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Abstract:

This paper deals with the present condition in forest management in the Republic of Croatia with a
special reference to forests managed by the company "Croatian Forests" Ltd. Zagreb, as well as to aims,
tasks and method of state-owned forest management, and condition and number of significant mechanized
devices of forest harvesting.

The development of machines and technologies is a very significant precondition for improving the
business success in complex terrain conditions, especially presented by specific features of management.
The program of scientific-research work conducted by “Croatian Forests” Ltd. and Faculty of Forestry
of the University in Zagreb influences the formation and development of procedures and technical means
in state forest management, which can be divided in the following demands:

= Environmental suitability of applied procedures and technical devices

= Efficiency pursuant to working conditions

=  Meeting safety conditions of utilization of machines and technical equipment

= Ergonomic suitability of machines.

This paper presents the way and activities by which “Croatian Forests” Ltd., in cooperation with the
Faculty of Forestry of the University in Zagreb, influences the development of forest engineering sector
for particularly demanding conditions of natural forest management.

Keywords: Croatian Forests Ltd, natural forests, forest machines, harvesting technologies, scientific-
research work

1 Intoduction

When considering the development of forest engineering sector in the Republic of Croatia through the
perspective of a long-term cooperation between forest science and practice, it is absolutely necessary to
point out some historical facts that had a serious impact on the present organizational structure, condition
and size of the Croatian forest engineering sector.

As early as 1765 “the first professional inventory and mapping of forests” was made, along with the
establishment of three forest offices in Krasno, OStarije and Petrova Gora, which is considered as the
beginning of forestry as science and profession, i.e. the beginning of an organized forest management in
the area of the present Republic of Croatia (Mati¢ 2011).

In 1769 in the area of the present Republic of Croatia, Maria Teresa’s Forest Orders were published in
Croatian and German as the first textbook and legally binding forest regulations.

In 1852 the Forest Act was established and it is still considered the best European law, because, among
other provisions, it also defined sustainability or sustainable development of forestry.

The year 1846 is considered as the beginning of high forestry education as this was the year when the

Croatian-Slavonian Forestry Society was established, which played an important role in the foundation of
the first Croatian vocational school in the area of the present Republic of Croatia. So, in 1860 a School of
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Agriculture and Forestry was founded in Krizevci, where the first foresters were trained in the area of the
present Croatia. They acquired a secondary level education, and the school was recognized worldwide.
The aim of education was to acquire professional knowledge and skill required to work as foresters with
land owners or municipals or to get a state job (Pentek et al. 2008). Due to the terms of the new law
issued in 1894, according to which the Government had to establish a separate Forestry Department and
provide “academy” education for performing forestry services (Mati¢ 2011), forestry education was
transferred from KriZevci to Zagreb in 1898. This high-education forestry study was held at the then
Faculty of Philosophy of the University in Zagreb within the newly established Forestry Academy, and in
the beginning it was a three-year study. From 1907, the Forestry Academy became a four-year study with
its own head. This study, based on the subjects thought there, can be considered as the starting point of all
science faculties in this area (Mati¢ 2011).

In 1919, the Economy-Forestry Faculty of the University in Zagreb (now the Faculty of Forestry,
University of Zagreb) was founded by merging the Forestry Academy in Zagreb and School of
Agriculture and Forestry in Krizevci, and in 1921 Forest Research Institute was founded as the first
research institute dealing with scientific research and investigation in forestry in the area of the present
Republic of Croatia.

It should be noted here that as a result of scientific and professional activities in politics and in practice, in
those days, as early as 1877 the first issue of the scientific and professional journal Sumarski list (Forestry
journal) was published and it has been continuously published ever since to the present day. It can be
considered one of the oldest scientific and professional journals of this kind in the area of EU.

Early 1960s can be considered as the beginning of institutional scientific and research activities in the
Croatian forestry as forest management units started being established and the Business Association of forest
economy organizations was founded. Since forestry enterprises (forest management units) had no their own
scientific and research units of institutional character (which was logical because it would not be reasonable
as they were too many), the Croatian forest practice started and still is financing the scientific projects,
which are developed by the Forestry Research Institute at the Faculty of Forestry of the University in
Zagreb, or by the Forestry Institute in Jastrebarsko, founded in 1974. Such financing of forestry research and
cooperation or better to say participation in research projects by forest practice has been going on ever since
to the present day.

Scientific and research projects consist of fundamental, applied and development research, to be done
mostly within a five-year period, but also periods shorter than five years.

More than half a century long financing of scientific and research projects by funds of forestry
enterprises, as well as the established cooperation of people working in forest practice and researchers
within research projects has an obvious impact on forestry in the whole forest area of the Republic of
Croatia. Greatly thanks to the above said long-term cooperation between the Croatian science and
practice, our forests have preserved, to a great extent, their natural structure, habitat and autochthonous
species, i.e. they have preserved the vitality and stability of forest ecosystems, which, largely, mitigated
the effects of unfavorable climate and weather features and other disturbances occurring in the last several
decades.

2 Forest management in the Republic of Croatia and position of engineering sector

In the Republic of Croatia forest management is implemented in accordance with the Forest Act of 2005
(Official Gazette “NN” 140/05), i.e. in accordance with the ownership structure of forests and forest land
(Fig. 1). Based on this act, state forests are mostly managed by the company Croatian Forests Ltd.
(Hrvatske sume d.o.o.), and only partly by other legal and economic entities. Private forests are managed
by their owners.

