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Abstract

Javůrek P, Dvořák J. (2018): Evaluation of total time consumption in harvester technology deployment in 
conditions of the forest sector of the Czech Republic. J. For. Sci., 64: 33–42.

Cut-to-length technology represents a modern forest logging technology characterized by high performance, ef-
ficiency, productivity and work safety. At the same time it is friendly to forest ecosystems. Both acquisition and 
operating costs of harvester units are high, which requires their year-round utilization. The aim of this paper was 
to analyse shift time consumptions and thus analyse the common harvester and forwarder work shift. In 2015–2016 
we collected time snapshots of harvesters and forwarders of various performance categories and from different 
production conditions throughout the Czech Republic. Consequently the analysis of work shift time with respect 
to unit, batch and shift times was conducted. The average duration of a harvester’s work shift was 623 min, out of 
which operational time amounted to 73.6%. In forwarders the average shift took 520 min, with operational time 
representing 71.2%. In the course of the analysis and statistical data processing, all the remaining shift times which 
constitute an average harvester and forwarder work shift were quantified in detail. Work shift utilization ranged 
from 86.1 to 95.3%.
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Cut-to-length (CTL) technology is a modern 
forest harvesting technology characterized by 
high performance and efficiency (Nakagawa et 
al. 2007; Dvořák et al. 2012; Erber et al. 2016), 
safety and work hygiene (Malík, Dvořák 2007; 
Gerasimov et al. 2013; Aalmo, Baardsen 2015), 
which at the same time enables us to reduce har-
vesting and forwarding costs (Gerasimov et al. 
2013; Erber et al. 2016) and, when compared with 
other technologies, generally plays a positive role 
in mitigating the negative impacts on forest eco-
systems during logging and forwarding. 

Considering the increased number of harvest-
ers and forwarders deployed in the forest sector, 

it is imperative that we are well aware of the pos-
sibilities and conditions for achieving maximum 
or optimum performance of the harvesters and 
forwarders and operating technology as a whole. 
This has been the subject of a number of studies 
to date (Nurminen et al. 2006; Dvořák 2007; 
Jiroušek et al. 2007; Dvořák et al. 2012; Slugeň 
et al. 2014; Aalmo, Baardsen 2015; Erber et al. 
2016; Lazdiņš et al. 2016; Mederski et al. 2016). 
The basic information necessary for determining 
harvester performance is work separated into indi-
vidual work elements whose duration, or the dura-
tion of its segments, is then recorded (Dvořák et 
al. 2012; Palander et al. 2012; Erber et al. 2016; 
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Lazdiņš et al. 2016; Mederski et al. 2016). Most 
papers focusing on this topic primarily deal with 
work performance based on evaluation of opera-
tional time, while non-productive time (shift and 
batch time) and loss time are evaluated as a whole 
without any further differentiation. General evalu-
ation of shift time, including a detailed differentia-
tion and quantification of non-operative and loss 
time, is the focus of work e.g. by Nurminen et 
al. (2006), Dvořák (2007), Dvořák and Keivan 
Behjou (2011), Slugeň et al. (2014), Olivera and 
Visser (2016) or Szewczyk et al. (2016). More 
comprehensive research which would deal with to-
tal time consumption during a work shift, includ-
ing an evaluation and analysis of non-operative 
and loss time in harvester technology deployment 
in the conditions of the Czech Republic, is still 
missing. 

Harvester performance is limited by a number of 
factors specific both for harvesters and forward-
ers. However, most authors agree that the basic 
factors influencing CTL technology performance 
are vehicle parameters, technological conditions 
(mainly mensurational parameters of harvested 
trees) and the human factor – operators (Neruda, 
Valenta 2003; Nurminen et al. 2006; Dvořák 
et al. 2012; Aalmo, Baardsen 2015; Erber et 
al. 2016). Harvester productivity is most signifi-
cantly influenced by the mean stem volume of 
harvested trees (Jiroušek et al. 2007; Spinelli et 
al. 2011; Dvořák et al. 2012; Ghaffariyan et al. 
2015; Lazdiņš et al. 2016; Mederski et al. 2016), 
whereby productivity increases with increasing 
stem volume and the number of trees processed 
per  unit time decreases as well (Lazdiņš et al. 
2016). Specific tree species then primarily affect 
the speed and quality of delimbing (Dvořák et al. 
2012; Erber et al. 2016), with broadleaved, curved 
and thick-branched trees prolonging the process-
ing time (Lazdiņš et al. 2016) and decreasing per-
formance (Slugeň et al. 2014; Erber et al. 2016) 
due to the fact that harvesting heads tend to be de-
signed for processing coniferous trees and as such 
sometimes process broadleaved trees with less 
quality (Dvořák et al. 2012; Erber et al. 2016). On 
the other hand, the cutting diameter of the harvest-
ing head does not affect performance very much 
(Spinelli et al. 2011). Forwarder performance is 
primarily influenced by forwarding distance and 
payload, or by parameters of load (Jiroušek et al. 
2007; Macků, Dvořák 2010). Larger piles situat-
ed close to the technological line shorten the pro-
duction stage of forwarding, while a large number 
of produced assortments lowers the  productivity 

