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U3Bopa: MNnaHmpare PUHAHCUjCKMX CpeacTaBa 3a U3rpafkby LYMCKMX KAMUOHCKUX NyTeBa y
BehMHK cayyajeBa nnaHepuma 3agaje notewkohe. Y WymcKonpuepeaHMM OCHOBama NocTo-
j¥ nofaTtak KOAMKO je roguilkbe NoTpedHo U3rpaamTy nyTeBa 3a HapeaHW ypehajHu nepuog,
ca NPOCeYHOM LeHOM M3rpagme, MehyTum Taj nogaTak je focta yonwTeH n dasmpa ce Ha
MCKYCTBEHMM npoueHama. Linsb oBor paga je ytBphuBarbe npoceyHe LieHe Usrpasre Wym-
CKMX KAMUOHCKUX nyTeBa y Penydauum Cpnckoj, Kao n ytephusarbe npoceyHe LeHe NojeuHNX
dasa paga. AHanmsmpajyhm 71 rnasHu npojekaT y 11 wymckonpmepegHUx noapydja, Yyume je
odyxBaheHo 178 km LUYMCKMX KaMMOHCKMX MNyTeBa, fodujeHa je npoceyHa LieHa usrpagke
LYMCKMX KaMUOHCKMX nyTeBa o4 32.490,87 €/km. [JodujeHn pe3ynTtatu yKasyjy Ha UMkbeHuLy
[a je usrpafrba WyMCKUX nyTeBa HajcKynsba y SpAaoBUTMM Npesennma ca HaAMOPCKOM BUCK-
Hom n3mehy 200 1 500 m (34.298,28 €/km), aok je HajjedTmHMja (30.922,88 €/km) y cpearbe
NAAHUHCKUM Npeaenvma, ¢ BucuHama namehy 1000 n 2000 m.

K/byuHe peuun: WyMCcKM NyTeBU, LieHa M3rpagre, NpoceyHa UueHa, uHBecTuunja, Penydamka

Cpnicka

YBOA

Mpenycnos 3a pauMOHANHO U OAPXKMUBO ra-
340Bakbe WyMamMa je NpaBWIHO UCMJIaHMpaHa
n nsrpaheHa mpexka wymckmux nytesa (Jelicic,
1983; Siki¢, D., 1989). MnaHoBM pa3Boja Mpexe
LUYMCKMX MyTeBa Yy NPUBPESHUM jeaUHULAMA, KOjK
ce MOpajy oc/larbaTh Ha KaTacTap LWYMCKUX nyTe-
BA M OCHOBE ra3floBatba LWyMama, NpeacTas/bajy
ZyropoyHa naaHcKa JOKYMeHTa, Kojuma ce nnaHu-
pa gasbu passoj Beh noctojehe mperke WyMCKUX
nyTeBa, O4HOCHO MAAHMPAjy Ce aKTUBHOCTM Ha
M3rpastbM HOBMX M PEKOHCTPYKLMjK noctojehumx
nytesa (Stojni¢ et al., 2017).

Mpema 3aKkoHy 0 jaBHMM nyTeBuma (Ca. ina-
CHUK Pedybnuke Cplicke, 89/2013), WwyMcKu Ka-
MWOHCKM NyTEBU NPUMNaLajy KaTeropmnju HekaTero-
pUCcCaHUX NyTeBa, 3ajegHOo ca CEOCKMM, MO/bCKUM
M MHOYCTPUjCKMM NYTEBMMA, Kao M NyTEBMMA Ha
Hacunuma 3a oadpaHy o4 nonnasa, NPUAA3HUM
nyTeBMma u gp.

M3pagom roauvwrber naaHa WMHBECTUMUM]a,
NAAHEPU CYy YECTO Y AUNEMMU KONMKO HOBYAHUX
cpeacTaBa 06e3deaMTH 33 TaKBY BPCTY MHBECTU-
umje. AHaM30M OKOHYAHMX CUTyauuja usrpahe-
HUX WYMCKUX KaMMOHCKMX nyTtesa y JI ,Wyme
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Tadena 1. TexHWYKe KapaKTEPUCTUKE WYMCKMX KAMUOHCKMX nyTesa (YHAIM, 2008)

Karteropwuja nyta

FnaBHM WyMCKM NyT

PaBHuuapckun Bpexy/bKactn bpaosuTtu MnaHuHCcKKn
Sp3unHa (km/h) 60 40 30 25
MuH. pagnjyc 85 40 20 15
MwuH. paaujyc (cepneHTnHa) 40 15 15 12
Y34YXKHWU Harnd 6%-8%
LMPUHA KONOBO3a 3,0-3,5m
WMpMHa GaHKUHEe 0,5-0,75m

KonoBo3Ha KOHCTpyKUMja

»Makagam” nunm “Tendopg” y 3aBUCHOCTM 0of, rpalheBUHCKE KaTeropuje 3em/bumLUTa

Peny&nnke Cpncke”, BpegHOCT U3rpagte nytesa
ce kpehe nsmehy 25.000,00 n 35.000,00 €/km,
[OOK je Taj nogaTaK y WyYMCKONpMBpPEeaHOj OCHOBM
(LLINO) npuanyHO yonwiTeH, na y HEKUM CUTyaLm-
jama nnaHupaHa BpeaHOCT U3rpagHe WyMCKUX
KaMMOHCKMX nyTeBa npenasu 35.000,00 €/km.

Y3 0BaKO WIMPOK PacnoH npoueHe usrpagke
LWYMCKMX KaMMOHCKMX MyTeBa, yKasana ce no-
Tpeda 3a U3paZlom jeHOr paga Koju 61 noKasao
KOJIMKA je npoceyHa LeHa u3rpaghe LyMCKor
KaMMOHCKOT MyTa Ha pasanunTum pesbedHUm no-
ApYyYjuMa LWyMa M LYMCKOT 3eM/bULLTA Y CBOjUHU
Penyénuke Cpncke. Lnu/b uctpaknsarba duo je
yTBpHUBatbe NpoceyHe LeHe U3rpagHe LYMCKUX
nytesa y Penydanuym Cpnckoj, anu n ytephusarse
yyewha nojeanHmx dasa pasa y yKynHum TPOLLKO-
BMMa M3rpajme.

