.697165, ay»kumHa 20.356815). O6nacT je manu-
paHa 6ecnuaoTHMM Ba3ayLHMM cUcTeMOM (4po-
Hom) DJI Phantom 4 Pro.

CeBepHM LpBEHM XpPacT Ha OBMM MPOCTOPMU-
Ma cTap je oko 60 roguHa, a pacte y MeLlOBUTOj
wymu ca 6enum 6opom (Pinus sylvestris L.). Npe
Baherba U3BPTAKa U3BPLUEH je BU3Ye/HU Npernes,
crtabna. HakoH Bu3yenHor nperneaa ctabna, nssp-
um cy ussahexu MpecnepoBrm CBPA/IOM ca jes-

Cnuka 1. dpaktometap (IML Fractometer Il ) - ypehaj
3a Mepere CBOjCTaBa M3BpTaka

Hor apseTta Ha aAse BucnHe 1,4 m n 4,4 m n cea
YeTUpK KapamHanHa npasua. Nomohy dpakTome-
Tpa (camKka 1) Ha M3BpTUMMa NpeyHuKa 5 mm cy
oppeheHun: uspctoha Ha NpUTUCaK NapanenHuno ca
BNaKaHLUMMa, paaujanHa yspctoha Ha casujarbe
1 yrao noma. BpegHoCTM HaBeAeHMX CBOjcTaBa cy
MepeHa 0, Kope Ka CPXM.

3a ytBphUBare GBU3NYKO-MeXaHNYKUX CBOjCTa-
Ba ApBeTa U3 ctabana cy UcKpojeHu Tpynumhu
ay*¥unHe 400 mm M3 KOjux Cy KacHWje nspesaHe
no YeTUpU paamujanHe packe. U3 pagujanHux aa-
CaKa je nspesaHo yKkynHo 41 ysopaka AMMeHsuja
20x20x320 mm Koju cy rpynmMcaHu npema BUCUHUN
cTabna v aHaTomckom npasuy. Mpe TecTuparsa,
CBUW y30pLMU CY KOHAMUMOHUPAHWN Ha 21+2°C un
penaTmMBHOj BAaXKHOCTN of, 60£5% Tokom Tpu He-
aespe. Ha KOHAMLMOHWPAHUM y30pLMMA Cy Of-
peheHun uBpcToha Ha casujarbe (MOR) u moayn
eNlacTUYHoCTM Npu casunjarby (MOE). U3 nonomsbe-
HUX CaBOjHUX y30paKa M3pe3aHu cy y3opuu au-
MeH3Mja Ha 20x20x40 mm Ha Kojum je ogpeheHa
B/IAXKHOCT, ryCTUHa ApBeTa U uBpcToha Ha NpuTK-
CaK napasnesiHo ca BnakaHuMma. icnutusare cBmx
HaBeAeHMX CBOjCTaBa BpLUEHa Cy Npema cTaHaap-
ay CPMC 1CO 13061.

CTaTUCTUYKa aHanu3a

3a nopeherbe cBojcTaBa ApseTa yTBphHeHUX
CTaHAAPAHOM AECTPYKTUBHOM METOLOM U OHUX
yTBpHeHux dpaktomeTpom, A06UjeHU Hyme-
pUYKKM Nogaum obpaheHu cy AEeCKPUNTUBHUM U
MYNTUBAPMUjaHTHUM CTaTUCTUYKUM meTofdama. Y
M3pagu MoZena y4yecTBoBasie Ccy BPeAHOCTU [0-
bujeHunx cBojcTaBa ApBETa U BPEAHOCTU CBOjCTa-
Ba M3BpTaKa ucte ctapoctu. [lobujeHn nogaum cy
KopuwwheHW 33 M3payyHaBarbe CPeHbUX BPELHO-
CTM CBUX Bapujabniu 1 3a ogpehusare npoceyHe
CTaHZapaHe aesujaumje n koedpuumjeHTa Bapuja-
Lmje 3a CBaKy cpeatby BpegHocT. MpoyyasaHe cy v
nocmaTpaHe Bapujabne ynopehusarem HUXoBUX
MWHUMANHUX U MAaKCUMATHUX BPeAHOCTU. Y LUusby
NoTMNyHMWjer OTKPMBakba M onuca ogHoca nsmehy
cBOjcTaBa ApBeTa U GPAKTOMETPUJCKUX MepPEH-a,
KopuwheHa je “stepwise” BuLLIecTpyKa perpecuja.
MoLwWTO je KOHCTaHTa UCK/byYeHa U3 moAaena BuLle-
CTPYKe perpecuje, Mogen je AoaaTHO yHanpeheH.
Kao 1 y npeTxogHUm Kopauuma, npunaroheHu
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KoedpUuUMjeHT aeTepMmmnHaLmje je nsabpaH y ogHo-
CYy Ha KOHBEHLIMOHA/IHM Kao Mepa NPUKAAZHOCTH
mozena.

