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1. INTRODUCTION

Evaluation of time and fuel consumption as well as of productivity is an essential component
of forest operations research because it provides informed grounds and the data needed for
optimization, work rate setting, cost control and environmental accounting; typically, it is
implemented in the form of time and motion studies which account for production outputs and fuel
use in operations [1]. Since the use of updated technology is a driver of sustainability in operations
[2], an important application of time and motion studies is that of evaluating the performance of
newly introduced or significantly changed equipment, technologies or methods of work, with the
aim of characterizing their behavior in known or new operational environments. On the other hand,
keeping records on the performance of operations in various setups is important for both practical
and scientific applications.

The scientific literature is abundant in studies reporting on the performance of operations
developed in the forests. As examples, review studies have collected a significant body of knowledge
on the operational performance of motor-manual felling [3], skidding [4,5] and cable yarding [6], as
well as on the share of partly and fully mechanized working methods in forest operations [7]. On
the other hand, availability of data on the performance of log handling operations implemented in
wood storage facilities is scarce, particularly for new generation equipment.

In Romania, for instance, there are work rates developed in the past for the Romanian-made
front loaders IFRON), which set the productivity and time consumption rates in wood sorting and
grading facilities by considering factors such as the condition of the ground (paved/unpaved),
species (broadleaved/coniferous), thickness of the logs (less or more than 16 cm) and the movement
distance as categories [8]. Similar factors arc considered to set the fuel consumption rates for
operations implemented in wood storage facilitics by Romanian-made front loaders [9], and both,
or similar rate setting standards are currently used by the National Forest Administration — RNP
Romsilva to set work rates, fuel consumption and to make payments.

However, the machine fleet has been continuously upgraded in all the working places by
purchasing significantly changed technology, while the working methods have changed to reflect
the new configuration of the supply chain, in which the transportation of wood from the forest to
the mills or to the storage facilities is dominantly done as wood assortments, particularly when
dealing with coniferous wood. As such, the existing rate setting standards reflect only to a limited
extent the way in which the log handling operations are currently implemented in wood storage
facilities.

The goal of this study was to evaluate the operational performance of a new-generation log
handler in moving, sorting and grading operations implemented for coniferous wood assortments
in a wood storage facility. The first objective of the study was to characterize the structure of
operational time consumption and to model the work cycle time as a function of log movement
distance. The second objective of the study was to evaluate and model the fuel consumption as a
function of operating distance. The third objective of the study was to evaluate and model efficiency
and productivity of log handling operations by considering the information collected in the field as
well as the data yielded by the models developed to characterize the time consumption.
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designated places to clear the workplace. Empty and loaded turns were made by moving the
machine in both directions (forward and backward), therefore the study accounted for such
movements. Breaking points of the work elements were based on accounting for that moments in
which a specific event started to occur. As an example, loading was considered to start when the
first maneuvers of the telehandler occurred, although the machine was still slowly moving towards
a pile; each time, this occurred close to the piles from which the wood was taken. To forward and
rear movements were given the starting and ending points at those moments in which one of the
two ended.

2.4. Data collection

Data collection aimed at accounting for the time and fuel consumption, and for production
measurement. Since measuring the distance was difficult by regular means, for each work cycle it
was estimated based on the speed extracted from systematically collected GPS (Global Positioning
System) locations by the means of a smartphone-based application. To do so, a smartphone was
placed in the machine and measurements were taken in the last two days of observation by using
the Geo Tracker app (version 5.1.5.2972), which is able to export .gpx files for use in external
mapping software. To collect data on time consumption, a GoPro Hero 10 video camera was placed
on the machine with the field of view oriented towards the front part so as to properly cover the
operations done by the machine. The camera was powered by an external energy source (24000
mAh) and set to continuously collect video files at high resolution. Fuel consumption was measured
by the refilling to full method [1,10,11] following the completion of a number of work cycles which
varied between 7 and 13. It consisted of using hard polymer graded cylinders to determine the
quantity of fuel consumed during the completion of the work cycles as mentioned above and the
quantities determined by differences were noted in a field book along with the corresponding work
cycles. The measurements were taken to the nearest 100 centiliters. Production was estimated at a
work cycle resolution by noting the species and the number of logs transported between piles and
by measuring the length and end diameters of each log. Diameter measurements were taken to the
nearest centimeter while the log length measurements were taken to the nearest meter. The
measurements on log biometrics were taken at the piles in which the logs were placed by the
machine. At the office, Huber’s formula was used to estimate the volume of each log, which was the
used to account for the volume of each load and for the volume of production. Data describing the
biometrics of each log and load, as well as the data on fuel consumption were noted in the field book.
Video files were downloaded into a personal computer at the end of each observation day and the
data collected by smartphone app was exported and stored as .gpx files. Data was collected from
the field based on informed consent of the observed workers who agreed to participate in the study
and who were instructed to work as usual.