OBaKBa aHa/M3a MOXKe MOCAYXKUTU NNaHepu-
Ma Kao NonasHu matepujan 3a naaHuparbe dyay-
hux MHBECTULM]a Y M3rPagHby LYMCKMX KaMUOH-
CKMX nyTesa.

MATEPUJAAN 1 METOAE

Y oBOM pafly aHa/nM3MpaHe cy NpojekToBaHe
KOZIMYMHE U TPOLLUKOBU U3rpagHe LYMCKUX KaMu-
OHCKMX nyTeBa y 11 wymcKkonpuBpeaHUX Noapyuy-
ja (WNMN), koja unuHe 47% op, yKynHe NoBpLUnHE
LUIYMA W LIYMCKOT 3eM/bULLTA Y CBOjUHYU Penydnvke
Cpncke, a y KOojuma je y NpeTXo4HOM nepuoay 13-
rpaheHo 3HaTHO BULLE LYMCKMUX KAMUOHCKUX Ny-
TeBa Hero y octanmx 15 LLUMM.
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Cnuka 1. 36MpHU NpKKas nonpeyHnx npoduna
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Kao &a3a nogataka 3a aHanM3y NOCAYKUAN cy
rNaBHU NPOjJEKTU LWYMCKMX NyTEBA KOje je M3paano
JNW ,,Wyme Penydnuke Cpncke” - UcTpaxkmnsayko
Pa3BOjHM M NPOjeKTHU ueHTap y bawoj Jlyum, a
Koju cy uspaheHu y nepuogy og 2006. no 2018.
rogvHe. JeivHWYHe LeHe Mo nosuvumjama pagosa
y OBOM Nepuoay HUCY ce 3Ha4vajHO memane. Op,
93 npernegaHa nNpojekTa, ogadpaHo je wux 71
Ha HAa4YWH Aa CYy eIMMUHUCAHU NYTEBU KOL, KOjUX
BPEAHOCT U3rpajHbe 3Ha4ajHuje oactyna og yodu-
YajeHux.

LLlyMCKM KaMUOHCKM nyTeBu y Penydavum
CpncKoj cy NnpojeKkToBaHM npema YnyTcTBy 3a Npo-
jeKToBarbe LWYMCKMX KaMUOHCKUX nyTesa (1958)
M TeXHWUYKe KapaKTepUCTUKe LIYMCKUX nyTesa
(UNDP, 2008).

[NaBHU NPOjEKTU LYMCKMUX KAMMOHCKUX NyTe-
Ba KOjW HUCY Y3eTW y 003MpP CY OHWU, KOjU1 CY NPOjeK-
TOBaHU LLE/IOM AYKMHOM WM AeN0M MO NocToje-
AWM TPAKTOPCKUM NyTeBUMA MaM AyCTPOYrapCKuUm
npyrama yCKOr KonoceKa Ha Kojuma cy dunm us-
BeleHW CaMO 3eM/baHW PagoBU, MPU Yemy OBMU
nyTeBu HUCY dUNKN penpeseHTaTUBHM.

AHanM30M aBHMUX NpojeKaTa WyMCKUX ny-
TeBa yTBpheHe cy npoceyHe npeapayvyHcke LeHe
KowTaka ogpeheHux dasa pasa, a 3aTUM U K-
X0BO yyelwhe y YKYMHOj LLeHM KoLWTaka U3rpagme
LUIYMCKUX NyTeBa. AHaNIM3UpaHe cy NpoceyHe LeHe

wnn
-Auanuaupana wwn
| ]ocrana wnn

IPenySnm(a Cpncka
| ®epepaunja BuX

Kapra 1. Nogpyuje nctpaxkusara, Penydimka Cpncka

KOLUTakba 33 NpMNpemMHe pajoBe, 3eM/baHe pajo-
Be, U3paly KOJIOBO3HE KOHCTPYKLMje, n3rpagmy
odjeKaTta Ha LWWYMCKMM NyTEBUMA U 33 HenpeaBu-
HeHe pagose.

Y OKBMpY 3eM/baHUX pagoBa, dase Koja je no
obumy pagosa 1 Hajseha, NnpuKasaHo je n yyewhe
nojeaAnHUX rpaheBMHCKUX KaTeropumja 3em/buLuTa
Y YKYMHOj KOIMYMHM UCKONa, Kao 1 yyewhe noje-
anHnx dasa paga no LUMM. Og rpaheBUHCKMX Ka-

Tabena 2. bpoj aHaNM3MPaAHUX IAaBHUX NpOojeKaTa WYMCKUX KaMUOHCKUX nyTesa no LUMM

wnn “pseaia Avewanyresa 00
yHAoreBpdacko” - barba JlyKa 1 1,61 62,712.88
,2HajHnuko” - YajHuue 5 9,60 383,542.96
,MNetpoBauko” punHuh 7 18,94 593,041.98
,HeBecunmcro-fatauko” - Hesecume 2 3,14 78,178.90
,MocaBcko” - MpaanLLKa 3 7,63 262,026.15
,XaHnjecauyko“ - XaH lMujecak 3 8,29 262,148.65
,JHemepHuyko” - KHexxeBo 3 5,11 159,663.65
»MpKorwnhko - MpKkoruh Mpag, 4 11,71 359,845.04
,Ko3apauko” - Mpujeaop 6 27,71 889,451.77
,,PUOHNYKO” - PUOHMK 14 43,61 1,307,754.64
,Poratnyko” - Poratunua 23 40,28 1,412,661.84
YKYMHO 71 177,62 5,771,028.45
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Teropuja semsbuiTa pernctposaHe cy lll, IV, V u
VI KaTteropuja, AOK MCKON 3eM/baHOT maTepujana
y I, I, n VIl Hnje peructpoBaH. Takohe, npuKasaHa
je n knacudukaumja pespeda LLUMM-a Ha Kojuma cy
nytesu nsrpahenu. Mpema (Bertovic, 1999) npu-
KasaHa je knacuduKaumja Ha NeT TUMNOBA: HU3W)-
cko UMM —Tu1n 1; dperky/bKacTo-0pa0BUTO — TUN
2; HUCKO NJIAaHWHCKO — TUN 3; cpearbe NAaHMHCKO
— 71N 4; BUCOKO NMAaHMHCKO — TUN 5.

