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M3BoA: KopeHoB cucTemM MMa CNOCOOHOCT Aa cTaduausyje naguHe, nonpaskom GBU3MUKO-me-
XaHWYKMX 0codMHA 3em/bMLLITA Ha Kojem ce passuja. Mopdonorvja u TeHaeHUMja KopeHoBor
cuctema fa 36uja vyectTuue 3emsbumLLITA Y jeAHY MOHOIMTHY Macy, KOjy Ha3nBamo 1Mo-apMUpaHo
3eM/bumLLITE, ONPUHOCE NoBehakby OTNOPHOCTM 3eM/bULLTA HA CMULLakbE. Y pady je npuKasaHa
ynopeaHa aHanusa ctadunHocTv naguHa nopes nytesa es v ca yTULL@jeM KOPEHOBOT CUCTEMA.
AHanuse cy paheHe y unby 3awTmTe caodpahajHuua, NpoHanakerbem oNTMManHor 0danKa
KOPEHOBOT CUCTEMA Kao afiTePHATUBHOT peLlerba 3a cTadunansauujy naguHa nopes nyTtesa. Ha
MoAeny nafivHe CUMYIMPaH je yTuLaj YeTUpK rpyna BereTauuje, U3gBojeHMX Ha OCHOBY MOp-
donoruje KopeHoOBOr cUCTEMA (TakMPACT, CPLLACT, Ca U3PAKEHOM CPYAHULLOM U HededuHUCaH
06/11K). 3a cBaKy M3adpaHy BPCTY je ycBOjeHa BpegHOCT Koxesuje ,,duo-apmupaHor” 3emsbu-
wTa (cr). Co¢TBep 3a reoTeEXHUYKO HYMEPUYKO mogenmpare - GeoStudio 2007 je kopuwheH
3a CBe aHanu3e CTadunHocTM NnaguHe. NMpopavyyHom cTabuAHOCTM Moaena naguHe des ytuuaja
Beretauuje ytepheHo je ga naguHa Huje ctabunHa. Yeoherem BeretaumMoHux rpyna y aHanu-
3y cTadunHocTu noctmske ce nosehare ctadbunHocTn nagute. Hajsehu ytuuaj Ha ctadunHocT
Mozena naguHe uma rpyna 2.- Beretalmja Koja MMa KOpeH ca M3parKeHOM CPYaHWULIOM, Cleam
rpyna 1.- ca cpLacTMm KOPEHOM, 0K Cy rpyna 3, TakuUpacTn KopeH, U rpyna 4, HepeduHUCaHK
08/1MK KOPEHOBOT CUCTEMA, Aae Hajmarbe BpeAHOCTU. MpuKasaHu pes3yaTaTi npeactas/bajy
JonpuHoc y n3dopy pellera 3a cTabuamsaunjy nagmHa nopes nyTesa U cnpeyaBaky eposu-
OHMX NpoLeca.

K/byuHe peun: KopeHOB cucTeMm, Koxesuja ,0Mo-apmMmmnpaHor” 3em/buLLITa, BeretTamja, cradun-
HOCT NaguHe, 3aWTUTa NyTesa

YBOA

MpaheBUHCKE aKTUBHOCTU NPUIMKOM U3rpag-
e caodpahajHnua, YecTo HapyLLaBajy NpUpPoaHO
CTatbe paBHOTEXe NaamHa nopepg, nyTesa, WTO ce
MmaHudecTyje cTBapatbem pasInYUTUX caBpeme-
HUX ersoreHux npoueca (cavka 1). NaguHe nopes,
nyTesa, Noc/e rpafre 4ecTo ocTajy HesawTtuheHe
o4, yTULAja epo3nOHNX Npoueca, WTOo y3poKyje

