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MU3Bopa: Y oBOM pasy NpuKasaHu cy pe3ynTaTv UCMUMTMBakba HaNoHa Ha NpuTMCcaK apseTa MNak-
ynheBe oMoOpUKe M3 KyATypa U NPUPOAHNX cacTojuHa. MicnuTaH je HanoH Ha NpUTUCaK ynpas-
HO Ha BNaKaHLUA Npwv AejCTBY cue y pagujalHOM U TaHreHLUMjaIHOM npaBsLy. 3a YCAOBHY rpa-
HUYHY AunaTaumjy y3eTa je aunataumja og 1%, a ogrosapajyhun HanoH 3a yCA0BHM FPaHUYHMU
HanoH. AHanun3om je odyxsaheHo wecT ctadana M3 KynaTypa M AeseT cTadana U3 NPUPOSHUX
cacTojuHa. YKynHo je ncnutaHo 309 enpyseTa. PerpecCMOHOM aHanM30M je UCMUTaHa 3aBu-
CHOCT OBMX MEXaHMYKMX CBOjCTaBa Of, LWUMPUHE NPCTeHOoBa NpupacTa, yyewha KacHor gpseTa

W ryCTUHe apBeTa.

K/byuHe peuu: Picea omorika, HanoH Ha NPUTUCAK YNPaBHO Ha BAaKaHLa, KyAType, NpupoaHe

cacTojuHe

YBOA

MNMaHuynheBa OMOpPUKaA, Kao TepLMjepHU PENUKT
M eHaemuT BankaHCKOr NosiyocTpBa, je npegmeT
OpOjHUX UCTPaXKMBakba Kog, HAc U y cBeTy. Isajev
(1987) HaBoau fa je TO BPCTa Ca U3PaXKeHOM eKo-
JIOWKOM nnacTuyHowhy, Kao U MophONOLIKOM U
¢dusmnonowkom BapujadbunHowhy u ga ce ogrosa-
pajyhum meTtogama onjemer-MBatba OMOPMKA
MOXe PEKOHCTPyMCaTW y CMUCAY LUUpe u age-
KBaTHUje npumeHe. YKynHa NoBpLUMHA NPUPOA-
HUX cacTojuHa omopuKe y bocHM 1 XepuerosBmnHm
n Cpéuju nsHocu 3090,2 ha, LOK NoBpLUMHA Be-
LWITAYKM MOOMUIHYTUX CAcTOjuHaA M3HOCK CcBera
35,36 ha (lveti¢ i Aleksié¢, 2016).

KaKo ce pacT apseTa y BelTa4ykn NOAUTHYTUM
CacTojuHaMa He MOXKe M3jefHaYnTU ca pacTom y
NPUPOAHUM CacTOjUHaMa, TO Ce CUTYPHO OAparKa-
Ba M Ha HeroBa MexaHW4Ka CBOjcTBa. Y 0BOM

pasy NpuKasaHu cy pe3yntatm UCNUTUBAHA Hamo-
Ha Ha NPUTUCAK ApBETa OMOPWKE U3 KyATypa U
NPUPOAHMUX cacTojuHa. BpojHN ncTpaxkmBaum cy
MCMUTMBANM HANOH Ha NPUTUCAK NPU PA3TUUNTUM
yrnoBMma fefioBakba CU/Ie Yy OO4HOCY Ha npasal,
npy»Kakba BAaKaHaLa M y OAHOCY Ha MPCTeHoBe
npupacta (Reiterer i Stanzl-Tschegg, 2001;
Blass i Gorlacher, 2004; Franke i Quennevi-
Ile, 2010; Basta et al., 2011). Y oBom paay je
MCMUTaH HanoOH Ha NPUTUCAK YNPaBHO Ha BAaKaH-
Lua npu Aejctey cuie y paanjasHOM M TaHreHUm-
janHom npasuy ¢ 083upom ga cy Aujarpamu Ha-
noH-gunaTauuvja nNpu AejcTBy cune y oBa [ABa
npasua pasnmumtn. Tabarsa i Chui (2001) HaBo-
e [a Koj, YeTUHapa y enactMyHoM noapydjy npu
[OejcTBY cune y pagujanHOM npasLy, M3MepeHa
nedopmalmja je M3a3BaHa caBujakbeM paaujan-
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HUX 3MA0BA, ca Manum yyewhem TaHreHLUMjaNHUX
3ngosa. MehyTum, npu AejcTBy cue y TaHreHUm-
janHom npasLy M3mepeHa AedpopmalLmja cagpiKu
W caBujatbe C/lojeBa KacHor apseta u gedpopma-
umjy heanjckor 3maa.

C 063vpom [a HanoH Ha MPUTUCAK YNpPaBHO
Ha BNaKaHUa Moxe duTu numutupajyhe csojcTso
33 MHOre npov3BoAe oA ApBeTa, UCNUTUBAHE
OBOT CBOjCTBA je BeOMa 3HayajHo. MehyTum, He-
OMXO4HO je HAaNOMEeHYTM [a He NOCTOju MaKCu-
MaJIHW HamnoH KOju ce perncrpyje y TpeHyTKy He-
nocpeaHo npe JoMa 3aTo LWTO NPU UCMIUTUBaAkbY
OBOr HanoHa He Ao0/1asu 4o noma, Beh go 36uja-
Ha aHAaTOMCKMX KOMMOHeHTU apseTa. lMNpema
Marjanovu i Popovic¢u (1992) kaga je y nuta-
HYy NPUTUCAK YNPaBHO Ha BfaKaHUa, HeaeduUHU-
CaHa 3aBMCHOCT HamoHa M AunaTtauuje y odnactu
“nnactuyHor Teyerba” Hamehe notpedy 3a yBohe-
HeM nojma ycnoBHe uBpcTohe Koja oarosapa He-
KOj, yHanpes, yTepheHoj, annataumjn. Kollmann
i Coté (1968) HaBoae Aa ce 3a AePpUHUCAHbE Ha-
NMoHa Ha MPUTMUCAK YNPaBHO Ha B/aKaHUa y3nma
HamnoH Ha rpaHULY NPONOPLUOHANHOCTU UAN Ha-
noH npu annataumjm og, 1%. Serrano i Enquist
(2010) HaBoae Aa ce npema eBPOMNCKUM CTaHAap-
OMMA y31MMa HaMoOH Npu gunataumjm og, 1%, Tako
[a je y OBOM pajy Ta Be/MYMHA y3eTa 3a YCI0BHY
rpaHWYHy Aunatauujy, a oarosapajyhu HanoH 3a
YCNOBHY FPaHUYHU HAMOH.

MATEPHUJAA N METOA PAAA

MaTepujan 3a UcTpaxkmBatbe je y3eT ca neT o-
Kanuteta. JlokanuteTt [ydpasa (AY) je kyntypa

OMOpMKe Koja ce Hanasu y dnusmHu baranyke u
npunaga 34N ,MHayctpujcke nnaHTaxe” a.4. barba
Jlyka. 3ay3uma ykynHy nospuuHy og 0,33 ha. Jlo-
KanuteT Cpebpenunua (CP) je KynTypa omopuke
Koja ce Hanasun y 6amnsunHmn Cpedperuue v npuna-
aa Wr ,ApuHa“ — CpedpeHunua. YKynHa nospim-
Ha KynType usHocku 0,6 ha. JlokanuteTt focTusba
(FO) rae ce Hanasu npupoaHa cacTojuHa OMOpHU-
Ke, y 611M3mHuM je Buwerpaga. Hbom ynpassba LUT
»aHoc” — Buwerpag, a yKynHa nosplmHa je 25,8
ha. LUT ,MaHoc” Buwerpag, rasgyje v NnoBpLIMHOM
Ha Kojoj ce Hanasun nokanuteT Ctonay 1 (C1) u Cro-
nay 2 (C2). YkynHa nospwuHa je 29,5 ha. Y Tadenu
1. paTe cy KoopauHaTe, eKcrnosuuuja, Harmd u
HAZLMOPCKA BUCMHA 0AadpaHUX NIoKanuTeTa.