2.5. Data processing and statistical analysis

2.5.1. Time consumption

Video files were analyzed in detail by running them in the free VLC Media Player software
(Video LAN Organization, www.videolan.org). Time consumption for each work cycle was
determined by observing the events and noting the starting and ending time of each work element
as described in Table 1. Then, the duration of each time element was computed as the difference
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one hour of maintenance per operational day would drop the productivity rate from 180 to
approximately 160 m*h for a distance of 12.5 m, and from approximately 16 to 14 m*h for a distance
of 250 m.

A similar comparison may be made in terms of fuel consumption. For the average conditions
of this study, which probably would reflect an average operating distance of approximately 250 m,
the unit fuel consumption was estimated at 0.157 I/m3 which, in standards described in [9],
corresponds to a distance of close to 100 m. Similar to productivity, and accounting for
improvements in the engine characteristics, the difference may rest in the size of the handled loads,
which has changed in time from tree lengths to logs, at least for coniferous wood. In addition, the
fuel consumption increases linearly by the operating distance, accounting for approximately 0.45 1
for an average distance of 100 m, as shown in Figure 8. For an average load of approximately 1.6 m?
(as of this study), at this distance, it will turn in a unit fuel consumption of approximately 0.28 1/m?®.
Doubling the size of the payload (3.2 m® moved on the same distance, would mean a unit fuel
consumption of 0.14 1/m? which is very close to the rates given in [9]. As a fact, the variability
brought by the load size in unit fuel use can be seen in Figure 9, which describes a wide variation of
this parameter for similar operating distances.

This study has some limitations which need to be accounted for. The most important one
would be that of estimating the operating distances based on the GPS speed, a fact that may bring
some uncertainty in part of the reported statistics and models. When affordable and feasible, the
operating distances should be measured carefully and precisely in the field, which was not possible
in this study since the logs were not moved in a specific order from given piles. On the other hand,
the paths followed by the machine were not the same even in the case of moving the logs between
two precisely placed piles. To this end, using the weighted speed to infer the opcrational distances
based on the time consumption in machine moving tasks was the most reasonable approach, which
can be validated by the shape of productivity functions shown in Figure 7 and in Figure A1l. In
addition, there was a high difference between the experimental and modeled productivities, as
shown in Figure 7. The experimental productivity reflects the variation in cycle wise loads which
can be modelled by a power function to closely match the modeled productivity (data not shown
herein). The same may be obtained for the productivity estimates based on the average payload,
which will only overestimate the experimental productivity in lower ranges of operational distances
(data not shown herein). Altogether, and by looking at the shapes of productivity functions shown
in Figure A1, these indicate that the developed productivity models may stand for a correct
approximation of the productivity as a function of operational distance.

5. CONCLUSIONS

The following conclusions may be drawn based on this study:

1. For the same operational distances, the productivity in log handling operations may
depend largely on the load size which, in turn, would depend on the practices of log
transportation operations. Since the current practice reflects the transportation of wood
assortments at least for the coniferous wood, this will reflect negatively in the productivity
of log handling operations in the log yards. However, it would be largely compensated by
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the maneuverability brought by significant improvements in machine design, as shown by
this study. In addition, improvements in productivity of log handling operations may be
achieved by an economy of scale which may mean using bigger machines assuming that
log sorting would be enabled and feasible in such scenarios. From this point of view, the
machine taken into study may be seen as versatile in moving and placing the logs in the
right piles;

2. A similar mechanism characterizes the fuel consumption which, although increases
linearly, is affected by the load size when accounting for the unit fuel consumption metric.
In addition to the load size, the operational distance stands for an important predictor of
the unit fuel consumption;

3. The results of this study are descriptive and were not intended as productivity rates. To
account for productivity rates, other fixed time categories such as machine maintenance
and fueling need to be added in the estimation of productivity. By adding these categories,
the productivity reported in this study will decrease for the same range of operational
distances;

4. Caution should be used in interpreting the results of this study since some of the important
predictors were estimated based on the GPS speed. This applies to the models developed
to characterize the cycle time consumption, fuel consumption, unit fuel consumption and
productivity as a function of the average movement distance.
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EXTENDED ABSTRACT - REZUMAT EXTINS

Titlu in romdnd: Per formanta utilajului Liebherr 451-13 in operatii de manipulare si stivuire a bugtenilor.

Introducere: Cvaluarea consumului de timp, carburant si a productivitidtii muncii reprezintd o componenti
esentiald a activitatii de exploatare a lemnului deoarece furnizeazi datele necesare pentru optimizare, elaborarea de norme
de muncd, evaluarea costurilor si evaluarea impactului operatiilor forestiere asupra mediului. Asifel de evaludri se
implementeazd sub forma studiului timpului concomitent cu cuantificarea productiei realizate si a consumului de
carburanti. Desi literatura de specialitate abundd in studii care raporteazd date cu privire la per formanta operationald,
nu existd asifel de studii cu privire la utilajele moderne folosite in operatii de sortat, manipulat si stivuit lenm in depozite.
Scopul acestui studiu a fost acela de a evalua consumul de timp, consumul de carburant si productivitatea muncii in
astfel de operatii realizate cu un tncircitor frontal Liebherr 451-13.

