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Bopucnas [omkuh UDK: 630*81+174.7
3opan T'oBenap OpurvHaaIHu HayYHU paj
Heb6ojmra Togoposuh

Hanujena [lerposuh

OCHOBHA ®U3UYKA CBOJCTBA JIPBETA CMPYE
(PICEA ABIES KARST.) U3 KYJITYPA

H3Boa: Y paxy cy mpuka3aHu pe3yaTaTi HCITHTHBAHba 0 CHOBHUX (DH3HIKHX CBOjCTaBa
CMpUEBOT JpBeTa U3 KylATypa y okonnHH bama Jlyke. McnutuBannu cy: 3aBUCHOCT
IIMpUHE MIPCTEHa MPHUpacTa U TyCTHHE JPBETa, TyCTHHA, 3alPEeMHUHCKA TOPO3HOCT,
yTe3ame, Tauka 3acCHNeHOCTH BlIaKaHalla ¥ alcopIIiyja Biare. AHaJIM3UPAHO CY TpH
cTabina, IpoceyHe CTapocTH oko 16 roguHa. CTaTuCTHYKU Cy oOpaheHn momany 3a
IIPCHY BHCHHY U YKYITHO 3a CBE eTIpyBeTe, Off IPCHE BHCHHE 710 9,3 m. McnutnBameM
1 aHAJIM30M OCHOBHHX (DM3MYKHX CBOjCTaBa CMPUYEBOT APBETA U3 KyITypa J00HjeHO
je Ila je yTuIaj mMprHe IPCTeHa IIpupacTa Ha TyCTHHY HETaTHBaH | J1a je Ta 3aBUC-
HOCT JIOTapuTaMcka, notsphyjyhu pannje pesynrare. [Ipocedna BpeIHOCT I'ycTHHE
JIpBeTa je Mama Of yoOHdajHe BPEAHOCTH KOjy HAJIA3UMO y InuTepaTtyp. [Ipocedna
BPEIHOCT paJiijaliHOT yTe3ama n3nocu 3,90%, a ranrennumjanaor 8,10%. OBa ucrpa-
JKHMBama NOTBplyjy /1a MOCTOjU IMHeapHa 3aBHCHOCT M3Mel)y HOMUHAIHE TyCTHHE
1 3alPEeMUHCKOT yTe3ama JpBeTa CMpYe M Jia TYCTHHA HETaTHBHO yTHYe Ha (ak-
TOp MOBPIIMHCKE aHU30TponHje. Ha mpcHOj BHCHHU, MpocedHa BpeAHOCT (akTo-
pa MOBPIIMHCKE aHU30TPOIHje U3HOCH 2,16, 3anpeMuHCKa mopo3HocT 72%, a TZV
32,6%. Ilpoceuna O6p3uHa arcopnuuje u3HocH 3,42% 1o gaHy, 3a IpBUX 7 1aHa, a 3a
nocenmux 30 nana 0,12% mo many. M3Bpieno je u nopeheme pesynrara nennuTu-
Bama ca pe3yATaTuMa JIpyrux ayTopa.

Kibyune peun: cMpua, TycTHHA, IIUPHHA IPCTEHA IIPUPACTA, aTICOPIIIIH]ja

gp bopucnas llowxkuh, peg. ipog., LLlymapcku ghaxynitieiti - Ynusepsuiieiu y Beoipagy, beoipag
gp 3opan Tosegap, goyenii, LLlymapcku gpaxynitieini - Yuusepsuiieit y bara Jlyyu, bara Jlyka
mp Hebojwa Togoposuh, acucitieni, [Llymapcku axynitieii - Ynugepsuitieii y beoipagy, Beoipag
guiin. unowc. [anujena Ieiiposuh, acuciieni, LLlymapcku paxynities - Yuusepsuitiein y barwa Jhyyu,
bawa Jlyka
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BASIC PHYSICAL PROPERTIES OF SPRUCE WOOD (PICEA ABIES
KARST.) FROM PLANTATIONS

Abstract: The basic physical properties of spruce wood from plantations in the sur-
roundings of Banja Luka were researched. The dependence of growth ring diameter
and wood density, density, volume porosity, shrinkage, fibre saturation point and
absorption of moisture were analysed on three trees, average age about 16 years.
The data for breast height and for all specimens from breast height to 9.3 m were
statistically processed. The research and analysis of the basic physical properties of
plantation-grown spruce wood shows that the effect of growth ring diameter on the
density is negative and that the dependence is logarithmic, which confirms the previ-
ous results. Average value of wood density is lower than the usual value reported in
references. Average value of radial shrinkage is 3.90%, and tangential 8.10%. This
research confirms the linear dependence between the nominal density and volumet-
ric shrinkage of spruce wood and that density has a negative effect on the coefficient
of surface anisotropy. At breast height, average value of the coefficient of surface
anisotropy is 2.16, volume porosity 72%, and fibre saturation point 32.6%. Average
rate of absorption is 3.42% per day, for the first 7 days, and 0.12% per day for the last
30 days. The study results were compared to the results reported by other authors.

