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1. Introduction
Environmental acceptability is one of the criteria for assessing work efficiency of sustainable
forest management. Environmentally acceptable timber harvesting is determined by
procedures involving different machines and tools and adequate ways of timber processing,
after which the damage to habitat (soil, water) and stand (standing trees, seedlings) are as
low as possible. Due to an increasing influence of the public opinion on the current forest
environment, the aesthetic appearance of the ongoing forest work site should also be taken
into account as well as its appearance after the works have been completed.
Timber harvesting in main felling of lowland even-aged forests of Croatia is based on felling
and processing timber by chain saws and forwarding timber processed by cut-to-length
method. For this purpose, medium-weight (12–16 t) and heavy (>16 t) forwarders are used,
whose mass with the load ranges between 25 and 40 t, and it is distributed to three or four
axles. A three-axle (six-wheel) forwarder is equipped with two larger wheels on the front
axle and four smaller wheels on the rear axle, which is constructed as a tandem, bogie axle.
Four-axle (eight-wheel) forwarder is equipped with wheels of the same dimensions on the
front axle and on the rear bogie axle of the vehicle. Bogie axle, with wheels in the so-called
tandem distribution, increases the mobility and stability of the forwarder in forest off-road
operations.
The soils of lowland forests in Croatia are of heavy mechanical content, and under
conditions of frequently excessive moisture (underground water, precipitation, flood or sink
water) during the whole year their bearing capacity decreases and these sites are classified
as sensitive forest habitats. According to Ward and Lyons (2000), forest habitats where it is
necessary to modify the common procedures of wood harvesting so as to avoid damaging
effects to ecological, economic and social functions of forests, are sensitive.
The decrease of the soil bearing capacity restricts the mobility and lowers the productivity of
forwarders (Poršinsky & Stankić, 2006a), and also increases the level of soil disturbance
(Poršinsky & Stankić, 2006b), which can be seen in the form of soil compaction and rutting
(Fig. 1). It can be concluded from the above that vehicles with the least possible contact
pressure will be the most suitable for off-road wood transport in the Croatian lowland
forests. From the point of view of economic use, the Croatian forestry requires the forwarder
with the load capacity of 14 t and lifting torque of the hydraulic crane of 100 kNm, which
can provide loading and extracting of large logs from main felling sites (Horvat et al., 2004).
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Fig. 1. Forwarder mobility and soil disturbance in main felling of lowland even-aged forests
of Croatia
The paradox between the application of machine work and site disturbance as side effect
of its usage determines an ecoefficient mechanized timber harvesting, involving:
1) efficiency (productivity and costs) of machine work and 2) decreased impact on habitat of
machines used in the system of timber harvesting (Owende et al., 2002; Akay et al., 2007;
Pentek et al, 2008).
The aim of this paper is to show based on the example of a medium-weight forwarder: 1)
the impact of load decrease on productivity and unit costs of timber forwarding, 2) the
impact of load mass on forwarder wheel pressure, 3) the impact of tire width and use of
tracks depending on load mass on nominal ground pressure. The results can be used to
guide decision making in purchasing forwarders, and such approach would provide an
efficient and environmentally friendly timber forwarding under conditions of limited
bearing capacity of gley soils in main felling sites of lowland forests.

