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Abstract:
In the area of Croatian lowland forests, forwarders aretypically used for extraction of timber
assortments. Within the project, “Systematization of norms and standards for the production of the timber
assortments”, which was financed by the state company "Hrvatske šume“ d.o.o., the process of
development and implementation of new productivity norms for forwarders was carried out.
Initially, for the execution of the research, it was necessary to gather data about technical characteristics
of the most frequently used forwarders in Croatia, but also around the world. The morphological
analysis, which was the basis for classification of forwarders into classes, was performed. Three classes
of forwarders were obtained after cluster analysis and the most important factor appeared to be load
capacity. Study of machine work was carried out on 30 research sites. The classic method of time study
(snap-back chronometric technique) was used. During recording process, data of forwarding influential
factors (stand and terrain conditions) were collected.
After analysis of collected data, it was determined that forwarding productivity depends on class of the
forwarder, average extraction distance, load characteristics, terrain and stand conditions. Regression
analysis identified the time consumption of the individual work components, and productivity model for
forwarding was developed.
The obtained model was implemented into the application HsPPI. This is a part of information system
developed by IT department of the state enterprise "Hrvatske šume“ d.o.o. and is used for production
planning in timber harvesting. The system is based on dBase IV databases and two main program
modules. The main parts of the system are: tree marking plan, assortment structure plan, production plan
(felling, processing and extraction) and sales plan. Within a part of the production plan there is a module
for calculating productivity norms for timber forwarding.
Keywords: forwarder; productivity norms; planning; lowland forests, Croatia
1 Introduction and problems
Forests in Croatia are diverse due to the terrain, climatic and management conditions, as well as due to
the different tree species. Four large relief areas can be identified: lowland, hilly, mountainous and karst
area. The total forest and forest land area in Croatia amounts to 2,688,687 ha, which is 47% of the
continental area of the state. Out of the total area, 2,106,917 ha are in the state possession, while 581,770
ha are owned by the private forest owners. The largest part of state-owned forests and forest land
(2,018,987 ha) is managed by the state trade company “Hrvatske šume” d.o.o. (HŠ, eng. “Croatian
Forests” LLC).
The lowland area of forests and forest land owned by the state amounts to something more than 322
thousand ha (Pentek et al., 2011). According to some authors, lowland forests form 25% of the total high
forests area (Krpan, 1996). The lowland forests are of the particular importance for this research, as
forwarders are mainly used in this part of Croatia only. Lowland forests consist of forest stands of the
pedunculate oak, narrow-leaved ash, black alder, willow and poplar. Annual removal amounts to more
than 1 mill m³ of wood (Anon., 2011). The figures might not be impressive, however, wood from these
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forestts (pedunculatte oak) has beeen achievingg high prices on
o the roundw
wood market, which is wheere the
imporrtance of the lowland forestts can be seen at its best.
Regarrding the econnomic value of
o wood, highh selective an
nd regular forests are the m
most valuable in the
Repubblic of Croatiaa. In the case of selection fforests, timbeer is felled and
d processed byy the motor-m
manual
methood, by use off power chainsaw for fellinng and processsing, while sk
kidders are uused for the primary
transpport of timber to landings (S
Sabo and Porššinsky, 2005). Due to the saatisfactory prim
mary and seco
ondary
forestt openness, thhere is no need
d for forest skkylines. In the case of seleective forests, by developm
ment of
forestt stands, the haarvesting systems wouldn’tt be changed.
On thhe other handd, in the casee of growth oof the even-aaged forests, different harvvesting system
ms are
impleemented withiin the manag
gement proceedures. Felling
g and processsing are reguularly done motorm
manually with use of power chaainsaw. Skiddders and forwaarders are useed for timber extraction, whereas
w
the usse of the farm tractors with winch and farrm tractors wiith semitrailerr has been reduuced (Krpan, 1996).
In thee lowlands skiidders are used
d for wood exxtraction after early thinning
gs, and in the hilly areas affter the
main fellings. Forw
warders are im
mplemented maainly in the lo
owland forestss for the extracction of timbeer from
main fellings and from
fr
late thinn
nings (Poršinskky, 2002).