Key words: spruce, density, growth ring diameter, absorption

1. YBOJ

Cwmpua (Picea excelsa L.) je jenHa o7 OCHOBHHX BpCTa HAIIMX YeTHHAPCKHUX LIyMa,
Kao W jeJHa OJ] HajBa)KHUjUX EKOHOMCKMX BpcTa npBeha. Hepammonanna ekcrutoararyja
IIymMa M HENPaBWJIHO Ta3/0Bambe Cy JOBEIH JO MOBJIauekha M ONajiama 3arpeMHHCKOT
¢onma cmpye. OBO ce HapoOYMTO OAHOCH Ha ImyMe bajkaHCKor monyocTpBa TIie je
pacrpocTpamermhe CMpUe Marbe OJ1 jelie, ajly je y YHCTHM CacTOjuHaMa MMa 3HATHO BHIIE
(CtojanoBuh, 1995). 360r Tora ce maHac mocraBjba 3a7aTak OYyBama, IIPABUIIHOT HE
roBama M 00HABIbAMA ITOCTOjehuX CMpUYEBHX ITyMa, C jeIHe CTPaHe, ¥ MPOIIHPEHE FeHOT
apeaa c npyre crpase. [Ipompeme apeaiga cMpue ce MOXKE BPILIUTH OYCTHH-ABAEEM JIH-
mhapcKux [MyMa u HOIU3alkeM KyATypa HOIIYMIbaBambeM OIroBapajynux cTaHHUIITA, Yd-
Me 61 ce noBehao wen mymcku poun (Ctojanosuh, 1995).

Buononke ocobune cmpue omoryhaBajy 1a ce OHa raji TOTOBO y CBIM CTaHUIITHUM
YCIIOBHMA I1a CE 3aTO MpHOeraBa rajelky CMPYCBOT IPBETA Y KYJITypama U IDTaHTaKaMa.
Kyntype nanac npencraBibajy palldOHAIHO M CKOHOMHYHO CTAHHIITE 3a TajCHhEe CMpUe y
LUJBY [T0O0JBIIAKA FCHE TPOTYKTHBHOCTH U FbeHUX (PU3UUKHX, XeMHUJCKUX U MEXaHHYKUX
cBojcTaBa. MeljyTuM, cama MpOMyKTUBHOCT HE 3HAYU M KBAJIUTET JAPBETA, a TO CE MPBCH-
CTBEHO OJTHOCH Ha cacTojuHe cMpue y Miahem a00y.

HeonxonaH nmpeycsioB 3a MpaBuiIHY IPUMEHY M PallMOHaIIHO KopHiheme cMpue-
BOT JpBETa U3 KyJITypa je MO3HABAkE Herose rpale U cBojcTasa. 3aTo je b pajia HCITH-
THBambE OCHOBHUX (DU3MUKKX CBOjCTaBa JpBETa CMpUe U3 Ky/ITypa y okonuHu bama Jlyke
u yropeheme 100njeHnX pe3ysiTara ca CBOjCTBUMA CMpUE MOPEKIOM U3 IPYTHX CaCTOjHHA.
VY pagy cy ncnuTHBaHH: Be3a M3Mel)y IIMpHHE MIPCTEHA NpUpacTa U I'yCTHHE, TYCTHHA Y
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arcoJIyTHO CYBOM CTarby BIQXKHOCTH U 3alIPEMUHCKA IIOPO3HOCT, yTe3ame, Tauka 3acuhe-
HOCTH BJIaKaHalla ¥ allCOpIILHja Bare.

2. IOPEKJIO MATEPUJAJIA U METO/I PAJTA

Marepujan 3a UCIMTHBamkE oTHde u3 7 oxesbema ') ,, Konpaga”. Hagmopcka Bu-
cuHa TepeHa je 750 m, maruo je 6mar (ox 5-10°), a ekcrio3umija ceBepo3amnansa. CacToju-
Ha NpHIaa ra3quHCKO] KIIACH KyITypa cMpUe y rojacy yma OyKBe H jese, ca CMpYoM Ha
JTyOOKHMM €yTpHIHNM cMehuM 3eMIpHIITHMa Ha cTeHaMa (uinia. JJOMHHAaHTHY TeO0JIONIKY
TIOATIOTY, Mel)yTHM, YMHE Kpedrbally, IPH YeMy NpeoBiaaaBa cMehe Kpeumauko 3eMIbHII-
Te. [OpmU €J10j MPTBE IIyMCKE TPOCTUPKE M YETHHA HUj€ PA3JIOKEH, a Ie0JbHA MY U3HOCH
OKO 5 cm.

VYkynHa noBpuiuHa Kyntypa je 85,31 ha, a nomurayte cy 1981. rogune. ¥ nocana-
[IEEM T'a3[10Balby OBUM KyJITypaMa HUCY BpIIICHE HUKaKBe Mepe Here. [lomymibaBame je
BPILICHO Y IMJbY CAaHHPama CTarba y AerpagiupaHuM Iymama OyKBe, 1a ¢€ U JaHacC, Y OKBHU-
py Kyntype, cycpehemo ca mojejuHauHuM cTadiarMa OyKBe.

CacrojuHa je jemHomoOHa, crapocTu ctadana 25 roguna. Cpeamby IpeUHUK cTaba-
na, 9 ornenHUX MOBpIIMHA, U3HOCH 13,25 cm. Pacmopen 6poja crabana mo 1e6JbHHCKAM
paspenmma je cnnaaa I'aycoBoj KpHuBoj, ca HajBehnM Opojem crabana y Ae0PHHCKOM IO~
paspeny 12,5 cm.

Enpysere 3a ncimTHBamke OCHOBHUX (PM3MUYKUAX CBOjCTaBa Cy n3paleHe u3 Tpu cra-
6ma mpoceune crapocTn Ha 1,3 m oko 16 roguHa. M3 crabana cy n3pe3aHu KOTYpOBH 11e0-
JBHHE OKO 2 cm W eTpyBeTe muMeH3mja 2x2x4 cm. KoTypoBu u enpyBeTe Cy U3pe3aHd Ha
cBaka 2 m, o npcue Bucuue (1,3 m) 10 9,3 m.