The figures show that private forests have a lower productivity as their 22% area of forest and forest land
has a growing stock of only 20% compared to all values. The reasons are many, and however three basic
reasons are as follows:
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= Private forests are small and scattered, with an average area less than 3 ha (Avdibegovi¢ et al. 2010),
so that adequate and most favorable technologies of forest harvesting, use and protection cannot be
applied;

= Insufficient knowledge of forest owners of forest management and tendency to select trees of higher
quality for felling (the so-called positive selection) in order to satisfy "personal" and "emergency"
needs; and

= In the former Yugoslavia, after world war two, the attitude towards private ownership in the society
was much more unfavorable than towards social ownership, which became state ownership
including state forests, when the Republic of Croatia gained independence.

2,0 mil. ha

75 %

0yymil. ha

Il State Forests - Croatian forests Itd. [l State Forests - Croatian forests Itd.
B State Forests - Others [l State Forests - Others
Private Forests - Private forest owners Private Forests - Private forest owners

Figure 1: Forest ownership in RC — forest and forest Figure 2: Forest ownership in RC — growing stock
land area

Forest management in the Republic of Croatia is strongly affected by the above said forestry tradition, which
started searching its way 2.5 centuries ago in organized management of forest stands, closely connected with
forestry science from which it can hardly be separated. This particularly applies to high education of forestry
experts, which started 1.5 century ago, who started working in forest practice immediately after completing
their studies, and at the same time started introducing and implementing the acquired scientific and
professional knowledge in forest management. From the very beginning of the organized activities of the
forestry profession, and up to these days, forest management has been implemented in the Republic of
Croatia and its main characteristics may be summarized in the following objectives: sustainable
management and sustainable yield of forest stands, supporting their natural structure (more than 95% of
forests in RC) and stability of ecosystem and preservation of habitat and autochthonous species. Such
attitude towards the management of natural resources like forest stands and ecosystems are in complete
compliance with the European criteria and recommendations. This is primarily related to the care for forest
ecosystems significant for the contribution to the global cycle of carbon, protection of water and soil and
their favorable impact on climate and weather, maintenance of biological diversity and landscape specific
features, increase of ecosystem efficiency related to the production of forest biomass as a renewable natural
resource — energy source and other generally useful forest benefits, i.e. preservation and increase of all
significant social and economic functions resulting from a joint action of forest ecosystem and human
impact in a specific area.

The statement that in the Republic of Croatia forest management is implemented properly and in a
generally accepted way, based on scientific and professional knowledge, long forestry experience and
management skill, is officially confirmed by the fact that the whole area managed by the company
Croatian Forests has been the holder of the prestigious international FSC certificate for forest
management since 2002.

In order to implement the management of state forests in accordance with the tasks entrusted to the
company Croatian Forests Ltd. by the Forest Act of the Republic of Croatia, it is necessary to make big
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efforts all the time, with indispensable knowledge and highly professional work of the forest engineering
staff. Apart from wood harvesting operations, involving felling and processing, timber extraction and
distance transport of wood assortments to buyers, the realization of the allowed annual cut of almost 6
mil. m’, or production of forest wood products of almost 5 mil. m’ - net wood volume, is closely
connected with not-less demanding and extensive works of biological renewal of forests, also prescribed
by forest management plans. For this purpose, properly sized and structured, professional engineering
staff, with university and secondary level education, is required for applying daily, primarily in practice,
the acquired scientific and professional knowledge and by fulfilling specific forest management tasks,
perform successfully the management task and objectives at an annual level.

It is known that forestry activities involve three main components: biological, engineering and economic.
The term engineering sector, which is the subject of this paper, is related to forestry engineering, i.e. to
the engineering professional staff directly or indirectly connected with the technical and technological
component of forest management, as well as to all acquired scientific and professional knowledge and
experience related to this topic, technical devices, machines, equipment and technologies used in forest
management.

When managing natural forests, one should always be aware that the forest is not only a source from which
different benefits are used, but that it is a living macro-organism that must be "kept healthy and in good
condition" to be able to live for a long time and to the satisfaction of everybody concerned and to be self-
regenerated, and thus never die. This is why forestry was developed as a science and profession, whose joint
action should enable finding, adopting and implementing the most favorable solutions for the preservation
and maintenance of forest ecosystem stability and realization of benefits that forests can offer. In order to do
this in accordance with biological and ecological component (observing forest demands) and economic
component (in accordance with economy laws), the solutions must be provided by the technical and
technology component of forestry (Tomasi¢ 2007).

The development of society, market and market relations in the economy of the Republic of Croatia
during the transition process affected the organizational, status and other changes that started occurring in
forestry, too. In 2002 the public enterprise Croatian Forests was restructured into a commercial company.
Although it is 100% state-owned, a part of forest management operations have been performed for years
by forest entrepreneurial sector, i.e. local population. Due to increasing exposure to the market and
market competition, and also because of some structural changes of the company that manages state
forests that will occur in near future, it is expected that the trend of privatization of a part of forest
management works will continue and even increase. Therefore, apart from developing the company’s
own engineering sector, with the aim of further developing the relationship and system of forestry
engineering, the transfer of knowledge, technical solutions, technologies and even professional staff
should be more oriented towards the entrepreneurial sector, supporting its development. Some steps have
already been taken in that direction and this will be described later in the paper. However, a part of works,
capacities of work devices, machines and equipment and professional staff necessary for good
functioning of the whole system should be retained by all means within the Croatian Forests for many
reasons, among which the three most significant are as follows:

