SUMARSTVA

.

NOVA
MEHANIZACIJA

NOVA

iste (Volume) 35

ISSN 1845-8815
God

E:
-
>
X
-
E
- -
T
=

UDK: 630*3
Nova meh. sumar.




Casopis za teoriju i praksu
$umarskoga inenjerstva

Journal for Theory and Application of
Forestry Engineering

Nova mehanizacijo Sumarstva priznati je ¢asopis u medunarodnom
okruzeniu, koji objavljuje znanstvene i struéne radove iz Sumarskoga
inzenjerstva nastalih na osnovi teorijskih i iskustvenih spoznaja. Casopis
pokriva sve oblike i vrste istraZivanja u Sumarskom inzenjerstvu, od
osnovnih do primijenjenih.

Od godista 1 do 25 &asopis je tiskan pod naslovom »Mehanizacija
sumarstvac.

Nova Mehanizacija Sumarsva is a refeered journal distributed interna-
tionally, publishing scientific and professional articles concerning forest
engineering, both theorefical and empirical. The journal covers all aspects
of forest engineering research, ranging from basic to applied subjects.
From volumes 1 to 25 the journal were published under the fitle
»Mehanizacija Sumarstvac.

Izdavaéi (Publishers)

Sumarski fakultet Sveuéilista u Zagrebu, »Hrvatske Sume« d.o.0. Zagreb

Forestry Faculty of Zagreb University, »Croatian forests« Ltd. Zagreb

Izdavaéke vijeée (Publishing Council)

Milan Orsani¢, Renata Pernar, Tibor Pentek, Ivan Paveli¢, Ivan Istok (all
from Croatia)

Uredni¢ko vijece (Editorial Board)

Igor Ani¢, Sasa Bogdan, Juro Cavlovi¢, Vlado Goglia, Boris Hrasovec,
Anamarija Jazbec, Ante P. B. Krpan, Josip Margalefi¢, Slavko Mati¢,
Milan Or3ani¢, Renata Pernar, Dragutin Picman, Marinko Prka, Stiepan
Risovi¢, Igor Stanki¢, Marijan Susnjar, Zeliko Zeci¢ (all from Croatia)
Medunarodno urednicko vijeée (International Editorial Board)
Raffaele Cavalli (ltaly), Woodam Chung (USA), Sophie D. Amours (Ca-
nada), Mehmet Eker (Turkey), Jém Erler (Germany), Gergely Marké
(Hungary), Hans Rudolf Heinimann (Switzerland), Dirk Jaeger (Germa-
ny), Radomir Klva¢ (Czech Republic), Bostian Kosir (Slovenial), Tadeusz
Moskalik (Poland), Igor Poto¢nik (Slovenia), Hideo Sakai (Japan),
Raffaele Spinelli (Italy), Karl Stampfer (Austria), Jori Uusitalo (Finland),
Rien Visser (New Zeland)

Adresa urednistva (Editor's Office)

Svetosimunska 25, HR-10 000 Zagreb, P.O. Box 422, CROATIA

Tel. + 385 (0)1 2352417

Fax. + 385 (0]1 235-25-17

email: nms@sumfak.hr

Internet: http://www.sumfak.hr/~nms

Glavni urednici (Editors-in-Chief)

Tibor Pentek, Tomislav Porsinsky

Odgovorni urednik (Editor)

Zeljko Tomasi¢

Tehnicki urednik (Technical Editor)

Mario Sporéi¢

Mladi urednik (Junior Editor)

Ivica Papa

Savjetnik urednistva (Editorial Advisor)

Dubravko Horvat

Tehni¢ko urednistvo (Technical Editorial Board)

Kruno Lepoglavec, Dinko Vusi¢, Mafija Landeki¢

Jeziéni savjetnici (Linguistic Advisers)

Branka Tafra (hrvatski)

Maja Zajsek-Vrhovac (engleski)

Casopis referiraju sekundarni éasopisi

(Articles are abstracted by or indexed in)

CAB Abstracts, SCOPUS

Svi se objavljeni clanci recenziraju

(All published papers have been reviewed)

Casopis izlazi jednom na godinu

(Single issues of journal are published annually)

Naklada (Circulation): 400

Priprema sloga i tisak (Prepress and Print)
»laser plus« d.o.0., Brijunska Ta, Zagreb

Uredenie zakljuéeno (Preparation ended)
30.04.2014.

Nova meh. umar. e Godiste 35 o 1-104 e Zagreb, travanj 2014

Sadriaj - Contents

Znanstveni radovi - Research articles

Tomislav Porsinsky, Andreja Duka, Ostoja Busi¢
Utiecaj propisnosti mjerenja oblovine na transport drva
Inflvence of Prescribed Method of Roundwood Scaling on Timber Transport

Milorad Danilovi¢, Dusan Stojni¢, Slavica Kari¢, Milan Sucevié
Transport of Technical Roundwood by Forwarder and Tractor Assembly from Poplar Plantations
Transport tehnicke oblovine pomocu forvardera i trakforske ekipaze iz topolovih plantaza

Zdravko Pandur, Tomislav Porsinsky, Marijan §u§niur, Marko Zori¢, Dinko Vusi¢
Gazenie fla pri izvozenju drva forvarderom u sjecinama hrasta luznjaka
Soil Disturbance during Timber Forwarding in CutBlocks of Common Oak

Y3

Milorad Danilovi¢, Dragomir Grujovi¢, Boban Milovanovi¢, Slavica Kari¢
Ocjena modificirane poludeblovne metode listaca s dijelovima krosnje
Evaluation of Modified Half-Tree Length Method of Broadleaves with Crown Parts

Dane Maréeta, Vladimir Petkovi¢, Bostjan Kosir
Comparison of Two Skidding Methods in Beech Forests in Mountainous Condifions
Usporedba dviju metoda privlacenja drva u bukovim brdsko-planinskim sumama

Tibor Pentek, Hrvoje Nevecerel, Tomislav Ecimovi¢, Kruno Lepoglave, Ivica Papa,
Zeliko Tomasi¢

Strategijsko planiranie Sumskih prometnica v Republici Hrvatskoj - rasélamba postojecega
stanja kao podloga za buduée akfivnosti

Strategic Planning of Forest Road Network in Croatia - Analysis of Present Situation

as Basis for Future Activities

Vladimir Petkovi¢, Dane Maréeta, Igor Potoénik
Horizontal and Vertical Alignments of Forest Roads
Horizontalni i vertikalni konstruktivni elementi sumskih cesta

Marko Zori¢, Marijan Susnjar, Zdravko Pandur, Kristijan Mihaljevié

Potrosnja goriva i emisija stakleniékih plinova pri kamionskom prijevozu drva

u hrvatskom Sumarstvu

Fuel Consumption and Greenhouse Gas Emission in Timber Haulage in Croatian Forestry

Ljupéo Nestorovski, Mitko Nacevski, Zdravko Trajanov, Pande Trajkov
Analysis of Energy Value of Some Tree Species
Andliza energijskih vrijednosti nekih vrsta drveca

Fotografija na naslovnici (Cover photo) .
Sanacija steta nakon ledoloma u Gorskom kotary (Snimio: Z. Stimac)
Recovering from Snow and Ice Storm Damage in Gorski Kotar (Photo: Z. Stimac)

23

35

63

79

89

99

Uz izdavace ¢asopis sufinancira Ministarstvo znanosti, obrazovanja i sporta Republike Hrvatske
Co-financed by Ministry of Science, Education and Sport of Republic of Croatia

Pretplata: 150 kn godiinje (uzemno placanje)

Primatelj: Sumarski fakultet Sveuéilista u Zagrebu,

p.p 422, HR-10002 Zagreb

Ziroraéun: 2360000~ 1101340148, poziv na broj: 2-02-01
Kontakt: nms@sumfak.hr

Subscription: 30 € per year

Subscription payment on behalf of:

Forestry Faculty of Zagreb University, P.O. Box 422
HR-10002 Zagreb, CROATIA

Details of Payment: 2-02-01
Contact: nms@sumfak.hr

Swift Code: ZABA HR 2X, Account Number: 2500-03281485



Znanstveni rad — Research article

Utjecaj propisnosti mjerenja oblovine

na transport drva

Tomislav Porsinsky, Andreja Puka, Ostoja Busi¢

Nacrtak — Abstract

U trgovini drvom u hrvatskom se sumarstou oblo drvo najcesce otprema po obujmu u skladu
s odredbama norme (HRN EN 1309-2:2006) pri cemu dolazi do gubitaka obujma zbog pro-
pisanoga nacina: 1) mjerenja duljine, 2) mjerenja srednjega promjera, 3) odbitka dvostruke
debljine kore te 4) izraza za izraun obujma obloga drova.

Analiza utjecaja nacina iskaza tereta (stvarni obujam, masa, deklarirani — reducirani obujam
zbog propisnosti mjerenja droa) na proizvodnost i jedinicne troskove forvardera Valmet 840.2
u odnosu na udaljenost izvoZenja drva provedena je prema visekriterijskom modelu izracuna
proizvodnosti tih vozila (Stankic i dr. 2012).

Istrazivanje je zasnovano na pet razlicitih tereta (hrast luznjak) forvardera, koji su se
medusobno razlikovali s obzirom na: 1) vrstu utovarenih sortimenata (trupci, visemetarsko
ogrjevno drvo, mjesoviti tovar), 2) kolicinu utovarenoga drva (puna visina utovarnoga pros-
tora, <2/3 visine utovarnoga prostora, <1/3 visine utovarnoga prostora vozila). Osim va-
ganja radi utvrdivanja mase tereta, mjerena je i oblovina unutar tereta, sto je obuhvatilo: 1)
mjerenje duljine na centimetar tocnosti i 2) mjerenje promjera na debljem i tanjem kraju te na
sredini duljine oblovine. Stvarni (bruto) obujam pojedinoga komada oblovine (tereta) izracunat
je Reicke—Newtonovim izrazom, a neto u skladu s odredbama norme (HRN EN 1309-2:2006)
Huberovim izrazom.

Razlike u proizvodnosti, iskazane s obzirom na bruto obujam i masu tereta, zanemarive su
(<1%) zbog djelovanja gustoce oblovine hrasta luznjaka 995,8 + 2,5 kg/n?’.

Proizvodnost forvardera, iskazana prema neto obujmu tereta, manja je u rasponu od 3,5 % do
24,3 % u odnosu na bruto obujam tereta. Poluceni rezultati uvjetovani su vrstom i dimenzi-
jama utovarenih sortimenata te kolicinom utovarenoga drva.

Nacin iskaza obujma oblovine ili tereta ima razlicit utjecaj na sudionike u lancu dobave drva
i u tom smislu ¢ini jasnu razliku izmedu transporta i trgovine drvom

Kljucne rijeci: propisnost mjerenja oblovine, masa, obujam, forvarder

1. Uvod - Introduction

Transport je drva micanje stabala ili dijelova staba-
la s jednoga na drugo mjesto u prostoru, a obuhvaca
sve oblike kretanja drva iz Sume (panj) do krajnjega
korisnika, pri ¢emu su osnovni ¢imbenici teret (drvo)
—transportna sredstva (najcesce vozila) — mreza trans-
portne infrastrukture u znakovitom medudjelovanju.
Nakon sjece stabala (i) izradbe drva, drvo (ili drvni
sortimenti — ovisno o metodi izradbe) razasuto je po
velikoj povrsini te ga treba prvo sakupiti i privudi po
Sumskom bespucu do pomocnoga stovarista, a zatim

transportirati do pogona primarne prerade. Analizira-
judi transport drva kroz povijest, Greulich (2002) zaklju-
Cuje da se, neovisno o autorima, sve teorije transporta
drva zasnivaju na dvjema meduovisnim podfazama
(slika 1):

= primarnom transportu drva — privlacenju drva
po Sumskom bespucu, odnosno sekundarnim
(traktorski putovi i vlake) ili tercijarnim (Zi¢ne
linije) Sumskim prometnicama,

= sekundarnom transportu drva — daljinskom
transportu drva po izgradenim transportnim sus-
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== = => daljinski transport — further transport

Izvor — Source:
Heinimann (2001)

Slika 1. Transport drva
Fig. 1 Timber transport

tavima (prijevoz drva po javnim i Sumskim ces-
tama ili Zeljeznickim prugama), odnosno voden-
im putovima.

S obzirom na to da je transport drva rad ciklicnoga
karaktera, osnovni utjecajni cimbenici njegove djelotvor-
nosti su udaljenost i koli¢ina drva koja se transportira u
jednom turnusu (Conway 1976, MacDonald 1999, Sil-
versides i Sundberg 1989, Staff i Wiksten 1984).

Pri stavljanju obloga drva u promet, drvo je moguce
mjeriti prema obujmu, odnosno masi. Mjerenje drva po
masi pod utjecajem je trenutacne vlaznosti drva, a naj-
eSce se rabi pri otpremi ogrjevnoga drva.

Izmjera kolic¢ine obloga drva prema obujmu (HRN
EN 1309-2:2006) zasniva se na izmjeri dimenzija (pro-
mjer i duljina) pojedina¢nih komada (m?), odnosno na
izmjeri dimenzija (duljina, visina i $irina) sloZaja drva
(prm). Obujam obloga drva koji odgovara obujmu
sloZzaja moZe se dobiti primjenom odgovarajucega pret-
vorbenoga faktora. Pretvorba je nepouzdana zbog razli-
ka u vrsti slozaja, poloZaju trupaca u slozaju, udjelu
prvih trupaca (peraca), srednjih promjera, zakrivljeno-
sti i zadebljanja, kore te vrste drva (Fonseca 2005).

Propisani nacin mjerenja pojedina¢nih komada ob-
loga drva (HRN EN 1309-2:2006) u hrvatskom se Su-
marstvu zasniva na izmjeri:

= najkrade duljine koja je odredena kao udaljenost
izmedu dviju paralelnih povrsina na krajevima
obloga drva okomito na uzduznu os, izrazena u
metrima te zaokruZena na puni decimetar naniZze,

Utjecaj propisnosti mjerenja oblovine na transport drva (1-9)

= dvaju medusobno okomitih promjera s korom na
sredini duljine izradene oblovine zaokruzenih na
puni centimetar nanize, a njihova se aritmeticka
sredina, isto tako, zaokruzuje na puni nizi centi-
metar,

= kod oblovine, gdje je promjer bez kore relevantan
za odredivanje dimenzija i klase kakvoce (trupci),
mjereni se promjer mora umanjiti za dvostruku
debljinu kore,

=> za izracun obujma sluzi Huberov izraz, gdje je
Ludolfov broj (m) zaokruzen na 4 decimalna mjes-
ta (3,1416), a rezultat se izkazuje u kubnim met-
rima na tri decimalna mjesta.

Paradoks nastaje kada se proizvodnost i troskovi
rada sredstva transporta drva iskazuju s obzirom na
propisani nacin mjerenja obloga drva po obujmu zbog
gubitka: 1) mjerenja duljine, 2) mjerenja srednjega pro-
mjera, 3) odbitaka kore te 4) primjene izraza za izracun
obujma obloga drva.

Ovaj ¢e se rad baviti usporedbom djelotvornosti for-
vardera s obzirom na nacin iskaza tereta: 1) stvarnoga
(bruto) obujma, 2) deklariranoga (neto) obujma, 3) mase
tereta.

2. Materijal i metode — Material
and Methods

Analiza utjecaja triju nacina iskaza transportiranoga
tereta (masa, stvarni obujam, deklarirani obujam) na
djelotvornost (proizvodnost i jedini¢ne troskove)
izvozenja drva forvarderom provedena je na primjeru
srednje teskoga Sestokotacnoga forvardera Valmet
840.2, nominalne nosivosti 12 t, ¢ije su gabaritne dimen-
zije i raspored opterecenja nenatovarenoga vozila pri-
kazane na slici 2. Plostina je poprecnoga presjeka
utovarnoga prostora 4,1 m’, a duljina 4 m. Vozilo po-
krece Sestocilindarski dizelski motor s prednabijanjem,
nazivne snage 125 kW pri 2200 min™" i 670 Nm najveéega
momenta pri 1400 min™. Forvarder je opremljen
hidraulicnom dizalicom Cranab CFR7C, podizne sile
7,1 kN prinajvecem dosegu od 9,1 m. Vozilo je oprem-
ljeno gumama dimenzija 600/65-34 (prednje) i 600/55-
26.5 (straznje).

Podaci o pet razlicitih tereta (hrast luznjak) forvar-
dera preuzeti su iz prethodnoga istraZivanja (Bosner i
dr. 2008) koje je provedeno radi razvoja i umjeravanja
prijenosnoga sustava za mjerenje osovinskih opterecenja
vozila. Za svaki od pojedinih tovara osovinska optere-
¢enja Sestokotacnoga forvardera Valmet 840.2 mjerena
su pomocu prijenosnoga sustava vaga WLS 101/R2K
(BARK System-und Wiegetechnik GmbH & CO.KG)
koje rade na elektri¢no-mehanic¢kom principu, podnose

Nova meh. Sumar. 35(2014)
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Slika 2. Forvarder Valmet 840.2
Fig. 2 Valmet 840.2 Forwarder

opterecenje od 10 t po vagi (ukupno 20 t), a otpornost
na lomljenje iznosi 150 % najvecega opterecenja.

Osim vaganja radi utvrdivanja mase vozila, odnos-
no svakoga pojedinoga tereta, mjerena je i oblovina u
teretu, Sto je obuhvatilo: 1) mjerenje duljine na centim-
etar tocnosti, 2) mjerenje promjera na debljem i tanjem
kraju te na sredini duljine oblovine.

Stvarni (bruto) obujam tereta izrac¢unat je na osnovi
duljine oblovine koja je mjerena na centimetar to¢nosti
iizmjere promjera na debljem i tanjem kraju te na sredi-
ni duljine oblovine bez odbijanja dvostruke debljine
kore, pri ¢emu je obujam izrac¢unat po Reicke-Newton-
ovu izrazu, za koji Serti¢ (2012) utvrduje da je najtocniji
u odnosu na obujam oblovine utvrden metodom sek-
cioniranja.

Deklarirani (neto) obujam oblovine (tereta) radi
stavljanja drva u promet pri trgovini drvom izmjeren je
u skladu s propisanim na¢inom mjerenja i iskaza obu-
jma obloga drva u hrvatskom sumarstvu sukladno s
normom HRN EN 1309-2:2006. Navedeno je obuhva-
tilo izra¢un obujma oblovine temeljem Huberove for-
mule, na osnovi mjerenja najkrace duljine oblovine
zaokruZzene na puni decimetar naniZe te dva unakrsna
promjera na sredini duljine oblovine zaokruzena na
puni centimetar naniZe. Za trupce, za koje je promjer
bez kore relevantan za odredivanje dimenzija i klase
kakvoce, zaokruzeni srednji promjeri umanjeni su za
dvostruku debljinu kore primjenom odbitka za hrast
luznjak: 2 cm za oblovinu promjera 12 cm do 30 cm, 3 cm
za oblovinu promjera 31 cm do 39 cm, 4 cm za oblovinu
promjera > 40 cm.

Utjecaj triju nacina iskaza transportiranoga tereta
(masa, stvarni obujam, deklarirani obujam) na djelot-
vornost forvardera u odnosu na udaljenost izvozenja
drvaiskazan je prema visekriterijskom modelu izracuna
proizvodnosti tih vozila (Stanki¢ 2010, Stankic i dr.
2012), koji uzima u obzir: 1) klasu forvardera, 2) nosi-
vost tla, 3) opremljenost forvardera gusjenicama, 4)

8130 kg (53 %)

7210 kg (47 %)

sjecnu gustocu, 5) obujam srednjega sjecivoga stabla te
6) udaljenost izvozenja drva. Jedinicni troSak izvozenja
drva izracunat je na osnovu kalkulacije troska
trgovackoga drustva »Hrvatske Sume« d.o.o Zagreb za
forvarder Valmet 840.2 u iznosu od 452,13 kn/h.

3. Rezultati — Results

Simulaciju razli¢itih situacija koje se mogu dogoditi
priizvozenju drva forvarderom ¢ini pet analiziranih te-
reta (slika 3). Prvi, drugi i treci teret kombinacija je no-
minalno natovarenoga forvardera (masa tereta < 12 t),
a Cetvrti i peti teret simulacija je smanjenja tereta zbog
ogranicene nosivosti tla Sumskoga bespuca koja je pri-
sutna u hrvatskim nizinskim Sumama tijekom cijeloga
razdoblja glavnoga prihoda drva (Horvat i dr. 2004,
Porsinsky i dr. 2012). Svaki se pojedini teret sastojao od
razlic¢itoga broj komada oblovine s obzirom na:

= vrstu i dimenzije sortimenata (tehnicka oblovina,
ogrjevno visemetarsko drvo, mjesoviti tovar),

= koli¢inu utovarenoga drva (puna visina utovar-
noga prostora, <2/3 visine utovarnoga prostora,
<1/3 visine utovarnoga prostora vozila).

Usporedba mase i obujma istrazivanih tereta prika-
zana je na slici 4. Vrijednosti mase analiziranih tereta
forvardera manje su < 1 % u odnosu na vrijednosti
stvarnih obujama tereta, Sto je posljedica ¢vrste poveza-
nosti tih dvaju parametra kao fizikalnih velicina zbog
konstantne gustoce drva, koja se kod istrazivanih tereta
kretala u uskom rasponu vrijednosti od 992,4 kg/m’ do
998,1 kg/m’, odnosno prosjecno 995,8 + 2,5 kg/m’.

Zbog propisnosti mjerenja pojedinacnih komada
oblovine deklarirani (neto) obujam tereta manji je od
stvarnoga (bruto) obujma za 15,75 % (1. teret), 3,46 % (2.
teret), 19,45 % (3. teret), 22,03 % (4. teret) i 24,36 % (5.
teret). Na izrazene vrijednosti redukcije obujma deklari-
ranih tereta znacajan utjecaj ima:

Nova meh. Sumar. 35(2014)
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Utjecaj propisnosti mjerenja oblovine na transport drva (1-9)

Nosivost — Payload
Valmet 840.2

12 4— _—— _— ————

11,29

Masa tovara — Load mass, t

Priteret Drugiteret Trediteret Cetvrtiteret Pefiteret
First load ~ Second load Third load  Fourth load  Fifth load

Slika 4. Usporedba mase i obujma tereta forvardera
Fig. 4 Comparison of forwarder load mass and volume

= vrsta sortimenta, Sto je posebno izrazeno kod
drugoga tereta koji se u potpunosti sastojao od
viSemetarskoga ogrjevnoga drva, odnosno kod
prvoga tereta kojega je s 18 % stvarnoga obujma
¢inilo ogrjevno drvo,

= zakonitost obujma komada koja predstavlja me-
dudjelovanje dimenzija izradene oblovine u ut-
ovarnom prostoru forvardera, s iskazanim utje-
cajem (> 0,7 m’/kom.) kod trecega, Cetvrtoga i
petoga tereta, kojega su u potpunosti ¢inili trupci,

= udjel prvih trupacaizradenih iz debla (perci), kod
kojih je zbog njihove nepravilnosti oblika znacaj-
narazlika u izra¢unu obujma Huberovim, odnos-
no Reicke-Newtonovim izrazom (Serti¢ 2012).

Na osnovi podataka izmjere tereta, odnosno dimen-
zija utovarene oblovine provedena je i analiza iskoristi-
vosti utovarnoga prostora forvardera s obzirom na: 1)
masu tereta, 2) obujam utovarnoga prostora, 3) povrsinu
popreénoga presjeka utovarnoga prostora te 4) duljinu
utovarnoga prostora (slika 5).

Iskoristivost utovarnoga prostora treba promatrati
kroz koli¢inu, ali i dimenzije utovarene oblovine, pri
¢emu dolazi do izrazaja zakonitost obujma komada
(promjer i duljina utovarene oblovine), ali i nepravilnost
(zakrivljenost) obloga drva, Sto je vidljivo pogotovo kod
trecega tereta koji se iskljucivo sastojao od viSemetar-
skoga ogrjevnoga drva.

Pri izracunu proizvodnosti forvardera uzete su u
obzir sljedece pretpostavke koje zahtijeva visekriterijski

T. Porsinsky i dr.
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I Stvami (bruto)

Actual (gross)
[ Deklarirani (neto)
Declared (net)

e
o
1

Obujam tovara — Load volume, m’
(e~
1

Tereti — Loads

model izracuna proizvodnosti ovih vozila (Stanki¢
2010, Stankic¢ i dr. 2012):

= srednje teski forvarder bez koristenja polugusje-
nica,

=> za prvasu tri tereta koristene vrijednosti prosjecne
brzine kretanja neopterecenoga i opterecenoga
vozila po tlu dobre nosivosti (3,71 km/h),

=> za Cetvrti i peti teret koristene su vrijednosti pro-
sjecne brzine kretanja neopterecenoga i opterece-
noga vozila po tlu ogranicene nosivosti (3,01 km/h),

= proizvodnostijedini¢ni troskovi za svaki teret pri-
kazani su u ovisnosti o udaljenosti izvoZenja drva
po Sumskom bespucu (raspon od 100 do 800 m),

= za sve terete uzeta je ista udaljenost kretanja for-
vardera po pomoc¢nom stovaristu (50 m) s istom
prosjecnom brzinom kretanja neopterecenoga i
opterecenoga vozila (4,35 km/h),

=> za sve tovare uzeta je ista sjecna gustoca (150 m*ha),

=> za izracun utroska vremena utovara i istovara dr-
va nije koriStena izvorna ovisnost iz algoritma, ve¢
je koristen broj komada drva u tovaru (slika 3).

Vaznost nacina iskaza tereta (stvarnoga obujma,
deklariranoga obujma i mase tereta) na djelotvornost
rada forvardera (proizvodnost i jedinicne troskove
izvozenja drva) prikazana je usporedno na slici 6.

Gustoca oblovine hrasta luznjaka (995,8 +2,5 kg/m’)
utjecala je na zanemarive razlike u iskazu proizvod-
nosti i jedini¢nih troskova s obzirom na to jesu li tereti
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Iskoristenje forvardera, % — Forwarder utilisation, %

Tereti — Loads
S obzirom na - According to:
I Nosivost vozila — Forwarder payload (12 t)
I Volumen utovarnoga prostora — Volume of bunk space (16,4 m°)
71 Popregni presjek utovarnoga prostora — Bunk cross-section area (4,1 m’)

Slika 5. Usporedba iskoristivosti utovarnoga prostora forvardera
Fig. 5 Comparison of utilization of forwarder bunk space

iskazani prema masi (slika 6A) ili stvarnom obujmu
(slika 6B).

Propisnost mjerenja pojedinacnih komada oblovine
utjecala je na pad proizvodnosti forvardera, Sto je iska-
zano s obzirom na deklarirani (neto) obujam tereta
(slika 6C) u odnosu na proizvodnost forvardera iska-
zanu sa stvarnim (bruto) obujmom tereta (slika 6B), na
indentic¢an nacin kao i smanjenje vrijednosti deklarira-
noga obujma tereta koji je manji od stvarnoga obujma
za 15,75 % (1. teret), 3,46 % (2. teret), 19,45 % (3. teret),
22,03 % (4. teret), te 24,36 % (5. teret).

Takoder, propisnost mjerenja pojedinacnih komada
oblovine utjecala je na rast jedini¢nih troskova izvozenja
drva forvarderom, sto je iskazano s obzirom na deklari-
rani (neto) obujam tereta (slika 6C). Ti su troskovi visi
od jedini¢nih troskova rada forvardera iskazanih stvar-
nim (bruto) obujmom tereta (slika 6B) za 18,70 % (1.
teret), 3,58 % (2. teret), 24,15 % (3. teret), 28,26 % (4. te-
ret), te 32,17 % (5. teret).

Neovisno o naéinu iskaza tereta (slika 6), utvrdeni
$iroki rasponi proizvodnosti i jedinic¢nih troskova rada
forvardera u ovisnosti o udaljenosti izvozenja drva po-
sljedica su medudjelovanja utrosaka vremena kretanja
(ne)opterecenoga vozila te utovara i istovara drva,
odnosno velic¢ine tereta (Porsinsky 2002, Porsinsky 2005,
Porsinsky i Stanki¢ 2006). Ocito da smanjenje koli¢ine
utovarenoga drva snazno utjee na djelotvornost rada

Utjecaj propisnosti mjerenja oblovine na transport drva (1-9)

oo

O  Median
7 N 25% - 75 %
_T_ Min. - Max.

Duljina utovarnoga prostora — Valmet 840.2
Length of bunk space — Valmet 840.2

H

1. 2. 3. 4. 5.
Tereti — Loads

Duljina oblovine u tovaru, m — Length of roundwood in the load, m

forvardera (pogotovo povecanjem udaljenosti izvoZenja
drva) te s ekonomskoga gledista svakako nije prihvatlji-
va metoda osiguranja kretnosti forvardera u uvjetima
ogranicene nosivosti podloge hrvatskih nizinskih Suma
(Porsinsky i dr. 2011).

4. Umjesto zakljucaka — Instead
of conclusions

Jasno je da su transport drva i trgovina drvom dva
razlicita pojma sa stajaliSta iskaza obujma oblovine ili
tereta, ali i s razli¢itim utjecajem na sudionike u lancu
dobave drva. Rezultati provedenoga istrazivanja ot-
varaju cijeli niz pitanja na koja je jednoznacno tesko naci
odgovore:
= Jesu li Sume tako bogat resurs da mozemo dopu-
stiti stavljanje obujma tereta u kontekstu transpor-
taitrgovine drvom pod isti zajednicki nazivnik?

= Postoje li zapreke promjeni poimanja zajednicko-
ga nazivnika (koje i tko)?

= Sto znaci podizanje troska transporta drva za raz-

liku stvarnoga i deklariranoga obujma tereta (ob-
loga drva) sa stajaliSta sudionika u lancu dobave
drva (Sumovlasnika, izvodaca Sumskih radova,
kupaca drva, ali i u kontekstu naknade za kori-
Stenje Sumskih cesta njihovim vlasnicima)?
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Slika 6. Usporedba djelotvornosti forvardera s obzirom na razlicite nacine iskaza tereta
Fig. 6 Comparison of forwarder efficiency according to different load measurements
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Influence of Prescribed Method of Roundwood Scaling
on Timber Transport

In timber trade in Croatian forestry, roundwood is usually dispatched by volume in accordance with the standard
(EN 1309-2: 2006) and there is a loss of volume due to the prescribed ways of measurement: 1) length, 2) mean diam-
etet, 3) deduction of bark and 4) the expression for estimating the volume of roundwood. Impact analysis of transported
load (actual timber volume, timber mass, reduced volume due to the prescribed measuring) for Valmet 840.2 forwarder
productivity in relation to the transportation distance was determined using a multi-criteria productivity forwarder

model (Stankic et al. 2012).

The study was based on five different loads of oak (Quercus robur L.) in a forwarder, which differed with respect to:
1) the type of loaded assortments (roundwood, firewood, mixed load), 2) amount of loaded timber (full height of loading
area, <2/3 height of loading area, <1/3 height of loading area of the vehicle). In addition to weighing (aimed at determin-
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ing the load mass), measurement of timber in the load was also performed including as follows: 1) measurement of length
to centimeter accuracy, and 2) measurement of diameters on the thicker and thinner end and in the middle of logs. The
actual (gross) volume of each log was calculated using Reicke—Newton’s formula, and the net volume of timber was
calculated in accordance with the standard (EN 1309-2: 2006).

Differences in forwarder productivity, expressed in terms of timber gross volume and load mass are negligible (<1%)
due to the effects of wood density 995.8 + 2.5 kg/nr’.

Forwarder productivity expressed in terms of timber net volume ranged from 3.5% to 24.3% when compared to the
actual timber volume. The obtained results depend on the type and size of loaded assortments and quantity of loaded
timber.

Obviously, the transport of timber and trade of timber are two different concepts from the standpoint of timber
volume or load volume, with a different impact on the participants in the timber supply chain.

Keywords: prescribed measurement of roundwood, mass, volume, forwarder
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Research article — Znanstveni rad

Transport of Technical Roundwood
by Forwarder and Tractor Assembly from

Poplar Plantations

Milorad Danilovi¢, Dusan Stojni¢, Slavica Kari¢, Milan Sucevi¢

Abstract — Nacrtak

This article presents the results of a research dealing with operating efficiency of articulated
and tractor assemblies in the plots of poplar plantations in which different means of work were
used for felling and cross-cutting. The aim was to study the effects of the arrangement of wood
assortments on the driving speed of the vehicle, the time needed to load and manipulate the
vehicle and the overall working efficiency of forwarders. The research was carried out in Vo-
jvodina, in the area of PE »Vojvodina sume«. Altogether 170 transport cycles were recorded
and 2166.73 m’ transported. The research results show that the forwarder moved faster on the
felling site where the felling and cross-cutting operations were carried out by a harvester. The
speed was 10% higher and it took 5% less time to load the forwarder. The differences were
considerably greater concerning the manipulation time (maneuvering and positioning the
vehicle during the loading). The driving speed decreased with an increase in the load volume.
Fuel consumption was lower in the felling site where a harvester was used for felling. Under
the same working conditions, the tractor assembly achieved better productivity because it drove
at considerably higher speeds. The differences in the average load volume were not so great,
which significantly affected the productivity of the tractor assembly. The initial hypothesis
that a forwarder achieves better working efficiency in the felling site, where a harvester has
been used in the operations of felling and cross-cutting, was confirmed.

Keywords: John Deere 1210E forwarder, tractor assembly, first phase of transport, poplar

technical roundwood, efficiency, costs

1. Introduction — Uvod

Technical roundwood of soft and hard broadleaves
is transported in lowland areas by both tractor and
articulated vehicles. Tractors are mainly intended for
the transport of technical roundwood from the thin-
ning of hard broadleaves and for the transport of thin-
ner assortments (long pulpwood, extended firewood,
etc.) from soft broadleaved plantations. The use of the
tractor assembly does not necessarily exclude the use
of articulated vehicles, at least not in the territory of
Serbia. In Serbia, tractors are more often used on level
to moderately steep terrains. The choice of vehicles is
determined by the state of the terrain (size and fre-
quency of obstacles in a felling site, bearing capacity
of the soil), structure of the material and transport dis-
tance. The use of forwarders in the forestry of Serbia

is related to difficult terrains (swamp forests), and trac-
tor assemblies are generally used in more favorable
conditions (flood protected terrains). Under such con-
ditions, the operating costs are lower if a tractor as-
sembly is used compared to the costs of articulated
vehicles (Dokovi¢ and Jezdi¢ 1980). Unlike forwarders,
tractor assemblies are used in more favorable condi-
tions, at longer distances, often even in the second
phase of timber transport (Danilovi¢ et al. 2012).

The operating efficiency of forwarders is affected
by a number of different factors: tree species, silvicul-
tural treatments, terrain conditions, average haulage
distance, timber density on the strip road and load
volume, operator skills (Nikoli¢ and Jezdic 1983, Sever
1988, Tufts and Brinker 1993, Kellogg and Bettinger
1994, Kuitto et al. 1994, Tiernan et al. 2004, Porsinsky
2005, Vaatainenet al. 2005).
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A reduction in the load volume can greatly affect
the efficiency of the forwarder, particularly if the haul-
ing distance is increased. Reducing the load to 2/3 of
the load space compared to the nominally loaded for-
warder (12 t load) reduces its efficiency by 16% (for a
100 m distance) or by 28% (for a 800 m distance) (Por-
Sinsky et al. 2011). Zimbalatti and Proto (2010) point
out that, provided the assortment method is applied,
the efficiency of John Deere 1110D forwarder model
correlates strongly with the size of the load and mean
transport distance.

There are comparatively large forest areas in Vo-
jvodina that are located in the foreland of its major
rivers. They are characterized by frequent flooding, i.e.
low bearing capacity of the substrate. From a technical
point of view, forwarders are better suited for such
conditions (Danilovi¢ et al. 2012).

The state of the substrate and the load weight affect
the fuel consumption. Fuel consumption is important
both from the economical and ecological point of view,
since it affects the transport costs on the one hand and
emissions of the pollutants into the atmosphere on the
other. Berg and Lindholm (2005) reported a signifi-
cantly higher emission of pollutants in forestry opera-
tions in the Scandinavian countries than those shown
in previous results. The average consumption of diesel
fuel in felling, cross-cutting, and in the first phase of
transport amounts to 1.48-1.78 L/m’ (Michelsen et al.
2008). Johnson et al. (2005) reported similar amounts
of diesel fuel used for felling trees in the northwest of
the United States (1.70 L/m’). According to Jezdi¢ et al.
(1995) diesel consumption for a five-year period in FE
»Sremska Mitrovica« was an average of 1.17 L/m®. Sur-
face conditions (the height and number of obstacles)
affect the working efficiency of forwarders.

2. Research problems and aims
Problematika i cilj istraZivanja

In poplar plantations in Serbia, clear cutting is ap-
plied at the end of the production cycle, which is about
20 years long. From a technological point of view, clear
cutting has many advantages, considering the greater
technology freedom it permits. Under these condi-
tions, a large amount of assortments, usually over
300 m®/ha, is concentrated on a small area. Felling and
cross-cutting are generally performed using chain-
saws and applying the 1IM+1R organizational form of
work (M - chainsaw logger, R — assistant worker). Af-
ter trees have been felled and wood assortments cross-
cut with a chainsaw, evenly spaced assortments re-
main in the felling site. However, apart from chainsaws,
John Deere 1470D ECO III harvester has been used in

FE »Sremska Mitrovica« for felling and cross-cutting
since 2008. When the harvester is used, the order of
assortments on the worksite is improved, which al-
lows a more efficient use of the equipment in the first
phase of transport. In other words, the felled logs are
lined in smaller piles, which makes the manipulation
of the forwarder easier and shortens the passage time
during loading. The loading is faster and the forward-
er attains a higher speed between the loading and un-
loading site (Danilovic et al. 2011). This was one of the
reasons to study the operating efficiency of forwarders
in these conditions.

Accordingly, the aim of this research study was to
investigate the operating efficiency of John Deere
1210E Forwarder, which is used after a clear-cutting
has been performed with a chainsaw and by John
Deere 1470D Eco III Harvester. Another aim was to
compare the efficiency of John Deere 1210E Forward-
er with the efficiency of the tractor assembly in the
same working conditions.

The starting hypothesis is that the arrangement of
assortments in the felling site, where the harvester has
been used for felling and cross-cutting, has positive
effects on the forwarder efficiency, meaning that the
speed of the forwarder moving on the felling site will
be higher. Apart from that, we assume that the loading
time will be shorter because, after felling and cross-
cutting, the harvester groups the logs. Furthermore,
we assume that the operating costs of the tractor as-
sembly will be lower than the operating costs of for-
warders under the same working conditions.

3. Materials and methods — Materijal
i metode istraZivanja

The operations of the transport vehicles were re-
corded in three sample plots (SP). Felling and cross-
cutting operations in SP1A and SP1B were performed
with a chain saw, while in SP2 it was done using a
harvester in the case of technical roundwood, and
Stihl 260 chainsaw in the case of short pulpwood. The
basic characteristics of the plantation and terrain are
presented in Table 1.

The weather did not show any significant changes
during the recording time. It was sunny and the soil
was dry. The forwarder operators were well trained
and they have been achieving satisfactory results in
this kind of work for many years.

When the harvester was used for felling trees, the
assortments were grouped at the acute angle to the
direction of harvester movement, while in the case of
chainsaw felling it was impossible to group the assort-
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Table 1 Basic characteristics of the plantation (felling site)
Tahlica 1. Osnovna obiljeZja plantaZa (radilista)

Plantation age at the time of harvest (SP1A and SP1B), years — Dob plantaZe u vrijeme sjece (PP1A i PP1B), godine 25
Plantation age at the time of harvest (SP2), years — Dob plantaZe u vrijeme sjece (PP2), godine 26

Planting spacing (SP1A and SP1B), m — Razmak sadnje (PP1A i PP1B), m 656
Planting spacing (SP2), m — Razmak sadnje ( PPZ), m

Number of trees per ha at the time of establishment — Broj stabala po ha u vrijeme osnivanja 278

Number of trees per ha on $P1A and SP1‘B at the e_nd of rotation 268

Broj stabala po ha na PP1A i PP1B na kraju ophodnje

Number of trees per ha in SP2 at the end of rotation — Broj stabala po ha na PP2 na kraju ophodnje 231

Mean diameter at breast height (SP1A and SP1B), cm — Srednji promjer na prsnoj visini stabla (PP1A i PP1B), cm 4

Mean diameter at breast height (SP2), cm — Srednji promjer na prsnoj visini stabla (PP2), cm 38

Net harvested volume (SP1A and SP1B), m*/ha — Neto sjecna gustoca (PP1A i PP1B), m*/ha 396

Net harvested volume (SP2), m*ha — Neto sjecna gustoca (PP2), m*/ha 287.7

Slope, % — Nagib, % =0°
Harvesting method — Metoda sjece Clear—cut — Cista sje¢a
Soil type (SP1A and SP1B) — Tip tla (PP1A i PP1B) Fossil humogley — Ritska crnica
Soil type (SP2) — Tip tla (PP2) Semigley — Semiglej

Note: Sample plot (SP) — Biljeska. Pokusna ploha (PP)

ments, which resulted in the crisscrossing of the felled
trees (Fig. 1 and 3). During the loading of wood assort-
ments in SP2, the forwarder moved between the rows,
or along the strips that were bordered by piled assort-
ments on both left and right side. Apart from that,
there were some branches between the piles, which is
not the case when felling and cross-cutting are carried
out using a chainsaw. Wood assortments were trans-
ported to the felling site and along the skid trail to the
hard truck road where there was a temporary landing.
The average values for the measured elements of the
studied transport cycles are shown in Table 2.