of the technology as a whole (Lazdiņš et al. 2016), 
both from the perspective of harvesters deposit-
ing timber into piles and in the course of the load 
composition by forwarders.

In terms of production conditions, CTL tech-
nology performance can be seen as a function of 
several environmental factors (Aalmo, Baard-
sen 2015), which include characteristics of the 
harvested trees, slope inclination, soil structure 
and characteristics (Aalmo, Baardsen 2015), 
terrain obstacles, snow cover and ambient tem-
perature (Aalmo, Baardsen 2015; Lazdiņš et 
al. 2016) and most importantly the human factor 
(Neruda, Valenta 2003; Nurminen et al. 2006; 
Purfürst 2009; Aalmo, Baardsen 2015; Hiesl 
2015; Lazdiņš et al. 2016). For many of these fac-
tors, conclusive and verifiable dependence cannot 
be established as yet (Jiroušek et al. 2007; Me-
derski et al. 2016). However, for instance Aalmo 
and Baardsen (2015) dealt with the issue of ter-
rain obstacles and concluded that they significantly 
affected performance, while temperature, height of 
snow cover or slope inclination did not affect per-
formance significantly.

CTL technology performance and productivity 
are also fundamentally influenced by operators’ 
knowledge, experience and skills (Neruda, Va-
lenta 2003; Dvořák et al. 2012; Hiesl 2015). De-
spite the fact that the degree of influence exerted 
by operators on harvester performance cannot be 
specified so far, all authors agree that operators’ 
experience and skills play a significant role in har-
vester performance. Purfürst (2009) concluded 
that operator’s impact on machine’s performance 
in similar conditions may amount up to 37%. Simi-
larly, Dvořák et al. (2012) proved that the length of 
practice influences work performance much more 
than education attained. Owing to this, long-term 
and expensive training usually precedes the opera-
tors’ actual work deployment (Malík, Dvořák 
2007; Aalmo, Baardsen 2015). Measurement 
methodology or the impacts of the human factor 
on harvester technology performance have not 
been subjected to comprehensive published stud-
ies yet (Hiesl 2015).

When considering the listed factors and techno-
logical procedure, the performance of small-power 
and medium-power harvesters ranges from 2.5 to 
15 m3 of processed wood raw material per hour 
(Dvořák 2007; Slugeň et al. 2014; Erber et al. 
2016; Lazdiņš et al. 2016) and 10 to 40 m3·h–1 in 
high-power harvesters, with up to 60 m3·h–1 in ex-
tremely good technological conditions (Jiroušek 
et al. 2007).
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MATERIAL AND METHODS

To determine the mean values of individual unit 
batch and shift times, we experimentally measured 
times which harvesters and forwarders of various 
performance classes reach in normal operating 
conditions. In order to determine representative 
values, data from a number of Czech Republic re-
gions (Fig. 1) and different production conditions 
were obtained. A total of 16 harvesters and 11 for-
warders were included in the analysis conducted 
throughout 2015 and 2016 (Table 1).

Production conditions. The stand character in 
sites where data were collected met standard work 
conditions for harvester deployment in the Czech 
Republic. These stands encompassed mixed co-
niferous stands to spruce or pine monocultures. 
Spruce representation ranged from 65 to 100%, 
pine ranged from 55 to 100%. The most common 
admixed or interspersed woody species included 
beech, larch or oak. Stand age ranged from 36 to 
139 years. In planned advance felling, the mean 
height was 15–25 m in spruce and 13–23 m in 
pine, with the mean tree volume ranging from 
0.16 to 0.59 m3. In planned principal felling, the 
spruce mean height was 25–33 m and that of pine 
22–26 m. Stand density prior to principal planned 
felling ranged from 7 to 10. Terrain conditions in 
individual stands were classified according to the 
“Macků-Simanov-Popelka” terrain classification 

from 1993, where terrains are grouped into indi-
vidual terrain types based on their similarity. The 
main input data included slope inclination, ground 
bearing capacity and occurrence of terrain ob-
stacles (Simanov et al. 1993). Slope inclination 
ranged from 0 to 30% and in most cases the terrain 
was classified as obstacle-free.