Figure 1: Production inforrmation subsysstem of the statte trade compa
any “Hrvatskee šume” d.o.o.

ot been
From all that was mentioned caan be seen thaat harvesting operations in Croatian foreestry have no
a timber prrocessing are mainly donee motor-manuually. This has been
fully mechanized. Tree felling and
predettermined by natural
n
factorss (natural foreests, large treee dimensions, significant shhare of broad
dleaved
speciees etc.), but also
a
by traditio
onal harvestinng systems (B
Bojanin and Krpan,
K
1997). On the otherr hand,
rounddwood extracttion and furtther transportt has been fully
f
mechaniized. The prooduction of timber
assorttments has beeen completed
d by the matcching informattion systems that are used for monitorin
ng and
recordding of the tim
mber assortm
ments producti on on the parrt of the statee company HŠŠ. The inform
mation
system
m has been coontinuously deeveloping for twenty years, since the fou
unding of the ccompany, and
d it is a
work of own devvelopment pro
ogram of thee company’s IT Departmeent. Since thee beginning of the
develoopment, the basis
b
of the sysstem form perrsonal computters with prog
grams made inn computer lan
nguage
FoxPrro 2.6 For DO
OS (dBase IV
V as database) . Although th
he computerizaation of the ccompany has gone
g
a
long w
way from thosse times on, a part of these pprograms and
d FoxPro2.6 ass program langguage are stilll being
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used, while new programs are being developed for Windows operating systems in Visual FoxPro 9.0 and
on .NET platform with MS SQL database.
A part of the information system of the company Croatian Forests is the production subsystem by which
all the timber harvesting processes from production planning to making out of bills to buyers are being
monitored. HsPPI and HsPro are important parts of this subsystem. HsPPI refers to the production
planning, while HsPro refers to the monitoring of timber assortments production.
As shown in Figure 1, the basis of the information flow is in the forest database HsFond that basically
represents digitalized Management plan prescriptions. One of the factors is the Harvesting plan, which
represents the beginning of the production planning. On that basis, the harvesting (sub)compartment is
being selected, tree marking plan is prepared, distribution of marked trees is entered, harvest is planned
out, cut block is established, the technology of timber processing is chosen along with the production
plans where the felling and processing norms, as well as the primary transport, have to be determined.
At the end of the planning process, the sales plan is being developed. All these processes are carried out
within the HsPPI application that HŠ is using for the production preparation within harvesting.
2 Materials and Methods
2.1 Classification of forwarders
A good knowledge of forwarders as instruments of labor in the forestry production is of a crucial
significance. Many research methods are already known, from those that determine borderline usability,
to those that study the historical development of its construction. One of the studying methods for the
machines used in forestry is the morphological analysis based on the selected geometrical, mass and other
factors, on which basis dependencies are calculated and opinion on validity of machine selection is made
(Poršinsky, 1997). One of the first morphological analyses of machines was carried out by Bekker in
1956 (Sever, 1980). During time the method was widely accepted and is used even today for evaluation
of forestry machines or tools like hydraulic cranes (Šušnjar et al., 2007), power chainsaws (Poršinsky at
al., 2008) or farmer winches (Šušnjar and Borić, 2008).
In the Croatian forestry the following forwarders are used most frequently: Timberjack 1210, Timberjack
1410, Timberjack 1710, Valmet 840.2 and Valmet 860. Modeling of productivity for each individually
would be cost-ineffective, so it was necessary to group them in classes and analyze them on that basis.
Many forwarder classifications are already known, according to which they are classed according to net
mass, load capacity or gross mass (vehicle + load, Poršinsky, 1997). In the literature there is the newest
forwarder classification by their loading capacity to light (<10 t), medium (10 t – 14 t) and heavy
forwarders with capacity over 14 t (Brunberg, 2004). As a basis for grouping vehicles in classes in this
case the morphological analysis of forwarder families according to their numerical values (dimensions,
mass, load capacity etc.) will be used. The data have partly been taken from obtained and adapted
databases, as for the vehicles of new generation (Lugmayr et al., 2009), like for vehicles of older
production date (BWF, 2003), and for vehicles from the nineties of the past century from previous
publications (Poršinsky, 1997).
2.2 Assortments characteristics
The Croatian lowland forests are characterized by great variety of stand conditions. There is a wide range
of tree species, from willows and poplars, over black alder and narrow-leaved ash, to pedunculate oak and
common hornbeam. The area is characteristic by the assortment method of processing, with forwarding
as a special way of timber extraction. The assortment volume is important for obtaining the correct mean
load volume figures that impact the forwarder productivity. The aim was to obtain mean assortment
dimension, so it was formed on the basis of trees taken from the marking data, that is by connecting the
data from two applications of the information production subsystem HsPPI and HsPro. Data on marked
trees to be felled and data on processed timber assortments in the work yards were collected for those
yards where the extraction has been carried out with forwarders over the last couple of years (Figure 2.).
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Data oon tree speciees whose sharee in the lowlan
ands is low (frruit trees, com
mmon maple, llowland elm, walnut
w
etc.) w
were left out from the anallysis, as well as cutting blo
ocks with smaall number off samples. Onlly data
for thhe most imporrtant species by
b share in thhe prescribed removal of th
he Croatian loowland forests were
taken into analysis:: pedunculate oak, commonn hornbeam, narrow-leaved
n
d ash and black
ck alder. The goal
g of
the annalysis is to determine
d
the mean assortm
ment volume, mean
m
diameteer and length from the volu
ume of
markeed tree by the tree species. The
T stated is nnecessary to determine
d
the productivity oof forwarders in this
system
m of harvestinng.