The work time study was applied for the purposes
of this research. A digital watch was used to measure

Table 2 Values of the measured elements in sample plots
Tablica 2. rijednosti izmjerenih elemenata na pokusnim plohama

the duration of the operations, applying the flow
method, with an accuracy of up to one second. The
following forwarder operations were recorded: ma-
nipulation at temporary landing, drive to uplift the
load, manipulation in the felling site, loading of wood
assortments, crossing during loading, and return from
the felling site to the unloading site.

All downtime periods during the forwarder opera-
tion were recorded, especially those related to free
movement of the forwarder between the piles of wood
assortments sorted by the harvester in the course of
felling and cross-cutting operations, since the starting
hypothesis is that in this case it takes less time to load
the logs and to cross from one point to another than

Measured parameter — Mjereni parametar Sample plot 1A Sample plot 2 Sample plot 18
Pokusna ploha 1A | Pokusna ploha 2 | Pokusna ploha 2B

Number of transport cycles — Broj ciklusa izvoZenja 54 40 76

Average log volume, m*/pcs — Prosjecni volumen sortimenta, m*/kom. 0.35 0.34 0.33
Total volume of transported assortments, m® — Ukupni obujam izvezenih sortimenata, m’ 718.85 474.00 973.88
Maximum volume of a load, m® — Najvedi obujam ciklusa izvoZenja, m* 15.18 12.33 15.28
Minimum volume of a load, m® — Najmanji obujam ciklusa izvoZenja, m’ 12.81 11.12 9.89
Average volume of a load, m® — Prosjecni obujam ciklusa izvoZenja, m’ 13.07 11.85 12.81

Nova meh. $umar. 35(2014) 13



M. Danilovic¢ et al. Transport of Technical Roundwood by Forwarder and Tractor Assembly from Poplar Plantations (11-22)

when the forwarder moves on the felling site where
the cutting has been performed with a chainsaw. The
transport distances of the full and empty drive were
measured with an accuracy of up to 1 m. GPS device
Mobile Mapper 10 was used for the measurement.
This paper used conventional statistical and mathe-
matical methods. Statgraphic Plus was used for statis-
tical data processing.

4. Study area — Podrucje istraZivanja

The research was carried out in the regular cuttings
of poplar plantations Populus x euramericana ‘I-214’
in Vojvodina. The performance of John Deere 1210E
forwarder in the first phase of transporting technical
round wood was recorded in a felling site of the FE
»Sremska Mitrovica«, where felling and cross-cutting
operation was performed by John Deere 1470D Eco 11
harvester (Fig. 2), and in a felling site of the FE »Banat«,
»Pancevo«, where the harvesting was carried out with
a chainsaw (Fig. 1). The same felling site was used to
record the work of the tractor assembly that consisted
of Same Laser 130 tractor, Imako 12 t trailer and Loglift
F61, F71 boom (Fig. 3).The transport of wood assort-
ments was carried out in May and June 2012 and 2013.

5. Research results — Rezultati istraZivanja

The total volume of timber transported during the
recording period was 2 166.73 m’. The values calcu-
lated for certain elements of the transport cycle are
shown in Table 3.

The average speed of the forwarder when driving
to take the load (empty vehicle) in all transport cycles in

Fig. 1 Full forwarder in sample plot 1A
Slika 1. Natovareni forvarder na pokusnoj plohi 1A

Fig. 2 Loading of assortments in sample plot 2
Slika 2. Utovar sortimenata na pokusnoj plohi 2

Fig. 3 Loading of assortments in sample plot 1B
Slika 3. Utovar sortimenata na pokusnoj plohi 1B
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Fig. 4 Average speed on sample plots
Slika 4. Prosjecna brzina na pokusnim plohama

14

Nova meh. Sumar. 35(2014)



Transport of Technical Roundwood by Forwarder and Tractor Assembly from Poplar Plantations (11-22) M. Danilovic¢ et al.

Table 3 Elements of a transport cycle
Tablica 3. rijednosti elemenata transportnoga ciklusa

o Sample plot 1A Sample plot 2 Sample plot 1B
Measured parameter — Mjereni parametar
Pokusna ploha 1A | Pokusna ploha 2 | Pokusna ploha 2B
Mean transport distance on the felling site, m — Srednja udaljenost izvoZenja na radilistu, m 753.0 2785 1839.6
Mean transport distance on the road without pavement, m
) ) o ) 398.7 320 263.6

Srednja udaljenost izvoZenja na zemijanom putu, m
Mean converted transport distance, m — Srednja pretvorbena udaljenost izvoZenja, m 1003.4 396.4 2052.7
Coefficient of conversion — Koeficijent pretvorbe 0.737 0.809 0.628
Average speed on the felling site, m/min — Prosjecna brzina na radilistu, m/min 61.3 67.8 83.3
Averggve spegd on the rogd without pavement, m/min 776 736 102.9
Prosjecna brzina na zemijanom putu, m/min
Loading time, min/m* — Vrjeme utovara, min/m’ 0.99 0.95 1.24
Unloading time, min/m® — Vrjjeme istovara, min/m’ 0.34 0.31 0.59
Average distance when crossing the felling site during loading, m 130 316 79
Prosjecna udaljenost premjestanja na radilistu kod utovara, m ' ' '
Crossing and manipulation time, min/cycle — Vrijeme prelaZenja i manevriranja, min/ciklus 3.50 1.90 2.7
Manipulation time on the roadside landing, min/cycle

N o . I 0.81 0.74 0.91
Vrijieme manevriranja na pomo¢nom stovaristu, min/ciklusu

80
Full forwarder over the felling site on sample plot 2

Optereceni forvarder po sjecini na pokusnoj plohi 2
75 —
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Fig. 5 Dependence of the average forwarder speed (full vehicle) in
the felling site on load volume

Slika 5. Ovisnost prosjecne brzine opterecenoga forvardera o obuj-
mu tovara na radilistu

SP1A was 71.6 m/min, while it amounted to 62.1 m/min
on the way back (full vehicle). When the forwarder
moved along the dirt roads of the poplar plantation,
its average speed was 81.5 m/min when it was empty
and 74.0 m/min when it was full. In SP2, the forward-

er reached the average speed of 81.8 m/min when driv-
ing to take the load and 58.2 m/min on the way back.
The average speed of the forwarder on the dirt road
was 78.5 m/min when it was empty and 69.8 m/min
when it was full.

The average speed of the vehicle in the felling site
of SP1A was significantly different from the average
speed of the vehicle in SP2 (F=7.2, p=0.009). The cor-
relation between the speed of a full vehicle and the
load volume was studied in SP2, where the differ-
ences between the minimum and maximum load vol-
ume were the greatest.

The average movement time of a loaded transport
vehicle is shorter than the time achieved by an empty
transport vehicle, regardless of the road category. The
difference in the speed was the greatest in the felling
site in which a harvester was used for felling and
cross-cutting and it amounted to 28.6%.The correlation
between the average time spent on the movement of
the full forwarder on the felling site in SP2 (Fig. 5) and
the load volume is presented by the following for-
mula:

1

V.= , (R=0.533, Sr=0.0033)
(~0.0047 +0.002- q)

The time needed for loading and unloading is de-
pendent on the average log volume and load volume
(Tafts and Brinker 1993, Gullberg 1997, Vaatdinen et al.
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Slika 6. Ovisnost viemena utovara o prosjecnom obujmu komada

2005). Besides, the loading time varies with the ar-
rangement of the assortments in the felling site, which
motivated us to carry out this research. The loading
time, expressed in min/ m?, decreases with an increase
in the log volume (Fig. 6).

The loading time decreases with an increase in the
log volume, and this correlation is moderate to high
(R ranges from 0.493 to 0.543). The function models of
the studied correlation are presented in Table 4.

Table 4 Regression models for the correlation between the loading
time and average log volume

Tablica 4. Regresijski modeli ovisnosti vremena utovara o prosjec-
nom obujmu komada

Sample plots
Pep Function — Ovisnost R Sr
Pokusne ploha
;= 1
= —
1A (1.717 _0.239 J 260 | 0122
m
A1
1B t,=0.597 + 0.115 24.3 0.074
m
0.277
2 f=0542+ =7 298 | 0089

Note: loading time — t,, average log volume, m?
Bilieska: vrijeme utovara — t,, prosjecni obujam sortimenta, m?

This time is also affected by the number of logs that
are simultaneously loaded with one grip of the hy-
draulic boom. Sometimes the hydraulic grapple grips
several logs at the same time, which reduces the good
effects of the greater volume of logs. This is less fre-
quent in the felling site where chain saws have been
used for felling and cross-cutting, because the logs are
crisscrossed there, so it is less possible to lift several
logs in one grip. Even if it were possible, it would take
more time to make a grip than when only one log is
loaded. This is not the case with unloading the wood
assortments because less time is wasted on making a
grip. The results of the analysis of variance show that
there is a statistically significant difference (F = 101.9,
p=0.000) in the average time needed to load technical
roundwood in the study area. There are differences in
the loading time between the tractor assembly and
forwarder, but there is no difference in the loading
time of forwarders, regardless of the cutting method
(F=3.58, p=0.061). The unloading time was not stud-
ied, given the differences in the time of loading. How-
ever, in this case, the hypothesis that there are signifi-
cant differences in the loading time depending on the
harvesting method was not proven, although the log
volume was approximately the same.

The average manipulation time (moving and posi-
tioning of the vehicle) when loading the wood assort-
ments was the longest in SP1A and the shortest in SP2.
There was no statistically significant difference in the
manipulation time between SP1A and SP1B (F =1.310,
p = 0.255). The average manipulation time in these
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Fig. 7 Proportion of work time to downtime
Slika 7. Udio efektivnoga vremena rada i vremena prekida rada
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sample plots amounted to 0.23 min/m’. On the other
hand, there was a statistically significant difference in
the forwarder manipulation time between SP1A and
SP1B (F = 68.85, p = 0.000). The average manipulation
time in SP2 was 0.16 min/m’.The proportion of work
time to downtime is shown in Fig. 4. The work time of
the studied vehicles ranged from 66.2% to 70.8%. The
proportion of downtime was the greatest in transport-
ing technical roundwood by tractor assembly (Fig. 7).

The greatest share of downtime refers to prelimi-
nary final time. Breaks and rests account for a slightly
smaller share. The share of downtime due to organi-
zational failures ranges from 13 to 19.5% of the total
downtime, depending on the vehicle (Fig. 8).

The share of downtime in full and empty drive is
different and it depends on the type of vehicle used. It
is the smallest in SP2 and amounts to 3.2% of the total
downtime, while it is the greatest in the movement of
the tractor assembly and amounts to 14.3%. The share
of downtime is greater in SP1A than in SP2, which is
probably due to the arrangement of wood assortments
in the stand. The length of downtime in loading and
unloading is the shortest in SP2 which is due to the
arrangement of wood assortments in the felling site.
The share of downtime was affected by the operator
skills, the state of the vehicle, organization of the work-
ing operations, etc. Good organization of work actu-
ally means that it is a great advantage if there is a place
near the felling site where the vehicle can be parked at
the end of a working day. Basically, this has been a

practice in the FE »Sremska Mitrovica« for a long time
and recently in the FE »Pancevo, as well. This practice
is time efficient, meaning that the vehicles achieve bet-
ter productivity.

Fuel consumption was determined by the method
of refilling the tank. The fuel was transported to the
place where the vehicle was parked and then poured
into the tank. Upon completion of the work, the tank
was refilled. The vehicle had to be parked on a level
surface during the process. The fuel was refilled to the
top of the fuel tank, and the tank was checked at the
beginning of the working process in case it had to be
filled up with fuel. The fuel consumption refers to
working time of the tractor engine (running tractor).
The results of the measurements are shown in Table 5.

Table 5 Fuel consumption
Tablica 5. Potrosnja goriva

Sample plots — Pokusne plohe
1A 2 1B
Lh
Fuel consumption 184 | 817 | 1105
Potro$nja goriva L/m?
0.92 0.77 0.91

The coefficients for converting the mean transport
distance on a dirt road into the mean transport dis-
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Slika 9. Ovisnost proizvodnosti o udaljenosti izvoZenja drva

tance on the felling site are given in Table 3. The aver-
age outputs that the tractor achieves when transport-
ing technical roundwood, with the average log volume
amounting to 0.3 m’, are presented in Fig. 9.

Direct daily operating costs of John Deere 1210E
forwarder, calculated based on standard calculations,

amount to 463.2 €/day, while the costs of the tractor
assembly amount to 207.6 €/day.The purchase price of
a forwarder is EUR 288,000, and of the tractor assem-
bly EUR 76,335. The annual interest rate is 6.5%.
Amortization period for both types of vehicles is 5
years, and the price of fuel is 1.36 €/L. The unit costs
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Fig. 10 Dependence of unit costs on forwarding distance and log volume
Slika 10. Ovisnost jedinicnoga troska o udaljenosti izvoZenja drva i obujmu komada

18

Nova meh. Sumar. 35(2014)



Transport of Technical Roundwood by Forwarder and Tractor Assembly from Poplar Plantations (11-22) M. Danilovic¢ et al.

were calculated based on daily direct labor costs and
the achieved outputs. Fig. 10 shows the unit costs and
their dependence on the transport distance and log
volume.

6. Discussion — Rasprava

The efficiency of the vehicles used in the opera-
tions of the first phase of transport in lowland areas
has been the subject of a number of studies, which
have quantified the effects of different factors. This
research is based on the fact that multifunctional
machinery is commonly used in the forestry of Ser-
bia, especially in the operations of felling and cross-
cutting of wood assortments in the plantations of
soft broadleaves. John Deere 1470D ECO III har-
vester achieves significant outputs in the operations
of felling and cross-cutting in regular cuttings of
poplar plantations, but if we compare the unit costs
of felling and cross-cutting operations carried out
by a harvester with the costs of the same operations
done with a chainsaw, we can see that, under the
same working conditions, the unit costs are consid-
erably lower when a chainsaw is used (Danilovic et
al. 2011).This is due to the high fixed costs of felling
and cross-cutting by a harvester in comparison to
the fixed costs of the same operations performed
using a chainsaw. The differences in the costs are
bigger in the case of long pulpwood. All the benefits
should be considered by studying the working ef-
ficiency in the phase of felling and cross-cutting and
in the phase of transporting the wood assortments.
The use of different equipment for felling and cross-
cutting has different impacts on the working effi-
ciency of the equipment used in the operations of
transporting wood assortments.

The results of these investigations show that
there are differences in the basic working norms (av-
erage speed of the vehicle moving on the felling site,
average loading time and average manipulation
time in the felling site) between the investigated
means of work. These differences confirm the initial
hypothesis that it is more advantageous to use a for-
warder in the felling site, where felling and cross-
cutting have been performed by a harvester. The
difference in the average driving speed of forward-
ers in these two sample plots is about 10%, which
can be attributed to some extent to the difference in
the harvesting method applied (Fig. 4). Since this
research study has not been carried out in strictly
controlled conditions, there are some other factors
that could not be determined, but could possibly

affect the results. The time needed to drive both a
full and an empty vehicle vary with the distance and
driving speed, which are generally affected by geo-
physical factors (Manner et al. 2013). The average
speed achieved by the forwarder in the felling site,
where the chainsaw was used for felling, is not sig-
nificantly different from the speed values obtained
in previous research studies carried out in simi-
lar conditions (Jezdi¢ et al. 1999, Danilovi¢ 2010,
Danilovic et al. 2012b). In this case, the branch wood
that remained on the strips after felling and cross-
cutting by a harvester could not significantly affect
the movement of a forwarder, because the soil was
dry.

The loading time is slightly shorter when trans-
porting wood from the felling site where the prior
felling has been performed by a harvester, which is
expected because the logs are less crisscrossed in the
process of felling and cross-cutting, and conse-
quently it takes less time to load the forwarder. The
difference is small though and amounts to 5%. The
situation is different with the manipulation time
(forwarder maneuvering and positioning), i.e. the
manipulation time is considerably shorter (about
45%) when technical round wood of soft broad-
leaves is transported from the felling site where har-
vester has been used for felling. This is affected by
the arrangement of assortments, possibility to form
the load from a smaller number of standing points
and less need to bypass obstacles. In the opposite
case, the forwarder comes across a greater number
of high obstacles, which makes the coefficient of ob-
stacle by passing higher and the distance greater. If
we look at the structure of downtime, it can be seen
that the share of downtime in driving and in loading
and unloading is significantly lower in SP2, which
can also be attributed to the state of soil and to the
arrangement of assortments. Kuitto et al. (1994) out-
line that the loading time depends on the concentra-
tion of wood assortments in a felling site. The share
of downtime in unloading is insignificant. The effi-
ciency of the forwarder is evaluated based on the
quantification of several factors, which was done, in
this case, through a comparative analysis of the ba-
sic working norms. The results of this analysis show
that the working efficiency of the forwarder was
greater in the felling site, where the harvester had
been used for felling and cross-cutting. The working
efficiency of this vehicle used in the final cuttings
of soft broadleaves is similar to the efficiency of
different types of forwarders studied in previ-
ous researches (Jezdi¢ et al. 1995, Jezdi¢ et al. 1999,
Danilovi¢ 2010, Danilovic et al. 2012a).
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On extremely difficult terrains, with low bearing
capacity, the movement of the forwarder would be
easier if a bogie track was attached. Bogie tracks
have never been used in the lowland forests of Vo-
jvodina, so it would be good to determine their
impact on the efficiency of forwarders. In the for-
estry of Finland, bogie tracks are used all the year
round, regardless of weather conditions (Suvinen et
al. 2006).

In lowland areas, we can make a choice between
the tractor and articulated vehicles in the first phase
of transporting roundwood. Tractor assemblies are
more applicable in favorable terrain conditions since
harsh conditions entail low soil bearing capacity and
strong presence of shrub vegetation. From a techni-
cal aspect, forwarders are better suited for these con-
ditions. The results of this research study show that
the average speed of the tractor assembly, made of
Same Laser 130 tractor, Imako 12 t trailer and Loglift
F61 boom, was by 35.9% higher than the average
speed achieved by John Deere 1210E forwarder. It
should be emphasized that the conditions were fa-
vorable and that hence such results were expected.
There was also a difference in the manipulation time,
i.e. the time needed to manipulate the forwarder was
by 29.6% longer that the time needed to manipulate
the tractor assembly.

The forwarder also showed an advantage regard-
ing the time of loading and unloading, since it took
37.6% more time to load the tractor assembly. Con-
cerning the basic working normes, it can be conclud-
ed that in the given study conditions, the tractor as-
sembly is an economically more suitable means of
transport. Smaller forwarders can be used as an al-
ternative means of transport for thinning operations
in the plantations of soft broadleaves. Porsinsky et
al. (2011) recommend the use of smaller forwarders
in the thinning of hard broadleaves.

7. Conclusions — Zakljucci

The following conclusions can be reached on the
basis of the analysis performed:

= The average driving speed of John Deere 1210E
forwarder in the felling site, where the felling
was done with a chainsaw, is lower than the av-
erage speed in the felling site where a harvester
was used for felling and cross-cutting;

= In the same working conditions, a tractor as-
sembly reaches a higher average driving speed
than a forwarder;

= The average driving speed of a forwarder on the
felling site significantly decreases with an in-
crease in the load volume;

= Loading time decreases with an increase in the
log volume and the average loading time per
unit is the shortest in the sample plot where fell-
ing was carried out by a harvester, while it is the
longest if the assortments are transported by a
tractor assembly;

= The forwarder manipulation time is significant-
ly shorter in the sample plot where the felling
was carried out by a harvester;

= The driving downtime, as well as the loading
and unloading downtime, is the shortest in the
sample plot where the felling was carried out by
a harvester;

= Under the study conditions, tractor assemblies
are more convenient from the economical point
of view.
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Transport tehnicke oblovine pomocu forvardera
i traktorske ekipaze iz topolovih plantaza

Clanak je rezultat istraZivanja radne uéinkovitosti forvardera i traktorske ekipaZe na podrucju odabranih
pokusnih ploha u topolovim plantazama, u kojima su primijenjene razlicite metode rada pri sjeci i izradi droa.
Osnovni je cilj rada istraZiti utjecaj rasporeda dronih sortimenata na brzinu kretanja sredstva za privlacenje
drva, na vrijeme potrebno za utovar i rukovanje (manevriranje) sredstvom za rad te na ukupni radni ucinak
sredstva za rad. IstraZivanje je provedeno u Vojvodini na podrucju poduzecéa »Vojvodina Sume«. Ukupno je
snimljeno 170 ciklusa i izvezeno 2 166,73 m’ tehnicke oblovine. Rezultati istraZivanja pokazuju da se forvarder
brze krece na radilistu gdje se sjeca i izrada obavljaju pomocu harvestera. Brzina kretanja sredstva za rad bila
je 10 % veca, a utovar forvardera trajao je 5 % manje vremena. Dobivene razlike znatno su vece vezano uz
vrijeme rukovanja (manevriranja i pozicioniranja) sredstva za rad tijekom utovara drva. Brzina kretanja sma-
njuje se povecanjem obujma tovara, a niza potrosnja goriva utvrdena je na radilistima gdje su sjeca i izrada
obavljene harvesterom. Pri istim uvjetima rada traktorska ekipaza postize bolju proizvodnost zato sto postize
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pri kretanju znacajno veéu brzinu. Razlike u prosjenom obujmu tovara nisu bile tako velike, sto znacajno
utjece na proizvodnost traktorske ekipaze. IstraZivanjem je potvrdena pocetna teza da forvarder ostvaruje veci
radni u¢inak na radilistima na kojima su sjeca i izrada drva provedene harvesterom.

Kljucne rijeci: forvarder John Deere 1210E, traktorska ekipazZa, izvoZenje drva, tehnicka topolova oblovina,
ucinkovitost, troskovi
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Znanstveni rad — Research article

Gazenje tla pri izvozenju drva forvarderom
u sje¢inama hrasta luznjaka

Zdravko Pandur, Tomislav Porsinsky, Marijan Susnjar, Marko Zori¢, Dinko Vusi¢

Nacrtak — Abstract

GazZenje tla kao posljedica kretanja Sumskih vozila utjece na rast i prirast sastojine te ga je
potrebno svesti na najmanju mogucu razinu. Neke su od mjera smanjenja gaZenja tla odabir
prikladnoga sustava pridobivanja drva, ali i oblika sekundarne mreZe sumskih prometnica (uz
nadzor kretanja vozila po njima) te obavezno usmjereno rusenje stabala.

U radu je prikazano gaZenje tla forvarderom na dvama susjednim radilistima pri izvoZenju
drva nakon provedenoga dovrsnoga sijeka hrasta luznjaka. IstraZivani je forvarder bio oprem-
ljen sustavom Fleet Management (FMS) pomocu kojega je omoguceno daljinsko pracenje
njegova rada, odnosno njegova poloZaja pri kretanju po istraZivanim sjecinama.

Dobiveni rezultati pokazuju da je gaZenje tla istraZivanih sjecnih jedinica preveliko (> 30 %
povrsine) te da se boljom organizacijom rada ono moZe smanjiti na prihvatljiou mjeru.

Kljucne rijeci: gaZenje tla, forvarder, nizinske sume, organizacija rada, sekundarno otvaranje

1. Uvod - Introduction

Pocetak transporta drva u spacvanskim Sumama
pada u 19. stoljece, kada zapocinju intenzivnije sjece
radi proizvodnje hrastovih duZica za izradu bacava u
Francuskoj i Njemackoj. U ono vrijeme transport drva
karakterizira privlacenje volovskim i konjskim sprega-
ma, prijevoz zapreznim kolima tzv. »parizerimac,
plavljenje i splavarenje vodom, koristenje gravitacije
te iznoSenje drva ljudskom snagom. Koncem 19. i po-
¢etkom 20. stoljeca zapocinje mehaniziranje transpor-
ta drva, u kojem glavnu ulogu ima uvodenje Sumskih
zZeljeznica (Krpan 1992).

U danasnje vrijeme vozila koja se primjenjuju za
primarni transport drva u nizinskim Sumama (drvo se
ne vuce po tlu, ved se kotura — izvozi na kotacima)
uglavnom su specijalna Sumska vozila — forvarderi i
traktorske ekipaZze. Forvarderi se primjenjuju kao
radno sredstvo za izvoZenje drva u sje¢inama glavno-
ga prihoda drva (oplodne sjece), dok se u sjeCinama
prethodnoga prihoda (prorede) koriste traktorski sku-
povi (ekipaZze). Uporaba tih vozila uvjetuje sortiment-
nu metodu izradbe drva zbog ogranicene duljine nji-
hova utovarnoga prostora.

Slabak (1983) navodi da je privlacenje drva najzna-
cajnija i najskuplja sastavnica pridobivanja drva te kao
klju¢nu dvojbu smatra pitanje da li drvo vudi po tlu ili
izvoziti na kotacima. Isti autor navodi da je izvozenje
drva tradicionalno uobicajen nacin privlacenja drvana
podrudju tadadnjega SSGO-a »Slavonske sumex.

Sever (1980) spominje da se uvodenjem specijalnih
Sumskih vozila omogucilo i uvodenje novih tehnolos-
kih procesa u polufazi privlacenja drva. Prvi forvard-
eri u Hrvatskoj primjenjuju se od 1971. godine, i to dva
tipa Kockums 836B (Slabak 1983). Krpan (2000) navo-
di da su u to vrijeme u hrvatskim Sumama radila 32
forvardera, dok Porsinsky (2005) daje podatak da se
krajem 2004. u vlasnistvu trgovackoga drustva »Hr-
vatske Sume« d.o.0. nalazi 25 forvardera te procjenju-
je da privatni poduzetnici imaju jos 40 forvardera.

Mehanizacija koja sluzi u primarnom transportu
drva nije sama sebi svrha, vec je njezina uloga, osim
zamjene ljudskoga rada strojnim, povecanje moguc¢no-
sti da se dosegne optimalno funkcioniranje Sume
(Horvat 1993). Horvat naglasava da primjena mehani-
zacije ima i negativne posljedice pogotovo ako posto-
ji nesuglasje u bioloski zamisljenim radnjama i realnim
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mogucnostima strojeva. Te se posljedice opazaju kao
Stete na Sumskoj sastojini i staniStu, Sto povecava osjet-
ljivost Sumskoga ekosustava na bolesti, zagadenje
okolisa te uvjetuje smanjenje proizvodnosti Sume.

Radi $to boljega nadzora rada strojeva u novije se
vrijeme takva vozila opremaju sustavom koji omogu-
¢uje daljinsko pracenje njihova rada FMS-om (engl.
Fleet Management System). Prva je primjena FMS-a bila
u voznim parkovima cestovnih vozila, a poslije se radi
brojnih koristi pocinje primjenjivati i na vozilima koja
se krecu izvan putova (Pandur 2013).

Dobrom organizacijom rada smanjuje se Stetan
utjecaj kretnoga sustava vozila na tlo ograni¢avanjem
kretanja vozila po unaprijed odredenoj i obiljeZzenoj
(traktorske vlake) ili izgradenoj (traktorski putovi)
mrezi sekundarnih Sumskih prometnica. Samim time
smanjuje se povrsina izgazenoga tla koja u prvom
redu ovisi o primijenjenom sustavu pridobivanja drva,
koji u ovom slucaju ukljucuje izvozenje sortimentnom
metodom izradenoga drva forvarderom te organizaci-
jiipripremi rada, Sto se ponajprije odnosi na usmjere-
no rusenje stabala (Horvat 1993, Porsinsky 2005).

2. Problematika i cilj istrazivanja — Scope
and objectives

Strojevi koji sluze za pridobivanje drva, posebno
oni koji za obavljanje rada koriste tlo kao nosivu pod-
logu kretnoga postroja (kotac¢noga ili gusjeni¢noga)
vozila mogu uzrokovati oste¢enja Sumista. Ta se oste-
¢enja najvise odnose na Sumsko tlo, $to se posljedi¢no
odrazava i na vegetaciju kojoj je tlo jedan od osnovnih
preduvijeta za opstanak i razvoj. Izravne Stete koje se
javljaju na Sumskim tlima izazvane su zbijanjem cesti-
ca tla prolaskom vozila, njegovim premjestanjem te
prodorima kotaca u tlo posebno kod njegove ograni-
dene nosivosti.

Sumska tla imaju slozenu slojevitu strukturu u ko-
joj se nalaze primjese kao $to su korijenje i/ili kamenje
i kao takva su uvijek prekrivena organskim materija-
lom (Robek i Matthies 1996).

Problem zbijanja Sumskoga tla povecava se ubrza-
nim razvojem mehaniziranih sredstava i rasta njihove
primjene pri izvodenju sumskih radova. Sumska vozi-
la postaju sve ve¢ih masa, a razlozi su u zahtjevima za
povecanjem proizvodnosti te njihove primjenjivosti i
trajnosti (Rieppo i dr. 2002). Moguc¢nost opremanja
vozila s dodatnom opremom (dizalica, vitlo ...) te
mjera opreza od preopterecenja vozila takoder djeluju
na povecanje njihove mase.

Zbijanje Cestica tla uzrokovano je okomitim djelo-
vanjem opterecenoga kotaca na tlo te obodnom silom

Gazenje tla pri izvozenju drva forvarderom u sjecinama hrasta luznjaka (23-34)

koja se javlja na pogonskom kotacu zbog koje nastaje
klizanje. Zbog opterecenja kotaca na tlo javlja se napre-
zanje u tlu, Sto uzrokuje smanjenje poroznosti tla, po-
vecanje gustoce tla te smanjenje meduagregatnoga
prostora. Time se pogorsava toplotni i zracni rezim u
tlu, smanjuje se propusnost tla za vodu te se oteZzano
razvija korijenski sustav stabala. Povecanje gustoce tla
utjece na asimilaciju korijenskoga sustava zbog sma-
njenja pora i udjela vlage u tlu, a to je uzrok nedostup-
nosti hraniva, sto je pak glavni uzrok smanjenja rasta
i prirasta biljaka (Quesnel i Curran 2000, Han 2006,
Reisinger i dr. 1992, Grigal 2000).

Vossbrink i Horn (2004) napominju da teski Sumski
strojevi imaju ozbiljan utjecaj na fizicke znacajke tla
poput poroznosti, provodljivosti topline, kapaciteta tla
za vodu te na rast korijenja biljaka. Da bi tlo zadrzali
u prirodnom stanju, nuzne su promjene u planiranju,
ali i izvodenju postupaka pridobivanja drva, sto se
moze postici ogranicavanjem kretanja vozila po po-
godnim oblicima mreZe sekundarnih Sumskih promet-
nica. Zbog navedenih negativnih posljedica upotrebe
teskih vozila autori postavljaju nekoliko pitanja:

= Koliki je utjecaj vozila na sSumsko tlo i koliko se
naprezanje javlja na razli¢itim dubinama u pod-
tlu ispod kotaca vozila?

= Kako se mijenjaju nosivost i ¢vrstoca tla te ras-
pored pora u tlu nakon opterecenja?

= Kakav je utjecaj kretanja vozila na propusnost
tla za zrak i vodu te na postojanost pora?

= Postoji li bojazan od utjecaja na rast i prirast
drveda?

= Koje su moguce smjernice za pridobivanje drva
u buduénosti?

U ostecenja tla koja nastaju prolaskom vozila po
Sumskom tlu ubraja se i gaZenje tla koje se definira kao
dio povrsine po kojoj se krec¢u vozila u odnosu na
ukupnu povrsinu sjecne jedinice (odjel/odsjek) na ko-
joj se izvode radovi (Horvat 1994). Povrsina je gaZenja
znacajan parametar oStecenja Sumskoga tla pri
izvozenju drva forvarderima (PorSinsky 2005) koji se
krecu po povrsini sjecne jedinice utovarujuci izradene
drvne sortimente.

Kod metode CTL (engl. Cut-to-lenght) ili sortiment-
ne metode izradbe drva posljedica je manje oste¢ivanje
tla iz razloga, $to se kod navedene metode opcenito
smatra da se drvo izvozi na kotac¢ima (forvarderom)
pri ¢emu se tlo oStecuje samo voznim sustavom vozi-
la u odnosu na privlacenje drva skiderima gdje se tlo
ostecuje i voznim sustavom, ali i vuéenim drvom
(Rummer 2002). Usporedujuci pet razlicitih sustava
pridobivanja drva izradenoga metodom CTL, Seixas i
dr. (1995) zaklju¢uju da je najmanje ostecenje prouzro-
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¢eno kombinacijom feler bancer — rucno-strojna iz-
radba drva motornom pilom — forvarder pri cemu je
gazenje tla svedeno na 26 %. Kod sustava harvester —
forvarder, pri kojem harvester prilazi svakomu stablu
(eng. drive-to—tree system) gazenje je tla iznosilo 39 %,
dok je kod upotrebe konjskih sprega gaZenje iznosilo
42 %. Ti su rezultati upitni zato Sto se prema opcepri-
hvacenoj organizaciji rada harvester treba kretati (na-
kon njega i forvarder) po unaprijed odredenim sekun-
darnim Sumskim prometnicama pri ¢emu se gazenje
tla smanjuje na najmanju mogucu mjeru.

Provodedi istrazivanja u devet razlicitih sastojina u
francuskim Sumama, Bigot i Cacot (2002) zakljucuju
da se kod ruc¢no-strojne sjece i izradbe te privlacenja
drva skiderom odnosno forvarderom udio gazenoga
tla kretao od 38 % u prorednim sje¢inama, dok je kod
dovrsnoga sijeka taj udio iznosio do 54 % povrsine
sjecne jedinice. Smatraju da je tako velik iznos gazenja
tla posljedica loSe organizacije privlacenja drva, sto
znaci da bi vozadi prije pocetka rada trebali odvojiti
vrijeme da pregledaju radiliste, pogotovo osjetljiva
podrudja na njemu, raspored srusenih stabala te
povrsinske prepreke mada bi sve te aktivnosti trebalo
provesti prije sjece, tj. prvo odrediti sekundarne
Sumske prometnice prema kojima se odreduje smjer
ruSenja stabala. Isti autori navode da bi privlacenje
drva trebalo biti racionalizirano podjednako iz eko-
nomskih i okolisnih razloga. Radi smanjenja ostecenja
stanisSta iznose nekoliko jednostavnih savjeta:

= nuzna je dobra organizacija svih sastavnica iz-

vodenja radova uz koordinaciju medu njima,
= posebnu paznju posvetiti okoliSno prihvatljivomu
nacinu privlacenja drva (kretanje vozila iskljucivo
po predodredenim sekundarnim Sumskim
prometnicama kako bi se smanjilo gazenje tla),
= na osjetljivim Sumskim stanistima preporucuje se
pokrivanje traktorskih vlaka Sumskim ostatkom
radi smanjenja dubine kolotraga i zbijanja tla,

=> upotreba je lanaca i polugusjenica nuzna samo

ako to uvjeti na terenu zahtijevaju.

Lanford i Stokes (1995) zakljucuju da privlacenje
skiderima primjenom stablovne metode izradbe uz-
rokuje vedi udio gaZene povrsine te veée zbijanje tla u
odnosu na izvozenje sortimentnom metodom
izradenoga drva forvarderima. McNeel i Ballard
(1992) smatraju da kod sustava harvester — forvarder
sekundarne prometnice zauzimaju manje od 20 %
ukupne povrsine sastojine. Bettinger i dr. (1994) dolaze
do sli¢nih zakljucaka gdje ukupan udio sekundarnih
prometnica zauzima 23 % povrsine sje¢ine pri istom
sustavu pridobivanja drva.

Istrazujudi gazenje tla kod Ciste sjece topole feler
bancerom te privlacenja cijelih stabala skiderom s klje-

Z.Panduri dr.

Stima, Zenner i dr. (2007) zakljucuju da ukupan udio
povrsine traktorskih vlaka u odnosu na povrsinu
sjecine iznosi 31 %.

Han je (2006) usporedivao dva radilista slicnih zna-
Cajki pri Cistoj sjeci duglazije i zakljucio da pri sortiment-
noj metodi upotrebom harvestera i forvardera gazenje
tla iznosi 20 %, a kod stablovne metode izradbe upo-
trebom feler bancera, procesora i skidera s klijestima i
hvatalom gazenje tla iznosi 25 % povrsine sjecne je-
dinice.

McMahon i dr. (1999) istrazuju gazenje tla pri sjeci
kalifornijskoga bora bagerom opremljenim sje¢cnom
glavom te privlacenje stabala skiderom s kljestima.
Njihovi rezultati pokazuju da je ¢ak 66 % povrsine sje-
¢ine izgaZeno, pri ¢emu je 20 % izgaZene povrsine bilo
optereceno s vise od 20 prolazaka vozila, Sto autori
smatraju prevelikim oStecenjem tla.

U gotovo svim navedenim slucéajevima osnova je
za prikupljanje podataka o gazenju tla vozilom analiza
koordinata dobivenih u GIS-u pomoc¢u GPS-ova sus-
tava, odnosno GPS-ova prijamnika ugradenoga na
praceno vozilo. Na taj se nacin Han i dr. (2009) sluze
GPS-ovim uredajem za snimanje putanja kretanja
skidera i forvardera pri privlacenju drva izradenoga
razli¢itim metodama. Snimanje je koordinata bilo na-
mjesteno na svakih 15 m kretanja vozila, a dobiveni su
rezultati sluzili za izracun povrSine gaZenja tla sastoji-
ne uz pomo¢ programskoga paketa ArcGIS 9.1.

Han (2006) spominje da je prikupljanje, odnosno
obrada dobivenih podataka u ovisnosti o broju prolaza
vozila na opisani nacin sloZena, ali u konacnici omo-
gucuje jasan vizualan prikaz jako opterecenih sumskih
povrsina. Takav nacin ujedno omogucuje i stvaranje
baze podataka kretanja strojeva po sjecini (Bettinger i
dr. 1994) koja se moze koristiti za buduce planiranje
izvodenja radova, odnosno odabira najpogodnijega
sustava pridobivanja drva.

Velik broj istrazivanja upucuje na to da se najvedi
negativan utjecaj na tlo dogada upravo nakon prvoga
prolaza vozila (Lacey i Ryan 2000, Startsev i McNabb
2000, Nugent i dr. 2003, Porsinsky 2005, Porsinsky i
Stanki¢ 2006). Ta tvrdnja ide u korist ¢injenici da se
vozilo treba kretati iskljucivo po unaprijed predodre-
denim sekundarnim sumskim prometnicama. Buducéi
da je neoSteceno Sumsko tlo osnovni preduvjet za nes-
metan razvoj vegetacije i mikroorganizama u tlu, nje-
govo se zbijanje treba sprijeciti Sto je viSe moguce
(Amporter i dr. 2009.).

Gazenje ovisi u prvom redu o primijenjenoj tehno-
logiji i metodi rada, organiziranosti i pripremi rada,
upotrijebljenim sredstvima rada i sl., dok zbijanje tla
ovisi uglavnom o voziluy, stanju i svojstvima tla te masi
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Tablica 1. Model procjene oSteéenja stanista (Wasterlund 2002)
Table 1 Model for site disturbance assesment (Wésterlund 2002)

Dubina kolotraga, cm IzgaZzena povrsina, % od povrSine sjetne jedinice — Disturbed area, % of cut-block area
Rut depth, cm <10% 10-20% 20-30% >30%
<bcm Nema —No Nema —No Malo — Some Veliko — Great
5-99cm Nema — No Malo — Some Veliko — Great Vrlo veliko — Serious
10-14,9cm Malo — Some Veliko — Great Vrlo veliko — Serious Vrlo veliko — Serious
15-19,9¢cm Veliko — Great Vo veliko — Serious Vtlo veliko — Serious Neprihvatljivo — Unacceptable
>20cm Neprihvatljivo — Unacceptable

tereta koji se privlaci (Susnjar 2005, Susnjar i dr. 2006,
Porsinsky i dr. 2011, 2012).

Skandinavski model za procjenu razine oStecenja
staniSta pri izvozenju drva forvarderima (tablica 1)
prikazuje Wasterlund (2002). Navedeni model procjen-
juje razinu oStecenja tla na osnovi izgazene povrsine
sjecne jedinice i dubine kolotraga.

Porsinsky (2005) na temelju vlastitih rezultata te na
temelju rezultata viSe istrazivanja navedenih autora
zakljucuje da se na gaZenje tla uz pojedine znacajke
vozila najvise moze utjecati pripremom rada i drugim
organizacijskim mjerama.

Ciljje ovogaistrazivanja utvrditi gaZenje tla pomocu
GPS-ova uredaja koji je sastavni dio mobilne jedinice,
odnosno FMS-a pri izvoZenja drva (trupaca, energijsk-
oga drva i Sumskoga ostatka) forvarderom iz sastojina
hrasta luznjaka u kojima je proveden dovrsni sijek.