PE3YATATU U AUCKYCHUJA

Y Tabenun 1. cy npuKasaHu pesyntaTn pec-
KPUNTUBHE CTaTUCTMKE 3a UBPCTONY Ha NpUTUCAK
napanesnHo ca BnakaHumma (opF), pagujanHy usp-
ctohy Ha caBujarbe (6sF) u yrao noma (BaF) oa-
peheHe GpaKTOMETPOM, Kao 1 3a I'YCTUHY ApBeTa
y NpocyLeHoM cTakby BaxkHocTn (WD), uBpcTtohy
Ha NPUTUCaK NapafienHo ca BAakaHuuma (Hp),
MOZY/N eNacTMYHOCTM Npu caBujakby (MOE) 1 usp-
cTohy Ha casujarbe (MOR) gobujeHe cTaHaapa-
HUM, OECTPYKTUBHUM MeTogoma. [poceyaHa
B/TAXKHOCT TOKOM UCMUTMBAHA M3HOCKAA je 11%.

MpoceyHa BpeAHOCT NpPUTUCHe YyBpcTohe na-
panesnHo ca BlakaHUMMa mepeHa ppaKkTomeTpom
nsHocuna je 57,5 N/mm? ca koeduumjeHTOM Ba-
pujaumje 11%. PagumjanHa uspctoha Ha caBujarbe
y npoceky je usHocuna 19,3 N/mm?, ca Koedu-
uMjeHTom Bapujauuje 17%. Matheny u Clark
(1999) HaBoae Aa je cpeatba BPeAHOCT yria 10Ma
3a A4pBO UpBeHOr xpacTta 16,70°, wTo je marbe of,
21,5° pobujeHe y oBoM mCTpaxkuBamy. Pasnor
ce MoKe Hahu y pPasNMuUTOj BAAXKHOCTU UCANTU-
BaHMX Y30pKa Kao M yTULAjy CTPYKType npcTeHa
npupacrta ogHocHo yyewha 30He KacHor gpeeTa.
Y nopehery ca ocTaMm aHanM3MpaHUM CBOjCTBU-

Ma ApBeTa, NyCTUHa ApBeTa MMana je Hajmarbh Ko-
eduumjeHT Bapujaumje (4%), a npoceyHy BpeHOCT
04 0,724 kg/m3. OBe BpeaHOCTY Cy y ONcCery pesys-
TaTa NpuKasaHux y aiutepatypu (Vansteenkiste,
2005; Genet etal., 2013; Zeidler n Boruvka,
2016; Uzcategui et al., 2020).