3a aHaNM3y MUpPHUHE MpCTeHa npupacta kopumhena je AMSLER myma ca mommd-
HUM MepuiioM. M3MepeHa je nmpoceyHa BpeIHOCT MIMPHUHE MIPCTEHA NMPUPACTa Ha CBAKOj
enpyBeTu. 3a MoTpede Mepera BIaKHOCTH U IPOMEHE JUMEH3H]a, eNPYBETe Cy ITPBO IPH-
pozHo cymene oko 60 naHa, y 1a00paTopujcKUM yCIOBUMA, YHje€ Cy IPOCEUHE BPEIHOCTH
t=25°C u ¢=72%, a 3atum y naboparopujckoj cyurHuiy Ha =103+2°C 1o ancoiyTHO
CYBOT CTama BIQKHOCTH (JI0 KOHCTaHTHE Mace). Maca erpyBera je MepeHa Ha eJISKTPOHC-
koj aurutannoj Baru Tehtnica ET-1111, taunoctu Y100 g. luMeH3Hje y CBa TPH aHATOMCKA
IIpaBIia ¥ Mace erpyBeTa Cy MEPEHE Y CHPOBOM, MPOCYIIEHOM U alICOJ[yTHO CyBOM CTamby
BITQXXHOCTH.

Armicoprinyja BIare CMp4eBOT JApBETa je MEpeHa I'PaBUMETPHjCKUM IyTEM, TaKo
LITO Cy emnpysere, ca 1,3 m, ocylIeHe 0 arcollyTHO CYBOT CTama BIAXHOCTH, a 3aTUM
CTaBJbEHE y KIMMY BIaxHOT Bazayxa (1=21°C u ¢=100%). [Ipomena Biare ca BpeMeHOM
je npahena 45 naHa.

I'ycTuna, 3anpeMHHCKa MOPO3HOCT M Tadka 3aCHMNEHOCTH JIpBeTa M3padyHaTH Cy
momohy oxrosapajyhux MmareMaTHukux (hopmyra.
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3. PE3VJITATU U JTUCKYCHUJA

3.1. YTuuaj mupuHe NpcTeHa NPUPacTa Ha TyCTHHY JIpBeTa

[To3HaBameM CTPYKType LIMPUHE MPCTEHOBA IIPUPACTA MMa BEJIUKH 3HaYaj, Kako
3a ipaheme IeHIPOXPOHOJIOIIKIX U ASHIPOKIMMATA0IOIMKIX HeTpaxkuBama (I'oBexap
et al., 2007), Tako W 3a UCTpakUBambe (PU3MIKMX, MEXAaHWUKHX W TEXHONIIKUX CBOjCTBA
JpBeTa, OJHOCHO KBAJIUTET JIpBeTa. HapounTo je mHTepecaHTHa Be3a m3Mely IIMpHHE
NPCTEHa NPHUpAcTa M T'yCTHHE JpBETa, Kao HajBa)KHHjEr MHAMKATOpA KBAIUTETA JPBETA
xox uetnHapa (Zobel,Buijtenen, 1989). [Ipema Lindstrom-y (1996), mopex mmpune
NpCTEHa MpUpacTa, Ha TYCTHHY JpBeTa YTHYy ¥ BPCTa APBETA, YCIOBH PAaCTa, KBAJIUTET
3eMJBHIITA, CTAPOCT, KIMMATCKN (aKTOpH | JIp.

IIpema Hlomkuhy (1994) xox gyeTnHapa ca moBehameM U CMambEHEM IUPUHE
MIpCcTeHa MpUpacTa UCIo U H3HaI oxpel)eHor onTuMyMa, Koju 3a BehnHy 4eTnHapa Hu3HO-
cu ox 1-2 mm, nonasm 1o onagama ryctuHe apeera. [Ipema Lindstrom-y (1996), Hera-
THBHA Be3a M3Mel)y TyCcTHHE 1 IIMPHHE IPCTeHA IPUPacTa ce 00jallllbaBa CMabEHhEeM yue-
mha KacHOT JpBera ca nmoBehameM IIMpHHE NMPCTEHa MPUpPAcTa, a TO Cy NMpeMa UCTOM
ayTopy IoKas3alia M MPeTXOIHa UCTpakuBama npyrux ayropa (Nylinder, Hagglund,
1954, Hildebrand, 1954, Trendelenburg, Mayer-Wegelin, 1955, Kollman,
Cote, 1968, Hakkila, 1968, 1979, Persson, 1975).

Panuja nctpaxuBama mokasyjy 1a je yTUIlaj IUpHUHE TPCTEHA TPUPACcTa Ha TYCTHHY
cmpue HenmHeapaH. Mcemutyjyhm cmpuy ca Crape mmammbe, Jlyknh-CumonoBuh
(1960) je nokasana HeraTuBaH yTHIaj IIUPHHE NIPCTEHA NPHPACTa Ha TYCTHHY APBETA.
Hakkila (1968) moka3syje na je Ta 3aBUCHOCT Jioraputamcka, a Grammel (1990) na je
excrioneHnujanHa. Tpehu mozen je passuo Olesen P.O. (Lindstrom, 1996), koju je mpo-
Halao 7a je Be3a u3Mely rycTuHe u mIMpHHE MPCTEHA NpUpacTa CMPUEBOT JIpBETa UCTO
TaKoO HEJIMHeapHa, aju O0JHKa:

_ b
Y—a+m+e, .......................... (N

rae cy: Y - TyCTHHA JIpBeTa, X - IIMPHHA IIPCTEHa NpUpacTa v d, b 1 ¢ - KOHCTaHTe.