Prior to harvesting all stands were duly divided 
into work fields where technological lines and trees 
to be felled were marked. When selecting suit-
able stands, special attention was paid to choos-
ing stands where felling was done using complex 
CTL technology in standard conditions, where for-
warding lines were approximately 20 m apart, their 
width corresponding to the machinery used but 
never more than 4 m.

Based on the character of felling, stands were 
divided into the following categories: planned ad-
vance (PA) felling, principal planned (PP) felling 
and incidental felling. Monitoring of time con-
sumption in stands with incidental felling was de-
liberately omitted owing to the fact that the specific 
production conditions and different technological 
procedures distort the ratio of individual elements 
of work shift time.

Harvesters and forwarders were divided into 
performance classes according to a generally rec-
ognized classification scheme (Forbrig 2001; 
Malík, Dvořák 2007; Dvořák et al. 2012), where 
the engine power is a key parameter. Harvesters 

Fig. 1. Sites and number of monitored machines
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are classified into three classes: small – with engine 
power up to 70 kW, medium – with engine power 
ranging from 71 to 140 kW and large – with engine 
power over 140 kW. Forwarders fall into two pow-
er classes, small and large, with the engine power 
of 60 kW representing the limit between them. In 
vehicles exceeding 60 kW of engine power there is 
no further classification, as the study draws on the 
finding that in machines with engine power over 
60 kW there is no statistically significant difference 
in performance and work productivity in relation 
to engine power (Dvořák et al. 2012).

The study encompassed vehicles from differ-
ent manufacturers which are commonly deployed 
in conditions of forest sectors of Central Europe 
(Table 1). Owing to the fact that there are virtually 
no small harvesters (engine power up to 70 kW) 

deployed in the Czech Republic, these machines 
could not be included in the study. When choos-
ing the harvesters and forwarders, we stressed the 
importance of their operators, particularly their 
work experience. The minimum limit was two 
years of experience with operating a similar means 
of mechanization, as experienced operators may 
decrease the influence of inexperienced operators 
on the total machine work productivity (Neruda, 
Valenta 2003).

Analysis of work time and the production pro-
cess. Work shift time consists of unit time, batch 
time, shift time, time for breaks and loss time. Shift 
time can be generally divided into necessary time 
and loss, or unnecessary time (Fig. 2). When pre-
paring time standards, unit, batch and shift times 
necessary for executing the work process are taken 

Table 1. Time consumption in harvesters and forwarders

Monitored machines Time (min)
Order number felling type manufacturer/type A1 B101 B102 C103 C104 C105 T2 TE TD other total
H 1

PA

John Deere 770 D 570 15 0 30 70 0 30 0 10 0 725
H 2 Neuson Ecotec 365 30 10 15 0 0 30 0 30 0 480
H 3 Logset 8H 345 10 30 10 0 20 30 0 20 0 465
H 4 Neuson Ecotec 375 10 10 30 15 0 30 0 10 30 510
H 5 Rottne 5005 600 30 0 5 20 0 30 0 30 0 715
H 6 John Deere 1170 E 666 15 20 0 15 0 30 0 0 6 752
H 7 Neuson Ecotec 198 12 0 10 30 15 30 43 10 0 348
H 8

PP

John Deere 1070 D 570 10 10 10 30 0 30 0 60 0 720
H 9 Ponsse HS 10 340 35 15 30 30 40 30 0 40 10 570
H 10 Timberjack 1270 D 600 30 15 15 15 120 30 0 30 0 855
H 11 Logset 8H 540 40 60 20 0 2 30 0 30 0 722
H 12 John Deere 1270 D 395 5 0 10 40 0 30 0 0 0 480
H 13 Rottne H 14 280 20 15 0 30 0 30 95 10 0 480
H 14 Timberjack 1270 B 600 30 0 30 90 0 30 15 0 0 795
H 15 Gremo 1050 H 535 20 5 5 30 0 30 0 35 0 660
H 16 Timberjack 1270 D 360 80 95 0 120 0 30 0 10 0 695
F 1