Figure 2 Research sitess of forwarder productivity and
a timber asso
ortments charaacteristics

2.3 F
Forwarder productivity
The reesearch of forrwarder produ
uctivity was caarried out in th
he area of Cro
oatian lowlandd forests (Figu
ure 2.).
In thiis research, term
t
Object of Study (OS
S) is used, which
w
refers to individuall stand, that is the
compartment/sub-ccompartment where
w
harvestting is carried
d out. Raw daata for producctivity analysis were
taken from the prevvious publicattions of a totaal of 30 objectts; 5 OS (Porššinsky, 2000) + 3 OS (Porššinsky,
2005)) + 22 OS (Staankić, 2010).
The reesearch of thee machine worrk is based onn the time and
d work study. The
T basis is thhe of work an
nd time
study,, division of work
w
process or
o work phasee into consistiing parts of th
he shortest posssible time du
uration,
that sstill can be measured
m
preccisely enoughh. Contemporrary approach
h to time studdy presupposses the
impleementation off analytical measuring
m
metthods, whereb
by work process is divide
ded under parrticular
schem
mes into work components with
w the goal oof synthesis during
d
data and
d results proceessing.
Extracction of timbeer by forwardeers has the chaaracteristics of
o the cyclic work.
w
Each cyccle (turn) conssists of
four m
main cyclic woork componen
nts (unloaded traveling, tim
mber loading, loaded
l
travelinng and unload
ding of
timbeer), plus work pauses or time consumptionns whose charracter isn’t cy
yclic, but perioodic.
Forwaarder productiivity is modeled by the folloowing modulee:
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where:
sB – forwarding distance (offroad), km
vNB – unloaded vehicle speed (offroad), km/h
vOB – loaded vehicle speed (offroad), km/h
sC – forwarding distance (road), km
vNC – unloaded vehicle speed (road), km/h
vOC – loaded vehicle speed (road), km/h
tU – loading time, min/turn (tU=tUD+tUP)
tI – unloading time, min/turn (tI=tID+tIP)
kD – additional time factor
VT – load volume, m3/turn