PE3YATATHU HCTPAJKUBAIbA

Y YKYMHUM TPOLIKOBMMA Tpaftbe LYMCKUX
nytesa npema ¢pasama paga Hajsehu yaeo mma-
jy 3emsbanm pagosu ca 49,05%, 3aTum usrpagra
KONOBO3HE KOHCTpYKUMje ca 39,73%, AOK oCTanmx
11,22% npunaga npunpemHMm pagoBuma, us-
rpagru odjekata n HenpeasuheHnm pagoBuma
(MpadmkoH 1). Y Tabenun 1 gat je npmKas yKynHUX
TPOLWKOBA rpagme WymMcKkux nytesa no LUMM,
Kao 1 TPOLWKOBYM NojeauHunx ¢asa pasa y tadenn
2. Odpagom nogaTtaka godujeHo je Aa npoceyHa
BPEAHOCT U3rpasHbe LWyMCKMX KAMUOHCKMX NyTeBa
y 11 aHanusmpanux UMM nsHocu 32.490,87 €/km.

3eM/baHu pafosu
49,05%

Mpunpemuun
paposu
6,95%

£

Henpepsuhenu
paposu
1,64%

KonososHa
KOHCTpYKUMja
39,73%

06jektn
2,63%

FpaduKkoH 1. MpoueHTyanHo yyewhe nojeguHUX
$asa paga y YKyNnHUM TPOLIKOBMMA U3rpasHe LUym-
CKMX KAMMOHCKUX NyTeBa

Ha rpadumKoHy 2 npuKasaHo je npoueHyTan-
HO ydyewhe pPasNMUMUTUX KaTeropwuja 3em/bULLITa
Yy YKYNHOM ucKkony, passpctaHo no LUMM. Osa
KaTeropusaumja je 3Ha4vajHa jep ueHa nsrpagre
LWYMCKMX NyTeBa 3Ha4yajHO 3aBUCK O KaTeropuje
3emsbuwwTa (Drazié et al. 2019).

Y tabenu 4 npukasaHa cy UMM npema Hag-
MOPCKMM BMCMHAMa, NPWU Yemy Cy pa3BpcTaHa Ha
5 TMnoBa, a y Tabenun 5 nprKasaHu cy NpoceyHn
TPOLUKOBW M3rpagre no pebedHUM nogpyydjuma.
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Tabena 5. MNpoceyHe ueHe n3rpaare nytesa 3a LUMM npema pesbedHUM nogpyyjuma

BpexysbKacro-
Kateropuje SpaoEwTo Hwucko nnaHuHCKoO CpepgHe NNaHUHCKO MpoceyHo
(€/km) (€/km) (€/km) (€/km)
Hagmopcka BUCKMHa 200-500m (2) 500-1000m (3) 1000-2000m (4)
Mpocek (€/km) 34,298.28 32,251.44 30,922.88 32,490.87

AUCKYCHJA

MpojeKkToBakbe WYMCKMX KAMUOHCKMX NyTEBA
MMa 3HayajaH yTuuaj Ha nosehare NPoM3BOA-
e 1 ynotpedy gpeeta y Penybanum Cpnckoj.
OTBOPEHOCT LWYyMa MOXKEMO NOCMaTPaTh y CMUCIY
3Ha4Yerba He CaMO 3a TPAHCMOPT WYMCKUX APBHUX
COPTMMEHATa, HETO M 3a 3aLUTUTY LIYMa OZ, NoXKapa
N MOHWUTOPWHT WYMa, Kao W 3a NPeBo3 pagHuKa u
onpeme A0 Wyma 3a notpede n3sohera pagosa
Ha NoLUYM/baBatby, Y3rojy 1 Kopuwhery Wwyma.

OVHamuKa nsrpagHe nyTesa je 3Ha4yajHo ona-
Jla MOYeTKOM JeBefeceTux rogmHa na cee go 2006.
roguHe. Opg 2006. rognHe cBe A0 AaHac, KPeHYNo
C€ MHTEH3UBHO Ca MPOjeKTOBakEM U U3TrPaaHOM
LIYMCKMX KAMMOHCKMX NyTEBa, a Taj TPEHA Tpaje u
JAaHac. Y oBom pa3godsby Ha npoctopy Penydnvke
Cpncke npojekToBaHo je Buwe og 650 km wym-
CKMX KAMUOHCKMX NyTEBA, @ NPOCEYHO Ce U3rpagm
oKo 40 km rogmuwirbe npema nogaumma MPML-at.
[OVHaMUKa n3rpastbe WyMCKUX KAMUOHCKUX My-
TeBa He NpaTh AMHAMMUKY NpPOjeKToBakba. Mako cy
TOKOM OBOT Mepuoga nocTojana Konedara LeHa
HadTe Ha HaleM TPXKULLTY, LLeHa U3rpaste Huje
ce memana cee go 2016. roanHe, Kaga cy LeHe
dune Bpno mano npunaroheHe ¢asama paga, a
npomMeHe TpowKoBa dune cy MUHMManHe. OBa
npomeHa noapasymesana je ysohere HOBUje
mexaHusaumje Koja Huje odyxsaheHa Hopmama
(2004).