PA

Vimek 606 307 17 3 0 60 0 30 49 0 0 466
F 2 Terri 34 300 30 30 10 30 45 30 0 5 0 480
F 3 Loglander LL84 261 10 0 10 6 0 30 0 3 10 330
F 4 Vimek 606 TT 420 20 0 0 0 0 30 10 10 20 510
F 5 Valmet 830 390 0 0 0 30 0 30 0 35 0 485
F 6

PP

Ponsse Wissent 255 10 5 0 0 0 30 150 60 0 510
F 7 John Deere 1110 D 255 0 0 0 0 180 30 0 15 0 480
F 8 Komatsu 840 360 0 0 0 9 0 30 201 0 0 600
F 9 Valmet 840 S2 439 15 5 0 5 60 30 0 5 0 559
F 10 John Deere 1110 D 444 20 0 10 52 0 30 0 4 0 560
F 11 John Deere 1010 E 640 20 0 0 10 0 30 0 30 10 740

H – harvester, F – forwarder, PA – planned advance, PP – principal planned, TA1 – production stage performed by har-
vesters encompassing felling and processing of a tree, TB101 – time for preparation and concluding of work, TB102 – time 
for technical servicing of the workplace, TC103 – time for work instructions, TC104 – time for technical maintenance of the 
vehicle, TC105 – time for repairs, T2 – time for biological and legally required breaks, TE – technical and organizational time 
losses, TD – personal time losses
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into account, along with the time for necessary 
or conditionally necessary breaks (Dvořák et al. 
2012). Loss time records are kept separately. The 
production process consists of unit times, which 
in turn encompass work operations and seg-
ments of work operations specific for harvesters or 
forwarders.

Times which constitute a work shift were defined 
and classified according to a standard classification 
(Dvořák et al. 2012) as follows:

The production stage performed by harvesters 
encompasses felling and processing of a tree, which 
is subdivided into work operation segments: time 
for driving to a new position, time for positioning 
the harvesting head, time for grasping and felling 
the tree, time for processing the tree and time for 
yarding the tree. The production stage performed 
by the forwarder is referred to as timber forward-
ing and is subdivided into the following work oper-
ations: time for driving the vehicle from roadside to 
the stand, time for loading, time for driving the load 
to the roadside and time for unloading at roadside. 
These work operation and work operation segment 
times are included in the operation time.

Non-operation batch and shift times are joint 
for both harvester and forwarder and include the 
following: time for preparation and concluding of 
work, time for technical servicing of workplace, 
time for work instructions, time for technical 
maintenance of the vehicle, time for repairs, time 
for biological and legally required breaks, techni-
cal and organizational time losses and personal 
time losses. This study is done with the use of na-
tional nomenclature for use in national norms. In 
terms of international analysis, IUFRO methodol-
ogy for chronometric studies is used (Björheden, 
Thompson 2000).

An analysis of operation (unit) time per individual 
stages of a work operation is important particularly 
for work performance evaluation. For the purposes 
of analysing the harvester line work shift utilization, 
overall operation time was recorded without distin-
guishing individual segments of work operation.

Measurement and analysis of time consump-
tion. An analysis of a work day, or more precisely 
of the total shift time, was used to provide a survey 
of time consumption during a work shift. Measure-
ments and recordings of individual time segments 
were conducted using continuous chronometry 
within an accuracy of minutes. A stop-watch was 
used to measure the time. Shift work time was re-
corded in notebooks according to the individual 
types of unit, batch and shift times (in accordance 
with the methodology described above). Time was 
always measured started with the operator’s arrival 
or first activity at the workplace and stopped with 
their departure (unless other activities required 
for the vehicle’s operation in consequent shifts fol-
lowed up). The data was collected in 2015–2016 to 
allow us to include the periods of summer and win-
ter harvesting, including the selected specifications.

RESULTS

Over the period of two years a total of 27 work 
snapshots were taken, monitoring the work shift 
composition of harvesters and forwarders. The 
study encompasses 16 snapshots of harvesters and 
11 snapshots of forwarders of 22 manufacturers or 
vehicle types commonly used in the Czech Repub-
lic forest sector. Basic data measured in the field 
are shown in Table 1. Table 2 presents percentage 
shares of individual types of work shift time.

Fig. 2. Division of the work shift time
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By separating time losses, i.e. technical and or-
ganizational losses and personal losses and others, 
we obtained a summary of times necessary for per-
forming a work operation – the so-called norma-
tive times (Table 3).

The collected data reveal that the average har-
vester working time is 623 min and that of forward-
ers is 520 min. Out of the total working time, 73.6% 
(459 min) is the average operation time in harvest-
ers and 71.2% (370 min) in forwarders.