3. Mjesto, objekt i metode istrazivanja
Place, object and methods of research

Istrazivanje je gazenja tla pri izvozenju drva prove-
deno u nizinskim luZznjakovim Sumama donje Posavine
u odsjeku 64f, gospodarske jedinice Debrinja, Sumarije
Strosinci, Uprave suma podruznice Vinkovci. Odsjek
64f je zrela (dob 121 godina), mjeSovita, dvoetazna sas-
tojina hrasta luznjaka s obi¢nim grabom (Carpino betuli-
Quercetum roboris Horvat 1938) s primijeSanim poljskim
jasenom, klenom, vezom i topolom, vrlo dobre kakvoce,
stablimicne strukture i potpunoga sklopa, nastala iz
sjemena. Sastojina se razvila na ravnom terenu nadmor-
ske visine 80 m, koji ¢ini prijelaz nize ka gredi. Pripada
uredajnomu razredu hrasta luznjaka (gospodarenje uz
ophodnju od 140 godina), odnosno ekolosko-
gospodarskomu tipu II-G-10. Plostine je 8,12 ha, sa sred-
njom udaljenosti privlacenja od 200 m.

Sukladno smjernicama gospodarenja, u odsjeku je
2012. proveden dovrsni sijek radi obnove sastojine, pri

demu je doznaceno 1 818 m’ hrasta luznjaka i 288 m’
poljskoga jasena. Na osnovi podataka iz obracuna
doznacne knjizice i plana sjeca bruto je sjecna gustoca
259,4 m’/ha (~ 42 stabla po hektaru), a neto sje¢na
gustoca 211,1 m*/ha. Sjetna je gustoca tehnicke oblovine
156 m’/ha, a prostornoga (ogrjevnoga) drva 55 m’/ha.
Obujam srednjega sjenoga stabla iznosi 6,17 m’.

Tijekom pridobivanja drva u odsjeku 64f privlacenje
je bilo vremenski odvojeno od sjece i izradbe drva.
Sje¢u su stabala uz sortimentnu metodu izradbe
tehnicke oblovine izveli Sumarijski radnici nakon cega
je zapocelo izvozenje drva. Za potrebe istrazivanja
gazenja tla tijekom izvoZenja drva odsjek je bio po-
dijeljen na dva dijela, odnosno na sjecine 64f, i 64f,
(slika 1).

U sjecini 64f, povrsine 2,44 ha prvo je forvarder
izvozio izradene trupce i viSemetarsko ogrjevno drvo,
nakon cega je u sklopu samoizradbe lokalno stanovni-
Stvo izvozilo jednometarsko ogrjevno drvo poljopri-
vrednim traktorima s (polu)prikolicama te je naposljet-
ku naknadno forvarder izvozio uhrpani Sumski ostatak
(drvo <7 cm promjera s korom).

U sjecini 64f, povrsine 5,7 ha prvo je forvarder
izvozio izradene trupce, a zatim energijsko drvo kod
kojega su krosnje stabala trupljene s nekoliko rezova
iskljucivo radi moguénosti utovara dizalicom, odnos-
no poboljsanja iskoristivosti utovarnoga prostora
forvardera. Nakon istovara energijsko je drvo ostav-
ljeno da »odlezi« na pomoénom stovaristu radi
isuSivanja, a zatim je usitnjeno u drvnu sjecku
ivera¢ima. Takvim izvoZenjem energijskoga drva ra-
cionalizira se izradba ogrjevnoga drva, smanjuje
koli¢ina neizradenoga krupnoga drva stabla, odnos-
no povecava koli¢ina privucenoga drva na pomoc¢no
stovaris$te za iznos Sumskoga ostatka u jednom
tehnoloskom zahvatu.

U istrazivanim sjeCinama u trenutku izvozenja
drva nije postojala mreza obiljezenih sekundarnih
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Kazalo - Legend:

mmmm Sumska cesta — Forest road
== = Prosjeka — Lightening strip

[ Odijellodsjek — Compartment/Subcompartment
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Slika 1. PoloZaj istraZivanih sjetina 64f1 i 64f2, GJ Debrinja, Sumarija Stroginci
Fig. 1 Position of researched cut-blocks 64f1 and 642, Management Unit Debrinja, Forest Office StroSinci

Sumskih prometnica - traktorskih vlaka, niti su vozaci
forvardera dobili smjernice za izvoZenje drva.

Za snimanje koordinata polozaja, odnosno duljine
putanja kretanja forvardera tijekom izvoZenja drva
radi izracuna gaZenja tla, koristen je GPS-ov uredaj
ugraden u mobilnu jedinicu (FM 4200) FMS-a. Ovdje
se radilo o uBlox NEO-5M, 50-kanalnom prijamniku
osjetljivosti -160 dBm. Snimanje je kretanja vozila bilo
namjeSteno na interval od 30 sekundi.

Prije pocetka izvoZenja drva, a nakon zavrSene
sjeceiizradbe stabala, snimljen je njihov poloZajna tlu,
odnosno poloZaj panja, deblovine i krosnje svakoga
pojedinoga stabla. Snimanje je obavljeno s DGPS-ovim
sustavom RTK Magellan ProMark 500 (u daljnjem tek-

stu RTK). RTK pokazuje uc¢inkovitost i brz napredak
u danasnjem razvoju tehnologija, i to najviSe zbog
mogucnosti pribavljanja koordinata trenutacno i na
razini centimetarske to¢nosti (Pirti i dr. 2010).

Snimljene koordinate polozaja kretanja forvardera,
alii polozaja srusenih stabala obradene su u racunalnoj
aplikaciji ESRI ArcGIS 9.3.

Tijekom istrazivanja drvo je izvozio 8-kotacni for-
varder Valmet 860.4 cija deklarirana masa iznosi 16 060
kg, odnosno izmjerena vaganjem 18 750 kg. Nazivna
nosivost ovoga forvardera iznosi 14 000 kg. Prilikom
rada forvarder nije imao polugusjenice zato Sto je nos-
ivost tla bila zadovoljavajuca (Cl;5s > 1,2 MPa), a bio je
opremljen gumama dimenzije 600/55 x 26,5. Ukupna

Nova meh. Ssumar. 35(2014)

27



Z.Panduri dr. Gazenje tla pri izvoZenju drva forvarderom u sjecinama hrasta luznjaka (23-34)

lzvoZenje drva — odsjek 64f, lzvoZenje drva - odsjek 64f,
Timber Forwarding — subcompartment 64f, Timber Forwarding — subcompartment 64f,

lzvozenje trupaca i viSemetarskog ogrjevnog drva forvarderom lzvozenje trupaca forvarderom
Extraction of logs and long fuelwood by forwarder Extraction of logs by forwarder
\

IzvoZenje jednometarskog ogrjevnog drva traktorom s poluprikolicom lzvozenje energijskog drva forvarderom
Extraction of 1-m long fuelwood by farm tractor with semitrailer Extraction of energy wood by forwarder

lzvozenje Sumskoga ostatka forvarderom
Extraction of forest residues by forwarder

Slika 2. Shema izvozZenja drva tijekom istrazivanja
Fig. 2 Working scheme of timber forwarding during research
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GaZenje tla pri izvoZenju drva forvarderom u sjecinama hrasta luznjaka (23-34)

Sirina gaZenja tla voznim sustavom forvardera u ovom
slucaju iznosi 1,2 m. Navedena Sirina guma koristena
je uizracunu povrsine gaZenja tla zajedno s prijedenom
udaljenosti dobivenom obradom snimljenih koordi-
nata kretanja forvardera.

Obradom snimljenih koordinata u racunalnoj ap-
likaciji ESRI ArcGIS 9.3 za svaki turnus posebno
dobivena je duljina puta gazenja tla sjecine. Pod tom
duljinom razumijeva se gazenje prethodno negazenoga
tla u razdoblju izvoZenja (izuzevsi duljinu puta ve¢
prethodno gazene povrsine). Mnozenjem ukupne
Sirine dodirne povrSine kotaca (1,2 m) duljinom
gazenja tla dobivena je povrsina gazenja tla.

Z.Panduri dr.

4. Rezultati — Results

Obradom podataka kretanja forvardera utvrdeno
je da u odsjeku 64f, nakon izvozenja 41-oga tovara tru-
paca i viSemetarskoga ogrjevnoga drva udio gazene
povrsine iznosi 26,94 %, a naknadnim ulaskom forvar-
dera radi izvozenja Sest tovara Sumskoga ostatka udio
se gazene povrsine povecao za 5,01 %, $to ukupno
iznosi 31,95 % gazenja tla sjecne jedinice (slika 3).
Gazenje tla pri izvozenju jednometarskoga ogrjevnoga
drva poljoprivrednim traktorima s (polu)prikolicama
nije prikazano na slici 3 jer su se putanje kretanja vozi-
la poklapale s putanjama kretanja forvardera tijekom
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Kazalo — Legend:
— lzvozenije trupaca i viSemetarskog ogrjevnog drva — Forwarding of logs and long fuelwood
— lzvoZenje Sumskog ostatka — Forwarding of forest residues
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Slika 3. Karta gaZenja tla u sjecini 64f, nakon izvoZenja trupaca i viSemetarskoga ogrjevnoga drva te naknadnoga izvozZenja Sumskoga o0s-

tatka

Fig. 3 Map of soil disturbance in cut-block 64f1 after logs and forest residue extraction

Nova meh. Sumar. 35(2014)

29



Z.Panduri dr.

Gazenje tla pri izvozenju drva forvarderom u sjecinama hrasta luznjaka (23-34)
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Slika 4. Karta gaZenja tla u sjecini 64f, nakon izvoZenja trupaca te naknadnoga izvozenja energijskoga drva
Fig. 4 Map of soil disturbance in cut-block 6412 after extracting logs and energy wood

izvozenja trupaca i viSemetarskoga ogrjevnoga drva,
odnosno Sumskoga ostatka.

Nakon izvoZzenja trupaca iz odsjeka 64f, udio
gazene povrsine iznosio je 21,05 % povrsine sjecne je-
dinice, a naknadnim izvoZenjem energijskoga drva
udio se gaZene povrsine povecao za dodatnih 12,26 %
(slika 4). Ukupni udio izgaZene povrsine tla u odsjeku
64f, po zavrsetku izvozenja iznosio je 33,31 %.

Najvece je ukupno gazenje tla utvrdeno priizvoze-
nju trupaca i energijskoga drva iz odsjeka 64f, (33,31 %),
iako je najveca koli¢ina drva po jedinici povrsine izve-
zena iz odsjeka 64f, (242,98 t/ha). Analizirajuci gazenje
tla forvarderom pri izvoZenju klasi¢no izradene ob-
lovine, najvece je gazenje ostvareno pri skupnom

izvozenju trupaca i viSemetarskoga ogrjevnoga drva
(26,94 %) iz odsjeka 64f,. Glavni je razlog tomu velika
koli¢ina drva po jedinici povrsine (236,23 t/ha). U
odsjeku 64f, kolic¢ina izvezenih trupaca iznosila je
146,89 t/ha, sto je 90 t/ha ili 38 % manje u odnosu na
odsjek 64f,. Zbog toga je dobiveno i manje gazenje
(21,05 %), Sto je za 5,89 % ili u relativnom odnosu 22 %
manje u odnosu na gazenje u odsjeku 64f;.

Prema kartama prikazanima na slikama 3 i 4 moze
se jasno uociti lepezast nacin kretanja forvardera na ob-
jema istrazivanim sje¢inama. Kako su istrazivane sjecine
64f, i 64f, gotovo pravilnih dimenzija bez znacajnijih
povrsinskih prepreka, udio gazene povrsine kretanjem
forvardera iskljucivo po predodredenoj i obiljeZenoj
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Tablica 2. Gazenje tla i koli¢ina izvezenoga drva
Table 2 Site disturbance and quantity of forwarded wood

Z.Panduri dr.

SjeCina — Cutblock 64f, (2,44 ha)

Sjetina — Cutblock 64f, (5,70 ha)

GaZenje tla lzvezeno drvo GaZenje tla Izvezeno drvo
Site disturbance Forwarded wood Site disturbance Forwarded wood
m? % t/ha m’/ha m’ % t/ha m%ha
Trupci (i) viSemetarsko ogrjevno drvo
6.572 26,94 236,23 236,73 11.997 21,05 146,89 149,76
Logs (and) long fuelwood
Sumski ostatak / energijsko drvo
) 1.223 5,01 6,75 - 6.990 12,26 67,33 -
Forest residues/ Energy wood
Ukupno — Total 7.795 31,95 242,98 - 18.987 33,31 214,22 -
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Slika 5. Karta istrazivanih sjecina (64f1 i 642) s prijedlogom sekundarnoga otvaranja
Fig. 5 Felling area 64f1 and 6412 map with ideal skid trail network
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mrezi sekundarnih Sumskih prometnica — traktorskih
vlaka (slika 5) mozZe se uvelike smanjiti.

Karta na slici 5 prikazuje prijedlog sekundarnoga
otvaranja istrazivanih sjecina 64f, i 64f,. Traktorske su
vlake rasporedene okomito na prosjeku koja prolazi
juznom stranicom odjela 64 i koja je isto tako u funkci-
ji sekundarnoga otvaranja Suma. Medusobna udaljen-
ost usporedne mreze traktorskih vlaka iznosi od 20 do
25 m, §to omogucuje utovar drva dizalicom dohvata
10 m uz usmjereno rusenje stabala. Takvim raspore-
dom u odsjeku 64f, ukupno je postavljeno 6 traktor-
skih vlaka prosje¢ne duljine 200 m. Sirina gaZenja tla
istrazivanim forvarderom iznosi 3 m, sto priblizno od-
govara Sirini forvardera, ali i Sirini Sljukare (traktorske
vlake). Na temelju iznesenih podataka ukupna gazena
povrsina iznosi 3 600 m?, $to je u konaénici udio gaze-
noga tla od 15 % povrsine sjecine. Prema vrijednosti-
ma u tablici 2 izmjereno gazenje tla za istrazivanu sje-
¢inu (64f,) iznosi 26,94 % (31,95 %) povrsine, Sto je
dvostruko vedi iznos u odnosu na gazenje tla kada bi
se forvarder kretao po predlozenoj usporednoj mrezi
traktorskih vlaka.

Ukupna povrsina idealno postavljenih traktorskih
vlaka u odsjeku 64f, iznosi 7 080 m’, a dobivena je na
temelju njihova medusobnoga rasporeda u iznosu od
20 do 25 m, Sirine gazenja tla u iznosu 3 m i prosjecne
duljine traktorskih vlaka od 270 m. Pri tome udio
povrsine pod sekundarnim Sumskim prometnicama
(gaZenoga tla) iznosi samo 12,5 %, §to je u odnosu na
podatke iznesene u tablici 2 gotovo upola manje u
odnosu na izmjerene vrijednosti gazenja tla pri
izvozenju trupaca (21,05 %), odnosno 2,5 puta manje
nakon izvoZenja trupaca i energijskoga drva (33,31 %).

5. Rasprava — Discussion

Iz prikazanih rezultata istraZivanja uocljivo je da
veca kolic¢ina drva po jedinici povrsine ne znadi i jed-
nak postotak povecanja gazenja tla priizvozenju drva
forvarderom.

U sjec¢inama 64f, i 64f, izmjerene su dubine kolo-
traga od 12 cm i 11 cm, a ukupno gaZenje tla prelazi
30 % povrsine sjecina (31,95 % i 33,31 %), 5to je prema
skandinavskom modelu procjene razine ostecenja
staniSta nakon izvoZenja drva forvarderom (Waster-
lund 2002) vrlo veliko ostecenje (tablica 1).

Snimanje koordinata polozaja forvardera Valmet
860.4 bilo je namjesteno na interval od 30 sekundi. Ta-
kav je vremenski interval ipak previse dugotrajan da
bi se s velikom preciznoséu mogla utvrditi stvarna
duljina puta kretanja forvardera, odnosno tocno
izracunati udio gaZenja tla sjecine.

Gazenje tla pri izvozenju drva forvarderom u sjecinama hrasta luznjaka (23-34)

Kako se forvarder po istrazivanim sjecinama kre-
tao bez ikakvih smjernica, kao dokaz da se pravilnim
planiranjem sekundarne mreZe Sumskih prometnica
moZe u znatnoj mjeri smanjiti udio gaZene povrsine,
izracunat je udio gaZene povrsine za sjecine 64f, i 64f,
kod usporedne mreze traktorskih vlaka medusobnoga
razmaka 20 — 25 m. Pri tome udio gazenoga tla iznosi
samo 12,5 %, $to je u odnosu na izmjerene vrijednosti
gotovo upola manje pri izvozenju trupaca (21,05 %),
odnosno 2,5 puta manje nakon izvoZenja trupaca i en-
ergijskoga drva (33,31 %).

6. Zakljucci — Conclusions

Brojni su autori u svojim istraZivanjima dokazali
da se dobrim organizacijskim mjerama gaZenje tla
moze svesti na najmanju mjeru.

Rezultati ovoga istrazivanja pokazuju da se u pri-
dobivanju drva, pocevsi od same sjece, odnosno
usmjerenoga rusenja stabala pa do pravilno planirane
mreze sekundarnih Sumskih prometnica gazenje tla
pri izvozenju drva forvarderom moze smanjiti za cak
2,5 puta.

Sadasnje stanje izvodenja radova, odnosno dobive-
ni rezultati govore da bi na poboljsanju organizacije
radova svakako trebalo poraditi jer je gazenje tla prev-
eliko, odnosno prema skandinavskom modelu
ostecenje se tla krece od velikoga do neprihvatljivoga,
ovisno o nastaloj dubini kolotraga.

Kao posljedica dobro organiziranoga radilista,
osim manjega gazenja tla, zasigurno bi bilo i utjecaja
na proizvodnost izvodenja radova. Pri tome se misli
na povecanje ucinkovitosti zbog smanjenja vremena
kretanja po sastojini pa se moze ocekivati i smanjenje
energijske potrosnje.
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Abstract

Gazenje tla pri izvozenju drva forvarderom u sjecinama hrasta luznjaka (23-34)

on New Roles of Plantation Forestry Requiring Appropriate
Tending and Harvesting Operations, September 29 — Octo-
ber 5, 2002, Tokyo, Japan, The Japan Forest Engineering So-
ciety & IUFRO WG 3.04/3.06/3.07, 312-315.
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Impacts of skidding traffic intensity on soil disturbance, soil
recovery, and aspen regeneration in North Central Minne-
sota. North. J. Appl. For. 24(3): 177-183.

Soil Disturbance during Timber Forwarding
in Cut-Blocks of Common Oak

Soil disturbance, as a result of the movement of forest vehicles, has a negative effect on the growth and increment
of forest trees and hence should be kept at a minimum. Some of the measures for reducing soil disturbance are: select-
ing a suitable harvesting system, setting a skid trail network (with traffic surveillance) and oriented felling as a must.

This paper presents the soil disturbance in timber forwarding on two adjacent felling sites after the final felling
of common oak. The investigated forwarder was equipped with Fleet Management System (FMS connection) that
enables remote control of its work or its position while moving in the researched felling sites.

The results indicate that the site disturbance of the researched felling sites is too high (>30 % of cut block areas)
and that by better work organization, soil disturbance can be reduced to an acceptable level.

Keywords: soil disturbance, forwarder, lowland forests, work organization, secondary opening
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Znanstveni rad — Research article

Ocjena modificirane poludeblovne metode
listaca s dijelovima krosnje

Milorad Danilovi¢, Dragomir Grujovié¢, Boban Milovanovi¢, Slavica Kari¢

Nacrtak — Abstract

U radu su prikazani rezultati istraZivanja ucinkovitosti primjene privlacenja drva skiderom,
modificiranom poludeblovnom metodom listaca s dijelovima krosnje u proredama obicne bukve
u Srbiji. Ucinkovitost je primijenjene metode izradbe drva ocijenjena kvantitationim i kvali-
tativnim pokazateljima. Ta je metoda izradbe drva prilagodena potrebama upotrebe sSumskoga
ostatka (neizradenoga drva) u brdsko-planinskim uvjetima Republike Srbije. Ucinci ostvareni
primjenom modificirane poludeblovne metode izradbe listaca s dijelovima krosnje oCituju se u
povecanju za oko 8 % privucenoga drva na pomocno stovariste u odnosu na kolicinu drva koja
se pridobije primjenom sortimentne metode. Ostecenja na ostalim stablima u sastojini nakon
sjece nisu mnogo veca u odnosu na ostecenja koja nastaju primjenom sortimentne metode
izradbe drva. PredloZenom metodom izradbe drva rjeSava se problem privlacenja jednometar-
skoga prostornoga drva, bez potrebe za angaZiranjem tovarnih konja (samarice).

Kljucne rijeci: metoda izradbe drva, brdsko-planinski uvjeti, obicna bukva, sumski ostatak,

ostecenja

1. Uvod - Introduction

Upotreba sumskoga ostatka u brdsko-planinskim
uvjetima tehnoloski je, ekonomski i ekoloski problem.
Potreba za tim izvorom sirovine za proizvodnju ener-
gije sve je veca, a pronalazenje optimalnih tehnoloskih
rjeSenja za njezino koristenje izazov je za Sumarsku
struku.

Metode izradbe drva koje su do sada opisane, pro-
matrane s ekonomskoga i ekoloskoga aspekta, nisu
primjenjive kada je u pitanju iskoriStavanje Sumskoga
ostatka u brdsko-planinskom podrudju Srbije, ali i Sire.
U Sumarstvu Republike Srbije najcesce se primjenjuju
sortimentna metoda i inacica deblovne metode — tzv.
metoda dijelova debala.

Primjenom tih metoda izradbe drva u Sumi ostaje
neiskoristen Sumski ostatak, sto se s ekoloskoga gledi-
Sta moze opravdati, ali ne i sa stajaliSta energetskih
potreba.

Sli¢na je situacija i u slucaju primjene deblovne
metode izradbe drva, gdje su otecenja u sastojini veca
nego pri primjeni sortimentne metode (Picchio i dr.
2011). Stablovna je metoda izradbe drva, s tehnoloskoga
i ekoloskoga motrista neprimjenjiva s obzirom na to

da se cijelo stablo privlaci iz Sume uz nastanak velikih
ostecenja na ostalim stablima i pomlatku (Laitila i
Vaatdinen 2012, Spinelli i dr. 2014).

Prema preporukama Svedske Sumarske agencije
broj ostecenih stabala nakon sjece ne bi trebao prela-
ziti 5 % od preostaloga broja stabala u sastojini (Backe
1998). Vrsta, pojava i veli¢ina oStecenja po zavrsetku
pridobivanja drva ovisi o sastojinskim i staniSnim pri-
likama, metodi izradbe drva, stupnju mehaniziranos-
ti Sumskih radova, gustoc¢i sekundarne mreze Sum-
skih prometnica, vremenskim prilikama, vjestini
izvrsitelja Sumskih radova (Dolezal 1984, Vasiliauskas
2001, Lageson 1997, Porsinsky i Ozura 2006, Petres
2006, Nikooy 2007, Kosir 2008, Bobik 2008, Tsioras i
Liamas 2010, Kuramoto i dr. 2010, Nikooy i dr. 2010,
Tavankar i Bodaghi 2011). U navedenim je istraziva-
njima analiziran utjecaj razli¢itih ¢imbenika te obav-
ljeni izracuni u ovisnosti o uvjetima rada. Nagib je
terena jedan od mogucih ¢imbenika za nastanak vecih
ostecenja u brdsko-planinskim podrucjima (Stampfer
idr.2001). Osim toga na pojavu i veli¢inu razine oste-
¢enja u sastojini utje¢e osposobljenost, ali i motivacija
rukovatelja mehaniziranim sredstvima za rad (Lage-
son 1997).
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Ostecenja pri privlacenju drva bitno su manja pri
dobroj pripremi rada, koja se u prvom redu odnosi na
dobro isplaniranu mrezu sekundarnih Sumskih pro-
metnica te obvezno usmjereno rusenje stabala (Arm-
strong 2000, Bertault i Sist 1997, Sist i dr. 1998). Znace-
nje usmjerenoga rusenja stabala na smanjenje razine
oStecivanja sastojine, ali i na podizanje razine proizvod-
nosti privlacenja drva isticu u svojim istrazivanjima
Han i Kellogg (2000) te Pinard i dr. 1955.

Ostecenja sastojine tijekom pridobivanja drva nije
moguce u potpunosti izbjedi, ali se odredenim mjerama
(postupcima) mogu uvelike smanjiti. Yilmaz i Akay
(2008) predlazu zastitu do 2 m visine debla stabla. Han
i Kellogg (2000) isticu prednost zimske sjece u odnosu
na ljetnu, kada je u pitanju pojava sastojinskih ostecenja.
Primjenom odredenih mjera zastite nedoznacenih sta-
bala smanjuje se mogucnost za pojavu fitopatoloskih
bolesti, koja u buduénosti utjecu na kakvocu izradenoga
drva (Tsioras i Liamas 2010).

Izborom pogodnih tehnoloskih rjeSenja u sastojina-
ma razlicita uzgojnoga oblika i namjene Suma moze se
znacajno utjecati na razinu ostecenja koja se javljuju na
tlu, pomlatku te na ostalim stablima nakon sjece.

2. Problem i cilj istrazivanja — Problem
and aim of research

Ukupna povrsina Suma i Sumskoga zemljista u
Srbiji iznosi 2 429 642 ha. Tekudi (godisnji) volumni
prirast iznosi oko 9,08 milijuna m’ (Bankovic i dr. 2009).
Planirani sjecivi etat iznosi priblizno 60 %, a ostvareni
oko 39 % od tekucega volumnoga prirasta (Republicki
zavod za statistiku, Bilten 567, 2013).

U brdsko-planinskim uvjetima, gdje se primjenjuje
sortimentna metoda izradbe drva listaca, ostaje u Sumi
(kod panja) dio neiskoriStenoga drva (granjevina,
nadzemni dio panja, isjecci, obrupci, porupci, brada,
koljena grana, odresci sljepica, raslje, gule i kratice).
Radi se o koli¢ini drva koja nije zanemariva i koja moze
biti znacajna sirovina za proizvodnju energije. Osim
toga Sumski ostatak (drvo < 7 cm promjera s korom)
nije obuhvaden planovima sjeca jer ga ne sadrze ni ta-
rife (jednoulazne tablice). Sitna granjevina u ukupnom
obujmu nadzemnoga dijela listaca sudjeluje s oko 13 %.
U Sumarskoj praksi racuna se da Sumski ostatak iznosi
od 10 do 20 % od obujma krupnoga drva stabla (Niko-
li¢ i Baji¢ 1992). Koli¢ina Sumskoga ostatka koju je mo-
guce iskoristiti ovisi o ve¢em broju ¢imbenika, a ponaj-
prije o vrsti drveca, koja je predmet pridobivanja, ali i
o0 utjecaju sastojinskih i stanisnih prilika. U nizinskim
Sumama, promatrano s proizvodnoga i ekonomskoga
aspekta, moguce je iskoristiti ve¢u koli¢inu sumskoga
ostatka u odnosu na Sume u brdsko-planinskim podru-

Ocjena modificirane poludeblovne metode listaca s dijelovima krosnje (35-50)

¢jima koje su izlozene velikim nagibima terena, nedo-
voljnoj primarnoj otvorenosti mrezom Sumskih cesta
te potrebnom zastitom tla od moguce erozije.

Cjelokupnu sitnu granjevinu nije pozeljno u potpu-
nosti iznijeti iz Sume u prvom redu zbog bioloskoga
razloga. Naime, dijelove tanjih grana zajedno s folijar-
nim dijelom stabla (list, iglica) treba ostavljati u Sumi
jer se u tim dijelovima nadzemne biomase stabala na-
lazi najviSe hraniva, ¢ime bi njihovim iznosSenjem iz
Sume izazvali osiromasivanje (degradaciju) stanista.

Sumski ostatak (dijelovi sitnih grana, isje¢ci, obrup-
ci, porupci, brada, koljena grana, odresci sljepica, rasl-
je, gule i kratice) promatran s bioloskoga aspekta moze
biti predmet pridobivanja drva za energiju, medutim
njegovo je koristenje u brdsko-planinskim podrudjima
problemati¢no zbog tehnoloskih ogranicenja.

Imajuci na umu problem s kojim se Sumarska stru-
ka suocava kada je u pitanju pridobivanje Sumskoga
ostatka iz sastojina listaca u brdsko-planinskim
podrudjima, 2010. godine zapocela su istraZivanja na
pronalazenju pogodnih tehnoloskih rjeSenja pridobi-
vanja Sumske biomase u brdsko-planinskim uvjetima
u Srbiji.

Razvijena je modificirana poludeblovna metoda
listaca s dijelovima krosnje radi pridobivanja drva
vecega od 3 cm promjera s korom i njegova privlacen-
ja skiderom do pomocnoga stovarista. Drvo manje od
3 cm promjera s korom, kao i lisni dio stabala, ostavl-
jeno je u Sumi radi zadrzavanja hraniva u stanistu.

Ova su istrazivanja zasnovana na ocjeni predlozene
metode izradbe drva da bi se povecala iskoristenost
drva pri sjeci i izradbi, ali i smanjilo oStecenje na osta-
lim stablima nakon sjece.

Cilj je istrazivanja utvrdivanje koli¢ine Sumskoga
ostatka u sastojinama obi¢ne bukve nakon prorede, uz
primjenu modificirane poludeblovne metode listaca s
dijelovima krosnje. Osim toga cilj je bio da se ocijeni
ucinkovitost primijenjene metode izradbe drva s
aspekta pojave ostecenja na ostalim stablima nakon
sjece.

Osnovna je hipoteza istrazivanja da ostecenja izaz-
vana primjenom modificirane poludeblovne metode
listaca s dijelovima krosnje nisu mnogo veca od
ostecenja nastalih primjenom sortimentne metode
izradbe drva, koja je prema svim dosadasnjim istrazi-
vanjima najprihvatljivija s okoliSnoga stajalista.

3. Materijal i metode — Material
and Methods

Istazivanja za potrebe ovoga rada obavljena su na
dvije pokusne i dvije kontrolne plohe u visokim cistim
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Slika 1. Mjesta istraZivanja
Fig. 1 Research sites

sastojinama obi¢ne bukve u brdsko-planinskom po-
drucdju sredisnje Srbije (slika 1).

Svi radovi geodetske izmjere pokusnih ploha obav-
ljeni su mjerenjem pomocu GPS-ova prijamnika. Gran-
ice pokusnih i kontrolnih ploha snimljene su pri post-
avljanju pokusa, a prostorni raspored panjeva te smjer
srusenih stabala snimljen je po zavrSetku sjece stabala,
dok su ostala dubeca stabla nakon sjece snimljena po
zavrSetku privlacenja drva. Snimano je RTK metodom
pozicioniranja, koja zahtijeva kratku udaljenost GPS-
ova rovera od bazne tocke, Sto je postiglo centimetar-
sku to¢nost pozicioniranja panjeva, kao i tocaka za ra-
¢unanje smjera rusenja stabala. Za mjerenje je koristen
rover i bazni prijamnik Topcon »HiPer Pro«. Njihova
medusobna udaljenost pri pozicioniranju nije prelazila
400 m od bazne stanice. Za odredivanje prostornoga
rasporeda dubecih stabala upotrijebljen je GNSS-ov
prijamnik Trimble »GeoExplorer XT 6000«.

Podaci GPS-ove izmjere pokusnih povrsina obra-
deni su u softveru Topcon Tools (v 8.2) i dopunjeni
slojnicama s topografskih karata mjerila 1 : 25 000.

Kutovi rusenja stabala (o) i kutovi sakupljanja drva
vitlom (o) odredeni su mjerenjem na digitalnim kar-

M. Danilovié¢ i dr.
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Slika 2. Shematski prikaz kuta ruSenja stabla i kuta sakupljanja drva
vitiom
Fig. 2 Scheme of tree felling angle and angle of bunching by winch
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tama pokusnih ploha u aplikaciji AutoCAD 3D Map
2010. Izmjereni su kutovi analizirani u tablicnom
kalkulatoru Excel 2007 i prikazani kao histogrami
frekvencija za smjer rusenja stabala i za kutove saku-
pljanja drva vitlom na pokusnim plohama. Za izradu
kartografskih prikaza pokusa koristena je aplikacija
ESRI ArcMap 9.3.

Na pokusnim plohama primijenjena je modificira-
na poludeblovna metoda listaca s dijelovima krosnje,
dok je na kontrolnim plohama primijenjena sortiment-
na metoda izradbe drva.

Stabla su posjecena motornom pilom u organizaci-
jirada1MP +1 R. Pri sjeci stabala posebna je pozornost
dana odredivanju smjera ruSenja stabala jer on znacajno
utjece na pojavu i velicinu oStecenja na dubedim sta-
blima. Op¢i smjer rusenja stabala ovisio je o terenskim
prilikama i o smjeru sakupljanja i privlacenja drva te je
u ovom istrazivanju opéi smer rusenja bio prema trak-
torskim putovima, a induvidualni je bio u funkciji sig-
urnosti radnika te moguc¢nosti rusenja stabala u opcem
smjeru.

Kvalitativna podjela oborenih stabala bez grana
tanjih od 3 cm promjera s korom obavljena je prema
odredbama nacionalnih normi za razvrstavanje obloga
drva po kakvodi (Anon. 1989). U Sumi (kod panja) sta-
bla su prvo prikrojena i prerezana na jednom ili vise
mjesta da bi se dobili dijelovi stabla manji od 3 cm
promjera s korom priblizno optimalnoga obujma, s
obzirom na sredstvo i nacin privlacenja drva, te da bi
moguce Stete na ostalim (nedoznacenim) stablima i na
tlu bile sto manje. Nakon privlacenja drva na pomo-
¢nom stovariStu izradeni su sortimenti odredena raz-
reda kakvoce. Mjesta trupljenja koja su obiljezena pri
prethodnom prikrajanju bila su i konacna mjesta prer-
eza na pomoc¢nom stovaristu.

Sjeca, ruSenje i obrada stabala sastojala se od
sljedecih radnih operacija: prijelaz od stabla do stabla,
izbor smjera rusenja stabla, priprema radnoga mjesta,
obrada ziliSta, izrada zasjeka, potpiljivanje stabla,
navodenje stabla u pad, odsjecanje grana tanjih od 3 cm
promjera s korom te zarezivanje grana.

Pri sjeci i izradbi drva koriStene su dvije motorne
pile. Motorna pila manje snage upotrijebljena je za pre-
rezivanje grana tanjih od 3 cm promjera s korom te za
zarezivanje grana, a motorna pila vece snage koristena
je za trupljenje debla stabala. Na taj se nacin ostvaruje
usteda potrosnje goriva i maziva te je opterecenje rad-
nika sjekaca manje.

Zarezivanje je grana bit predloZene metode izradbe
drva iz kroSanja listaca s obzirom na to da se tako znat-
no utjece na pojavu i velicinu ostecivanja dube¢ih sta-
bala u sastojini, a Sto je osnovni nedostatak deblovne,

Ocjena modificirane poludeblovne metode listaca s dijelovima krosnje (35-50)

odnosno stablovne metode izradbe drva. Dubina je
zarezivanja grana vrlo vazna i ovisi o vise ¢imbenika:
debljine grane, kuta insercije grane, duljine grane, mase
komada i dr. Dubina zarezivanja iznosi od 1/2 do 2/3
promjera grane u podrudju reza i s povecanjem prom-
jera grane raste dubina zarezivanja (slika 3). Zarezivan-
je tanjih grana koje se ra¢vaju od plasta debla stabla i
grana koje se rac¢vaju izvan podrudja debla stabla izno-
si do 1/2 promjera u koljenu grane. Osim toga dubina
zarezivanja ovisi i o kutu koji zatvara ravnina presjeka
iuzduZna os stabla. PoloZaj reza u odnosu na os stabla
utjece na otpor koji se javlja pri privlacenju dijelova koji
su izradeni iz kro$nje stabla, kao i na kidanje grana ti-
jekom sakupljanja, odnosno privlacenja drva. Veli¢ina
kuta insercije i debljina grane osnovni su elementi za
odredivanje poloZzaja reza u odnosu na os grane. U
specifiénim slucajevima zarezivanje treba obaviti s
unutrasnje strane grane, i to s dva reza, odnosno is-
jecanjem klina.

Zarezivanjem se grana povecava elasti¢nost izmedu
grana i debla stabla te izmedu grana. Uc¢inak zarezivan-
ja pri privlacenju smanjene krosnje ili dijelova krosnje
ocituje se tako da se dio drva, izraden iz krosnje, saku-
plja da bi zauzeo manji prostor tijekom sakupljanja i
privlacenja drva. Osim toga na mjestima gdje dolazi do
dodira izmedu dubecih stabala i zarezanih grana
dijelova krosnje trenje je manje pa se u najvecem broju
slucajeva javljaju ogrebotine.

Uvijet koji je postavljen u prorednim sje¢ama jest da
u strukturi tovara koji se privlaci ne bude vise od jedne
krosnje ili jednoga dijela krosnje u slucaju ako su stab-
la vecih dimenzija.

Dijelovi stabla bez grana tanjih od 3 cm promjera s
korom privuceni su skiderom LKT 81 s ugradenim

Slika 3. Zarezane grane
Fig. 3 Notched branches
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Slika 4. Sakupljanje dijelova stabla manjih od 3 cm promjera s
korom vitlom skidera LKT 81

Fig. 4 Bunching tree parts up to 3 cm in diameter with bark by
winch LKT 81 skidder

dvobubanjskim vitlom. Drvo je sakupljano vitlom do
traktorskoga puta, a zatim vucom skiderom po trak-
torskom putu do pomocnoga stovarista (slika 4). Po-
mocno se stovariSte nalazilo pored Sumske ceste.

Na pomoc¢nom je stovaristu izradena tehnicka oblo-
vina i prostorno drvo, odnosno razdvojeni su trupci,
prostorno drvo i sumski ostatak (granjevina od 3 do
7 cm promjera s korom, raslje, gule, koljena grana,
odresci sljepica, porupci, kratice).

Na kontrolnim je plohama pored panja obavljena
potpuna izradba tehnickoga obloga i klasi¢noga jed-
nometarskoga prostornoga drva u organizacijskom
obliku 1 MP + 1 R. Nakon izradbe drvnih sortimenata
u sjecini je ostao sumski ostatak. Koli¢ina Sumskoga
ostatka koji je ostao u sjecini nakon sjece stabala i iz-
radbe drvnih sortimenata nije se razlikovala znacajno
od one kolic¢ine koja ostaje u sli¢nim sje¢inama u kojima
se primjenjuje sortimentna metoda izradbe drva.
Tehnicka je oblovina privucena takoder skiderom LKT
81 kao na pokusnim plohama, a jednometarsko ogrjev-
no drvo tovarnim konjima (samaricom).

Broj stabala za analizu odreden je po debljinskim
stupnjevima. Na srusenim je stablima izmjeren obujam
drva manjega od 3 cm promjera s korom, tocnos¢u na
dvije decimale. Svaka je grana posebno mjerena, odnos-
no promjer i duljina mjereni su za svaki segment (sek-
ciju). Broj sekcija ovisio je od oblika grane. Zatim je
izracunat obujam sekcija i na kraju su podaci zbrojeni.
Isti je postupak primjenjivan i za krace komade, odnos-
no obavljen je velik broj mjerenja radi utvrdivanja sto
tocnijega obujma. Za mjerenje je duljine koriStena mjer-
na vrpca, a za mjerenje je promjera koristena promjerka.