rpaBMTaLMOHO MNOKpEeTakbe 3eM/bULLTA U pyLUEHa
TexHUYknx odjekata. Swanson and Dyrness
(1975) cy aHanmn3ama NpUKYN/bEHUX NogaTaka o
LyMama OTKpUAW oumnrneaaH nopact nojase dpoja
KAN3MLLITA Kao pe3yaTaT YNCTUX ceya u nsrpagre
nytesa. MlpumeHa BereTauuje npeacras/ba edek-
TUBHO pelletse 3a cTaduamsaumjy nagnHa, envumm-
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HUCakeM MaM ydnarkaBakem npoueca eposuje
(Abe and Ziemer 1991, Lewis 2000, Green-
wood et al, 2006, Mao et al., 2012). OtnopHocT
3eM/bULLTA, Ha KOMe ce Hanasun ctaduaaH cuctem
Beretaumje, moxe ce nosehatu 3a 50-70% nnm ce
3HAYajHO CMarUTU YKOJIMKO Ce U3BPLUM YMCTa
ceva Ha naamHama (Norris et al., 2008). BereTa-
uMja Mma dyHKUMjy 3aWTUTHE dapujepe nsmehy
3eM/bMLITa U areHaca (OMOTUYKMX U aOUOTUYKMX)
KOjW CTUMYAIMLIY Npolece aerpagaumje. EdmkacHa
je mepay 3aWTUTK OZ, BOAHE M e0/ICKe epo3uje Kao
M o4, yLapa BETPOBa U CHEXHUX HaHoca. KopeHos
CMCTEM CBOjMM PacTOM W pa3Bojem rnonpassba Gu-
3MYKO-MexaHMYKe napameTpe 3eM/bULLUTa (NoBe-
hatbe Koxesuje, 3anpemMuHCKe TeXUHE, YIa YHy-
Tpawker Tpewa) (Wu et al.,, 1979, Wo and
Watson 1998, Greenwood et al., 2006, lajuh
etal., 2013), unme ce noctuke noseharbe cTadun-
HOCTM MaguHe. PasrpaHaTtocT M Pa3sHOBPCHOCT
yrnoBa rpaHakba KOpeHoBoOr cucTtema nosehasa
OTMOPHOCT 3eM/bMLIITa Ha cMmuuarbe (Abe and
Ziemer 1991; Mickovski et al., 2007). KopeHoB
cucTem MMma TefeHumjy Aa 30uja YyecTmue 3emsbu-
WTa Yy jeaHy MOHOIMTHY Macy U TaKo AOMPUHOCHK
nosehakby OTNOPHOCTM 3eM/bULLTA, NPE CBEra Ko-
xe3uje. BU/bHe BpCTe MMajy TpU rMaBHa 00/1MKa
KopeHoBor cuctema (Késtler 1968): Tarbumpacrt,
CpLACT M Ca M3PaXKEHOM CpYyaHUUOM. TarbupacT
KOPEHOB CUCTEM Ce pa3BMja NIUTKO y NOBPLUMH-
CKOM ZleNly TepeHa, uma jake SouHe u duHe BepTu-
Ka/He KopeHe. ,,bruo-apmupare” 3eM/buLWITA, Bp-
CTama ca CpLacTMM KOPEHOBUM CUCTEMOM, 3HAaTHO
yTUYE Ha CMatberbe U eIMMUHUCake npoueca
YHYTpaWwe eposnje U GUATPALMOHUX CUIA KOZ,
pacTpecuTor HEKOHCONMAOBAHOT 3eM/bULLTA, CTBA-
pajyhu cneunduyHy 1 KoxepeHTHY SMOOLWKM ap-
MMpPaHy macy, Koja je OTNOPHKUja Ha TaHreHumjan-
He cuie M HacTaHak kamsuwTa (Gaji¢ 2014).
KopeHoB cucTem cpyaHuue Koju nma pasrpaHaTty
mopdonorujy passoja, y aHaimM3y cTabuaHOCTU 1
OTMOPHOCTM Ha K/IM3akbe ce YBOAM Kao aHKepuca-
Ha rpyna ,6uo-Wwm1noBa” nog yc/10BOM Aa je Kope-
HOB cucTeM 00yxBaTMO CTadunaH TepeH UCMog,
KNU3HE paBHU. YTULAj KOPeHa NPUINKOM padyHa-
Ha CTadUNHOCTM NaguHa ce M3parkaBa NPEKo Ko-
xesuje ,6uo-apmuparor” sempuwra (c ) (Mao et
al., 2012). UcTpaskmBarba cy NoKasasna 4a caatbom
MU oA4prKaBakbeM Beretauuje Ha NOTeHUMjasHOj
KNN3HOj MOBPLUNHK, GAaKTOP CUTYPHOCTU MOXKE MNOo-
Behatn 4o 10% (Norris and Greenwood 2006).
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Ny QAE‘: L \:
Cnuka 1: Knmsarbe nagnHe HaKOH PEKOHCTPYKLNje
neoHuue nyta Kpynak-/bydosuja (u3sop: aytop)

Y pagy cy npvKasaHe aHaAu3e U pasinyunTu
cueHapwmju cTadunHoCTM NaguHa nopes nyTtesa
6e3 U1 ca yTmuajem KopeHoBOr cucTema. AHannse
cy paheHe 3a noTpede ondpaHe caodpahajHuua,
NpOHana)erHem ONTUMaNHOT 00/IMKa KOPEeHoBOT
cucTema Kao aNTepHaTUBHOT pellea 3a cTadunu-
3aumjy NaZimMHa nopeg, nyTesa.

MATEPUJAA 1 METOA

AHanusa cTabuUnHOCTU NaguHe ca yTuuajem u
6e3 yTuuaja KOpeHOoBOr cUCTeMa BpLUeHa je Ha
npuvnpem/beHOM MoAeny TepeHa, ca 3aJaTum Au-
MeH3M1jama U GU3NYKO-MeXaHUYKUM BPeaHOCTU-
Ma 3emsbuLTa (Tadena 1). Mogzen je popmupaH og,
jeaHor cnoja 3emsbMLTa ca BpeAHOCTUMA GU3NY-
KO-MeXaHWYKMX MapameTapa 3a YyC/10B MOTnyHe
NOTOMN/bEHOCTU 3eM/bULLTA, Kada Cy OTNOPHE Ka-
paKTepucTnKe 3eM/bULLITa HajMmarbe. Popmuparbe
KOCMHa nopeg, nyTesa 4ecTo ce BPLUM CamMo HacK-
narbem 1 nnaHuparem des 30ujarba ycnes vera ce
OTNOPHE KapaKTepUCTUKe 3eM/bULLTa 3HAYajHO
ymatbyjy.

CodTBep 3a reoTeEXHUYKO HYMEPUYKO MOAENN-
parbe - GeoStudio 2007 je KopuwheH 1 3a cBe aHa-
nn3e CTaduNHOCTM Moaena nafguHa, MeTogom
Morgenstern and Price (1965). MeToaa je y
OCHOBM aHa/IUTMYKA Ca NPOU3BO/BLHOM K/IU3HOM
paBHU (KPYKHO UMAMHAPUYHA), KOja aHanM3mpa
yCNnoBe paBHOTEXKE 33 CBaAKY laMeny U LLe/IoKyNHO
KAN3HO Teno. 3a €/10j 3emM/buLLITa Y AAaTOM Moaeny
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Tadena 1: IumeHsuje n GU3NYKO-MEXaHUUKE BPEAHOCTU MoLeNa naguHe

3anpemuHcKa . Yrao yHyTpawmer
AyxuHa (L) BucuHa (H) Yrao (a) I—, Koxesuija (c) ey
19m 7,5m 13° 10 kN/m? 5 kN/m2 6,5°

(v3Bop: ayTop)

yHOCe ce napameTpu OTMOPHOCTM 3eM/bMLUTA Ha
CMULaHe 1 3anpeMuHcKa TexnHa. Codreep pas-
MaTpa BULLE MOTEHLMjANHUX KAN3HWUX PABHM Y 3a-
[aTOM MoZeny 1 faje KPUTUUHY KAM3HY paBaH ca
HajMarbUm daKTopom curypHocTu cnegehom dop-
MY/IOM.