Following the work shift analysis of work snap-
shots Table 4 was compiled, containing average 
absolute and percentage values corresponding to 
unit, batch and shift times in harvesters and for-
warders in relation to the type of felling.

The data collected were statistically processed 
using the t-test. In the course of statistical testing 
all variables were considered independent samples.

The average work shift time is 623 and 520 min in 
harvesters and forwarders, respectively. It follows 
that within one operation unit harvesters would 
face downtime. If the harvester and the forwarder 
worked within a single unit, their work times should 
be close to one value. However, this ideal situation 
is virtually impossible to achieve in practice, there-
fore harvesters usually work in advance and create 
a stock of removals for forwarders to deal with. 
When concluding work at a given workplace, the 
harvester moves straight to a new workplace.

A statistically significant difference (significance 
level α = 0.05) was found between total shift times 
in PA and PP felling (Table 5). Since no statistically 
significant difference was validated between unit 
times in this case, it is evident that the difference 
was caused by other work shift times. This may be 
caused by random and unexpected events occur-

Table 2. Time consumption share in harvesters and forwarders

Monitored machines Time (%)
Order number felling type manufacturer/type A1 B101 B102 C103 C104 C105 T2 TE TD other total
H 1

PA

John Deere 770 D 78.6 2.1 0.0 4.1 9.7 0.0 4.1 0.0 1.4 0.0 100.0
H 2 Neuson Ecotec 76.0 6.3 2.1 3.1 0.0 0.0 6.3 0.0 6.3 0.0 100.0
H 3 Logset 8H 74.2 2.2 6.5 2.2 0.0 4.3 6.5 0.0 4.3 0.0 100.0
H 4 Neuson Ecotec 73.5 2.0 2.0 5.9 2.9 0.0 5.9 0.0 2.0 5.9 100.0
H 5 Rottne 5005 83.9 4.2 0.0 0.7 2.8 0.0 4.2 0.0 4.2 0.0 100.0
H 6 John Deere 1170 E 88.6 2.0 2.7 0.0 2.0 0.0 4.0 0.0 0.0 0.8 100.0
H 7 Neuson Ecotec 56.9 3.4 0.0 2.9 8.6 4.3 8.6 12.4 2.9 0.0 100.0
H 8

PP

John Deere 1070 D 79.2 1.4 1.4 1.4 4.2 0.0 4.2 0.0 8.3 0.0 100.0
H 9 Ponsse HS 10 59.6 6.1 2.6 5.3 5.3 7.0 5.3 0.0 7.0 1.8 100.0
H 10 Timberjack 1270 D 70.2 3.5 1.8 1.8 1.8 14.0 3.5 0.0 3.5 0.0 100.0
H 11 Logset 8H 74.8 5.5 8.3 2.8 0.0 0.3 4.2 0.0 4.2 0.0 100.0
H 12 John Deere 1270 D 82.3 1.0 0.0 2.1 8.3 0.0 6.3 0.0 0.0 0.0 100.0
H 13 Rottne H 14 58.3 4.2 3.1 0.0 6.3 0.0 6.3 19.8 2.1 0.0 100.0
H 14 Timberjack 1270 B 75.5 3.8 0.0 3.8 11.3 0.0 3.8 1.9 0.0 0.0 100.0
H 15 Gremo 1050 H 81.1 3.0 0.8 0.8 4.5 0.0 4.5 0.0 5.3 0.0 100.0
H 16 Timberjack 1270 D 51.8 11.5 13.7 0.0 17.3 0.0 4.3 0.0 1.4 0.0 100.0
F 1

PA

Vimek 606 65.9 3.6 0.6 0.0 12.9 0.0 6.4 10.5 0.0 0.0 100.0
F 2 Terri 34 62.5 6.3 6.3 2.1 6.3 9.4 6.3 0.0 1.0 0.0 100.0
F 3 Loglander LL84 79.1 3.0 0.0 3.0 1.8 0.0 9.1 0.0 0.9 3.0 100.0
F 4 Vimek 606 TT 82.4 3.9 0.0 0.0 0.0 0.0 5.9 2.0 2.0 3.9 100.0
F 5 Valmet 830 80.4 0.0 0.0 0.0 6.2 0.0 6.2 0.0 7.2 0.0 100.0
F 6

