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Abstract. Forest management improvement is an important task, especially in the context of the
development of forest areas with a depleted resource base. When carrying out non-clear cuttings,
the main operation that has the greatest negative impact on the trees left for growing is skidding,
during which trees located along the portage and, especially, at the turn, can receive damage,
consisting in damage to the root system and trunk bark. It is possible to prevent damage to the
trunks of trees left for growing by using fencing devices, which can be made from logging resi-
dues located in the cutting area, or from slabs obtained by sawing logs. The use of a protective
device does not require large expenses due to the use of substandard wood; after skidding the
devices can be easily removed and put on other trees.

1. Introduction
The advantage of selective successive felling is to ensure the continuity and sustainability of forest man-
agement, reducing the amount of artificial reforestation. However, their implementation is difficult due
to the lack of special equipment and appropriate technologies that provide environmental and forestry
requirements to logging machines and environmentally friendly technologies for logging operations.

Logging with the use of machinery can be carried out by different technological schemes [1,2], var-
ious types and collections of machines [3,4,5], and one of the main tasks that arise when performing
hauling operations is the task of minimizing the harmful effects of logging equipment on natural envi-
ronment (trees left for growing), especially during improvement felling [6]. Therefore, the main goal in
terms of the environmental friendliness of the use of machinery and technology should be to ensure the
maximum increase in labor productivity, providing the rational use of the entire tree biomass and the
minimum machines impact on forest ecosystems.

The main trees damage that can affect their further viability and productivity can be divided into
three groups (figure 1).
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Figure 1. The main types of damage that negatively affect the further productivity of forest stands.

The purpose of the work is to identify factors that can reduce the harmful effects of skidding equip-
ment on trees left for growing, during selective logging and to develop technological measures that
ensure the solution of these problems.

2. Methodology

To reduce the harmful effects of logging equipment on forest stands, various methods are used. The
greatest attention is paid to damage by logging equipment to the soil cover. In order to reduce this
damage various technical and technological methods are used.

It should be noted that technical methods are aimed at reducing the degree of soil compaction and its
mineralization (it covers 65-70% of the cleared area). To obtain a rational specific pressure on the soil
(=50 kPa), a number of technical solutions were developed. Some of them are used on wheeled vehicles
and are aimed at changing the vehicles design, for example, using wide-profile ultra-low pressure tires
(15-20 kPa) or installing wheels of the same size in pairs according to the “tandem” scheme with a drive
for each of them, increasing cross-country ability in case of overcoming difficult areas, for example, the
use of quick-release devices that allow their use if necessary (this group includes anti-skid chains of
various designs, various options for elastic caterpillar belts) (figure 2). The use of the drive of each
wheel (all-wheel drive) can increase the traction force up to 40%.

For tracked logging machines, to reduce pressure on the soil, track expanders are used, the number
of track rollers is increased, their arrangement is changed, and not metal, but rubberized tracks are used

[71.
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Figure 2. Means of cross-country ability increase of logging equipment.

When carrying out selective or sanitary cuttings, tree limbs are cut directly at the felling site, the tree-
length logs are cut into assortments [8,9].

Skidding is carried out by various equipment, and according to the method of tree-length logs cap-
turing and holding during movement, it can be divided into groups:

e skidding in a semi-suspended position on the suspension with the center of its rotation along the
portage;
skidding by dragging by means of a grip hinged on the skidding mechanism;

o skidding in a semi-suspended position using a flexible rope, with the point of its attachment (on
the drum or block) not located on the longitudinal axis of the tree-length log being skidded;

e skidding by dragging with a rope with its attachment point (on a drum or block) located not on
the longitudinal axis of the tree-length log [10].

The most gentle skidding method, but at the same time highly energy-consuming, is considered to
be skidding in a completely suspended state [10].

It is possible to increase the safety of the soil cover, as well as the root system, from damage (espe-
cially in the warm season) through technical (figure 2) or technological solutions - strengthening the
portage with logging residues.