Study of forwarder work time was carried out by snapback method, using manual digital chronometer.
Besides the time study, data on all work process impacting factors were collected. Forwarding distance
was measured by hand GPS devices. In order to obtain the forwarder performance, loaded assortments
were counted and the number of the identification plastic tag was recorded in case of large sawtimber and
veener assortments. In other cases (with small assortments – pulpwood and long firewood), direct
measurement of processed assortments took place, whereby data on tree species, mean diameter and
length were entered into a corresponding form. The ground bearing capacity was determined for each
individual cycle, by visual estimate of the recorder. Bearing capacity of soil was studied in line with the
modified classification of ground bearing capacity that was already used in similar form within research
of machine performance in areas of the Croatian lowland forests (Poršinsky, 2000). Under this
classification, forest soils were classified into following load-bearing groups, and it was applied in further
analyses:
 Soil of good load-bearing capacity – firm and moderately firm soil. It includes dry, frozen or
occasionally wet soil which doesn’t present problems for moving vehicles. By single pass of a
vehicle, the tracks depth amounts less than 5 cm, and by multiple passes the depth amounts up to
25, maximally 30 cm. When walking on such soil, shoe soles are dry or humid.
 Soil of limited load-bearing capacity – soft and very soft soil. It is a soil that is partly to fully
saturated with water. Man’s walking on it is hard, tracks of shoes are fully visible. Sinking of
vehicles into the ground and slipping of wheels are recorded, speed of vehicles is reduced, and
after single pass, the mineral layer of the soil can be exposed. Implementation of semi-tracks on
the rear wheels of bogi axle and chains on the front wheels of single axle is recommended to
obligatory (in extremely unfavorable conditions).
Before the start of the recording, an online form for input of recorded data was developed. The form was
developed using .NET technology and it could be found at the address http://norme.hrsume.hr. At the end
of the work process recording, each recorder would register to the stated webpage and entered the data
into the integral database. MSSQL database was used.
3 Results of the research
3.1 Forwarder classification
Forwarder analysis was carried out in the program package Statistica 08. In this analysis, the following
vehicle morphological values were used: length, width, height to the cab roof, clearance of the vehicle
from the ground, mass, payload, reach and lifting moment of the hydraulic crane. For those values whose
data weren’t existing in the established database, substitution was made with the value of the arithmetic
mean of the individual variables. Through a thorough consideration of the disposable data on
morphological characteristics of vehicles, the connection of the vehicle mass with the most of other
values is evident (Table 1.), which is logical due to the fact that existence of mass determines the
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occurrence of other features. Vehicle mass is mostly correlated to the power of the engine and to payload
and it is the key parameter, which all other forwarder characteristics except the hydraulic crane reach are
dependent of. If the mass value increases, all other vehicle characteristics increase, too.
Table 1: Correlation table of studied values (marked are significant)

Characteristics
Engine power

Means

Std. Dev.

Engine
power

Lenght

Width

Height

Clearance

Mass

Payload

Crane
reach

Lifting
moment
(gross)

138.24

28.51

1.00

0.60

0.72

0.53

0.53

0.82

0.81

0.08

0.79

Lenght

9,314.38

874.15

0.60

1.00

0.63

0.32

0.60

0.66

0.67

-0.02

0.67

Width

2,716.63

170.42

0.72

0.63

1.00

0.59

0.47

0.80

0.84

0.12

0.82

Height

3,710.45

133.33

0.53

0.32

0.59

1.00

0.34

0.64

0.65

0.35

0.70

637.36

57.64

0.53

0.60

0.47

0.34

1.00

0.58

0.60

-0.08

0.61

Mass

15,183.75

3,038.63

0.82

0.66

0.80

0.64

0.58

1.00

0.85

0.11

0.84

Payload

12,672.46

2,702.39

0.81

0.67

0.84

0.65

0.60

0.85

1.00

0.12

0.89

8.88

1.21

0.08

-0.02

0.12

0.35

-0.08

0.11

0.12

1.00

0.27

107.10

24.42

0.79

0.67

0.82

0.70

0.61

0.84

0.89

0.27

1.00

Clearance

Crane reach
Lifting moment (gross)