PP

Ponsse Wissent 50.0 2.0 1.0 0.0 0.0 0.0 5.9 29.4 11.8 0.0 100.0
F 7 John Deere 1110 D 53.1 0.0 0.0 0.0 0.0 37.5 6.3 0.0 3.1 0.0 100.0
F 8 Komatsu 840 60.0 0.0 0.0 0.0 1.5 0.0 5.0 33.5 0.0 0.0 100.0
F 9 Valmet 840 S2 78.5 2.7 0.9 0.0 0.9 10.7 5.4 0.0 0.9 0.0 100.0
F 10 John Deere 1110 D 79.3 3.6 0.0 1.8 9.3 0.0 5.4 0.0 0.7 0.0 100.0
F 11 John Deere 1010 E 86.5 2.7 0.0 0.0 1.4 0.0 4.1 0.0 4.1 1.4 100.0

H – harvester, F – forwarder, PA – planned advance, PP – principal planned, TA1 – production stage performed by har-
vesters encompassing felling and processing of a tree, TB101 – time for preparation and concluding of work, TB102 – time 
for technical servicing of the workplace, TC103 – time for work instructions, TC104 – time for technical maintenance of the 
vehicle, TC105 – time for repairs, T2 – time for biological and legally required breaks, TE – technical and organizational time 
losses, TD – personal time losses
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Table 3. Normative times of harvester and forwarder work shifts

Monitored machines Time (min)
Order number felling type manufacturer/type A1 B101 B102 C103 C104 C105 T2 other total
H 1

PA

John Deere 770 D 570 15 0 30 70 0 30 0 715
H 2 Neuson Ecotec 365 30 10 15 0 0 30 0 450
H 3 Logset 8H 345 10 30 10 0 20 30 0 445
H 4 Neuson Ecotec 375 10 10 30 15 0 30 30 500
H 5 Rottne 5005 600 30 0 5 20 0 30 0 685
H 6 John Deere 1170 E 666 15 20 0 15 0 30 6 752
H 7 Neuson Ecotec 198 12 0 10 30 15 30 0 295
H 8

PP

John Deere 1070 D 570 10 10 10 30 0 30 0 660
H 9 Ponsse HS 10 340 35 15 30 30 40 30 10 530
H 10 Timberjack 1270 D 600 30 15 15 15 120 30 0 825
H 11 Logset 8H 540 40 60 20 0 2 30 0 692
H 12 John Deere 1270 D 395 5 0 10 40 0 30 0 480
H 13 Rottne H 14 280 20 15 0 30 0 30 0 375
H 14 Timberjack 1270 B 600 30 0 30 90 0 30 0 780
H 15 Gremo 1050 H 535 20 5 5 30 0 30 0 625
H 16 Timberjack 1270 D 360 80 95 0 120 0 30 0 685
F 1

PA

Vimek 606 307 17 3 0 60 0 30 0 417
F 2 Terri 34 300 30 30 10 30 45 30 0 475
F 3 Loglander LL84 261 10 0 10 6 0 30 10 327
F 4 Vimek 606 TT 420 20 0 0 0 0 30 20 490
F 5 Valmet 830 390 0 0 0 30 0 30 0 450
F 6

PP

Ponsse Wissent 255 10 5 0 0 0 30 0 300
F 7 John Deere 1110 D 255 0 0 0 0 180 30 0 465
F 8 Komatsu 840 360 0 0 0 9 0 30 0 399
F 9 Valmet 840 S2 439 15 5 0 5 60 30 0 554
F 10 John Deere 1110 D 444 20 0 10 52 0 30 0 556
F 11 John Deere 1010E 640 20 0 0 10 0 30 10 710

H – harvester, F – forwarder, PA – planned advance, PP – principal planned, TA1 – production stage performed by har-
vesters encompassing felling and processing of a tree, TB101 – time for preparation and concluding of work, TB102 – time 
for technical servicing of the workplace, TC103 – time for work instructions, TC104 – time for technical maintenance of the 
vehicle, TC105 – time for repairs, T2 – time for biological and legally required breaks

Table 4. Average time consumption in relation to the type of felling (PA – planned advance, PP – principal planned)