Also, to reduce the harmful impact of skidding means on forest ecosystems, a non-rectilinear location
of the skidding portage is possible, and, consequently, the movement of machines performing skidding
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will be carried out along a curved route, allowing for the preservation of undergrowth [9, 11, 12]. How-
ever, the use of curved skidding routes, and, consequently, skidding, increases the likelihood of damage
to tree trunks. This problem is relevant and noted by both Russian [8, 13] and foreign researchers, for
example in Iran [14], USA [15,16,17], Indonesia [18] and some others [19, 20] (figure 3).

The current Timber Harvesting Rules determine that at the selective felling areas the number of
damaged trees should not exceed 5% of the number left after felling, while damaged trees include the
following trees:

with a broken top;

with a trunk inclination of more than 10°;

with the crown damage more than 30% of its surface;

with the trunk bark peeling more than 10% of the trunk circumference;
with peeling and breakage of skeletal roots.

The main trees damage is the trunk bark peeling, which can be from 9% (in winter) to 14% (in
summer) with tree-length log technology, and from 6% to 10% with assortment technology. The issue
relevance of trees damage reduction during logging is also confirmed by foreign researchers. For exam-
ple, the percentage of damaged trees during logging operations with ground skidding in the forests of
northeastern California reached 23% [21], in the forests of Turkey 14% of the trees left were damaged
during felling and skidding operations [23]. Other researchers also confirm the high percentage of tree
damage (from 13 to 22%) [23-26].

N

Figure 3. Tree trunks damage during skidding.

3. Results
Reducing the tree trunks damage is one of the important tasks, as noted in a number of works by the
authors [27, 28, 29, 30].

Reducing the trunks damage can be achieved by increasing the portage width, but it leads to the
felling area increase and to decrease of the productive number of trees left for growing. On the other
hand, modern technologies require a rectilinear portages arrangement [31, 32, 33].

To protect trees from damage, a universal, removable, dismountable and assembled protective device
was developed [34], consisting of fencing elements; sections of the trunk part of thin, substandard wood
or slabs (1.5 - 2 m long) can be used as such elements, they are fixed with flexible annealed wire (figure
4). Protective devices developed on the basis of this patent are shown in figure 5.
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Figure 4. Tree trunk protection device
installation scheme: 1 - tree trunk; 2 -

elements of the fence; 3 - fastening
N . . B
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Figure 5. Options of a protection device mounted on a tree trunk: a - from logging residues; b - from
slabs.

The damage protection technology of a tree trunk is as follows: trees whose trunks can be damaged
during skidding are identified, then fencing elements are mounted around the trunks of these trees (they
are previously prepared, cut either from logging residues or from slabs to the required length with screws
with rings put in the upper end). An annealed wire or a cable with a diameter of 3-4 mm, longer than
the diameter of a tree trunk, is put through the screw rings; a screw clamp is attached to one of their
ends, the required length of the wire is adjusted using the second free end. This protective device allows
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the use of a wire (or cable) with a lock for tree trunks of different diameters, achieving quick mounting
around the tree trunk. After mounting the upper part of the protective device on the tree trunk and fixing
it with a clamp, the same type of annealed wire (or cable) is tied and fixed with a clamp to its lower part,
which makes it possible to increase the attachment reliability of the protective device and the structure
rigidity. Such a solution allows, subsequently, to maintain the rigidity of the structure and to protect the
tree trunk bark from damage when the tree trunk protected by the protective device is touched by the
tree-length logs being skidded and by the equipment. When skidding is completed and the tree trunk
needs no protection, the protective device is removed and can be put in another place.

4. Conclusion
Damage to the soil cover, as well as to the trees left for growing is done by trees skidding machines
during logging operations.

To reduce the soil cover damage, various devices are used that reduce the specific pressure of ma-
chines on the soil - anti-skid chains and caterpillars.

There are still no technical and technological solutions to reduce damage to the trunks of trees left
for growing, so it is advisable to use the protective device discussed in the article.

As an option, unused logging residues or slabs resulting from sawing logs can be used to make a
protective device.

The proposed device, in addition to the damage preserving possibility of trees left for growing, allows
for a curvilinear arrangement of skidding portages; which makes it possible to reduce the amount of cut
areas, improve environmental friendliness and economic efficiency of forest management.
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