Mpema nocnesrnM UCTPAXKMBabUMaA, OTBO-
PEHOCT WYMa WYMCKMM KaMUOHCKMM MyTeBMMA
y Penydanum Cpnckoj nsHocu 9,28 m/ha, wro je
He[0BOJ/bHO Y O4HOCY Ha 3eMsbe EBponcke yHuje
(Drazi¢ et al., 2018). LLyMmCKM KaMMUOHCKM nyTe-
BM Ha npocTtopy Penydanke Cpricke npojekTyjy ce
npema CmjepHMLama 3a NPOjeKTOBakbE LYMCKUX

! cTparkmBayuKo pasBojHM M NPOJEKTHM LeHTap - barba JlyKa,
Penydnuka Cpncka, bux

nytesa (1958). LleHa mn3rpaatbe nyta memana ce
TOKOM BpemeHa. YBoherem caBpemeHunje mexa-
Hu3aumje ca Behum yyMHUMMA U MakbOM MOTPO-
LWHOM FOpMBa Yy BE/IMKOj Mepu Cy peayKoBaau
LeHy n3rpagre. JefaH o4 BaXKHUjUX KpUTEpUjyma
33 U3rpagky nyTeBa jecTe, Aa Ce M3rpagu LWTo
BUMLLUE LYMCKUX KAMMOHCKMX MyTeBa ca MUHUMA-
HUM TPOLUKOBUMA U3rpagHbe.

Kaga roBopumo y yyewhy nojeanHux rpahe-
BMHCKUX KaTeropuja 3em/bULLITa, KOJIMYMHOM CY
Haj3acTyn/beHuje Tpeha n YeTBpTa Kateropwuja.
AHann3o0M 0BMX NYTHUX NPaBalia KOHCTATOBAHO je
[a ce npBa, Apyra u ceama rpaheBuHCKa KaTero-
puja 3em/bu1LLTa HUCY YONLITE NojaB/buBane.

AHanusa npeapayvyHCKUX BPegHOCTU MU3rpaj-
e LYMCKMX KAMMOHCKMX NyTeBa Nokasana je aa
HajMakby BPeAHOCT MO jeaHOM KMJOMETPY je MMao
LWYMCKM KaMMOHCKKM nyT ,,0njen 92 - Oajen 93“y
LUINM NeTtposayko, LUT ,,OwTpen” OpuHuh, unja je
BpeaHocT usHocuna 21.703,67 €/km, Aok je Haj-
Beha BpeaHocT og 51.143,20 €/km 3adenesxeHa
y WNN YajHuuko, LUT ,,Byyesnua” YajHuue 3a nyt
»XaHCKM ponosu - NnnjuHa ctnjeHa”. MpoceyHa
npeapayyHcKa LeHa u3rpajre 3a CBe aHaiu3u-
paHe npojekTe nsHocuna je 32.490,87 €/km, npu
Yyemy je NpoceyHa LeHa n3rpagrbe nyta 'y dpexysb-
Kacto-dpaosuTom noapydjy (34.298,28 €/km) cky-
N/ba Hero y cpeAarbe naaHnHckom (30.922,88 €/km).

AKO nornefamo TPOLIKOBE M3rpafrbe Lym-
CKMX MyTeBa Y OKOJIHUM 3eM/bama, MoXKemo pehu
03 je ueHa usrpagre nyta HewTo Apyrayuja.
MpoceyHa uUeHa U3rpagHe WYMCKUX KaMMUOH-
CKMX MyTeBa y XpBATCKOj Yy HU3UJCKOM Mogpy.yjy
n3Hocu 65.988,31 €/km, y dpaosutom 46.191,81
€/km poK je y OpACKO MAaHUMHCKOM noapydjy
32.994,15 €/km (Pentek et al., 2014). Y bocHu
n XepuerosuHu y EHTUTETy Pepepauymja buX
oBa BpepgHocT je 31.137,01 €/km (Sokolovi¢,
Bajric¢, 2013). NMpema aHann3M NpoceyHe Bpesa-
HOCTU U3rpagrbe LYMCKUX KaMWOHCKUX nyTe-
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Ba y CnoseHunju npema (Robek, Klun, 2007) je
65.000,00 €/km, ok je y Ayctpmju 36.800,00 €/km
(Enache etal., 2011), y Typckoj 18.632,91 €/km
(Caglar, 2011). AHanusunpajyhu cegam naaHuH-
CKMX NoApyyja y pasninuntum semsbama Esponcke
yHuje (LUnaHuja, PpaHuycKa, Ayctuja, ChoBeHuja,
LiBeacka, CnoBayka n byrapcka) ycTaHOB/bEHO
je ;pa npoceyHa uUeHa M3rpagme WyMCKUx nyTe-
Ba nsHocu 39.000 €/km (Enache et al., 2016).
TPOLWKOBY M3rpagHe LWYMCKUX NyTeBa Y NAaHUH-
CKMM MOApPYYjMMa LeHTpanHe UTtanunje kpehy ce y
rpaHmuyama og 35 o 60 xu/baga eBpa No Kuiome-
Tpy (Picchio etal., 2018).