Materiale si metode: Colectarea datelor s-a realizat in depozitul de lemn administrat de Ocolul Silvic Térgu
Neamt, pe durata a patru zile, intre 23 si 26 noiembrie 2021, prin utilizarea unei camere video pentru inregistrarea
operatiilor, a unei aplicatii GPS pentru preluarea datelor necesare pentru estimarea vitezei de deplasare a utilajului, a
unei rulete si a unei clupe pentru misurarea caracteristicilor biometrice ale bustenilor operati si a unui cilindru gradat
pentru mdasurarea consumului de carburant. Avind la bazd un numdir de 358 de cicluri de muncd, studiul descrie si
modeleazi consumul de timp in functie de distanta de operare estimati pe baza inregistririlor GPS, estimeazi si
modeleazi consumul de carburant in functie de aceeasi parametri si, respectiv, estimeazi si modeleazd productivitatea
muncii. Estimdrile si modelele au fost realizate prin tehnici ale statisticii descriptive si prin utilizarea tehnicilor regresiei,

Rezultate: In total, in perioada colectirii datelor de teren, au fost luate in studiu 816 piese de lemn, avind
lungimea dominanti de 4 m, care au fost deplasate pe distante cuprinse intre circa 30 si 500 m. Sarcina medie a fost
compusd din 2.28 piese de lemn i a avut un volum de 1.68 ni’. Pentru operatiile luate in studiu, consumul de timp la
nivelul unui ciclu de muncd depinde de distanta de operare. In aceste conditii productivitatea estimati prin excluderea
diverselor tipuri de Intreruperi a fost de 61.66 m*/h si a variat in functie de distanta medie de deplasare a utilajului.
Consumul unitar de carburant a fost estimat la 0.157 l/m? iar consumul orar de carburant a fost estimat la 9.7 l/h.
Consumul de carburant a variat in functie de distanta de operare.

Discutii: Rezultatele au fost comparate cu cele redate in normativele de muncd si de consum pentru incircitoare
frontale de productie roméaneasci. Productivitatea muncii a fost cu mult mai mare in cazul utilajului studiat, aspect ce
poate fi explicat de manevrabilitatea mai bund a acestuia dar nu si de dimensiunile pieselor si a sarcinilor operate. Alura
curbelor de productivitate a fost asemdnditoare pentru cele doud utilaje comparate, indicand faptul ci rezultatele acestui
studiu sunt valide. Mdrimea sarcinilor operate este in mdsurd si influenteze consumul unitar de carburant. Cu toate
acestea, rezultatele trebuie interpretate cu precautie dat fiind faptul cd distantele de operare au fost estimate pe baza vitezei
de deplasare inregistratd prin mijloace GPS.

Concluzii: Pentru distante de operare similare, productivitatea operatiilor de manipulare si stivuire a lemmului
rotund poate si fie semmnificativ influentatd de mdrimea sarcinilor operate, prin urmare de practicile curente adoptate in
livrarea lemmului in depozite. Cu toate acestea, imbundtatirile tehnologice aduse utilajelor pot compensa pierderile de
productivitate cauzate de dimensiunile mai reduse ale pieselor de lemn si sarcinilor printr-o manevrabilitate imbundtatita,
Un mecanism similar este aplicabil consumului unitar de carburant, care depinde de mdrimea sarcinilor operate.
Rezultatele acestui studiu sunt descriptive si nu pot fi interpretate ca norme de muncd. Pentru elaborarea unor norme de
muncd este necesard includerea altor categorii de consum de timp cum ar fi consumul de timp cauzat de mentenanta
zilnicd a utilajului.

Cuvinte cheie: utilaje moderne, manipularea si stivuirea lemnului, consum de timp, consum de carburant,
productivitate.
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INTRODUCTION

Soil is a thin layer of material on the Earth's surface that governs mass and energy flow
between the lithosphere, biosphere, hydrosphere, and atmosphere [1]. According to the Food and
Agriculture Organization, soils hold approximately 70% of global biodiversity and the second
largest carbon reservoir on the planet behind the oceans [2-3]. In forest ecosystems, soils are an
important part of the natural environment and a key substrate for a variety of flora and fauna
biological processes [4]. Soil degrades quickly as a nonrenewable resource, and its formation and
regeneration are extremely slow [5]. Pervious research suggested that in forest ecosystems, soil
degradation causes fauna and flora to be more vulnerable [6-7]. Soil disturbance is defined as the
changes in the physical, chemical, and biological processes of the soil which are often interconnected

[8].