= perform works of strategic importance for the production process of forest management and business
activities directly related to special groups of machines and technical equipment (felling, processing,
extraction and delivery of the most valuable forest products dependent on biological and
technological terms),

= remove the possibility of market blackmail aimed at achieving high prices of entrepreneurial
services,

= determine the actual cost of the company staff and of entrepreneurial services (norms and quotas).
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Figure 3: Shares in performing timber felling and processing

In order to get a good insight into the performance of works and capacities in managing state forests in
the Republic of Croatia, surveys have been made of shares in performing works by individual production
phases of wood harvesting for the last five-year period. Figures 3 and 4 show the performance of felling
and processing and extraction in managing state forests in the period 2007-2011. It can be seen that the
work of these two phases of wood harvesting is performed with approximately 60% of the company’s
own capacities, while the remaining 40% is performed by entrepreneurs, or local population. Due to
specific stand and natural conditions, the works of felling and processing are almost completely
performed by a motor-manual method (chain saw), and only a negligible part of felling works in some
cultures and plantations are performed mechanically by entrepreneurs’ harvesters. The works of
skidding/forwarding, or timber extraction, are performed by farm tractors adapted to the work in forestry,
special forest skidders, forwarders and tractor assemblies, depending on the applied technologies of
extraction, terrain and natural conditions where the works are performed, stand characteristics, or on the type
and method of felling.
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Figure 4: Shares in performing timber extraction
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Distance transport of the produced timber is mostly performed by truck assemblies, and the situation is
pretty different from the previous one, as a share of only around 15% of goods is transported by the
company’s own capacities, and this share is continuously decreasing. Apart from entrepreneurs, an
important role in the performance of distance transport of wood assortments is played by the capacities of
buyers of domestic wood industry.

With works of construction and maintenance of forest roads, the situation is similar as with timber felling,
processing and extraction, as more than 60% of works is performed by the company’s own capacities. Here
too, the share of entrepreneurial services would surely be increasing, if there had been no general economic
crisis when the company started relying more and more on its own capacities.

It can be seen from the above said that a large part of entrepreneurs in forestry of the Republic of Croatia,
besides working in forests of private forest owners, also work in state forests. The aim of cooperation
between the Croatian forestry science and profession, especially in the part related to forestry
engineering, is not only to develop the engineering sector of state forestry, but also to empower the
development of entrepreneurial sector, which performs a considerable part of the said works in the
forestry of the Republic of Croatia, all for the purpose of further development and improvement of
general forest management.

3 Specific features of forest management in the Republic of Croatia affecting the development of
forestry engineering

The basic characteristic of forests in the Republic of Croatia is a high share of preserved forests of good
quality, the so-called natural forests in their total area. For these forests, apart from their origin, or type of
regeneration, the main characteristic is that they consist of climatogenic forest plant communities with
climatogenic, autochthonous tree species that are in the so-called last stage of progressive succession.
Such forest stands have an optimum structure and achieve the best generally beneficial and economic
values, and they are developed on habitats that depend on local climate conditions, and pedological,
orographic and biotic factors (Mati¢ 2009).

Another significant fact that describes specific features of forest stands in the Republic of Croatia is that
on a relatively small area there are great differences in natural conditions (indented landscape with
different altitudes, types of soil, water flaws, climate and weather features, vegetation cover, etc.) as a
group of highly different ecological factors, which affect directly or indirectly the creation of numerous
natural habitats in forest stands and life communities.

According to the type of forest management in the Republic of Croatia (Fig. 5), forests are divided into
even-aged (regular) and uneven-aged (irregular), and according to their origin, forests are divided into
forests of high silvicultural form (seed forests) and of low silvicultural form (coppice), degraded forms of
forest stands (underbrush, coppice, maquis, garrigue) and cultures and plantation. According to the
geographic position, forests in the Republic of Croatia are divided into continental forests and karst
forests (mostly situated along the Mediterranean belt and along the Adriatic sea and in its coastal part but
also in some continental areas such as parts of Lika, and they are characterized by their composition made
of degraded forms of forest stands). Based on their purpose, forests in the Republic of Croatia are divided
into economic, protection and special purpose forests.

Such a complex environment full of specific features related to the management method, origin, purpose,
geographic position and characteristics of natural conditions of forest stands in the Republic of Croatia
affected in the past and are still affecting the development of work methods, technologies and means of
work in forest management and define the development trends of forestry engineering.

Out of all factors stated above that influenced the development trends of the engineering sector related to

specific features of forest stands, the most important factor is the management method (which also
involves the stand conditions), and it is also closely related to the natural (terrain) conditions.
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The basic methods of wood harvesting in the Republic of Croatia, which also contain the description of
technical mechanized means of work (machines) used for performing the work and the type of felling, are
defined by Krpan et al. 2003 according to stand and terrain conditions.
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Figure S: Forests in the Republic of Croatia according to management method