2. Scope
In assessing the environmental soundness of forest vehicles, whose contact with the soil is
likely to cause soil damage, the main criteria are trafficking and soil compaction (Poršinsky
& Horvat, 2005). Trafficking causes compaction of the soil surface due to moving of forest
machines (MacDonald et al., 2002), and it depends on secondary openness of the felling unit
and the highest distance of timber reach (Pentek et al., 2010) of the catching device
(hydraulic crane, pulling rope of winch) of a certain means of work (forwarder, skidder).
Soil compaction, or rutting, is the consequence of the vehicle off-road travel due to short
effect of contact pressures and slippage of drive wheels as well as pulled load (Horn et al.,
2004). Soil compaction causes breaking of structural aggregates which decreases interaggregate space as well as pore quantity and soil volume (Poršinsky, 2005). Consequently
the soil thermal regime is disturbed, water-air relationship in the soil changes and
conditions for feeding plants are lowered to a certain extent (Arnup, 1999), for instance
microbiological activity is decreased as the soil is brought into anaerobic conditions (Frey et
al., 2009). Compaction primarily results in the decrease of the quantity of non-capillary
pores and soil permeability to water (Halvorson et al., 2003), which accelerates surface water
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drainage on slopes covered with a network of vehicle ruts and eventually causes erosion
(Owende et al., 2002).
Sensitivity of forest soil to compaction is determined by the following factors: value of
vehicle contact pressures, soil texture, soil moisture during timber forwarding, proportion of
skeleton and sand particles in the soil, soil structure, bulk density and soil porosity as well
as thickness of humus accumulation layer (Arnup, 1999).
Under conditions of restricted ground bearing capacity, the wheels of the forwarder tandem
(bogie) axle are equipped with semi-tracks, by which multiple benefits are achieved: 1) soil
protection from damage, primarily against compaction and movement of soil layers caused
by the increase of the contact area, or decrease of the contact pressure (Bygdén et al., 2004;
Gerasimov & Katarov, 2010), 2) vehicle mobility by decrease of wheel slippage, as well as
rut depth and vehicle rolling resistance (Bygdén et al., 2004; Bygdén & Wästerlund, 2007;
Suvinen, 2006), 3) efficient timber forwarding because of the possibility of use of the vehicle
payload, and also increase of the vehicle speed (Poršinsky & Stankić, 2006a), 4) reduction of
fuel consumption due to lower wheel slippage (Suvinen, 2006), 5) increase of the forwarder
lateral stability during timer loading and unloading, and also during vehicle travel
especially when working on slopes (Sutherland, 2003).
In order to reduce the damage of soils of restricted bearing capacity, apart from semi-tracks,
additional measures are taken aimed at decreasing the forwarder contact pressures such as
the use of multi-wheel vehicles (Nugent et al., 2003; Partington & Ryans, 2010), wheel
doubling (Ireland, 2006; Owende et al., 2002), use of wide tires (Saarilahti, 2002b), and also
the regulation of tire air pressure (Eliasson, 2005; Sakai et al., 2008), use of chains on the
vehicle front wheels (Suvinen, 2006), reduction of the quantity of loaded timber (Poršinsky,
2005), planning the time of work operations (Saarilahti, 2002a).
Apart from the above measures, the researchers have also dealt with the idea of improving
the conditions of the soil bearing capacity by covering skid trails by sawmill slabs or pallets
(Owende et al., 2002), or by the ever more present cover made of forest residues (Poršinsky
& Stankić, 2006b; Eliasson & Wästerlund, 2007; Ampoorter et al., 2007; Gerasimov &
Katarov, 2010), which is still treated as waste in cutting and processing timber.
2.1 Ground bearing capacity
Soil bearing capacity (strength, trafficability) is the capability of the soil to resist to external
forces (action of the vehicle wheels and tracks), and it is determined by soil settling (rut
depth) under external load. In forestry, the soil bearing capacity is determined as the
maximum allowed contact pressure of the vehicle wheel (Saarilahti, 2002b) not causing
damage to soil, which depends on the type and texture content of the soil, proportion of
humus and skeleton particles (constant soil parameters) and a variable parameter – current
moisture (Poršinsky, 2005).
The last classification of terrains for harvesting operations was made within the EcoWood
project, and as it paid special attention to the ecoefficient wood harvesting on sensitive sites,
it categorized the soil strength into four classes and prescribed the maximum contact
pressure for each class (Fig. 2). This descriptive classification of the bearing strength of forest
soil also recommends the use of the equation nominal ground pressure of the vehicle
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(Mellgren, 1980) for determining the suitability of individual types of vehicles for timber
harvesting depending on the limit contact pressure on the soil of individual strength classes
(Ward et al., 2003).