Type of time
Harvesters Forwarders

PA PP PA PP
min % min % min % min %

Work operation (A1) 446 78.2 469 70.6 336 73.8 399 69.2
Preparation and concluding of work (B101) 17 3.0 30 4.5 15 3.3 11 1.9
Technical servicing of workplace (B102) 10 1.8 24 3.6 7 1.5 2 0.3
Work instructions (C103) 14 2.5 13 2.0 4 0.9 2 0.3
Vehicle maintenance (C104) 21 3.7 43 6.5 25 5.5 13 2.3
Repairs (C105) 5 0.9 18 2.7 9 2.0 40 6.9
Biological and legally required breaks (T2) 30 5.3 30 4.5 30 6.6 30 5.2
Technical and organizational losses (TE) 6 1.1 12 1.8 12 2.6 59 10.2
Personal losses (TD) 16 2.8 24 3.6 11 2.4 19 3.3
Other 5 0.9 1 0.2 6 1.3 2 0.3
Total 570 100 664 100 455 100 577 100
Work shift utilization (%) 95.3 94.4 93.6 86.1
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ring throughout the monitored work shifts. In a 
smaller data sample from the monitored machines 
random occurrence of less common situations then 
plays a much more important role. In the future the 
difference would probably gradually disappear if 
calculated from a higher number of machines and 
shifts. A statistically significant difference between 
PA and PP shift times (significance level α = 0.05) in 
harvesters was not validated (Table 6).

Table 7 reveals that the difference in total work 
shift time between harvesters and forwarders at 
the significance level (α = 0.05) is statistically sig-
nificant. Upon revealing a statistically significant 
difference it needs to be verified whether both ma-
chines in the operation unit operate at 100%. How-
ever, in normal operation and in conditions of the 
forest sector, the harvester unit hardly ever works 
at maximum performance owing to the highly vari-
able working conditions which primarily depend 
on the stand character, natural conditions and oth-
er specific production conditions.

In forest practice, the time difference and down-
time caused by different operation times of har-
vesters vs. forwarders due to different working 
conditions are usually minimized through the de-
ployment of harvesters ahead of forwarders. This 
fact also influences the results obtained, as harvest-
er and forwarder work snapshots were taken sepa-
rately, not within a single harvester unit.

Harvester operation time is primarily condi-
tioned by the mean stem volume of logged trees. 
However, the time consumption in relation to the 
mean stem volume of logged trees was not analysed 
due to the small size of sample. Forwarder opera-
tion time is also conditioned by mean stem volume 
but it is primarily influenced by the distance be-
tween workplace and roadside, i.e. the forwarding 
distance. This dependence was not subjected to 
analysis under the presented study. 

DISCUSSION AND CONCLUSIONS

Most contemporary studies focusing on harvester 
performance analyse the operation time (Jiroušek 
et al. 2007; Erber et al. 2016; Lazdiņš et al. 2016; 
Mederski et al. 2016), which however represents 
only one type of times which constitute the work 
shift of a harvester or forwarder operator. The re-
sults of such studies present limits of technical ef-
ficiency which a given machine can reach in more 
or less optimum conditions, i.e. the maximum po-
tential of the machine (Aalmo, Baardsen 2015). 
However, the long-term perspective and normal 
operating conditions in the forest sector need to 
take into consideration other times necessary for 
the operation of logging and hauling machinery 
and for the complex delivery of work. This allows us 

Table 5. Comparison of unit time and shift time in forwarders in relation to the type of felling (PA – planned advance, 
PP – principal planned)

Time
Mean (min)

t df P
No. of measurements Standard deviation (min)

PA PP PA PP PA PP
Unit 335.6 398.8 –0.895 9 0.39 5 6 66.583 144.706
Total 454.2 574.8 –2.403 9 0.04 5 6 71.226 91.193

t – value of test statistic, df – degree of freedom, P – probability

Table 6. Comparison of unit time and shift time in harvesters in relation to the type of felling (PA – planned advance, 
PP – principal planned)

Time
Mean (min)

t df P
No. of measurements Standard deviation (min)

PA PP PA PP PA PP
Unit 445.6 468.9 –0.319 14 0.75 7 9 168.719 124.318
Total 570.7 664.1 –1.292 14 0.21 7 9 158.208 131.181

t – value of test statistic, df – degree of freedom, P – probability

Table 7. Comparison of total shift time in a harvester line in relation to logging and hauling machinery

Average (min)
t df P

No. of measurements Standard deviation (min)
harvester forwarder harvester forwarder PA PP