Fs = Z{c-1+(N—1-11)tan(p}
YW sina

loe je: Fs- dakTop cUrypHOCTH, C- Koxe3nja, N-
HOpMaJiHe cuie, U- NOPHU NPUTUCAK, b- yrao yHy-
Tpawmer Tpera, W sina- cmuuyha (TaHreHuymjan-
Ha) cuna, |- ayKMHa namene, a- Harnd KAu3He
paBHU

YcnoBs cTabuIHOCTU je 3a40BOJ/beH Kaga je
BpegHocT pakTopa ctadunHoctu Fs > 1,5 ykonuko
je BpeHOCT HUMKA, YC/IOB HUje UCMYHEeH OAHOCHO
naguHa Huje ctadunHa. Y pagy cy npuvkasaHe Kau-
3He paBHU Ca HajHUXUM BpegHOCTMMa daKTopa
CUIYPHOCTM 32 YCBOjeHe yC/I0Be Moesa NajauHe.

Ca acnekTa yT1Laja Beretalmje Ha cTaduaAHOCT
nagmHa, Kpo3 CBe Moene aHaM3npaH je KOpeHoB
CUCTeM Kao lamena ca NojeAHaYHMM LLUUMOM, Of-
HOCHO aHKepucaHuMm ,,6uo-wunom”. Odauk n gu-

MeH3Mje KOPEHOBOT CUCTEMA YCBOjEHE CY Ha OCHO-
By Mopdonoruje opmadpaHux OusbHMX BpcTa
(Kokutse etal., 2006., chmka 2). Y namenama Koje
odyxsaTajy ,,6uo-umnn“ yTnuaj KopeHoBor cuctema
ce yBoaM y npopayyH noseharbem Koxeswje 3a C,
WO je npeacTtas/beHo Mohr-Coulomb - oBom jea-
HaYyMHOM HanoHa cMmuuarba (Wo 2013.)

T=c+c+(0—u)-tang ... [2]

[oe je: T- TaHreHUMjaaHM HANoH, C- Koxe3unja 3e-
MJ/bUWTA, C - Koxesnja ,dno-apmuparor” semsbu-
LWTa, 0- HOPMAJIHM HaMoOH, U- MOPHM NPUTUCAK, O-
yrao yHyTpalwmer Tpera

B1O-apMUpPaHO 3eM/bULLTE MOXKE YTULATU Ha
noseharse cTabMNHOCTU KOA NAUTKUX KAU3ULITA
ayduHe 2-3 m, 0K je Koa AyO/bUX KNU3ULLTA, Koja
ce Hanase BaH 30HEe KOPEeHOBOr CUCTEMA, YTULAj
3aHemapsbme (Norris et al., 2008). BpeaHocTtu
Koxesuje ,buo-apmupaHor” semmuwra (c) u
001Ka KopeHa 3a u3adbpaHe OU/bHe BpCTe cy Npu-
KasaHe y Tadenu 2. iIumeHsnje KOpeHoBOr cucTe-
ma, R- monynpeyHuk, Z- aydbuHa n P- noBpluMHa
KOjy 3axBaTa KOPEHOB CMCTeM, KOje Cy YCBOjeHe 3a

O6mK KopeHa Mopdonoruja kopera Tl'eomeTpujcka anpokcuManuja
; L ~
Rree A A e

= jgw‘s v

Cpuannua = “é SO

4
Tamupact FERAFRE
&

Cnuka 2: feomeTpujcka anpokcumaumja odnmka kopeHosor cuctema (Kokutse et al. 2006)

93



MnageH Mapkosuh, Hukona *usaHoswh, lpo3gaHa lMajuh

Tabena 2: BpeaHocTn nsadpanmx spcta ¢, (Norris, Greenwood 2006) n odnmka kopeHa (Kostler 1968)

¢ - Koxesuja ,6uo-apmupaHor”

Hasus Bpcre 061uK KopeHa seruumiLTa (KPa) AyTop
A Burroughsand
Pseudotsuga menziesii Cpuact 17,5 Thomas 1977
. Endoand
Alnus glutinosa Cpuact 12,0 Tsurutal969
Pinus contorta CpyaHuua 21,0 Ziemer 1981
. . VanBeek
Pinus halepensis CpyaHuua 18,2 etal,, 2005
Picea sitchensis Tarbmpact 5,9 Wu et al., 1979
*Fest t j .
estiicd pratensis, HepedbuHucaH 13,4 Tobias 1995

Festuca rubra, Poa pratensis

*TpasHa cmewa

notpede oBor pasa, NpuKasaHe cy y Tabenu 3.
YBoheme ,0uo-wmnnosa“ y mogen naanHe msBp-
LWEeHO je y 3aBMCHOCTU 04, ANMEH3Mja reoMeTpuj-
CKe anpoKcvMMaLMje KOPeHOoBOT cucTeMa, Kako ou
ce usderno npeknanara M UCMNOLUTOBAAN MUHU-
MasiHW yCNoBM pacnopea cagre apseha.

Tabena 3: [lumeH3nje KOPeHOBOr CUCTEMA YCBOjeHEe
3a NpopayyH

061uK KopeHa [OumeH3uje KopeHa

Cpuact R=2 m, Z=2 m, P=5 m?