Fig. 2. Soil strength classes
2.2 Nominal ground pressure
The vehicle contact pressure is the ratio between the weight and contact surface of the
vehicle with the ground (soil), and it expresses the environmental suitability of a specific
forest vehicle. The problem in calculating the vehicle contact pressures for forest off-road
travel is the dependence of the tire and soil contact area on: 1) elastic deformations of the
loaded wheel (tire characteristics, air pressure) and 2) plastic-elastic soil deformations
(granulometric content, moisture).
Wishing to standardize the way of calculation of contact pressures of forest vehicles,
primarily for providing comparison of vehicles (or different equipment levels of individual
vehicles) used for forest off-road timber extraction, Mellgren (1980) introduced nominal
ground pressure (Fig. 3). Nominal ground pressure is static pressure (vehicle at standstill),
and theoretically it occurs in case of a rigid wheel on plastic-elastic ground where the wheelsoil contact area is calculated as the product of multiplication of the wheel semi-diameter
and tire width. When identifying the contact length of the wheel and plastic ground with
the wheel semi-diameter, it is important to assume that 15% of the wheel diameter sinks into
the soil (wheel rut), by which full contact between the wheel tire and soil is provided
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(Partington & Ryans, 2010). In case of lower wheel sinking into the soil (depending on soil
bearing strength) the contact area decreases and the contact pressure of vehicles increases,
and it is higher with respect to the nominal ground pressure. Actually, the nominal ground
pressure is the lowest pressure realized by the vehicle under conditions of reduced soil
bearing strength and hence it cannot be used for comparing the suitability of two different
wheels under different soil conditions.

Fig. 3. Calculation of Nominal Ground Pressure
Simplification of the calculation of the contact area, i.e. approximation of the contact length
of the loaded wheel with the rut depth of 15% of the wheel diameter, theoretically limits a
wide use of this model. The basic objection to approximation of the wheel-soil contact
length, with the wheel semi-diameter, is that it applies only in case when the angle between
the beginning and end of the wheel/ground contact is 1 radian (≈57.3°), meaning that the
model is geometrically sustainable only in certain cases (Poršinsky & Horvat, 2005).
The advantage of the nominal ground pressure is its simple calculation, and the deficiencies
are neglecting the impact of tire deflection of the loaded wheel during movement, tire air
pressure, independence on soil characteristics and overestimation of use of wide tires
(Saarilahti, 2002b).

3. Materials and methods
The analysis of efficiency and environmental soundness of timber forwarding was carried
out on the example of a medium-weight six-wheel forwarder Valmet 840.2 with nominal
payload of 12 t, whose dimensions and load distribution of unloaded vehicle are shown in
Fig. 4. The surface of the cross-cut of the bunk area is 4.1 m2, and 4 m in length. The vehicle
is driven by a six-cylinder diesel engine with pre-charging of the nominal power of 125 kW
at 2200 min-1 and 670 Nm of the maximum torque at 1400 min-1. The forwarder is equipped
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with hydraulic crane Cranab CFR7C, with the lifting force of 7.1 kN at the maximum range
of 9.1 m.
The effect of load reduction (4 t, 8 t related to 12 t of the vehicle payload) on the forwarder
efficiency with respect to the distance of timber forwarding is expressed in accordance with
the multi-criteria planning model of productivity of these vehicles (Stankić, 2010). This
model takes into account: 1) forwarder class, 2) soil bearing strength, 3) forwarder
equipment with tracks, 4) felling density, 5) volume of the mean felling tree, and 6) distance
of timber forwarding. Unit cost of timber forwarding is calculated according to machine rate
made by the company »Hrvatske šume« Ltd Zagreb for the Valmet 840.2 forwarder
amounting to 58.15 EUR/PMH.

Fig. 4. Valmet 840.2 Forwarder
For calculating the nominal ground pressure, a theoretical model of axle load distribution
was used, the case of vehicle at standstill on level ground, depending on mass and length of
loaded logs in the forwarder load area (Poršinsky & Horvat, 2005). The analysis of axle load
distribution was based on an average length of logs (4 m) made by cut-to-length method in
the area of the Croatian lowland forests (Stankić, 2010), and the mass of 1800 kg of a pair of
semi-tracks in case when the wheels of the rear (bogie) axle are equipped with them. The
wheel load assumed even load distribution of axle load by pertaining wheels. The contact
surface between wheels (semi-tracks) and soil was calculated according to Mellgren (1980),
for narrow (front – 600/65-34, rear – 600/55-26.5) and wide (front – 710/55-34, rear –
710/45-26.5) tires recommended by the manufacturer of this forwarder.
The analysis of the forwarder environmental soundness was based on: 1) values of nominal
ground pressure of front and rear wheels of the vehicle depending on the load mass, and
equipment of the vehicle with narrow and wide tires, i.e. equipment of the wheels of the
rear axle with tracks, and 2) the upper limit value of the allowed ground pressure (<60 kPa)
of the limited bearing strength (Fig. 2 – class 3, soft soil), which prevails at the time of main
felling in the Croatian lowland forests.