Ca cBakor fiokanuteta ofadpaHo je 1 obopeHo
no Tpu ctadna. U3 ceakor ctadna je nspesaHo no
Tpu Tpynua AyxuHe 1,2 m. JegaH Tpynay, je y3et
ca BucuHe og 1,3 m, jeaaH 3 gena gedna Heno-
CpefiHO UCMOA NpBe 3eneHe rpaHe, a jegaH Tpy-
naL je y3eT ca BUCUHE Koja je Ha cpeguHu nsmehy
nomeHyTe ABe BUCKHE. U3 bUX Cy M3pe3aHe pa-
OMjanHe gacke aedsbuHe 60 mm, M3 Kojux cy ce
nocse NpUPOAHOT cyllera U odpase Ha aebbaun
csene Ha gedsbuHy 50 mm. Of wux cy nspaheHe
enpyseTe 3a UCMUTMBAHE HaMoHa Ha NPUTUCAK
YNPaBHO Ha BAaKaHUa AumeH3unja 50x50x150 mm
(Cnmka 1). UcnutuBarbe HamoHa Ha MPUTUCAK
YyNpaBHO Ha B/aKaHLUa ypaheHo je y paaujanHom
M TaHreHumjanHom npasuy Ha 309 enpyseTa.
EnpyBeTe cy CKeHMpaHe Ha NONPEeYHOM MPeceky y
UMby oppehunBarba NpoceyHe LWMpUHE NpcTeHa
npupacta u npoceyHor yyewha KacHor gpseta
nomohy nporpama CDendro 7,6 u CooRecorder
7,6 (Cnhmka 2). Mpe ncnutuBatba Cy jow nsmepeHe

Tabena 1. KoopauHate, ekcnosuumja, Harmd U HafMOpPCKa BUCUHA 0fadpaHUX SIoKanuTerta

Jlokanutet nope.Kno KoopauHare Ekcnosuy,. Harué Haam.
cacTojuHe BUCMHA (M)
Oy6pasa (4Y) Kyntypa 064-61-754E  049-56-083N - - 310
CpebpeHuua (CP) Kyntypa 066-15-221E  048-75-163N W/N 32 880
Cronau1(Cl)  PUPOAHA 4o 03458  048-65-199N N 340 1200
CaCTOJUHa
Cronau2 (C2)  'PUPOAMA e 07.80SE  048-65-509N N/E 450 960
cacTojuHa
loctuma (r0) Mloupodra e 174538 048-57-964N N 360 1130
CacCTOJUHa
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OMMEH3Mje y CBa TPM aHAaTOMCKa NpasLa M maca.
McnutuBarbe HamoHa Ha npuTucak je paheHo Ha
MawunHu Messphysik ,,Beta 200“ Ha MalnHCKOM
dakynTety YHusepsuterta y barboj Jlyum (Camka 3).
Bp3uHa nomaka npuTUCKMBaYa je n3Hocuaa 1 mm
Yy MUHYTU. Ucnutuearse je paheHo Tako Aa HanoH
curypHo npehe rpaHuLy nponopLMoHaIHOCTU U
na pohe no oapehere gedopmaunje. Enpysete cy
nocsie UCNUTMBakba CyLLUEHe [0 ancoNyTHO CyBOT
CTarba paav oppehnsarba BNAXKHOCTU Y TPEHYTKY
ucnutnearba. [lodvjeHe BpeAHOCTM HaMoHa y Tpe-
HYTKY UCMUTMBAkbA CY CBEAEHE HA BPeAHOCTU Ha-
NoHa Npu CTaHA4APAHOj BAaxHocTh (12%) npume-
Hom cnepeher odpacua:

0,,=0,% [1+0,04 x (v - 12)] (MPa)

PE3YATATH U AUCKYCHJA

Y Tadenu 2. cy npuKasaHe npoceyHe BpegHo-
CTM BNA)KHOCTM M TYCTUHE APBETA eNpyBeTa y Tpe-
HYTKY MCNUTMBAHbA, KA0 M NPOCEYHa LWWMPUHA Np-
CTeHa npupacta U npoceyHo ydewhe KacHor
OpBeTa Ha UCNUTaHMM enpysBeTama. Moxemo ga
npumeTMmo aa ctabna oMopwuKe ca NoKanuTeta
Ha Kojuma ce Hanase kyntype (Qybpasa u Cpe-
OpeHunLa) Mmajy makby NPOCeYHy rycTUHY Yy npo-
CYyLIEHOM CTakby Y OAHOCY Ha cTadna M3 NpUpoa-
HUX cacTojuHa (nokanutetn Ctonay 1, Ctonay, 2 u
locTu/ba). MprmeHa t-TecTa je nokasana aa nsme-
Hy KynTypa v NPUPOAHMX CacTOjuHA NOCTOjU CTa-
TUCTUYKKM 3Ha4YajHa pasnuka (t=-17,46; p=0,00).
PasnnKa y rycTMHuM He yyam ¢ 0d3Mpom fa rycTmHa
KOA, YeTUHapa Yy BE/IMKOj MepU 3aBUCU OZ, LUMPUHE
npcTeHoBa Npupacta, oA4HOCHO ydyewha KacHor
LPBETA KOje je focTa Makbe Ko cTadana omopuke
KOja MOTUYy M3 KyATypa.

Luki¢-Simonovi¢ (1955) je y cBojum muctpa-
KMBarbMMa NPUPOAHMX CacTOjMHA OMOPUKE AOLNa
[0 pe3ynTaTta Aa NpoceyHa rycTMHa gpBeTa OMOpU-
Ke npu 15% BnaxHoct usHocu 0,482 g/cm?, wro
je HelWTo mMmakbe y O4HOCY Ha F'YCTUHY OMOpPUKe U3
NPUPOAHMUX CacTOjMHA UCMIUTAHE Y OBOM UCTPAXKMU-
Bakby. Kommert (1993) je ucnutyjyhu ryctuHy
LPBETa OMOPUKE U3 KyATypa npu 12% BnarKHOCTH
YyTBPAMO Aa je npoceyHa ryctuHa 0,467 g/cm3.