Causpamernom o4 ¢ 55 5 m, P=4,7 m?

CpYaHMLOM
Tarbupacr R=2 m, Z=0,8 m, P=3,2 m?
HepedvHucaH 7=0,5m

(n3BoOp: ayTop)

Ha mogeny nagnHe cMmynnpaH je ytmuaj yetu-
pv rpyne BereTauuje n3aBojeHe Ha OCHOBY 00/1MKa
KOPEHOBOT CUCTEMA, @ 33 CBAKy BPCTY je yCBOjeHa
BPeaHOCT Koxesuje ,0Mo-apmmupaHor” sembmTa
(c). Mogen naguHe je aHanusnpaH ca cnegehum
BEreTaLMOHUM rpynama:

e [pyna 1. dus/bHe BpCTe ca CPLACTUM KOPEHO-
BMM cuctemom (Pseudotsuga menziesii, Alnus
glutinosa)

e [pyna 2. dusbHe BPCTE Ca KOPEHOBUM CUCTE-
MOM Cca WM3pa)keHoM cpyaHuuom (Pinus
contorta, Pinus halepensis)
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e [pyna 3. dw/bHe BpCTe ca TakbMpPacTUM KOPeHo-
BUM cuctemom (Picea sitchensis)

e [pyna 4. dumHe BpcTe ca HeaedUHNCAHUM KO-
peHoBum cuctemom (Festuca pratensis,
Festuca rubra, Poa pratensis)

PE3YATATHU 1 AMCKYCHJA

M3rpaarba nyteBa y SpACKO-MAaHUHCKUM npe-
Oennma 3axTeBa 3acelare NaauHa, Yuja je cTa-
OUNHOCT y norneay KNusarba ynuTHA, HaKOH Npo-
MeHe reomeTpuje naauvHe n nopemehaja ogHoca
HanoHa y 3eM/buWTy. HakoH 3aBpLUeHe u3rpaatbe
nyTa, bopmunparse KOCUHa Nnopes, NyTa U3BoaM ce
BMLUKOM OTKOMAHOT 3eM/bMLLTA KOje je y pacTpecu-
TOM CTaky, YecTo de3 mKkaksor 30ujarba, Te cy
BPEAHOCTU NapameTapa OTNOPHOCTM Ha CMULLaHbE
3HaYajHO yMatbeHe y OfHOCY Ha NpUpoAHe. AHanw-
30M cTadunHocTn moaena naauHe, des ytuuaja
BereTaLuje ca yCBOjeHWM BPeLHOCTMMA NapameTa-
pa 3em/bMWwTa, A0OMjeH je GaKTOp CUTYpHOCTH
Fs=1,32 uume ycnos ctabunHoctu Fs > 1,5 Huje uc-
nykeH (cnvka 3), mogen naguHe Huje ctaduaHa.

YBoherem BereTauuje ca cpLactum odamkom
KOPEHOBOT cUcTeMa, rpyna 1, y npopayyH ctradu-
HOCTU NaZuHe, NPMKa3aHe cy BpeAHOCTU daKkTopa
CUTYpHOCTM 3a ABa BpcTe. lMpumeHOM BpcTe
Pseudotsuga menziesii GakTop CUrypHOCTU U3HOCK
Fs=1,70 (cnvka 4, a.). pyra npumerbeHa BpCTa je
Alnus glutinosaca kojom je godujeH dakTop curyp-
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Cnuka 3: AHanmsa ctabuiHOCTU Mmogena naguHe 6es
yTuuaja BereTauuje (M3sop: aytop)

HocTh Fs=1,60 (cauka 4, 8.). MpumeHom ode BpcTe
ca cpuaCTUM 08/IMKOM KOPEHOBOT CUCTEMA NOCTU-
»Ke ce 3ag0BosbaBajyha ctabunHoct. C 063mpom aa
cy 00/IMK U AMMEH3Mje KOpeHOBOr cuctema ode
npYMerbeHe BPCTe UCTU, Pa3/INKa Y BPeAHOCTMU Ko-
xesuje ,,d0nmo-apmupaHor” semsmpmwTa o 5,5 KPa
(tadena 2) yTuuana je Ha nosehare pakTopa cu-

rypHoctu 3a 0,10, y KopucTt BpcTe Pseudotsuga
menziesii.

Kopuwherem dU/bHUX BpcTa Koje oanuKyje
KOPEHOB CUCTEM Ca U3PAMKEHOM CPYAHULIOM U3
rpyne 2, aHanau3upaHa je ctadmnHoct mogena na-
AuHe, NPUMeHOM BpcTe Pinus contorta podujeHa
je BpeaHocT dakTopa curypHoctu Fs=2,13 (camnka
5, a.), AOK je npumeHom BpcTe Pinus halepensis
dakTOop curypHoctn nsHocu Fs=1,94 (cnmka 5, 6.).
3a obe npumerbeHe BpcTe GaKTop CTadUAHOCTH je
ucnyreH, Fs 2 1,5, Te je moaen naguHe ca ysege-
HUM duo-wmnosuma ctadunaH. Pasnmka y Koxesu-
jn ,,dno-apmumpaHor” semsbMLITa 3a HaBegeHa ABa
npopayyHa usHoc 2,8 KPa, foK pasnunka y daktopy
curypHocTtun nsHocu 0,19.

Mpyna 3, du/bHe BpCTe ca TakbMPaCTUM KOPEHO-
BMM CUCTEMOM, KPO3 NPOpPaYyH aHanM3MpaHa je
jenHa BpcTa Picea sitchensis. BpeaHocT daKkTopa
curypHocTu nsHocu Fs=1,38 (cauka 6), ycnos cra-
OUNHOCTU HUje ucnyreH, Fs > 1,5, oAHOCHO mogen
naguHe Huje ctadunaH.