3.1 Felling and processing of wood

The phase of felling and processing of wood is not fully mechanized and it consists of motor-manual works
with chain saw used for felling the tree and its processing into wood assortments. Finishing works can also
consist of manual work and work with manual tool (splitting logs and piling in processing firewood). The
reason why this work phase has not still been fully mechanized (harvester) in the Republic of Croatia as in a
large number of European countries lies in specific stand and terrain features that prevail in Croatian forests.
The main obstacle for a possible use of harvesters in felling and processing of wood is the fact that in the
Republic of Croatia wood processing (bucking) is mainly performed based on a buck to quality principle. A
great problem and limiting factor for the use of harvester in felling and processing of wood in forest stands of
the Republic of Croatia, along with the stand conditions, is the fact that deciduous trees prevail and at the
beginning of regeneration felling they become pretty large and hence inadequate for the use of harvesters of
common size. This is particularly emphasized with hard deciduous trees such as oak and beech, which are the
most significant commercial wood species of Croatian forests, and whose volume is much larger than the
volume of coniferous species. For large diameters and volumes of such trees, harvesters should be provided
with exceptionally large cutting head, and proportionally to the size of harvester head, and to the tree diameters
and volumes, such harvesters should be very large, strong and heavy. Such large and heavy machines are not
adequate for the management of natural regeneration, because during their work, damage is caused to young
trees and the soil is exceedingly loaded and compacted, and it is commonly of low strength (lowland forests,
heavy gley soils). Furthermore, the use of harvester in felling and processing of wood is also limited by
biological features of deciduous species considering their branching and appearance of strong and large
branches from early age, conspicuous and irregular root collar, and the way of commercial modeling of wood
products (classification into assortment quality classes).

In the areas of selection management with trees selectively chosen for felling, where there is a
considerable amount of conifers, apart from the felling type, a big problem for the mechanized method of
felling and processing lies in large dimensions of trees (usually also the strongest trees), which is the
characteristic of this management method. Here, too, terrain slope is an additional problem, because
selection forests are located almost exclusively on sloped terrain. Another unfavorable factor is frequently
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very small space between trees, where the machine should move, because trees are randomly selected
throughout the stand.

With thinning felling in lowland (flat) areas of even-aged forests, the main problem for the work of
harvesters is not the size of trees, but the small space between trees that remain in the stand after felling,
along with the above said problems related to biological features of wood species and the way of
modeling the products (branching, quality classes), and however due to smaller dimensions these
problems are not so great. In older thinning, apart from the above said, the tree dimensions can enhance
again the negative effect.

Thinning in even-aged forests of mountainous terrain (indented and sloped terrain) are neither adequate
for mechanized felling and processing of wood due to biological features of deciduous wood species in
terms of branching, way of classification into quality classes, small space between the remaining trees and
slope and terrain obstacles, and with older thinning also due to tree size.

Still, mechanized felling and processing with the use of single grip harvesters, is possible and feasible in
some (smaller) areas covered with cultures and plantations of conifers (spruce, pine), and soft deciduous
trees (poplar, willow, alder). This was determined more than 10 years ago thanks to the cooperation of
forestry science and practice, when the pilot work was organized of mechanized felling and processing of
conifers by harvester (2001), i.e. the research was carried out under the title "Efficiency of Mechanized
Felling and Processing in Stands of Hard and Soft Broadleaved Species" (Krpan et al. 2002).

3.2 Wood extraction

Extraction is the most complex and the most expensive part of wood harvesting, and therefore its
optimization and harmonization with all other parts of the process is highly significant.

The method of natural forest management (regeneration, tending and thinning of forest stands), is the
most important influencing factor of modeling the technologies of extraction of wood in the forestry of
the Republic of Croatia. Pedunculate oak is grown in exceptionally long rotation of 140 years, during
which young stand thinning is carried out several times, starting from very early age forms, when tending
of young growth and saplings is performed, then the so-called cleaning of bushes, and later thinning is
carried out within the so-called early and late thinning. The selection felling starts around 10 years before
the age of the prescribed rotation, and felling is carried out in 3 cuts: preparatory, seeding and final. In
fact, if these forest stands are properly managed, the works of tending and regeneration of pedunculate
oak forests, climatogenic and most valuable tree species in Croatia, are performed throughout their
rotation (Mati¢ 2003).

In order to protect as well as possible the oak saplings and very sensitive soil, often of low strength
(lowland areas prone to floods), wood cut in regeneration fellings is extracted from forests to the roadside
landing exclusively on wheels (forwarders), and they are never dragged on the soil because this would
cause considerable damage to the existing young growth and the soil. This principle is applied to the
extraction in thinning fellings of pedunculate oak forests, where a further step was made as the
mechanized device used for wood extraction, with such kind of work, does not have to enter into or pass
across the production area of the stand (felling site). The above said improvement of the extraction
procedure in the described conditions is used for a new method of tending young stands with the help of a
network system of silvicultural paths and extraction roads. The aim is to make the extraction vehicle, in
this case a tractor assembly, move exclusively on paths surrounding the production parts of stands. Felled
timber is loaded by the crane from the extraction road, and the machine never enters the stand, so that
there is no soil compaction and no damage is caused to soil and the remaining trees.

Extraction on sloped terrain also has some specific features, related to the management method, main tree
species, different stand and terrain conditions, all of which define the right technology of felling and
processing of wood, and hence also the method and means of extraction. Generally speaking, in regeneration
and selection fellings, and exceptionally also in some cases of late thinning, when all other conditions are
met, on stands located on moderately and highly sloped terrain, semi and full length method of felling and
processing is used for producing the so-called long timber. The reason for this is the tendency to apply
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timber extraction method of higher productivity (the law of piece volume) in places where this is possible
considering the geometric and space distribution, or the adequate space between the remaining standing
trees in the stand (regeneration felling, late thinning) or where all trees have already been felled (final
felling), without disturbing at the same time the biological and ecological conditions of management and
functional, health and aesthetic condition of the soil and stand. With the above said conditions in the
Croatian forestry special heavy forest skidders are most frequently used for extraction in regeneration felling
and late thinning on sloped terrain.