Payload (PL, load weight, load capacity) is one of the most important exploitation characteristics of
forwarders. By reviewing the vehicles’ technical characteristics database it can be determined that mass
and load capacity of forwarders are approximately the same. The highest correlation to other values is
indicated precisely by the PL of the vehicle (!). For this reason, PL was used for the classification of
forwarders.
The k-mean algorithm was used for grouping of forwarders. This algorithm assigns each item to the
group whose centroid is closest to it. Centroid is a point created by calculating the arithmetic mean for
each dimension, separately for each items in the group. By implementing the mentioned algorithm,
grouping of data into groups based on PL was made. The first group includes forwarders whose PL is
closest to the centroid of 9,929.37 kg. The second group includes those whose PL is closest to the
centroid value of 12,125.00 kg, while the third group is formed by the forwarders whose PL is closest to
the value of 15,571.43 kg.
Through further analysis for the needs of operative classification of forwarders, rough borderlines can be
set among three forwarder classes by their PL, and those are: 11,000 kg and 14,000 kg. The first class
consists of vehicles whose PL is less than 11,000 kg, the second of those whose PL amounts from 11,000
to 14,000 kg, while the third class consists of forwarders whose PL is above 14,000 kg.
As it is obvious that increase of PL in the forwarder family results with the increase of other studied
dimensions, it can be concluded that there are three forwarder classes – light, medium and heavy
forwarders. In line with the performed classification it can be determined that light forwarders are not
implemented in the Croatian forestry. Therefore further research will be focused on the medium and
heavy forwarders. Timberjack 1210 and Valmet 840 fall into the class of medium forwarders, whereas
Timberjack 1410, Timberjack 1710 and Valmet 860 are in the heavy forwarders class.
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Figure 3: Som
me of the techn
nical features according
a
to fo
orwarder class
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3.2 C
Characteristiccs of assortmeents and vehiicle load
In ordder to gain inssight into the load characteeristics (mean
n volume and mean diametter), data from
m 1532
workiing sites weree analyzed, wh
here timber exxtraction was carried out by
b forwarders over last few
w years
(sincee the beginninng of full imp
plementation of informatio
on production
n subsystem H
HsPPI and HsPro).
H
Workk sites were sittuated in the area
a of the Crooatian lowland forests, and they are charracterized by motorm
manually felling and
a
assortmen
nt method off timber proccessing along
g with the tim
mber extractiion by
forwaarders.

Figure 4: Characteristiics of roundwo
ood from lowland forests

Two groups of asssortment sizee can be deteected. The fiirst group is formed by th
the classes off large
assorttments of big dimensions – veneer logss, sawlogs (1sts , 2nd and 3rd class) and loogs for peeling. The
seconnd group incluudes small asssortments, usuually of smalller dimension
ns – long firew
wood, mining
g wood
and tthin industriaal roundwood
d. With bothh assortment groups a large dissipatioon of raw data
d
is
demonnstrated, whiich is a conssequence of bbuck-to-qualitty (BTQ) and assortmentt method of timber
processing.

Figure 5: Num
mber of roundw
wood pieces in
n the bunk area
a of forwarderr
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Dependence of the number of loaded assortments on the decrease of soil bearing capacity has been
determined (Figure 5.). By decrease of soil bearing capacity, the number of loaded roundwood
assortments is reduced as well. In some cases there was found the overload of forwarder in the conditions
of limited soil bearing capacity, with the aim to increase productivity in spite of decrease of vehicle
speed. This can be explained by the subjective influence of some forwarder operators and their
overloading of the vehicle in the unfavorable conditions, all with the goal of increasing the work
efficiency. Reduction of loaded assortments in conditions of reduced soil bearing capacity was more
expressed with the large than with the medium size forwarders.
The analysis that was carried out, that is the modeling of the mean assortment volume, is the input
indicator by determining the further load characteristics. One of the more important parameters is also the
number of loaded assortments (Figure 5). The product of mean assortment volume and number of
assortments gives the load volume (VT = Va  n).
3.3 Modelling of the forwarder productivity
The forwarding productivity was studied using the time study on totally 1440 recorded work cycles, out
of which 651 cycles was performed with medium, and 789 with heavy forwarders.
Time consumption of loaded and unloaded vehicle traveling
Based on the dependence of time on the distance of traveling, the average speed of (un)loaded forwarders
on forest road and off-road was calculated. The assumption was that forwarders are moving at uniform
speed (Table 2.). Medium size forwarders have a better movability in the conditions of limited soil
bearing capacity than heavy forwarders. This is not the case in the conditions of good soil bearing
capacity where heavy forwarders reach higher speeds. Larger differences in the speeds of vehicles on the
forest road between the forwarder classes are caused by bigger variety of conditions on the monitored
sites in the areas of roadside landings.
Table 2: Forwarders’ speed
Off-road speed (km/h)
Limited soil bearing capacity
Forwarder
classes

Loaded vehicle
No
semitracks

Semitracks

Unloaded vehicle
No
semitracks

Forest road speed (km/h)