4. Results and discussion
In accordance with the objectives of the study, the results of soundness of timber
forwarding, under conditions of limited soil bearing strength of the Croatian lowland forests
carried out by medium-weight forwarders, are presented with respect to: 1) the impact of
load decrease on forwarder efficiency, and 2) nominal ground pressure as the measure of
environmental soundness considering the vehicle equipment and load mass.
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4.1 Forwarder efficiency
In the Croatian forestry, six-wheel forwarders prevail, mostly equipped with tires
characterized by deeper and sparser tread pattern (so-called aggressive tread). Such form of
tread pattern reduces wheel slippage, but increases damage to soil and tree roots
(Sutherland, 2003). The use of tires with shallower and denser tread pattern (so-called nonaggressive tread), which reduces soil damage but increases wheel slippage, and is more
suitable for the use of tracks on the wheels of the rear (bogie) axle of forwarders, is more an
exception than a rule (Poršinsky, 2005). The same is applicable for the improvement of
conditions of soil bearing capacity on skid trails by forming a cover of branches or 3–4 m
long fuelwood.

Fig. 5. Impact of load reduction on efficiency of Valmet 840.2 Forwarder
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The most frequent form of providing forwarder mobility under conditions of limited soil
bearing strength of the Croatian lowland forests is the reduction of the quantity of the
loaded timber (load mass, volume), which has an adverse effect on the forwarder efficiency.
The impact of the reduction of load volume on the efficiency of Valmet 840.2 forwarder is
shown in Fig. 5 with respect to timber loading up to: 1) the full height of the load area
(load – 12.2 t, 12.2 m3), 2) 2/3 height of the load area (load – 8.1 t, 8.2 m3), and 3) 1/3 height
of the load area (load – 4.1 t, 4.3 m3). It should be emphasized that the load volume is
expressed based on the measurement of the length and diameter with bark on the thicker
end, in the middle and on the thinner end of each log in the load of the forwarder, and the
volume is estimated by Riecke-Newton equation (Köhl et al., 2006).
Load reduction, up to 2/3 height of the load area (68% of the vehicle payload), resulted in
the decrease of productivity ranging from 16% (distance of 100 m) to 28% (distance of 800
m) and increase of unit costs from 19% (100 m) to 38% (800 m) with respect to the nominally
loaded forwarder (12 t load).
Additional load reduction up to 1/3 height of the load area (34% of the vehicle payload)
resulted in the decrease of productivity ranging from 27% (distance of 100 m) to 54%
(distance of 800 m) and increase of unit costs from 37% (100 m) to 117% (800 m) with respect
to the nominally loaded forwarder (12 t).
Such wide range of productivity decrease and increase of the forwarder unit costs due to
higher distance of timber forwarding are the consequence of interaction between time
consumption of vehicle travel and loading and unloading timber or load volume (Poršinsky
& Stankić, 2006a; Stankić, 2010). Obviously the decrease of the loaded timber highly affects
the forwarder efficiency (especially with the increase of the forwarding distance) and
therefore, from the economic point of view the method for providing vehicle mobility as
well as environmental soundness of timber forwarding under conditions of limited soil
bearing strength of the Croatian lowland forests is absolutely not acceptable.
4.2 Environmental soundness
Nominal ground pressure of vehicles is based on interaction between the load of vehicle
wheels and its contact area, by which the methodological applicability is only restricted to
the case of equal wheel tire dimensions and equal load distribution by the vehicle wheels. In
case of different dimensions of the front and rear wheels, i.e. unequal load distribution
between front and rear axle of the vehicle, (transfer from wheel–soil system into vehicle–
terrain system), Saarilahti (2002a) uses the so-called »reference wheel« (the wheel with the
highest contact pressure) or the contact ground pressure is expressed separately depending
on the wheels of the front and rear axle, respectively (Poršinsky & Horvat, 2005).
Depending on mass (0–12 t) of roundwood loaded in the forwarder load area (Fig. 6a), the
total vehicle mass increases, and there is a considerable increase of the load on rear wheels
(1.8–4.6 t) and a relatively insignificant increase of load on front wheel (4.1–4.5 t). With mass
increase of the loaded timber <11.5 t, the wheels of the front axle are the reference wheels,
after which (just before reaching the vehicle payload) the rear wheels take over this role. The
Bavarian federal forests have developed a special approach to the assessment of the
environmental soundness of vehicles used in timber harvesting aimed at protecting soil
from compaction, which is based on 4 classes of wheel load (Fig. 6a), i.e. in using wide (≥700
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mm) tires (Wolf, 2010). According to the Bavarian guidelines for the whole carrying capacity
range (<12 t), the wheels of the front axle of the tested forwarder are in the area of
»acceptable« wheel load, while the rear wheels are in the area of »optimal« load <9.5 t of the
load mass.