The work of wood harvesting in early and medium (thinner) thinning are considered as work performed
under particularly sensitive natural and stand conditions. The space between trees is small and very often
insufficient for free passage of extraction devices, especially in cases of skidding long timber. In doing so,
the risk arises of damaging the existing trees and lowering the technical value of wood mass and causing
tree disease and decay. Due to the above said complex and extremely sensitive work conditions in
thinning, when felling and processing of wood, assortment method is applied (processing of short wood).
For timber extraction in such conditions, the mechanized device is required to be designed in accordance
with special and complex requirements (target design). First of all, the device must have small dimensions
(mass and size) so as to be able to move loaded and unloaded skidding timber on the stand and narrow
roads (trails), without causing damage to the environmental and stand elements (environmental viability).
It is a fact that in timber skidding the volume of damage increases with the increase of machine power,
degree of work mechanization and skidding distance. Smaller and less powerful skidders cause lower
damage to stands (Martini¢ 1993).

The demand for smaller dimensions is also conditioned by the width and construction of the strip road
network, which was designed in accordance with some economic demands, and their width ranges
between 2.5 and 3 m (Pi¢man and Pentek 2003)..

On the other hand, the fact is known that such technical device also has a lower work capacity, which
limits its economic efficiency. When applying the assortment method, timber is cut in more smaller
pieces, which in skidding results in a considerably higher time consumption required for bunching,
binding, unbinding, piling and sorting, and the loads are smaller (the law of piece volume). An additional
problem of economic nature in working under such conditions is the fact that the commercial value of
wood assortments (and hence also the economic efficiency of skidding) is here considerably lower than
the work in timber skidding from regeneration and selection fellings, where the quality classes are much
higher in accordance with the age and structure of stands and tree species that are felled.

Apart from the above said lower economic possibilities of technical and technological solutions for
extraction in thinnings, these machines also have reduced possibilities to meet some ergonomic demands,
especially the operator comfort (narrower cabin) as well as safety and stability during work on sloped
terrain, which is particularly risky (Tomasi¢ 2007).

The described case of development of a special technical and technological solution is an obvious
example that shows how the complex work conditions increase the demands in the development of an
adequate means of work, or technology appropriate for such conditions, because economical, ecological
and ergonomic requirements must be harmonized in order to get the best and most comprehensive
solution. In the said example, there is no information on energy and aesthetic demands, which is
necessary to get a complete answer — the famous 5 E for developing ideal machines of forestry
mechanization (Horvat 2000).

In conditions of thinning forest stands on sloped terrain in Croatian forestry thinning skidders and adapted
farm tractors with winch are used.

Figure 6 shows that in managing state forests, most wood mass extracted by means of Croatian Forests
Ltd. was skidded by skidders larger than 5 t (45%), then by forwarders (25%), and equal volumes were
extracted by adapted farm tractors and small thinning skidders (15%).
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Figure 6: The average output and share in skidding wood in forest management by Croatian Forests Ltd., in
thousand m® and according to percentage share, achieved in the period 2007-2011 by mechanized means of
Croatian Forests Ltd.

4 Echoes of cooperation between Croatian forestry science and profession and development of
engineering sector

In the last 50 years of cooperation between the Croatian science and profession, be it direct cooperation or
contacts in solving specific work problems, systematic cooperation, such as continuous monitoring of
gradation of disease and pests and taking preventive and curative measures for their suppression,
monitoring health condition of forest stand population and wildlife, monitoring nurseries, education of
professional staff, or cooperation through development of scientific and research projects aimed at
solving the actual issues of individual fields of work and newly arisen problems, had an immeasurable
impact on work and work efficiency of the whole forestry practice. For the purpose of this paper, special
emphasize should be placed on the cooperation that affected the development of the engineering sector in
forestry of the Republic of Croatia. Therefore, focus will be placed on this part of cooperation, although it
should be emphasized that it is very difficult to separate the significance of any field because in forestry
some seemingly far away fields are often complementary.

Fruitful cooperation on a scientific and professional basis between the Croatian forestry science and
practice had a considerable impact on the development of the engineering sector. This sector is made of
professionals engaged in engineering, including operators of sophisticated machines and devices,
technicians, engineers and engineering masters and doctors of science. The sector has developed and
modeled work technologies and techniques, mechanized means and equipment of work, system of norms
and quotas and lots of other knowledge and experience related to forestry engineering.

Currently 14 projects are being developed related to forestry engineering in cooperation of the company
Croatian Forest Ltd and the Faculty of Forestry in Zagreb.

The main achievements resulted from the cooperation between Croatian forestry science and profession
can be divided as the following objectives:

a) Development of machines and equipment as part of especially modeled original technologies for
conditions suitable for the method of forest management and work conditions in the Republic of
Croatia

b) Development research of the existing technologies, machines and equipment aimed at improving the

environmental viability and acceptability, increase of efficiency, improvement of ergonomic and
safety characteristics of means of work and better energy utilization
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4.1 Development of machines and equipment suitable for management and work conditions
4.1.1 Thinning skidder
Ecotrac V, Ecotrac 55

People working in Croatian Forests in timber skidding came to the idea of developing a small thinning
skidder that would be capable of passing through narrow space between trees and on similar trails in
thinnings, not causing any considerable damage to trees, when the first skidders were introduced here, in
late 60s of the last century. The nick name of this imaginary forest machine created only in foresters’
head was in those times "out tractor" and this name has been used ever since. Its basic significance was
the following: a machine made pursuant to our conditions and methods of work and specific features of
our forest management (Tomasi¢ 2007).