Good soil bearing capacity

Semitracks

Loaded vehicle
No
semitracks

Semitracks

Unloaded vehicle
No
semitracks

Semitracks

Loaded vehicle
No
semitracks

Semitracks

Unloaded vehicle
No
semitracks

Semitracks

vOB

vOB

vNB

vNB

vOB

vOB

vNB

vNB

vOC

vOC

vNC

vNC

Medium

3.17

2.80

4.25

3.35

3.43

2.90

4.38

3.62

7.98

6.11

12.05

8.16

Heavy

3.02

2.67

4.14

3.26

3.51

2.97

4.45

3.72

4.84

3.71

5.68

3.84

Based on the modeled driving speeds of vehicles and average traveling distances off-road (sB) and on the
forest road (sC), time consumption of a moving vehicle is obtained.
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Timbeer loading tim
me consumptio
on
Timbeer loading tim
me covers timee of forwarderr’s work in th
he felling area during loadinng, and this vaariable
is chaaracteristic forr not changin
ng with the chhange of the forwarding diistance. Forw
warder’s work in the
fellingg area starts with
w the end of the unloadded vehicle’s drive, in otheer words, on tthe spot of th
he first
loadinng. After proccessed assortm
ments loadingg within the reeach of the hydraulic cranne, forwarder moves
towarrds the next looading place, and continuees doing so until
u
reaching the optimal lload. During timber
loadinng (tU), two significantly different groupss of work com
mponents can be
b detected (ttUU = tUD + tUP, Figure
6.):
 Timber loading with craane (tUD) – thee operator loaads the timber into the bunkk area using on
nly the
hydraulic crane,
 Relocationn of forwarderr (tUP) – forwaarder moves frrom one to thee next loadingg area.
Time consumption of timber loaading by the hhydraulic cran
ne is dependen
nt on the forw
warder class and
a the
numbber of loaded assortments.
a
The
T recorded data are equaalized by a lin
near model lin
ine from the source.
s
Timbeer loading exppressed the in
nfluence of thee “Volume-pieece law”, as because of the smaller dimeensions
of thee loaded rounddwood, the number of loadeed pieces and the crane timee consumptionn have increassed.
Time consumptionn of forwarderr relocation iss strongly imp
pacted by the “Production law”, that is by the
quantity of cut andd processed timber per unitt of area. It iss reflected in the exponenttial increase of
o time
consuumption of forwarder
fo
relo
ocation due tto diminished felling den
nsity (thinninng) and vice versa
(regenneration and clear
c
cutting).. Relocation ttime consump
ption is higherr within the ggroup of heav
vy than
mediuum forwarders. This is duee to the fact tthat most of the medium forwarders
f
haave larger hyd
draulic
crane reach, as theyy are equipped
d with the four
urth (boom exttension) arm.

Figure
F
6: Timb
ber loading tim
me consumption
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Timbeer unloading time
t
consump
ption
With the end of mooving of the loaded
l
forwarrder starts its work on the roadside
r
landiing with the goal
g
of
unloading, stackingg and sorting of
o timber. Sim
milar to the loaading, the unlo
oading at the rroadside landiing (tI)
is addditionally dividded into two groups
g
of work
rk componentss (tI = tID + tIP):
)
 Crane worrk time (tID, where
w
the operrator works so
olely with thee hydraulic craane with the goal
g of
unloading the timber), and
a
 Relocationn time during unloading (tIPP, where the forwarder
fo
mov
ves from pile tto pile with th
he goal
of timber separation
s
acccording to treee species and quality class)..
Time consumption of crane unlo
oading dependds on the forw
warder class and
a number oof roundwood in the
load. During unloaading, the opeerators have cclassified the timber accorrding to tree species and quality
q
classees, piling the unloaded
u
timb
ber onto separrate stacks. Th
he regression curve
c
of recorrded data are shown
in Figgure 7. The asymptotic
a
mo
odel was usedd. Noticeable is the increasse of time con
onsumption off crane
unloading with refeerence to the increase of nuumber of load
ded assortmen
nts. It is decrea
eased with the larger
numbber of loaded assortments
a
off smaller meann volume. Thiis is explained
d by the fact thhat when unlo
oading,
the crrane grips two or more piecees of roundwoood assortmen
nts.
The aabsence of woood classificatiion and relocaation has been
n noticed on a smaller part oof observed reesearch
sites. This was conditioned by the stand chharacteristics (pure stands), silviculturall measures (ty
ype of
cuttinng), type of prrocessing fireewood, qualityy and dimensions of assorttments and laanding space. In the
cases when timber was sorted on
n the roadsidee landing, high
her time conssumption of thhis work comp
ponent
was rrecorded. Meaan time consu
umption for hheavy forward
ders was 0.84
4 min/turn, w
whereas the medium
m
forwaarders it amoounted to 0.7
73 min/turn. This phenom
menon is ex
xplained withh the higher initial
acceleeration of meddium forward
ders. The sortiing of assortm
ments at the ro
oadside landinng has impaccted on
the ddecrease of foorwarder effiiciency in rellation to its efficiency when
w
not perfforming the timber
separaation when unnloading. By the increase oof forwarding
g distance, neg
gative effect oof timber sepaaration
on forrwarding efficciency is dim
minished, due to the growth
h of vehicle reelocating sharre in the totall cycle
time.