MpoceyHe BpegHOCTM HaMOHa Ha NPUTUCAK
ynpaBHO Ha BAaKaHUa npu aunataumjv og 1% u
npu AejcTBy cune y pagujanHoOM npasuy, Kao m

CKeHupaHe enpyseTe

Cnuka 3. MicnutrBarbe HanoHa Ha NpUTUCAK Y
TaHTreHWjaHOM NpaBsLy
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Tadena 2. MpoceyHe BpefHOCTM LUMPUHE NPCTEHOBA NpuMpacTa, yyewha KacHOr ApBeTa, ryCTUHE W BNAXKHO-

CTW ApBeTa y TPEHYTKY UCMUTUBAHA

v, Spp ukd P,

Nokanuter [pasay ucnutnsarwa N As As As As SD cv

% mm % g/cm? %
Pagujanun 25 10,07 4,78 9,63 0,453 0,032 6,98
ad TaHreHumjanHu 27 10,06 4,82 8,97 0,457 0,031 6,83
PaawujanHu 23 10,24 4,90 9,41 0,436 0,020 4,53
cp TaHreHumjanHu 25 9,97 4,93 9,10 0,436 0,027 6,21
a Pagujantu 35 10,43 1,82 16,86 0,518 0,033 6,35
TaHreHumjanHu 35 9,71 1,84 16,25 0,513 0,035 6,77
o PaawujanHu 35 9,74 1,57 17,52 0,508 0,027 5,22
TaHreHumjanHu 34 8,69 1,64 17,02 0,509 0,030 5,87
Paaujantu 36 10,80 1,85 16,45 0,512 0,033 6,44
ro TaHreHumjanHm 34 10,68 1,89 16,52 0,509 0,032 6,35

Nerenpa: N - 5poj McNUTaHUX enpyBeTa; LA - arncoyTHa BNAXHOCT y TPEHYTKY UCNUTUBAHLA; SPP - LWMPUHA
npcreHoBa npupacTta; ukd - yyewhe KacHor ApBeTa; pp — ryCTUHa ApPBETA Y NPOCYLUEHOM CTakby BAXKHOCTY;
As - apuTMeTUYKa cpeamHa; SD - cTaHgapAHa aesujaumja; CV - KoeduumjeHT Bapujaumje

OCTaZIN CTaTUCTUYKKU MapameTpu NpUKasaHu cy y
Tadenu 3. Cpeare BpegHocTu ce Kpehy og 3,96
MPa (nokanutet Cronay 2) go 5,31 MPa (nokanu-
TeT [lybpasa). Hajgehe Bapuparse 0BOr HamoHa je
Ha nokanutety Ctonay 2 (22,71%), a Hajmarbe Ha
nokanutety Cpedpennua (11,64%). Kaga nocma-
Tpamo MPOMeHY HanoHa No BUCUHKM cTadna no
NIOKaNNTETUMA, MOXEMO Aa NPUMETUMO Aa Ce Ha
nokanutetuma Cronay 1 u loctusba ca nopactom
BMCUHe HanoH nosehasa, LOK ce Ha /IoKaNnUTeTu-
ma [lydpasa n CpedpeHuua ca NopacTom BUCUHE
HaMoH NpPBO cMakbyje, a 3aTum onet nosehasa. Ha
nokanutety Ctonal, 2 HanoH ce ca NOPacTom Bu-
cuHe npeo nosehasa a 3aTm cmatbyje. Ha ocHo-
BY TOra MOXXEMO KOHCTaTOBaTW Aa He NoCToju ja-
CHO MpPaBW/IO KaKO Ce OBaj HamoH Meha ca
BUCMHOM cTadna no nokanutetuma. MpoceyHa
BPEAHOCT HaMoHa Ha NPUTUCAK YNpPaBHO Ha BAa-
KaHuUa npv gunataunjn og 1% v npun gejctey cune
y paZuvjanHom npasuy 3a ctadna us kyntypa (KY)
n3Hocu 4,96 MPa, AOK je KoeduLMjeHT BapujaLm-
je 17,58%. MpoceyHa BpeaHOCT OBOr HAaNoHa 3a
ctadna m3 npupoaHux cactojuna (NC) je 4,35
MPa, a KoeduumjeHT Bapujaumje nsHocu 18,24%.

Kaga nocmaTtpamo cpearbe BpeaHOCTH Hano-
Ha Ha NPUTMUCAK YNpaBHO Ha B/laKaHLUa y paanjan-

HOM MpaBLUy 33 pas/iMynTe UHTEpBane rycTuHe,
MOXeMO Aa NPUMETUMO Aa HeMa HWKaKBe 3aBu-
CHOCTW OBOT CBOjCTBA OA, rycTuHe apseTa. [locTojm
BEJIMKA BapWjadUIHOCT y OKBUPY CBAKOT MHTEpBa-
na (Cnvka 4).

Y Tabenu 4. npuKasaHe cy npoceyHe BpeaHO-
CTW HanoHa Ha NpUTUCAK Npu aunataumjn og 1%
M NpW AejCTBY CMUNe y TaHreHLUMjaNiHOM NpasLy No

+ Mean [] MeansSD _T_ Means1.96'SD

0.400-0.420 0.441-0.460 0.481-0.500 0.521-0.540 0.561-0.580
0.421-0.440 0.461-0.480 0.501-0.520 0.541-0.560

P (g/om?)

Cnuka 4. HanoH Ha NpuUTUCaK yNnpaBHO Ha BAaKaH-
ua npu aejcTey cune y pagunjasHom npasuy 3a
pasnnuuTe UHTEpBane ryctTuHe
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Tabdena 3. HanoH Ha NpuTUCaK ynpaBHO Ha B/AKaHLa NpuW AejcTBY CUE Y pagmujanHOM npasLy

o © pir

E § % N As -95 +95 Min Max SD Ccv

2 @ = (MPa) (%)
| 8 5,73 4,88 6,58 4,15 7,51 1,02 17,75
I 8 493 413 573 365 636 09 1947
A 1l 9 5,29 4,59 5,98 4,31 7,25 0,91 17,21
25 5,31 4,91 5,72 3,65 7,51 0,98 18,38
| 9 460 417 504 355 547 056 12,23
I 7 4,48 4,02 4,94 3,90 5,21 0,49 11,01
c M 7 462 406 517 361 548 060 12,95
23 4,57 4,34 4,80 3,55 5,48 0,53 11,64
KY 48 4,96 4,70 5,21 3,55 7,51 0,87 17,58
| 11 436 392 479 357 527 065 14,83
I} 12 4,66 4,33 4,99 3,86 5,54 0,53 11,27
“ M 12 495 459 530 378 590 056 11,30
35 466 445 487 357 590 061 13,08
| 11 3,80 2,88 4,71 2,88 7,73 1,37 36,03
I 12 421 374 467 334 565 073 17,37
€ 1l 12 3,85 3,60 4,10 3,26 4,48 0,39 10,20
35 396 365 426 28 773 090 22,71
| 12 4,10 3,76 4,45 3,43 5,21 0,54 13,19
Il 12 4,30 3,80 4,80 3,10 5,38 0,79 18,36
ro i 12 48 457 521 426 620 051 10,38
36 4,43 4,20 4,67 3,10 6,20 0,70 15,69
nc 106 435 420 450 2,88 7,73 079 1824

NereHpa: O,,, - HAaNoH Ha NPUTMCaK YNPABHO Ha BNaKaHLaA npu ounataumjv og 1% v gejctey cune y pagvjaiHom
npasuy, N - 6poj ucnutaHmx enpyseTa; As - apUTMETUYKA CpeauHa; -95 — Aoka rpaHuLa MHTepBasia NpoueHe
y3 BepoBaTHOhy o 95%; +95 - ropra rpaHuLa MHTepBasa NpoueHe y3 BepoBaTtHohy og, 95%; Min - MUHUMan-
Ha BpegHocCT; Max - MakcumasHa BpegHocT; SD - cTaHgapaHa aesujaumja; CV - KoeduumjeHT Bapujaumje