Y 0BOM pafly NpuKasaHu Cy TPOLLKOBU Koju ce
oaHoce camo Ha rpaheBUHCKe pagoBe NPUANKOM
n3rpagme WyMCKMX KaMUOHCKUX nyTeBa. MNopes,
rpaheBuHCKUX PaaoBa, jefaH o4 3HaYajHWUX Tpo-
WKoBa je u npudas/barbe oapeheHe AOKYMeEH-
Taumje npe, y TOKYy U NOC/Ae U3rpagHe LUyMCKOr
KaMMOHcKor nyTa. Ty ce ydpajajy: NpojeKTHa AOKy-
MeHTaumja, ogodpetbe 3a rpajtby, CaracHOCTU U
[103BO/Ie, HAA30p Y TOKY U3rpafHe, TEXHUUKU Npu-
jem nyTa v ap., Lo Aodujarba ynotpedHe fo3Bone
33 KOHKpeTaH nyT. [pema CTpaTelwkom naaHy LWym-
cKkux nyTtesa (2019) Ha 0By NpoOCeyHy BPeAHOCT 13-
rpagrbe nyTa, Tpeda foaati oko 10-12% fopaTHuUX
TPOLUKOBa Ha UMe npudas/barba NoTpedHe [OKY-
meHTaumje. Robek n Klun (2007) HaBoge aa je y
CnoBeHMju NpoceyHa LeHa nspase npojekTHO-Tex-
HWUYKe JoKymeHTaumje 3.200,00 €/km, WwTo nsHocu
HewTo Make of, 5% opf LeHe nsrpagme, a aa cy
TpowkoBu Haasopa 1,5 —2,5% on ueHe usrpaae.

3AKAYIIH

Ha ocHoBYy M3BpLIEHUX aHanM3a fodujeHa
je npoceyHa LeHa M3rpagtbe WYMCKUX KaMUOH-
cKux nytesa y Penydanum Cpnckoj, Koja nsHocu
32.490,87 €/km, npu Yemy je npoceyHa LeHa u3-
rpagtbe nytay Sperky/bKacTto-0pA0BUTOM NOAPYY-
jy 34.298,28 €/km, HMUCKO nnaHMHCcKom 32.251,44
€/km un cpearbe nnaHuHckom 30.922,88 €/km. Mo
¢dbasama paga, HajcKyn/by dasy YMHE 3eM/baHM pa-
00BW M U3paga KONOBO3HE KOHCTPYKLUje, LOK CBU
OCTaNN PagoBM YYECTBYjy 3HAaTHO Makbe Y YKYMHOj
LLEHW KOoLTarba. 33 aHaNU3npaHe NpojekTe ogHOC
TpoLKoBa n3Bohera 3eM/baHUX pPafioBa, M3paae
KONOBO3HE KOHCTPYKLMje M OCTasux pagoBsa je
49:40:11.

PaHuje je npeoBnagaBano muwsbere ga je
M3rpagra WYMCKUX KAMUOHCKMX NyTeBa y naa-
HUHCKMM NpeaenvMma MHOTO CKyM/ba Hero y Hu-
KUM nogpyyjuma. JodujeHn pesynTtaTu yKasyjy
Ha 3aHMMJ/bUBY YMHEHULY A3 je u3rpagma Wym-
CKMX MyTeBa HajcKyn/ba y SpAoBUTUM Npeaenvma
(34.298,28 €/km), ca HaAMOPCKOM BUCMHOM W3-
mehy 200 1 500 m, 4OK je HajjedTUHMja Yy cpea-
e NaaHMHCKUM npegennma (30.922,88 €/km),
ca HaAMOPCKOM BUCHMHOM M3mehy 1000 1 2000 m.
To &1 ce Morno 06jaCHUTU YNHEHULOM A HUXKA
pe/bedHa nogpydja odUUHO cagprke AydoKa 3e-
MJ/bULLITA, @ HarMdu yceka v HacmMna odUYHO cy
BuLWe nonoxeHw. Mopeps Tora, TPYN LWYMCKOT Ka-
MWOHCKOT MyTa je Wupu og, Tpyna nyTta y BULIUM
rpaheBMHCKMM KaTeropujama sem/bUliTa Koje
ce yewhe jaB/bajy y NAaHMHCKMM npeaennma.
HagmopcKke BUCMHE LWYMCKOMNPUBPEAHUX MO-
apydja ,XaHnjecauyko” u ,MeTpoBayko” npenase
Yyak 1 1000 m, a LOMUHAHTHU pesbedHU 0dANUM
Cy BMCOpaBHM ca dnarum nagmMHama TepeHa u
KpeuHbayKo - JOIOMUTHOM MOAN0rOM, MaTepuja-
JIOM MOTroAHUM 33 U3rpafby LWYMCKUX NyTeBa Y
cMmucay ctadunHoctu Tpace. OBaj matepujan ce
Hanasu AUPEKTHO Ha UK Nopes Tpace, a kerosa
obpaga v yrpagHa 3HayajHO CMakbyjy TPOLIKOBE
n3rpaarbe nyTa.

Mopep Tora, n3rpagra nytesa Ha nogpyyju-
Ma Ca HUXOM HaZMOPCKOM BMCUHOM, YecTo je
KOMM/IMKOBaHa, jep Beoma Aydoka 3em/buwiTa
cTBapajy AofatHe npodneme ca ctadunmsaumjom
nocresbuLe nyTa, a Aed/bMHa TaMMNOHCKOr coja
3HayajHo Beha. OBM TePEHU Cy YECTO NOAJOXKHMU
KAU3ULWITMMA, WTO AoAaTHO nosehasa Tpolkose
nsrpagtoe.
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Abstract: In most cases, the planning of funding for the construction of a forest truck road
causes difficulty to planners. Although aforest management plan (FMP) indicates the number
of roads to be built annually for the next development period with the average cost of con-
struction, this information is quite general and based on experiential estimates. The aim of
this paper is to determine the average cost of forest truck road construction in the Republic of
Srpska, as well as to calculate the average costs of individual phases of operation. The obtained
average cost of forest road construction, resulting from the analysis of 71 major projects in 11
forest areas encompassing 178 km of forest roads, is 32,490.87 €/km. The obtained results
point to the interesting fact that forest road construction is the most expensivein hilly areas
with an altitude ranging between 200 and 500 m (34,298.28 €/km), while it is the cheapest
(30,922.88 €£/km) in medium mountainous areas, with altitudes between 1000 and 2000 m.