The development of the domestic thinning skidder can be followed from mid 80s of the last century,
when the professionals from several forest managements, the Faculty of Forestry and a domestic
manufacturer of small farm tractors agreed on mutual cooperation, joint financing and on starting the
project task of its construction. The project task contained technical requirements made by forestry
practice for the design and construction of the main construction elements and technical characteristics of
the new machine (Sever and Horvat 1985). In 1986 the project task was finished, and in 1988 the
manufacture started of the small forest skidder Ecotrac V in a tractor factory in Bjelovar.

The first machines had no cabin, but only a protection frame, the rear plate was not movable (no
anchorage), and they had some other obvious deficiencies, but their maneuverability and mobility, due to
small width and length, were impressive (Fig. 7). The mounted winch and tractive characteristics of these
machines were also satisfying, especially when compared with the characteristics of adapted farm tractors
that performed the same work until then. The new machines were generally very well accepted by both
machine operators and accompanying technical staff. A cabin was soon mounted on the skidder, which
improved its technical and ergonomic characteristics. Unfortunately, despite the "hunger" expressed by
the practice for the new units of this machine, due to war and post-war years, the manufacture of the
Croatian small skidders ended and the factory was closed.

However, after a 10-year interruption, the manufacture started again, at the satisfaction of forestry
practice, in 2000, after the agreement reached between the professionals from "Croatian Forests", Faculty
of Forestry and a new manufacturer from Bjelovar. Since then, a series of modifications and
improvements have been made on the skidder primarily as a result of direct suggestions and requirements
made by the practice as well as by professionals from "Croatian Forests" and Faculty of Forestry, and
even by the manufacturer. This is primarily related to the installation of the rear hydraulic anchor plate,
installation of the new ergonomic and safety cabin, improved front plate, improved characteristics of
double-drum winch with pulling force of 35 kN, construction of automatic blocking of the central joint
and others (Fig. 8).

Figure 7: The first Ecotrac-V, TV-1033F of 1990 Figure 8: Ecotrac 55 - model of 2012
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So far, more than 200 of these unique thinning skidders have been manufactured.

In designing “our tractor” the focus was placed on achieving the best possible mobility, i.e. the machine
had to be of small width and length to be able to access the processed wood and to minimize soil
compaction and damage to soil and remaining trees. All this was confirmed by the survey of form indexes
of development model of the small thinning skidder (Figure 9). The total skidder width is 1 600 mm and
the total length is 4 550 mm, which gives a low form index B/L (width/length) of 0.35 (the latest model).
It can be clearly seen that the small skidder Ecotrac is quite special regarding its basic size features,
compared to its group of skidders and also medium skidders, considering the value of the form index. The
name itself - Ecotrac reflects its basic characteristics and aims.
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Figure 9: Comparison of form indexes of small skidder Ecotrac 55V s and the development types

TIBOTRAC FM 03

Almost at the same time when the manufacture of Ecotrac was resumed (1999), in Croatia the
development started of another forest vehicle of similar technical and harvesting characteristics. This was
the skidder Tibotrac FM 03 (Sever et al. 2005). Several types of this specialized machine were made, but
all remained at the level of prototype construction. This forest skidder is propelled by diesel fuel, it is
equipped with all-direction steering, the cabin is ergonomic and safe, and many ergonomic and technical
characteristics have been improved.

4.1.2 Skidder with mass of around 7 t
Ecotrac 120

As shown in Fig. 9 almost half of the totally extracted net wood mass is skidded by special forest skidders
heavier than 5 tons. The average wood skidded by skidders mostly comes from regeneration felling sites
of even-aged forests, selection felling, and even some late thinning in even-aged forests of foothill, hilly
and mountainous areas.

Due to this fact, and wishing to improve and upgrade the skidding technology, some ten years ago (2

years after the manufacture of the thinning skidder Ecotrac was resumed) the development started of the
domestic skidder of the mass of around 7 t, intended for the work in this skidding area. The idea was the
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result of cooperation of professionals from Croatian Forests and the Faculty of Forestry of the University
in Zagreb. Later in the talks with the representatives of the manufacturer, the design solution was
considered as well as the possibilities for its construction. The basis for finding the most favorable
solution was the experience of forestry practice, gathered through questionnaires, on advantages and
disadvantages of similar machines used previously. Furthermore, data were also gathered on the
characteristics of the existing skid trails and strip roads, accessibility of the area by these trails and roads
and volumes of wood mass intended for skidding by these skidders. The basic technical and technological
demands in developing this skidder suitable for work in specific conditions of forest management in
Croatia were modeled in accordance with the suggestions made in the questionnaires and submitted to the
manufacturer. These characteristics can be summarized in four above said demands: environmental
acceptability, productivity, safety and ergonomic viability. In this way the first domestic skidder of the
mass of around 7 t Ecotrac 120 (Figure 10) was designed and constructed, intended for skidding in
regeneration felling on sloped terrain in regular management and in selection felling.

The skidder Ecotrac 55 and Ecotrac 120 represent unique domestic products in the domain of motor
vehicles that are exported aboard.

Figure 10: Operation of forest skidder Ecotrac 120 in its characteristic work conditions, regeneration felling
and final felling on sloped terrain

4.1.3 Tractor assembly for thinning in even-aged pedunculate oak forests in lowland, flat terrain —
Formet assembly

The solution, which would satisfy the conditions for skidding wood from thinning in managing even-aged
(predominantly) pedunculate oak forests, was sought through cooperation of practice from these areas,
science (Faculty of Forestry) and local entrepreneurs. After having used a whole series of mechanized
means trying to find the most favorable solution for this job since early 70s (Beuk et al. 2007), the tractor
assembly for thinning in lowland and flat terrain, the so-called "Formet assembly", represents the latest
solution. It was designed based on gathered experiences on advantages and disadvantages of the above
said machines used until that time in these areas for timber skidding within the accepted technology (Fig.
11).