Fig
gure 7: Time coonsumption off timber unload
ding
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General times (dellays, downtim
me) and addittional time fa
actors
me) consist of unavoidab
ble and avoiidable of woork times. Various
V
Downntime (delayss, general tim
technoological and organizationaal measures aare taken to try
t and reducce it to the ne
necessary leveel. The
unavooidable delayss are classified
d as preparatoory time, occasional works and breaks. T
The avoidable delays
includde unnecessarry conversatio
ons among woorkers, conveersations betw
ween workers and passers-b
by and
recordders, and exccessive restin
ng time. Vehhicle breakdo
owns that can
nnot be elim
minated witho
out the
intervvention of a mechanic
m
are allso included in
into the avoidaable delays. Avoidable
A
andd unavoidable delays
were ttaken into anaalysis togetherr and shown inn Figure 8 (lefft).
The aadditional timee and the addiitional time faactor are deterrmined throug
gh analysis off unavoidable delays
only. By the execuuted study it was
w determineed that the add
ditional time factors
f
vary inn a wide rang
ge, that
they aare bigger thann in previous studies and thhat their valuee decreases in relation to thhe higher forw
warding
distannce. The addiitional time was
w determinned for each individual siite (Figure 8 , right). The mean
additiional time factor value amo
ounts to 1.33, that is 33% of
o the effectiv
ve time. Consiidering the strructure
of thee additional tiime, it can bee determined that the prep
paratory time takes up 33%
%, occasional works
33%, and personal breaks 33% of
o the total unnavoidable deelays. The increase of unavvoidable delay
y share
withinn shorter forw
warding distaances can be explained by
b the greaterr fatigue of w
workers (forw
warder
operattors), as in such cases thee timber loadding and unlo
oading time sh
hare increasees in relation to the
travellling time.

Figu
ure 8: Share off delays in relattion to effectiv
ve time and add
ditional time fa
factor

4 Im
mplementation
n of the modeel into the infformation sysstem
One oof the compoonents of prod
duction plannning process is
i the determiination of nor
orms for fellin
ng and
processing, as welll as for timbeer extraction. The existing norms (official and still inn use) are inh
herited
from times before the company HŠ was founnded (before 1990), and th
here are still a couple of reegional
system
ms functioningg.
In ordder to unify thhe norm systeem on the lev el of the com
mpany, “new norms”
n
as a reesult of work of the
Foresttry Faculty (pproject bearer) and HŠ (projject investor) were
w created. New norms hhave been inteegrated
into thhe HsPPI proogram (Figure 9). Determinnation of norm
ms starts with the selection of the manag
gement
unit ((Gospodarskaa jedinica) an
nd type of yieeld (Vrsta prihoda), follow
wed with the list of the marked
m
compartments/subccompartments from the M
Management Plan with all
a the data needed for norm
calcullation. Those are: type of yield (Prihodd), silviculturral form (Uzg
gojni oblik) annd total area of the
compartment/subcoompartment (P
Površina). Foor each compaartment/subco
ompartment frrom the list th
here is
Octobber 9-13, 20111, Graz
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norm calculated for individual work
w
phase, an
and this is mad
de by selectin
ng tabs: “Felliing and Proceessing”
(Sječaa i izrada), “E
Extraction – Sk
kidders” (Privvlačenje - Tra
aktori) or “Exttraction – Forrwarders” (Izvvoženje
- Forvvarderi).
The fi
first step in thee norm calculaation process is the calculaation of felling
g and processiing norm, duee to the
fact thhat by selectinng the work method,
m
the finnal assortmentt structure is obtained,
o
for w
whose extractiion the
norm is to be deveeloped. From other data neccessary for th
he developmen
nt of forwardi
ding norms, a part is
taken from the Fellling Plan (maain tree speciies – Glavna vrsta; volume of mean staand tree – SK
KS; net
markeed wood volum
me per unit off area – Neto ddoznačeno), while
w
other parrameters are eentered (Figurre 9):
 machine tyype (Tip strojja),
 equipped with
w semi-traccks (Upotrebaa polugusjenicca),
 soil-bearinng capacity (N
Nosivost tla),
 forwardingg distance offf-road (Srednjaa udaljenost kretanja
k
vozila
a po bespuću))
 forwardingg distance on
n the forest road (Srednjja udaljenostt kretanja voz
ozila po pomoćnom
stovarištu)).