[Tpema OBUM HCTpaXKUBaBHMa, IPOCEYHA BPEAHOCT IHMPHHE IPCTEHA IIpUpacTa Ha
npcHoj BucuHM (1,3 m) m3nocu 2,99 mm, a ykyIHO 3a cBa TpH aHaIm3upana ctabdma 4,05 mm
(2,2-7,2 mm) ca xoeduiujenToM Bapujanmje oa 29,8%. OBa BpeIHOCT IUPHUHE ITPCTEHA
npupacra je Beha ox one kojy je modmna Jlykuh-Cumonosuh (1960) ox 1,65 mm, a
MIPHOIMKHO HCTA BPSAHOCTH 10 Koje je momao TogopoBuh (2006), ncnutyjyhu cmpay
ca mranuse [oy, on 4,78 mm ca koepuunjerrom Bapujanuje ox 11,9%.

Pesynrarn uctpaknBama IMOKasyjy Ja je yTuIlaj MIMPHHE MMPCTeHa MpHpacTa Ha
TYCTHHY HETaTHBaH M Ta 3aBUCHOCT je JIOTapuTaMCKa | IMOTBphyje pe3ynrare 10 KOjuX je
nomrao Hakkila (1968). 3aBucnoct (rpaduxon 1) je obnmka:

Y=-0,1048-In x+0,5428, ....... ... ... ... ..... 2)
e cy: Y - IMpuHa IpCTeHa IpUpacTa [mm], X - TycTHHA IpBeTa [g-cm ], a KoeQUIIjeHT
nerepmunanyje r>=0,50.
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I'paduxon 1. YTHIaj muprHe NpcTeHa NPUPAcTa Ha TYCTHHY APBETa CMpUe
Diagram 1. Effect of growth ring diameter on the density of spruce wood

3.2. I'yctuna apBera

I'ycTuHa apBera je HajBakHUje (U3MYKO CBOjCTBO JpBeTa. OHAa MOXKE MPAKTUYHO
1 TIOCITY>KH Kao HHIMKATOP II0jeANHUX MEXaHNYKUX cBojcTaBa. Beha rycruna ce, nakie,
MOXKE CMaTpaTH 3a MO3UTHBHY OCOOMHY ApBeTa Kao MarepHjaa, jep mobosbliaBa Berosa
Moje/IMHa CBOjCTBA, JIOK Ce, C IPYyre CTpaHe, OHA HEraTHBHO OfIpakaBa Ha KOHCTPYKIIHje
KojuMma je rmorpeOHa jakoha y3 Behy HOCHBOCT, Ha 00paJIMBOCT PBETa U HA TPAHCIIOPTHE
Tpomkose. Kapaxacamosumh (1988) maBomm ma je ryctuma cmpue 0,430 g-cm™
(0,300-0,640 g-cm™), a llomxkuh u capaguuu (1994) na je mpocedna rycTuHa cMpue
ca noapyuja I'J ,, Topuux™ na 3natuopy 0,489 g-cm™, ca koeuLHMjeHTOM BapHjaluje Ox
6,81%. Pesynraru xoje cy npukazanu Molteberg u Hoibo (2006) mokasyjy aa je mpo-
CeuHa rycTuHa cMpue crapoctu 21 romune 332 g-cm 3 ca koe(DHIMjEHTOM BapHjaluje ox
11,7%.

Mana rycTHHa CMpUe je TMOCJIeInIa MPUCYCTBA JyBEHMIIHOT JpBeTa. JyBEHHUIIHO
JPBO MMa 3HaTHO Mame yTe3ame U I'YCTUHY Of 3pelIor ApBeTa, caapku Behu yneo paHor
npBeTa, a 1 nebsprHa hemrjckux 3ua0Ba, OIke HEeHTPyY cTabia, je Mama O OHUX KOje Ha-
CTajy KacHHj€ y 3pelioM JpBETY. Y THIQj jyBEHUIHOT JIpBETa HA TYCTHUHY Cy IOTBPIMIIA U
ncrpaxkuBama [lopumekau Ctpaxea (2005). [Ipema oBum ayTopuma, rycTHHa cMpue,
y allCOIyTHO CyBOM CTamy BIQXKHOCTH, y JYBEHHIHOM JPBETY 3a cTapocT oko 10 rognHa
msnocu 0,368 g-cm3, 3a 20 romuna 0,387 g-cm >, mok y 3penom noby crapoctr oko 40 ro-
nuHa TyctrHa nsHock 0,450 g-cm ™.
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Tabena 1. ['ycTuna 1pBera 1o nojeJuHUM cTadiuMa
Table 1. Density of wood per individual trees

N CTaTHCTHYKH NOKA3aTe/bH Cratuo I Cratuo 11 Craduo 111
B Statistical parameters Tree I Tree 11 Tree I11

1 bpoj y3opaxa 27 28 25

2 Cpenmba BpeaHOCT gem™ 0,378 0,457 0,381

3 Cranzap/Ha JieBujaiuja gem™ 0,0252 0,022 0,023

4 Koeduuujent Bapujaruje % 6,700 4,800 6,100

5 Cranj. Tpenika ap. Cpeiuue | g cm— 0,0048 0,004 0,005

6 min gem™ 0,339 0,411 0,341

7 max gem™ 0,429 0,520 0,441

Pesyararu Hammx KCTpaKMBarba IyCTUHE PBETA 3a CBa TPU cTabia Cy IpHKa3aHa
y Tabenu 1.

IIpoceyna rycTuHa apBeTa Ha MPCHOj BUCHHM M3Hocu 0,422 g-cm™>, a 3a cBa TpH
crabna 0,406 g-cm (0,339-0,520 g-cm™3), ca MpOCEYHUM KOE(PUIIUjEHTOM BapHjaluje oj
10,8%. Crabna I u Il umajy Mame BpeIHOCTH I'yCTHHE 01 yoOHuuajHe TPOCEYHE BPEAHOCTH,
KOjy Hanasumo y nureparypu, o 0,430 g-cm3, a npubImKHy BpEIHOCTH KOjy j€ 100HO
Tomoposuh (2006) 010,347 g-cm™ n BpenHocTH Kojy ¢y noounu lopumek u Ctpaxe
(2005) ox 0,387 g-cm™ 3a jyBeHWIHO apBO cMpue cTapoctu 10 20 roauna. Koeduimjent
Bapujallyje ce HaJa3u y TPAHUIM JUTEPATypPHUX IOJaTaka 3a BapUjaOHIIHOCT TYCTHHE,
Koja MpoceyHo n3Hocu oko 10%.