CnuKa 4: AHanusa ctabMaHOCTU mogena naauvHe npumeHom a) Pseudotsug amenziesii n &) Alnus glutinosa

(n3Bop: ayTop)

Cnuka 5: AHanumsa ctadunHocT mogena naauHe npumeHom a) Pinus contortav &) Pinus halepensis

(v3BOp: ayTop)
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Cnuka 6: AHanmsa ctadunHocTM mogena naguHe
npumeHom Picea sitchensis (n3Bop: ayTop)

Cnuka 7: AHanusa CTadMAHOCTM Moaena nafauHe
NpYMeEHOM TpaBHe CMeLle (M3Bop: ayTop)

AHann3oM CTabUNHOCTM Mogena naguHe npu-
MeHOM TpaBHe cmewe u3 rpyne 4. (Festuca
pratensis, Festuca rubra, Poa pratensis) nodujeH je
dakTop curypHoctu Fs=1,34 (cnmka 7), ycnos cTa-

OMNHOCTM HUje ucnymeH, Fs > 1,5, WTo yKasyje aa
je naguHa HecTadunHa.

YBoherem y aHanusy cTaduaHOCTM NaguHe,
BpCTe ca TakbMpacTum 1 HefePUHUCAHUM KOPEHO-
BMM CUCTEMOM (TpaBHe CMelLe) HKje ce nocTuma
3af0BosbaBajyha ctadunHocT.

Mopeherem fodnjeHnx pakTopa CUrypPHOCTY,
y ycnosuma 6e3 Beretauuje v ca npMMeHOM Bere-
TauuMje MOoXKe ce yTBpAUTM @ NPUMEHOM Bereta-
umje gonasu fo nosehara GpakTopa cUrypHocTu.
YBoherem y npopayyH ,Ouno-wmnose” BpcTta ca
CpLUACTUM 0O/IMKOM KOPEHOBOT CUCTEMA NMOCTUKE
ce nosehatbe ¢akTopa curypHoctn 3a 0,38
(Pseudotsuga menziesii) ogHocHo 0,28 (Alnus
glutinosa). Kog, BpcTa ca 06/1IMKOM KOPEHOBOT CU-
CTeMa M3parkeHa cpyaHuLL@ nocTuKe ce noseharse
¢dakTopa ctabunHoctn og 0,81 (Pinus contorta)
ogHocHo 0,62 (Pinus halepensis). YTBpheHo je He-
3HaTHO noeehake dpakTopa curypHoctn oa 0,06 3a
BPCTY ca Tarbmpactum u nosehare og 0,02 3a He-
AedrHUCaHN 061K KOPEHOBOT CUCTEMA, Y OZHOCY
Ha GaKTop CcUrypHOCTM Mmogena naguHe 6es Bere-
Taumje.

AHannsom 00/1MKa KOPEHOBOr cUCTeMa Yy
dyHKUMjM ctadunHocTn, Hajsehu yTuLaj je Bereta-
Lnje Koja MMa KOpPEH Ca M3PpaxKeHOM CPYaHMLOM,
cneam ca cpLacTMm KOPEHOM, OK CYy TakbMpacT v
HefedpMHMCAH KOPEH UMaNW HajMakbM yTULA] Ha
ctadunHoct (cnuka 8). LodujeHu pesyntatu npo-
payyHa cTadunHoCTU yKasyjy Aa sehy ynory y no-

2:5 -
Pinus contorta
Pinus halepensis
7 | Festuca-pratensi: ; Pseudotsuga menziesti
Festuca :ubra, Picea sitchensis Alnus glutinosa =
Poa pratensis
3 [ i3
7
e
1
0.5
0
0,5 0,8 2,0 2,0 2,5 2,5
(TpaBHa cmelwa)  (tarbupact) (cpuacr) (cpuacr) (ca cpyaHuuom) (ca cpyaHuLom)
[Oy6uHa KopeHa (m)

Cnuka 8: Kopenauuja daktopa curypHocT1 u oyduHe, 06/1MKa KOpeHOoBOT chcTema (M3Bop: ayTop)
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Behatby paKTopa cUrypHOCTM MMa 06AuK 1 ayduHa
KOPEHOBOT CUCTEMA Of, CAaMUX BPEAHOCTU KOXE3U-
je ,,6no-apmupaHor” semsmbuwTta. Holsworth
(2014) je poduo canuHe pesynTaTte aHa/IM30M CTa-
OUNHOCTM NaguHe yTULajeM pasanynTUX TUNoBa
KOpPEHOBOT cUcTEMA.

3AKMAYIAK

MN3rpagHom 1 peKoHCTpyKumnjom caodpahaj-
HWLA, MaguHe nopeg nyTa ocTajy HesawTuheHe of,
yTuuaja eposunje, WTo y3pOoKyje rpaBUTaLMOHO No-
KpeTarbe 3eM/bULUITA, HAPOYUTO NOBPLUMHCKY ePO-
3u1jy n dopmmnparse KAM3MLWTA.

3a cnpeyaBakbe epPO3MOHUX MpoLeca U cTadu-
IM3aumjy HecTaduaHor TepeHa Mory ce NPUMeHu-
BaTM NpaBuAHO ogadbpaHe ApseHacTe, *KOyHacTe
TpasHe BpcTe. Ofadvp ce Mopa BPLIMTU Ha OCHOBY
yC/0Ba CpeayMHa, KapaKTepuUCT1Ka BPCTe U pacno-
pesa caghe. 3a caHauMjy M HacTaHaK KAM3ULWTA,
aydvHe o 3 meTapa, BeAuky ynory y ogadupy Bp-
cTe urpa odaunk u aydunHa pacnpocTupatba Kope-
HOBOT CUCTEMA.