Fig. 6. Wheel load and contact area – Valmet 840.2 (6x6) Forwarder
The analysis of the vehicle-soil contact area (Fig. 6b) showed that the contact area increased
by 18% (under the front wheels, but also under the rear wheels) when using wide tires (710
mm) compared to narrow tires (600 mm). The use of semi-tracks on rear wheels of the bogie
axle resulted in an almost double increase of the contact area.

Fig. 7. Nominal Ground Pressure of front and rear wheels (track) vs. load mass
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The analysis of the impact of the mass of roundwood loaded into the forwarder load area on
the value of the nominal ground pressure under the front and rear wheels of the vehicle, or
under the wheel semi-tracks of the rear tandem axle is shown in Fig. 7a for narrow tires (600
mm) and in Fig. 7b for wide tires (710 mm).
Regardless of the use of narrow or wide tires, and also of the load mass, the nominal ground
pressure under the forwarder front wheels exceeds the allowed load of the soil of limited
bearing strength (<60 kPa). With narrow tires (600/65-34), for the carrying capacity range of
the vehicle (<12 t), the nominal pressure is 35–49% higher than allowed. The advantage of
using wide tires (710/55-34) on the front wheels of the vehicle can be seen in the decrease of
the exceeded nominal pressure, which ranges between 14 and 26% with respect to the
allowed value. From the aspect of environmental soundness, the solution of the overloaded
front axle of the six-wheel forwarder is an eight-wheel forwarder.
The nominal ground pressure under the forwarder rear wheels equipped with narrow
tires (600/55-26.5) exceeds the allowed load of the soil of limited bearing strength in
loading timber of the mass >3 t, and when using wide tires (710/45-26.5) in loading
timber of the mass >5 t, which is extremely unfavorable from the aspect of timber
forwarding (Fig. 5).
By using semi-tracks on rear wheels of the tandem swinging axle with narrow tires, the
nominal ground pressure is lower by 55–2 % (depending on load mass) compared to the
allowed value. Equipping the forwarder with semi-tracks on wide tires is additionally
suitable for the environmental soundness of timber forwarding due to the additional
decrease of the nominal ground pressure, which is lower ranging from 61% (unloaded
vehicle) to 12% (loaded vehicle) compared to the allowed contact pressure of the soil of
limited bearing capacity.

5. Conclusion
Under conditions of limited soil bearing capacity of gley soils due to increased moisture, the
decrease of forwarder load, as a measure that provides vehicle mobility and also reduces the
level of damage to forest soil, is highly unacceptable from the point of view of timber
forwarding efficiency.
The analysis of the nominal ground pressure under the wheels (tracks) of the front and rear
axle gave the following guidelines for efficient and environmentally acceptable timber
forwarding, under conditions of limited soil bearing capacity:






due to higher nominal pressure under the front wheels of the three-axle forwarder with
respect to the allowed load on the soil of limited bearing capacity (<60 kPa), the use of
four-axle (eight-wheel) forwarders is recommended,
the use of wide tires (710 mm) still provides unsatisfactory increase of load mass with
respect to the vehicle equipped with narrow tires (600 mm), provided that the allowed
soil load is not exceeded,
in order to provide adequate mobility, full use of the vehicle payload that assures
forwarding efficiency, but also environmental soundness, the use of semi-tracks on
wheels of tandem front and rear axle of an eight or ten wheeled forwarder is
recommended (Fig.8).
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These results should be used as guidelines for future purchasing of forwarders, by which
efficient and environmentally sound timber forwarding would be provided under
conditions of limited bearing capacity of gley soils in main felling sites of lowland forests in
Croatia and elsewhere.