JIOKAIMTETUMA MPU CTAHAAPAHO] BNAXKHOCTU, KAao
M OCTaNn CTaTUCTUYKKM NapameTpu. Hajmarby npo-
CeYHy BPEeAHOCT OBOr HanmoHa Mmajy ctadna ca
nokanuteta Cpedpenunua (4,39 MPa), a Hajsehy
ctadna ca nokanuteta Cronay 1 (5,28 MPa). Koe-
duumnjeHT Bapujaumje ce kpehe og 14,13% (noka-
nutet [lybpasa) Ao 21,54% (nokanutet Ctonau, 2).
MpomeHa 0BOr HanoHa No BMCUHMU HKUje UCTa 3a

cBe nokanuteTe. Ha nokanutetuma [dydpasa u
[ocTn/ba HaMoOH ce ca BUCMHOM NPBO CMakbyje 3a-
TMm nosehaBa, Ha nokanutety CpedpeHuua ce
nosehasa, Ha nokanutety Ctonay 1 ce nosehasa
na cmakbyje, 40K ce Ha nokanuTtety Ctonay, 2 cma-
Hyje ca BucnHom. lNMpoceyHa BpeAHOCT HamoHa Ha
NPUTUCAK YNPaABHO Ha B/IaKaHLUA Npu gunataumjn
o4 1% v npu aejcTBy cune y TaHreHumjaaHoOM
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Tabena 4. HanoH Ha NpUTMCaK YNPaBHO Ha BAAKaHUA NpW AejcTBY cue y TaHTeHLMjaIHOM npasLy

g g o e
s § 'g',t N As -95 +95 Min Max ) cv
o o
= (MPa) (%)
[ 9 4,99 4,56 5,42 4,13 5,61 0,56 11,25
[ 9 4,63 4,08 5,19 3,41 5,45 0,72 15,55
w Il 9 4,77 4,18 5,36 3,67 5,92 0,77 16,06
27 4,80 4,53 5,06 3,41 5,92 0,68 14,13
[ 9 4,23 3,77 4,70 3,29 5,32 0,61 14,34
I 9 4,45 3,61 5,28 3,17 7,04 1,08 24,34
e Il 7 4,53 4,09 4,97 3,79 4,92 0,48 10,53
25 4,39 4,08 4,71 3,17 7,04 0,77 17,43
Ky 52 4,60 4,39 4,81 3,17 7,04 0,74 16,14
[ 11 4,92 4,19 5,64 3,75 7,01 1,08 21,98
1 12 5,62 4,90 6,34 4,18 7,36 1,13 20,10
“ Il 12 5,27 4,64 5,91 4,36 7,42 1,00 18,93
35 5,28 4,91 5,65 3,75 7,42 1,08 20,42
[ 12 5,23 4,23 6,22 3,20 8,11 1,56 29,85
[ 12 4,97 4,62 5,31 4,28 5,77 0,54 10,91
cz Il 10 4,57 4,03 5,10 3,32 5,55 0,75 16,35
34 4,94 4,57 5,31 3,20 8,11 1,06 21,54
[ 12 5,04 4,55 5,52 3,50 6,05 0,77 15,24
1 11 4,61 4,15 5,07 3,46 5,55 0,68 14,83
° Il 11 4,81 4,22 5,41 2,70 5,85 0,89 18,42
34 4,83 4,56 5,10 2,70 6,05 0,78 16,15
nc 103 5,02 4,82 5,21 2,70 8,11 0,99 19,80

Nlerenpa: 0, . HanoH Ha NpuUTUCaK yNpaBHO Ha B/iaKaHUa npu Aaunataumju oa 1% v pejctey cune y
TaHreHumjanHom npasuy, N - dpoj ucnuTaHux enpyseTa; As - apUTMETUYKA cpeauHa; -95 — Aoka rpaHuLa
MHTepBana npoueHe y3 BeposaTHOhy of 95%; +95 - ropka rpaHMLa@ MHTepBana npoleHe y3 BepoBaTHohy
o4, 95%; Min - muHMManHa BpegHocT; Max - makcumanHa spegHocT; SD - ctaHgapaHa gesujaumja; CV -

KoedpuunjeHT Bapujaumje

npasuy 3a ctabna m3 Kyntypa msHocu 4,60 MPa,
OOK je KoedunumjeHT Bapujaumje 16,14%. 3a cTa-
b/1a U3 NPUPOAHMX CaCTOjMHA NPOCEYHa BPeAHOCT
oBoOr HanoHa je 5,02 MPa, a KoeduunjeHT Bapu-
jaunje je 19,80%.

Kapga nocmatpamo cpepre BpegHOCTU Hamo-
Ha Ha NPUTMUCAK YNPaBHO Ha BNaKaHLUA Y TaHreH-
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LMjanHOM NpaBLy 3a Pa3nynTe MHTepBase ryctm-
He (Camka 5), *MaMo NoTNyHO Apyraynjy CAuKy
o, oHe ca Cnuke 4. OBAe NoCToju ounriedHa 3a-
BMCHOCT HamoHa of, rycTMHe ApBETa, a Herose
BpeaHoctu ce Kpehy og 4,11 MPa 3a uHTepBan
ryctuHe 0,400-0,420 g/cm?, no 7,38 MPa 3a uH-
TepBan ryctmHe 0,561-0,580 g/cmd.
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CnuKa 5. HanoH Ha NpuTHcak ynNpaBHO Ha BAaKaH-
La npu AejcTy cu/e y TaHTeHLUMjalHOM NpaBLy 3a
pasnuuuTe MHTEPBANE rycTuHe

AHanus3a BapujaHCe HamoHa Ha npuTUCcaK
YyNPaBHO Ha B/laKaHLA NO NIOKaIUTETUMA NOKa3a-
Na je Ja NoCTOjM CTaTUCTUYKKM 3HAYajHaA pas/inKa
nsmehy nokanuteta. MNpumereHn Duncan TecT je
NnoKasao Aa ce mory ¢opmupaT TpU XOMOreHe
rpyrne Kaga je y nuTakby HaMoOH Ha MNpUTUCAK
yrNpaBHO Ha BAaKaHLUa Yy pagnjanHOM Mpasuy U
ABe rpyne Kaga je y NuTakby HaMoH Ha NpUTUCaK
yNpaBHO Ha BMlaKaHLA Yy TaHTeHUMjaIHOM MpaBsLy
(Tabena 5).

Kaga ynopeaumo godujeHe BpegHOCTM Hano-
Ha Ha NPUTUCAK YNPaBHO Ha BAaKaHLUa Npu guna-
Taumnju og 1% npu AejcTBy cuae y TaHreHunjan-
HOM (op“) W Npu AejcTBy cune y pagujasHom
npasuy (oplr), BMAMMO Aa cTabna u3 KyaTypa uma-
jY Marbu HaMOH Ha NPUTUCAK Yy TaHTeHUWjaHOM
npasLy, a Behun y pagujanHom npasuy oz ctadana
M3 NPUPOAHUX cacTojuHa. Mpema HeKnm ayTopu-
ma (Kollmann, 1951, Ménck i Rug, 2000,
Soski¢ i Popovié¢, 2002) HanoH Ha npuTUCaK