AHanM3oM cTadUNHOCTU 3a4aTor Mogesna na-
OvHe nopep, nyTa, 6e3 yTuuaja Beretauuje, 4odu-

jeH je pakTop curypHoctu Fs=1,32 ynme Huje ncny-
HeH ycnoB ctadunHoctn Fs > 1,5. YBoherbem
BereTauMoHMX rpyna y npopayvyH ctadunHocTtu
mozena naavHe fodujeHu cy pesyntaTv y oncery
op Fs=1,34 no Fs=2,13. Moe ce 3aK/by4uTHn Aa ce
NPUMEHOM CBMX BereTaLMoHux rpyna nosehasa
cTabuUNHOCT NaauHe.

3a noTpede opdpaHe caodpahajHuua, npoHa-
NaXKerEeM ONTMMANHOT 08/IMKa KOPEHOBOT CUCTe-
Ma Kao aNTepHaTUBHOr pellera 3a cTabunmsaumjy
naguHa nopeg nytesa, Hajsehu yTuuaj Ha ctadun-
HOCT Mmajy lpyna 2.- BereTaunja Koja MMma KopeH
ca uspaxkeHom cpyaHuuom (Fs=2,13, Fs=1,94 ),
cneam pyna 1.- ca cpuactum KopeHom (Fs=1,7,
Fs=1,6), AOK cy rpyna 3, TakbMUpacTU KOPEH,
(Fs=1,38) 1 rpyna 4, HeaedMHMUCAHMN KOPEHOB CU-
ctem (Fs=1,34) pane Hajmarbe BpegHOCTH.

OydunHa 1 061K KopeHOBOT CUCTEMA, Y OAHO-
Cy Ha BpeAHOCTU Koxesunje ,,b1Mo-apmupaHor” se-
mbMWTa (C ), Mmajy Hajsehu yTuuaj Ha cTabuaHocT
moZena naguHa.

M3BpLIeHUm aHanmM3ama nposepe cTaduaHo-
CTV MaguHEe MOXKe Ce 3aK/by4yuTU 4@ NPUMEHOM
BereTauuje Ha HeCTaduaHUM U YCIOBHO cTadumn-
HMM MaguHama Jonasu o noseharba dakrtypa
CUTYPHOCTMU.
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Abstract: Root system has ability to stabilize slopes, improving physical and mechanical prop-
erties of soil on which it develops. Morphology and tendency of root system to compose soil
particles into one monolithic mass, which we call bio-reinforced soil, contribute to increasing
the resistance of soil to shearing. In this paper, is presents a comparative analysis of slope
stability along roads without and with the influence of root system. The analyzes were made
for the needs of defense of roads, finding most optimal types of root system as an alternative
solution for stabilization of the slopes along roads. On the slope model was simulated influ-
ence of four groups of vegetation, based on morphology of root system (plate, heart, tap and
undefined). For each selected species, value of root cohesion (c ) has been adopted. Software
for geotechnical numerical modeling-GeoStudio 2007, was used for all slope stability analyzes.
Analyzing stability of the slope model without influence of vegetation, slope is unstable. By
calculating stability of slope model with vegetation groups, an increase in stability of the slope
model is achieved. The greatest influence on stability of the slope model has group 2.- vegeta-
tion with a tap root system, followed by group 1. - with a heart root, while group 3, plate root,
and group 4, undefined types of root system, gave at least the values. The results from this
paper, represent a contribution to choice of solutions for stabilization of slopes along roads and

the prevention of erosion processes.

Keywords: root system, root cohesion, vegetation, slope stability, roads protection

INTRODUCTION

Building activity during the construction of
roads, often violates the natural balance of slopes
along roads, which manifests it self in creation of
various contemporary exogenous processes (Fig-
ure 1). Slopes along roads, after construction, re-
main unprotected from effects of erosion, which
causes gravitational movement of soil and collapse
of technical objects. Swanson and Dyrness
(1975), by analyzing collected data on forests, re-
vealed apparent increase in appearance of num-
ber of landslides as a result of clean cuts and roads
construction. Vegetation is an effective solution for
stabilization of slopes, eliminating or mitigating
erosion process (Abe and Ziemer 1991, Lewis
2000, Greenwood et al., 2006, Maoetal.,
2012). Resistance of soil, with a stable vegetation
system, can be increased by 50-70% or significant-
ly reduced with clean cutting on slopes (Norris et
al., 2008). Vegetation acts as a protective barrier
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between soil and agents (biotic and abiotic) that
stimulate degradation processes. Effectively pro-
tect against water and eolian erosion as well from
wind gusts and snowdrifts. Root system improves
physical and mechanical parameters of soil by its
growth and development (increase cohesion, bulk
densitie, internal friction angle) (Wu et al., 1979,
Wo and Watson 1998, Greenwood et al.,
2006, Fajuh etal., 2013), which increases stability
of slope. Diversity and variation of angle of root
system increase soil resistance to shear (Abe and
Ziemer 1991; Mickovski et al., 2007). Root sys-
tem has tendencies to compose soil particles into
one monolithic mass and thus contribute to in-
creasing resistance of soil, primarily cohesion.
Plant species have three main types of the root
system (Kostler 1968): plate, heart and tap. Plate
root system is developed shallow in surface of soil,
has strong lateral roots and fine vertical roots.
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Figure 1: Slope sliding after reconstruction of the
road section Krupanj-Ljubovija (source: author)

,Bio-reinforcement” of soil, the species with the
heart root system, significantly influences on re-
duction and elimination process of inside erosion
and filtration forces in loosely unconsolidated soil,
creating a specific and coherent biologically rein-
forced mass, that is more resistant to tangential
forces and formation of landslides (Fajuh 2014).
Tap root system has developed morphological de-
velopment, in analysis of stability and resistance to
sliding is introduced as anchorized group of , bio-
piles”, provided root system is under shear plane
in stable soil. Influence of root in calculating slope
stability is expressed through root cohesion (c)
(Mao etal., 2012). Research has shown that with
planting and maintenance of vegetation on a po-
tential sliding surface, factor of safety can be in-
creased up to 10 % (Norris and Greenwood
2006).