The main parts and technical characteristics of the tractor assembly "Formet":
driving machine - tractor with the power of 60 kW,

semi-trailer with bearing capacity of 6 t,

hydraulic crane with net lifting capacity > 40kNm,

double-drum winch with pulling force > 50 kN.

the same wheel rut of tractor and semi-trailer < 1.7 m,

total assembly length <9 m,

AN N N N NN
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v" clearance > 300 mm,
v' decreasing turning radius by articulated joint or bogie wheels,

Figure 11: "Formet' assembly at loading

4.2 Development research of technologies, machines and equipment
4.2.1 Establishment of norms and quotas

The establishment of norms and quotas in felling, processing and skidding of wood in Croatian forests
was one of the very important projects within the cooperation between the Croatian Forestry science and
profession. This project started in 2005, and it was completed by adopting and issuing the new
Regulations on Norms and Quotas, and it became effective in 2012.

The aim of developing this project was to harmonize the evaluation of work performed in forest operations
of felling, processing and skidding wood in very different conditions typical for the whole area in state
forestry of the Republic of Croatia. Different work conditions are not only related to natural features of the
area but also to stand, traditional, social and other conditions and heritage according to which differentiation
was made between forest management methods and economic and generally beneficial potentials through
the past in specific areas. Since forest management of forests owned by the Republic of Croatia is entrusted
to a single economic entity, also state-owned, the company Croatian Forests Ltd., it is necessary to evaluate
the work of all workers using the same criteria, in order to assure that they are paid fairly for their work. In
other words, the position value, or in this case the value of wood, cannot be the criteria of work and efforts
of a worker whose salary is being determined. With this aim, the development was initiated of a new system
based on equal inputs of all relevant elements affecting the value of norms and quotas.

4.2.2 Efficiency of mechanized felling and processing in stands of soft and hard broadleaved
species

The aim of the development research of the possible application of mechanized felling and processing of
wood in Croatian forestry was primarily to show, through a scientific and professional confirmation,
whether there was space for thinking about further mechanization of wood harvesting operation in the
segment related to felling and processing, due to all the above said limitations conditioned by specific
features of management, stand and natural (terrain) conditions, and also by the offer of manpower at the
work market on one side, and high purchase price of these sophisticated special forest machines, on the
other.

In Croatia in 2001, the pilot experimental work of the harvester Timberjack 1070 was first shown by
mechanized felling and processing of wood in a culture of conifers in the area of Ogulin Forest
Administration. The work was well accepted and positively rated.
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The research was carried out at two locations: in Koprivnica Forest Administration, during clear felling of
a 23-year culture of white willow, and in Bjelovar Forest Administration, in thinning an 80-year even-
aged stand of sessile oak, beech and hornbeam (Fig. 12). The main objective of research was to test the
harvester efficiency and to observe the side effects in these stands. The work was performed by a
harvester Timberjack 1270B in both felling sites in September 2002. When the research was completed,
the study was made entitled Efficiency of Mechanized Felling and Processing in Stands of Soft and Hard
Broadleaved Species (Krpan and PorSinsky 2002).

Forest office: Klostar Podravski
1 Management unit: Svibovica

Compartment: 49d

Clear cut of white willow culture
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Figure 12: Research site of harvester work in Croatia (Source: Krpan and PorSinsky 2002)

4.2.3 Development of the system for monitoring the work of forest vehicles owned by the company
»Croatian Forests“ Ltd. based on commercial fleet management system (FMS)

The basic objectives of this development research were to use the possibilities offered by modern
telecommunication aimed at gathering significant information on technical and harvesting characteristics
of machines and vehicles during work and on current work operations, outputs and current position, using
an upgraded commercial fleet management system adapted to specific needs, whose price is much more
favorable than the price of the existing expert systems. After determining the protocol and selecting the
adequate monitoring elements, which mostly depends on the type of machine-vehicle, and after installing
and starting-up the necessary measuring devices and measuring transducers on certain machine-vehicle
assemblies, connecting them into the above said system, the following operations can be done:
communication, gathering and flow of information relevant for improving and developing the work
process, parts and phases of work process, keeping evidence of work and calculating the worker’s
efficiency, achieving savings by reducing and avoiding unnecessary costs, increasing productivity and
income.

4.2.4 Research of environmentally harmful chemical effects of mineral oils as consequence of use of
mechanized means of work

Environmentally harmful effects caused by work of forest mechanization can be mechanical and
chemical. There are numerous papers about mechanical damage to soil and forest stands and this topic has
been relatively well researched.
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Chemical environmental hazards usually occur by harmful effects of mineral oils spilled in significant
quantities into environment. This mostly happens during lubrication of chain saws, when the oil liquid spills
over the chain ending into the environment, quite often the lubricant is spilled from hydraulic assemblies,
engines, breaks, etc., but sometimes it is also spilled due to operator’s negligence.