M. Danilovié¢ i dr.

Odjel 122, Gospodarska jedinica Zeljin
Compartment 122, Management Unit Zeljin

25 0 25 50 75 100 m

4.818.600

4.818.500

4.818.400

Landing

1150

T
4.818.300

Kazalo - Legend:
N Granica pokusne plohe — Border of sample plot

granica kontrolne plohe — Border of control plot
Sumska cesta — Forest road
= = == Traktorski putovi — Skid roads

®  Panjevi stabala — Tree stumps
Smier ruSenja stabala — Direction of tree felling
— Slojnice — Contour lines

1:2000

T T
7.484.000 7.484.100

Slika 5. Prostorni raspored panjeva i smjer srusenih stabala na
pokusnoj plohi 1
Fig. 5 Spatial distribution of tree stumps and direction of fallen trees
on sample plot 1
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Tablica 1. Osnovne sastojinske znacajke pokusnih i kontrolnih ploha

Table 1 Basic stand characteristics of sample and control plots

M. Danilovié¢ i dr.

Pokusne i kontrolne plohe — Sample and control plots

Sastojinske znacajke

Pokusna ploha 1 | Kontrolna ploha 1

Pokusna ploha 2 | Kontrolna ploha 2

Stand characteristics
Sample plot 1 Control plot 1 Sample plot 2 Control plot 2
GJ »Zeljin« GJ »Lomnicka rekas,
Gospodarska jedinica i namjena $uma proizvodno-zastitna funkcija proizvodno-zastitna funkcija
Management unit and forest purpose MU ))feﬁ/n((, MU »Lomnicka rekac,

production-protective function

production-protective function

Porijeklo sastojine — Stand origin

visoka Cista bukova sastojina — high pure beech stand

Nagib terena, % — Terrain slope, %

20-40

Nacin sjece — Method of harvesting

selektivna proreda — selective thinning

Tip zemljista — Type of soil

smede Sumsko tlo — brown forest soil

Dob sastojine, godina — Stand age, years 80 70
Drvna zaliha, m*%ha — Growing stock, m*/ha 280,22 355,07
Povrsina, ha — Area, ha 2,22 1,68 1,38 1,39
Broj sabala po ha — Number of trees per hectar 226 227 427 432
Broj stabala na pokusnoj plohi — Number of trees in sample plot 502 382 590 600
Broj stabala na pokusnoj plohi nakon sjece
. . 396 305 497 513

Number of trees in sample plot after harvesting
Intenzitet prorede po broju stabala, %

. - 211 20,2 15.8 14,5
Intensity of thinning by number of trees, %
Broj analiziranih stabala — Number of analyzed trees 106 77 93 87

Tablica 2. Prosjecne vrijednosti mjerenih parametara na pokusnim plohama

Table 2 Average values of measured parameters on sample plots

o ) Pokusna ploha 1 | Kontrolna ploha 1 | Pokusna ploha 2 | Kontrolna ploha 2
Mijereni parametri — Measured parameters
Sample plot 1 Control plot 1 Sample plot 2 Control plot 2

Sred. promjer analiziranoga stabla, cm 35.4 375 355 315
Average diameter of analyzed tree, cm
Prosjecna visina stabla, m — Average tree hight, m 26,6 28,1
Obujam tehnitke oblovine, m*— Volume of technical roundwood, m’ 99,71 81,34 70,00 38,82
Obujam prostornoga drva, m* — Volume of stacked wood, m® - 35,54 - 44,21
Obujam prostornoga drva do 7 cm promiera s korom, m® 6764 75 81
Volume of stacked wood up to 7 cm in diameter with bark, m’ ' '
Obujam grana od 3 do 7 cm promiera na tanjem kraju s korom, m*® 5 23 306
Volume of branches on thinner end 3 to 7 cm in diameter with bark, m® ' '
Obujam Sumskoga ostatka bez grana od 3 do 7 cm promjera na tanjem
kraju, m* 6,58 - 5,66 -
Volume of residues without branches 3 to 7 cm in diameter with bark, m’
Ukupan obujam privutenoga drva na pomocno stovariste, m®

. . . 5 169,17 116,88 154,52 83,03
Total volume of wood skidded to roadside landing, m

Nova meh. $umar. 35(2014) 41
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Slika 7. Pokusna ploha 1
Fig. 7 Sample plot 1

Slika 8. Pokusna ploha 2

Fig. 8 Sample plot 2

Tablica 3. Funkcije ovisnosti obujma odredene kategorije izradenoga drva o prsnom promjeru stabla
Tahle 3 Function of dependence of volume of specific wood categories on DBH

Kategorija izradenoga drva
Category of processed wood

Pokusna ploha 1
Sample plot 1

Pokusna ploha 2
Sample plot 2

Funkcija ovisnosti — Function of dependence

Funkcija ovisnosti — Function of dependence

Tehnicka oblovina
Technical roundwood

V= (-0523 + 0,039 D)?
R*=10,891, SE = 0,091

V= (-0,272 + 0,032 D)*
R*=0598, SE= 10,211

Prostorno drvo i Sumski ostatak > 7 cm s korom
Firewood and forest residues > 7 cm with bark

V/ = (0,266 + 0,0134 D)’
R*=0,533, SE=0,168

I/ = (0,396 + 0,0141 D)’
R*=0,372, SE=0,187

Sitna granjevina > 3 cm promjera s korom
Small branchwood > 3 cm in diameter with bark

V=exp (1724 +4717/D)
R*=0575, SE=10,470

V/ = (0,0097 + 0,0043 D)*
R*=0,340, SE = 0,049

Tablica 4. Funkcije ovisnosti obujma izradenoga drva i prsnoga promiera bukovih stabala
Table 4 Functions of dependence of the volume of processed wood on DBH

Plohe — Plots Funkcija ovisnosti — Function of dependence R SE
Pokusna ploha 1 — Sample plot 1 I/ = (0,289 + 0,040 D)’ 0,977 0,084
Kontrolna ploha 1 — Control plot 1 V= (-0,294 + 0,037 D)? 0,888 0,189
Pokusna ploha 2 — Sample plot 2 /= (-0,188 + 0,039 D)’ 0,982 0,108
Kontrolna ploha 2 — Control plot 2 I/ = (- 0,253 + 0,038 0)? 0,862 0,111
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I Pokusna ploha 1 — Sample plot 1
[ Pokusna ploha 2 — Sample plot 2
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Kut rusenja stabala — Tree felling angle, °

Slika 9. Analiza kuta rusenja stabla u odnosu na liniju najvecega
uspona terena
Fig. 9 Analysis of felling angle with respect to the steepest terrain slope

Ostecenja na dubed¢im stablima mjerena su nepo-
sredno nakon svakoga zahvata sakupljanja drva vitlom
skidera te poslije vuce formiranoga tovara traktorskim
putem. Na oste¢enim dubedim stablima mjerena je

M. Danilovié¢ i dr.
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Slika 10. Analiza frekvencija kuta sakupljanja drva na traktorski put

Fig. 10 Frequency analysis of the angle of bunching by winch on
skid road

povrsina oste¢enja unakrsno milimetarskom to¢noséu.
Mjerena je i visina na kojoj je nastalo ostecenje, s obzi-
rom na to da je raspon visine u kojem se javljaju
ostecenja veci u slucaju primjene modificirane polu-
deblovne metode izradbe drva u odnosu na raspon
visine u kojem se pojavljuju ostecenja pri primjeni sor-

I Pokusna ploha 1 — Sample plot 1
[ Pokusna ploha 2 — Sample plot 2
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Slika 11. Udjel razlicitih kategorija drva u ukupnom obujmu izradenoga drva
Fig. 11 Share of different wood categories in total volume of processed wood
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Tablica 5. Usporedni pregled rezultata pojedinih parametara analiziranih metoda izradbe drva
Table 5 Comparison overview of results of individual parameters of analyzed wood processing methods

) Pokusna ploha 1 | Kontrolna ploha 1 | Pokusna ploha 2 | Kontrolna ploha 2
Parametri — Parameters
Sample plot 1 Control plot 1 Sample plot 2 Control plot 2
Prosjec¢ni broj komada po jednom stablu, kom.
) 517 2,48 3,81 1,02
Average number of pieces per tree, pcs.
Prosjecni broj komada po jednom zahvatu vitla, kom.
. o ) 24 2,29 1,7 1,64
Average number of pieces per winching operation, pcs.
Prosjecni broj zahvata vitla po jednom stablu, kom.
- ) 2,13 1,07 2,31 0,61
Average number of winching operations per tree, pcs.
Najveca duljina izradenoga sortimenta, m
. 12,0 6,0 14,0 94
Maximum length of assortment, m
Prosjecna duljina izradenoga sortimenta, m
49 3.6 6,7 4,6
Average length of processed assortment, m
Minimalna duzina izradenoga sortimenata, m
- 2,2 20 2.8 2,0
Minimum length of processed assortment, m
Prosje¢ni obujam zahvata vitla, m*®
— ) : 0,75 0,99 0,72 0,73
Average volume of winching operation, m
Prosjecni broj oStecenja guljenja kore po jednom zahvatu vitiom
- ) 1,47 1,87 1,03 1,14
Average number of bark removal damage per winching operation
Prosjecna plotina jednoga o$teéenja na preostalim stablima, cm?
- 5 75,4 35,7 55,6 16,9
Average surface of a damage on remaining trees, cm
Prosjecni broj ostecenja guljenja kore po oSte¢enom stablu
314 2,01 2,34 2,64
Average number of bark removal damage per damaged tree
Prosjetna plostina o3te¢enja na preostalim stablima, cm?
. ) 237 72 130 42
Average surface of damage on remaining trees, cm
Broj oStecenih stabala na pokusnoj plosini, kom.
39 24 44 50
Number of damaged trees on sample plot, pcs.

timentne metode. To je vrlo znacajno s obzirom na to
da vedi rizik od truljenja imaju stabla s oSte¢enjima
bliZe razini tla (Vasiliauskas 2001). Svako ostecenje koje
je nastalo u smjeru sakupljanja drva vitlom i vuce drva
skiderom, nakon mjerenja obiljezeno je sprejom kako
ne bi bilo mjereno vise puta. Nastala oStec¢enja izrazena
su brojem i povr§inom ostecenja po zahvatu saku-
pljanja drva vitlom, prosje¢cnom povrsinom oStecenja
na dubedim stablima i postotkom ostecenih stabala u
odnosu na broj preostalih dubecih stabala u sastojini
po zavrsetku sjece.

Prostorni raspored panjeva i poloZaj srusenih sta-
bala u odnosu na traktorski put i nagib terena prika-
zan je na slikama 5 (pokusna ploha 1) i 6 (pokusna
ploha 2).

Pri obradi podataka primijenjene su standardne
matematicke i statisticke metode (deskriptivna statis-
tika, korelacijska i regresijska analiza).

Pokusna ploha 1 (slika 7) nalazi se u odjelu 122 u
gospodarskoj jedinici »Zeljin, a pokusna ploha 2 (slika
8) nalazi se u odjelu 91 u gospodarskoj jedinici »Lom-
ni¢ka reka« kojima gospodari Sumsko gospodarstvo
»Rasina« Krusevac. Osnovne su sastojinske znacajke
pokusnih ploha prikazane u tablici 1.

4. Rezultati istrazivanja — Research results

Ukupna kolicina drva, privucena s pokusnih i kon-
trolnih ploha na pomocno stovariste, iznosi 523,6 m”.
Prosjecne vrijednosti mjerenih parametara na pokus-
nim i kontrolnim plohama prikazane su u tablici 2.

Intenzitet sjece po broju stabala nije se znacajno
razlikovao na pokusnim i kontrolnim plohama. Razli-
ke su u tehnoloskoj strukturi izmedu kontrolne i po-
kusne plohe na istom lokalitetu male, dok su izmedu
pokusnih i kontrolnih ploha na razli¢itim lokalitetima
mnogo vece.
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Slika 12. Qvisnost obujma pojedinih kategorija izradenoga drva o prsnom promjeru stabla
Fig. 12 Dependence of different wood categories on DBH

C_

Obujam izradenog drva — Volume of processed wood, m’

A) Pokusna ploha 1 — Sample plot 1

9,0
85
8,0
75
7,0
6,5
6,0
55
5,0
45
4,0
35
3,0
2,5
2,0
15
1,0
0,5
0,0

7] Pokusna ploha — Sample plot /
4 = = = Kontrolna ploha - Control plot /
4 = — Razlika - Difference |
/ i
4 I’
'/r ‘
e’ -
// e —— -
__é./_-'__-———-"" | |
T T T T T

20 25 30 35 40 45 50 55 60 65 70 75 80
Prsni promjer stabla — Diameter at breast height, cm

B

Obujam izradenog drva — Volume of processed wood, m*

B) Pokusna ploha 2 - Sample plot 2

8,5
8,0
75
7,0
6,5
6,0
55
5,0
45
4,0
35
3,0
2,5
2,0
15
1,0
0,5
0,0

T Pokusna ploha — Sample plot | /
4 = = = Kontrolna ploha - Control plot
4 = =— Razlika - Difference
- | 4
| -/
4 /
| 7/
. 7
L7
L7
Akl La-r
Z 3 - -—
4 = = -
— -1— — T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 80

Prsni promjer stabla — Diameter at breast height, cm

Slika 13. Ovisnost obujma izradenoga drva primjenom dviju metoda izradbe o prsnom promjeru stabla
Fig. 13 Dependence of the volume of wood processed by two different methods on DBH
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Na pokusnoj plohi 1 kut rusenja najvecega broja
stabala bio je u rasponu od 140° do 160°, dok je na
pokusnoj plohi 2 kut rusenja najvecega broja stabala
bio u rasponu od 60° do 80° (slika 9).

Kut sakupljanja drva (dijelova stabla ve¢ih od 3 cm
promjera s korom) vitlom (o) na traktorski put u pri-
kazanoj analizi jednak je kutu koji sruseno stablo zat-
vara s traktorskim putem (o) u tocki sakupljanja drva
vitlom skidera, ¢ime se izbjegava rotiranje drva
(Danilovi¢i dr. 2011). Najcesci kutovi sakupljanja drva
vitlom na traktorski put na pokusnoj plohi 1 su 40° i
70°, a na pokusnoj plohi 2 najcesdi je kut od 70° (slika
10).

Rezultati analize pokazuju da je rije¢ o malom bro-
ju stabala koja su srusena paralelno sa slojnicama. Ug-
lavnom se rusilo tako da je rotiranje i zakretanje
izradenih dijelova stabla bez grana tanjih od 3 cm
promjera s korom bilo minimalno, odnosno kut rusenja
stabla i kut sakupljanja vitlom izradenih dijelova stab-
la na traktorski put nisu se znacajno razlikovali. To
pokazuje da je velika paznja posvecena izboru smjera
ruSenja stabala.

Udjel pojedinih kategorija drva u ukupnoj kolicini
izradenoga drva na pokusnim plohama prikazan je na
slici 11.

Na slici 12 prikazana je ovisnost obujma pojedinih
kategorija izradenoga drva o prsnom promjeru bu-
kovih stabala, gdje porastom prsnoga promjera stabla

79

Ostecena stabla — Damaged trees, %

Pokusna ploha 1 Kontrolna ploha 1 Pokusna ploha 2 Kontrolna ploha 2
Sample plot 1 Control plot 1 Sample plot 2 Control plot 2

Slika 14. Postotak oStecenih dubecih stabala na pokusnim i kon-
trolnim plohama nakon privlacenja

Fig. 14 Percentage of damaged standing trees on sample and con-
trol plots after skidding
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na razlicit nacéin raste obujam pojedinih kategorija
izradenoga drva. Funkcije koje najbolje opisuju ovis-
nost zavisnih i nezavisnih varijabli prikazane su u ta-
blici 3.

Na slici 13 prikazana je ovisnost ukupne kolic¢ine
izradenoga drva na pokusnim i kontrolnim plohama o
prsnom promjeru bukovih stabala. S povecanjem prs-
noga promjera bukovih stabala raste razlika izmedu
koli¢ine izradenoga drva primjenom dviju razli¢itih
metoda izradbe drva (slika 13). U ukupnoj kolic¢ini drva
privucenoga iz sjecine na pomocno stovariste, gdje je
primijenjena modificirana poludeblovna metoda
listaca s dijelovima krosnje, nalazi se tehnicka oblovina,
prostorno drvo i Sumski ostatak (sitna granjevina od 3
do 7 cm, isjecci, porupci, koljena grana, odresci sljepica,
raslje, gule i kratice), a u ukupnoj kolic¢ini drva na
pomoc¢nom stovaristu, gdje se primjenjuje sortimentna
metoda izradbe drva, nalazi se tehnicka oblovina i pro-
storno (ogrjevno) jednometarsko drvo.

Obujam drva privucen na pomocno stovariste s
pokusne plohe 1 vedi je za 8,5 % od obujma drva
privucenoga s kontrolne plohe 1, a kod pokusne plohe
2 vecije za 8,17 % u odnosu na kontrolnu plohu 2. Obu-
jam je iskazan kao ponderirana srednja vrijednost. Ta
koli¢ina drva nije zanemariva i u buducnosti ¢e svakako
biti znacajan izvor sirovine za dobivanje energije.

Oblikovanje je tovara skiderom obavljeno s jedne ili
viSe tocaka sakupljanja drva vitlom uzduz traktorsk-
oga puta. Ono je s vise stajalisnih tocaka bilo potrebno
s obzirom na uvjet o privlacenju najvise jednoga dijela
izradenoga iz krosnje stabala vecih dimenzija, kao i
smanjivanja troskova formiranja optimalnoga tovara.

Pregled rezultata privlacenja dijelova stabala bez
grana tanjih od 3 cm promjera s korom po pojedinim
parametrima prikazan je u tablici 5.

Ostecenja na dubecim stablima razvrstana su na
ogrebotine i oguljotine kore. Prema mjestu nastanka
dijele se na oStecenja nastala na korijenu i ostecenja
nastala na prizemnom dijelu stabla. Prema Mengu
(1978) ostecenja na dubecim stablima na pokusnoj
plohi 1 pripadaju IV. kategoriji, na pokusnoj plohi 2 i
kontrolnoj plohi 1 ubrajaju se u Il kategoriju i na kon-
trolnoj plohi 2 II. kategoriji ostec¢enja.

Razlike su u intenzitetu sjece na pokusnim i kon-
trolnim plohama izraZene brojem stabala minimalne,
$to je vrlo znacajno za usporedivanje pokusnih i kon-
trolnih ploha (slika 14).

Prosjecan broj komada izradenih iz jednoga stabla
vedi je na pokusnim u odnosu na kontrolne plohe s
obzirom na to da je predmet privlacenja bilo cjelok-
upno drvo stabla do 3 cm promjera s korom, a Sto nije
bio slucaj na kontrolnim plohama. Na pokusnoj plohi
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1 broj je komada izradenih iz stabla veéi u odnosu na
pokusnu plohu 2, uglavnom zbog vecega udjela
rasljavih stabala. Razlike na kontrolnim plohama
potjecu zbog razlicitoga udjela prostornoga drva. Na
pokusnoj plohi 2 nije bilo racionalno oblikovanje tovara
s viSe stajalisnih toc¢aka imajuc¢i na umu udaljenost
sakupljanja drva vitlom i utrosak vremena premjestanja
skidera uzduz traktorskoga puta, zbog cega se javlja
manji broj zahvata vitlom i manji prosjecan obujam
tovara. Prosjecna duljina izradenih dijelova stabla bez
grana tanjih od 3 cm promjera s korom veca je za oko
30 % od prosjecne duljine drvnih sortimenata izradenih
na kontrolnim plohama. Na prosjecno povecanje
duljine najvise je utjecala duljina dijelova izradenih iz
krosnji stabala.

Prosje¢na je povrsina ostecenja na dubecim stabli-
ma najveca na pokusnoj plohi 1 te je za oko 50 % veca
u odnosu na kontrolnu plohu. Od ukupnoga broja
ostecenja nastalih u obliku guljenja kore na deblu se
nalazi 70,2 %, a na korijenu 29,8 %, dok se na kontrolnoj
plohi oko 65 % ostecenja odnosi na guljenje kore kori-
jena. Na pokusnoj plohi 2 prosjecna je povrsina ostecen-
ja manja, Sto se i ocekivalo s obzirom na to da je rije¢ o
mladoj sastojini i manjem udjelu rasljavih stabala.
Osim navedenoga na pokusnoj plohi 2 broj oste¢enih
stabala nije mnogo vedi, iako je za oko 90 % veci broj
stabala po hektaru. Prosje¢na povrsina ozljede na du-
beéim stablima nije velika, medutim na oste¢enim stab-
lima javljale su se u prosjeku od dvije do tri ozljede.
Prosje¢na povrsina ozljeda na pokusnim plohama pri-
pada III. kategoriji oStecenja prema Mengu, a na kon-
trolnim plohama II. kategoriji oStecenja.

5. Rasprava — Discussion

Rezultati provedenoga istrazivanja pokazuju da u
bukovim Sumama koje rastu u brdsko-planinskom
podrudju Republike Srbije, u kojima se obavljaju pro-
rede primjenom sortimentne metode izradbe drva,
ostaje neiskoristeno oko 8 % drvne biomase nadzem-
noga dijela bukovih stabala bez sitne granjevine tanje
od 3 cm promjera s korom i nadzemnoga dijela panja.
Posrijedi je drvo koje je i po kolicini i po kakvodi zna-
cajna sirovina za proizvodnju energije.

Pitanje koje se stalno postavlja u strucnoj javnosti
Srbije, ali i Sire, jest kako tehnoloski rijesiti upotrebu
Sumskoga ostatka bez ekoloskih i ekonomskih Stetnih
posljedica.

U prebornim sastojinama i proredama iskoristavanje
je Sumskoga ostatka mnogo sloZenije u odnosu na
oplodne sjece (pripremni, naplodni i dovrsni sijek) zbog
velikoga broja stabala po jedinici povrsine i zbog pom-
ladnih jezgara u prebornim sastojinama (grupimi¢no

M. Danilovié¢ i dr.

preborno gospodarenje). Osim navedenoga rijec je o
sitnijim izradevinama (sitna granjevina od 3 do 7 cm s
korom, kraci komadi debljih grana, raslje i dr.) na koje
nepovoljno utjece zakonitost obujma komada (Speidel
1952).

Imajudi na umu znacenje biomase kao energetske
sirovine i okolnosti vezane uz upotrebu Sumskoga os-
tatka, istraZena je ucinkovitost primjene modificirane
poludeblovne metode listaca s dijelovima krosnje kao
alternative do sada primjenjivanim metodama izradbe
drva u pridobivanju drva u brdsko-planinskim uv-
jetima u Srbiji te su dobiveni rezultati na osnovi kojih
su izvedeni zakljucci znacajni za Sumarsku struku.

Prednosti nove metode izradbe drva ogledaju se u
povecanoj kolicini privucenoga drva na pomocno
stovariSte po zavrSetku pridobivanja drva. Koli¢ina
sitne granjevine od 3 do 7 cm promjera s korom krece
se oko 3 % na pokusnoj plohi 1i oko 2 % na pokusnoj
plohi 2, Sto ne odstupa znacajno od kolic¢ine koju
navode drugi autori (Pasicko i dr. 2009). Ti autori daju
podatak da sitno energijsko drvo (promjera od 3 do
7 c¢m) iznosi oko 4 % od bruto posjecenoga drva.
Kolicina sumskoga ostatka u obujmu krupnoga drva
iznosi oko 4 %, Sto takoder ne odstupa znacajnije u
odnosu na istrazivanja drugih autora za obi¢nu bukvu.

Prema Nikoli¢u i Baji¢u (1992) obujam drva isjecaka,
brada, obradaka, koljena grana, gula i kratica iznosi
2,79 % obujma krupnoga drva, odnosno oko 5,06 % ako
se uracuna i obujam nadzemnoga dijela panja. Ta
koli¢ina drva uglavnom ostaje u sastojini neiskoristena.

Rezultati ovih istraZivanja pokazuju da obujam
sitne granjevine od 3 do 7 cm promjera s korom iznosi
u obujmu drva srusenoga stabla do 3 %.

Znacajna je ocjena primjenjivosti nove metode iz-
radbe drva s obzirom na pojave ozljeda (oStecenja) na
dubedim stablima u sastojini. Prema svim dosadasnjim
istrazivanjima sortimentna je metoda mnogo povo-
linija ako se uzmu u obzir pojave oStecenja u sastojini
od stablovne i deblovne metode izradbe drva (Dolezal
1984, Kellogg i Betinger 1994, Syunev i dr. 2009).

Intenzitet je sjece po broju stabala na pokusnim i
kontrolnim plohama bio priblizno isti, Sto je omogucilo
da se usporede ostecenja nastala na pokusnim i kon-
trolnim plohama. Broj oStecenja izrazen po zahvatu
sakupljanja drva vitlom bio je veci na pokusnoj plohi
2, 5to je i ocekivano s obzirom na veci broj stabala po
jedinici povrsine, dok je prosjecna povrsina ostecenja
(guljenje kore) na pokusnoj plohi 2 manja za oko 45 %
od povrsine oste¢enja na pokusnoj plohi 1. Jedan od
razloga jest i veca granatost stabala na pokusnoj plohi
1. Prosje¢na povrsina oSte¢enja dobivena u ovim
istrazivanjima ne odstupa znacajnije od rezultata do
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kojih su dosli drugi autori. Na osnovi dosadasnjih
istrazivanja izlazi da ima najviSe oStec¢enja iznad 200
cm’ kada se primjenjuje sortimentna metoda izradbe
drva (Solgi i Najafi 2007, Ficklin i dr. 1997, Tsorias i
Liamas 2010, Nikooy i dr. 2010).

Broj ostecenih stabala u sastojini u odnosu na broj
dubedih stabala na pokusnim i kontrolnim plohama
iznosi od 7,9 do 9,8 %. U bukovoj sastojini starosti 80
godina postotak je oStecenih stabala na pokusnoj plo-
hi vedi za 25,4 % od postotka ostecenih stabala na kon-
trolnoj plohi. U bukovoj sastojini starosti 70 godina
postotak je ostecenih stabala na pokusnoj plohi manji
za 10,1 % u odnosu na postotak ostec¢enih stabala na
kontrolnoj plohi. Do sli¢nih su rezultata dosli Tavan-
kar i Bodaghi (2011) u sastojini obi¢ne bukve, graba i
johe, gde je obavljena selektivna sje¢a motornom pi-
lom, a privlacenje skiderom Timberjack 450C. Oni iz-
nose da je 12 % dubecih stabala osteceno i 1,2 %
unisteno, od cega je 68 % oStecenja stabala nastalo pri
privlacenju drva. Prosjecna povrsina ostecenja koja se
javila na dubec¢im stablima nakon privlacenja izradenih
dijelova veca je na pokusnim povrsinama, $to se moze
protumaciti kao nedostatak, medutim kada se uspore-
di s rezultatima drugih autora, nisu velika opasnost za
sastojinu promatrano s ekoloskoga aspekta. Za prim-
jenu ove metode izradbe drva vrlo je bitha ekonomska
analiza koja ce biti osnova za kona¢nu ocjenu istrazi-
vane metode izradbe drva. Prema dosadasnjim rezul-
tatima, koji ¢e biti objavljeni u idu¢em razdoblju, izlazi
da se primjenom ove metode ostvaruje znacajna finan-
cijska usteda u odnosu na sortimentnu metodu izrad-
be drva.

Za primjenu poludeblovne metode listaca s dijelovi-
ma krosnje potrebno je osigurati odgovarajucu velicinu
pomocnoga stovarista, sto je Cesto problem kada su u
pitanju brdsko-planinska podrudja. Uz to treba poseb-
no istaknuti da se primjenom modificirane polude-
blovne metode rjesava i problem iznosenja prostor-
noga drva iz Sume. Bududa ce istrazivanja dati
odgovore na niz nepoznanica koje se danas postavljaju
kada je u pitanju modificirana poludeblovna metoda
listaca s dijelovima krosnje.

6. Zakljucci — Conclusions

Na osnovi rezultata provedenoga istrazivanja
zakljuceno je:
= Koli¢ina drva privucena na pomo¢no stovariste
s pokusnih ploha veca je za oko 8 % od kolic¢ine
drva koje je privuceno s kontrolnih ploha.

= Broj ostec¢enih dubecih stabala u sastojini na
pokusnim i kontrolnim plohama iznosi od 7,9 %
do 9,7 %. U sastojini starosti 80 godina postotak
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je ostecenih stabala na pokusnoj plohi vedi za
25,4 % od postotka ostecenih stabala na kontrol-
noj plohi, a u bukovoj sastojini starosti 70 godina
postotak je ostecenih stabala na pokusnoj plohi
manji za 10,1 % u odnosu na postotak ostecenih
stabala na kontrolnoj povrsini.

= Kada se primjenjuje modificirana poludeblovna
metoda listaca s dijelovima krosnje, nema
potrebe za angaziranjem tovarnih konja (sa-
marice) jer se skiderom privlaci drvni obujam
stabala ve¢ih od 3 cm promjera s korom.

= Za primjenu modificirane poludeblovne metode
listaca s dijelovima krosnje potrebna je dobra
organizacija rada, dobro poloZzena sekundarna
mreza Sumskih prometnica, ali i odgovarajuca
velicina pomocnih stovarista.
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Evaluation of Modified Half-Tree Length Method of Broadleaves
with Crown Parts

This paper presents the research results of the efficiency of timber (broadleaves) extraction by skidder, using a
modified half-tree length method with crown parts in thinning beech stands in the Republic of Serbia. The effectiveness
of this method is assessed by quantitative and qualitative indicators. The modified method has been developed with the
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goal of using forest residues (unprocessed wood) in hilly and mountainous areas of the Republic of Serbia. This modified
half-tree length method of broadleaves with crown parts resulted in an increase of 8% of the volume of timber extracted
to the road landing when compared to the assortment method. Stand damages caused to the remaining standing trees
after felling were not much higher than damages caused by using the assortment (CTL) method. With this proposed
modified method, the extraction of one-meter fire-wood can be carried out without using horses (derrick method).

Keywords: method of wood processing, hilly-mountainous conditions, beech, forest residues, tree damage.
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Research article — Znanstveni rad

Comparison of Two Skidding Methods
in Beech Forests in Mountainous Conditions

Dane Marceta, Vladimir Petkovi¢, Bostjan Kosir

Abstract — Nacrtak

Investigation of different skidding methods was done in the northwestern part of the Republic
of Srpska, in the area of municipality of Ribnik. Two skidding methods were compared, assort-
ment (short-log) method and half-tree length method. Investigation was conducted in four
sample plots, in two compartments of beech forests. The difference between sample plots was
based on working methods and mean DBH of felled trees. The aim of this research was to
compare the productivity and costs of assortment method, which is currently dominant in the
forestry of the Republic of Srpska, and half-tree method as a modification of tree length meth-
od. Skidding was done with forest skidder LKT 81T in winter conditions with almost no snow.
Time and work study was performed. Different statistical methods were used for investigating
the influence of different variables on the work process. Multiple linear regression analysis
showed that work operations mainly depend on distance and load volume in both methods.
Loaded drive depends on distance and load volume. Strength of correlation relationship is
similar in both methods. These findings are in compliance with other investigations that can be
found in literature. The results showed higher productivity and lower costs in half-tree-length
method than in the assortment method. For the skidding distance of 250 m and similar stand
conditions, the productivity is 42.29 m’/day for assortment method (A1) and 50.50 m’/ day for
half-tree length (A2) method, and 62.93 m’/day (B1) and 83.64 m’/day (B2), respectively.
Costs are 17% (A2 against A1) and 40% (B2 against B1) lower for half-tree length method
when all other conditions are the same. The difference in cost increases with the increase of the

difference of the average piece volume of the two skidding methods.

Keywords: tractor skidding, harvesting methods, work study, cost calculation, BEH

1. Introduction — Uvod

The limiting factors in forest operations in moun-
tainous stands of B&H are terrain slope, micro-relief
with obstacles, bearing strength of deep soils during
periods of increased moisture, snow and ice condi-
tions in winter and selection management. Forests are
mainly natural, mixed and uneven-aged, and man-
aged by individual and group selection felling, with a
10-year rotation. European silver fir, Norway spruce,
European beech and sessile oak are the most impor-
tant commercial species. Strip roads and skid trails
represent the basic network of secondary forest open-
ness, which provides the quickest and shortest way to
felled and processed trees and are constructed on for-
est terrain with the slope gradient ranging between 30

and 60% with the terrain rockiness reaching up to 90%
due to karst conditions (Sabo and Porsinsky 2005).

The current harvesting technology in the forestry
of B&H consists of felling and processing trees at the
stump using chainsaw and skidder for roundwood
extraction. In specific conditions, animals and cable
yarders are used to a lesser extent. Stacked wood (tra-
ditional firewood) is extracted by animals in tradi-
tional way. Harvesting technology and method is still
a question of research and discussion. The aim of this
research is to compare the productivity of skidding in
two harvesting methods: 1) tree felling and processing
at the stump, and extracting the assortments to the
landing and 2) tree felling, partial processing at the
stump and skidding to the landing. The first harvest-
ing method is understood as a short-wood (assort-
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ment) method and the second as a half-tree-length
method — a modification of tree-length method. The
aim of the research was to identify advantages and
disadvantages of introducing a half-tree-length meth-
od and the need for possible modification of the pres-
ent assortment method.

2. Literature review — Pregled literature

Researchers have already suggested that it would
be better to organize skidding of firewood together with
roundwood, as this would cause lower transport costs
(Kosir et al. 2009). In the area of B&H, several studies
have been conducted on introducing tree-length and
half-tree-length harvesting method (Kulusic at al. 1980,
Kulusi¢ 1981, Ljubojevi¢ 1990). The results of these in-
vestigations led to the conclusion that tree-length and
half-tree length methods are recommended along with
a better organization of production process. Also, it has
been proved that the tree-length method demands
heavier machines and causes higher damages to the
stand, the standing trees, juvenile plants and soil. This
is probably a reason why the tree-length method has
not been widely accepted in local forestry practice.
There are also other reasons for not accepting tree-
length skidding, such as hard terrain conditions and
selective forest management based on cutting single
trees. As an optimal solution, the half-tree-length har-
vesting method is recommended. The half-tree-length
method differs from tree-length method in the way that
the stem is cut in one or more pieces in order to shorten
the stem and facilitate the skidding. Bucking at the
stump is made according to »transport lengths« taking
into account quality changes along the tree and the final
use (roundwood, firewood).

Mousavi (2009) compared the effects, economical
efficiency and stand damages in using the tree-length
and short wood harvesting method. It was concluded
that higher efficiency was achieved at lower costs when
applying the tree-length method, provided that for-
estry planners and workers are extremely well trained
to keep the efficiency without causing unacceptable
stand damage. Zeci¢ and Marence (2005) examined the
characteristics of work and efficiency of team work.
They established standard times for two tractors, which
ranges between 25.05 min/m?® for the skidding distance
of 150 m and 33.20 min/m” for the distance of 650 m. The
coefficients of allowance time for the tractors used in
the study were between 1.24 and 1.29.

Most of the studies on skidding operations indicate
that skidding distance, piece size, load volume, winch-
ing distance and slope of the skid trail have a signifi-
cant impact on the production of tractor skidding

Comparison of Two Skidding Methods in Beech Forests in Mountainous Conditions (51-62)

(Ghaffariyan et al. 2013, Sabo and Porsinsky 2005,
Zedi¢ et al. 2005). Skidding time per cycle is a regres-
sion function of skidding distance, winching distance,
trail slope and piece volume. The average net and
gross productions were 18.51 and 14.51 m’/h, respec-
tively (Ghaffariyan et al. 2013). They found that the
productivity of processing, skidding and hauling in-
creased when using the long timber method. Total unit
cost of the long timber method in processing, skid-
ding, loading and hauling is lower than the unit cost
of the short-wood method (Mousavi 2009).

Ghaffariyan et al. (2012) showed that increasing the
average load volume would result in lower cost of ex-
traction. They emphasized that it is necessary to use
the harvesting equipment with maximum working
capacity. Also, they suggested that increasing the load
volume may increase machine repair costs, an aspect
that requires further investigation.

Bembenek et al. (2011) showed that, during extrac-
tion with tractors, the mean overall operational pro-
ductivity was 30.5 m’/h, with an average of 1.8 m’ of
wood obtained from the trees. The obtained produc-
tivity seems to be very good when compared with e.g.
11.6 m*/h achieved by Timberjack 240C in a mountain-
ous fir stand when skidding roundwood from the fell-
ing site, where the volume per mean marked tree was
3.9 m’ (Sabo and Porsinsky 2005). Using a cable skid-
der LKT 81 Turbo, the productivity can reach 7.15m’/h
in mountain conditions in an 82 year old fir stand (Por-
ter and Strawa 2006).

According to the calculation based on 1 600 operat-
ing hours per year, the machine rate of Timberjack
240C was 26.89 €/PMH. At skidding distance of 250 m,
the productivity under the above work conditions is
12.0 m’/PMH (5.0 min/m®) with the skidding costs of
2.2 €/m’. Productivity depends on skidding distance
and it ranges between 16.9 m’/h (50m) and 9.9 m’/h
(400m). Skidding costs range from 1.6 to 2.7 €/m’ (Sabo
and Porsinsky 2005).

Holmes et al. (2002) studied the productivity of a
rubber-tyre skidder in conventional felling. They
showed that the productivity of the skidder was
22.39 m’/h and the unit cost was 1.99 $/m’ in Amazon
forests in Brazil.

Behjou et al. (2008) investigated skidding capacity
of the wheeled skidder Timberjack 450C in Caspian
forests. The skidding cycle time and the loaded travel
time, as well as cable winching productivity were pri-
marily affected by skidding distances and winching
distances. The interaction between skidding distance
and the ground slope was another major factor that
influenced elemental times and productivity. The
empty travel time was dominantly affected by skid-
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Table 1 Description of research site
Tablica 1. Opis objekta istrazivanja

D. Marceta et al.

Stand description

Sample plots A1 and A2

Sample plots B1 and B2

Opis sastojina Pokusne plohe A11A2 Pokusne plohe B1 B2
Compartment 98; section a — M.U. Patoci-Resanovata 65; section a — M.U. Siga-Pale?
Odjel 98; odsjek a — G.J. Potoci-Resanovaca 65; odsjek a — G.J. Sisa-Pale?
Altitude, m

. 970-1 150 690-1 230
Nadmorska visina, m
Inclination, ©

) 15-30 15-30
Nagib, °
Exposition
- S-SE W-NW
Ekspozicija

Geologic surface

Limestone, medium or deep rocky land

Limestone and dolomite, medium or deep rocky land

Srednji promjer doznacenih stabala, cm

Geoloska podloga Vapnenac, srednje duboko ili kamenito tlo Vapnenac i dolomit, srednje duboko ili kamenito tlo
Climate Mountain, humid Mountain, humid
Klima Planinska, humidna Planinska, humidna
GK 1210 — Forests of beech and fir with spruce on a GK 1114 — High beech forests on predominantly
series of limestone, predominantly deep soil deep limestone and illimerized soil
Stand (Picea-Abieti-Fagetum) (Fagetum montanum illyricum)
Sastojina GK 1210 — Bukovo-jelove Sume sa smrekom na seriji | GK 1114 — Visoke bukove Sume na preteZno dubokim
vapnenackih, preteZno dubokih tala vapnenackim I ilimeriziranim tlima
(Picea-Abieti-Fagetum) (Fagetum montanum illyricum)
Site qualit
'q Yy 3 2
Bonitet
Canopy Dense (0.7) Dense (0.8)
Sklop Gust (0,7) Gust (0,8)
Management system Group-selection Group-selection
Nacin gospodarenja Skupinasto-preborni Skupinasto-preborni
Growing stock, m¥ha
. . 513.72 343.74
Drvna zaliha, m°/ha
Cutting intensity, %
; 14.53 20.94
Intenzitet doznake, %
Average diameter of marked trees, cm
21 35

Regeneration
Pomladak

Medium dense
Srednje gust

Medium dense

Srednje gust

ding distance. The achieved gross (SMH) and net
(PMH) production rate was between 20.51 m’/h and
22.93 m’/h for different skidding distances. The aver-
age production cost, considering the gross and net
production rate, was between 6.31 $/m’ and 6.22 $/m”.

Strip roads and skid trails represent the basic net-
work of the secondary forest openness, which pro-
vides the quickest and shortest way to felled and pro-
cessed trees.

3. Materials and methods — Materijal
i metode

Investigation was conducted in the northern part
of the Republic of Srpska in the area of municipality
of Ribnik. The research was carried out in a hilly-
mountainous area in winter period with almost no
snow. The temperature varied from 0 to 7 °C. Sample
plots were situated in two compartments (Table 1).
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Fig. 1 Skidding with LKT 81T skidder
Slika 1. Privlacenje skiderom LKT 81T

Altitude varied from 690 m to 1 230 m. Terrain inclina-
tion was between 26 and 57%. Geologic surface was
limestone and partially dolomite with medium or
deep rocky land. The group-selection management
system was used in both compartments. The average
diameter of trees marked for felling was 21 cm in com-
partment 98 and 35 cm in compartment 65. Canopy
cover was dense with medium dense regeneration for-
est. When choosing compartments, it was taken into
consideration that stand conditions and characteristics
of forest road network would be those prevailing in
beech forests in the Republic of Srpska. In each com-
partment, 2 sample plots i.e. work fields were selected
(A1, A2, B1 and B2). Sample plots were selected so as
to have as much as possible similar stand and habitat
conditions. Actually, the plots only differed with re-
spect to felled tree diameter and harvesting method.
In this way, only several factors were taken into con-
sideration, which made the comparison of technolo-
gies more reliable. In each sample plot, timber was
transported after cutting. To avoid the influence of the
position of skidding roads, the position of each work
field was linked to the skidding road. The width of the
work fields was equal to two lengths of the skidding
cable. The maximum cable length was 60 m. The skid-
der moved along the skidding road. The length of each
work field (sample plot) was equal to the length of the
skidding road, up to 500 m.

In the sample plots A1 and B1, short-wood (assort-
ment, un-mechanized cut-to-length) harvesting meth-
od was performed, where cutters cut the trees with
chainsaw and wood processing was done at the site.
Also, stacked wood (traditional 1 m length firewood)
was produced and piled. Assortments were skidded
on the forest road with the skidder LKT 81T (Fig. 1).

Comparison of Two Skidding Methods in Beech Forests in Mountainous Conditions (51-62)

In the sample plots A2 and B2, a half-tree-length
harvesting method was performed where cutting of
trees and delimbing was done at the site. Stem stayed
whole or cut to the »transport lengths« to allow easier
skidding. After that, stem or parts of the stem were skid-
ded on the forest road where processing continued.

Skidder performance was measured by time and
work study method (Bjorheden et al. 1995). Time was
divided into work operations. Time consumptions for
work elements were measured by snap-back chronom-
etry method. The distance of unloaded and loaded
travel were measured with the measuring tape, slope
gradient was measured by clinometers and the load
data were collected by measuring the diameter and
length of each piece of roundwood, technical wood un-
der bark and roundwood fuelwood over bark.

Statistical methods were used in data evaluation
(Descriptive statistics, ANOVA Regression and Cor-
relation analysis) with the help of software Statistica
7. Strength of correlation was defined according to
Roemer—Orphal’s scale (Sabo and Porsinsky 2005).

4. Research results — Rezultati istraZivanja

4.1 Description of sample — Opis uzorka

Table 2 presents the characteristics of the sample
plots. Differences in the load characteristics between the
plots are due to different characteristics of felled tree.
The average number of pieces in a load was 9.94 and
9.00 on plots Al and B1, respectively, and 11.09 and 9.57
on plots A2 and B2. The average volume of pieces in
loads in assortment method was 0.28 m® and 0.57 m’
and in half-tree-length method 0.33 m’ and 0.75 m”.