Fig. 8. Eight and ten wheeled forwarder with semi-tracks

6. Acknowledgment
The research was carried out within the scientific and research project of the Ministry of
Science, Education and Sport of the Republic of Croatia »Environmentally Sound Timber
Harvesting (068-0682111-0390)«.

7. References
Akay, A.E.; Sessions, J. & Aruga, K. (2007). Designing a forwarder operation considering
tolerable soil disturbance and minimum total cost. Journal of Terramechanics, Vol.44,
No.2, (April 2007), pp. 187-195, ISSN 0022-4898
Ampoorter, E.; Goris, R.; Cornelis, W.M. & Verheyen, K. (2007). Impact of mechanized
logging on compaction status of sandy forest soils. Forest Ecology and Management,
Vol.241, No.1-3, (March 2007), pp. 162-174, ISSN 0378-1127
Arnup, R.W. (1998). The Extent, Effect and Management of Forestry-related Soil
Disturbance, with Reference to Implications for the Clay Belt: A Literature Review.
Ontario Ministry of Natural Resources, Northeast Science & Technology, TR-37, pp.
1–30., ISBN 0-7778-7453-9
Bosner, A.; Nikolić, S.; Pandur, Z. & Benić, D. (2008). Development and Calibration
of Mobile Measuring System of Vehicle Axle Mass – Measurements on Forwarder.
Nova mehanizacija šumarstva, Vol.29, December 2008, pp. 1-15, ISSN 18458815
Bygdén, G.; Eliasson, L. & Wästerlund, I. (2004) Rut depth, soil compaction and rolling
resistance when using bogie tracks. Journal of Terramechanics, Vol.40, No.3, (Jully
2003), pp. 179-190, ISSN 0022-4898
Bygdén, G. & Wästerlund, I. (2007). Rutting and soil disturbance minimized by planning
and using bogie tracks. Forestry Studies, Vol.46, pp. 5-12, ISSN 1406-9954