Keywords: Forest Road, Construction cost, Average Price, Investment, The Republic of Srpska

INTRODUCTION

A prerequisite for rational and sustainable
forest management is a properly planned and
constructed forest road network (Jelici¢, 1983;
Siki¢, 1989).Plans for the development of a for-
est road network in forest management units,
which must rely on the forest cadastre and forest
management plans, are long-term planning doc-
uments, describing further development of the
already existing forest road network, that is, activ-
ities for the construction of new and reconstruc-
tion of the existing roads (Stojni¢ et al., 2017).

Pursuant to the Law on Public Roads (Official
Gazette of RS, No. 89/13), forest truck roads be-
long to the category of non-classified roads, to-
gether with rural, agricultural and industrial roads,
those built on protection embankments, access
roads, etc.

When creating an annual investment plan,
planners often wonder how much money to pro-
vide for such an investment. By analyzing the com-

pleted situations of constructed forest truck roads
in different FMs (Forest Management), it can be
concluded that the value of construction of these
roads ranges between 25,000.00 and 35,000.00
€/km, while forest management plans (FMP) pro-
vide fairly general data for that item. Therefore, in
some situations, the planned value of construction
exceeds 35,000.00 €/km.

Such a wide range of assessments of forest
truck road construction costs created a need for
theresearch of the situation in theRepublic of
Srpska. The aim of this research was to determine
the average cost of forest road construction in
the Republic of Srpska, as well as to estimate the
shares of certain phases of construction in the to-
tal costs.

This kind of analysis can serve as a starting
point for planners in the process of planning of
investments for the purpose of forest truck roads
construction.
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MATERIALS AND METHODS

This paper analyzes the projected volume of
work and costs of forest road construction in 11
forest managements (FMs), which makes 47% of
the total area of forests and forest land of the
Republic of Srpska, in which significantly more for-
est roads were constructed in the previous period
than in the other 15 FMs.

The main forest road designs produced in
the 2006-2018 periodby the Center for research,
development and design of PE“Forests of the
Republic of Srpska”in Banja Luka were used as
the database for the analysis. Unit costsby work
positions did not change significantly during this
period. Out of the 93 reviewed projects, 71 were
selected by discarding the designs whose value of
construction significantly deviated from the com-
mon value.

Table 1. Technical characteristics of forest roads (UNDP, 2008)

Road category

The main forest road

Between lowland

Lowland and hilly Hilly Mountainous
Speed 60 40 30 25
Min Radius 85 40 20 15
Min Radius 40 15 15 12
Long. Grade 6%-8%
Track width 3.0-35m
Shoulder width 0.5-0.75m

Roadway construction

»Mac Adam“ or ,Telford”“ depending on the category of soil.

. > Il category
¥ ' e IV category
b por b —— V - VI category

Figure 1. Summary overview of cross-sections
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Map 1. Research area - the Republic of Srpska

Forest truck roads in the Republic of Srpska
are designed according to the Forest Road Design
Guidelines (1958) and Technical characteristics of
forest roads (UNDP, 2008).

The designs which were not taken into account
were those in whole or in part along the existing
tractor roads or Austro-Hungarian narrow-track
railroads on which earthworks had been carried
out, since it was judged that these roads were not
representative.

The analysis of the main forest road designs
estimated the average costs of certain phases of
workand their share in the total forest road con-
struction costs. The average costs were analyzed
for preparatory works, earthworks, pavement con-
struction, the construction of structures on forest
roads and unforeseen works.

The calculation of earthworks as the most
voluminous operational phase included the esti-
mation of shares of certain construction soil cate-
gories in the total amount of excavationas well as
shares of certain operational phases by FMs. Four
categories of construction soilwere observed, i.e.

Table 2. Number of analyzed forest truck road designs by FMs

FM Nu::::; of Length of roads Total price(€)
,Donjevrbasko” - Banja Luka 1 1,61 62,712.88

,Cajnic¢ko” - Cajnice 5 9,60 383,542.96
,,Petrovacko” Drini¢ 7 18,94 593,041.98
,Nevesinjsko-Gatacko” - Nevesinje 2 3,14 78,178.90
,Posavsko” - Gradiska 3 7,63 262,026.15
,Hanpjesacko” - Han Pijesak 3 8,29 262,148.65
,,Cemernicko” - KneZevo 3 5,11 159,663.65
,Mrkonji¢ko” - Mrkonji¢ Grad 4 11,71 359,845.04
,Kozaracko” - Prijedor 6 27,71 889,451.77

»Ribnicko” - Ribnik 14 43,61 1,307,754.64

,Rogaticko” - Rogatica 23 40,28 1,412,661.84

IN TOTAL 71 177,62 5,771,028.45
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Earthworks
49,05%

Preparatory
Works
6,95%
Pavement
construction
39,73%
Unforeseen works Objects
1,64%

2,63%

Chart 1. Percentage shares of individual operational
phases in the total costs of forest roadconstruction

categories Ill, 1V, V, and VI, while the excavation
of materials from categories I, Il and VIl was not
recorded.

In addition, FMs classification into five types
depending on the type of relief is shown only for
the FMs in which the roads were constructed.
(Lowland) FM —type 1; (Hilly)—type 2; (Low moun-
tainous) — type 3; Medium mountainous — type 4;
High mountainous — type 5 (Sretenovi¢ Lj. & Sobi¢
D., 1974) after Bertovi¢ (1999).