The average load volume in assortment method
was 2.80 m® (A1) and 4.98 m® (B1), and 3.56 m® (A2)
and 6.62 m’ (B2) in half-tree-length method. The average
length of the piece in assortment method was 5.38 m
(A1) and 5.30 m (B1), and in half-tree-length method
8.97 m (A2) and 9.19 m (B2). In assortment method,
the length of pieces varied from 3.83 m to 7.66 m. In
half-tree-length method, the length of pieces varied
from 6.12 m to 14.14 m.

The average skidding distance in assortment meth-
od was 250.15 m and varied from 90.00 to 460.00 m. In
sample plots, where half-tree-length method was per-
formed, the average skidding distance was 287.44 m
and varied from 130.00 to 490.00 m.

4.2 Analysis of work operations — Analiza
radnih operacija

The total work time is 2 132.75 min in sample plots
with the assortment method and 1 505.47 min in sam-
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Table 2 Load parameters

Tablica 2. Znacajke tovara

D. Marceta et al.

4 :g iE
@ + (&) >
kS g S 2, =2 = 3 |5 &
B S — 8 2 S = 3 o |5 ©
ss| =ss |8°% S E2|ES|gg|2t e s
g8 £§ |£32 sS|leo|E2|EE|58 28 |2¢E
D D k) = S = = = = % %
88 = = 2 & =SS5 a8 522288 E8 |88
Number of pieces in load
Broi komada u & 994 | 338.00 | 6.00 13.00 2.42 1.56 0.27
roj komada u tovaru
Average volume of piece, m’ 098 019 040 0.00 0.04 001
Al Assortment ” Prosjecni obujam komada, m’ ' ' ' ' ' '
Sortimentna Load volume, m’®
Obujam tovara, m’ 2.80 95.33 1.65 412 0.33 0.58 0.10
Piece length, m
Dulina komad 5.38 - 4.28 7.31 0.74 0.86 0.18
uljina komada, m
Number of pieces in load
Broi komada u & 11.09 | 244.00 | 8.00 15.00 2.85 1.69 0.36
roj komada u tovaru
Average volume of piece, 0.33 7.20 0.16 0.49 0.00 0.07 0.01
A7 Half-tree-length 2 Prosjecni obujam komada, m’ ' ' ' ' ' ' '
Poludeblovna Load volume, m’
Obujam tovara, m? 3.56 78.36 0.82 543 1.28 1.13 0.24
Piece length, m
Dulina komad 8.97 - 8.08 10.53 0.52 0.72 0.20
uljina komada, m
Number of pieces in load
Broi komada u t 9.00 | 306.00 | 5.00 12.00 3.27 1.81 0.31
roj komada u tovaru
Average volume of piece, m' 057 | 1942 | 025 | 102 | 005 | 022 | 004
B Assortment ” Prosjecni obujam komada, m® ' ' ’ ’ ' ’ ‘
Sortimentna Load volume, m’
Obujam tovara, m’ 498 169.25 1.27 8.68 2.68 1.64 0.28
Piece length, m
Duline komada. m 5.30 - 3.83 7.66 0.80 0.89 0.18
ulji ,
Number of pieces in load
Broi komada u t 9.57 | 220.00 | 5.00 13.00 4.35 2.09 0.43
roj komada u tovaru
Average volume of piece, " 075 | 1722 | 020 | 164 | 010 | 032 | 007
- Half-tree-length . Prosjecni obujam komada, m® ' ’ ’ ' ' ' ’
Poludeblovna Load volume, m’
Obujam tovara, m’ 6.62 152.31 2.03 8.48 1.91 1.38 0.29
Piece length, m
Dujina komada, m 9.19 - 6.12 14.40 4.08 2.02 0.54

ple plots with half-tree-length method. Total produc-
tive time is 1 638.28 min (assortment) and 1 147.93 min
(half-tree-length) with the share of delays of 30.18%
and 31.15%, respectively (Table 3).

The structure of work operations shows (Table 3)
that the most time consuming operations in both meth-
ods were unloaded drive, loaded drive and hooking.
An average cycle time for unloaded drive is 5.09 and
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Table 3 Descriptive analysis of work time
Tablica 3. Opis radnoga vremena

Comparison of Two Skidding Methods in Beech Forests in Mountainous Conditions (51-62)

Work operation Average per cycle, min | Standard deviation, min Sum, min M|r?|mur'n, rTiln/cycle I\/Iax'lmL,Jm, rrun/cycle
Radni zahvat Prosjecno po turnusu, min | Standardna devijacija, min Zbroj, min Na/ma_n/a vijednost, Najveqa vijednost,
min/turnus min/turnus
B o B s B e B e B e
Method EE L = EE L = E§$> Eg L = Eg oL =
ES | 83| E5 82 | ES g3 ES5S 83| 5| 8=
Metoda Es | 58| 58 | 28| cs|8/ 55| =8| 5&| =538
»n T = S »n T = 35 »n T = 3 n T = S n T = 3
2 & 2 & 28 2 23| 2E& | 23  £EL 28| 2&
Unloaded drive
) ) 5.09 5.20 2.51 1.75 345.78 | 234.01 1.48 2.33 12.34 9.58
Neoptereceno kretanje
Pulling out of cable
. 1.6 1.48 0.80 0.59 104.58 | 66.52 0.37 0.33 5.53 2.87
lzviacenje uZeta
Hooking
. 5.23 5.46 2.50 1.90 355.31 | 24554 1.20 1.50 12.06 10.02
Vezanje tovara
Winching
o 2.92 3.32 1.40 1.63 198.78 | 149.24 0.73 0.48 8.28 7.30
Skupljanje vitlom
Forming of load
e 2.04 1.95 1.51 0.83 89.56 | 42.98 0.16 0.67 8.00 4.00
Formiranje tovara
Loaded drive
, ) 472 5.53 1.97 1.59 321.22 | 248.94 0.31 1.85 9.16 8.87
Optereceno kretanje
Unhooking
o 2.34 2.29 0.92 0.67 156.94 | 103.05 0.90 1.00 6.00 422
Odvezivanje tovara
Landing bunching
. 0.98 1.34 0.51 0.53 61.83 | 57.65 0.25 0.55 2.88 2.57
Uhrpavanje
Productive work time, min
. . . - — - - 1638.28| 1147.93 — — — —
Proizvodno radno vrijeme, min
Total delays, min
. , - - - - 49447 | 35754 - - - -
Dodatno vrijeme, min
Total delays, %
. - - - - 30.18 | 31.15 - - - -
Dodatno vrijeme, %
Total work time, min
. ) - - - - 2132.75| 1505.47 - - - -
Ukupno radno vrijeme, min

5.20 min/cycle for assortment and half-tree-length
method, respectively. An average cycle time for loaded
drive is 4.72 (assortment) and 5.53 min/cycle (half-tree-
length) and the average time for hooking is 5.23 min/cycle
(assortment) and 5.46 min/cycle (half-tree-length).

The shortest work operations are pulling out of the
cable and landing bunching. The time for pulling out
of the cable is 1.61 (assortment) and 1.48 min/cycle
(half-tree-length) and for landing bunching 0.98 (as-
sortment) and 0.34 min/cycle (half-tree-length). The
structure of productive work time shows that in both

working methods the structure of working operations
in productive work time is very similar (Fig. 2).

The structure of delays is presented in Table 4. De-
lay times are times that are not directly connected to
skidding but are unavoidable in the working process.
It can be seen that the preparatory-final time accounts
for 35% (assortment) and 33% (half-tree-length) of de-
lay times, followed by personal delays with 28% (as-
sortment) and 29% (half-tree-length). Coefficients of
delays are 1.30 for assortment and 1.31 for half-tree-
length method. Reference can be made of early studies
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25

[ Assortment method — Sortimentna metoda
I Half-tree-length method — Poludeblovna metoda

Share - Udjel, %

Unloaded drive  Pulling out of cable Hooking Winching Forming of load Loaded drive Unhooking Landing bunching
NeoptereCeno  lzvlacenje uzeta  Vezanje tovara  Sakupljanje vitlom Formiranje tovara ~ Optereceno  Odvezivanje tovara  Uhrpavanje
kretanje kretanje

Fig. 2 Relative share of work operations in productive work time

Slika 2. Relativni udio radnih operacija u proizvodnom radnom vremenu

Table 4 Structure of delays
Tablica 4. Struktura dodatnih viremena

Assortment Half-tree-length
method method
Delays" Sortimentna Poludeblovna
Dodatno vriieme metoda metoda
min % min %

Preparatory-final time
) L 173.40 28 119.30 29
Pripremno-zavrsno vrijeme

Technical delay 66.93 13 59.37 17
Tehnicki prekidi rada ' '

Organizational delay
L 117.14 24 74.87 21
Organizacijski prekidi rada

Personal delay
L 137.00 35 104.00 33
Osobni prekidi rada

Total delays

o 494.47 | 100 | 305.54 | 100
Ukupno prekidi rada

of tractor skidding (Krivec 1967), where preparatory
time was presented as a special problem with known
content, tractor preparation and maintenance.

4.3 Work time analysis — Analiza radnoga
vremena

The influence of different factors on work opera-
tions time was examined with regression and correla-

tion analysis. Strength of the influence is presented
with R, with the level of significance p < 0.05.

Regression models that show best the dependence
between variables are presented in Table 6 and 7.
These functions are used for comparison between
methods and for productivity and cost calculation. In
work operations, where no significant dependencies
were recorded, mean values are used for productivity
calculations.

4.3.1 Assortment method - Sortimentna metoda

Unloaded drive showed very strong dependence
on the driving distance with the correlation coefficient
R=0.82. This correlation is presented with linear equa-
tion (Table 5). Strong correlation was established in
dependence of hooking on load volume, R =0.58. Me-
dium correlations were established in dependence of
pulling out of the cable on pulling distance (R = 0.48)
and of loading bunching on load volume (R = 0.44).
Very strong correlation was observed in the influence
of driving distance and load volume on loaded driving
(R =0.90). Weak correlations were established in de-
pendence of winching on winching distance (R =0.38),
unhooking on load volume (R = 0.39), and forming of
load on load volume (R = 0.36).

4.3.2 Half-tree-length method — Poludeblovna
metoda

Unloaded drive showed very strong dependence
on the driving distance with the correlation coefficient
R=0.87. This correlation is presented with linear equa-
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Table 5 Time dependence analysis — assortment method
Tablica 5. Analiza ovisnosti vremena — sortimentna metoda

Comparison of Two Skidding Methods in Beech Forests in Mountainous Conditions (51-62)

\Work operation N Independent variable Model Frest g Standard error
-tes
Radni zahvat Nezavisna varijabla Model P Standardna pogreska
Unloaded drive .
X, —distance, m
Neoptereceno 65 x. — udalienost. m y, = -0.189+0.0212x, 134.62 | 0.82 0.000 1.449
kretanje ! Jenost.
Pulling out of cable X, —distance, m
Inviadenie ujet 58 dalienost y, = 0.3208+0.047x, 17.17 | 048 | 0.000 0.728
lzvlacenje uZeta X, — udaljenost, m
Hooking X, — load volume, m®
Vezanie tovera 65 obuiam tovara. m y; = 1.2243+1.0536x, 32.65 | 0.58 | 0.000 2.057
zanje tovar: X3 — 0buj vara,
Winching x, — distance, m
L 59 . ¥, = 1.5973+4-0.0546x, 10.38 | 0.38 | 0.002 1.294
Skupljanje vitiom X, — udaljenost, m
Forming of load x; — load volume, m’
e 42 ) : ys = 0.5799+0.3672x;, 6.15 | 036 | 0.017 1.431
Formiranje tovara X5 — 0bujam tovara, m
X — distance, m
Loaded drive Xg — udaljenost, m 0.000
) ) 65 s ys = -0.1162+0.0171x,+0.146%, | 146.69 | 0.90 0.851
Optereceno kretanje X, —load volume, m 0.026
X, — obujam tovara, m’
Unhooking X; — load volume, m’
o 61 ) y; = 1.4811+0.2462x, 283 | 039 | 0.008 0.906
Odvezivanje tovara X; — Obujam tovara, m®
Landing bunching X, — load volume, m’
Uh . 60 buiam 4 : ¥ = 0.4632+0.1357x, 1436 | 0.44 | 0.000 0.465
rpavanje Xq — 0bujam tovara, m

tion (Table 6). Strong correlation was established in
dependence of landing bunching on load volume,
R=0.60 and in dependence of winching on winching
distance (R =0.64). Medium correlation was establish-
ed in dependence of pulling out of the cable on pulling
distance (R = 0.49). Very strong correlation was ob-
served in the influence of driving distance and load
volume on loaded driving (R = 0.90). Weak correla-
tions were established in dependence of unhooking on
load volume (R = 0.38) and hooking of load on load
volume (R = 0.37). Forming of load showed no signifi-
cant dependence on any examined influencing factors.
The significance level of all correlations is p < 0.05.

4.4 Productivity and costs — Proizvodnost i
troskovi

Productivity was calculated so that the time re-
quired for each work operation (v, y,,...s) was calcu-
lated by regression equation for cases where signifi-
cant dependence on influencing factors was
established, or using the average values for given dis-
tance and load volume if there was no dependence.
The sum of work operation times was multiplied with
delay time coefficient. For comparison, productivity is

presented for all four sample plots for the mean dis-
tance of 250 m and average load volume in each sam-
ple plot (Table 7). Costs of the working day of skidder
LKT 81 T was calculated on the base of official meth-
odology used by the Public Company »Sume RS «,
which is based on Myiata (1980). The cost of an 8-hour
working day is 323.53 € (40.44 €/hour).

5. Discussion — Rasprava

The umber of pieces in aload is similar in both meth-
ods, 9.94 (A1) and 9.00 (B1) in assortment method and
11.09 (A2) and 9.57 (B2) in half-tree-length method. It
can be said that in this case the number of pieces in a
load is rather the result of the skidder hooking capacity
than of the volume or length of pieces. A possible expla-
nation for that could be that in both methods the maxi-
mum volume and hence also the volume weight of the
load is below the skidding capacity of the skidder. The
average volume of a log is notably bigger in half-tree
length method, 0.28 m® (A1) against 0.33 m’ (A2) and
0.57 m’ (B1) against 0.75 m’ (B2). The difference is more
noticeable in sample plots with larger average log piec-
es. Consequently, the average load volume in assort-
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ment method was 2.80 m® (A1) and 4.98 m® (B1), and
3.56 m’ (A2) and 6.62 m’ (B2) in half-tree-length method.
The average load is 22% (B1 against Al) and 25% (B2
against A2) bigger in half tree length method if all other
conditions are the same. The average length of the logs
in assortment method was 5.38 m and 5.30 m, and
8.97 m and 9.19 m in half-tree-length method. The aver-
age length of logs is 40% and 42% larger in half-tree-
length method. These results are comparable with the
findings of Horvat et al. (2007) who established that the
load volume of Ecotrac 120V skidder in selective cutting
is 5.34 m® and consists of 5.7 pieces in average, with the
length of 7 m and volume of 0.93 m’. They established
that the daily efficiency ranged from 57.49 m’/day
(100 m) to 35.74 m*/day (500) in hilly working site,
which is a little lower than established in this research.
In the mountain working site, the daily output of
48.53 m’/day to 35.54 m’/day can be achieved for the
same distance (Horvat et. al. 2007).

When looking at the duration of individual work
operations, it can be seen that unloaded drive, loaded
drive and hooking are the most time consuming op-
erations. Statistical analysis of the duration of work
operations showed that only loaded drive differs sig-
nificantly between treatments (Table 5 and Table 6).

Table 6 Time dependence analysis — half-tree-length method
Tablica 6. Analiza ovisnosti viemena — poludeblovna metoda

D. Marceta et al.

Relative share of each individual operation in pro-
ductive work time is very similar in both methods. The
coefficients of allowance time for skidders obtained in
this study, 1.30 and 1.31, are slightly bigger than those
established by Zeci¢ and Marence (2005), 1.24 and 1.29.
Total allowance time of the skidder Ecotrac 120V in the
hilly working site was 34.25% of the effective time and
in the mountain working site 17.95% of the effective
time. The factor of allowance time was 1.34 and 1.18,
respectively (Horvat et. al. 2007).

Multiple linear regression analysis showed that
work operations depend mainly on distance and load
volume in both methods. Loaded drive depends on
distance and load volume. Strength of correlation re-
lationship is similar in both methods. These findings
are in compliance with other researches referenced in
literature review.

In half-tree-length method, only forming of load
showed no significant dependence on any examined
variable. The reason for that may be the consequence
of small sample because this operation did not appear
in each work cycle.

In this case, the productivity is 16 and 25% higher
in half-tree length method than in assortment method.

Work operation N Independent variable Model Fest g Standard error
-tes
Radni zahvat Nezavisna varijabla Model P Standardna pogreska
Unloaded drive X, —distance, m
, 139 ) y, = 0.4808+0.0169x, 119.14 | 0.87 | 0.000 0.869
Neoptereceno kretanje X, — udaljenost, m
Pulling out of cable X, — distance, m
Iniadenie Ut 39 dalienost y, = 0.8146+0.0246x, 11.77 | 0.49 | 0.001 0.522
lzvlacenje uZeta X, — udaljenost,m
Hooking x; — load volume, m’
Vezanie & 36 buiam 4 : y; = 3.6482+0.4596x, 5.54 0.37 | 0.024 1.801
ezanje tovara Xy — 0bujam tovara, m
Winching x, — distance, m
o 39 ) v, = 0.92944-0.0918x, 26.29 | 0.64 | 0.000 1.305
Skupljanje vitlom X, — udaljenost, m ! !
Forming of load 19 ys = average per cycle
Formiranje tovara ¥s = prosjek po turnusu
Xg — distance, m
Loaded drive Xg — udaljenost, m 0.000
, ) 39 s ¥s = 0.3261+0.0157x,+0.1487x, | 74.08 | 0.90 0.683
Optereceno kretanje X; —load volume, m 0.002
X, — obujam tovara, m’
Unhooking X; — load volume, m’
. 30 ) . y, = 1.45444+-0.1417x, 478 0.38 | 0.037 0.613
Odvezivanje tovara Xg — 0bujam tovara, m
Landing bunching X, — load volume, m®
Uh ) 38 buiam ¢ . s = 0.5178+0.1556x, 20.69 | 0.60 | 0.000 0.404
rpavanje Xq — 0bujam tovara, m
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Table 7 Productivity and costs for skidding distance of 250 m
Tablica 7. Proizvodnost i troskovi za udaljenost priviacenja 250 m

Sample plot
Al B1 A2 B2
Pokusna ploha
Method Assortment Half-tree-length
Metoda Sortimentna Poludeblovna

Load volume, m*
) . 2.80 4.98 3.56 6.62
Obujam tovara, m

Cycle time, min
. : 29.80 35.61 31.72 35.63
Vrijeme turnusa, min

Standard time, min/m’
.| 1064 7.15 8.91 5.38
Norma vremena, min/m

Productivity, m*/day
Utinak, m’/dan
Costs, €/m’
Trogkovi, £/m’

42.29 62.93 50.50 83.64

7.65 5.14 6.41 3.86

The costs are 17% (B1 against A1) and 25% (B2 against
A2) lower for half-tree-length method when all other
conditions are the same. In the research of Horvat et
al. (2007), the costs were between 3.74 and 6.01 €/m’
for preparatory felling and between 4.45 and 6.05 €/m’
in the mountain site.

The difference in costs increases with the increase
of the difference of the average piece volume of the
two skidding methods.

6. Conclusions — Zakljucci

Many researchers showed in their studies that
skidding of long wood (half-tree-length and tree-
length method) is more productive than skidding of
short wood (assortment method). There are a few rea-
sons why the assortment method is still dominant in
the forestry of B&H. One of the most important is that
local forestry regulations provide that it is not allowed
to move the assortments away from the felling site
unless they are marked (deboned). This is a matter of
regulations and can be easily changed. Also, stacked
wood, which remains in the forest when using the as-
sortment method, is usually removed by animals. An-
other reason is that the density of the secondary forest
road network is still not satisfactory and that the forest
road network is often not designed optimally. Conse-
quently, the possibility of manipulating longer pieces
of wood is limited.

Also, there is the opinion that skidding of long
wood causes more damage to the stand. This is par-

Comparison of Two Skidding Methods in Beech Forests in Mountainous Conditions (51-62)

tially true but investigations show that the damage
can be kept at an acceptable level if work is per-
formed by well trained and skilled workers. It is get-
ting harder and harder for forest managers to find
animals on the labor market, so often stacked wood
remains unused in the forest. This is unacceptable
considering the tendency of increasing forest bio-
mass utilization. Regarding the constant need for
increasing the work productivity and efficiency, it is
necessary to improve the whole harvesting system
and start practicing the tree-length or half-tree-length
harvesting method in felling and processing. As a
result of that, the skidded wood would be as long as
allowed by other stand conditions.
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Sazetak

Usporedba dviju metoda privlacenja drva u bukovim
brdsko-planinskim sumama

IstraZivanje razlicitih metoda privlacenja obavljeno je u sjeverozapadnom dijelu Republike Srpske u BiH na
podrucju opéine Ribnik. Uporedivane su dvije metode privlacenja, sortimentna metoda i poludeblovna metoda.
IstraZivanje je obavljeno na 4 pokusne plohe u 2 odsjeka u bukovim Sumama. Pokusne su se povrsine razlikovale
po metodi rada i srednjim promjerom posjecenih stabala.

Cilj je istraZivanja bio usporedba proizvodnosti i ekonomicnost sortimentne metode koja je trenutacno domi-
nanatna u Sumarstou Republike Srpske i poludeblovne metode koja je modificirana deblovna metoda. Privlacenje
je obavljeno sumskim traktorom LKT 81T u zimskim uvjetima gotovo bez snijega. Pri istraZivanju je primijenjen
studij rada i vremena.

Rezultati su pokazali da je broj komada u tovaru vrlo slican kod obje metode i na svim pokusnim plohama: 9,94
(A1), 9,0 (B1), 11,09 (A2) i 9,57 (B2). Zapravo je broj komada ovisio jedino o broju omci za vezanje tovara trak-
tora.

Prosjecni je obujam tovara kod sortimetne metode iznosio 2,80 m’ i 4,98 m’, a 3,56 m’ i 6,62 m’ kod poludeb-
lovne metode. Duljine su kod sortimentne metode varirale od 3,83 do 7,66 m, a kod poludeblovne od 6,12 do
14,14 m. Udio je dodatnih vremena iznosio 30,18 % kod sortimentne metode i 31,15 % kod poludeblovne. Relati-
vni udio trajanja radnih zahvata slican je kod obje metode.

Za ispitivanje utjecaja pojedinih cimbenika na radni proces primijenjene su razlicite statisticke metode. Vise-
struka linearna regresija pokazala je da trajanje radnih zahvata ovisi uglavnom o udaljenosti i obujmu tovara kod
obje metode. Optereceno kretanje skidera ovisi o udaljenosti i obujmu tovara. Jacina je korelacijske veze najveca
kod ovisnosti trajanja neopterecenoga kretanja skidera o udaljenosti privlacenja i opterecenoga kretanja skidera o
udaljenosti privlacenja, ali i o obujmu tovara vucenoga drva kod obje metode rada.

Rezultati su pokazali da je proizvodnost veca, a troskovi manji kod poludeblovne metode. Za udaljenost priv-
lacenja od 250 m, za slicne staniSne uvjete proizvodnost je 42,29 m’/dan za sortimentu metodu (A1) i 50,50 m®/dan
za poludeblovnu metodu (A2), odnosno 62,93 m’/dan (B1) i 83,64 m’/dan (B2). Troskovi su 17 % (A2 prema Al)
140 % (B2 prema B1) niZi kod poludeblovne metode. Razlika je u troskovima veca sto je prosjecni obujam komada
u tovaru veci.

Iako su mnoga istraZivanja i prije pokazala da je privlacenje dugoga drva (poludeblovna metoda) proizvodnije
od privlacenja kratkoga drva (sortimentna metoda), poludeblovna metoda jos uvijek nije Sire prihvacena u sumar-
stou BiH. Neki od razloga su zakonske prirode, a neki su posljedica nedovoljne otvorenosti sastojina mrezom
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traktorskih vlaka i putova, Sto je limitirajui cimbenik za manipulaciju duljim komadima. Sve teZe pronalaZenje
animalne radne snage za iznosenje prostornoga drva i teznja za sto vecim postotkom iskoristenosti biomase debla
te stalna potreba za poveéanjem proizvodnosti i ucinkovitosti vodit ce ka uvodenju u praksu metoda privlacenja u
kojima su komadi drva duZi nego je to sadasnja praksa.

Kljucne rijeci: privlacenje drva skiderom, metode pridobivanja drva, studij vremena, kalkulacija troska, BIH
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Znanstveni rad — Research article

Strategijsko planiranje sumskih prometnica
u Republici Hrvatskoj — rasclamba
postojecega stanja kao podloga za buduce
aktivnosti

Tibor Pentek, Hrvoje Nevecerel, Tomislav Ecimovi¢, Kruno Lepoglavec,
Ivica Papa, Zeljko Tomasi¢

Nacrtak — Abstract

Sumska je prometna infrastruktura nuzan i nadasve potreban preduvjet pri danasnjem suvre-
menom gospodarenju sumskim ekosustavima. Vrsta, kolicina i prostorni raspored svih sas-
tavnica Sumske prometne infrastrukture moraju biti pazljivo isplanirani kako bi u Sumi us-
postavili uistinu optimalan sumski transportni sustav. Republika Hrvatska uloZila je znatna
financijska sredstva u primarno otvaranje svojih Suma, ali jos uvijek postoji dosta nedovoljno
otvorenih sumskih podrucja, koja ¢ée u buducnosti biti predmet daljnjega investiranja poradi
dostizanja planirane (ciljane) otvorenosti.

Planiranje se Sumskih prometnica moze razdijeliti u tri razine:

= Planiranje primarnoga i sekundarnoga otvaranja Suma na razini drZave odnosno reljef-
noga podrucja. To je opce planiranje — strategijsko planiranje.

= Planiranje sSumske transportne infrastrukture na razini gospodarske jedinice srednja je
razina planiranja. To je takticko planiranje.

= Planiranje konkretne Sumske prometnice nakon cega slijedi faza projektiranja Sumske
prometnice. To je lokalno planiranje odnosno operativno planiranje.

Osnovni su ciljevi ovoga istraZivanja: razredba gospodarskih jedinica i Uprava Suma Podruznica
(USP) u reljefne kategorije, utvrdivanje postojece primarne klasicne otvorenosti, izracun duljine
planirane mreZe sumskih cesta, izracun cijene planirane mreze Sumskih cesta, predlaganje smjer-
nica daljnjega otvaranja Suma Republike Hrvatske. IstraZivanje je provedeno na podrucju 16
Uprava suma Podruznica u sastavu poduzeéa »Hroatske Sume« d.o.o. Zagreb.

Od ukupne povrsine Suma istrazivanoga podrucja (2 017 620 ha) na nizinsko podrucje otpada
321 470 ha (15,93 %), na prigorsko-brdsko 282 960 ha (14,02 %), na gorsko-planinsko 497 530 ha
(24,66 %) i na krsko podrucje 915 670 ha (45,39 %). Unutar nizinskoga podrucja najveéa je po-
stojeca primarna otvorenost u USP Karlovac (13,77 m/ha), a najmanja u USP Osijek (4,43 m/ha);
u prigorsko-brdskom podrucju najbolje je otvorena USP Koprivnica (17,42 m/ha), a najslabije
USP Osijek (6,35 m/ha); u kategoriji gorsko-planinskoga podrucja najuisi je stupanj otvorenosti
u USP Delnice (21,59 m/ha), a najmanji (USP Osijek zbog jako male povrsine nije uzet u obzir)
u USP Gospi¢ (10,59 m/ha); na krskom je podrucju najveca otvorenost u USP Senj (11,09 /ha),
a najmanja u USP Split (3,48 ha). Analizirajuci po reljefnim podrucjima, prema planu otvore-
nosti za 2030. godinu, najvise Sumskih cesta treba izgraditi u nizinskom podruéju u USP Osijek
(556,17 km), u prigorsko-brdskom podrucju u USP Sisak (955,72 km), u gorsko-planinskom
podrucju u USP Gospic (2 309,18 kim) i na podrucju krsa (6 494,72 km) u USP Split.

Kljucne rijeci: primarne Sumske prometnice, sekundarne sumske prometnice, planiranje, pro-
jektiranje, izgradnja i odrZavanje
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1. Uvod - Introduction

Sume i sumsko zemljidte u Republici Hrvatskoj za-
uzimaju 2 688 687 ha, $to cini oko 47 % njezine kop-
nene povrsine. Najvedi je dio Suma u vlasnistvu drzave
(2018987 haili 75,10 %) i njima, kao i ostalim Sumama
drzavnih ustanova (87 930 ha ili 3,30 %), gospodari
poduzece »Hrvatske Sume« d.o.0. Zagreb preko svojih
16 Uprava suma Podruznica rasporedenih u cijeloj
Hrvatskoj. Znacajno se manja povrsina Suma nalazi u
privatnom vlasnistvu (581 770 ha ili 21,60 %).

Nepobitna je ¢injenica da je Sumska prometna infra-
struktura nuzan i nadasve potreban preduvjet pri
danasnjem suvremenom, tehnoloski naprednom, racio-
nalnom, ekonomic¢nom, ekoloski usmjerenom, okolisno
susretljivom, na bioraznolikosti vrsta, prirodnosti Suma
i potrajnosti prihoda zasnovanom gospodarenju
Sumskim ekosustavima (Pentek i dr. 2012).

Vrsta, koli¢ina i prostorni raspored svih sastavnica
Sumske prometne infrastrukture moraju biti pazljivo
isplanirani kako bi u Sumi uspostavili uistinu optimalan
Sumski transportni sustav. Kod primarnoga se
Sumskoga transportnoga sustava optimalnost procjen-
juje s ekonomskoga, tehnicko-tehnoloskoga, okoliSnoga
(ekolosko-estetskoga) i socioloskoga gledista (Pentek
2002), a potrebito je postici sklad i harmoniju svih spo-
menutih kriterija procjene te doseci razinu sveobuh-
vatne optimizacije (svi kriteriji procjene moraju biti
dovedeni u granice prihvatljivosti).

Republika Hrvatska je, posebice od svoje samostal-
nosti, ulozila znatna financijska sredstva u primarno
otvaranje svojih Suma, medutim jos uvijek postoji dos-
ta nedovoljno otvorenih sumskih podrucdja koja ¢e u
buduénosti biti predmet daljnjega investiranja poradi
dostizanja ciljane otvorenosti (Pentek i dr. 2006).

2. Problematika istrazZivanja — Research
problem

2.1 Razredba Sumske prometne infrastrukture
Classification of forest traffic infrastructure

Sumska se prometna infrastruktura moze podijeliti
na primarnu, na sekundarnu i na posebnu Sumsku
prometnu infrastrukturu. Javne su ceste dobro u opcoj
uporabi u vlasnistvu Republike Hrvatske, a prema Za-
konu o javnim cestama (NN 180/04, 82/06, 138/06,
146/08, 152/08, 38/09, 124/09, 153/09, 73/10191/10), ovis-
no o drustvenom, prometnom i gospodarskom
znadenju, mogu biti: autoceste, drzavne ceste, Zupanijske
ceste i lokalne ceste.

Primarnu Sumsku prometnu infrastrukturu ¢ine
sve kategorije Sumskih cesta te one javne ceste koje se

mogu koristiti pri radovima u Sumarstvu (to su
najcesce javne ceste nizih kategorija — Zzupanijske i lo-
kalne ceste). Sumske su ceste (Sikié¢ i dr. 1989) trajni
gradevinski objekti koji omogucuju stalan promet
motornim vozilima radi izvrSavanja zadataka
predvidenih planom gospodarenja. Njihovom izgrad-
njom Sumi se trajno oduzima plodno tlo (osim u
slucaju njihova zatvaranja i revitalizacije stanista).
Izgradene su od donjega i gornjega ustroja sa svim
tehnickim obiljezjima ceste. Mozemo ih razdijeliti na
temelju vise kriterija.

Sastavnice sekundarne Sumske prometne infra-
strukture jesu sekundarne Sumske prometnice: traktor-
ski putovi, traktorske vlake i zicne linije. Namijenjene
su u prvom redu privlacenju drva od mjesta skupljanja
drva do pomoc¢noga stovarista (primarni transport
drva) te povremeno sluze za izvrSavanje zadataka
predvidenih planom gospodarenja. Od pomoc¢noga se
stovarista do krajnjega korisnika drvo moze transpor-
tirati izgradenim transportnim sustavima (Sumske i
javne ceste te Zeljeznicke pruge) ili vodenim putovima
(rijeke, jezera, mora i oceani).

Traktorski su putovi gradevinski objekti trajnoga
karaktera (osim u slucaju njihova zatvaranja i revital-
izacije stanista) koji su izgradeni samo od donjega us-
troja. Povezani su uz nagnute terene, teZe gradevinske
kategorije materijala i prisutnost povrsinskih prepreka.

Traktorske su vlake sekundarne Sumske prometnice
privremenoga karaktera, nastaju prosijecanjem trase
kroz Sumu, eventualnim vadenjem panjeva te uzas-
topnim prolaskom stroja za privlacenje drva (skider,
forvarder) istim tragom. Karakteristi¢ne su za ravne
terene, lakse gradevinske kategorije materijala i odsut-
nost povrsinskih prepreka (lako provozni tereni).

2.2 Faze uspostavljanja optimalne mreze Sumske
prometne infrastrukture — Stages of establishing
optimal network of forest traffic infrastructure

Uspostavljanje se optimalne mreze Sumskih
prometnica na terenu obvezno odvija u ovim radnim
fazama: planiranje, projektiranje, izgradnja s nadzo-
rom i odrzavanje, tj. popravak (Pentek i dr. 2004). Te
su faze medusobno povezane i ovisne, treba ih odra-
diti redoslijedom kako su navedene vodeci racuna o
nemogucnosti ostvarivanja svake od radnih faza ako
prethodna nije zavrSena na zadovoljavajuéi nacin.
Uz te se uvijek prisutne faze optimizacije Sumske
prometne infrastrukture povremeno pojavljuju jos
dvije radne faze: faza rekonstrukcije Sumskih promet-
nica (radi povecanja njihova standarda kada se radi
o Sumskim cestama, odnosno prevodenja u Sumsku
cestu kada se radi o traktorskim putovima) i faza za-
tvaranja/stavljanja izgradenih Sumskih prometnica
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Forest traffic infrastructure

|
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Primarna Sumska prometna infrastruktura Sekundarna Sumska prometna infrastruktura
Primary forest traffic infrastructure Secondary forest traffic infrastructure

|
v v v v v

L Sumska prometna infrastruktura ‘

Javne ceste koje se koriste Sve kategorije Traktorski putovi Traktorske vlake Ziéne linije
pri radovima u Sumarstvu Sumskih cesta Skid roads Skid trails Cable yarder corridors
Public roads All categories of

used in forestry truck forest roads

Slika 1. Razredba Sumske prometne infrastrukture
Fig. 1 Forest traffic infrastructure classification

6. Stavljanje izvan upotrebe — Restoring 1. Planiranje — Planning 2. Projektiranje — Designing

s o e omn

3. Izgradnja s nadzorom

5. Rekonstrukcija — Reconstruction 4. Odrzavanje — Maintenance Construction with supervision

Eventualno
If necessa

Slika 2. Shematski prikaz uspostavljanja optimalne mreze Sumske prometne infrastrukture
Fig. 2 Scheme of establishing optimal network of forest traffic infrastructure

izvan uporabe (uz revitalizaciju/restauraciju stanista, mu onomu koje je imalo prije izgradnje Sumske pro-
odnosno vracanje stanista funkciji i obliku Sto blize- metnice).
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2.3 Planiranje Sumskih prometnica — Planning of
truck forest road network

Planiranje se Sumskih prometnica, prema razini na
kojoj se planiranje provodi, prema sloZenosti (opcenitosti
ili detaljnosti) postupka planiranja, sukladno razdoblju
za koje se planiranje provodi te s obzirom na veli¢inu
podrudja na koje se planiranje odnosi moze razdijeliti u
tri razine.

= Planiranje primarnoga i sekundarnoga otvaranja
Suma na razini drzave odnosno reljefnoga
podrudja (nizinsko, prigorsko-brdsko, gorsko-
planinsko, krsko). U reljefna se podrudja objedin-
juju gospodarske jedinice sli¢nih sastojinskih i
stanisnih znacajki. To je najvisa razina planiranja,
razina od koje se zapocinje planiranjem. To je glo-
balno planiranje — strategijsko planiranje.

= Planiranje Sumske transportne infrastrukture (i
primarnih i sekundarnih Sumskih prometnica u
okviru tzv. sveobuhvatnoga planiranja) na razini
gospodarske jedinice srednja je razina planiranja.
To je opce planiranje — takticko planiranje.

= Planiranje konkretne Sumske prometnice (pri-
marne ili sekundarne) — rezultati opcega
(taktickoga) planiranja na razini pojedine gospo-
darske jedinice usmjeravaju nas ka planiranju na
najnizoj razini (lokalno planiranje — operativno
planiranje), nakon kojega slijedi faza projekti-
ranja Sumske prometnice.

2.3.1 Strategijsko planiranje Sumskih cesta
Strategic planning of truck forest roads

Rezultati strategijskoga planiranja mreze Sumskih
prometnica obvezni su dio Osnove podrudja koja se
izraduje na razini Republike Hrvatske, ali mogu biti i
sastavnice ostalih planova.

Planiranje Sumske transportne mreze na strategijs-
koj, najvisoj razini mora:

=> definirati reljefna podrudja uvazavajuci mjerljive
terenske i sastojinske parametre,

= odrediti postojecu i ciljanu klasi¢nu otvorenost
(gusto¢u mreze Sumskih prometnica) te provesti
njihovu analizu i usporedbu,

= utvrditibudude smjernice primarnoga i sekundar-
noga otvaranja Suma te definirati modele prim-
jenjive u razlicitim reljefnim podrucjima,

=> definirati smjernice za moguce i pogodne sustave
pridobivanja drva pojedinih reljefnih podrudja,
uz uvazavanje sastojinskih cimbenika te postojece
otvorenosti Suma.

2.3.2 Takticko planiranje Sumskih cesta
Tactical planning of truck forest roads

Po provedbi se opisne (primarne) razredbe terena na
prvoj, najvisoj razini planiranja pristupa takti¢komu
planiranju na drugoj, nizoj razini, odnosno funkcionalnoj
(sekundarnoj) razredbi terena. Funkcionalna razredba
terena povezuje primjenu mogucih i pogodnih (5E —eko-
nomskih, energijskih, ekoloskih, ergonomijskih i es-
tetskih) sustava pridobivanja drva s razredima terenskih
¢imbenika. Sustav je pridobivanja drva odreden postup-
cima, metodom izradbe drva (sortimentna, /polu/deblov-
na, stablovna) te strojevima i alatima koji se rabe pri
eksploataciji odredene sjecne jedinice. Izbor sredstva
privlacenja drva (skider, forvarder, adaptirani poljo-
privredni traktor, adaptirani poljoprivredni traktor s
poluprikolicom, zicara), u svjetlu djelovanja terenskih
(reljefnih podrudja) i sastojinskih ¢imbenika te razine pri-
marne i sekundarne otvorenosti Suma, najvaznija je
odrednica cijeloga sustava pridobivanja drva.

Rezultat je taktickoga planiranja studija otvaranja
Suma (primarnoga i/ili sekundarnoga) za pojedinu gos-
podarsku jedinicu. Studija primarnoga i sekundarnoga
otvaranja Suma (sveobuhvatna studija otvaranja Suma)
omogucuje:

= sustavno, plansko i kontrolirano otvaranje Suma,

= racionalizaciju troskova izgradnje Sumskih

prometnica,

= sustavno, plansko i kontrolirano odrzavanje i po-

pravak Sumskih prometnica,

= racionalizaciju radova odrzavanja i popravaka

Sumskih prometnica,

= planiranje, kontrolu i racionalizaciju radova pri-

dobivanja drva,

= minimiziranje negativnoga utjecaja Sumskih

prometnica i radova pridobivanja drva na okolis
(Sumski ekosustav) i dr.

Svaka kvalitetna studija primarnoga otvaranja Suma
treba sadrzavati ove podatke:

1. Za postojeci Sumski transportni sustav:

= potpuni (azuriran) katastar postojece primarne i
sekundarne Sumske prometne infrastrukture,

= postojecu primarnu i sekundarnu klasi¢nu ot-
vorenost, m/ha,

= postojece srednje udaljenosti privlacenja drva, m,

= ciljanu primarnu otvorenost i iz nje izraunatu ci-
ljanu (planiranu) srednju udaljenost privlacenja
drva,

= numericke, graficke i slikovne (zemljovidi) rezul-
tate rasclambe postojece primarne relativne ot-
vorenosti.
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2. Za unaprijedeni primarni Sumski transportni sustav:

= numericke, graficke i slikovne (zemljovidi) rezul-
tate raS¢lambe primarne relativne otvorenosti za
unaprijedeni primarni Sumski transportni sustav,

= primarnu klasi¢nu otvorenost za unaprijedeni
primarni Sumski transportni sustav, m/ha,

= srednje udaljenosti privlacenja drva za pojedini
odsjek, m,

= idejne trase planiranih Sumskih cesta (definirane
koordinatama lomnih tocaka trasa),

= kategoriju svake od idejnih trasa Sumskih cesta,

= troskovnu sastavnicu (predvidenu cijenu kosta-
nja) i ekonomsku opravdanost izgradnje svake
idejne trase Sumske ceste,

= dinamiku izgradnje cjelokupne (optimalne) bu-
duce mreze primarne Sumske prometne infra-
strukture uskladenu s propisanim radovima u
planu gospodarenja,

= dinamiku odrzavanja cjelokupne (optimalne)
buduce mreZe primarne Sumske prometne infra-
strukture,

= ostale podatke znacajne za bilo koju fazu us-
postavljanja optimalne mreZe primarne Sumske
prometne infrastrukture.