www.intechopen.com

286

Global Perspectives on Sustainable Forest Management

Eliasson, L. (2005). Effects of forwarder tyre pressure on rut formation and soil compaction.
Silva Fennica, Vol.39, No.4, (September 2005), pp. 549-557, ISSN 0037-5330
Eliasson, L. & Wästerlund, I. (2007). Effects of slash reinforcement of strip roads on rutting
and soil compaction on a moist fine-grained soil. Forest Ecology and Management,
Vol.252, No.1-3, November 2007, pp. 118-123, ISSN 0378-1127
Frey, B.; Kremer, J.; Rüdt, A.; Sciacca, S.; Matthies, D. & Lüscher, P. (2009). Compaction of
forest soils with heavy logging machinery affects soil bacterial community
structure. European Journal of Soil Biology, Vol.45, No.4, (July-August 2009), pp. 312320, ISSN 1164-5563
Gerasimov, J. & Katarov, V. (2010). Effect of Bogie Track and Slash Reinforcement on
Sinkage and Soil Compaction in Soft Terrains. Croatian Journal of Forest Engineering,
Vol.31, No.1, (Juny 2010), pp. 35-45, ISSN 1845-5719
Halvorson, J.J.; Gatto, L.W. & McCool, D. K. (2003). Owerwinter changes to nearsurface bulk density, penetration resistance and infiltration rates in compacted
soil. Journal of Terramechanics, Vol.40, No.1, (January 2003), pp. 1-24, ISSN 00224898
Horn, R.; Vossbrink, J. & Becker, S. (2004). Modern forestry vehicles and their impacts on
soil physical properties. Soil and Tillage Research, Vol.79, No.2, (December 2004), pp.
207-219, ISSN 0167-1987
Horvat, D.; Poršinsky, T.; Krpan, A.; Pentek, T. & Šušnjar, M. (2004). Suitability Evaluation
of Forwarders Based on Morphological Analysis. Strojarstvo, Vol.46, No.4-6, (JulyDecember 2004), pp. 149-160, ISSN 0562-1887
Ireland, D. (2006). Traction Aids in Forestry. Forestry Commission, Technical Note 13, pp. 1-8,
ISBN 0-85538-700-9, Edinburgh, UK
Köhl, M.; Magnussen, S. S. & Marchetti, M. (2006). Sampling Methods, Remote Sensing and GIS
Multiresource Forest Inventory, Springer-Verlag, ISBN 3-540-32571-9, Berlin,
Germany
Mellgren, P.G. (1980). Terrain Classification for Canadian Forestry. Canadian Pulp and Paper
Association, 1-13
McDonald, T.P.; Carter, E.A. & Taylor, S.E. (2002). Using the global positioning system to
map disturbance patterns of forest harvesting machinery. Canadian Journal of Forest
Research, Vol.32, No.2, (February 2002), pp. 310-319, ISSN 0045-5067
Nugent, C.; Canali, C.; Owende, P.M.O.; Nieuwenhuis, M. & Ward, S. (2003). Characteristic
site disturbance due to harvesting and extraction machinery traffic on sensitive
forest sites with peat soils. Forest Ecology and Management, Vol.180, No.1-3, (July
2003), pp. 85-98, ISSN 0378-1127
Owende, P.M.O.; Lyons, J.; Haarlaa, R.; Peltola, A.; Spinelli, R.; Molano, J. & Ward, S.M.
(2002). Operations protocol for Eco-efficient Wood Harvesting on Sensitive Sites.
Project ECOWOOD, Funded under the EU 5th Framework Project (Quality of Life
and Management of Living Resources) Contract No. QLK5-1999-00991 (1999-2002),
pp. 1-74.
Partington, M. & Ryans, M. (2010). Understanding the nominal ground pressure of forestry
equipment. FPInnovations, Vol.12, No.5, (July 2010), pp. 1-8, ISSN 1493-3381
Pentek, T.; Poršinsky, T.; Šušnjar, M.; Stankić, I.; Nevečerel, H. & Šporčić, M. (2008).
Environmentally Sound Harvesting Technologies in Commercial Forests in the