BpeaHocTu nputucHe uBpcTohe mapanenHo
ca BnaKaHuMMa KpeTasne cy ce o4 53,2 oo 75,8 N/
mm?, ca npoce4yHom BpeaHouwhy og 64,4 N/mm?
1 KoeduumjeHTOM Bapujaumje o 9%. Ose Bpea-
HOCTU cy Beoma 6/1McKe OHMMA Koje cy fobujeHe
y uctpaxkmsarwy Uzcategui et al. (2020) 3a ce-
BEPHU LpBEHU XpacT y jyrounctodHom geny CAL.
Mehy aHanunsnpaHum ceojcTeuma gpseta, MOE
je umao Hajsehu koeduumnjeHT Bapujaumje (21%).
Cpeatba BpegHoct MOE (7381,5 N/mm?2) 6una je
HeLWTO HUXa of, oHe Kojy HaBoae Uzcategui et
al. (2020). Ca agpyre ctpaHe, MOR nma cpegty
BpeaHocT (102,2 N/mm?) 6a1CKy OHOj Kojy npu-
Kasyjy Uzcategui et al. (2020). Ha npumep,
Vansteenkiste (2005) HaBogu NpoceyHy Bpea-
HocT og, 12500 N/mm? 3a MOE 1 99 N/mm? 3a
MOR pgok cy Vang et al. (2008) no6bunm 9810 N/
mm? 3a MOE # 62,1 N/mm? 3a MOR. Pesyntatu
[06MjeHN y Hallem UCTPaXKMBakby HajCANYHUjU
Cy OHMMa Koje cy npepctasuam Uzcategui et
al. (2020). Moxke ce NnpeTNoCTaBUTK A4a Cy pasnor
TOME CAUYHWU KAUMATCKU ycnoBwu 360r camyHor
reorpadCcKor nosioxaja UCNUTUBaHMX cTabana. Ca
Apyre cTpaHe aKo ynopeavMmo fobujeHe nogat-
Ke ca BPeAHOCTMMA 3a HajBaXKHUje MHAOYCTPUjCKe

Tabena 1. [leckpunTMBHA CTAaTUCTMKA 3a CBOjCTBA ApPBETa CeBepHOr LpBeHor xpacta y Cpbuju ytepheHux no-

mohy cTaHZapAHUX MeToAa M nyTem dpakTomeTpa

Vewon  TUT epena  spemmon
F opF (N/mm?) 41 57,5
F 8sF (N/mm?) 41 19,3
F BaF(°) 41 21,5
) WD (g/cm?) 41 0,724
SD Hp (N/mm?) 41 64,4
SD  MOR (N/mm?) 41 102,2
SD MOE (N/mm?) 41 7381,5

HanomeHa: F — dpaktomeTap; SD — ctaHAapgHe meToze;
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Ae(B:TMa;:LA;;ja Bap:joaitje % MuH. Makc.
6,3 11 49,6 69,9
3,2 17 12,5 23,3
Bl 14 17,0 27,0
0,03 4 0,670 0,780
5,7 9 53,2 75,8
14,4 14 73,4 1273
1573,6 21 4829,96 9795,76
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Tabena 2. Mogenv BULLECTPYKE PErPECUMOHE jeflHauYMHe 1 npunaroheHun KoeduumjeHT LeTepmrHaLmje 3a CBOj-
CTBa ApBeTa TecTMpaHa nomohy GpakTOMeTpHjCKUX Mepetrba

MynTuBapumjaHTHU KoeduumjeHt CraHpapaHa
CBojcTBa ApBeTa perpecMoHu moaen AerepmuHaumje rpeLuKa
(Stepwise meToa) (R?) npoueHe
_ 0,00516174-op F +
FyctuHa gpeeta (WD) yWD = 0,0184555-Ba F 0.983 0.09
Yspcroha Ha NpUTUCaK napasenHo _ 0,459408-0p F +
ca BnakaHuuma (Hp) yHp = 1,63198-Ba F ol i
. _ 0,700873-0p F +
Yspcroha Ha caBujarbe(MOR) yMOR = 2.63503-Ba F 0.968 17.9
Mopayn enacTM4HOCTU NpU caBujakby yMOE = 45,7621-0p F + 0.948 1655.2

(MOE)

Aomahe BpcTe ApseTa U3 poga Quercus, xpacTa
KUTHAKa U NyXKHaKa, MOXXeMO KOHCTaToBaTu
Ja cy BpeaHocTu yBpcTohe 6aKCKe OHMMa Koje
npvkasyje Wowkunh (2006), ook ryctmHa n MOE
LpBEHOr XpacTa maso oactynajy. Mctm aytop HaBo-
[V Aa cBojcTBa nojeanHuUx spcta aApseha y oksupy
MCTOr poja 3aBuce o4 MHOTo GpaKTopa na cy Takee
Bapujaumje n oyekmBaHe.