2.3.3 Operativno planiranje Sumskih cesta
Operational planning of truck forest roads

Nakon dovrsenoga postupka taktickoga planiranja
$umskih prometnica, odnosno izrade studije primar-
noga i sekundarnoga otvaranja suma, rezultat koje je
optimalna (najbolja moguca) mreza Sumskih promet-
nica, pristupa se operativnomu planiranju. Operativno
se planiranje provodi za svaku Sumsku prometnicu za-
sebno i prethodi fazi njezina projektiranja. Veli¢ina ot-
varanoga podrudja ovisi o vrsti i kategoriji Sumske
prometnice te o njezinoj duljini. Tako se mogu razluciti
otvaranje skupine odjela/odsjeka (Sumskoga komplek-
sa), pojedinoga odjela/odsjeka, odredenoga gravitaci-
jskoga podrudja, pojedine sjecine ili njezina dijela.

Studijama primarnoga i sekundarnoga otvaranja
Suma, izradenim pomocu GIS-a, definiraju se idejne
trase buducdih sastavnica Sumske transportne mreZze.
Idejne su trase Sumskih prometnica odredene glavnim
lomnim toc¢kama (tocke u kojima idejna trasa mijenja
svoj smjer). Koordinate svake lomne tocke, a time i
trasa Sumske prometnice u gjelini, mogu pomocu GPS-
ova prijamnika odgovarajuce kvalitete precizno i brzo
biti prenesene i obiljeZene na terenu. Tako utvrdene
idejne trase Sumskih prometnica na terenu su zamjena
za nulte linije koje su, u ne tako dalekoj proslosti,
klasicnom metodom »koraka Sestara« projektirane na
slojnickom zemljovidu.

Uidejnu se trasu Sumske prometnice uklapa opera-
tivni poligon, a zatim se definira osovinski poligon
Sumske ceste; dalje slijede poznate sastavnice faze pro-
jektiranja Sumskih prometnica.

3. Ciljevi i metode istrazivanja — Research
goals and methods

3.1 Ciljevi istrazivanja — Research goals

= razredba gospodarskih jedinica i Uprava Suma
Podruznica (USP) u reljefne kategorije,

= utvrdivanje postojece primarne klasicne otvore-
nosti (po gospodarskoj jedinici, po USPi po relje-
fnoj kategoriji),

= izracun duljine planirane mreZe Sumskih cesta
(po USP i po reljefnom podrudju, a radi dostiza-
nja planirane primarne klasicne otvorenosti 2020.
12030. godine),

=> izracun cijene planirane mreze Sumskih cesta (po
USP i po reljefnom podrudju, a radi dostizanja
planirane primarne klasicne otvorenosti 2020. i
2030. godine),

= predlaganje smjernica daljnjega otvaranja Suma
Republike Hrvatske.

3.2 Metode rada — Research metods

3.2.1 Razredba gospodarskih jedinica i Uprava
Suma Podruznica u reljefne kategorije — Relief
classification for Management Units and Forest
Administrations

Utvrdene su Cetiri kategorije reljefnih podrudja: niz-
insko podrudje, prigorsko-brdsko podrudje, gorsko-
planinsko podrudje i krsko podrucdje. Prema planovima
gospodarenja (gospodarska osnova ili program gospo-
darenja) svaka je gospodarska jedinica smjestena u
svoju reljefnu kategoriju. Zbrajanjem povrsine pojedine
reljefne kategorije na razini USP izratunat je prvo apso-
lutni, a zatim i postotni udio svake reljefne kategorije u
ukupnoj povrsini USP.

3.2.2 Utvrdivanje postojece primarne klasicne
otvorenosti — Determining the existing primary road
density

Postojeca primarna klasi¢na otvorenost po gospodar-
skim jedinicama utvrdit ¢e se temeljem katastra primarne
sumske prometne infrastrukture koji je ustrojen na razini
poduzeca »Hrvatske Sume« d.o.o. Zagreb sa stanjem 31.
12.2011. godine. Po okoncanom prikupljanju cjelovitoga
katastra primarnih Sumskih prometnica slijedi objedi-
njavanje podataka svih gospodarskih jedinica istih relje-
fnih kategorija na razini USP i ¢itavoga podrudja istrazi-
vanja. Katastar primarne Sumske prometne infrastrukture
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Tablica 1. Otvorenost po Upravama Suma Podruznicama razdijeliena prema reliefnim podrucjima
Table 1 Forest road density of Forest Administrations by relief categories

Ugp Ukupna povrsina usp Nizinsko podrucje Prigorsko-brdsko podrucje | Gorsko-planinsko podrucje Krsko podrucje
Total area of FA Lowland area Hilly area Mountainous area Karst area

@ 1000 ha 1000ha | km/1000 ha 1000ha | km/1000ha | 1000ha | km/1000ha | 1000ha | km/1000 ha
VINKOVCI 72,43 72,43 7,46 - - - - - -
OSIJEK 61,95 52,60 4,43 6,98 6,35 2,36 8,89 - -
NASICE 77,08 21,74 12,74 15,56 13,54 33,78 20,70 - -
POZEGA 52,34 2,66 6,07 1,69 12,76 47,98 15,85 - -
NOVA GRADISKA 75,46 31,89 8,82 33,25 9,21 10,31 11,84 - -
BJELOVAR 133,09 2544 11,92 70,65 11,76 37,00 12,01 - -
KOPRIVNICA 61,99 20,83 13,68 31,90 17,42 9,25 18,44 - -
ZAGREB 80,01 40,27 11,91 16,89 13,74 22,85 14,72 - -
SISAK 88,52 35,03 7,05 53,49 713 - - - -
KARLOVAC 83,07 12,12 13,77 52,54 11,48 18,41 12,03 - -
OGULIN 60,76 - - - - 60,76 13,97 - -
DELNICE 98,80 - - - - 87.50 21,59 11,30 9,7
SENJ 111,07 - - - - 48,35 18,69 62,71 11,09
GOSPIC 323,14 0,45 11,09 - - 118,97 10,59 203,72 5,09
BUZET 74,34 - - - - - - 74,34 8,06
SPLIT 563,59 - - - - - - 563,59 348
UKUPNQ — TOTAL 2017,62 321,47 9,05 282,96 11,26 497,53 15,43 915,67 481

u drzavnim Sumama Republike Hrvatske, nakon izgrad-
nje pojedine Sumske ceste, na godiSnjoj razini, redovito
se azurira, te sve podatke smatramo pouzdanim i rele-
vantnim.

3.2.3 Izracunavanje duljine planirane mreze
sumskih cesta — Calculation of length for the
planned forest road network

Iz razlike postojece i planirane primarne klasi¢ne
otvorenosti (2020. i 2030. godine) pojedinoga USP te

njegove povrsine izracunata je ukupna duljina plani-
ranih Sumskih cesta koje treba izgraditi. Pretpostav-
ljeno je da ce sve buduce Sumske ceste ¢itavom svojom
duljinom ulaziti u obracun otvorenosti. Planirana je
primarna klasi¢na otvorenost Suma izracunata na
temelju primjenjivih (pogodnih) sustava pridobivanja
drva i teorijskim modelima primarnoga otvaranja
$uma u pojedinim reljefnim kategorijama. UvaZene su
optimalne srednje udaljenosti privlacenja drva za po-

Tablica 2. Minimalna potrebna (Siki¢ i dr. 1989), minimalna Klasi¢na (Hodi¢ i dr. 2011) te planirana otvorenost za 2020. (Hodi¢ i dr. 2011) i

2030. godinu po reljefnim podrucjima

Table 2 Primary road density (RD) regarding relief areas: minimum in 1989, minimum in 2011, planned by 2020 and planned by 2030

Minimalna potrebna klasi¢na Minimalna klasi¢na otvorenost Planirana (ciljana) klasicna Planirana klasi¢na otvorenost
Reljefno podruje otvorenost 1989. 2011. otvorenost 2020. 2030.
Relief area Minimum road density 1989 Minimum road density 2011 Planned road density 2020 Planned road density 2030
m/ha
Nizinsko podrucie 7,00 10,00 13,00 15,00
Lowland area
Prvlgorsko—brdsko podrucje 12,00 15,00 2000 25.00
Hilly area
Gorsko»plamnsko podrucje 15,00 2000 25,00 30,00
Mountainous area
Krsko podrucje Nema podataka 10,00 15,00 15,00
Karst area No data
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jedine Sumske strojeve koji sluze za privlacenje drvau
Republici Hrvatskoj. Pri transformaciji je teorijske
srednje udaljenosti privlacenja u stvarnu srednju
udaljenost privlacenja drva koristen sveukupni faktor
korekcije (koji u sebi objedinjuje mrezni faktor korek-
cije i faktor korekcije privlacenja drva).

3.2.4 Troskovna analiza nove mreZe planiranih
sumskih cesta — Calculation of construction costs of
the planned forest road network

Troskovna analiza nove mreZe planiranih Sumskih
cesta izradit ¢e se prema tehnickim znacajkama
Sumskih cesta propisanih u vaze¢im Tehnickim uv-
jetima za gospodarske ceste (Siki¢ i dr. 1989) i plan-
skih cijena izgradnje Sumskih cesta u razlicitim relje-
fnim kategorijama poduzeca »Hrvatske Sume«d.o.o.
Zagreb.

Slika 3. Podrucije istrazivanja
Fig. 3 Research area

Tumac znakova - Legend

I |strazivano podrucje — Research area

3.2.5 Predlaganje smjernica daljnjega otvaranja
suma Republike Hrvatske — Guidelines for future
construction of forest roads in Croatia

Detaljnom analizom potrebe izgradnje primarnoga
Sumskoga transportnoga sustava iducih dvadesetak
godina, uvidom u dosadasnju dinamiku izgradnje
Sumskih cesta, uzevsi u obzir financijske, proizvodne,
organizacijske, strucne i tehni¢ko-tehnoloske kapac-
itete poduzeca »Hrvatske Sume« d.o.o0. Zagreb, defini-
rat ¢e se dinamika i prioriteti razvijanja postojece
mreZe primarnoga Sumskoga transportnoga sustava.

4. Podrucdje istrazivanja — Research area

Istrazivanje je provedeno na podrudju 16 Uprava
$uma PodruZnica u sastavu poduzeca »Hrvatske Sume«
d.o.o. Zagreb.

USP (Uprava $uma Podruznica) — FA (Forest Administration)
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5. Rezultati istrazivanja — Research results

5.1 Razredba Uprava Suma Podruznica

u reljefne kategorije i odredivanje postojece
primarne klasi¢ne otvorenosti — Classification
of Forest Administrations into relief categories
and determination of existing primary road
density

Temeljem provedene razredbe reljefnih podrudja
Uprave Suma Podruznice, radi preglednosti i uspore-
divosti rezultata, razvrstane su u reljefne kategorije.

Od ukupne povrsine Suma istrazivanoga podrucja
(2 017 620 ha) na nizinsko podrudje otpada 321 470 ha
(15,93 %), na prigorsko-brdsko 282 960 ha (14,02 %),
na gorsko-planinsko 497 530 ha (24,66 %) i na krsko
podrudje 915 670 ha (45,39 %). Samo se Cetiri USP
¢itavom svojom povrsinom nalaze u jednoj reljefnoj
kategoriji (USP Vinkovci u nizinskoj, USP Ogulin u
gorsko-planinskoj te USP Buzet i USP Split u krskoj).
Podrudja kojima gospodare ostale Uprave Suma
Podruznice prostiru se u dvjema (Cetiri USP) ili u trima
(osam USP) reljefnim kategorijama.

U nizinskom podrudju prosjecna postojeca primar-
na klasi¢na otvorenost iznosi 9,05 m/ha, u prigorsko-

brdskom podrudju 11,26 m/ha, u gorsko-planinskom
podrudju 15,43 m/ha i u krskom podrudju 4,81 m/ha.

Usporedujudi postojecu gustocu primarne sumske
prometne infrastrukture po pojedinoj kategoriji reljef-
noga podrucja moze se zakljuciti sljedece: unutar ni-
zinskoga podrudja najveca je otvorenost u USP Karlo-
vac (13,77 m/ha), a najmanja u USP Osijek (4,43 m/ha);
u prigorsko-brdskom podrudju najbolje je otvoren
USP Koprivnica (17,42 m/ha), a najslabije USP Osi-
jek (6,35 m/ha); u kategoriji gorsko-planinskoga po-
drudja najvisi je stupanj otvorenosti u USP-u Delnice
(21,59 m/ha), a najmanji (USP Osijek zbog jako male
povrsine nije uzet u obzir) u USP Gospi¢ (10,59 m/ha);
na krékom je podrudju najveca otvorenost u USP Senj
(11,09 /ha), a najmanja u USP Split (3,48 ha).

5.2 Izrac¢un duljine planirane mreze Sumskih cesta
2020. i 2030. godine — Calculation of planned truck
forest road network by 2020 and 2030

Prema reljefnim kategorijama i ukupnoj povrsini
svakoga USP izratunata je planirana primarna klasi¢na
otvorenost 2020. i 2030. godine. Za obje je inacice pla-
nirane primarne klasi¢ne otvorenosti odredena duljina
Sumskih cesta koje je potrebno izgraditi do isteka plan-
skoga razdoblja.

Tablica 3. Duljina Sumskih cesta koje je potrebno izgraditi do dosezanja planirane primarne klasi¢ne otvorenosti 2020. godine za pojedinu

USP i ukupno

Table 3 Planned length of truck forest roads to be built to reach primary road density in 2020 by FA and in total

S Nizinsko podrucje Prigorsko-brdsko podrucje | Gorsko-planinsko podrucje Krsko podrucje Ukupno
Lowland areas Hilly areas Mountainous areas Karst areas Total

FA -
VINKOVCI 401,05 - - - 401,05
OSIJEK 450,96 95,31 38,03 - 584,30
NASICE 7,28 100,61 145,19 - 253,07
POZEGA 18,43 12,29 438,96 - 469,69
NOVA GRADISKA 133,28 358,76 135,77 - 627,81
BJELOVAR 27,38 582,26 480,60 - 1090,24
KOPRIVNICA 0,00 (+14,21)* 82,34 60,68 - 128,81
ZAGREB 43,99 105,66 234,91 - 384,55
SISAK 208,58 688,28 - - 896,86
KARLOVAC 0,00 (+9,30)* 447,78 238,78 - 677,27
OGULIN - - 670,37 - 670,37
DELNICE - - 298,70 59,73 358,43
SENJ - - 305,04 245,04 550,08
GOSPIC 0,86 - 1714,32 2019,62 3734,80
BUZET - - - 515,80 515,80
SPLIT - - - 6494,72 6494,72
UKUPNO — TOTAL 1268,30 247329 4761,33 9334,92 17 837,84
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Tablica 4. Duljina Sumskih cesta koje je potrebno izgraditi do dosezanja planirane primarne klasi¢ne otvorenosti 2030. godine za pojedinu

USP i ukupno

Table 4 Planned length of truck forest roads to be built to reach primary road density in 2030" by FA and in total

USp Nizinsko podrucje Prigorsko-brdsko podrucje Gorsko-planinsko podrucje Krsko podrucje Ukupno
Lowland areas Hilly areas Mountainous areas Karst areas Total

FA -
VINKOVCI 545,91 - - - 545,91
OSIJEK 556,17 130,21 49,83 - 736,21
NASICE 62,76 178,42 314,08 - 555,26
POZEGA 23,75 20,79 678,85 - 723,39
NOVA GRADISKA 197,06 525,03 187,34 - 909,42
BJELOVAR 78,26 935,50 665,58 - 1679,34
KOPRIVNICA 27,46 241,86 106,94 - 376,26
ZAGREB 124,53 190,11 349,16 - 663,79
SISAK 278,65 955,72 - - 1234,37
KARLOVAC 14,94 710,47 330,83 - 1 056,23
OGULIN - - 974,19 - 974,19
DELNICE - - 736,19 59,73 795,93
SENJ - - 546,80 245,04 791,85
GOSPIC 1,75 - 2309,18 2019,62 4330,55
BUZET - - - 515,80 515,80
SPLIT - - - 6494,72 6494,72
UKUPNO — TOTAL 1911,23 3888,11 724897 9334,92 2238322
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Podaci pokazuju da, iako smo izisli iz 2011. godine,
primarna klasi¢na otvorenost definirana kao planirana
te godine nije postignuta ni u jednom USP na ¢itavom
podrudju njegova gospodarenja, premda smo kod
nekih Uprava Suma Podruznica (Delnice, Koprivnica,
Nasice) vrlo blizu ostvarenja spomenute otvorenosti za
otvorenost planiranu u toj godini. Uprave Suma
Podruznice uglavnom su dobro otvorene (u odnosu na
minimalnu klasi¢nu primarnu otvorenost 2011. godine)
iusamo nekima je potrebno dodatno otvaranje, dok su
u ostalim reljefnim podrudjima potrebna znacajna fi-
nancijska ulaganja.

Minimalna primarna klasi¢na otvorenost 2011. go-
dine u nizinskom reljefnom podrudju, u usporedbi s
postoje¢om primarnom klasi¢nom otvorenosc¢u u istom
reljefnom podrudju, upucuje na potrebu intenzivnih
zahvata izgradnje novih Sumskih cesta (poglavito na
podrudju USP Vinkovci i Osijek). Dobivene rezultate
treba promatrati u kontekstu povijesnih smjernica gos-
podarenja nizinskim umama u USP Vinkovci i Osijek
(odsjeci pravilnoga cetverokutnoga oblika dimenzija
750 x 750 m s pravilnom mrezom sekundarnih Sumskih
prometnica »Sljukarica« na medusobnoj udaljenosti sre-
dina prohoda (osi) od 37,50 m (Posari¢ 2007), ali i u
smislu novih (danas prihvacenih) tehnologija prido-
bivanja drva u hrvatskim nizinskim Sumama.

Najveci obujam radova izgradnje novih sumskih
cesta, prema planu otvorenosti za 2020. godinu, potreb-
noje provesti u USP Gospi¢ (3 734,80 km), odnosno USP
Split (6 494,72 km). Analizirajudi po reljefnim podrudjima
najvise Sumskih cesta treba izgraditi u nizinskom
podrudju u USP Osijek (450,96 km), u prigorsko-brd-
skom podrucjuu USP Sisak (688,28 km), u planinskom
podrudjuu USP Gospi¢ (1714,32 km) i na podrudju krsa
(6 494,72 km) u USP Split.

Najveci obujam radova izgradnje novih Sumskih
cesta, prema planu otvorenosti za 2030. godinu, potreb-
noje provesti u USP Gospic (4 330,55 km), odnosno USP
Split (6 494,72 km). Analizirajudi po reljefnim podrudjima
najvise Sumskih cesta treba izgraditi u nizinskom
podrudju u USP Osijek (556,17 km), u prigorsko-brd-
skom podrudju u USP Sisak (955,72 km), u gorsko-pla-
ninskom podrudju u USP Gospic¢ (2 309,18 km) i na
podrudju kréa (6 494,72 km) u USP Split.

5.3 Izracun cijene izgradnje planirane mreze
sumskih cesta 2020. i 2030. godine i predlaganje
smjernica daljnjega otvaranja Suma Republike
Hrvatske — Calculation of construction costs of
planned forest road network by 2020 and 2030 and
guidelines for further opening of Croatian forests

Temeljem planskih cijena izgradnje Sumskih cesta
za svako reljefno podrudje (Anon. 2010); nizinsko
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podrucdje (500 000,00 kn/km), prigorsko-brdsko po-
drudje (350 000,00 kn/km), gorsko-planinsko podrudje
(250 000,00 kn/km) i krsko podrucje (225 000,00 kn/km)
te vazecih Tehnickih uvjeta za gospodarske ceste (Siki¢
i dr. 1989), doslo se do ukupne cijene kostanja svih
sumskih cesta koje je potrebno izgraditi za postizanje
planirane otvorenosti 2020.12030. godine. U buducnosti
¢e se, s priblizavanjem planiranoj primarnoj otvoreno-
sti, sa stajaliSta otvaranja Suma i radova pridobivanja
drva, otvarati sve zahtjevnija Sumska podrudja. Pret-
postavlja se, uz pretpostavku zadrzavanja sadasnjih
tehnickih uvjeta Sumskih cesta, povecanje planske ci-
jene njihove izgradnje. Smanjivanje se buducih troskova
izgradnje Sumskih cesta, koje ¢e s priblizavanjem plani-
ranoj primarnoj otvorenosti otvarati sve manja Sumska
podrucdja, moze postici izgradnjom nizih kategorija
Sumskih cesta s jednostavnijim tehni¢kim uvjetima
primjerenim za prometovanje samo kamiona.

Prema Potoéniku (2007) prosje¢ni godisnji troskovi
dobro odrzavanih sumskih cesta u razdoblju njihove
amortizacije (od 23 do 30 godina) iznose od 2 do 4 %
ukupnih troskova izgradnje Sumskih cesta.

Tablica 5. TroSkovi izgradnje planirane mreze Sumskih prometnica
2020. i 2030. za postojece tehnicke uvjete

Table 5 Construction costs of the planned network of truck forest
roads by 2020 and 2030 regarding technical requirements

Uprava $uma Planirano 2020. Planirano 2030.
Podruznica Planned by 2020 Planned by 2030

Forest Administration kn
VINKOVCI 200 524 940 272 952 623
OSIJEK 268 345 303 336 116 325
NASICE 75147978 172 348 463
POZEGA 123 258 843 188 864 338
NOVA GRADISKA 226 148 680 329122725
BJELOVAR 337630425 532 951 250
KOPRIVNICA 36 884 905 125114 313
ZAGREB 117 699 358 216 090 363
SISAK 345189 635 473 826 575
KARLOVAC 211769 653 338839 800
OGULIN 167592 188 243 547 625
DELNICE 88114013 197 488 763
SENJ 131393 958 191835395
GOSPIC 883 422 645 1032585 165
BUZET 116 055 855 116 055 855
SPUIT 1461311775 1461311775
UKUPNO - TOTAL 4790490 150 6229 051 350
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Za postizanje je planirane primarne klasicne otvore-
nosti 2020. godine, na razini »Hrvatskih Suma« d.o.o.
Zagreb, prema vaze¢im Tehnickim uvjetima, potrebno
uloZiti 4 790 490 150 kn, a za postizanje planirane pri-
marne klasi¢ne otvorenosti 2030. godine treba investi-
rati 6 229 051 350 kn.

Dinamika izgradnje donjega i gornjega ustroja
$umskih cesta za razdoblje od 2004. do 2013. godine
govori o koli¢ini Sumskih cesta koje se grade i prema
kojima se moze odrediti daljnji intenzitet otvaranja.
Ukupno je u deset promatranih godina izgradeno
2 123,48 km donjega i 2 324,91 km gornjega ustroja,
odnosno prosjecno 212,35 km donjega i 232,49 km gorn-
jega ustroja Sumskih cesta godisnje. Najvise se i donjega
i gornjega ustroja gradilo 2006. (292,43 km i 374,36 km),
a najmanje 2013. godine (110,40 km, odnosno 136,60
km). Iz razlike izgradenih duljina donjega i gornjega
ustroja moze se zakljuciti da se Sumske ceste ne izvode
uvijek odjednom, vec¢ se postupak izgradnje protegne
u dvije ili vise godina. Najces¢i su razlozi nedostatak
financijskih sredstava, nepovoljni vremenski uvjeti kra-
jem godine, tehnologija izgradnje ili je tako jednostavno
predvideno planom izgradnje.

6. Rasprava i zaklju¢na razmatranja
Discussion and conclusions

Znacajna razlicitost hrvatskoga Sumarstva sa staja-
lista orografije terena (nizinsko, prigorsko-brdsko, gor-
sko-planinsko i krsko podrucdje), stanisnih i sastojinskih
znacajki te nacina gospodarenja Sumama (regularno,
preborno), ali i nacina otvaranje Suma pojedinih oro-
grafskih podrucja, odnosno razine otvorenosti Suma,
upucuje na potrebu dobroga planiranja u cjelokupnom
Sumarstvu, pa tako i u pridobivanju drva, odnosno otva-
ranju Suma. Kvalitetno i pouzdano planiranje, u ovom
slucaju Sumskih prometnica, jamstvo je racionalizacije
(skup postupaka za postizanje usteda u poslovanju)
jednoga dijela Sumarske proizvodnje.

Planiranje je Sumskih prometnica polazi$na, nezao-
bilazna i vrlo vazna faza uspostavljanja optimalne
mreze Sumskih prometnica na terenu. Planiranje moze
biti strategijsko, takticko i operativno. Na razini se
strategijskoga planiranja koristi tzv. opisna (deskrip-
tivna, primarna) razredba terena koja opisuje teren
prema mjerljivim znacajkama i rasclanjuje ga u kate-
gorije neovisno o primijenjenim sustavima pridobiva-
nja drva.

Planirane su vrijednosti primarne klasicne otvore-
nosti 2020. i 2030. godine na razini reljefnih kategorija
smjerokazi koje valja slijediti, ali ih se ne treba (i ne
smije), u kona¢nom dizajniranju mreze primarne

sumske prometne infrastrukture, kruto pridrzavati.
Preporucuje se preispitati i po potrebi iznova definirati
vrijednosti planirane primarne klasicne otvorenosti po
reljefnim podrudjima, uvazavajuci pri tome sve
¢imbenike koji imaju utjecaj na izra¢un planirane
gustoce primarnoga Sumskoga transportnoga sustava.

Na niZojje, a time i to¢nijoj razini planiranja (takticko
planiranje), moguce odstupanje od veli¢ina utvrdenih
strategijskom razinom, i to u pozitivnim i negativnim,
ali prihvatljivim intervalima. Ciljana (najbolja moguca)
primarna klasi¢na otvorenost definira se na razini gos-
podarske jedinice; na ovoj se razini izraduju i studije
primarnoga otvaranja Suma.

Na ovoj je razini planiranja (operativno planiranje)
tocnost planiranja mreze Sumskih prometnica najveca
(na najniZoj se operativnoj razini planiraju konkretne
Sumske ceste) i najbolje odgovara stvarnomu stanju, ali
su za to potrebni najtocniji i potpuni podaci i informaci-
je. Pri operativnom planiranju ponekad ni podjela na
gospodarske jedinice nije dovoljno tocna jer se unutar
iste gospodarske jedinice mogu nalaziti dvije reljefne
kategorije ili viSe njih (vrlo rijetko). Ova razina plani-
ranja pretpostavlja namjensku (funkcionalnu ili
sekundarnu) razredbu terena koja povezuje mogucénost
primjene mogucih i pogodnih sustava pridobivanja
drva s razredima terenskih ¢imbenika. Sustav je prido-
bivanja drva odreden postupcima, metodom izradbe
drva (sortimentna, poludeblovna, deblovna, stablovna)
te strojevima i alatima koji se rabe pri eksploataciji
odredene sjecne jedinice. Izbor (koristenje) sredstva
privlacenja drva (skider, forvarder, adaptirani poljo-
privredni traktor, APT s poluprikolicom, Zzicara) u sv-
jetlu djelovanja terenskih (reljefnih kategorija) i sasto-
jinskih ¢imbenika te razine primarne i sekundarne
otvorenosti Suma najvaznija je odrednica cijeloga sus-
tava pridobivanja drva.

Analizom postojece primarne klasi¢ne otvorenosti
$uma po USP1 po kategorijama reljefa sa stanjem 31. 12.
2011. godine na istrazivanom podrudju zakljucuje se da
planirana primarna klasi¢na otvorenost nije postignuta
na veéem dijelu drZavnih $uma. Stovise, u dobrom
dijelu Suma nije dostignuta ¢ak ni minimalna (2011. go-
dine) potrebna primarna klasi¢na otvorenost; u nizins-
kom podrudju u 5 od 11 Uprava suma Podruznica, u
prigorsko-brdskom podrudju 8 od 9, u gorsko-planin-
skom podrudju u 10 od 12 Uprava Suma Podruznica,
Sto znacajno (negativno) utjece na kvalitetu, ucinkovitost
i racionalnost gospodarenja ovim nedovoljno otvoren-
im Sumama.

Habsburg (1970), Sanktjohanser (1971) i Piest (1974)
slazu se da je za potrebe iskoriStavanja Suma, ovisno o
terenskim i sastojinskim znacajkama, optimalna gustoca
mreZe primarne Sumske prometne infrastrukture
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izmedu 17 i 30 m/ha, dok je za racionalno sveukupno
gospodarenje Sumama optimalna gustoca primarnoga
sumskoga transportnoga sustava nesto veca. Predlozene
se vrijednosti vrlo dobro podudaraju s planiranom pri-
marnom klasi¢cnom otvorenos¢u u Hrvatskoj 2020. i
2030. godine, a manja su odstupanja u nizinskim
Sumama i u Sumama na krsu. Preporucenu gustocu
Ssumskoga transportnoga sustava navedene trojice
autora, s obzirom na vremenski odmak i razvoj cjelo-
kupnoga sustava pridobivanja drva te sveukupnoga
gospodarenja Sumskim ekosustavom do kojega je u
meduvremenu doslo, treba prihvatiti s rezervom.

Podatak o primarnoj klasi¢noj otvorenosti Suma ne
govori puno o kvaliteti prostornoga razmjestaja sas-
tavnica primarne Sumske prometne infrastrukture.
Radi boljega razumijevanja stvarne vrijednosti pri-
marne klasi¢ne otvorenosti Suma uvijek je nuzno pri-
marnu klasi¢nu otvorenost prikazivati zajedno sa sred-
njom udaljenosti privlacenja drva, odnosno sa srednjom
daljinom pristupa ugrozenoj sumskoj povrsini ako se
radi o protupozarnim Sumskim cestama na krskom
podrudju. Tek se usporednim razmatranjem primarne
klasi¢ne otvorenosti i srednje udaljenosti privlacenja
moze stecijasan uvid u stvarne i kvantitativne (koli¢ina
primarnih sumskih prometnica) i kvalitativne (pros-
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torna pokrivenost Sumskim prometnicama) parametre
primarnoga Sumskoga transportnoga sustava.
Prosje¢nim godisnjim intenzitetom izgradnje
Sumskih cesta, temeljenom na podacima od 2004. do
2013. godine (uzmemo li u izra¢un prosjecnu izgra-
denu duljinu donjega ustroja Sumskih cesta od oko
212 km/god.), za postizanje bi planirane otvorenosti
2020. trebale 84 godine, a 2030. ¢ak 106 godina.
Trebalo bi razmisliti o produljenju razdoblja u ko-
jem ce se nastojati postici planirane vrijednosti gustoce
primarne Sumske prometne infrastrukture. Istodobno
treba intenzivirati izgradnju Sumskih cesta te je sa
sadasnjih 212 km/god. podici na bar 600-800 km/god.
Time bi se planirane vrijednosti gustoce primarne
Sumske prometne infrastrukture 2020. godine
(racunajudi s izgradnjom 700 km/god. Sumskih cesta)
mogle postici za priblizno 25 godina, a 2030. godine
za 32 godine. Pri tome treba uvazavati objektivne fi-
nancijske, strucne i infrastrukturne kapacitete
poduzeca »Hrvatske Sume« d.o.0. Zagreb. Osim
postojecih izvora financiranja, sredstava tekucega po-
slovanja i sredstava fonda za opcekorisne funkcije
$uma (OKFS), treba potraZiti ostale moguce izvore fi-
nanciranja svih faza (uvijek prisutnih i povremeno
prisutnih) uspostavljanja optimalne mreze primarne

Tablica 6. Struktura primame Sumske prometne infrastrukture u Sloveniji po Upravama Suma Podruznicama; stanje 31. 12. 2001. (ukupna

povrSina Suma 1 142 125 ha)

Table 6 Primary forest traffic infrastructure in Slovenia by FA, as of Dec. 31, 2001 (total forest area - 1 142 125 ha)

Produktivna duljina, km
Uprava Suma Podruznica Sumske ceste, km Productive length, km Gustoca, m/ha
Forest Administation Truck forest roads, km Sumske ceste Javne ceste Road density, m/ha
Truck forest roads FPublic roads
Tolmin 1161 1038 1027 18,1
Bled 821 817 203 235
Kranj 602 602 1013 24,7
Ljubljana 1 056 917 1146 15,8
Postojna 1188 1070 428 20,3
KoCevije 1320 1199 237 16,6
Novo Mesto 784 693 687 14,8
Brezice 652 591 551 16.8
Celie 797 777 1256 29,0
Nazarje 563 515 43 224
Sloven Gradec 1 656 1257 569 325
Maribor 856 838 2512 354
Murska Sobota 428 413 987 379
Sezana 444 395 550 1.8
Ukupno — Total 12327 11122 11580 19,9
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Sumske prometne infrastrukture npr. fondovi EU-a
(Fond za ruralni razvoj) i dr.

Zamjetna je velika neujednacenost otvorenosti
Sumskih podrucdja koja pripadaju istoj reljefnoj kategori-
ji. U buducnosti bi, pri planiranju investiranja u nado-
gradnju i razvoj primarne Sumske prometne infrastruk-
ture trebalo voditi ra¢una o prioritetnom usmjeravanju
financijskih sredstava u loSije otvorena Sumska
podrucdja, sve do uravnotezenja gustoce mreze pri-
marnih Sumskih prometnica na razini cjelokupnoga
reljefnoga podrudja.

Usporedene su vrijednosti primarne klasi¢ne ot-
vorenosti (postojece, ali i planirane 2020. i 2030. godine)
s prosjecnim vrijednostima postojece primarne klasi¢ne
otvorenosti u Sumama Republike Austrije (Stampfer
2011, prema Austrian Forest Inventory 1992/96). Radi
potpunosti usporedbe daju se temeljne znacajke austri-
jskih Suma i radova pridobivanja drva:

= vlasnistvo Suma (48,3 % su privatne Sume
povrsine posjeda manje od 200 ha, 22,4 % cine
privatne Sume povrsine posjeda vece od 200 ha,
15,7 % su drzavne Sume, a 15,6 % su Sume ostalih
Sumovlasnika),

= nagib terena na kojem rastu Sume (vise od 22 %
$uma raste na nagnutim terenima nagiba vecega
od 60 %, a 39 % Suma na terenima nagiba 30-60
%; ostale se Sume nalaze na nagibima do 30 %),

= posebnosti (nacin) gospodarenja Sumama,

= opcekorisne funkcije Suma,

= sustavi pridobivanja drva (postupci, metoda iz-

radbe, strojevi i alati koji se koriste):

= primijenjeno sredstvo za sjecu i izradbu drva
(motornom se pilom posijece i izradi 82,41 %
etata, a harvesterom 17,59 %),

= sredstvo za rad pri privlacenju drva (skiderom
se privuce 53,1 %, forvarderom 26,8 %, zicarom
14,2 %, ruéno 4,6 %, konjima 0,4 % i na ostale
nacine — npr. helikopterom 0,9 % ukupnoga
godisSnjega etata).

U manjim Sumoposjedima, na kojima se pri
privlacenju drva koriste manje suvremeni strojevi (ug-
lavnom ATP i ATP s poluprikolicom), zbog racional-
izacije ukupnih troskova pridobivanja drva uspostav-
ljena je gus¢a mreza primarne Sumske prometne
infrastrukture.

Postojeca primarna klasi¢na otvorenost u Republici
Austriji (u austrijskim drzavnim Sumama) mnogo je
veca i od planirane otvorenosti u prigorsko-brdskom i
gorsko-planinskom podrudju Republike Hrvatske 2030.
godine; naravno jo$ je veca razlika pri usporedbi s
planiranom otvorenosti 2020. godine, a najvece su raz-
like prisutne pri usporedbi s postoje¢com primarnom
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Slika 5. Postojeca primarna klasicna otvorenost Suma u Republici
Austriji (Stampfer 2011, prema Austrian Forest Inventory 1992/96)
Fig. 5 Existing primary road density in Austria (Stampfer 2011 accor-
ding to Austrian Forest Inventory 1992/96)

klasicnom otvorenosti. I u hrvatskim drzavnim Sumama
postoje gospodarske jedinice cija je primarna klasicna
otvorenost na razini otvorenosti u austrijskim drzavnim
Sumama, ali su one rijetke. Kao primjer navode se tri
gospodarske jedinice smjestene u prebornim sumama
Gorskoga kotara koje su u vlasnistvu drzave, ali kojima
gospodari Sumarski fakultet Sveuéilista u Zagrebu. U
njima gustoca primarnoga Sumskoga transportnoga sus-
tava iznosi izmedu 32 i 36 km/1 000 ha uz prosjecne vri-
jednosti srednje udaljenosti privlacenja drva oko 150 m.

Ciljana gustoca primarne Sumske transportne infra-
strukture u Sloveniji (Dobre 1990), izracunata za 14 Up-
rava Suma PodruZnica (na temelju izracuna za ukupno
293 gospodarske jedinice), krece od 22 do 33 m/ha.
Godisnje se u prosjeku gradi 0,3 m/ha novih Sumskih
cesta; navedenim bi se intenzitetom ciljana primarna
klasic¢na otvorenost dosegla za oko 30 godina.

Prema Potocniku (2007) postojeca primarna klasi¢cna
otvorenost u Sloveniji 2001. godine iznosi na razini citave
drzave prosjecno 19,9 m/ha. Za Sume koje rastu na nag-
nutim terenima vrijede sljedece relacije: pri gustoci pri-
marnih Sumskih prometnica do 5 m/ha mozemo reci da
je Suma neotvorena, gustoca primarne Sumske prometne

Nova meh. Sumar. 35(2014)

75



T.Pentekidr. Strategijsko planiranje Sumskih prometnica u Republici Hrvatskoj — rasclamba postojecega stanja... (63-78)

infrastrukture od 5 do 15 m/ha omogucuje ekstenzivno
gospodarenje Sumom, normalno gospodarenje Sumom
ostvaruje se pri gustoci primarne Sumske transportne
infrastrukture od 15 do 30 m/ha, a pri gustoci primarnih
Sumskih prometnica vecoj od 30 m/ha ispunjeni su
zahtjevi za intenzivnim gospodarenjem Sumom (na
najboljim stanistima bonitetima). Isti autor (tablica 6) pri-
kazuje strukturu primarne Sumske prometne infrastruk-
ture po Upravama Suma Podruznicama.

7. Literatura — References

Anon., 1997: Izvjes¢e o problematici gradnje i odrzavanja
sumskih i protupozarnih prometnica i stanju otvorenosti
Suma, J. P. Hrvatske Sume, Zagreb, 1-11.

Anon., 2006: Sumskogospodarska osnova podrudja Repub-
like Hrvatske, za razdoblje 2006-2015.

Anon., 2011: Izvjesce o izgradnji donjeg i gornjeg ustroja
Sumskih cesta na podrudju HS d.o.o. Zagreb za razdoblje
2004-2013.

Habsburg, U., 1970: Sind Knickschlepper und Forststrassen
Gegensatze? Betrachtungen iiber den Einfluss der Riicke-
methoden auf den Wegeabstand. Allgemine Forstzeitung.
1-269.

Hribernik, B., I. Poto¢nik, 2006: Sedanje stanje gozdnih cest
kot rezultat preteklega gospodarjenja. Zbornik gozdarstva
in lesarstva, 81: 83-89.

Nevecerel, H., 2010: Dizajniranje teorijskog modela i izrada
racunalnog programa za projektiranje Sumskih prometnica.
Disertacija, Sumarski fakultet Sveucilista u Zagrebu, 1-233.

Nevecerel, H., T. Pentek, D. Pi¢man, I. Stanki¢, 2007: Traffic
load of forest roads as a criterion for their categorization —
GIS analysis. Croatian Journal of Forest Engineering 28(1):
27-38.

Pentek, T., 2002: Racunalni modeli optimizacije mreze
sumskih cesta s obzirom na dominantne utjecajne cimbenike.
Disertacija, Sumarski fakultet SveuciliSta u Zagrebu, 1-271.

Pentek, T., D. Pi¢man, H. Nevecerel, 2004: Environmental —
ecological component of forest road planning and designing.
International scientific conference: Forest constructions and
ameliorations in relation to the natural environment, Techni-
cal University in Zvolen, Slovakia, 16™-17" September. Pro-
ceeding CD/DVD MEDI]J, 94-102.

Pentek, T., D. Pi¢man, I. Poto¢nik, P. Dvorscak, H. Nevecerel,
2005a: Analysis of an existing forest road network. Croatian
Journal of Forest Engineering 26(1): 39-50.

Pentek, T., D. Pi¢man, H. Nevecerel, 2005b: Planiranje
Sumskih prometnica — postojeca situacija, determiniranje
problema i smjernice buduceg djelovanja. Nova mehanizaci-
ja Sumarstva 26(1): 55-63.

Pentek, T., D. Piéman, H. Nevecerel, 2006: Uspostava opti-
malne mreze Sumskih cesta na terenu - smjernice

unapredenja pojedine faze rada. Glasnik za Sumske pokuse,
posebno izdanje 5: 647-663.