RESEARCH RESULTS

Earthworks, which account for 49.05% of the
total costs of forest road construction, consti-
tute the largest share of all operational phases.
These are followed by the construction of pave-
ment structures with 39.73%, while the remain-
ing 11.22% account for preparatory works, the
construction of structures and unforeseen works
(Chart 1). Table 1 displays an overview of the to-
tal costs of forest road construction by FMs, while
Table 2 shows the costs of individual phases of
work. Data processing reveals that the average
cost of forest truck road construction in the 11
analyzed FMs amounts to 32,490.87 €/ km

Chart 2 shows the percentage share of differ-
ent soil categories in the total excavation by FMs.
This categorization is significant because the cost
of forest road construction significantly depends
on the soil category (Drazic¢ et al. 2019).

Table 4. shows the FMs classified into 5 types
based on elevation, and Table 5 shows the average
costs of construction by relief areas.

100,0%
90,0%
80,0%
70,0%
60,0%
50,0%
40,0%
30,0%
20,0%
10,0%

0,0%

W VI Category
V Category
IVCategory
11l Category

Humus

Chart 2 The percentage share of construction soil categories by FMs
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Table 5. The average cost of road construction by the FM based on relief categories

Medium

Hilly Low mountainous . Average
CATEGORY mountainous
(€/km) (€/km) (€/km) (€/km)
Altitude 200-500m (2) 500-1000m (3) 1000-2000m (4)
AVERAGE (€/km) 34,298.28 32,251.44 30,922.88 32,490.87

DISCUSSION

The design of forest truck roads has a signif-
icant impact on the increase in the production
and utilization of timber in the Republic of Srpska.
Forest openness can be viewed not only in terms
of wood assortment transport, but also from the
aspect of forest protection from fires, forest mon-
itoring and the transport of workers and equip-
ment to forests for the purpose of afforestation,
cultivation and forest utilization.

Road construction dynamics recorded a signif-
icant decline in the period from the early 1990s
to 2006. Since 2006 until today, the design and
construction of forest truck roads have been in-
tense. During this period, more than 650 km of
forest truck roads were designed in the Republic
of Srpska, with an average road construction rate
of 40 km per year according to IRPC. Yet, the dy-
namics of forest truck road construction does not
match the design dynamics. Although there were
fluctuations in oil prices in our market during this
period, the price of construction did not change
until 2016, when prices were very little adjusted
by phases of operation and the cost changes were
minimal. This change implied the introduction of
newer mechanization in relation to mechanization
according to norms (2004).

According to the latest research, the forest
openness of forest truck roads in the Republic of
Srpska is 9.28 m/ha, which is insufficient to meet
the European standards (Drazi¢ et al., 2018).
Forest truck roads in the territory of the Republic
of Srpska are designed by following the Guidelines
for forest road design (1958). However, the costs
of road construction have changed from that time.
The introduction of more modern machinery char-
acterized by higher performance and lower fuel

! Research Develop and Project Centre, Gréka 21,78000
Banja Luka, the Republic of Srpska, BiH

consumption has greatly reduced the construction
costs. One of the most important guiding princi-
ples in road construction is to build as many forest
truck roads as possible at minimum costs.

When shares of certain categories of construc-
tion soil are concerned, the most common cate-
gories were Il and IV, which constitute the largest
share in terms of quantity. On the other hand, the
analysis of the investigated routes revealed no
presence of categories |, Il and VII of construction
soil.

The analysis of the estimated costs of forest
truck road construction revealed the lowest cost
of forest road construction of 21,703.67 €/km
per kilometer in“Compartments 92-93” in the
Petrovacko FM, FE “Ostrelj” Drini¢. On the other
hand, the highest cost amounted to 51,143.20 €/
km in FM Cajni¢ko, FE “Vucevica” Cajnice for the
“Hanski dolovi - llijina stijena”road. The average
estimated cost of construction for all analyzed de-
signs was 32,490.87 €/km, with the average cost
of road construction in the hilly area (34,298.28 €/
km) being higher than in the medium mountain-
ous area (30,922.88 €/km).

If we look at the cost of road construction
in surrounding countries, then we can say that
the road construction cost is quite different. The
average construction cost on lowland area in
Croatia is 65,988.31 €/km, hilly area 46,191.81
€/km, and hilly-mountain area 32,994.15 €/km
(Pentek et al., 2014). In the Entity Federation of
BiH is 31,137.01 €/km (Sokolovi¢, Bajri¢, 2013).
The analysis of forest road construction costs in
Slovenia performed by (Robek, Klun, 2007) indi-
cated the average construction cost of 65.000,00
€/km,while in Austria 36,800.00 €/km (Enache et
al., 2011) and in Turkey 18,632.91 €/km (Caglar,
2011). Analyzing seven mountain forest areas in
different countries of the European Union (Spain,
France, Austria, Slovenia, Sweden, Slovakia and
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Bulgaria), the average cost of construction of for-
est roads is 39,000 €/km (Enache et al., 2016).
The cost of constructing forest roads in the moun-
tainous areas of central Italy ranges from 35 to
60 thousand euros per kilometer (Picchio et al.,
2018).

It should be noted that this paper considers
only the values related to construction works in-
cluded in forest truck road construction. In addi-
tion to construction works, significant costs are
incurred by obtaining certain documents before,
during and after forest truck road construction.
These include project documentation, a building
permit, approvals and other licenses, supervision
during construction, technical acceptance of the
road, etc., until an exploitation permit is issued
for a specific road. According to the Strategic Plan
(2019), about 10-12% of additional costs should be
added to this average cost of road construction for
the compilation of the necessary documentation.
Robek and Klun (2007) reported the average
price of compilation of project technical docu-
mentation of 3,200.00 €/km, which accounted for
slightly less than 5% of construction costs, while
the costs of supervision amounted to 1,5-2,5% of
the construction costs.

CONCLUSIONS

Based on the analyses conducted, it can be
concluded that the average cost of forest truck
road construction in the Republic of Srpska
amounts to 32,490.87 €/km. The average cost of
road construction amounts to 34,298.28 €/km in
hilly areas, 32,251.44 €/km in low mountainous ar-
eas and 30,922.88 €/km in medium mountainous
areas. The most expensive phase are earthworks
and pavement construction, while the shares of all
other works in the total costs are much smaller.
For the analyzed designs, the ratio of excavation
costs tothe pavement construction and other
works is 49:40:11.