Forest operations are the discipline of planning, implementation, management and continuous
improvement of forest management systems [9-10]. It focuses on the rational use of forests with the
aim of improving their regeneration, composition and development, as well as adapting their
benefits to the societal needs [11]. When managed responsibly, logging has the potential to support
local livelihoods, economic development, biodiversity conservation, and other vital services that
forests provide such as protecting soils from erosion, regulating groundwater, protecting the soil
from the effects of wind and frost, among others [12]. Unfortunately, in practice, most of the logging
operations remain unplanned and cause impact to the forest soils [13].

For more than 70 years, several authors have studied how mechanized forestry operations
affect the forest floor, as well as ways to mitigate these impacts and promote soil recovery after the
operations [14-17]. Skidding operations contribute significantly to increasing the soil erosion [12],
which mainly depends on the intensity of extraction and the degree of damage caused by harvesting
techniques [18]. Among the negative impacts that directly affect the soil, the following are
considered: sedimentation from erosion, excessive soil heating, reduction in structural stability,
gradual decline in slope stability [19-21] and mainly the disturbance [12]. Soils with high organic
matter content, low bulk density, low strength, and high porosity are prone to compaction [22-26].
Compaction reduces root penetration into the soil [27], growth and plant yield [28, 29]. Vehicle tracks
have a negative effect on soil aeration, which makes it impossible for microorganisms to develop
[30], resulting in decreased absorption of nutrients and water [31]. Soil’s bulk density and porosity
are the most direct quantitative measures of compaction and are widely used to indicate changes
due to heavy mechanical traffic [26, 28, 32]. The quantification of damages to the soils produced by
forest operations is essential to account for production parameters (economic aspects) and negative
environmental impacts [16, 33]. Minimizing soil disturbance is currently one of the most important
challenges for the forestry sector [34]. Soil disturbances occur when equipment and logs are moved
on the ground or skid trails, causing changes in its structural characteristics [35-36] and productivity
[37]. One of the main disturbances identified is soil compaction that affects long-term forest
productivity [38]. The effects of compaction can persist in a forest for several decades [28, 37, 39],
and problems related to soil disturbance have become a challenge faced by foresters, especially in
mountainous forested regions [38].
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The purpose of this review was to identify the most significant information published by
specialists in recent years, as well as to synthesize the available knowledge on skidding operations
and their impact on forest soils. The findings of this study may be useful in gaining a better
understanding of the field's scientific achicvements.

2. MATERIALS AND METHODS

This study is based mainly on the review of the literature on skidding operations, which
allowed to know the current state on the subject in the research area and the advances made to date.
The study was conducted based on information available for countries and locations all over the
world covering a 35-year period (1986-2021). The literature review was based on searching papers
that were related to the performance of skidding operations. This work used a narrative review
approach that was developed based on a bibliographic review. The literature and information were
obtained from online sources and research papers published in English and Spanish languages, such
as Google Scholar, Web of Science, Scopus, and CABI, by using keywords and various combinations
of them defined to search for articles relevant from the perspective of skidding operations (Figure
1). The main terms used for the search were “skidding”, “forest operation” and “soil disturbance”.

3. RESULTS AND DISCUSSION

The use of keywords mentioned above, returned a total of 155 articles of which 67 in Google
Scholar, 44 in Web of Science, 31 in Scopus, and 13 in CABI (as of December 20, 2021) (Figure 1). The
articles were categorized into different topics: soil disturbance (with 43 articles), productivity (31),
modeling (20), machinery (18), time consumption (14), ergonomics (7), roads (7), forest disturbance
(4), skidding with animals (3), review (6), GHG emissions (1) and hydrology (1). Some articles were
not included in this study for reasons related to downloading charges, registration of university
users, etc., and also, when establishing the elimination criteria, presentations at conferences and
duplicate articles were not taken into consideration. From the total of 155 articles collected, 34 articles
were chosen that clearly fitted the review topic and met the selection criteria. The review focuses on
the issues of soil disturbance, which were identified as the most studied topic and with the largest
number of articles, in relation to skidding operations. The study focuses on identifying the effects
that skidding operations produce on the morphology of the soil.

The information was organized in a Microsoft Excel ® sheet, by considering the reference,
authors, article title, year, journal, country, month of study, study area in hectares, skidding distance,
type of machine and harvesting system. Each skidding system has its own specific characteristics,
depending on the natural and production conditions, the technology used and the proportion of
manual operations in the general process [40]. A large number of factors influence the extent and
severity of soil compaction [41]. In this bibliographic review, variables have been identified and
collected for each study. To organize these variables, they were arranged into 4 groups:
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articles collected information on the silvicultural system, where 16 data groups recorded that simple
selective cutting was carried out and 13 group selective cutting.

The elevation of a geographic location represents the height above or below a fixed reference
point, most commonly a reference geoid, which is a mathematical model of the Earth's sea level as
an equipotential surface [94]. By this study, the minimum elevation was identified at 140, and the
maximum at 1500 meters above sea level; 41.9% of the data used in this study described the
elevation.