Pentek, T., H. Nevecerel, D. Pi¢man, T. PorSinsky, 2007a: For-
est road network in the Republic of Croatia — Status and
perspectives. Croatian Journal of Forest Engineering 28(1):
93-106.

Pentek, T., H. Nevecerel, T. Porsinsky, D. Horvat, M. guénjar,
7. Ze&i¢, 2007b: Quality planning of forest road network —
precondition of building and maintenance cost rationaliza-
tion — Austro2007/Formec’07 07""-11" October, Vienna — Hei-
ligenkreuz.

Pentek, T., H. Nevecerel, K. Dasovi¢, T. Porsinsky, M. éuénj ar,
I. Poto¢nik, 2010: Analiza sekundarne otvorenosti Suma gor-
skog podrucja kao podloga za odabir duljine uza vitla.
Sumarski list 134(5-6): 241-248.

Pentek, T., T., Porsinsky, 2012: Forest Ecosystems — More
Than Just Trees (Sumski ekosustavi — vise od samih stabala).
Intech web.org, 1-464.

Piest, K., 1974: Einfiisse auf Walderschliessung und Wegege-
staltung. Forsttecchnische Informationen 3: 27-30.

Pi¢man, D., T. Pentek, 1996: Cimbenici koji utjecu na oprav-
danost izgradnje mreze Sumskih prometnica. U: Zastita
suma i pridobivanje drva, S. Sever (ur.), Sumarski fakultet
Zagreb — Sumarski institut Jastrebarsko, Zagreb, 293-300.

Posari¢, D., 2007: Vodi¢ za revirnicke poslove. Hrvatske
sume d.o.o. Zagreb, 1-225.

Potoc¢nik, I., 1996b: Mnogonamenska raba gozdnih cest — re-
lativna pomembnost posameznih rab. U: K. Bostjan (ur.).
Izzivi gozdne tehnike: zbornik posvetovanja, Gozdarski
institut Slovenije, Ljubljana, 95-103.

Potocnik, 1., 1998: The multiple use of roads and their clas-
sification. U: Proceedings of the Seminar on environmen-
tally sound forest roads and wood transport, Sinaia, Roma-
nia, 17-22 June 1996. Food and agriculture organization of
the United Nations, Rim, 103-108.

Potocnik, L., 1998: The environment in planning a forest road
network. Proceedings: Environmental Forest Science, Kyoto,
Japan, 67-74.

Potocnik, 1., 2003: Forest road formation width as an indica-
tor of human impact on forest environment. Ecology 22(3):
298-304.

Poto¢nik I, T. Pentek, D. Pi¢man, 2005: Impact of traffic char-
acteristics on forest roads due to forest management. Croa-
tian Journal of Forest Engineering 26(1): 51-57.

Sanktjohanser, L., 1971: Zur Frage der optimalen Wegend-
ichte in Gabirgswaldungen. Forstwissenschaftliches Cen-
tralblatt 3: 142-153.

Siki¢ D., B. Babi¢, D. Topolnik, I. Knezevi¢, D. Bozicevié, Z.
Svabe, L. Piria, S. Sever, 1989: Tehnicki uvjeti za gospodarske

ceste. Znanstveni savjet za promet Jugoslavenske akademi-
je znanosti i umjetnosti, 1-78.

76

Nova meh. Sumar. 35(2014)



Strategijsko planiranje Sumskih prometnica u Republici Hrvatskoj — rasclamba postojecega stanja... (63-78) T. Pentek i dr.

Abstract

Strategic Planning of Forest Road Network in Croatia — Analysis of Present
Situation as Basis for Future Activities

The optimal forest road network must be established through the following work phases: planning, designing,
construction with supervision and maintenance/repair (Pentek et al. 2004). In addition to these obligatory phases of
forest traffic infrastructure optimization, another two work phases are included occasionally: reconstruction phase
and phase of road removing/restoring.

Good planning is necessary in forestry as well as in timber harvesting and forest opening, considering the diver-
sity of Croatian forestry in terms of terrain orography (lowland, hilly, mountainous and karst region), site and stand
characteristics and forest management practices (reqular, selective), different patterns of forest road network (road
network layout) and different levels of road density. Responsible planning of forest roads is a guarantee of rationaliza-
tion (a set of procedures to achieve cost reduction) in a part of forestry production.

Due to the level of planning, its complexity, planning period and operation area, planning of forest roads can be
divided into three levels:

= Planning of forest road network at state level or relief area level (lowland, hilly, mountainous and karst relief
region). This is the highest and initial level of planning (global planning — strategic planning),

= Planning of forest road network at management unit level — represents an intermediate level of planning
(general planning — tactical planning),

= Planning of a specific forest road — result of tactical planning leads to planning at the lowest level (local plan-
ning — operational planning), followed by design phase,

Planning of forest roads on strategic level (the highest level) must define as follows: relief areas considering mea-
surable terrain and stand characteristics together with forest openness, and its analyses; develop guidelines for ap-
propriate models of primary and secondary forest opening in different relief areas (road layout/pattern); develop
guidelines for appropriate and achievable harvesting systems in different relief areas (considering stand characteris-
tics and existing (present) road density).

The objectives of this study are:
= classification of Management Units (MU) and Forest Administrations (FA) into relief categories,
= identification of existing primary openness by MU, FA and relief categories,

= calculation of length of the planned forest road network per FAs and relief regions, for achieving planned
(targeted) primary road density,

=> cost calculation of the planned forest road network, per FAs and relief regions, for achieving planned (targeted)
primary road density,

= proposing guidelines for further opening of Croatian forests.

The study was done in 16 Forest Administrations within the company »Croatian Forests« Ltd. Zagreb.

Table 1 Primary road density for various relief areas in Croatia: minimum necessary (Sikic et al. 1989), minimum
in 2011 (Hodi¢ and Jurusi¢ 2011), planned by 2020 (Hodi¢ and Jurusi¢ 2011) and planned by 2030

_ Minimum RD 1990 | Minimum RD 201" | Planned (final) RD Planned RD 2030"
Relief area
km/1 000 ha
Low-land area 7.00 10.00 13.00 15.00
Hilly area 12.00 15.00 20.00 25.00
Mountainous area 15.00 20.00 25.00 30.00
Karst area No data 10.00 15.00 15.00
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Planned primary values of openness at the level of relief categories are guidelines to be followed, but in the final
design of primary forest road network they should not and must not be rigidly observed. It is recommended to review
and, where necessary, redefine values of the planned primary classical openness by relief areas, taking into consider-
ation all the factors that influence the calculation of the planned density of primary forest transportation system.

At the level of tactical planning, possible deviations from the strategic level are possible, in both positive and
negative values, but within reasonable intervals.

Based on the analysis of the existing primary road density in the study area (by FAs and by different relief areas)
as of December 31, 2011, it is concluded that the planned primary road density has not been achieved in most of the
state forests. Moreover, in a majority of state forests not even minimal necessary primary road density has been
achieved, which has a negative impact on the quality, efficiency and rationality of managing these insufficiently opened
forests.

The time period for achieving the intended values of primary road density should be extended, while simultane-
ously the construction of forest roads on an annual basis should be intensified. The financial, technical and infra-
structural capacities of the company »Croatian Forests« Ltd. Zagreb should also be taken into account. In addition
to the existing sources of funding, funding from current operations and funds from non-market forest values, as well
as other possible sources of funding (for example EU funds) in all phases (obligatory or not) should be provided in
order to create an optimal primary forest road network.

Keywords: truck forest roads, secondary forest roads, road network planning, designing of forest roads, construc-
tion of forest roads, road network maintenance
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Research article — Znanstveni rad

Horizontal and Vertical Alignments

of Forest Roads

Vladimir Petkovi¢, Dane Marceta, Igor Potocnik

Abstract — Nacrtak

Forest roads should be in a condition to bear traffic load at every moment. They can endure
traffic load only if their dimensions are within the limits prescribed. The dimensions of forest
roads depend on: the soil type, category of forest road, and vehicles that use them. In this paper,
forest roads constructed on two types of substrates (terrain category 3 and 4; Proti¢ 1970)
were observed, and dimensions of horizontal and vertical alignments of forest roads were de-
termined. According to the results of this research, it was concluded that the state of forest
roads is satisfactory in terms of traffic. However, it is necessary to pay attention to longitudi-
nal slope of forest road carriageway and cross slope of carriageway in the curves that depend
on the longitudinal slope of carriageway and radius of horizontal curve.

Keywords: forest roads, horizontal and vertical alignments, longitudinal slope, cross slope of

carriageway

1. Introduction — Uvod

Forest roads make forests permanently accessible,
and they change forests for a long time or forever. Con-
struction of forest roads is the biggest project in the
forest and allows for sustainable management of this
natural resource. Forest roads are arteries in a modern
forest, but also leave scars on the forest soil (land-
scape).

Forest roads are planned, designed, constructed
and maintained facilities in the forest. The forest road
is a formation in the forest, and it consists of:

= longitudinal profile or a vertical section in the
road centerline;

= cross profile or cross section perpendicular to
road centerline and;

= layout of forest road (Jelicic¢ 1983).

The basic element of longitudinal profile is the
roadway longitudinal slope (%). It depends on many
factors: type of forest road, type of vehicle that will be
used, transport direction, soil on which a road is built,
allocation of forest road, traffic load, rainfall, etc. Cross
section is made in the station points of the forest road
center line. Cross section of forest roads consists of:
roadway, cut and fill slopes, shoulders, carriageway
and drainage ditch.

Roadway consists of the carriageway width and the
width of two shoulders. Forest roads are single-lane
roads with minimum carriageway width of 3 m (Jelic¢i¢
1983).The cross slope of forest roads carriageway is one
of the major elements of surface drainage, particularly
in the sections of forest roads with small longitudinal
slope. The value of the cross slope depends on: the for-
est road longitudinal slope, elements of forest road lay-
out, radius of horizontal curves, type of material a car-
riageway is constructed of, surface roughness, as well
as other factors. The type of drainage ditches depends
on the type of soil. The slope of cut and fill slopes de-
pends on the type of soil and height of slopes.

The elements of a forest road layout are lines and
curves. The line is a part of forest road in where a ve-
hicle does not change its driving direction. The curve is
a part of forest road where a vehicle changes its driving
direction for the central angle of a circular curve. Radius
is the main element of the curve. The curve radius (R)
should be larger from the perspective of driving safety
and higher driving speed; and however, the cost of the
road construction should also be taken into account.

Standard tree clearance width shall be a minimum
of 15 m. Formation (road foundation) is the area be-
tween the usable limits of earthworks. Formation
(roadway) width can be between 4 and 7 m. Carriage-
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way width ranges from 3.4 to 4 m. Cross slope of the
carriageway should be from 4 to 6.7%. Longitudinal
slope of the forest road surface ranges from 1 to 10%
in the straight sections and 8.3% in the forest road
curves. The minimum radius of forest road curves is
20 m and naturally a larger radius should be used
where possible considering physical and economic
factors (Rayan et al. 2004).

The minimum longitudinal slope of forest road
surface is 2%, and maximum longitudinal slope is 12%
on compacted rock-surfaced roads. The minimum ra-
dius of horizontal curves is 50-60 feet (15-18 m) at the
lowest vehicle speeds. Roadway (subgrade) width
ranges from 14 to 16 feet (4-5 m), and carriageway
(road surface) width is 12 feet (3.7 m). Carriageway
widening (off-tracking) on curves is a function of the
curve radius, curve deflection angle, and vehicle con-
figuration. Log truck off-tracking on 60 foot (18 m)
horizontal curve radius depends on the deflection
angle (30-160 degrees) and can be 2-5 feet (0.6-1.5 m)
(Kramer 2001).

Longitudinal slope of forest road surface ranges
from 12% to 15%. Carriageway width is 3.5-4 m for
single-lane roads and 5-7 m for double-lane roads.
The minimum radius of horizontal curves is 15 m. The
inclination of cut slopes is 3/4:1 (0.75:1), and of fill
slopes 11/2:1 (1.5:1). Cross section slope of the carriage-

| N
| Ground Line S
| Linija terena

way ranges from 3 to 5% for longitudinal slope of for-
est road surface (Keller and Sherar 2003).

When determining the road design standard, the
following factors are evaluated:

= volume of traffic that will use the road at any
given period of time and that will be expected
to use the road over its duration;

= type of vehicles that will use the road;

= topography and soils where the road will be lo-
cated;

= duration of use (permanent, temporary, season-
al, or year around);

= public use of the road;

= sensitive natural resources that may be affected
by the road;

= future road maintenance requirements.

Design Standards for Collectors are permanent
roads that access multiple logging units and may re-
ceive moderate use by the public during some parts of
the year. Roadway width is 16 to 20 feet (5-6 m), and
carriageway width should be 12-16 feet (3.5-5 m).
Road carriageway is made of crushed rock. The mini-
mum radius of the curve is 60 feet (18 m) plus curve
widening. The longitudinal slope of the forest road
surface is usually under 18% (12% max) (Forest Road
Design 2006).
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The studies done in 2009 in the Forest Management
unit Prosara, on the example of deep soils (terrain cat-
egory 3; Proti¢ 1970), in the hilly area, showed that the
average carriageway width was 3 m, average cross
slope of the carriageway was 2.7%, and the longitudi-
nal slope of the carriageway was 4.3% (Petkovi¢ 2010).

The research was intended to indicate the state of
forest roads from the aspect of dimensions of their
horizontal and vertical alignments. It should also point
to the problem of the lack of an official manual for
regulating this part of the forestry profession.

2. Aim of research - Cilj istraZivanja

This paper should determine the dimensions of
forest road elements in the chosen Forest Management
Units of »Prosara« and »Potoci-Resanovaca«. After
that, the obtained dimensions of forest roads should
be compared between the selected sections of the same
forest management unit and the two selected units.
These units have different types of geological origin
and soils. There are deep and soft soils in the Forest
Management unit »Prosara« (hilly area), and shallow
and hard soils in the Forest Management unit » Potoci-
Resanovaca« (mountainous area).The results of the
research will be compared to the dimensions of forest
roads determined by other authors.

3. Object of research — Objekt istraZivanja

3.1 Forest Management Unit »Prosara«
Gospodarska jedinica »Prosara«

This management unit is located in the mountain
»Prosara« in the north of the Republic of Srpska and
Bosnia and Herzegovina in the area of the municipal-
ity of Gradiska. It is managed by the Forest Adminis-
tration »GradiSka«. The average altitude of this man-
agement unit ranges from 103 to 357 m, and hence this
is a hilly area. Geological substrate is made of silicate
rocks. On this geological substrate, deep and acid soils
are developed and their depth is more than 70 cm (ter-
rain category 3; Proti¢ 1970). Forest and forest land
cover an area of 3 980 ha. High productive forests with
natural regeneration cover the biggest area of 3 449.4 ha.
Those are the forests of European beech and sessile
oak. Coppice forests cover an area of 169.6 ha, and
forest plantations cover an area of 279.9 ha. Areas suit-
able for forestation cover 74.4 ha, and areas unsuitable
for forestation cover 7.3 ha. The length of public roads
is 4 km, and the length of forest roads is 34.9 km. The
average road density is 7.8 m/ha (Javno preduzece
$umarstva »Sume Republike Srpske« a.d. Sokolac
2013).

V. Petkovic¢ et al.

3.2 Forest Management Unit
»Potoci — Resanovaca«
Gospodarska jedinica » Potoci—-Resanovaca«

This management unit is managed by the Forest
Administration »Ribnik«. It is located in the northern
part of the Republic of Srpska in the area of the mu-
nicipality of Ribnik. The altitude of this management
unit ranges from 695 m to 1 620 m, and hence this is a
mountainous area. Geological substrate is made of
limestone or dolomite. On this foundation, shallow
and depth limestone soils are developed and their
depth ranges from 30 to 75 cm with stones and rocks
on the surface (terrain category 4; Proti¢ 1970). Total
forest area is 5 437.6 ha. High productive forests with
natural regeneration cover an area of 5 161.6 ha. Those
are the forests of European beech, Norway spruce and
European silver fir. Coppice forests cover an area of
56.9 ha, and forest plantations cover an area of 62.4 ha.
The total length of roads is 85.75 km. Forest road den-
sity is 13.9 m/ha (Javno preduzede Sumarstva »Sume
Republike Srpske« a.d. Sokolac 2000).

4. Methods — Metode rada

4.1 Collecting data on the field — Prikupljanje
terenskih podataka

Forest road network was recorded by GPS GAR-
MIN GPSMAP 62st. It was divided in sections of 300 m.
By the method of random selection, 5 sections of forest
roads were selected in the Forest Management Unit
»Prosara« and »Potoci—-Resanovaca«. Then, the select-
ed sections were found on the field by GPS. These sec-
tions were marked on the field and points were set up
for each 10 m, and three points were selected in the
curves, the beginning of the curve (PK), the middle
of the curve (SK) and the end of the curve (KK). The
following parameters were measured in each point:
roadway width B, carriageway width b, cross slope of
carriageway i, (%), slope of cut and fill slopes 1:u and
1:n, ditch depth and width, and distance between tree
crowns (clearing width). Longitudinal slope of the
road I (%) was measured between each point. Width
and distance between the points were measured by the
measuring tape. The slope was measured by the incli-
nometer.

In each curve, the beginning of the curve (PK) was
measured as well as the middle of the curve (SK) and
the end of the curve (KK). Then the distance was mea-
sured from the beginning of the curve (PK) to the end
of the curve (KK). Half of this distance was the value
x, and the distance from this point to the middle of the
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PK KK

L/2=x | O

L

Fig. 2 Measurements of x and y value
Slika 2. Postupak izmjere veli¢ina x i y na terenu

curve (SK) was the value y (Fig. 2). The radius of the
curve is calculated by the formula:

R=x2/2y
Legend:
R —radius of the curve m,

x —value m, half of the distance from the be-
ginning to the end of a curve,

y — value m.

In 5 selected sections of forest roads, 107 cross sec-
tions were set up in Forest Management Unit »Prosa-
ra«, and 83 cross sections in Forest Management Unit
»Potoci-Resanovaca«, where the above mentioned
measurements were carried out.

4.2 Processing of collected data — Obrada
prikupljenih podataka

The collected data were processed by Microsoft
Excel, and maximum, average and minimum values
of horizontal and vertical alignments of forest roads
were obtained. The results are presented in figures
below. These results are compared to domestic and
international regulations concerning forest roads.
Hence, some conclusions should be made about the
current state of forest roads, and measures should be
recommended for improving the state of forest roads.

5. Results — Rezultati

The average roadway width of forest roads in »Pro-
sara« is 4.3 m and the carriageway width is 2.7 m. The
average cross slope of the carriageway i, is 3.3%, and
the road longitudinal slope is 6.2%. The road longitu-
dinal slope of some sections of forest roads is 14%. The

Horizontal and Vertical Alignments of Forest Roads (79-87)

I Roadway width — Siriqa planuma
[0 Carriageway width — Sirina kolnika

Width, m - Sirina, m

Lines Curves Average width
Pravci Krivine Prosjecna Sirina

Horizontal elements of the road — Horizontalni elementi ceste

Fig. 3 Average width of roadway and carriageway of forest roads
Slika 3. Prosjecna Sirina planuma i kolnika Sumskih cesta

maximum allowed longitudinal slope on deep soils of
a road is 8% (10%) and it should be in the transport
direction (Jeli¢i¢ 1983).The average cut slope is 1:1.4
and fill slope is 1:2.2. The selected sections of forest
roads are divided into curves and lines and 21 curves

I Cross slope of carriageway
7 Poprecni nagib kolnika
Longitudional slope of carriageway
Nagib nivelete

6 —
S
< 5 —
>
()
=

| 4 R

ES
53
Qo
Ke) K
n

2 -

1 -

0 - T T

Lines Curves Average width
Pravci Krivine Prosje¢na Sirina

Horizontal elements of the road — Horizontalni elementi ceste

Fig. 4 Cross and longitudinal slope of forest road carriageway
Slika 4. Poprecni nagib kolnika i uzduZni nagib nivelete Sumskih
cesta
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are located. The average radius R is 110 m, and mini-
mum radius of a curve is 15 m. Six curves of forest
roads have the radius less than 60 m, and the carriage-
way widening on the curve (off tracking) should be
calculated.

The average width of roadway and width of car-
riageway is larger on the curves than on the lines of
forest roads. This is normal because of carriageway
widening on the curves whose radius is less than 60 m
(Fig. 3).

Longitudinal slope of forest road carriageway is
higher on the lines than on the curves. The cross slope
of the carriageway is higher on the curves than on the
lines of forest roads (Fig. 4). Longitudinal road slope
and cross slope of the road carriageway are inverse;
the higher the road longitudinal slope, the lower the
carriageway cross slope. On the curves, the carriage-
way cross slope depends on the radius and road lon-
gitudinal slope. The radius and cross slope of the car-
riageway on the curves are inverse. However, on the
curves of forest roads in Forest Management Unit
»Prosarac, the carriageway cross slope increases with
the increase of the radius of the curve (Fig. 5).

Randomly selected sections are 14, 29, 36 and 50
years old, and on each section the distance between
the crown of the trees above the forest roads or clear-
ing width is determined. The average distance be-

N < 8% longitudinal slopel of carriageway (current)
< 8 % nagib nivelete (postojeci)

[ < 8% longitudinal slopel (prescribed)
< 8 % nagib nivelete (propisani)

Cross slope of carriageway, % - Poprecni nagib kolnika, %

40-60 20-40 <20
Radius of the curves, m — Radijus krivina, m

Fig. 5 Dependence of the carriageway cross slope on radius and
carriageway longitudinal slope of the curve

Slika 5. Utjecaj poprecnoga nagiba kolnika na radijus horizontalnih
krivina i uzduzni nagib nivelete

V. Petkovic¢ et al.

Clearing distance, m — Sirina svijetlog profila, m

14 29 36 50
Age, years — Starost, godine

Fig. 6 Dependence of clearing width on the age of forest roads
Slika 6. Ovisnost Sirine svijetloga profila o starosti Sumskih cesta

tween crowns is 5.6 m. This width should be reduced
over time, but this is not the case with forest roads in
Forest Management Unit »Prosara«. However, the cur-
rent distance between the crowns is a result of forest
roads maintenance, more precisely of removal of the
fallen trees over the road due to bad weather condi-
tions and trees fallen by the roadside (Fig. 6).

Forest roads are constructed on terrain category 4
(Proti¢ 1970) in Forest Management Unit »Potoci—
Resanovaca«. The average roadway width is 4.5 m,
and carriageway width is 3 m. The average forest road
longitudinal slope is 2.8%, and the carriageway cross
slope is 3%. The maximum measured longitudinal
slope of a forest road is 8%. The maximum allowed
longitudinal slope of a forest road is 14% in this terrain
category. The average slope of the cut slope is 1:1.7,
and of fill slope 1:0.9. The selected sections of forest
roads are divided into the curves and lines, and 21
curves are located. The average radius (R) of curves is
140 m, and minimum radius is 20 m. The roadway
width and the carriageway width of forest roads are
larger on the curves than on the lines because of the
carriageway widening on the curves, whose radius is
less than 60 m (Fig. 7).

The forest road longitudinal slope and cross slope
of the carriageway are higher on the curves than on
the lines. They are higher than the average value of
road longitudinal slope and cross slope of the carriage-
way (Fig. 8).
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BN Roadway width — Sirina planuma
[T Carriageway width — Sirina kolnika

Width, m — Sirina, m

Lines Curves Average width
Pravci Krivine Prosjecna $irina

Horizontal elements of the road — Horizontalni elementi ceste

Fig. 7 Width of the forest road roadway and carriageway
Slika 7. Sirina planuma i kolnika Sumskih cesta

45
N Cross slope of carriageway
40 4 Poprecni nagib kolnika
’ [ Longitudional slope of carriageway
Nagib nivelete
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Lines Curves Average width
Pravci Krivine Prosje¢na Sirina

Horizontal elements of the road — Horizontalni elementi ceste

Fig. 8 Cross and longitudinal slope of the forest road carriageway

Slika 8. Poprecni nagib kolnika i uzduzni nagib nivelete Sumskih
cesta

The carriageway cross slope and radius are not in-
verse on the curves of forest roads of »Potoci—-Resano-
vaca«. The value of the cross slope is lower than the
one prescribed by Jelic¢i¢ (1983) (Fig. 9). The carriage-

Horizontal and Vertical Alignments of Forest Roads (79-87)

I < 8% longitudinal slopel of carriageway (current)
< 8 % nagib nivelete (postojeci)

[0 < 8% longitudinal slopel (prescribed)
< 8 % nagib nivelete (propisani)

Cross slope of carriageway, % — Poprecni nagib kolnika, %
S

40-60 20-40 <20
Radius of the curves, m — Radijus krivina, m

Fig. 9 Dependence of the cross slope of curve carriageway on the
radius and longitudinal slope of the curve

Slika 9. Utjecaj poprecnoga nagiba kolnika u krivinama na radijus
harizontalnih krivina i uzduZni nagib

way cross slope is 3.1% on the curves whose radius is
larger than 60 m.

The ditches are full with stones, earth, leaves and
other parts of trees and they cannot absorb the rainfall
from the road. There is no clear border between the
surface of forest roads and ditches.

Data on the age of forest roads in »Potoci-Resano-
vaca« are unknown, and therefore no conclusion can
be made about the influence of the age on the clearing
width. According to information obtained by the Fo-
rest Administration of »Ribnik, in this area most fo-
rest roads were built in the 70s and 80s of the last cen-
tury. The average clearing width of these forest roads
is 4.3 m. Apart from the age, clearing width above fo-
rest roads also depends on: terrain and site conditions,
frequency of maintenance of forest roads, distance
between forest road sections and public road, and traf-
ficload. According to Fig. 10, the distance between tree
crowns above forest roads is smaller in the sections
that are further away from the public roads.

6. Discussion and conclusions — Rasprava
i zakljucci
The results of this research show that the average

width of the roadway and carriageway is larger on
harder than on softer soil. The roadway width should
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Clearing distance, m — Sirina svijetlog profila, m
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Selected sections — Odabrane dionice

Fig. 10 Dependence of clearing width on the serial number of se-
lected section, i.e. its distance from the starting point of forest road
Slika 10. Utjecaj Sirine svijetloga profila na redni broj odabrane
dionice, odnosno na udaljenost dionice od pocetka Sumske ceste

be 4 to 6 m, and it means that the average width of 4.3
to 4.5 m in »Prosara« and »Potoci—-Resanovaca« meets
the set standards. According to Pi¢man (2007), road-
way width of forest roads should be 5 to 7 m. Roadway
width can be 4 to 7 m, according to Ryan et al. (2004),
or 4 to 5 m (Kramer 2001), and 5 to 6 m (Forest Road
Design 2006). Roadway width of forest roads should
be larger on deep than shallow soils, due to smaller
capacity of deep soils.

The average carriageway width of forest roads is
2.7 m on deep soils, and 3 m on shallow soils. The car-
riageway width of forest roads should range from 2.8
to 3.4 m (Potocnik, 2004). Butulija (2000) recommend-
ed the carriageway width of 3 m. According to Picman,
the carriageway width of forest roads should be 3.5 to
5 m (Pi¢man 2007), and according to Rynet 3.4 to 4 m
(Ryanet al. 2004), 3.7 m according to Kramer (2001), 3.5
to 7 m according to Keller and Sherar (2003) and 3.5 to
5 m (Forest Road Design 2006). Therefore, the average
carriageway width of the selected sections of forest
road is acceptable, but again it should be stressed that
it should be larger on deep soils in order to distribute
the traffic load over a larger area.

From the point of maintenance, the ideal forest
road longitudinal slope is from 2 to 4%. The maximum
allowed downhill slope in the transport direction is
from 8 to 12%, maximum 14%. The maximum allowed

V. Petkovic¢ et al.

uphill slope in the transport direction ranges from 3 to
5%, maximum 7%. The maximum longitudinal slope
of forest roads on deep soils is 8%, maximum 10%. The
maximum allowed longitudinal slope of forest roads
can range up to 12%, maximum 14% on shallow and
hard substrates (Poto¢nik 2004). The maximum longi-
tudinal slope of forest roads ranges from 8% to 10%,
maximum 12% in extreme cases (Pi¢man 2007). Lon-
gitudinal slope of forest road surface should be from
1 to 10% on straight sections and 8.3% on the curves
of forest roads (Ryan et al. 2004). The maximum lon-
gitudinal slope of road surface is 12% according to
Kramer (2001). Keller and Sherar (2003) recommended
the longitudinal slope of forest road surface from 12%
to maximum 15%. The maximum longitudinal slope
of forest road surface should be 12% for collector roads
(Forest Road Design 2006). The average longitudinal
slope of forest roads in Forest Management Unit »Pro-
sara« is 6% on deep soils, while the maximum mea-
sured amounts to 14%. These longitudinal slopes are
problematic because of the erosion risk on forest road
surface. In Forest Management Unit »Potoci—
Resanovaca« the average longitudinal slope of forest
roads surface is 3% on shallow soils, and the highest
measured is 8%. This longitudinal slope is in accor-
dance with the applicable standards and can be con-
sidered as ideal from the point of maintenance of for-
est roads.

On the lines and curves with the radius exceeding
60 m, the cross slope of macadam carriageway is about
3 to 4% (Jelici¢ 1983, Ac¢imovski 1997, Butulija 2000).
One-sided cross slope of macadam carriageway
should range from 2 to 4%. Depending on the longi-
tudinal slope of the forest road, the cross slope of roads
with macadam carriageway can be between 3 and 6%
(Potocnik 2004). The cross slope of the carriageway is
constructed as one-sided and two-sided. On the lines,
the carriageway is constructed with two-side cross
slope, while on the curves the carriageway is con-
structed with one-side cross slope directed to the
middle of the curves. It is applied on the lines to fa-
cilitate the maintenance of the road carriageway. On
the curves of radius less than 60 m, the value of the
cross slope ranges from 3 to 6% (Jelici¢ 1983, A¢imovski,
1997, Butulija, 2000). The cross slope of the carriage-
way on the curves should range from 5 to 7% (Poto¢nik
2004). The carriageway cross slope should be between
2 and 3% according to FAO (1998). The cross slope on
the lines of forest road carriageway should be from 3
to 4%. Cross slope on the curves of forest road car-
riageway depends on the radius and ranges from 3 to
6% (Pi¢man 2007). The carriageway cross slope should
range between 3 and 5% on longitudinal slope of forest
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road surface or less than 10% (Keller and Sherar 2003).
The average cross slope of the forest road carriageway
in Forest Management Units »Prosara« and »Potoci—
Resanovaca« is about 3%. The carriageway cross slope
on the curves of radius less than 60 m is not inversely
related to the radius. On average, the carriageway
cross slope on curves is about 3% in Forest Manage-
ment Unit »Potoci-Resanovaca«, and 4% in Forest
Management Unit »Prosara«. The cross slope of forest
road carriageway in these two Forest Management
Units is in accordance with standards, and in the
curves it should be aligned with the radius of the
curve.

The average radius of horizontal curves of forest
roads is from 110 to 140 m in Forest Management
Units »Prosara« and »Potoci-Resanovaca«. The mini-
mum radiuses range from 15 m in Forest Management
Unit »Prosara« to 20 m in Forest Management Unit
»Potoci—-Resanovaca«. The minimum radius of the
curves is 8 m for 12 m long trucks and 12 m for 18 m
long tracks (Ac¢imovski 1997). The minimum radius of
horizontal curves is 20 m (Butulija 2000). The mini-
mum radius of horizontal curves depending on the
possibility of turning of typical vehicles (truck, trailer,
etc.) should be 15 m (Potoc¢nik 2004). The minimum
radius of horizontal curves is 20 m according to Ryan
et al. (2004). Kramer (2001) recommended the mini-
mum radius of horizontal curves of 50 to 60 feet or 15
to 18 m. According to Keller and Sherar (2003), the
minimum radius of horizontal curves should be 15 m.
The minimum radius of curves is 60 feet (18 m) accord-
ing to Forest Road Design (2006). Thus, the minimum
radiuses of curves of forest roads are in accordance
with the recommendations of the above mentioned
authors.

The slope of cut and fill slopes depends on: catego-
ry of soils, material used to build levees, slope height,
terrain cross slope and other factors. The average slope
of cut slopes is 1:1.4, and of fill slope 1:2.2 on deep soils
of Forest Management Unit »Prosara«. The average
slope of cut slopes is 1:1.7, and of fill slope 1:0.9 on
shallow soils of Forest Management Unit »Potoci—
Resanovaca«. The slope of cut and fill slopes for an
ordinary ground should be 1:10r1:1.5, and for com-
pacted soils with stones 2:1, 1:1.3 and 1:1.5, respec-
tively (Jelici¢ 1983). According to Ac¢imovski (1997),
the slope of cut and fill slopes for ordinary and sandy
soils are 1:1 and 1:1.5. The slope of cut slopes of rocky
substrates should be 1:0, 1:0.2, 1:0.5 or 1:0.75, and of fill
slopes 1:1 or 1:1.25. The slope of cut slopes is 3/4:1
(0.75:1), and of fill slopes 11/2:1 (1.5:1) (Keller and
Sherar 2003). According to this, the slope of cut and fill
slopes in the observed sections of forest roads are

Horizontal and Vertical Alignments of Forest Roads (79-87)

milder than prescribed except the slope of fill slopes
on shallow soil in Forest Management Unit »Potoci-
Resanovacax.

Finally, it can be concluded that the dimensions of
horizontal and vertical alignments of forest roads are
in accordance with the standards for forest roads, and
that they are able to carry the traffic load. Further re-
search should be focused on the synchronization be-
tween the cross slope of the carriageway on the curves
and the radius of the curves. Then attention should be
directed to the prevention of erosion of the forest road
carriageway in Forest Management Unit »Prosara« as
much too often the forest road surface has an extreme-
ly high longitudinal slope. The roadway and carriage-
way width of forest roads on deep soils should be
larger than on shallow soils in order to distribute traf-
fic load over a larger area. However, the construction
of such forest roads and greater care for the environ-
ment require more financial resources.

These results show the state of technical character-
istics of forest roads in these two management units
as well as in the whole Republic of Srpska. There are
no significant differences between standards for forest
roads in the mentioned references. These recommend-
ed standards must be used for making the Manual for
planning, design, construction and maintenance of
forest roads at the national level.
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Horizontalni i vertikalni konstruktioni elementi sumskih cesta

Sumske ceste trebaju biti u takou stanju da u svakom trenutku mogu prilvatiti prometno opterecenje vozila koja
se njima krecu. Da bi izdrZale prometno opterecenje, dimenzije sumskih cesta moraju biti u granicama propisa. Di-
menzije konstruktivnih elemenata Sumskih cesta ovise o brojnim Cimbenicima, a neki od najznacajnijih jesu: kate-
gorija terena (gradevinska kategorija materijala) na kojem su sumske ceste izgradene, primarna funkcija Sumske ceste,
odgovarajuce vozilo koje ée Sumskom cestom prometovatiisl. U radu su istraZene Sumske ceste izgradene na razlicitim
kategorijama terena (IIL. i IV. kategorija materijala prema Proti¢u 1970) te su utvrdene dimenzije konstruktionih
elemenata sumskih cesta u horizontalnom i u vertikalnom pogledu. Zakljucuje se da istraZene Sumske ceste mogu
prihvatiti prometno opterecenje, ali u buducnosti treba usmjeriti pozornost na najvece nagibe nivelete te na poprecni
nagib kolnika u horizontalnim krivinama (koji ovisi o nagibu nivelete i radijusu horizontalne krivine).

Kljucne rijeci: sumske ceste, horizontalni i vertikalni konstruktivni elementi, uzduzni nagib nivelete, poprecni

nagib kolnika
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Znanstveni rad — Research article

Potrosnja goriva i emisija staklenickih
plinova pri kamionskom prijevozu drva

u hrvatskom sumarstvu

Marko Zorié¢, Marijan Susnjar, Zdravko Pandur, Kristijan Mihaljevi¢

Sazetak — Abstract

Daljinski je prijevoz drva kamionima druga polufaza prijevoza drva. Zbog svojih znacajki,
ciklicnoga rada, velikoga udjela voZnje neopterecenoga vozila, visoke nabavne cijene vozila,
prevezene male koliCine jeftine robe visoka cijena goriva, velika potrosnja goriva, daljinski
prijevoz drva kamionima prate iznimno visoki troskovi. Osim visoke cijene daljinskoga prije=
voza drva kamionima znacajno je i njegovo veliko opterecenje okolisa emisijom staklenickih
plinova te niska energetska ucinkovitost.

Cilj je ovoga rada napraviti analizu podataka o ukupnim prevezenim koli¢inama drva, te
dvije jedinic¢ne potrosnje goriva po jedinici prevezenoga tereta te po tona kilometru (t km), koja
je najbolji pokazatel]j energetske ucinkovitosti prijevoza, te analizu podataka o jedinicnoj emisi-
ji staklenickih plinova kamiona koji su u vlasnistou trgovackoga drustva »Hrvatske sume«
d.o.0 Zagreb za 2012. godinu. Osim provedene analize dobiveni Ce se rezultati usporediti s
rezultatima istraZivanja potrosnje goriva u daljinskom prijevozu drva u Hrvatskoj koje navo-
di Anic¢ i dr. (1996).

Kljucne rijeci: daljinski prijevoz drva kamionima, kamionski skup, potrosnja goriva, emisija

staklenickih plinova

1. Uvod - Introduction

U Hrvatskoj se izmedu dvaju svjetskih ratova
pocinju rabiti Sumski kamioni. Krpan (1991) navodi da
se u Hrvatskoj 75 % drva prevozi kamionskim skupo-
vima, dok se ostatak prevozi Zeljeznicom. Horvat i
Susnjar (2002) daju podatak da je udio prijevoza drva
kamionskim skupovima 85 %. Danas se u Hrvatskoj
gotovo svi drvni sortimenti prevoze kamionskim sku-
povima. Razlozi tomu mogu se naci u razvoju kamiona
i kamionskoga prijevoza u cjelini, gradnji takve mreZze
javnih putova koja je omogucdila masovnu uporabu ka-
miona te u otvaranju Suma gradnjom primarnih Sum-
skih prometnica (Horvat i Susnjar 2002). Promatrajuci
prijevoz drva kamionima u slobodnom trzistu, Kulusi¢
(1988) smatra da se prednost kamionskoga prijevoza
pred ostalim nacinima daljinskoga prijevoza ocituje u
velikoj fleksibilnosti zbog mogucnosti izbora optimal-
noga sredstva za prijevoz odredene vrste tereta te ula-

ganja relativno malih investicijskih i obrtnih sredstava
s brzim obrtom kapitala.

Od 1986. do 2000. godine broj kamionskih prije-
voznih jedinica u vlasnistvu trgovackoga drustva
»Hrvatske Sume« d.o.0 Zagreb (HS) smanjio se s 400
na 250 komada zbog povecanja udjela privatnih pri-
jevoznika. Od 1995. godine do danas zamjetno rastu
koli¢ine drva koje prevezu poduzetnici i/ili kupci — od
51 % 1995. pa sve do 78 % 2004. (Tomasic 2005). Tomasi¢
(2012) navodi kako su u 2011. godini »Hrvatske Sume«
sa svojim kapacitetima za prijevoz drva sudjelovale sa
16,1 %, dok privatni poduzetnici sudjeluju sa 72,1 %, a
ostatak od 11,8 % ¢ini mjesno stanovnistvo koje trakto-
rima prevozi ogrjevno drvo za vlastite potrebe. Za us-
poredbu, Beuk i dr. (2007.) navode da su u ukupnom
prijevozu drva kamionskim skupovima u Hrvatskoj
»Hrvatske Sume« u 2007. godini sudjelovale s 21 %,
dok preostalih 79 % prijevoza drva obavljaju privatni
poduzetnici.
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Slika 1. Kamionski skupovi »Hrvatskih Sumac« d.o.0, A) IVECO Trakker, B) MAN 33-422, C) MAN 33-464, D) SCANIA P124
Fig. 1 Truck and trailer units owned by »Hrvatske Sume« d.o.0.

Posebnosti daljinskoga prijevoza drva kamionima
ocituju se u njegovu ciklicnom radu, gdje je vrlo tesko
osigurati »povratnu turu, u ¢estom radu u nepovolj-
nim vremenskim uvjetima, voznji po Sumskim cestama
velikoga nagiba i nepovoljnoga stanja gornjega ustroja.
Holtzleitner (2009 1 2011) navodi da Sumski kamionski
skupovi provode ¢ak do 14 % voznje na Sumskim ces-
tama, zbog cega Sumski kamionski skupovi moraju biti
opremljeni snaznim pogonskim motorima, snaznijim
od 4 kW/t, sto je i zahtjev Pravilnika o tehnickim uvje-
tima vozila na cestama (NN 51/10, 84/10, 145/11 i
140/13). Konstrukcijska rjeSenja Sumske nadogradnje
Sumskih kamionskih skupova takva su da se ne moze
koristiti, ili se vrlo rijetko koristi za prijevoz ostale robe.
Svenson (2011) prema Klvacu (2013) nabraja niz tehni-
¢kih ¢cimbenika koji utje¢u na potrosnju goriva Sumskih
kamionskih skupova, a samim time i na emisiju stakle-
nickih plinova. Cimbenike svrstava u ove skupine: zna-
cajke vozila, znacajke prikolice, geometrija ceste, gornji
ustroj Sumske ceste, brzina kretanja, promjena stupnja

prijenosa, nacin voznje, vrijeme i uvjeti gornjega ustro-
ja Sumske ceste. Devlin (2010) govori da navedeni ¢im-
benici znacajno utjecu na potrosnju goriva prilikom
daljinskoga prijevoza drva kamionima, koja moze biti
dvostruko vec¢a u usporedbi s prijevozom drugih vrsta
roba, a Favreau (2006) piSe da u ukupnim troskovima
daljinskoga prijevoza drva kamionima trosak goriva
sudjeluje s 30 %.