3.3. Yre3ame apBera

[Ipoceyna BpeaHOCT pajujajHOr yTe3ama Ha NpcHOj Bucuuu (1,3 m) u3HOCH
3,87%, a ykymHa npoceuHa BpegHocT 3,90% (1,93-5,60%), ca koeduunjeHTOM BapHjarmje
o 21,60%. OBa BpeqHOCT paujaHOT yTe3ama je HelTo Beha o1 BpeaHOCTH 10 Koje Cy
nouu apyru ayropy, Yrpenosuh (1950) u lomkwuh (1992) on 3,60%, Kapaxaca-
nosuh (1988) ox 3,80% u Tonoposuh (2006) ox 3,12%. Koedurmjent Bapujanuje je
puOIMKaH BPeAHOCTH Kojy npukasyje Tonqoposuh (2006) ox 23,34%. OBa BpeaHoCT
BapujabmIHOCTH je Beha o1 BpeAHOCTH KOjy Hala3uMo y tuteparypu o 16%, a pasnosu ce
MOTY TPKUTH Y PAJIHjaTHOM pacTiopeny 1 yueriy jyBeHWIHOT APBETa U CyIITHHCKO] pa3-
JIUIM yTe3ama y ey ApBeTa OIrrKe EHTPY M OHOM Yy 3peJIoM IpBETY, Kao u Behoj ryctu-
HU cTabia ca o3HakoM II, koje caMuM TUM MMa U Belie BPeJHOCTH pairjaiHOT yTe3amba.

JloOujeHa BpeTHOCT TAaHTCHIIMjaTHOT yTe3arha MPUOIMKHO OJroBapa BPEIHOCTHMA
n3 oureparype. KoedunujeHt Bapujanyje TaHT€HIMjaIHOT yTe3ama u3HocH 12,6%, mro
j€ TIpUONIKHO BpEAHOCTH A0 Koje je momao Tomoposuh (2006) ox 13,4%. Cmpua ce
mpocedHo TaHreHnujairHo yrexe 8,10% (5,03-10,04%), Mok cy BpeAHOCTH IO Koje Cy
nouu Yrpenosuh u [llomkuh nznocuie 7,80% (7,78%), a BpeaHoCT 10 Koje je A0IIao
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Kapaxacanosuh (1988) je 7,60%. IIpocedna BpeqHOCT TaHTE€HIIMjAIHOT yTe3amba Ha
npcuoj Bucund (1,3 m) n3nocu §,35%.

3anpeMHUHCKO yTe3ame npoceuro usnocu 11,87% (7,5-14,9%), ca koeduimjeHToMm
Bapujaije of 13,8%. OBa BpeHOCT je mpuOiiKHa BpeqHOCTH Kojy HaBoje Lllomkuh u
[Monmosuh (2002) u Kosnnn (2000) ox 12%. 3anpeMuHCKO yTe3ame Ha TIPCHO] BUCUHU
(1,3 m) nmpoceuno nznocu 12,08%.

Ha BenmuuHy 3anmpeMHUHCKOr yTe3ama IpBera Hajsehu yrumaj uma rycruHa. Ta
3aBHCHOCT je, IpeMa JTocaJalli-uM pesynraruMa, mponopunonanaa (Kollmann, Cote,
1984) n moxe ce n3padynaru nomohy crnenehe dpopmyre:

USZoP,y oo 3)

rae cy: U - 3ampeMuHCKO yTe3ame npBera [%], Z - Tauka 3acuheHOoCTH BlakaHana [%] u
p, - HOMUHAJTHA 'yCTHHA JpBeTa [g-cm ™).

Hamra ncrpaxuBama (TpadgukoH 2) moTBplyjy Ha MOCTOjH JIMHEapHa 3aBUCHOCT
n3Mel)y HOMHHAJIHE TYCTHHE W 3allpEMHHCKOT yTe3ama JIpBeTa cMpue. Ta 3aBHCHOCT je
JIMHEAPHOT 00NIMKa, ca KOS(pUIIN]EHTOM JeTepMUHanuje o r2=0,64:

U=332p oo “4)

Jennaunna (4) onrosapa BpenHOCTHMA, KOjy je mpema lllomkuhy nllonmoBuhy

(2002) nao Trandelenburg, xoju HaBOAM A2 BPEHOCT 3alIPEMHHCKOT yTe3ama 3a 0aKysbaBe
geTrHape (jey ¥ CMp4y) HMa OOJHK:
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I'padukon 2. 3aBUCHOCT yKYITHOT 3aIIPEMUHCKOT yTe3arha 0/l HOMHHAJIHE I'yCTHHE JIPBETa
Diagram 2. Dependence of total volume shrinkage on nominal wood density
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U=(29-33) Py c o 5)
rae je (29-33) - xoepuIHjeHT KOju OATOBapa TavuKH 3aCMNEHOCTH BIakKaHara KoJ cMpYe
WA jerie.

Pesynrary ncnutBaHuX GU3MYKKUX CBOjcTaBa oMmoryhwmim cy na ce nohe jo noaara-
Ka 0 (paKTOpy aHMW3OTPOIIHje yTe3ama, 3alIPEeMUHCKO] TOPO3HOCTH U TAUKU 3aCHNCHOCTH
BJIaKaHala Ha 1pcHOj Bucuuu (1,3 m) (tadena 2).