TecToBM BULLIECTPYKE perpecuje cy pesyntu-
panu ca YeTMpwm ycrnewHa MoAena 3a CBako npo-
y4aBaHoO CBOjCTBO ApBeTa (Tabena 2). leHepanHo,
nobujeHe BenMKe BpegHOCTM NOKasyjy Aa ce noje-
[AVMHAYHa, Kao M KoMburHaumja GpaKTOMETPUjCKMX
MepeHa, MOry yCrnewHO KOPUCTUTU Y NPOLEHM
MCTpakMBaHUX CBOjcTaBa ApseTa. Hajseha Bpea-
HOCT KoedununjeHTa geTepmuHalmje gobujeHa je
KOZ, NpoLLeHe ryCTUHe ApBeTa, a HajMakba Kog, oA -
pehusarba MOE.

YspcToha Ha NpUTMCAK NapanenHo ca BAaKaH-
LMMa M yrao 10Ma U3BpTaKa Cy CTaTUCTUYKKN Of-
peheHn Kao BaxHe Bapujabae Koje mory yTmuaTtm
Ha NpoLEeHy CBOjcTaBa gpsBeTa. Hbuxos yTuuaj je
no3uTMBaH, AOK ce pagunjanHa uspctoha Ha ca-
BWjatbe MOKa3asa Kao napameTap Koju CTaTUCTUY-
KW HUje 3HavajaH. OBa KOHCTaTauMja ce nokaana
ca pe3yntaTuma Koje npukasyjy Matsumoto et
al. (2010). Tang et al (2016) cy, ca apyre cTpaHe
WCTaKAW, Aa cy Hajbosbm nokasatesbu uspctohe
cTabana, ogpehenun kopuwherwem ppakTomeTpa,
yBpcToha Ha NPUTKCaK NapanesiHo ca BAaKaHUMMa
1 pagmjanHa uspctoha Ha casujarbe. Mctm aytopm
CY UCTaK/AW pe3ynTaTe KOju NOKasyjy Aa NocToju
3aBMCHOCT n3mehy oBa ABa CBOjCcTBa U Aa HUXOB

199,099-Ba F

oAHOC 3aBUCK 0f, BpcTe ApseTa. [lobujeHe Bpea-
HOCTM R? y 0BOM paay yKasyjy 4a cy MOAEeNn Beo-
Ma yCreLwHu y onucKBary nogataka, mehytum, un
[asbe je HeonXo4HO NMocMaTpaTh TO Y MpaKcK npe
HEro LITO ce AoHeCcy KOHauYHu 3ak/byduun. [akne,
Tpeba y pesyntatuma byayhux uctpakusama
Hahv oaroBop Ha nNuTarbe edUKACHOCTM M Npeuns-
HOCTM NPeABUA/bUBOCTY MOAENa.

3AKMNAYYIAK

Y pagy cy ucnmtmBaHa OCHOBHa CBOjCTBA ApBe-
Ta LpBeHOr xpacTa (rycTvHa apseTa, yBpctoha Ha
NpUTMUCaK NapasenHo ca BAaKaHUMMa U CaBOjHa
CBOjCTBaA) Kao 1 ogHOC M3mehy ppakToMeTpujcKux
mepera AobujeHnx Ha U3BPTKY (uBpcTohe Ha nNpu-
TUCaK Napasie/iHo ca BAaKaHUMMa, paanjanHe ysp-
ctohe Ha caBujarbe M yrna ioma) 1 HaseaeHux du-
3MYKO-MEXaHUYKMX CBOjcTaBa gpseTa. JobujeHun
pe3ynTaTi NoKasyjy Aa ce BPpeAHOCTM UCTPaXKMBa-
HUX CBOjCTaBa Hanase y MHTepBay INTEPATyPHUX
nogartaka 3a oBy BPCTy ApBeTa. YTBpheHe Bpea-
HOCTM yBpcTohe cy CMYHe NoJaunma Koje ce Ha-
BOAE 32 XPaCT KUTHAK U NIY3KHbaK, 40K NpoceyHe
BPeAHOCTM FYCTUHE U MoAy/Na eNacTUYHOCTM O4-
CTynajy, ann He 3Ha4ajHo. CTaTUCTMYKA aHanu13a je
nokasana Aa ce pagavjanHa yspctoha Ha caBujatbe
HE MOXe KOPWUCTUTU Kao noysaaH napamertap y
npoueHu KBanuTeTa ApBeTa, AOK je Ko oaHoca
nsmehy uspctohe Ha NpuTUCaK U yrna aoma wm
CBOjCTaBa ApBeTa CeBepHOr LpBeHor xpacTa 4o-
6unjeHa BULLECTPYKA perpecrmoHa 3aBUCHOCT Ca KO-
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ebuunjeHTOM ZeTepmuHaLmje Koju je 610 y UH-
Tepsany og 0,945 po 0,990. NMpumapHa npegHocT
£obuvjeHnx mogena je moryhHocT npeasuharba
KBannTeTa ApBeTa npe obapara ctabana, WwTo 6m
MOT/10 MO3UTMBHO A2 YyTUYe Ha ONTUMAJIHO UCKO-
puwhere n aamy ynotpeby apseta. MNpuKasaHu
pe3ynTaTu yKasyjy Ha TO KOju nmapameTpu Mame-
peHun Ha aybehem cTabny aajy Haj6bosby CAUKY O
KBa/NUTETy ApBeTa.