Previously, the prevailing opinion was that for-
est road construction in mountainous areas was
much more expensive than in lower areas. The
obtained results point to an interesting fact that
forest road construction tends to be the most ex-
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pensive (34,298.28 €/km) in hilly areas with an al-
titude ranging between 200 and 500 m, while it is
the cheapest (30,922.88 €/km) in medium moun-
tainous areas with an altitude between 1000 and
2000 m. This could be explained by the fact that
lower relief areas usually contain deep soils, and
slopes of dike cuttings and embankments tend to
be more laid out. In addition, the cross-section of
a forest road is wider than the cross-section of a
road in higher construction soil categories that
occur more frequently in mountainous areas. The
altitudes of the Hanpjesacko and Petrovacko forest
managements exceed 1000 m, and the dominant
relief form is a plateau with gentle slopes of terrain
and a limestone - dolomite substrate, a material
suitable for forest road construction. This material
is located directly on or adjacent to the route, and
its processing and installation significantly reduce
road construction costs.

In addition to that, road construction in lower
altitudinal areas can be more complicated since
very deep soils cause additional problems with
stabilizing the road bed. Furthermore, the thick-
ness of the tampon layer is significantly greater, as
such terrains are susceptible to landslides, which
further increases construction costs.

LITERATURA / REFERENCES

Bertovic¢ S. (1999): Reljef i njegova prostorna rasé¢lam-
ba, Sumarski list 11-12(1999): 543-563

Caglar S. (2011): An Evaluation of the Estimated
and Realized Cost of Forest Road: Examples
of Artvin Regional Directorate of Forestry ,
International Caucasian Forestry Symposium
ICFS, 24-26 October 2013, Artvin, Turkey, pg.
18-25,

Drazi¢ S., Danilovi¢ M., Stojni¢ D., Blagojevic V., Luci¢
R. (2018):0penness of forests and forest land
in the Bosnia and Herzegovina entity Republic
of Srpska, Sumarski List, 142(3-4), 183-185,
https://doi.org/10.31298/s1.142.3-4.7

Drazi¢ S., Danilovi¢ M. Stojni¢ D. (2019): Uticaj pro-
cene gradevinske kategorije zemljista na
predracunsku cenu kostanja izgradnje Sum-
skih kamionskih puteva, Sumarstvo, 3-4,
117-130.



FOREST TRUCK ROAD CONSTRUCTION IN THE REPUBLIC OF SRPSKA: THE VOLUME OF WORKS...

(2019): Strateski plan Sumskih puteva u Republici
Srpskoj. Banja Luka: Ministarstvo poljop-
rivrede, Sumarstva i vodoprivrede Republike
Srpske.

Enache A., Stampfer K., Ciobanu V., Branzea O.,
Duta C. (2001): Forest road network plan-
ning with state of the art tools in a private
forest district from lower Austria. Bulletin
of the Transilvania University of Brasov.
Forestry, Wood Industry, Agricultural Food
Engineering. Series Il, Vol 4(53)2, 33-40

Enache A., Kihmaier M., Visser R., Stampfer K.
(2016): Forestry operations in the European
mountains: a study of current practices
and efficiency gaps, Scandinavian Journal
of Forest Research, 31(4), 412-427, DOI:
10.1080/02827581.2015.1130849

Jeli¢i¢ V. (1983): Sumske ceste i putevi. Sumarski
fakultet Univerziteta u Zagrebu

Pentek T., Nevecerel H., Ecimovi¢ T., Lepoglavec
K., Papa I., Tomasi¢, Z. (2014): Strategijsko
planiranje sSumskih prometnica u Republici
Hrvatskoj — ras¢lamba postojecega stanja
kao podloga za buduce aktivnosti. Nova me-
hanizacija Sumarstva, 35 (1), 63-78

Picchio R., Pignatti G., Marchi E., Latterini F.,
Benanchi M., Foderi C., Venanzi R., Verani S.
(2018): The Application of Two Approaches

Using GIS Technology Implementation in
Forest Road Network Planning in an Italian
Mountain Setting, Forests 9(5), 277; https://
doi.org/10.3390/f9050277

Robek R., Klun, J. (2007) Recent developments in
forest traffic way construction in Slovenia,
Croatian Journal of Forest Engineering, 28(1),
83-91

(1958): Smijernice za projektovanje Sumskih puteva,
Sarajevo: Sekretarijat za ind. i gradevinarstvo
izvrSnog vije¢a NR BiH.

Sokolovi¢ D7., Bajri¢ M. (2013): Sumska prometna in-
frastruktura u Federaciji Bosne i Hercegovine,
Nova mehanizacija Sumarstva, 34, 39-50.

Sretenovi¢ Lj., Sobi¢ D. (1974): Reljef - predstavljanje
reljefa zemljista na kartama, Vojna enciklope-
dija 8. Beograd.

Stojni¢ D., Danilovi¢ M., Drazi¢ S. (2017): Inventura
i izrada katastra primarne mreze Sumskih
puteva, Sumarstvo, 3—4, 199-212.

(2008): Smijernice za Sumske puteve, Program opo-
ravka regiona Srebrenica.

Siki¢ D., Babi¢ B., Topolnik D., KneZevi¢ I., BoZi¢evi¢
D., Svabe Z., Piria I., Sever S., (1989): Tehnicki
uvjeti za gospodarske ceste, Znanstveni savjet
za promet Jugoslavenske akademije znanosti i
umjetnosti, Zagreb, 1-78.

© 2020 Authors. Published by the University of Belgrade, Faculty of Forestry. This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution 4.0
International license (https://creativecommons.org/licenses/by/4.0/)