Trgovacko drustvo »Hrvatske Sume« d.o.o 1996.
godine imalo je 259 kamionskih skupova te je u ukup-
nom daljinskom prijevozu drva kamionima sudjelova-
lo s 85 %. Potrosnja goriva u svim radovima potrebnim
za proizvodnju 1 m’ 1996. godine u hrvatskom Sumar-
stvu bila je 6,96 L/m’, a potro$nja goriva u kamionskom
prijevozu drva bila je 2,33 L/m’ ili 33,4 % ukupno utro-
Senoga goriva (Anic¢idr. 1996). Karjalainen i Asikainen
(1996) navode kako potrosnja goriva u Finskoj iznosi
56 L/100 km, dok emisija staklenickih plinova (CO,, CH,
i N;O) iznosi 0,03 kg/m’km. Prema Svenosonu (2011)
potrosnju goriva u Svedskoj iznosi 28 L/100 km, a pre-
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ma Klvacu (2013) potrosnja goriva iznosi 2,19 L/m’,
odnosno 67,4 L/100 km. Pandur (2013) daje podatak da
je utroSak energije u svim radovima potrebnim za
proizvodnju 1 m’ drva u nizinskim $umama 634 MJ/m’,
od toga iznosa energija goriva ¢ini 86 %. Od svih rado-
va potrebnih za proizvodnju 1 m® utro$ak energije pri
kamionskom prijevozu drva iznosi 31 % ukupno utro-
Sene energije.

Ciljje ovoga rada napraviti analizu podataka o uku-
pnim prevezenim koli¢inama drva, potrosnji goriva po
jedinici prevezenoga tereta te po tona kilometru (t km),
koja je najbolji pokazatelj energetske ucinkovitosti pri-
jevoza, te analizu podataka o emisiji staklenickih plino-
va takoder po jedinici prevezenoga proizvoda kamiona
koji su u vlasnistvu HS za 2012. godinu. Osim prove-
dene analize dobiveni ¢e se rezultati usporediti s rezul-
tatima istrazivanja potrosnje goriva u daljinskom pri-
jevozu drva u Hrvatskoj koje navodi Anic¢ i dr. (1996).

2. Materijal i metode — Material
and Methods

Trgovacko drustvo »Hrvatske Sume« d.o.o. Zagreb
1 2012. godini imalo je 101 kamionski skup, 38 IVECO,
55MAN, 7 TAM i1 SCANIA, rasporedenih u 13 radnih
jedinica na podrudju 13 uprava Suma podruznica
(USP). Kamionski su skupovi prosjeéno imali 12,7 go-
dina. Na slici 1 prikazani su kamionski skupovi koje

Tablica 1. Koeficijenti za pretvorbu obujma u masu
Table 1 Coefficients for converting volume to mass

. Koeficijent pretvorbe
Naziv proizvoda — Type of product ) .
Converting coefficient
Tvrde listace 116
Hard hardwood '
Meke listate
0,95
Trupci Soft hardwood
Roundwood Crnogorica
0.85
Softwood
Crnogorica bez kore 08
Softwood without bark '
Tvrde listace
1,00
Hard hardwood
Visemetarskiogrjev | Meke listace 0.85
Long firewood Soft hardwood '
Crnogorica
08
Softwood

posjeduje trgovacko drustvo »Hrvatske Sume« d.o.o
Zagreb.

Analiza potrosnje goriva i emisije Stetnih
staklenickih plinova kamionskoga prijevoza drva pro-
vedena je na osnovi podataka o pracenju rada kamiona
u poduzeéu HS u 2012. godini. Podaci koji su koristeni
za analizu u ovom su radu:

= godisnja proizvodnost kamionskoga skupa,

= potrosnja goriva kamionskoga skupa,

=> broj ostvarenih turnusa,

= ostvareni tona kilometri — t km,

= kilometri voznje opterecenoga kamionskoga

skupa,

= kilometri voznje neopterecenoga kamionskoga

skupa.

Na temelju ukupne potrosnje goriva, ukupno pre-
vezenoga drva i ukupno ostvarenih kilometara izracu-
nata je jedinicna potroSnja goriva. Nadalje, potrosnja
goriva po tona kilometru izracunata je tako da je pre-
vezeni obujam, prera¢unat u masu, pomnozen s ostva-
renim kilometrima voznje optere¢enoga kamionskoga
skupa. Koeficijenti za pretvorbu obujma u masu prika-
zani su u tablici 1.

Emisija Stetnih staklenickih plinova izracunata je na
temelju pretvorbenih vrijednosti koje su preuzete iz
priru¢nika DEFRA (2012), a prikazani su u tablici 2.
Vrijednosti prikazane u tablici 2 odnose se na proracun
emisije s obzirom na to¢nu koli¢inu utroSenoga goriva,
$to je prema navedenomu priruéniku i najtocniji nacin
izra¢una emisije. Za potrebe ovoga rada emisija Stetnih
staklenickih plinova izracunata je po prevezenoj jedi-
nici obujma, po prijedenim kilometrima te po ostvare-
nim tona kilometrima. Na temelju prosjecne jedinicne
potrosnje (L/m’) i ukupno proizvedenih sortimenata u
2012. godini koji su prevezeni kamionskim skupovima,
i HS i privatnih prijevoznika, izratunata je ukupna emi-
sija stakleni¢kih plinova koja je proizvod daljinskoga
prijevoza drva kamionima u Republici Hrvatskoj. Izra-
¢un emisije Stetnih staklenickih plinova predstavlja
procjenu, dok je tocno stanje potrebo izravno izmjeriti.

Tablica 2. Vrijednosti za izracune emisije Stetnih staklenickih plinova
Table 2 Values for calculating greenhouse gases emissions

Vrsta goriva Ukupno
Co, CH, N,0
Type of fuel Total
Diesel kg/l | 26569 | 0,0009 | 0,0191 2,6769

Prikupljeni su podaci sortirani u bazu podataka u
MS Excel, dok su podaci obradeni pomocu softvera
STATISTICA.
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Tablica 3. Promatrani parametri za sve kamionske skupove HS
Table 3 Observed parameters for all truck and trailer units (TTU's)

of HS
Prevezeni obujam, m’ 842 776
Volume of transported timber, m’
Ukupno prijedena udaljenost, km
. 3499 901
Traveled distance, km
VoZnja opterec¢enoga kamionskoga skupa, km
Ja OpTerecency gasep 1667032
Loaded driving, km
Voznja neoptere¢enoga kamionskoga skupa, km
. 1832869
Unloaded driving, km
Prosjecni udio voznje optere¢enoga kamionskoga skupa, % 178
Average backhauling, % '
Ostvareni tona kilometri, t km
_ ' 20827 633
Achieved ton-kilometer, t km
Ukupna potroSnja goriva, L
upna potrosnia gorv 2256 193
Total fuel consumption, L
Jedini¢na potro3nja goriva, L/m’ 273
Unit fuel consumption, L/m’ '
Jedinicna potrosnja goriva na 100 kilometra, L/100km 66
Average fuel consumption per 100 km, L/100km
Jedini¢na potrosnja po tona kilometru, L/ t km 007
Average fuel consumption per ton-kilometer, L/ t km '
Ukupan broj turnusa
36 144
Total number of cycles
Prosje¢na duljina jednoga turnusa (oba smijera), km 9683
Average haulage distance (both directions), km '
Prosjetan obujam turnusa, m?
s 23,32
Average volume of cycle, m
Prosje¢ni dnevni utinak, m* 5101
Average daily productivity, m® '

3. Rezultati i rasprava — Results
and discussion

U 2012. godini »Hrvatske Sume« proizvele su
4 823786 m’ drva neto (obujam drva bez kore, smanje-
nje obujma zbog propisnosti mjerenja, smanjenje obuj-
ma zbog greske Huberove formule za izra¢un obujma
drvnih sortimenata), od toga 2 297 782 m’ tehnicke
oblovine, 2 146 122 m’ viSemetarskoga ogrjeva i 379 882
m’ jednometarskoga ogrjeva. Kamioni kojima se kori-
ste »Hrvatske Sume« prevezli su ukupno 842 776 m* ili
17,47 % ukupno proizvedenih sortimenata, privatni
prijevoznici prevezli su 74,65 % ili 3 600 956 m’, dok
ostatak daljinskoga prijevoza drva od 7,88 % jest prije-
voz jednometarskoga ogrjeva za potrebe lokalnoga

stanovniStva koji se najcesce obavlja pomocu poljopri-
vrednih traktora s poluprikolicom. Kamionski skupo-
vi HS prevezli su navedeni obujam uz utrogak goriva
od 2,25 x 10° L te su ostvarili ukupni prijedeni put od
3499 901 km.

U tablici 3 dan je prikaz svih analiziranih parame-
tara za kamionske skupove koje posjeduju »Hrvatske
sume« d.o.o. Udio voznje opterecenoga kamionskoga
skupa kretao se od 34,2 % do cak 57,3 %, Sto je jako
velik raspon.

Naslici 2 prikazana je godisnja proizvodnost kami-
onskih skupova koje imaju »Hrvatske Sume« d.o.o.
Njihova je prosjecna proizvodnost bila 8 344 m®, najve-
¢a je proizvodnost 15 754 m®, a najmanja 2 527 m>. Na
godisnju proizvodnost kamionskih skupova izravan
utjecaj ima prosjecna udaljenost prijedena za potrebe
jednoga turnusa. Tako se u 2012. godini prosjecna uda-
ljenost voznje optere¢enoga kamionskoga skupa kre-
tala od 17 do 68 km s prosjekom od 37 km. Na slici 2
prikazane su prosjecne udaljenosti voznje optereceno-
ga kamionskoga skupa po USP. Osim prosjecne voznje
opterecenoga kamionskoga skupa na proizvodnost
kamionskih skupova utjece godisnja iskoriStenost rad-
nih dana, tehnicka ispravnost, iskoristenost kamion-
skih skupova, znacajke drva koje se prevozi te zakoni-
tost obujma komada (Spiedel 1952).

Na slikama 3, 4 i 5 prikazana je potroSnja goriva
kamionskih skupova u pojedinom USP-u. Na slici 3
prikazana je potrosnja goriva po jedinici prevezenoga
obujma drva. Prosje¢na potrosnja iznosi 2,73 L/m’,
najveca potrosnja goriva po jedinici prevezenoga obu-
jmaje 3,9 L/m’, dok je najmanja 1,26 L/m’.

Potrosnja goriva po prijedenom kilometru kretala
se izmedu 0,46 — 0,94 L/km s prosjecnom vrijednoséu
za sve kamionske skupove od 0,66 L/km (slika 4),
odnosno 66 L/100 km.

Naslici 5 prikazana je potrosnja goriva kamionskih
skupova po ostvarenom tona kilometru. Potrosnja se
kretala od 0,04 do 0,16 L/t km, s prosjekom potrosnje
od 0,07 L/t km.

Prosjetna potro$nja goriva od 2,73 L/m’ veca je za
0,4 L/m’ od potrosnje koju navodi Anic i dr. (1996).
Razlog povecane potrosnje goriva u danasnje vrijeme
u odnosu na 1996. godinu vjerojatno je nastala zbog
postivanja osovinskih opterecenja koje propisuje Pra-
vilnik o tehni¢kim uvjetima vozila na cestama (NN
51/10), zbog cega se u jednom ciklusu preveze manji
obujam drva. Nadalje, nastala je razlika vjerojatno re-
zultat i toga Sto se u danasnje vrijeme koriste kamioni
s nesto snaznijim pogonskim motorima.

Ako se pak usporede dobiveni rezultati s rezultati-
ma koje navodi Klvac (2013), razlika od 20 % viSe utro-
Senoga goriva po kubnom metru vjerojatno je nastala
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Potrodnja goriva, L/km - Fuel consumption, L/km

Potrosnja goriva, L/t km - Fuel consumption, L/t km
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Tablica 4. Emisija staklenickih plinova
Table 4 Greenhouse gases emission

M. Zoriéidr.

co, CH, N,O Ukupno
Emisija stakleniCkih plinova kg/m’ 712 0,002 0,05 1172
Greenhouse gases emission kg/km 1,75 0,0006 0,013 1,7636
kg/tkm 0.19 0,00006 0,001 0191

zbog toga Sto je 2012. godine prosjecna starost kamion-
skih skupova HS bila 12,7 godina. Osim starosti kami-
ona razlika u potro$nji goriva nastala je i zbog obracu-
na prevezenoga obujma, jer »Hrvatske Sume« za svoju
evidenciju uzimaju neto obujam drva, dok je Klva¢ u
svojim istrazivanjima uzimao obujam drva s korom.

Na osnovi vrijednosti emisija staklenickih plinova,
prikazanih u tablici 2, te potro$nje goriva izracunata je
emisija staklenickih plinova kamionskih skupova u
vlasnistvu HS. Emisija stakleni¢kih plinova prikazana
je u tablici 4. Ukupna emisija stakleni¢kih plinova u
2012. godini, koja je nastala kao proizvod daljinskoga
prijevoza drva kamionima (kamioni HS i kamioni pri-
vatnih prijevoznika) u hrvatskom Sumarstvu iznosi
31,88 Gg. Modernizacijom kamionskih skupova, kako
u vlasnistvu privatnih prijevoznika tako i u vlasnistvu
HS, treba o¢ekivati smanjenje emisije Stetnih staklenié-
kih plinova jer u 2012. godini samo cetiri kamionska
skupa trgovackoga drustva »Hrvatske Sume«d.o.0 Za-
greb zadovoljavaju EURO V norme.

Emisija staklenickih plinova izracunata u ovom
radu, 0,191 kg/t km, znacajno je veca od emisije koju
iznose Karjalainen i Asikainen (1996) — 0,03 kg/m’km.
Razlog lezi u ¢injenici da je prosje¢an obujam tovara koji
su prevezli kamioni HS iznosio 23,32 m®, dok je prosjeéan
obujam tovara u Finskoj 1996. godine iznosio 49 m’.

Povecanje okoliSne pogodnosti i energetske ucinko-
vitosti kamionskoga prijevoza drva moguce je provesti
na nekoliko nacina. Tako Loforth i Lindholm (2005)
smatraju da se potrosnja goriva i maziva moze sman-
jiti za 5—10 % poboljsanjem aerodinami¢nosti kamiona.

Loforth i Svenson (2011) na primjeru kamionskoga
skupa »One stack more« navode kako se povecanjem
dopustene nosivosti kamionskoga skupa s 60 na 90 tona
znacajno smanjuje potrosnja goriva po jedinici preveze-
noga drva, do ¢ak 20 %, a samim time znacajno se sman-
juje emisija Stetnih staklenickih plinova. Nadalje navode
kako povecanje ukupne mase kamionskoga skupa sa
60 na 90 tona nema negativnoga utjecaja na ceste zbog
ujednacenoga rasporeda mase po osovinama, te da
povecanje duljine kamionskoga skupa nema negativ-
noga ucinka na sigurnost prometa, Stovise smanjenjem
broja vozila na cesti povecava se sigurnost.

Anon. je (2012) proveo istrazivanje usporedujucu
konvencionalni kamionski skup sa »Star Truck« koji je
bio manje mase, opremljen sredis$njim sustavom za
kontrolu tlaka u gumama, sustavom za mjerenje mase
tovara kako bi se optimalno iskoristio tovarni prostor.
Sve je to potaknulo prijevoz vece kolic¢ine korisnoga
tereta za 9,8 %, uz povecanje potroSnje goriva za samo
1 %, prijevoz 8,6 % vise jedinice tovara po litri goriva,
smanjenje od 8 % troskova goriva po prevezenoj toni
te smanjenje troSenja guma zbog koristenja srediSnjega
sustava za kontrolu tlaka u gumama.

4. Zakljucak — Conclusion

Kamionski prijevoz drva zbog svojih svojstava ima
velik negativan utjecaj na okolis te nisku energetsku
ucinkovitost. Potrosnja goriva ima vazZan utjecaj na
ukupne troskove kamionskoga prijevoza drva te stoga
znacajan utjecaj na troskove pridobivanja drva. U us-
poredbi s potrosnjom goriva 1996. godine povecala se
potrosnja goriva.

Kako bi se unaprijedio daljinski prijevoz drva kami-
onima te smanjila potrosnja goriva i emisija staklenickih
plinova, potrebno je uz pomo¢ sustava daljinskoga
pracenja vozila (FMS-a) provesti detaljniju analizu rada
kamionskih skupove te izravnim mjerenjima utvrditi
stvarnu potrosnju goriva, ukupnu i potroSnju po rad-
nim zahvatima. Dalje, potrebno je izmjeriti stvarnu
emisiju staklenickih plinova te iskoriStenost kamion-
skih skupova, zatim je potrebno odrediti utjecaj nacina
voznje i utjecaj stanja cestovnoga zastora na potrosnju
goriva. Modernizacijom kamionskih skupova moze se
ocekivati smanjenje potrosnje goriva i smanjenje emisi-
je stetnih staklenickih plinova. Prosjecni je udio pune
voznje u radu kamionskih skupova nizak, ispod 50 %,
te je potrebno pronadi organizacijska rjeSenja za
povecanje udjela pune voznje ¢ime e se izravno pri-
donijeti smanjenju jedini¢ne potrosnje goriva i
povecanju iskoristenosti kamionskih skupova.

Osim detaljnijega pracenja daljinskoga prijevoza
drva kamionima i novih organizacijskih rjeSenja potreb-
nojeinadinova tehnicka rjeSenja (npr. ugradnja monta-
zno-demontazne dizalice, elektri¢ni pogon hidrauli¢ne
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pumpe za pogon dizalice) koja ¢e pridonijeti povecanju
energetske ucinkovitosti, smanjenju utjecaja na okoli$
te povecanju iskoristenosti kamionskih skupova.
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Fuel Consumption and Greenhouse Gas Emission in Timber Haulage
in Croatian Forestry

Timber haulage is the last phase of wood harvesting. Due to its characteristics, cycle operation, a lot of unloaded
driving, high purchase price of truck units, transport of small amounts of cheap goods, high oil prices, high fuel
consumption, timber haulage is most expensive phase of wood harvesting. Apart from high prices, timber haulage
has a lot of negative impact on environment due to its high greenhouse gas emission.

The aim of this paper is to analyze the data of the total amount of transported timber, fuel consumption per ton-
kilometer, which is the finest indicator of energy consumption of transport, and to analyze greenhouse gas emission
per production unit for all truck and trailer units owned by »Hrvatske Sume« Ltd. (HS) in 2012. Furthermore, the
obtained results have been compared with the results of fuel consumption given by Anic et al. (1996).
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In 2012. »Hrovatske sume« Ltd. owned 101 truck and trailer units of different types (Fig. 1). In the analyzed year,
their truck and trailer units transported 842 776 m’ or 17.47 % of all produced wood assortments. The rest was
transported by private companies (74.65 %), and by local population (7.88 %). For transportation of 17.47 % of wood
assortments, trucks owned by HS consumed 2.25x10° L of fuel and they traveled 3 499 901 km. Some research pa-
rameters are shown in Table 3. It is interesting to see that the range of backhauling was from 34.2% to 57.3 %, with
an average of 47.6 %.

Fig. 2 shows the annual productivity of truck and trailer units owned by HS. Fig. 3 to 5 show fuel consumption
of all analyzed truck and trailer units, distributed in 13 administration units. Fig. 3 shows fuel consumption per unit
of transported wood. The average fuel consumption was 2.73 Lim’, the maximum fuel consumption was 3.9 Lim’,
while the minimum was 1.26 L/m’. Fuel consumption per traveled kilometer was between 0.46 and 0.94 L/km with
an average value of 0.66 L/km or 66 L/100km (Fig. 4). Figure 5 shows fuel consumption per ton-kilometer. Values
were from 0.04 to 0.16 L/t km.

The calculated average unit fuel consumption of 2.73 L/m’ is higher by 0.4 L/m’ than the consumption given by
Anic et al. (1996). The reason for this higher consumption probably lies in stricter control of maximum allowed axle
loads and total mass of truck and trailer unit, which results in lower amount of timber transported in one cycle.
Furthermore, difference stems from different engine power of trucks used in 1996 compared to trucks used in 2012.

Based on values of emission factors showed in Table 2 and unit fuel consumption, we calculated greenhouse gas
emission of truck and trailer units owned by HS. The emission values are showed in Table 4. Total greenhouse gas
emission emitted from timber haulage in Croatian forestry (TTU's owned by HS and private contractors) is 31.88 Gg.
This value is only an estimate, and the real value is to be determined. It is expected that emission will decline in the
future, because in 2012 HS owned only 4 truck and trailer units, which meets the requirements of EURO V norm.

Due to its characteristics, timber haulage has a negative impact on the environment and very low energy effi-
ciency. Fuel consumption has a great impact on total timber haulage costs and therefore also a great impact on wood
harvesting costs.

To improve timber haulage and decrease fuel consumption and greenhouse gas emission, it is necessary to conduct
a detailed survey of timber haulage using Fleet Management System, and to determine with direct measurements the
exact fuel consumption, both total consumption and consumption by working procedures. It is also necessary to
measure GHG emission, and utilization of truck and trailer units. Furthermore, it is needed to determine the effect
of driver behavior on fuel consumption, as well as the effect of forest road conditions on fuel consumption. Besides
the implementation of FMS system and new organization solutions, it is needed to find new technical solutions (e.g.
install dismantling crane, electric propulsion of hydraulic pump for crane drive), with the aim to increase energy
efficiency, decrease negative impact on the environment and increase utilization of timber haulage.

Keywords: timber haulage, truck and trailer unit, fuel emission, greenhouse gas emission
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Research article — Znanstveni rad

Analysis of Energy Value of Some

Tree Species

Ljupco Nestorovski, Mitko Nacevski, Zdravko Trajanov, Pande Trajkov

Abstract — Nacrtak

This paper presents the investigation of five (5) characteristic forestry species (Fagus xmoe-
siaca (K. Maly) Czeczott, Quercus petreaea (Matt.) Liebl., Quercus pubescens Willd.,
Carpinus orientalis Mill., Pinus nigra J. F. Arnold) that cover the major part of the total
forest area, and account for around 70% of the total forest reserve in the Republic of Macedo-
nia. These forestry species are also very common in other regional forests.

The purpose of this investigation is to establish the energy value of these species at different
trunk height and different parts of the tree (wood, bark) in order to determine the differences
due to different cell structure.

The material for this investigation was collected in different regions of the Republic of Mace-
donia, and for each investigated species the material was collected at two different locations
with different ecological conditions. Wood density parameters of tree species were also estab-
lished for local conditions, and combined with the available sources from other countries. The
article presents a harmonized approach to estimate the potential for energy production by dif-
ferent species, eliminating different ecological growing conditions.

The results of the investigation show that the conifers have higher energy value than broad-
leaved species, and that this difference is significant. There were no significant differences in
the energy potential between different parts of the tree (1.3 and 5.3 m, branches), except for
the bark. The energy potential of the selected species is significant, and with certain techno-
logical changes in the phase of forest utilization and in the process of transformation of wood
into other kinds of energy (heat, electric, etc.), it is a significant basis for the improvement of
the energy balance of the Republic of Macedonia, along with the use of the alternative, renew-

able and environmentally friendly energy.

Keywords: biomass, calorific value, alternative energy

1. Introduction — Uvod

The availability of energy is becoming a major is-
sue since the demand for energy is growing every day.
Concerning that fact, as well as the fact that the re-
serves of fossil fuels, such as oil coal and natural gas
are limited, the world is turning towards discovering
and using alternative, environmentally friendly, and
renewable energy resources (Laponche et al. 1997).

One of these resources is forest biomass. Wood has
been used as energy source since the early days. While
in Western Europe the use of firewood decreased in
favour of fossil fuels, large parts of the human popula-
tion in South-Eastern Europe (SEE) still depend on

wood as energy source. In the wake of Kyoto Protocol,
the use of renewable resources for energy production
has become a major issue in climate change mitigation
(IPCC 2007). Forest biomass plays a major role in the
biomass action plans of EU as well as in most national
policies in Europe. This interest in increased utiliza-
tion of forest biomass resources gave rise to questions
on the potentials and limitations of forest ecosystems
to produce biomass in a sustainable way. The impor-
tance of forests as a major source of global biodiversity
has become well known during the recent decade, not
only as a source for utilization of wood and other non-
wood products, but also for providing a multitude of
other ecosystem services and functions.
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2. Objective of research — Cilj istraZivanja

Forests contribute a substantial share of the energy
balance in the Republic of Macedonia, where a sig-
nificant share of the population heats with firewood
or other biomass sources (75% of the heating energy
is coming from firewood) (Kennedy 2004). According
to the analysis of the World Bank, the Balkan region
is, or will be very soon, in a position where the energy
availability will be restricted due to the lack of invest-
ments in the energy sector (Kennedy 2004). The objec-
tive of this paper is to estimate the potential of biomass
for energy production from forests and contribute to
a more rational discussion about prospects and prob-
lems of forest biomass as an energy source. The data
used in this paper come from the actual forest manage-
ment plans and Statistical Yearbooks.

The Republic of Macedonia is a developing country
in the south-east of Europe with a low level of energy
resources and lack of capacities for energy production.
It has no natural gas and fossil fuel resources, and has
limited lignite reserves. Its total annual energy produc-
tion is around 122 000 TJ, and the total annual energy
consumption is around 218 000 TJ. 56% of the needs are
covered by domestic resources, and 44% of the needs
are met by import. The main energy production is from
coal (around 70 000 TJ), followed by oil (around 40 000 T7J)
and forest biomass (around 7 000 TJ).

About 85% of the electricity production is concen-
trated in two lignite fired thermal power plants (TPP),
and the rest is covered by the hydro power plants. The
electricity generating capacity is around 7 500 GW/year
(Anon. 2009).

The goal of this investigation is to estimate and em-
phasize the energy potential of the forests, and to in-
vestigate the possibility to invest in this sector and
produce energy in a modern, and economically and
environmentally sustainable way.

3. Approach — Pristup

Forests in the Republic of Macedonia are mostly
coppice, of low quality and of different species. The first
task was to determine the tree species most commonly
used for firewood production, as well as to estimate
their energy potential. Also, since there are huge areas
covered with artificially planted conifers, mostly with
Pinus nigra J. F. Arnold, that are ready for sylvicultural
measures (thinning), and there is no market demand
for such assortments, to see whether it is possible to use
them as energy wood. The next step was to determine
different locations for each species, from where samples
would be collected, in order to discover possible influ-
ence of ecological factors on wood energy potential. For
each species, two locations with different ecological fac-

Analysis of Energy Value of Some Tree Species (99-103)

tors (altitude, exposition, soil and stand quality) were
randomly selected and from each one of them, samples
were collected to analyze the energy potential and
wood density from different parts of the trees (1.3 m,
5.3 m, branches, bark and small branches) in order to
investigate possible differences in potential and density.

The collected samples were then brought in the
laboratory, where the energy potential and density of
each species were established in absolutely dry condi-
tion, and statistically processed.

4. Results — Rezultati

4.1 Calorific values — Kaloricna vrijednost

Calorific values of different species and different
tree parts were established with calorimeter in the
laboratory, where each species was chopped, dried
and burned in the calorimeter. We also distinguished
the differences in calorific values from different tree
parts and different stand conditions, and concluded
that there were no statistically significant differences
within the same species (except for bark).

The results presented in Fig. 1 show that energy
value of the wood is higher than energy value of the
bark in broadleaved species, while the opposite ap-
plies to conifers.

The average calorific value of different species was
established in M]/kg (Table 1).
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Fig. 1 Energy value of investigated tree species
Slika 1. Energijske vrijednosti istraZivanih vrsta drveca
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Table 1 Calorific value (t,) of different tree species
Tablica 1. Kaloricne vrijednosti (t,) razlicitih vrsta drveca

Lj. Nestorovski et al.

Energy value, KJ/kg — Energijska vrijednost, K/kg
Tree species — Vrsta drveca Average value Standard deviation Coefficient of variation
Srednja vrijednost Standardna devijacija Koeficijent varijacije
Fagus < moesiaca (K. Maly) Czeczott 17 218.8 517.287 3.004
Quercus petreaea (Matt.) Liebl. 17 426.36 646.71 3.7
Quercus pubescens Willd. 16 971.78 909.257 5.358
Carpinus orientalis Mill. 16 688.14 756.3 4532
Pinus nigra J. F. Arnold 17 924.70 446.081 2.489

The average calorific values are higher in conifer-
ous (pine) then in broadleaved species. Pinus nigra J.
F. Arnold has the highest calorific value, and Carpinus
orientalis Mill the lowest.

4.2 Density — Gustoca

Wood density of different species was established
based on the samples from the same trees and locations,
in three different conditions: absolutely dry (0% moistu-
re content), 12% moisture content and nominal density.
These results were also compared with other previous
investigations, and they were in the same range (Nacev-
ski et al. 2002). The results are presented in Table 2.

Among the investigated species, Quercus pubescens

Willd. has the highest density, and Pinus nigra J. F. Ar-
nold the lowest.

4.3 Energy potential — Energijski potencijal

Wood assortments in the Republic of Macedonia
are sold in cubic meters, so the potential of the inves-
tigated species was established in MW/m®, as an equiv-
alent of electricity, because it is the best way to present

the comparison. The used ratio was 1 KWh = 3.6 M]J,
or 3600 k] (Nestorovski 2003, Chiani at al. 2010). Quer-
cus pubescens Willd. has the highest energy content for
1m’, and Pinus nigra]. F. Arnold has the lowest. These
differences are significant from species to species, hav-
ing in mind their differences in wood density. The en-
ergy potential of the wood with 20% moisture content
was established using the relation that for evaporating
1 kg of water, it is necessary to burn 2 kg of dry wood.
The results are presented in Table 3 and Fig. 2.

The highest difference between energy potential in
absolutely dry and 20% moisture content was estab-
lished in beech and coniferous species, while other
species were more stabile.

5. Conclusion — Zakljucak

Energy potential of the selected species is consider-
able. Pinus nigra J. F. Arnold has the highest energy
potential with 18 018.51 KJ/kg, followed by Quercus
petreaea (Matt.) Liebl. with 17 646.89 K]/kg, Quercus
pubescens Willd. with 17 391.61 KJ/kg, Fagus xmoesiaca

Table 2 \Wood density
Tablica 2. Gustoca drva
Density, kg/m® — Gustoca, kg/m’
Tree species — Vista diveca Moisture content 0% Moisture content 12% Nominal
Udio vode 0 % Udio vode 12 % Nominalna

Fagus < moesiaca (K. Maly) Czeczott 703 726 645
Quercus petreaea (Matt.) Liebl. 782 800 736
Quercus pubescens Willd. 946 952 809
Carpinus orientalis Mill. 876 895 702
Pinus nigra J. F. Arnold 582 615 512
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Table 3 Energy potential
Tablica 3. Energijski potencijal

Analysis of Energy Value of Some Tree Species (99-103)

Energy potential, MWh/m®— Energijski potencijal, MWh/m’
Tiee species — Vista dveca Moisture content 0% Moisture content 20%
Udio vode 0 % Udio vode 20 %
Fagus < moesiaca (K. Maly) Czeczott 3.36 2.1
Quercus petreaea (Matt.) Liebl. 3.78 2.90
Quercus pubescens Willd. 4.45 416
Carpinus orientalis Mill. 4.06 3.40
Pinus nigra J. F. Arnold 2.90 1.50
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Fig. 2 Energy potential of wood
Slika 2. Energijski potencijal drva

(K. Maly) Czeczott with 17 204.93 K]J/kg and Carpinus
orientalis Mill. with 16 841.05 KJ/kg.

Due to the difference in wood density, these val-
ues are different when converted into MW/m?, so
Quercus pubescens Willd. has the highest value with
4.45 MW/m® (0% moisture content) and 4.16 (20%
moisture content), followed by Carpinus orientalis
Mill. with 4.06 and 3.40 MW/m?, Quercus petreaea
(Matt.) Liebl. with 3.78 and 2.90 MW/m’, Fagus x
moesiaca (K. Maly) Czeczott 3.36 and 2.11 MW/m’,
and Pinus nigra J. F. Arnold. 2.90 and 1.50 MW/m’,
respectively.

Energy produced from forest biomass is considered
environmentally friendly, with low production of GHG
and ash (Kovacevik at al. 2011, Nestorovski 2012).

Having in mind the obligations towards EU to gain
atleast 20% of the energy from environmentally friend-
ly and sustainable resources, it is recommended to invest
in this sector, as one of the most prospective for energy
production in the following period, and help reducing
high CO, emissions, instead of using fossil fuels.
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Sazetak

Analiza energijskih vrijednosti nekih vrsta drveca

Predmet je ovoga istrazivanja pet karakteristicnih sumskih vrsta drveca (Fagus x moesiaca /K. Maly/ Czeczott,
Quercus petreaea /Matt./ Liebl., Quercus pubescens Willd., Carpinus orientalis Mill., Pinus nigra J. F. Arnold),
koje pokrivaju najveci dio ukupne Sumske povrsine i koje sudjeluju s oko 70 % u ukupnoj drvnoj zalihi sSuma Repub-
like Makedonije, a i Cesto se nalaze i u ostalim Sumama u regiji.

Svrha je ovoga istrazivanja utvrditi energijsku vrijednost navedenih vrsta drveéa na razlic¢itim visinama debla i
u razlicitim dijelovima stabla (drvo, kora) kako bi se vidjele razlike koje su posljedica razlicite stanicne strukture.

Materijal je istrazivanja prikupljen iz nekoliko podrucja Republike Makedonije, a za svaku je istraZivanu vrstu
materijal prikupljen na dvjema razlicitim lokacijama razlicitih ekoloskih uvjeta. Gustoéa drva istraZivanih vrsta
drveca takoder je utvrdena s obzirom na lokalne uvjete i usporedena s dostupnim vrijednostima za ostale drZave. U
radu je prikazan harmonizivani pristup utvrdivanju energijskoga potencijala razli¢itih vrsta drveca eliminacijom
utjecaja nejednakih ekoloskih uvjeta rasta.

Rezultati istraZivanja pokazuju da Cetinjace imaju vecu energijsku vrijednost nego listace te da je navedena raz-
lika energijske vrijednosti signifikantna. Nisu utordene signifikantne razlike u energijskom potencijalu razlicitih
dijelova stabla (na 1,3 m i 5,3 m, grane), osim za koru. Energijski potencijal istraZivanih vrsta drveca znacajan je i
uz odredene promjene u pridobivanju drva te u procesu transformacije energije drva u ostale oblike energije (toplinu,
elektricnu energiju itd.) respektablina je osnova za unapredenje energetske bilance drZave alternativnim, obnovljivim
i okolisno pogodnim izvorom energije.

Kljucne rijeci: biomasa, kaloricna vrijednost, alternativni izvori energije
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Stru¢no usavrsavanje ¢lanova HKISDT

Clanovi HKISDT imaju pravo i obvezu stalno se struéno usavrsavati. 25. studenoga 2013. godine pocelo je
tedi drugo petogodisSnje razdoblje obveze strucnoga usavrSavanja za sve ovlastene inzenjere Sumarstva,
zakljuno s upisnim brojem 757, te ovlastene inZenjere drvne tehnologije, zaklju¢no s brojem upisa 50. Za
sve ostale, s vecim upisnim brojem, petogodisnje razdoblje pocelo je teéi s danom upisa.

Pravilnik o strunom usavrSavanju propisuje obvezu stjecanja najmanje 20 bodova u petogodiSnjem
razdoblju, od Cega najmanje 4 boda iz poznavanja zakonske regulative iz podru¢ja Sumarstva i drvne
tehnologije, te najmanje 3 boda godisnje.

Plan stru¢noga usavr$avanja za 2014.godinu, na temelju prijedloga Odbora za strucno usavrSavanje, donijelo
je Vijece Komore na sjednici odrzanoj 20. veljace 2014. godine:

R.br. | Naziv teme, predavanja/seminara lzvoditelj
1. | EU fondovi u $umarstvu (R) Domagoj Troha, HS
2. | Biolosko-ekoloske znacajke te bioprodukcijski i energetski potencijal amorfe (R) prof.dr.sc. Ante P.B.Krpan; dr.sc. Zeljko Tomasié
3. | Elaborat radili§ta — operativno planiranje pridobivanja drva (R) prof.dr.sc. Tomislav Porinsky; SF; Mladen Slunjski, HS
4. | Nova znanstvena dostignuca u istrazivanju uzro€nika zoonoza u Sumskim ekosustavima Hrvatske (R) prof.dr.sc. Josip Margaletié, SF
5. | Kestenova osa Siskarica s osvrtom na pojavu, biologiju, Stetnost i irenje na podrucju USP Koprivnica (R) | mr. Krunoslav Arag, HS
6. | Sustav osiguranja kakvoée Sumskih évrstih biogoriva izv.prof.dr.sc. Zeljko Ze&ié; dr.sc. Dinko Vusi¢, SF
7. | Vaznosti uloga marketinga u Sumarstvu (R) prof.dr.sc. Stjepan Posavec, SF
8. | Ucinkovito pridobivanje drvne sjecke (R) dr.sc. Dinko Vusié, SF
9. | Procjena vitalnosti stabala za potrebe unapriedenja doznake stabala (R) izv.prof.dr.sc. Ivica Tikvié, SF; Vlatko Petrovié, HS
10. | Mehanizirana uspostava Sumskoga reda s pridobivanjem energijskoga drva (USP Vinkovci)(R) g;jz;éﬁd&?m?;;%dur; profidvss. Bubravke Henvat. oF;
11. | Debljina kore pri preuzimanju drva (R) prof.dr.sc. Tomislav Porsinsky, SF
12. | Utjecaj propisnosti mjerenja oblovine na transport drva (R) prof.dr.sc. Tomislav Porsinsky, SF
13. | TrziSte primarnih i sekundarnih drvnih proizvoda RH (R) prof.dr.sc. Darko Motik, SF
14. | Normativni okvir za ¢vrsta biogoriva i medunarodno trziste (R) izv.prof.dr.sc. Zeljko Zegic; dr.sc. Dinko Vusié, SF
15, éumslfi reprgdukcijski matgrijal (8RM) i zakonska legislativa u oplemenjivanju | oduvanju genetske dr.sc. Mlgderj Iva.nkovi(:;.dr.sc. Ti?or Littvay; Fir.sc. Maja
raznolikosti Sumskog drveca (R) Gradecki Postenjak; Maja Popovi¢, Robert Licht — HSI
16. g::)rirzlgdr%zrci)ﬂzléﬁi‘j;g r(r;terijal (SRM) kao osnova stabilnosti i adaptabilnosti Sumskih nasada — dr.sc. Sanja Perié | Martina Tiardovié, HSI
17. | Uzrognici Steta i staticka stabilnost drve¢a u urbanom prostoru (R) dr.sc. Milan Pemek, HSI
18. | Invazivne vrste kukaca u Sumama i opasnosti za hrvatsko Sumarstvo (R) dr.sc. Dinka Matogevi¢, HS|
19. | Monitoring Sumskih ekosustava (R) dr.sc. Tamara Jakovijevié, HSI
20. | Tla Sumskih ekosustava Hrvatske i koristenje kartografskih podataka za njihovo bonitiranje (R) dr.sc. Boris Vrbek, HS|
21. | Aktualnosti u propisima — Sumarstvo (R) prof.dr.sc. Ivan Martini¢, SF
22. | Natura 2000 u Sumarstvu RH - koncept i mjere provedbe (R) mr.sc. Dubravko Janes, HS; prof.dr.sc. lvan Martini¢, SF
23, 3:1:;;\; STEéLiJn kretanja roba i usluga u podru¢ju Sumarstva, lovstva i drvne industrije nakon ulaska RH u poziv HKISDT
24. | Aktualnosti u podrugju lovstva poziv HKISDT
25. | Obrazovanije u sektoru poziv HKISDT
26. | Medunarodni ugovori i obveze RH u sektoru Sumarstva poziv HKISDT
*HS - Hrvatske Sume d.0.0. Zagreb; HKISDT — Hrvatska komora inZenjera Sumarstva i drvne tehnologije;

SF — Sumarski fakultet Zagreb; HSIJ — Hrvatski Sumarski institut Jastrebarsko;
(R) - predvideno organiziranje kroz vise regionalnih seminara/predavanija.
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M-Tronic. Inovacija u Vasim rukama

Motorna pila STIHL MS 661 C-M serijski je opremljena

s M-Tronic elektronickim upravljanjem motorom.

Mikroprocesorska kontrola svih faza pokretanja i

rada uredaja koju obavlja ovaj revolucionarni sklop,

omogucuje neusporedivo mirniji, Stedljiviji i ucinkovitiji

rad motorne pile. M-Tronic je kontrolni modul vec STIHL MS 661 C-M
otprije poznat profesionalnim korisnicima STIHL motornih
pila, a sad je nasao svoje mjesto i u opremi motorne
pile namijenjene najtezim i najzahtjevnijim poslovima
u Sumi.

Posavjetujte se s Vasim ovlastenim STIHL serviserom
i saznajte koje su sve prednosti koje objedinjuje ovaj
zanimljivi novitet.
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