yNpaBHO Ha BAaKaHLA Y TaHreHLUMjaIHOM NpasLy
yeTuHapa je Behu og HanoHa y pagujanHom npas-
uy. MehyTum 3a yeTMHape MakbMX rycTMHa OBa
KOHCTaTaumje He BaKu yBeK, WTO noTephyje wmc-
Tpaxunsarbe Rothmund-a (1949). OH je ucnuty-
jyhu HanoH Ha NpuTUCak ynpaBHO Ha BnaKaHLA
CMpye A0LWAo A0 pe3ynTaTa Aa cCMpya Koja Mma
Makby TyCTUHY MMa Behu HanoH Ha NpuTUCaK y
paauvjanHom npasuy, a cMpya Behe ryctuHe uma
BehW HanoH Ha MPWUTUCAK Yy TaHreHUMja/HOM
npasLy. Y OBOM UCTpaXkuBakby cy fodujeHn nuctm
pe3ynTati c 063npom ga ctadna u3s KyaTypa omo-
pUKe MMajy Makby rycTMHY ApBeTa of cTadana us
npupoaHux cactojuHa. Kao pasnor oBakeux pe-
syntata SchneeweiB i Felber (2013) Hanase y
YMHEHULM [a je NPpW OejCTBY cuae y pagujaiHom
npasLy HanoH oapeheH camo paHUM ApBETOM, a
Heroso yyewhe je Behe Kog ApBeTa Makbe rycTu-
He. Mpu aejcTBy NpUTUCHE cune y pagujasHOM
npasLy CNOjeBM KaCHOT ApBeTa NOHallajy Kao Au-
cTpudyTtepun ontepehetrba, AOK je HanoH ogpeheH
Hajcnadujum cnojem paHor gpseta. KacHo ApBo
MMa fJaneko Behu yTuULaj Ha HaMoH Ha NpUTUCaK
npu AejcTBy cuie y TaHreHUMjasIHOM MpaBLy Of,
paHor gpseTa.

OBe HaBoge noTBphyjy U UCMWUTAHM yTULAjU
LWMPUHe NpcTeHa npupacrta v ydewha KacHor ap-
BETa Ha HaMoH Ha NPUTUCaK YNpaBHO Ha BAaKaH-
ua y pagujanHOM M TaHreHUWjaNHOM npasLy
(Cnuka 6 1 Tabena 6). PerpecroHa aHanu3a Koja
je odyxBaTuna cBe UcnMTaHe enpyBeTe je Nokasa-
Na fa WYpKWHa NpcTeHa npupacTta yTuye nosnTme-
HO Ha HanoH y pagujanHom npasuy (R=0,34), a
HEraTMBHO Ha HamMOH Y TaHreHuujaHOM MnpasLy
(R=0,42). YT1uaj yyewha KacHor gpseTa Ha HamnoH
y paavjanHom npasuy je manu (R=0,28) v Heratu-
BaH, AOK Ha HaMoH y TaHreHuMja/IHOM npasLy
mma Behu (R=0,38) n nosmTtmBaH yTmuaj.

Tabena 5. AHanv3a BapujaHce HaNoOHA Ha NPUTMUCAK YNPABHO HA BAaKaHLUA NpW AejcTBy cuie y paaujaiHom

n TaHFeHLI,MjaI]HOM npasuy Mo /1I0KaMTeTuma

JNokanurter ANOVA
ay cpP C1 c2 ro F p Post-hoc!
O, (MPa) 5,31¢ 4,57° 4,66° 3,96° 4,43° 12,05 0,000 3
O, (MPa) 4,80 4,39° 5,28° 4,942 4,83%b 3,64 0,007 2

! Bpoj xomoreHux rpyna ogpeheH Duncan Tectom
a, b, ¢ — o3Hake xomorenux rpyna
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Cnmka 6. 3aBMCHOCT HanoHa Ha MPUTUCAK YNPaBHO Ha B/laKaHUA NpuU AejcTBY cuae y pafujaiHOM U
TaHreHumjanHoM NpasLy Of, LWMPUHE NpCTeHa npupacTa 1 ydewha KacHor ApseTa

NcnutnBarbem KopenaumoHe 3aBUCHOCTM M3-  KaHLLa Npu AgjCTBY CUIe Yy TaHTeHLMjalHOM MpaB-
Mehy HamoHa Ha NMPUTWUCAK YNPaBHO Ha BNaKaHUa Ly M rycTMHe JOLW0 ce A0 3aK/byyKa Aa nocToju
npv Aejctey cuie y pagmvjasHOM NpasLy M rycTU-  MO3MTMBHA JIMHEapHa 3aBUCHOCT. YTBpheHu Koe-
He OOLW/IO ce A0 3aK/byyKa Aa OHa He noctoju.  ¢uumjet Kopenaumje (R=0,63) nokasyje aa nocro-
MehyTum ncnuTnBarem KopenaumoHe 3aBUCHO-  jW jaka Kopenauuja namehy oBa ABa napameTtpa
CTM u3mehy HanoHa Ha NpUTUCaK ynpaBHo Ha Bna-  (Cnuka 7).

Tabena 6. 3aBMCHOCT HamoHa Ha MPUTUCAK YNPaBHO Ha BAaKaHUa NpW AejCTBY cuie y pajujasHOM U
TaHreHumjanHoM NpasLy Of, LWKMPUHE NpCTeHa npupacTa 1 ydewha KacHor ApseTa

MapameTpu nuHeapHe perpecuje

MocmaTpaHa 3aBucHOCT R? R
a b
o, - Spp 4,3086 0,1884 0,1173 0,3425
O ukd 5,6196 -0,0543 0,0774 0,2782
o, - PP 6,0448 -0,2497 0,1727 0,4156
O " ukd 4,1462 0,0841 0,1455 0,3814

Nlerenpa: o, HaMoH Ha MPUTMCAK YNPaBHO Ha BAakaHLa npu avnataumjv og 1% v gejctey cune y pagmujanHom
npaBuy; O, HAaNOH Ha MPWUTMCAK YMPaBHO Ha BiakaHua npw aunataumju og 1% wu gejctey cune y
TaHreHuMjanHOM NpasLy; Spp - LWKWPUHA NpcTeHoBa npupacTa; ukd - yyewhe KacHor apseTa; R? - koeduumjeHT
netepmuHaumje; R - KoedpuumjeHT Kopenaunje
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Gpir (MPa)

y=15,431x-2,1427

R2=

op1t(MPa)

0,35 04 0,45 0,5 0,55 0,6 0,65

pp (8/cm’?)

Cnuka 7. 3aBUCHOCT HanoHa Ha NPUTMUCAK yNpaBHO
Ha BNaKaHUa Npu AejcTBY cuae y pagunjasHoM m
TaHreHuMjalHOM NpaBLy Of rycTMHe ApBeTa

3AKMAYYAK

Ha ocHoBy aHanu3e y3opaka MaHunhese omo-
pUKe 13 KyATypa 1 NPpUPOAHUX cacTojuHa y Peny-
danum Cpnckoj podujeHn cy cnegehu pesyntatu:

lpoceyHa BpeAHOCT HanoHa Ha MpUTUCaK
YNpaBHO Ha B/laKaHUa Npu aunataumju og 1% wm

AND NATURAL STANDS

(danijela.petrovic@sfunibl.org)

npu 4ejcTeBy cune y pagmjanHom npasuy 3a CTa-
6na u3 Kyntypa nsHocu 4,96 MPa, a koedpuumjeHT
Bapujauuje je 17,58%, AOK je npoceyHa BpeaHOCT
0BOr HanoHa 3a ctabna M3 NPUPOLHMUX CACTOjUHa
4,35 MPa, a koeduumjeHT Bapujaumje 18,24%. Pe-
3yATaTU NoTBphyjy UnkbeHULY Aa je Npu AejcTBy
cune y pagujanHom npasLy HamnoH oapeheH camo
paHuUM apBeTom uuje je yyewhe Behe Koa ApBeTa
13 KynTypa.

MpoceyHa BpefHOCT HAMOHa Ha MPUTUCAK
YNpPaBHO Ha BAaKaHUa Npu aunataumjm og 1% wm
npu AejcTBy cune y TaHTeHuMjaIHOM npasLy 3a
ctadna us kyntypa msHocu 4,60 MPa, a koeduum-
jeHT Bapujaumje je 16,14%, OOK je 3a cTadna m3
NPUPOAHUX CacTOjUHA MPOCEeYHa BPeAHOCT OBOT
HanoHa 5,02 MPa, a KoeduumjeHT Bapujaumje
19,80%.