Total time 623.3 520.0 2.025 25 0.05 16 11 146.559 100.778

t – value of test statistic, df – degree of freedom, P – probability
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to determine vehicle performance per unit of time 
worked in the long-term horizon. When determin-
ing technical performance, non-operative time or 
downtime ranges between 3 and 5% in most stud-
ies. However, the ratio of individual non-operative 
times is conditioned by a number of variables, 
most importantly the volume of harvested trees 
(Jiroušek et al. 2007; Spinelli et al. 2011; Dvořák 
et al. 2012; Ghaffariyan et al. 2015; Lazdiņš et 
al. 2016; Mederski et al. 2016) and forwarding dis-
tance in forwarders (Jiroušek et al. 2007; Macků, 
Dvořák 2010; Lazdiņš et al. 2016). To a lesser 
degree, CTL technology performance is influenced 
by a number of other factors, e.g. slope inclination, 
terrain obstacles, snow depth or temperature. Work 
performance can be greatly influenced by opera-
tor’s experience and skills (Nurminen et al. 2006; 
Jiroušek et al. 2007; Spinelli et al. 2011; Dvořák 
et al. 2012; Aalmo, Baardsen 2015; Lazdiņš et 
al. 2016). However, their impact on resulting perfor-
mance cannot be determined accurately as yet due 
to difficulties in quantifying this factor (Jiroušek et 
al. 2007; Hiesl 2015; Mederski et al. 2016).

Generally, the value of 0.75 (75% of shift time) is 
considered a relevant coefficient expressing the ra-
tio of operation time within every hour of a shift 
(Glöde, Sikström 2001; Jiroušek et al. 2007), 
which corresponds to the findings of our research 
where the operation time ratio ranges between 70.6 
and 78.2%. Dvořák (2007) drew the same conclu-
sion, quoting 72.6% of operation time in harvest-
ers, similarly to Dvořák and Keivan Behjou 
(2011), who determined the operation time ratio 
of approximately 73% in forwarders. Olivera and 
Visser (2016) specified 71% of operation time as 
well. When determining the time consumption, 
Szewczyk et al. (2016) further distinguished types 
of felling depending on the stand age and drew the 
conclusion that the operation time ratio ranged 
between 41 and 53%, observing that the highest 
operation time ratio can be found in clear felling. 
They accounted for the relatively high percentage 
of non-operation time by high time consumption 
necessary for technological preparation due to rela-
tively complex production conditions. On average, 
non-operation time represents approximately 30%. 
However, this figure may range between 20 and 70% 
of the work shift time (Spinelli, Visser 2008). 

Slugeň et al. (2014) also studied harvester perfor-
mance in purely broadleaved thinned stands, where 
operation time ranged between 65 and 84%, with re-
pairs usually taking up a big share of non-operation 
time (5–25% of total shift time) (Dvořák, Keivan 
Behjou 2011; Slugeň et al. 2014; Olivera, Visser 

2016; Szewczyk et al. 2016). It turns out, however, 
that the time for repairs increases with increasing 
machine age or with working conditions. Our study 
arrived at the same conclusion, revealing that older 
vehicles suffered more frequent, more serious and 
more time-consuming breakdowns, which means 
that one cannot be fully in control of the time con-
sumption for repairs and maintenance. On the oth-
er hand, the time for preparation, maintenance and 
rehabilitation of the workplace primarily depends 
on operators’ skills and thoroughness. The time for 
biological and legally required breaks is specified 
by law, yet the breaks are often cut short or even 
left out because the operator combined the break 
time with different work activities, which is un-
acceptable under Act No. 262/2006 Coll. (Labour 
Code) and related legal regulations (Dvořák 2007; 
Dvořák et al. 2012). It follows that work perfor-
mance or efficiency can be improved only through 
optimization or reduction of technical and organi-
zational time losses, personal and other losses. This 
can be achieved mainly through optimized work 
organization in the form of timely and good-quality 
preparation of workplaces, vehicle transport logis-
tics and moving the machines between individual 
workplaces. The share of non-operative time in 
our study ranged between 21.8 and 29.4%, which 
corresponds to findings of other authors and rep-
resents room for increasing the ratio of operation 
time and better utilization of work shift. However, 
even if personal losses are unnecessary from the 
perspective of technology performance, they are 
not often seen as unnecessary by operators them-
selves (Dvořák et al. 2012) and as such are highly 
problematic to eliminate.

Obviously, another option for improving perfor-
mance which is applied as well is to increase vehicle 
performance. However, owing to the fact that mod-
ern logging and hauling machinery is very well con-
structed and highly sophisticated through long de-
velopment (Gerasimov et al. 2013), it is necessary 
to apply more sophisticated methods of their per-
formance enhancement but the technical perfor-
mance improves more slowly. Yet, compared with 
studies conducted in the 1990s work performance 
has increased by 12–35% (Mederski et al. 2016).
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