Ta6esa 2. CBojcTBa CMpYEBOT JIpBeTa Ha MPCcHO] Bucuuu (1,3 m)
Table 2. Properties of spruce wood at breast height (1.3 m)

3amn. nopo3Hoct

No | Crammermukm moxasatessu | akTop aHM3OTPONHIE | yolume porosity Zv

Statistical parameters Coeff. of anizothropy o ”

1 Bpoj yzopaka 26 27 27
2 Cpenmba BpeqHOCT % 2,16 71,86 32,57
3 CranjapiHa JeBHjaiuja % 0,35 2,31 4,66
4 Koedunujent Bapujanuje | % 16,27 3,22 14,30
5 | Crann. rpemika ap. cpeause | % 0,07 0,44 0,90
6 min % 1,61 65,28 20,73
7 max % 2,85 74,84 37,43

3a npolieHy AMMEH3HOHAIIHE CTAOWITHOCTH U YIIOTPEOJFUBOCTH HEKOT IPBETa KOPH-
CTH ce (paKkTop MOBPIIHHCKE aHU30TpomHje. DakTop MOBPIIMHCKE aHU30TPOTIH]jE TIOKa3yje
ckitonoct ozipehene Bpere ka Behoj mim Mamoj nedopmanuju. [pema Hlomkunhy ullo-
noBuhy (2002), pakrop MOBpIIMHCKE aHU30TPOITH]jE 32 CMPYY M3HOCH 1,6 IITO je Mambe 01
Halle BPeIHOCTH KOjy cMo 100w o 2,16. Behy BpenHOCT NOBpPIIMHCKE aHU30TPONH]E,
je moouo Togoposuh (2000) u oHa je u3Hocuna 2,47. Victu aytop HaBOAHM J1a y3pok Behe
AHU30TPOTNH]e, KOA CMpUe, Tpeba TPaKUTH Y MIPHUCYCTBY jYBEHIIIHOT IPBETA, KOje CMambyje
MONPEYHO, a MoBehaBa akCHjalHO yTe3arme IpBeTa.

['ycTuHa yTHYe Ha BEJIMYMHY MPOMEHA TMMEH3HMja U 3alIpeMUHE PBETa, Meh)yTHm
BCH YTHIA] Ha BEJIMYMHY MOBPIIMHCKE aHU30TPOIIHje HHUje moceOHO objammbeH. [Ipema
ucrpaxusamuma Kollman-a u Morath-a, ca noBehameM rycTuHe ApBeTa I0Jjas3u J0 cMa-
BeHha aHU30TPONHjE TPAHCBEP3AJIHOT yTe3ama JpBeTa. To cy MOTBpAMIa U Hallla UCTpa-
JKHMBarba IJie aHain3a rnokasyje (rpadukoH 3) HeraTUBHY JIMHEAPHY Kopelalujy, ca koeu-
1MjeHToM neTepMuHanmje 72=0,42, koja ce MoXKe U3pasuTh (HOPMYIIOM:

S=A14495p, (6)

e cy: f - (akTop MOBPIIMHCKE aHU30TPOIIHje U P - TYCTHHA JIPBETA y allCOIYTHO CYBOM
CTamy BIAKHOCTH.

3anpeMuHCcKa MOPO3HOCT MpoceyHo u3HocH, Ha 1,3 m, 71,86%, mrto oarosapa npo-
CEYHO]j BPEIHOCTH MOPO3HOCTH 011 72,1% 1o xoje je nomao [Totaxun (1976). [ToposHocrT,
KOJI CMpue, 3aBUCHU OJ TYCTHHE JIpBeTa, y4eitha paHor apeeTa u ap., na he ApBo koje uma
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I'paduxon 3. YTruaj ryctune npeeta Ha (pakToOp MOBPIIMHCKE aHU30TPOIIHjE
Diagram 3. Effect of wood density on the coefficient of anisotropy

Behn yzeo jyBeHWIHOT JpBeTa nMatH U Behy 3arnpeMuHCKy Topo3HOCT 1 00pHyTO. To Ham
TIOKazyjy pe3ynraru 10 kojux cy pounm 'opumex u Ctpaxe (2005) xoju HaBoze /1a je
3anpeMHHCKa OPO3HOCT jyBEHHITHOT pBeTa (cTapocTtu a0 10 roxuna) oko 76%.

ITpoceuna Bpennoct 72V na npcuoj Bucunu (1,3 m) nsnocu 32,6%, a To je Mame o1
BpenHocTH 110 Koje cy mounu [Homkuh ox 39,5% u Tomoposuh (2006) ox 35,5%.

3.4. Ancopnuuja Bjaare

I'padmuxa 3aBucHOCT M3Mel)y ancopriiyje Biare ¥ BpeMeHa j1ata je Ha rpadukony 4.
Aricoprnimja Biare je MepeHa 45 maHa. 3 moOujeHUX pesyirara ce MOXKe BHICTH Ja je
Op3WHa arcopmIyje BiIare U3 Ba3ayxa y MmodeTky Hajeha, 3aTuM Onaro omaja, a Ha Kpajy
je Hajmama. OBO ce MO)ke 00jaCHUTH Pa3IMIUTUM apUHUTETOM JAPBETa MpeMa BOIU y
3aBHCHOCTH OJI FberOBE BIIAKHOCTH. Y MOYETKY MPOLeca, JPBO j€ y allCOIyTHO CyBOM CTa-
Y BIQXHOCTH, 3UJI0BHU henrja cy MOTIMYHO CYBH, FbUXOB aMHUTET IIpeMa yIvjamy Bare
j€ BeIIUKH, I1a ce Biiara op30 kpehe o crospalmux Ka yHyTpallmbuM aenosuma. Kachuje,
ITO je cajapikaj Biare y henujckum 3uoBuMa Behiu, mpoiiec arcoprimje je CBe CIopHju
(ITomosuh, Tomoposuh, 2004).