LLInpnHa npcteHa npupacta Mma No3uTUBaH
yTULAj Ha HaMoH y paAujasHOM NpasLy, a Hera-
TUBAH Ha HaMOH Yy TaHreHuMjanHOM npasuy. YTu-
Laj ydewha KacHor ApBeTa Ha HAMoH y paaujan-
HOM NpaBLy je Maau U HeraTMBaH, AOK Ha HamnoH
y TaHreHuuMjafHOM npasLy MMa Behu 1 no3uTueaH
yTMuaj. M3mehy HanoHa Ha NpUTUCaK yNpaBHO Ha
BNaKaHLA Npwv AejcTBy cuie y pagujaiHOM npas-
Ly M rycTMHe He NOCTOju 3aBUCHOCT, AOK M3mehy
HaMoHa Ha NPUTUCaK YNPaBHO Ha B/laKaHLa npwu
[ejcTBY cune y TaHTreHUMjaAHOM NpaBLy U ryCTUHe
NocToju jaka MO3UTUBHA IMHEeapHa 3aBUCHOCT.

COMPRESSION STRENGTH PERPENDICULAR TO GRAIN OF SERBIAN
SPRUCE (Picea omorika (Pan¢i¢) Purkyné) WOOD FROM PLANTATIONS

MSc Danijela Petrovié, senior research assistant, Univerzitet u Banjoj Luci, Sumarski fakultet

Dr Zdravko Popovig, full professor, University of Belgrade — Faculty of Forestry, Belgrade
Dr Nebojsa Todorovi¢, assistant professor, University of Belgrade — Faculty of Forestry, Belgrade

Abstract: This paper presents the results of testing the compression of Serbian spruce wood from
plantations and natural stands. Compression perpendicular to grain in radial and tangential di-
rection was tested. A dilatation of 1% was taken for a conditional boundary dilatation, and the
appropriate strength for the conditional limit strength was taken. Six trees from plantations and
nine trees from natural stands were analyzed. In total, 309 samples were tested. The regression
analysis examined the dependence of these mechanical properties on the width of the annual
rings, the percentage of late wood and wood density.

Key words: Picea omorika, compression strength perpendicular to grain, plantations, natural stands
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INTRODUCTION

Serbian spruce, as a tertiary relict and the en-
demic of the Balkan peninsula is the subject of
numerous studies in Bosnia and Herzegovina and
abroad. Isajev (1987) states that it is a species
with expressed ecological plasticity, as well as
morphological and physiological variability, and it
can be reconstructed in terms of wider and more
adequate use by appropriate methods of breed-
ing. The total area of natural stands in Bosnia and
Herzegovina and Serbia is 3,090.2 ha while the
area of artificial stands is only 35.36 ha (lvetic
and Aleksi¢, 2016).

As the growth of wood in artificial stands can-
not be equated with growth in natural stands, this
is certainly reflected on its mechanical properties.
In this paper, the results of testing of the compres-
sion of Serbian spruce wood from plantations and
natural stands are presented. Numerous research-
ers examined compression strength including dif-
ferent load-to-grain angles and annual ring direc-
tions (Reiterer and Stanzl-Tschegg, 2001;
Blass and Gorlacher, 2004; Franke and
Quenneville, 2010; Basta et al., 2011). In this
paper, compression strength perpendicular to
grain in radial and tangential direction was tested,
since stress-dilatation diagrams are different
when load is in these two directions. Tabars and
Chui (2001) state that, for softwood in the elastic
region, in the case of loading force in the radial
direction, the measured deformation was caused
by the bending of radial walls, with a small propor-
tion of tangential walls. However, in the case of
loading force in the tangential direction, the meas-
ured deformation includes bending of late wood
layers and deformation of the cell wall.

Considering that the compression strength
perpendicular to grain can be a limiting feature

for many wood products, the testing of this prop-
erty is very important. However, it is necessary to
note that there is no maximum stress which is
registered at the moment immediately before the
fracture, because in the testing of this strength
there is no breakdown, but rather the compaction
of the anatomical components of wood. Accord-
ing to Marjanov and Popovi¢ (1992) when it
comes to compression perpendicular to grain, the
undefined dependence of stress and dilatation in
the field of “plastic creep” imposes the need for
the introduction of a notion of conditional
strength corresponding to a predetermined dila-
tation. Kollmann and Coté (1968) show that for
the definition of compressive strength perpendic-
ular to grain take only the fiber stress at a propor-
tional limit or the stress which causes 1% defor-
mation. Serrano and Enquist (2010) state that,
according to European standards, the strength at
dilation of 1% is taken, so in this paper 1% is taken
for conditional boundary dilatation and the corre-
sponding strength for conditional limit strength.

MATERIAL AND METHODS

The research material was taken from five lo-
cations. The location Dubrava (DU) is a plantation
of Serbian spruce located near Banja Luka and
belongs to SIC “Industrijske plantaze”, Banja Luka.
It occupies a total area of 0.33 ha. The Srebrenica
location (SR) is a plantation located near Srebren-
ica which belongs to FE “Drina” - Srebrenica. The
total area of the plantation is 0.6 ha. The Gostilja
(GO) location, where there is a natural stand of
Serbian spruce, is near Visegrad. It is managed by
FE “Panos” - Visegrad, and the total area is 25.8
ha. FE “Panos” Visegrad manage the surface of

Table 1. Coordinates, exposure, inclination and altitude of the selected locations

Location o;'tg;: dOf Coordinates Exposure Inclination Altitude (m)
Dubrava (DU) Plantation 064-61-754E  049-56-083N - - 310
Srebrenica (SR) Plantation 066-15-221E 048-75-163N W/N 32 880
Stolac 1 (S1)  Natural stand 066-03-458E 048-65-199N N 340 1200
Stolac 2 (S2) Natural stand 066-02-805E 048-65-509N N/E 452 960
Gostilja (GO)  Natural stand 066-07-453E  048-57-964N N 362 1130
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the location Stolac 1 (S1) and Stolac 2 (S2). The
total area is 29.5 ha. Table 1 gives the coordi-
nates, exposure, inclination and altitude of the
selected locations.

Three trees were selected from each location.
Three logs, 1.2 m long, were cut from each tree.
One log was taken from a height of 1.3 m, one
from the part of the bole just below the first
green branch, and one log was taken from the
height that is in the middle between the two
heights mentioned. From them, 60 mm thick ra-
dial planks were cut out of which, after natural
drying and processing on the thickener, they were
reduced to a thickness of 50 mm. From them,
samples (50x50x150 mm) for compression testing
were made (Figure 1). The compression test per-
pendicular to grain was carried out in radial and
tangential direction on 309 samples. Samples
were scanned at a cross-section in order to deter-
mine the average width of the annual ring and
the average share of the late wood, using CDen-
dro 7.6 and CooRecorder 7.6 (Figure 2). Before
the tests, dimensions in all three anatomical di-
rections and mass were measured. Compression
testing was performed on the Messphysik ma-
chine “Beta 200” at the Faculty of Mechanical
Engineering, University of Banja Luka (Figure 3).
The rate of descent of the machine head was 1
mm per minute. The test was done so that the
stress surely crosses the limit of proportionality
and a certain deformation occurs. After the test,
the samples were dried to an oven-dry state to
determine moisture content (MC) at the time of
the test. The obtained strength values at the test
time are reduced to the values of the strength at
standard moisture content (12%) using the fol-
lowing formula:

0,,=0,,% [1+0,04 x (v, - 12)] (MPa)

RESULTS AND DISCUSSION

Table 2 shows the average values of moisture
content and density of wood samples at the time
of examination, as well as the average width of
the annual ring and the average percentage of
late wood in the tested samples. We can notice
that the trees of Serbian spruce from the sites
where the plantations are located (Dubrava and
Srebrenica) have a lower average air-dry density

Figure 2. Scan samples

Figure 3. Compression testing in the tangential
direction
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compared to trees from natural stands (locations
Stolac 1, Stolac 2 and Gostilja). The application of
t-test showed that there was a statistically signif-
icant difference between the plantations and nat-
ural stands (t = -17.46; p = 0.00). The difference
in density is not surprising given that the density
of the conifers to a large extent depends on the
width of the annual rings, that is, the percentage
of late wood, which is much smaller in the Serbi-
an spruce wood that come from the plantations.