By the studied conditions, forest operations were more common in summer and autumn [68].
However, the fastest rate of soil recovery occurs in areas with cold winters and high rainfall, under
humid conditions, where freeze-thaw cycles can loosen soil pores [95]. By this study, it was found
that 64.8% of the publications collected information regarding temperature with a minimum of -5.4°
and the maximum of 25°C. The studies were carried out mainly in the months of September,
October, and November, in the Asian continent; in Iran, 7 studies collected information in this
period, 5 studies collected information in the months of June, July and August, while in the case of
Europe most of the studies collected data in the months of September, October, and November that
belong to the autumn season (3 studies). Studies were found also in the winter, summer and spring
seasons in Europe. In the articles from North and South America, no information was identified on
the months in which the data collection was carried out.

Precipitation is used in meteorology to refer to all the phenomena of falling water from the sky
in any form: rain, hail, snow, etc. Soil moisture content depends on the amount of precipitation.
Increased amounts of precipitation can cause a significant decrease in resistance to soil penetration.
Water weakens the bonds between particles and reduces internal friction by lubricating the particles,
allowing the particles to slide together and compact by expelling air [67]. In the analysis of the
articles it was observed that the use of tractors in the first thinning or the skidding of wood after
heavy rains usually cause damage to the surface and properties of the soil [67]. The precipitation
variable was recorded in 89.5% of the data groups; the lowest precipitation recorded was 10 mm and
the highest 2070 mm.

Slope is the inclination of a linear, natural or constructive element with respect to the
horizontal (0° or 180°) [96]. Identification and consideration of slope in planning forest operations
and skid trails, in particular, can be an important measure in protecting soil resources [68]. The slope
affects the physical properties of the soil [35]. Most soil damage occurs after few passes of a tractor,
and particularly on steep slopes, the highest level of soil deterioration occurs [63-64, 97]. When a
skidder passes more slowly due to slope steepness, the topsoil vibrates more and consequently
becomes more compact compared to trails on gentler slopes [43]. Every effort should be made to
avoid slopes more than 20% on skidding pathways [38]. According to this study, 75% of the
examined articles described the slope variable, which had a range of values between -20 and 70%.

Soil moisture content is a value that characterizes the amount of water in the soil; it can be
expressed as a percentage, water by weight or volume, or inches of water per foot of soil [98]. The
movement of forest machinery on the soil surface causes changes in the chemical and physical
composition of the soil [67]. Examination of the moisture content in soil is important to establish the
limits for the use of harvesting and transport machinery in unfavorable conditions [67]. Studies have
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indicated that erosion damage is intensified if skidding operations take place when soil moisture is
high [84, 99]. When the soil moisture content reaches or exceeds the critical value, it is advisable to
prohibit all machinery traffic in forest stands [67]. In 47.6% of the papers, data on soil moisture were
reported; the minimum and maximum values were 16 and 38%, respectively.

Soil compaction results in the increase in bulk density [37, 39]. The increase in apparent density
is mainly due to soil slippage [78], and in the case of forest operations it happens when a machine
passes only once on the skid trails [84]. In this study, it was identified that bulk density was one of
the variables with the highest share reported in the reviewed papers; data was collected in
undisturbed soils (before the operations) and disturbed soils (after the operations); the data with
reference to undisturbed soils were lower compared to the disturbed ones, in the case of bulk density
(g/cm?®) - 61.9% of the studies; the lowest value identified in the apparent density was 0.1 and the
maximum value was 1.6 g/cm?. For disturbed soils, the minimum bulk density was 0.1 and the
maximum was 2.7 g/cm?®. It was one of the main variables analyzed in the studies, because they
focused on the morphological change of the soil after the operations. A soil bulk density value
between 1.40 and 1.55 g/cm?® is considered to be at the critical level, where plant roots cannot
penetrate light and medium textured soils [28]. Through this review, it was identified that 53 data
groups presented a lower value compared to the aforementioned range, 27 data groups remained
between these values but they represented a critical level for the soil, and a total of 11 data groups
exceeded these values, with a gradual increase from 1.60 to 2.65 g/cm?. Consequently, the bulk
density exceeded the critical level, but not in most cases. Soil pore space refers to the percentage of
the soil volume not occupied by solids; the soil volume is made up of 50% solid materials (45%
minerals and 5% organic matter) and 50% pore space [100]. After skidding operations, soil
compaction occurs, causing an increase in soil bulk density and a decrease in total porosity [87, 101].
Porosity is significantly affected by traffic intensity and slope gradient [35]. In the case of porosity
of undisturbed soils, the minimum and maximum values reported were of approximately 37 and
95%, respectively; for soils with disturbances, the reported porosity was in the range of
approximately 1-66%.