The research of adverse impacts of mineral and biodegradable oils on plants was carried out at the forest
nursery by investigating the effect of different concentrations of these two types of lubricants for motor-
chain saws on the growth of seedlings of pedunculate oak (Quercus robur L.) and development of the root
system of seedlings (OrSani¢ et al. 2008). With untreated plants, the highest root length of seedlings was
observed, followed by root length of seedlings treated with biodegradable oil, and the smallest with
seedlings treated with mineral oil. The diameters of root collars showed the same sequence. It was also
determined that the total length of roots increased with the decrease of oil concentration, which ranged
between 0.1 I/m’, 0.2 I/m’ and 0.5 /m’. On the contrary, the height of seedlings decreases with the
increase of concentration.

This research can be considered developing as it greatly contributed to deciding to use biodegradable oils
in felling and processing of wood by chain saw in managing state forests, by which a big step forward
was made in the direction of promotion and higher share of use of environmentally acceptable
technologies.

4.2.5 Development research aimed at increasing the level of worker safety and protection at forest
work and at making work more human

The project entitled Ergonomic Characteristics of Forestry Mechanized Means of Work presents a
continuous surveillance and monitoring of safety and ergonomic characteristics of forestry machines, and
the second period of research is now going on. The research involves a comprehensive action aimed at
improving and upgrading protection at work and ergonomic and safety characteristics of forest machines,
as well as at preventing occupational diseases. Special significance is focused on chain saws, which are
defined as means of work of high risk by the Regulations on Protection at Work. The research
investigates worker’s time exposure to harmful effects of noise and vibration of chain saws during the
working day based on a whole day recording (through an 8-hour work time) by digital camera. These
results are also important for the harmonization of the documents on work safety, which are very
important for the integration of Croatian forestry in EU.

Apart from this project, some narrow, specialized researches are also developed, focused on prevention
and reduction of occupational diseases of workers caused by use of certain mechanized means of work
and technologies. This applies, e.g. to the research of the exposure of cutters to wood dust generated in
felling and processing of wood by chain saw with respect to the occurrence of respiratory and lung
diseases (even malignant) due to inhaling of the so-called respirable fraction of wood (Horvat et al. 2005),
research of the load of choker-men who fasten wood assortments during timber skidding by tractors and
skidders (Martini¢ 1994, Pandur et al. 2008 and 2011) and others.

4.2.6 Development of new forest products

In Croatian forestry a new product is being developed called energy wood due to the lack of production
energy considering the requirements of the Republic of Croatia and its tendency to acquire energy
independence. This product is also the result of the need to increase energy production from renewable
resources, it reflects the desire to decrease carbon dioxide emission and other green house gases and it is the
answer to the taken international obligations. As this product is produced from wood of the worst quality
often located in hardly accessible places, its production is very demanding. Therefore, subsidizing of this
production is almost indispensible, and unfortunately it depends almost completely on the possibilities of the
state. Those in charge of forest management should take all the measures to apply the technology with the
highest productivity, taking into consideration environmental, ergonomic and other demands.

Consequently, as the result of cooperation of forestry science and profession in the Republic of Croatia,

several researches are being developed related to the production of the new forest product intended for
energy production. Some of them are researches on mechanized forest management with production of
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energy wood (Horvat et al. 2011), some on the quality of forest biomass and its production system (Zeci¢ et
al. 2011), some on biopotential and energy characteristics of amorpha or bastard indigo (Krpan et al. 2011)
and there are other researches directly or indirectly related to this topic.

5 Conclusions

=

In the Croatian forestry, which started performing its care of forests in an organized way several
centuries before most European countries, the forestry practice has always been closely connected
with the science and it is, therefore, difficult to consider it separately.

The first significant role of forestry science related to forest management in the area of the present
Republic of Croatia was the training and education of forestry professional staff, who started
implementing their knowledge in practice immediately after completing their studies.

The Croatian forestry implemented its scientific and research role from the very beginning through
investigations of individual scientists, and only later, after the end of world war two (1945), this role
gained an organized form through scientific and research activities with institutional features. At the
beginning, this was under the wing of the competent ministries, i.e. the state, and some 50 years ago
a part of the scientific and research activities started to be implemented within the Faculty of
Forestry in Zagreb. At the same time, after establishing forest management units, a fruitful
cooperation started between forestry science and profession and it has continued ever since to the
present day.

As the company in charge for the management of state forests in the Republic of Croatia has no its
own research institute, forestry scientific and research activity is realized through researches of the
Faculty of Forestry of the University in Zagreb and the Croatian Forestry Institute in Jastrebarsko,
which was founded in 1974 by merging several research organizations that were under jurisdiction
of the state.

The cooperation of Croatian forestry science and profession had a significant impact on the
development of the forest engineering sector. Apart from technical and technological education and
further training and development of professional staff dealing with engineering activities, this
cooperation affected in many ways the development trends of the Sector. By joint efforts, two basic
development trends were modeled:

» Development of own mechanized means of work, equipment and technologies in accordance
with the requirements of management of natural forests and work conditions

» Development research of the existing technologies, machines and equipment with the aim of
their improvement and adaptation to management conditions and work environment.

The basic demands of the engineering sector in modeling and development of the said technologies,
machines and equipment for the work in Croatian forestry are:

» environmental acceptability,

» productivity, along with energy efficiency
» safety, and

» ergonomic viability and work humanization.

High share of natural forests in the Republic of Croatia, their ecological stability, structure, share of
autochthonous species and generally beneficial and economic value, are the achievement of utmost
efforts of forestry practice through the past two and a half centuries as well as of its long cooperation
with the forestry science. It is the responsibility of the forest engineering sector, developed under the
wing of cooperation between forestry science and practice, to achieve balance between five
seemingly incompatible demands of ecology, ergonomy, economy, energy and aesthetics, which
reflect every good management.
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