Lukié-Simonovié (1955), in her research on
the natural stands of Serbian spruce, came to the
conclusion that the average density of Serbian
spruce wood at 15% humidity was 0.482 g/cm3,
which is somewhat lower than the density of Ser-
bian spruce wood from the natural stands exam-
ined in this study. Kommert (1993) examined
the density of Serbian spruce wood from planta-
tions at 12% MC and determined that the average
density was 0.467 g/cmd.

The average values of the compression
strength perpendicular to grain at a dilatation of
1% in the radial direction, as well as other statis-
tical parameters are shown in Table 3. The mean
values range from 3.96 MPa (location Stolac 2) to
5.31 MPa (location Dubrava). The highest varia-

tion of this strength is in the location Stolac 2
(22.71%), and the lowest one in the location Sre-
brenica (11.64%). When we observe the change
in strength over height of the tree in the locali-
ties, we can notice that at the locations Stolac 1
and Gostilja the strength increases with height,
while at the locations Dubrava and Srebrenica
with the increase in height the strength first de-
creases, and then increases. At the location Stolac
2 the strength increases with increasing height
and then decreases. We can conclude that there
is no clear rule how this strength changes with
the height of the stem in the localities. The aver-
age value of the compression strength perpendic-
ular to grain at a dilatation of 1% in radial direc-
tion for the trees from plantations (PL) is 4.96
MPa, while the coefficient of variation is 17.58%.
The average value of this strength for trees from
natural stands (NS) is 4.35 MPa, and the coeffi-
cient of variation is 18.24%.

When we observe the mean values of com-
pression strength perpendicular to grain in radial
direction for different density intervals, we can
notice that there is no dependence of this prop-
erty on the density of the wood. There is a high
variability within each interval (Figure 4).

Table 2. Average values of width of annual rings, percentage of late wood, density and humidity of wood

at the moment of examination

v, war plw p

Location Test direction N As As As As SD cv
% mm % g/cm? %
Radial 25 10.07 4.78 9.63 0.453 0.032 6.98
Py Tangential 27 10.06 4.82 8.97 0.457 0.031 6.83
Radial 23 10.24 4.90 9.41 0.436 0.020 4.53
SR Tangential 25 9.97 4.93 9.10 0.436 0.027 6.21
Radial 35 10.43 1.82 16.86 0.518 0.033 6.35

>t Tangential 35 9.71 1.84 16.25 0.513 0.035 6.77
s Radial 35 9.74 1.57 17.52 0.508 0.027 5.22
Tangential 34 8.69 1.64 17.02 0.509 0.030 5.87
Radial 36 10.80 1.85 16.45 0.512 0.033 6.44

60 Tangential 34 10.68 1.89 16.52 0.509 0.032 6.35

Legend: N - number of tested samples; va — moisture content at the moment of testing; war - width of
annual rings; plw - percentage of late wood; pp — air-dry density of wood; As - arithmetic mean; SD - standard

deviation; CV - coefficient of variation

182



Compression Strength Perpendicular to Grain of Serbian Spruce (Picea omorika (Panci¢) Purkyné)...

Table 3. Compression strength perpendicular to grain at a dilatation of 1% in the radial direction

§ =zt i
8 g b N As -95 +95 Min Max sD cv
= = (MPa) (%)
| 5.73 4.88 6.58 4.15 7.51 102 17.75
I 8 4.93 4.13 5.73 3.65 6.36 096  19.47
Pu Il 9 5.29 4.59 5.98 431 7.25 091 1721
25 5.31 4.91 5.72 3.65 7.51 098 1838
| 9 4.60 4.17 5.04 3.55 5.47 056  12.23
I 7 4.48 4.02 4.94 3.90 5.21 049 1101
SR 1 7 4.62 4.06 5.17 3.61 5.48 060  12.95
23 457 434 4.80 3.55 5.48 053 1164
PL 48 4.96 4.70 5.21 3.55 7.51 087  17.58
| 11 4.36 3.92 4.79 3.57 5.27 065  14.83
I 12 4.66 433 4.99 3.86 5.54 053 1127
st I 12 4.95 4.59 5.30 3.78 5.90 056 1130
35 4.66 4.45 4.87 3.57 5.90 061  13.08
| 11 3.80 2.88 4.71 2.88 7.73 137  36.03
1 12 421 3.74 4.67 334 5.65 073  17.37
52 11 12 3.85 3.60 4.10 3.26 4.48 039 1020
35 3.96 3.65 4.26 2.88 7.73 090 2271
| 12 4.10 3.76 4.45 3.43 5.21 054  13.19
I 12 4.30 3.80 4.80 3.10 5.38 079 1836
co 1 12 4.89 457 5.21 4.26 6.20 051  10.38
36 4.43 4.20 4.67 3.10 6.20 070  15.69
NS 106 435 4.20 4.50 2.88 7.73 079 1824

Legend: o, - compression strength perpendicular to grain at a dilatation of 1% in the radial direction, N -
number of tested samples; As - arithmetic mean; -95 - the lower boundary of the estimation interval with
a probability of 95%; +95 - upper boundary of the estimated interval with a probability of 95%; Min - min-
imum value; Max - maximum value; SD - standard deviation; CV - coefficient of variation

Table 4 shows the average values of the com-
pression strength perpendicular to grain at a dil-
atation of 1% in the tangential direction at the
standard MC, as well as other statistical parame-
ters. The lowest average value of this strength
have the trees from Srebrenica (4.39 MPa), and
the largest trees from Stolac 1 (5.28 MPa). The
coefficient of variation ranges from 14.13% (Du-
brave) to 21.54% (Stolac 2). The change of this
strength over height of the stem is not the same
for all sites. At the locations Dubrava and Gostilja,

the strength first decreases with height, then in-
creases, at location Srebrenica it increases, at the
location Stolac 1 it increases and then decreases,
while at the location Stolac 2 it decreases with
height. The average value of the compression
strength perpendicular to grain at a dilatation of
1% in the tangential direction for the trees from
plantations is 4.60 MPa, while the coefficient of
variation is 16.14%. For trees from natural stands,
the average value of this strength is 5.02 MPa,
and the coefficient of variation is 19.80%.
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Figure 4. Compression strength perpendicular to
grain at a dilatation of 1% in the radial direction for
different density intervals

When we observe the mean values of the
compression strength perpendicular to grain in
the tangential direction for different density inter-
vals (Figure 5), we have a completely different
picture from the one in Figure 4. There is an ob-
vious dependence of the strength on wood den-
sity, and its values range from 4.11 MPa for a
density interval of 0.400-0.420 g/cm?, up to 7.38
MPa for a density interval of 0.561-0.580 g/cm?®.