PRELIMINARY RESULTS

Y3umajyhu y 063mMp Beoma OCKyaHy MTepaTy-
py y Cpbuju o cBOjcTBMMA ApPBETA LPBEHOT XpacTa
0Ba UCTPaXKMBarba AONPUHOCE NO3HaBakby Bapuja-
6UNHOCTU GU3NYKO-MEXAHUYKUX CBOjCTaBa ApBe-
Ta OBE MHTPOAYKOBaHE BPCTE XPacTa Kao U 04HOC
n3mehy cBojcTaBa M GpakTOMETAPCKUX Meperba
YCMNOCTaB/beHUX Ha Aybehem cTabny.
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Abstract: This study presents preliminary results of the basic properties of the northern red oak
wood as well as the relationship between the properties of the core samples obtained on the
live tree and the tested properties. The core samples 5 mm in diameter were extracted from
the tree and used for determining the fractometer properties: compressive strength parallel
to grain, radial bending strength and braking angle. Using descriptive statistics and multiple re-
gression, the relationship between fractometric parameters and basic physical and mechanical
properties of wood determined by destructive methods (wood density, compressive strength
in parallel with fibers and bending properties (bending strength and modulus of elasticity). The
obtained values of the examined properties of northern red oak are within the limits of the
literature data. Statistical analysis has shown that radial bending strength cannot be used as
a reliable fractometric parameter in assessing wood quality. On the other hand, the obtained
results suggest that the relationship between the other two parameters (compressive strength
parallel to grain and fracture angle) and the properties of the northern red oak wood can
be successfully described using the multiple regression models (coefficient of determination
ranged from 0.945 to 0.990).

Keywords: Quercus rubra L., fractometer, wood properties, multiple regression models.

INTRODUCTION

The northern red oak (Quercus rubra L.,
Fagaceae) is a broadleaved tree species, intro-
duced to Europe from North America in 1691
(Gubka and Spisak 2010). In Serbia, there are
presently only small areas under this tree species,
but significant stands exist in the vicinity of the
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city of Belgrade (Lazarevic¢ 2020). The quality of
wood of the northern red oak has not been test-
ed in this region so far, so it would be of scientific
and practical importance to study the properties
of wood of this extremely resistant and fast-grow-
ing oak species, which is a very high-quality
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material for processing in the wood industry
(Vansteenkiste et al., 2005). With the decrease
of qualified forestry resources, wood materials
should be used more scientifically and efficiently
in wood products like furniture (Hu et al., 2021).

The northern red oak has shown exceptional
results in xeromesophilic and xerothermophilic
oak habitats. It is a species that tolerates aridity
better than sessile oak (Quercus petrea L.), and
has fewer demands on soil fertility. It also easily
adapts to different climatic conditions and toler-
ates low temperatures well. High vitality, as well
as resistance to pests, drought, frost, windbreaks
and snowbreaks, make this species very suitable
for introduction into special-purpose oak forests
(Isajev et al., 2006). According to Soski¢ and
Popovi¢ (2002), wood properties of the north-
ern red oak are very similar with (or in some cases
even better than) those of the domestic species of
the genus Quercus L. in Serbia.