F
Figure
9: Screeenshot of tab foor norm calcullation for forwarders in HsPP
PI

Outpuut data are norrms for large (Tehnika) andd small assortments (TO i VM)
V per hour and per work
kday (8
hours)) for selected work conditio
ons.
Throuugh a thoroughh analysis carrried out by foorestry expertss it was establlished that thee productivity model
presennted in this study
s
plans hiigher norms aand decreased
d delay timess than the exiisting ones (T
Tomić,
2007)).
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5 Conclusions
The research that was carried out covered the analysis of the factors impacting on forwarding, as a special
aspect of primary transport of timber in the lowland forests of the Republic of Croatia. Characteristic of
the timber harvesting systems in the area is that felling is performed motor-manually and timber is
processed by power chainsaw, timber is bucked according to its quality, and extraction of timber to
roadside landings is fully mechanized. The method used is not classic cut-to-length (CTL), but buck-toquality (BTQ) method.
Aiming to develop an operatively implementable system of timber forwarding planning, division of
forwarders in relation to their technical characteristics was done. The most important factor appeared to
be the payload, so this variable was used for clustering of vehicle types. Three classes of forwarders were
determined: light, medium and heavy forwarders. Light forwarders have load capacity up to 11,000 kg,
medium from 11,000 kg to 14,000 kg, and heavy forwarders above 14,000 kg. Light forwarders are not
implemented in the Croatian forestry, and their place is taken by farm tractors with semi-trailers.
Determination of loaded roundwood features with the goal of productivity calculation (norm projection)
was performed by modeling the volume of large and small assortments from an average marked tree
volume for all the species represented in the lowland forests. The data were gathered by joining together
two information subsystems HsPro and HsPPI. By the increase of marked tree volume, the average
volume of large assortments grows exponentially, whereas with the small assortments after the initial
growth the relations take values closer to the asymptote of the curve (0.34 m3/pcs).
Results of the forwarding productivity study are under a strong influence of the interaction of important
factors prevailing in the Croatian lowland forests, and the study came to the following conclusions:
 The forwarder class influences the level of forwarder productivity, and it does so primarily
through its payload, or possible load volume, but also through its speed and time consumption
during loading and unloading.
 Diminished levels of timber extraction by forwarders are influenced by conditions of soilbearing capacities off-roads through increase of time consumption of forwarding, that is by the
speed drop and lesser load volume.
 Use of semi-tracks, which insure the movability of forwarders in unfavorable conditions,
additionally impact the drop of speed, which increases the time consumption of forwarding.
 Increase of the forwarding distances diminishes forwarder’s productivity, as the share of the time
spent moving grows within the structure of the total time consumption of the work shift.
However, the influence of distance on the forwarding productivity should be viewed through its
interaction with the classes of soil-bearing capacity and classes of forwarders. Likewise, with the
increase of forwarding distance grows the significance of the load volume.
 Stand conditions and forest management guidelines demonstrated the impact on the productivity
of timber forwarding through the well known Laws of mechanizing of forest works, that is
through felling density (Productivity law), features and dimensions of processed roundwood
(Volume-piece law and Product type law).
Based on the obtained research results, a model of forwarder productivity was established and finally
incorporated into the production information subsystem. Real data from first stage of planning (forest
inventory data, tree marking plan, assortment structure plan etc.) and developed forwarder productivity
model, together with input work parameters ensures the objectivity of norms used in timber forwarding
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