The soil is body formed by the interaction of five main elements: parent rock, climate, relief,
living beings and time [102]. Soils can be divided into three types according to the predominance of
the textural fraction they present, which can be: sandy soils, loamy soils, and clay soils [103]. Soil
texture determines the susceptibility of a soil to erosion, since erosion rates can differ between
various soil types under the same conditions of rainfall intensity, slope gradients, and amount of
vegetation cover [71, 104]. Soil variations, related to timber harvesting operations, can generate
changes in biogeochemical cycles that affect soil ecosystems [16]. The physical and also
morphological properties of soils are severely altered at skid trails and loading sites [92]. 90.5% of
the studies collected information regarding the soil texture; 61.7% of them identified clay-loams,
18.1% silt-loams, 5.3% loam-sands, 5.3% sand-loams soils, while 8.5% of the studies reported more
than one type of soil (Table 1).

Stand density, represents the number of trees per area [105]. Density is a reliable indicator of
the degree of occupation of trees in a specific place and time, and it is also one of the few variables
that represent, in a simple and objective way, the structure of forests [106]. 41.9% of data records
reported information related to stand density, with a minimum of 140 and a maximum of 169 trees
per hectare. Within forest operations, the age of the forest is rather an unpredictable variable [38].
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35% of the data described the variable on number of plots, with a minimum of 2 and a
maximum of 94 plots. Number of machine passes represents the number of passes over the same
ground [111]. The machine passes have an important influence on the structural characteristics of
the soil, aeration and water balance and, therefore, can considerably affect the organisms, the
development of the roots [65], and the increase of soil compaction [112]. The first pass of heavy forest
machines over the forest floor surface causes significant structural changes in its upper layers. This
can reach damaging levels with a detrimental effect that can last 30 years or more after extraction [8,
35, 113-114]. 73.3% of the studies recorded data related to the number of passes that machine had in
a day/work cycle, since it is relevant when analyzing the compaction that occurs in the soil after
skidding operations. The number of passes made by the machines and recorded by the analyzed
papers reached to 40. In some studies data comparisons were made against noncompacted soil after
each pass or at the end of the activity, to analyze the level of compaction produced.

The analysis of papers allowed to identify that precipitation and disturbed bulk density were
the variables analyzed to a large extent which accounted for 89.5 and 86.7%, respectively. However,
it is important to acknowledge that all the variables interact as well as they were analyzed according
to the need of each study. Although the existing studies analyzed some variables more frequently,
such as slope, number of machine passes, undisturbed bulk density, undisturbed porosity, disturbed
bulk density, altered porosity, machinery, soil texture, etc., in some regions the applicability of their
results is limited.

5. CONCLUSIONS

It is concluded that in the studies on soil disturbance in skidding operations, 4 types of
variables were analyzed (descriptive, local, structural and experimental parameters), where the
location variables were the most represented as a group (54.7%); however, the type of machinery,
precipitation, disturbed bulk density and soil texture were the most collected data in the studies. It
is recommended in future studies to consider variables related to the training, experience and
expertise of equipment operators, which may be important factors to consider. It is also necessary to
identify variables such as the number of cycles, the speed with which the machines are operated, the
number of work cycles that are done per day and the time they take, the production per working
day, which are also variables that would provide relevant information for soil disturbance studies.
Most studies on soil compaction focused on the physical properties of the soil, therefore, further
studies should consider more the changes in biological and chemical composition of the soils.
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in ultimii ani, precum i de a sintetiza cunostintele disponibile despre operatiile de colectare si impactul acestora asupra
solurilor forestiere.

Materiale si metode: Studiul a fost realizat pe baza informatiilor disponibile pentru tari si locatii din intreaga
lume pe o perioadi de 35 de ani (1986-2021). Revizuirea literaturii de specialitate s-a bazat pe ciutarea articolelor legate
de efectuarea operaiilor de colectare. Bibliografia $i informatiile folosite in acest studiu au fost obtinute din surse online
st lucriri de cercetare publicate in englezd si spaniold, indexate in baze de date cum ar fi Google Scholar, Web ¢ f Science,
Scopus si CABI, prin utilizarea unor cuvinte cheie specifice precum si a unor combinatii intre acestea.

Rezultate si discufii: 22 de variabile ce caracterizeazi descrierea, zona de studiu, parametrii structurali ai
arboretului si designul experimental au fost frecvent identificate in articolele analizate. Patru variabile au fost raportate
in proportie de 7 - 7,8%, cum ar fi tipul de utilaj, precipitatiile, densitatea aparentd si textura solului. Ludnd in
considerare variabilele inregistrate in cea mai mare parte de cdtre autori, acestea au fost panta, specia si numirul de treceri
ale utilajelor (6 pand la 6,9%). 2 variabile care au fost inregistrate cu procente mai mari au fost temperatura si densitaten
aparentd: 54% si, respectiv, 5,2%. Celelalte variabile au fost descrise in proportie mai micd de 5%.