In this paper, are presents analyzes and differ-
ent scenarios of stability of slopes along roads
without and with the influence of the root system.
The analyzes were made for needs of defense of
roads, finding most optimal types of root system
as an alternative solution for stabilization of slopes
along the roads.

MATERIAL AND METHODS

Analysis of stability of slope with influence and
without the influence of root system was carried
out on the prepared model of terrain with given
dimensions and physical-mechanical values of soil
(Table 1). The model is formed from one layer of
soil with the values of physical-mechanical param-
eters for saturated soil condition, when resistant of
soil characteristics are at least. Formation of slopes
along the roads is often done only by filling and
planning without soil compaction, resulting in a sig-
nificant reduction of resistant soil characteristics.

Software for geotechnical numerical mode-
ling-GeoStudio 2007, was used for all slope model
stability analyzes, by method Morgenstern and
Price (1965). The method is basically analytical
with an arbitrary shear plane (circularly cylindri-
cal), which analyzes the balance conditions for
each lamella and entire main body. For soil layer in
the given model, parameters of soil resistance to
shear and bulk densitie are introduced. Software
considers more potential shear planes in given
model and provides a critical shear plane with the
lowest factor of safety using following formula.

Fs — Z{c-l+(N—1-11)tan<p}
> W sina

Where is: Fs- factor of safety, c- cohesion, N- nor-
mal forces, u — pore pressure, ¢- internal friction
angle, W sina- shear (tangential) force, I- length of
slice, a- angle of shear plane

Stability condition is fulfilled when value of
factor of safety is Fs > 1.5, if the value is lower,
condition is not fulfilled, slope is unstable. In this
paper, are presents shear planes with lowest fac-
tor of safety for adopted conditions of the slope
model.

From aspect of vegetation influenced on stabil-
ity of slope model, root system was analyzed as a
slice with a single pile, respectively anchored ,bio-

Table 1: Dimensions and soil physical-mechanical values of slope model

Length (L) Height (H) Angle (o)

19m 7,5m 13°

Bulk densitie (y)

Internal friction
angle ()
5 kN/m2 6,5°

Cohesion (c)

10 kN/m?

(source: author)
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pile”. Shape and dimensions of root system were
adopted based on the morphology of selected
species (Kokutse et al. 2006., Figure 2). In slices
with ,bio-pile” influence of root system is intro-
duced into calculation by increasing cohesion for
¢, which is represented by Mohr-Coulomb’s equa-
tion of shear stress (Wo 2013.)

T=c+ce+(0—u)-tang ... [2]
Where is: T- tangential stresses, c- soil cohesion,

c- root cohesion, o- normal stress, u- pore
pressure, ¢- internal friction angle

Bio-reinforcement of soil can increase stability
in shallow landslides 2-3 m deep, while in deeper
landslides, which are outside root system zone,
this influence is negligible (Norris et al., 2008).
Values of root cohesion (c ) and root types for se-
lected species are shown in Tables 2. Dimensions
of root system, R - radius, Z— depth and P- surface
with root system, which have been adopted for
purposes of this paper, are shown in Table 3. The
use of ,bio-piles” in the slope model was carried
out depending on the dimensions of geometric
approximation of root system, in order to avoid
overlapping and to comply with the minimum con-
ditions of tree planting.

Table 2: Values of selected species cr (Norris, Greenwood 2006) and shape of root system (Késtler 1968)

Name of species Root types c,- root cohesion (KPa) Author
- 17,5 Burroughsand
Pseudotsuga menziesii Heart Thomas 1977
. 12,0 Endoand
Alnus glutinosa Heart Tsurutal969
Pinus contorta Tap 21,0 Ziemer 1981
. . VanBeek
Pinus halepensis Tap 18,2 etal,, 2005
Picea sitchensis Plate 5,9 Wu et al., 1979
” .
Festuca pratensis, Undefined 13,4 Tobias 1995

Festuca rubra, Poa pratensis

*Grass mix

06K KopeHa Mopoaornja kopeHa T'eomeTrpHjcka anpokcHUMAarHja
Cpmacr —:'K;:T;?jj?g%:g\‘r
Cpuannua = "é N FREE
4
Tamupact ;;"?;{K.{fg{? R 7

Figure 2: Geometric approximation of root system (Kokutse et al. 2006)
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Table 3: Dimensions of root system adopted for
calculation

Root types Dimensions of root system
Heart R=2 m, Z=2 m, P=5 m?
Tap R=1,5m, Z=2,5 m, P=4,7 m?
Plate R=2 m, Z=0,8 m, P=3,2 m?