Wood properties are mainly determined by its
structure, biological and organic origin, but also by
the conditions of the wood usage and exploitation.
One of the main goals of practice and theory is to
make the best use of wood raw materials, so the
result of that is a development of a large number
of non-destructive and semi-destructive methods
for analyzing the quality of wood in all phases of
its exploitation. Most methods indirectly deter-
mine the properties of wood; therefore, suitable
devices have been constructed to determine the
characteristics of the material analyzed based on
the drilling resistance (Sharapov et al.,, 2020),
sound propagation or velocity (Baar et al., 2012),
radiation absorption (Dupleix et al., 2012), etc.
Using statistical methods, the measured param-
eters are transformed into the required proper-
ties of wood. Finally, the accuracy of the meth-
od used is checked by establishing a correlation
between the properties of wood, determined by
the non-destructive method and those measured
experimentally (Todorovi¢, 2014).

The fractometer is a device for measuring the
wood fracture strength and bending or compres-
sion strength (Rinn et al., 1996) on a core sam-
ple taken with an increment borer from a certain
part of the tree or branch being examined. The
compressive strength of wood is a good indicator
of quality and initial decomposition (Chiu et al.,

2006; Rinn et al., 1996). Numerous studies sug-
gest that radial strength decreases in the same
way as longitudinal strength because of decay
action (e.g., Mattheck et al,, 1995; Gruber
and Hagermann, 2000; Tang et al., 2005). For
instance, Tang et al. (2005) accomplished high
and positive correlations between radial bending
strength and longitudinal compressive strength.
Matsumoto et al. (2010) concluded that frac-
tometer could be applied for live tree properties
assessment due to the high coefficient of deter-
mination between the compressive strength and
density. Finally, Ishiguri reviewed more than a
dozen articles on using fractometer for analyzing
wood properties (e.g Ishiguri et al. 2011), and
the results of the study emphasized that mechan-
ical properties of wood could be predicted with
this instrument. Still, there is only one available re-
search in which core samples of the northern red
oak were tested using a fractometer. Specifically,
Matheny and Clark (1999) evaluated the frac-
ture moment and fracture angle of core samples
from the lower trunk of northern red oak and 24
other species using a fractometer. The authors
have found that the results varied by core seg-
ment, and position of the tree. Also, there was ma-
jor variation in the results due to location, so they
suggested that habitat factors could be the rea-
sons for such differences. Factors such as climate,
soil, available moisture, exposure to wind, past
loading by snow and ice, and growth rate could
be the source(s) of such variation (Matheny and
Clark 1999). They concluded that in evaluating
the strength loss associated with decay, fractom-
eter results should be compared to the values ob-
tained from clear samples of the same tree.

Some studies have already confirmed relation-
ships between the results of fractometry analysis
and properties of wood (Schwarze et al., 1995;
Gruber and Hagermann, 2000; Tang et al.,
2005; Matsumoto et al., 2008). The experiments
were done on beech, fir, poplar and Douglas-fir
and the resultant equations had medium to high
coefficients of determination (r?).

Based on all of the above, the goal of this pa-
per is to examine the relationship between the
fractometry measurements and the mechanical
properties of the northern red oak wood. The ob-
tained results would contribute to more intensive
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use of semi-destructive methods in assessing the
properties of wood as well as better determina-
tion of wood quality in live trees of this non-na-
tive species that has adapted well to the climatic
conditions of Serbia. Therefore, we will attempt to
answer the questions of which fractometric pa-
rameters correlate well with mechanical proper-
ties of northern red oak wood and how efficiently
and precisely the resulting equations predict the
studied variables.

MATERIALS AND METHODS

Specimen preparation and testing
methods

Samples of northern red oak in these studies
were taken from stands located in the Lipovica
forest and Belgrade, Serbia (lat. 44.697165, long.
20.356815). The area has been mapped by the un-
manned aerial system (drone) DJI Phantom 4 Pro.

Northern red oaks in this area are about 60
years old, and they are growing in a mixed forest
with Scots pine (Pinus sylvestris L.). A visual tree
inspection was conducted before core sampling.
Following visual inspection, core samples were
extracted with an increment borer, from one tree
on two heights (1.4 m and 4.4 m) and all four car-
dinal directions. Using a fractometer (Figure 1) on
the core samples with a diameter of 5 mm, the
following properties were determined: compres-
sive strength parallel to the fibers, radial bending
strength and fracture angle. The values of these
properties were measured from the bark to the
pith.