www.intechopen.com

Ecoefficient Timber Forwarding on Lowland Soft Soils

287

Area of Northern Velebit – Functional Terrain Classification. Periodicum Biologorum,
Vol.110, No.2, (Juny 2008), pp. 127-135, ISSN 0031-5362
Pentek, T.; Nevečerel, H.; Dasović, K.; Poršinsky, T.; Šušnjar, M. & Potočnik, I. (2010).
Analysis of Secondary Relative Opennnes in Hilly Areas as a Basis for Selection of
Winch Rope Length. Šumarski list, Vol.134, No.5-6, (Juny 2010), pp. 241-248, ISSN
0373-1332
Poršinsky, T. (2005). Efficiency and Environmental Evaluation of Timberjack 1710B
Forwarder on Roundwood Extraction from Croatian Lowland Forests. PhD Thessis,
Forestry Faculty of Zagreb University, pp. 1-170.
Poršinsky, T. & Horvat, D. (2005). Wheel Numeric as Parameter for Assessing
Environmental Acceptability of Vehicles for Timber Extraction. Nova mehanizacija
šumarstva, Vol.26, December 2005, pp. 25-38, ISSN 1845-8815
Poršinsky, T. & Stankić, I. (2006a). Efficiency of Timberjack 1710B Forwarder on Roundwood
Extraction from Croatian Lowland Forests. Glasnik za šumske pokuse, Special issue 5:
pp. 573-587, ISSN 0352-3861
Poršinsky, T. & Stankić, I. (2006b). Environmental Evaluation of Timberjack 1710B
Forwarder on Roundwood Extraction from Croatian Lowland Forests. Glasnik za
šumske pokuse, Special issue 5: pp. 589-600, ISSN 0352-3861
Saarilahti, M. (2002a). Soil interaction model. Project deliverable D2 (Work package No. 1) of
the Development of a Protocol for Ecoefficient Wood Harvesting on Sensitive Sites
(ECOWOOD). EU 5th Framework Project (Quality of Life and Management of
Living Resources) Contract No. QLK5-1999-00991 (1999-2002), pp. 1-87.
Saarilahti, M. (2002b). Modelling of the wheel and tyre, 1. Tyre and soil contact – Survey on
tyre contact area and ground pressure models for studying the mobility of forest
tractors. Soil interaction model, Appendix Report No.5, 1-43.
Sakai, H.; Nordfjell, T.; Suadicani, K.; Talbot, B. & Bøllehuus, E. (2008). Soil Compaction on
Forest Soils from Different Kinds of Tires and tracks and Possibility of Accurate
Estimate. Croatian Journal of Forest Engineering, Vol.29, No.1, (Juny 2008), pp. 15-27,
ISSN 1845-5719
Stankić, I. (2010). Multicriterial Planning of Timber Forwarding in Croatian Lowland
Forests. PhD Thessis, Forestry Faculty of Zagreb University, pp. 1-123.
Sutherland, B.J. (2003). Preventing Soil Compaction and Rutting in the Boreal Forest
of Western Canada: A Practical Guide to Operating Timber-Harvesting
Equipment. FERIC Advantage, Vol.4. No.7, (March 2003), pp. 1-52, ISSN 14933381
Suvinen, A. (2006). Economic Comparison of the Use of Tyres, Wheel Chains and Bogie
Tracks for Timber Extraction. Croatian Journal of Forest Engineering, Vol.27, No.2,
(December 2006), pp. 181-102, ISSN 1845-5719
Ward, S.M. & Lyons, J. (2000). The development of an operations protocol for
wood harvesting on sensitive sites. Proceedings of International conference
»Thinnings: A valuable forest management tool«, September 9-14, 2001, IUFRO
Unit 3.09.00 & FERIC & Natural Resources Canada & Canadian Forest Service,
CD, 1-12.
Ward, S.M. & Owende, P.M.O. (2003). Development of a protocol for eco-efficient wood
harvesting on sensitive sites. Proceedings of the 2nd International Scientific
Conference »Forest and Wood-Processing Technology vs. Environment –

www.intechopen.com

288

Global Perspectives on Sustainable Forest Management

Fortechenvi Brno 2003«, May 26–30, 2003, Brno, Chech Republic, Mendel
University of Agriculture and Forestry Brno & IUFRO WG 3.11.00, pp. 473-482.
Wolf, M. (2010). Bodenschutz bei den Bayerischen Staatsforsten. Bayerische Staatsforsten
Aör, pp. 1-8.

www.intechopen.com

Global Perspectives on Sustainable Forest Management
Edited by Dr. Dr. Clement A. Okia

ISBN 978-953-51-0569-5
Hard cover, 300 pages
Publisher InTech
Published online 25, April, 2012
Published in print edition April, 2012
This book is dedicated to global perspectives on sustainable forest management. It focuses on a need to move
away from purely protective management of forests to innovative approaches for multiple use and
management of forest resources. The book is divided into two sections; the first section, with thirteen chapters
deals with the forest management aspects while the second section, with five chapters is dedicated to forest
utilization. This book will fill the existing gaps in the knowledge about emerging perspectives on sustainable
forest management. It will be an interesting and helpful resource to managers, specialists and students in the
field of forestry and natural resources management.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Tomislav Poršinsky, Tibor Pentek, Andreja Bosner and Igor Stankić (2012). Ecoefficient Timber Forwarding on
Lowland Soft Soils, Global Perspectives on Sustainable Forest Management, Dr. Dr. Clement A. Okia (Ed.),
ISBN: 978-953-51-0569-5, InTech, Available from: http://www.intechopen.com/books/global-perspectives-onsustainable-forest-management/ecoefficient-timber-forwarding-on-lowland-soft-soils

InTech Europe

InTech China

University Campus STeP Ri

Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A

No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia
Phone: +385 (51) 770 447

Phone: +86-21-62489820

Fax: +385 (51) 686 166

Fax: +86-21-62489821

www.intechopen.com

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