I'paduxon 4. nokasyje 1a je y npBUX 2 JaHa U3y3€THO BEIMKU TPEH]I IOPACTa BIIaX-
HOCTH, 2 JIaJbH MPOILIEC arlCOPIIIHje BIIare Teue yCIopeHo Kpo3 BpeMe. TpeH/ je Takas aa
CBE MITO C€ BHIIIE NMPHOIIKABAMO TauKN 3aCHNEHOCTH BIIaKaHala IOpacT BIAXXKHOCTH je
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I'paduxon 4. Anicoprimja Biare CMp4eBor JIpBeTa
Diagram 4. Spruce wood absorption of moisture

CBC MamH 32 MCTO BpeMe arncopriuje. cnuTuBame je mokasaso Jia je Op3uHa arcopIimje
y mpBuX 2 na"a usHocuia 7,7% mo nany, Hapeaaux 8 nana 1,18% mo maHy, a mocneamux
5 nana 0,05% no nany. [Ipoceuna 6p3una ancopmmje n3nocu 3,42% 1o gaHy 3a npBux 7
nana, a 3a nocieamux 30 nana 0,12% no nany. Kopenanuja usmel)y 1ocTUurayTe BiiaxHOC-
TH TOKOM aflCOPIIIHje U BpeMeHa (45 maHa) je BpJIo jaka 1 MaTeMaTHYKOT je 00JInKa:

Y=4,96-In x+11,97. 000 oo )

Koedunujent nerepmunanmje nznocu 1°=0,99. Iopehera paau, ancopiiuuja Biare
CcMpYe je 3HaTHO Oprka OJ1 aricopIIIHje ApBeTa OyKBE TIie, IpeMa pe3yiTaTHMa JI0 KOJUX Cy
nomm [Tomosuh u Togoposuh (2004), y npBux 5 gana u3nocuna 3,14% mo nany, a
Koz cmpue je To 4% 1o any.

4. 3AK/bYYAK

HcnuTrBameM M aHAJIM30M OCHOBHUX (PM3MYKHMX CBOjCTaBa CMPYEBOI JIpBETa U3
KyJITypa T0OMjeHH Cy OB pe3yJTaTH:

— MPOCEYHA BPEJHOCT IIUPUHE IPCTeHA NpUpacTa Ha pcHoj Bucuuu (1,3 m) usHo-

cu 2,99 mm, a yKymHO 3a cBa TpHU aHanu3upana crabdma 4,05 mm (2,2-7,2 mm),

ca xoeunujenToM Bapujauje oz 29,8%. Pesynrarti nctpakuBama 1oxasyjy ia

je yTuIlaj MIMpHHE NPCTEeHA MpHpacTa Ha TYCTHHY HEraTWBaH M Ta 3aBUCHOCT
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je morapuramcka (¥Y=-0,1048-1n x+0,5428, ca xoedurjeHTOM IeTepMUHALIN]E
?=0,50), xoja moTBphyje pe3ynrare 10 Kojux je momao Hakkila (1968);

— IIpoceYHa TyCTUHA JpBETa HAa MPCHO] BUcHHM m3Hoch 0,422 g-cm™3, a 3a cBa
Tpu crabna 0,406 g-cm™> (0,339-0,520 g-cm™>), ca mpocedHUM Koe(UIIUjeHTOM
Bapujarmje ox 10,8%;

— MPOCEYHAa BPEHOCT paJIijaTHOT yTe3atha HaipcHo]j BucuuH (1,3 m)u3nocn 3,87%,
a yKyImHa nmpoceuHa Bpeanoct 3,90% (1,93-5,60%), ca koeduiinjeHToM Bapujaiu-
je om 21,60%. OBa BpemHOCT paIujaJHOT yTe3ama je Henro Beha o BpeIHOCTH
110 Koje cy gouwtu apyru ayropu, YrpeHoBuh (1950) u llomkuh (1992) ox
3,60%, KapaxacanoBuh (1988) o1 3,80% u Togoposuh (2006) ox 3,12%;

— cMpya ce MPOCeYHOo TaHreHujaitHo yrexe 8,10% (5,03-10,04%), ok cy BpeaHo-
¢t 110 Kkoje cy nouutn Yrpenosuh u Hlomkuh usnocune 7,80%, onaocuo 7,78%,
a BpexHocT 10 koje je nomao Kapaxacanosuh (1988) 7,60%. Koedunujent
Bapujanyje TaHTeHIMjAIHOT yTe3ama n3Hocu 12,6%, mro je mpuOIKHO Bpea-
HOCTH 10 Koje je momao TomopoBuh (2006) ox 13,4%. [Ipocedna BpegHOCT
TaHTeHIN]AJTHOT yTe3ama Ha pcHoj BucuHH (1,3 m) nznocnu 8,35%;

— 3aIIPEMHHCKO yTe3ame mpocedHo u3nocu 11,87%(7,5-14,9%), caxoepuiujeHToM
Bapujauuje on 13,8%, a oBa ucrpakusama NoTBplyjy Aa IOCTOjU JTHHEapHa 3a-
BUCHOCT u3Mel)y HOMHHAIHE I'YCTHHE M 3alPEMUHCKOT yTe3ama JAPBETa CMpPUEC
obnuka Y=33,2-p , npu 4emy JlobMjeHa jeiHaqMHa O[roBapa BPEJHOCTH KOjy je,
npema lHomkuhy u ITonosuhy (2002), nao Trandelenburg, xoju HaBomu 1a
ce BPEJHOCT 3allpeMUHCKOT yTe3ama 3a 0aKyJbaBe YeTHHape (jeny U CMp4y) MO-
ke u3padyHatu oMohy cienehe gopmyne U=(29-33)-p ;