To determine the physical and mechanical
properties of wood, logs 400 mm long were cut
from trees, from which four radial planks were
sawn. A total of 25 samples measuring 20x20x320
mm were cut from radial planks, grouped accord-
ing to the height of the tree and the anatomical
direction. Before testing, all samples were con-
ditioned at 21 * 2°C and relative humidity of 60
+ 5% for three weeks. Bending strength (MOR)
and bending modulus (MOE) were determined
on conditioned samples. Samples of dimensions
20x20x40 mm were cut from the broken bending
samples, on which the moisture content (MC),
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Figure 1. IML Fractometer 2 — a device for measuring
the properties of the core samples

wood density and compressive strength parallel to
grain were determined. Testing of all these prop-
erties was performed according to the standard
SRPS 1SO 13061.

Statistical analyses

To compare the properties of wood deter-
mined by the standard destructive method and
those determined using a fractometer, the ob-
tained numerical data were analysed by descrip-
tive and multivariate statistical methods.

In the development of the models, the values
of the obtained properties of wood and the values
of the properties of the same age core samples
were used. The obtained data were used to cal-
culate the mean values of all variables and to de-
termine the average standard deviation and coef-
ficient of variation for each mean value. Variables
were also analysed by comparing their minimum
and maximum values. To fully describe the rela-
tionship between wood properties and fractomet-
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ric measurements, “stepwise” multiple regression
was used. The model was further improved by ex-
cluding the constant from the multiple regression
model. As in the previous steps, the adjusted coef-
ficient of determination was chosen instead of the
conventional one as a measure of the suitability of
the model.

RESULTS AND DISCUSSION

Table 1. presents descriptive statistics for
compressive strength parallel to grain (op F), ra-
dial bending strength (6s F) and breaking angle
(Ba F) determined using fractometer, as well as
wood density (WD), compressive strength paral-
lel to grain (Hp), modulus of elasticity (MOE) and
modulus of rupture (MOR) obtained by standard,
destructive method. The average MC during the
examination was 11 %.

The average value for compression parallel to
grain measured with fractometer was 57.5 N/mm?
with a coefficient of variation of 11 %. Radial bend-
ing strength measured with fractometer was on
average 19.3 N/mm?, with a coefficient of varia-
tion of 17%. In Matheny and Clark (1999), the
mean value for breaking angle was 16.70°, which
is lower than 21.5°obtained in our research. The
reason can be found in different MC of the tested
samples, as well as in the influence of the struc-
ture of the growth ring, i.e. the participation of
the latewood zone. In comparison to the other
analyzed wood properties, wood density had the

lowest coefficient of variation (4%), and a mean
value of 0.724 kg/m3. These values are in the
range with the measurements given in the liter-
ature (e.g., Vansteenkiste, 2005; Genet et al.,
2013; Zeidler and Boruvka, 2016; Uzcategui
et al., 2020).

The values of compression parallel to grain
ranged from 53.2 to 75.8 N/mm?, with a mean
value of 64.43 N/mm? and a coefficient of varia-
tion of 9%. These values are very close to those
obtained by Uzcategui et al., (2020) for the
northern red oak in the southeastern part of the
USA. Among the analyzed wood properties, MOE
had the highest coefficient of variation (21%). Still,
the mean value (7381.5 N/mm?) was slightly lower
than those given in the literature (Uzcategui et al.,
2020). On the other hand, MOR showed a mean
value (102.2 N/mm?) close to those given in the
same paper. For example, Vansteenkiste (2005)
obtained 12.500 N/mm? for MOE and 99 N/mm?
for MOR, while Wang et al. (2008) obtained 9810
N/mm? for MOE and 62.1 N/mm? for MOR. The
results obtained in our investigation are the most
similar to those reported by Uzcategui et al.
(2020). It can be assumed that the reasons for this
are similar climate conditions due to the similar
geographical position of the trees examined. On
the other hand, if we compare the obtained data
with the values for the most important industrial
domestic species of Quercus, sessile oak and pe-
dunculate oak, we can conclude that the strength
values are close to those shown by So$ki¢ (2006),
while the density and MOE of northern red oak