Concluzii: Se concluzioneazd cd in studiile privind prejudicierea solului ca urmare a operatiilor de colectare a
lemnului au fost analizate 4 tipuri de variabile (parametri descriptivi, locali, structurali si experimentali), iar variabilele
de localizare au fost cele mai analizate (54,7%); totusi, tipul de utilaj, precipitatiile, densitatea aparentd si textura solului
au fost printre cele mai colectate date in studiile analizate. Se recomandd ca in studiile viitoare sd se ia in considerare
variabile legate de pregitirea muncitorilor, numdrul de cicluri de muncd, viteza cu care este operat utilajul si productia
realizatd.

Cuvinte cheie: Prejudicierea solului, operatii forestiere, colectare, sol, impact, sintezd.
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DOAMNA PROFESOR DR. ING. VALENTINA DOINA
CIOBANU IMPLINESTE 75 DE ANI

In general, aniversdrile sunt momente de analiza si bilant din viata fiecaruia, cu satisfactii sau
chiar insatisfactii. Un asemenea moment ne adund in jurul Doamnei Profesor universitar dr. ing.
Valentina Doina CIOBANU, care implineste astazi - 17 noiembrie 2022 - venerabila varstd de 75 de
ani, moment dublat si de o alta aniversare frumoasd, respectiv aceea de 47 de ani de activitate
desfdsurata in invatamantul superior silvic brasovean.

Sdrbatorita de astazi - Doamna prof. dr. ing. Valentina Doina CIOBANU - este nascuta la data
de 17 noiembrie 1947 si crescutd in Brasov, deci brasoveancd, ca fiica a lui Mihai FOCSA - tatal si a
Mariei FOCSA - mama, avand o singura sord - Rodica, mai mare cu trei ani.

Pregatirea sa scolard a inceput la Scoala Generald Nr. 3 Tractorul si a continuat la Liceul Nr. 3
(actual Colegiul National ,,Dr. Ioan Mesotd”). Dupa absolvirea liceului, a urmat cursurile Facultatii
de Silvicultura din Brasov (1966 - 1971), ajungand ca in anul 1971, dupd sustinerea examenului de
diploma, s fie incadratd la C.E.ILL. Targu Secuiesc, ca inginer stagiar, avand in atributii lucrari de
drumuri forestiere si utilaje pentru constructii, activitati de care s-a lasat cucerita si pe care le-a
abordat si in etapa urmatoare in plan profesional. Astfel, in 1975 a dat concurs pentru ocuparea
postului de asistent universitar la Facultatea de Silvicultura din Brasov, pentru pregatirea
studentilor in domeniul complex al utilajelor folosite la executia si intretinerea drumurilor forestiere,
incluzand aspecte legate de proiectarea si constructia acestor obiective de investitii.

Din 1975 pana la pensionare, in 2018, Doamna Profesor a urcat pe toate treptele ierarhiei
didactice, incepand cu postul de asistent universitar (1975 - 1990), apoi la sef de lucrari (1990 - 2001),
conferentiar (2001 - 2006) si, in final, profesor (2006 - 2018), post pe care s-a mentinut in activitate si
dupa pensionare, in calitate de cadru didactic asociat (2018 - 2022).

Preocupadrile stiintifice ale Doamnei Profesor au inceput odata cu activitatile de predare si au
continuat de-a lungul timpului cu elaborarea tezei de doctorat (sustinutd in 1998) in domeniul
drumurilor forestiere, culminand cu articolele stiintifice publicate in colaborare cu colegii de munca
si doctoranzii indrumati. Activitatea stiintifica a Doamnei Profesor, consistentd si variata in ceea ce
priveste domeniul de preocupare, Insumeaza peste 140 de articole publicate in reviste de
specialitate, unele sustinute la conferinte nationale si internationale, 21 de carti de specialitate si 3
brevete de inventie, la care se adaugd normative specifice lucrarilor de proiectare, executie si
reabilitare a drumurilor forestiere, pentru care a primit premii de la entitati de seama din domeniul
forestier (Premiile Societatii Progresul Silvic - editia a IV a, 2013).

Cum profesia de cadru didactic imbinata cu cea de conducator de doctorat nu poate conduce
decat la rezultate deosebite in cercetare, Doamna Profesor a tinut mereu pasul cu cerintele din ce in
ce mai exigente, referitoare la diseminarea rezultatelor cercetarii in reviste indexate Web of Science.
Astfel, a publicat peste 30 de articole ISI, aducandu-si contributia atat la prestigiul Scolii Doctorale
Interdisciplinare, cat si la recunoasterea Facultatii si Universitatii la nivel national si international.
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Pentru implinirea totala pe plan profesional, Doamna Profesor a devenit conducitor de
doctorat in anul 2006, reusind, printr-o preocupare continud si multd perseverentd, si rezolve
diverse probleme din sectorul forestier prin coordonarea celor 16 teze de doctorat. Astfel,
problemele abordate in cercetdri s-au axat pe imbundtatirea capacititii portante la drumurile
forestiere dotate cu diverse structuri rutiere, la folosirea unor materiale relativ noi in domeniu si a
unor emulsii spre a mentine o circulatie corespunzatoare si sigurd pe drumurile forestiere, inclusiv
studiul degradarii carosabilului, a volumelor de lemn transportate si evolutia acestora, de-a lungul
timpului, la autovehiculele de tonaj sporit. Nici utilajele folosite la constructia si intretinerea
drumurilor forestiere nu au fost lasate deoparte, una dintre tezele de doctorat abordate avand ca
subiect chiar imbunatatirea si fiabilitatea celor mai utilizate masini de constructii.