Undefined Z=0,5m

(source: author)

On the slope model, was simulated influence
of four groups of vegetation, based on the shape
of root system, and for each species is adopted
value of root cohesion (c ). The slope model was
analyzed with the following vegetation groups:

e Group 1. species with heart root system (Pseu-
dotsuga menziesii , Alnus glutinosa)

e Group 2. species with tap root system (Pinus
contorta, Pinus nigra)

e Group 3. species with plate root system (Picea
sitchensis)

e Group 4. species with undefined root system

(Festuca pratensis, Festuca rubra, Poa pratensis)

RESULTS AND DISCUSSION

Construction of roads in hilly-mountainous
area requires cutting of slopes whose stability is
guestionable after a change in geometry of slope
and disturbance ratio of stress in soil. After road
construction has been completed, slopes along
road are formed of excess of excavated soil which
is in a loose condition, often without any compac-

Figure 3: Analysis of stability of the slope model
without influence of vegetation (source: author)

tion, because of that values of shear resistance
parameters are significantly reduced compared to
the natural ones.

By analyzing stability of the slope model with-
out influence of vegetation with adopted soil pa-
rameter values, factor of safety Fs = 1.32 was ob-
tained, which did not fulfill stability condition Fs >
1.5 (Figure 3), the slope model is unstable.

Vegetation with heart root system, group 1, it
was used in calculation of slope stability, values of
factors of safety for the two species are shown.
Using species Pseudotsuga menziesii factor of se-
fety is Fs=1.70 (Figure 4, a.). The second used spe-
cies is Alnus glutinosaca which gave factor of safe-
ty Fs=1.60 (Figure 4, 6.). By using both species with
heart root system, satisfactory stability is achieved.
Considering types and dimensions of root system
of both species are same, difference in value of
root cohesion from 5,5 KPa (Table 2) has influ-
enced the increase factor of safety for 0,10, in fa-
vor of species Pseudotsuga menziesii.

Figure 4: Analysis of the slope model stability using a) Pseudotsuga menziesii and &) Alnus glutinosa

(source: author)
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Figure 5: Analysis of the slope model stability using a) Pinus contorta and 6) Pinus nigra (source: author)

Using species with tap root system from group
2, stability of the slope model was analyzed, by
using species Pinus contorta value of factor of
safety Fs = 2.13 was obtained (Figure 5, a.), where-
as with species Pinus halepensis, factor of safety is
Fs=1.94 (Figure 5, 6.). For both used species factor
of safety is filled, Fs > 1.5, the slope model with
,bio-piles” is stable. Difference in root cohesion
for these two mentioned calculation is 2,8 KPa,
while the difference in factor od safety is 0.19.

Group 3, species with plate root system,
through calculation it was analyzed one species
Picea sitchensis. Value of factor of safety is Fs=1.38
(Figure 6), stability condition is not fulfilled, Fs >
1.5, the slope model is unstable.

Analysis stability of the slope model using
grass mixture from group 4. (Festuca pratensis,
Festuca rubra, Poa pratensis) obtained factor of
safety is Fs=1.34 (Figure 7), stability condition is
not fulfilled, Fs > 1.5, the slope model is unstable.

Analysis stability of the slope model, using spe-
cies with plate and undefined root system (grass
mix) satisfactory stability has not been achieved.

Comparing obtained factors of safety, in condi-
tions without vegetation and with vegetation, it
can be determined that use of vegetation increas-
es factor of safety. ,Bio-piles” with heart root sys-
tem increase factor of safety for 0.38 (Pseudotsu-
ga menziesii) and 0.28 (Alnus glutinosa). Species
with tap root system increase factor of safety for
0.81 (Pinus contorta) and 0.62 (Pinus halepensis).
Lower increases factor of safety was obtained for
0.06, species with plate root system, and for 0.02,
undefined root system in relation to factor of safe-
ty of the slope model without vegetation.
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Analysis tapes of root system, greatest influ-
ence of vegetation is with tap root, follow heart
root, plate and undefined root system have the
least influence on stability (Figure 8). Obtain results
indicated that the greater role in increasing factor
of safety has tapes and depth of root system, from
value root cohesion. Holsworth (2014) obtained
similar results by analyzing stability of slope by in-
fluence of different types of root system.

Figure 6: Analysis of slope model stability using Picea
sitchensis (source: author)

\ J\ o s . ..’ :’ - :.

Figure 7: Analysis of slope model stability using grass
mix (source: author)
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Pinus contorta
Pinus halepensis
2 | Festueap g Alnus glutinosa dotsuge-menziesti
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Root depth (m)

Figure 8: Correlation of FS and depth, tapes of root system (source: author)

CONCLUSION

Construction and reconstruction of roads,
slopes along road remain unprotected from effects
of erosion, which causes gravitational movement
of soil, especially surface erosion and landslide for-
mation.

Properly selected tree, shrubs and grass spe-
cies can be used to prevent erosion processes and
stabilize unstable terrain. The selection must be
based on conditions of environment, characteris-
tics of species and plan of planting. For rehabilita-
tion and formation of landslides, depths up to 3
meters, the major role in selecting species have
tapes and depth of root system.

Analysis stability of given slope model along
road, without influence of vegetation, factor of
safety Fs = 1.32 was obtained, which did not fulfill
stability condition Fs > 1.5. Using vegetation
groups in calculations stability of the slope model,
results were obtained in range from Fs = 1.34 to Fs
=2.13. It can be concluded that the use of all veg-
etation groups increases the stability of slope.

For needs of defening roads, finding the most
optimal form of root system as an alternative solu-
tion for the stabilization of slopes along road, the
greatest influence on stability has group 2.- vege-
tation with tap root (Fs=2.13, Fs=1.94 ), followed
by group 1.- with heart root (Fs=1.7, Fs=1.6), while
group 3, plate root, (Fs = 1.38) and group 4, unde-
fined root, (Fs = 1.34) gave at least values.

Depth and tapes of root system, relative to val-
ue of root cohesion (c ), have greatest influence on
stability of the slope model.

Presented analyzes of slope stability can be
concluded that use of vegetation on unstable and
conditionally stable slopes leads to an increasing
factor of safety.
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