Table 1. Descriptive statistics of wood properties of the northern red oak in Serbia determined with the stand-
ard destructive (SD) method and by using fractometer (F)

Method Wood property Count Average
F op F (N/mm?) 41 57,5
F 6s F (N/mm?) 41 19,3
F Ba F(°) 41 21,5
SD WD(g/mm3) 41 0,724
SD Hp(N/mm?) 41 64,4
SD MOR(N/mm?)axial 41 102,23
SD MOE(N/mm?) 41 7381,50

Note: F — fractometer; SD — standard methods;

Standard Coeff. of . . .
deviation variation % Minimum . Maximum
6,3 11 49,6 69,9
3,2 17 12,5 23,3
3,0 14 17,0 27,0
0,03 4 0,670 0,780
5,7 9 53,2 75,8
14,4 14 73,4 127,3
1573,6 21 4829,9 9795,7
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Table 2. Multiple regression equation model and adjusted coefficient of determination for wood properties

tested with standard methods and fractometer

Multiple Regression Equation
Model (Stepwise method;

Wood Propertiy

Adjusted Coefficient

of Determination ST R e

Constant excluded) (adjusted r?) GRS
Density (WD) yWD = 0'8%5131575‘;;2 E * 0.983 0.09
Compression(:;l)'allel to grain e 0,;1/569?3(;?3..0;;; 0.976 116
Modulus of rupture (MOR)  yMOR = 0'27’%2852;‘;2 ';" 0.968 17.9
Modulus of elasticity (MOE) ~ yMOE = 4fé;?391;§:; 0.948 1655.2

deviate slightly. The same author states that the
properties of certain species of trees within the
same genus depend on many factors, so such var-
iations are expected.

Multiple regression tests resulted in four suc-
cessful models for each wood property (Table 2).
In general, the obtained high values show that in-
dividual, as well as a combination of fractometric
measurements, can be successfully used in the as-
sessment of the investigated properties of wood.
The highest value of the coefficient of determina-
tion was obtained when estimating the density of
wood, and the lowest when determining the MOE.

The compressive strength parallel to grain and
the fracture angle of the core samples were sta-
tistically determined as important variables that
can influence the assessment of wood properties.
Their influence is positive, while radial bending
strength proved to be a parameter that is not sta-
tistically significant. This finding coincides with the
results presented by Matsumoto et al. (2010).
On the other hand, Tang et al. (2016) point-
ed out that the best indicators of tree strength
determined using a fractometer are compres-
sive strength parallel to the fibers and bending
strength. The same authors reported that there
is a dependence between these two properties
and that their relationship depends on the wood
species. The obtained values of r? in this paper in-
dicate that the models are very successful in de-
scribing the data: however, it is still necessary to
observe this in practice (and on much more sam-
ples) before reaching final conclusions. Therefore,
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the results of future researches should answer
the question of the efficiency and accuracy of the
models.

CONCLUSION

The paper examines the basic properties of
the northern red oak wood (wood density, com-
pressive strength in parallel to grain and bending
properties) as well as the relationship between
fractometric measurements obtained on the core
sample (compressive strength parallel to grain,
radial bending strength and fracture angle) and
physical and mechanical properties of wood.

The obtained results show that the values of
the investigated properties are within literature
data for this tree species. The determined strength
values are similar to the previously reported data
for sessile and pedunculate oak, while the aver-
age values of density and modulus of elasticity
deviate, but not significantly. Statistical analysis
showed that radial bending strength cannot be
used as a reliable parameter in assessing wood
quality, while the relationship between compres-
sive strength and fracture angle and properties
of northern red oak wood was found, with a co-
efficient of determination from 0.945 to 0.990.
The primary advantage of the obtained models is
the ability to predict the quality of wood before
cutting trees, which could positively affect the
optimal yield and further processing of wood.
The presented results indicate which parameters
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measured on the live tree give the best picture of
the quality of wood.

Considering the very scarce literature in Serbia
on the properties of the northern red oak wood,
the research contributes to the knowledge of the
variability of physical and mechanical properties of
wood of this introduced oak species, as well as the
relationship between properties and fractometric
measurements established on oak trees.
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