Din dorinta de a sustine preocupdrile si visurile unor persoane determinate, dornice de aflarea
unor raspunsuti in domeniile lor de activitate, Doamna Profesor Ciobanu a abordat cu succes teme
de doctorat axate pe calitatea bustenilor destinati pentru furnir si a caracteristicilor materialului
lemnos, respectiv a cunoasterii retetelor folosite la obtinerea pldcilor OSB. Din acelasi considerent, a
abordat si o temd de cercetare care a avut ca subiect factorii de risc la care se expune resursa umana
ce activeaza in sectorul exploatarilor forestiere.

Intrucat profesia didacticd universitar este strans legata de cercetarea stiintifici, Doamna
Profesor a fost responsabil si membru In numeroase contracte de cercetare stiintifica (13 contracte,
dintre care la 9 director), desfasurate in parteneriat cu diverse entitéti importante la nivel national
(11 contracte), cat si international (3 contracte). In acest sens, unul dintre contractele internationale
a abordat o problema veche, dar din ce in ce mai pregnantd in zilele noastre, respectiv aceea a
incendiilor de padure. In urma acestui proiect a luat nastere cursul de Prevenirea si combaterea
incendiilor forestiere, de la programul de studii Management si sisteme tehnice in exploatirile forestiere
(ciclul de masterat, anul II). Toata aceastd implicare a condus la recunoasterea Doamnei Profesor ca
specialist iIn domeniul incendiilor de padure, fiind invitatd, in calitate de co-tutore, la indrumarea
unei teze de doctorat In cadrul Universitatii de Vest din Timisoara.

Datorita implicdrii de care a dat dovada In rezolvarea problemelor si a sarcinilor din sfera
profesionald, Doamna Profesor nu a fost ocolita de unele atributii care vizau mai mult partea
administrativa, fiind membru al comisiilor de evaluare, analiza si management in cadrul Facultatii
si de editor al Buletinul Universitatii Transilvania din Brasov - Seria II, jurnal consacrat la
Universitatea noastrd, ce se bucura de o recunoastere din ce in ce mai mare pe plan international.
Este de mentionat si participarea sa ca membru in Comisia Nationald de Acreditare a Proiectantilor
de Drumuri Forestiere, de la Bucuresti.

Doamna prof. dr. ing. Valentina Doina Ciobanu a fost si va ramane un exemplu pentru
numeroase generatii de studenti care de-a lungul timpului au reusit sa ocupe functii importante in
domeniul forestier, atat in productie, cat si in cercetare si invatimant. Intreaga sa activitate
profesionald a fost caracterizatd de implicare, profesionalism si de dorinta de a sustine orice
initiativa realistd de a umple unele sincope ale domeniului, dedicandu-si intreaga viatd acestor
cauze. Chiar dacd traseul parcurs pana acum nu a fost intotdeauna lipsit de piedici, fiind de multe
ori sinuos, cu urcusuri si coborasuri, Doamna Profesor a reusit mereu sa surprinda prin tdria sa de
caracter si optimismul caracteristic, dar a lasat putine persoane sa-i cunoasca latura mai sensibila.
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in viata privata are parte de o familie implinitd, alaturi, din 1980, de sotul sdu, doctor inginer,
cercetatorul CIOBANU Ioan, si fiica sa, Valentina, ndscutd in 1981, acum absolventa a Facultatii de
Drept din Brasov.

Prin profesionalism, bunatate si determinare a reusit sa depaseasca incercdrile pe care viata i
le-a pus in fata, atat in domeniul de activitate, cat si in plan personal.

In acest moment solemn, de aniversare, fiecare dintre noi, fie fosti studenti, colaboratori, colegi
sau prieteni, i mulfumim doamnei profesor pentru toate invatamintele, sfaturile si incurajérile
oferite si 1i dorim multa sanatate, liniste si implinirea tuturor dorintelor, asigurand-o de toata
pretuirea si aprecierca noastrd.

LA MULTI SI BINECUVANTATI ANI!!!

S.L. dr. ing. Elena Camelia MUSAT

Prof. dr. ing. Valeria Maria ALEXANDRU
Facultatea de Silvicultura si exploatdri forestiere

Universitatea Transilvania din Brasov
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