—mnpema [lomkuhy nIlomosuhy (2002), pakrop MOBpIIMHCKE aHU30TPOIIHjE
3a cMp4y U3HOCH 1,6 IITO je Mame OJ1 Hallle BPEIAHOCTH KOjy cMO 100w of 2,16.
Behy BpemHOCT MOBpIIMHCKE aHU30TPOIIHjE, O/ Hallle BPEHOCTH, je 1odno To-
noposuh (2006) n ona je m3nocmna 2,47. OBa UCTpaXKUBamba Cy MOTBPANIA
tBpamy Kollmann-a n Morath-a o HeraTHBHOM yTHIIajy TYCTHHE IpBeTa Ha (hak-
TOP MOBPIIMHCKE aHU30TPOIIMje. AHAIN3A I0Ka3yje HEraTUBHY JMHEAapHY Kope-
Janujy Koja ce Moxke m3pasutu popmyrnoM f=—4,95-p+4,14, ca xoepumnmjeHTOM
nerepmuHanmje r2=0,42;

— 3aIpeMHUHCKa MOPO3HOCT Ha 1,3 m mpoceyno nznocu 71,86%, mro onrosapa mpo-
CEYHO] BPEJHOCTHU 1TOpo3HOCTH 011 72,1% 110 koje je nomao [ToTsikuu (1976);
— npoceyna BpenHocT 7V ua npchoj Bucunu (1,3 m) usnocu 32,6%, mro je Mame
oJ1 BpeaHocTH 10 Koje ¢y gorwtu [llomkuh ox 39,5% u Tomoposuh (2006) ox

35,5%;

— Op3uHa arncopmmuje Biare u3 Baznyxa (=21°C u 9=100%) omasa ca BpeMECHOM.
VY npBux 2 1aHa je U3y3eTHO BEJIMKH TPEH]I T0pacTa BIAXXHOCTH, a JaJbu MPoIec
arcopIyje Biare Te4e yCrnopeHo Kpo3 Bpeme. TpeH[ je TakaB Jia CBE LITO ce
BHIIIe IPUOIMKAaBAMO Tauky 3acHieHOCTH BJlaKaHala MopacT BIAKHOCTH je CBE
Marb! 32 HCTO BpeMe arcoprnuje. Mcrnutruame je mokasao 1a je Op3nHa arcopi-
[Mje y mpBuXx 2 gaHa u3Hocwina 7,7% 1o nany, Hapeqaux 8 nana 1,18% mo nany, u
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nocaenmux 5 nana 0,05% mno nany. [Ipoceuna 6p3uHa ancopmmuje u3Hocu 3,42%
10 aHy 3a MPBUX 7 JaHa, a 3a nocnenmux 30 maxa 0,12% mo many. Kopemnarija
m3Mel)y TOCTUTHYTE BIAYKHOCTH TOKOM allCOPIIIHje U BpeMeHa (45 maHa) je BpIio
jaka 1 MaTeMaruukor je oonmka: Y=4,96-In x+11,97 (*=0,99).
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BASIC PHYSICAL PROPERTIES OF SPRUCE WOOD (PICEA ABIES KARST.) FROM
PLANTATIONS

Summary

The basic physical properties of spruce wood from plantations in the surroundings of Banja
Luka were researched. The dependence of growth ring diameter and wood density, density, volume
porosity, shrinkage, fibre saturation point and absorption of moisture were analysed on three trees,
average age about 16 years. The data for breast height and for all specimens from breast height to
9.3 m were statistically processed.

The research and analysis of the basic physical properties of plantation-grown spruce wood
shows that the average value of growth ring diameter at breast height (1.3 m) was 2.99 mm, and for
all three analysed trees 4.05 (2.2-7.2) mm, with coefficient of variation 29.8%. The study results
show that the effect of growth ring diameter on the density is negative and that the dependence has
the logarithmic form: with coefficient of determination 72=0.50, which confirms the results reported
by Hakkila (1968). Average density of wood at breast height is 0.422 g-cm™3, and for all three trees
0.406 g-cm™ (0.339-0.520 g-cm™3), with average variation coefficient of 10.8%. Total average radial
shrinkage is 3.90% (1.93-5.60%), and tangential shrinkage 8.10% (5.03-10.04%). Volume shrinkage
average is 11.87% (7.5-14.9%), with coefficient of variation 13.8%. Our research confirms the linear
dependence between the nominal density and volume shrinkage of spruce wood. Coefficient of sur-
face anisotropy is 2.16. Our research confirms the finding by Kollmann and Morath on the negative
effect of wood density on the coefficient of surface anisotropy. Volume porosity average is 71.86%
at 1.3 m, which corresponds to the average value of porosity accounting for 72.1%, reported by Pot-
jakin (1976). Average value of fibre saturation point, at breast height (1.3 m) is 32.6%, which is less
than the value reported by Sokié¢ and Todorovié¢ (2006), accounting for 35.5%.

Based on our research, the rate of absorption of air humidity (+=21°C and ¢=100%) decreas-
es with time. In the first 2 days, there is an extremely high trend of moisture increase, and further
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process of absorption proceeds more slowly in time. The trend is such that, the nearer we are to the
fibre saturation point, the increase of moisture is the lower, in the same period of absorption. The
research shows that the average rate of absorption is 3.42% per day, for the first 7 days, and for the
last 30 days it is 0.12% per day. The correlation between the moisture attained during absorption and
time (45 days) is very strong and it has mathematical form: Y=4.96-1n x+11.97, with the coefficient
of determination 7%=0.99.
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