The analysis of variation of the compression
strength perpendicular to grain by locations
showed that there was a statistically significant
difference between the locations. The applied
Duncan test showed that three homogeneous

+ Mean [] MeansD _T_ Mean1.96*SD

@ﬁﬁﬁﬁﬁﬁ

0.400-0.420 0.441-0.450 0.481-0.500 0.521-0.540 0.561-0.580
0.421-0 440 €.461-0.480 0.501-0.520 0.541-0.560

Gy (MPa)

2 o

IS

Gustina drveta (g/cm?)

Figure 5. Compression strength perpendicular to
grain at a dilatation of 1% in the tangential direction
for different density intervals

184

groups can be formed when it comes to the com-
pression strength perpendicular to grain in the
radial direction and two groups when it comes to
compression strength perpendicular to grain in
the tangential direction (Table 5).

When we compare the obtained compression
strength perpendicular to grain at a dilatation of
1% in the tangential (opn) and in the radial direc-
tion (oplr), we see that the trees from the planta-
tions have a lower compression strength in the
tangential direction, but larger in the radial direc-
tion from trees from natural stands. According to
some authors (Kollmann, 1951, Ménck and
Rug, 2000, Soski¢ and Popovié, 2002), com-
pression strength of conifers in the tangential di-
rection is higher than in the radial direction. How-
ever, for low density conifers, this statement does
not always apply, as confirmed by Rothmund’s
research (1949). He examined the compression
strength perpendicular to grain of spruce and
came to the result that spruce having a lower
density has a higher compression strength in the
radial direction, and spruce of higher density has
a higher compression strength in the tangential
direction. In this study, the same results were ob-
tained given that the trees of Serbian spruce
plantations have a smaller wood density than
trees from natural stands. Schneeweill and
Felber (2013) state that the reason for these re-
sults is in the fact that in the case when load is in
the radial direction the strength is determined
only by the early wood, and its participation is
higher in wood with less density. When load is in
the radial direction, the layers of late wood be-
have as load distributors, while the strength
stress is determined by the weakest layer of the
early wood. Late wood has a far greater impact
than the early wood on compression strength in
the tangential direction.

These stataments are confirmed by the inves-
tigated effects of the annual ring width and the
percentage of late wood on the compression
strength in the radial and tangential directions
(Figure 6 and Table 6). The regression analysis
that included all the tested samples showed that
the width of the annual ring positively influenced
strength in the radial direction (R = 0.34) and had
a negative impact on the strength in the tangen-
tial direction (R = 0.42). The influence of late
wood percentage on strength in the radial direc-
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Table 4. Compression strength perpendicular to grain at a dilatation of 1% in the tangential direction

o.plt

s 2 E
7 2 E N As .95 +95 Min Max sD cv
s (MPa) (%)
| 9 499 456 542 413 561 056 1125
I 9 463 408 519 341 545 072 1555
ou M 9 477 418 536 367 592 077  16.06
27 480 453 506 341 592 068  14.13
| 9 423 377 470 329 532 061 1434
I 9 445 361 528 317 704 108 2434
R M 7 453 409 497 379 492 048 1053
25 439 408 471 317 704 077  17.43
PL 52 460 439 481 317 704 074 1614
| 1 492 419 564 375 701 108 2198
I 12 562 490 634 418 736 113 20.10
3t M 12 527 464 591 436 742 100 1893
35 528 491 565 375 742 108 2042
| 12 523 423 622 320 811 156  29.85
I 12 497 462 531 428 577 054 1091
52 M 10 457 403 510 332 555 075 1635
34 494 457 531 320 811 106 2154
| 12 504 455 552 350 605 077 1524
- I 11 461 415 507 346 555  0.68  14.83
m 11 481 422 541 270 58 089 1842
34 483 456 510 270 605 078 1615
NS 103 502 48 521 270 811 099  19.80

Legend: O ™ Compression strength perpendicular to grain at a dilatation of 1% in the tangential direction,
N - number of tested samples; As - arithmetic mean; -95 - the lower boundary of the estimation interval
with a probability of 95%; +95 - upper boundary of the estimated interval with a probability of 95%; Min -
minimum value; Max - maximum value; SD - standard deviation; CV - coefficient of variation

Table 5. Analysis of variation of the compression strength perpendicular to grain in the radial and tangential
directions by locations

Location ANOVA
DU SR S1 S2 GO F p Post-hoc!
O, (MPa) 5.31¢ 4.57° 4.66° 3.96° 4.43° 12.05 0.000 3
o, (MPa) 4.80*° 4.39° 5.28° 4.94° 4.8320 3.64 0.007 2

plt

* Number of homogeneous groups by Duncan's test
a, b, c — homogeneous groups
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Figure 6. Dependence of compression strength in the
annual ring and percentage of the late wood

tion is small (R = 0.28) and negative, while it has
a higher (R = 0.38) and a positive influence on the
strength in the tangential direction.

By examining the correlation dependence be-
tween the compression strength perpendicular to
grain in the radial direction and density, it was
concluded that no correlation exists. However, by

radial and tangential directions on the width of the

examining the correlation dependence between
compression strength perpendicular to grain in
the tangential direction and density, it has been
concluded that there is a positive linear depen-
dence. The determined coefficient of correlation
(R = 0.63) shows that there is a strong correlation
between these two parameters (Figure 7).

Table 6. Dependence of compression strength in the radial and tangential directions on the width of the

annual ring and percentage of the late wood

Linear regression parameters

Observed dependence a . R? R
o, - war 4,3086 0,1884 0,1173 0,3425
O~ plw 5,6196 -0,0543 0,0774 0,2782
0,y - War 6,0448 -0,2497 0,1727 0,4156
o, - plw 4,1462 0,0841 0,1455 0,3814

Legend: O, - compression strength perpendicular to grain at a dilatation of 1% in the radial direction; op1t
- compression strength perpendicular to grain at a dilatation of 1% in the tangential direction; war - width
of annual rings; plw - percentage of late wood; R2 - determination coefficient; R - coefficient of correlation
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Figure 7. Dependence of compression strength in the
radial and tangential directions on the density of
wood

CONCLUSION

Based on the analysis of samples of Serbian
spruce from plantations and natural stands in the
Republika Srpska, the following results were ob-
tained:

The average value of compression strength
perpendicular to grain at dilatation of 1% and in
the radial direction for the trees from the planta-
tions is 4.96 MPa and the coefficient of variation
is 17.58%, while the average value of this strength
for trees from natural stands is 4.35 MPa, and the
coefficient of variation is 18.24%. The results con-
firm the earlier conclusions that when load is in
the radial direction the strength is determined
only by the early wood whose share is greater in
the wood from plantations.

The average value of compression strength
perpendicular to grain at dilatation of 1% and in
the tangential direction for trees from plantations
is 4.60 MPa, and the coefficient of variation is
16.14%, while for trees from natural stands the
average value of this strength is 5.02 MPa, and
the coefficient of variation is 19.80%.

The width of annual rings has a positive im-
pact on the strength in the radial direction, and
negative on the strength in the tangential direc-

tion. The influence of the percentage of late
wood on strength in the radial direction is small
and negative, while on the strength in the tangen-
tial direction it has a greater and positive effect.
There is no correlation between the compression
strength perpendicular to grain in the radial direc-
tion and the density, while there is a strong pos-
itive linear correlation between compression
strength perpendicular to grain in the tangential
direction and density.
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