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ABSTRACT: We calculated high-power forwarder productivity in regeneration felling with the objective to

set long-term work plans. Based on the time studies of the forwarder operator’s work operation the opera-

tion time consumption was calculated and operation standards for the studied type of forwarder were designed.

The standard values were determined based on the volume weight of harvested timber and the forwarding dis-

tance. The resulting time consumption required for forwarding 1 m® of timber, whose mean tree volume is
0.30-0.99 m®stem!, and upon forwarding distance of 100-1,000 m ranges from 0.05-0.09 Nh-m.
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Harvester technology was first deployed in the
Czech Republic in salvage felling induced by air
pollution in the Krusné hory Mts. (GrRoOss 1984).
The first machines used were Volvo BM 971, the
first generation of clam bunk forwarders. At pres-
ent, the statistics of the Ministry of Agriculture of
the Czech Republic estimate that a total of 670 for-
warders are currently used (MZE 2013). The period
between 2002 through 2012 saw a gradual increase
in cut-to-length logging, which is closely related to
harvester technology, from the initial 11% to 35%
(DVORAK et al. 2011a; MZE 2013).

Long-term global technological developments
combined with a dramatic increase in harvester
technology deployment in planned logging in the
Czech Republic since 2002 have inspired a number
of experts to conduct analyses of harvester tech-
nology productivity (e.g. FORBRIG 2001; PAUSCH,
PonNiTZ 2002; KARHA et al. 2004; NURMINEN et al.
2006; DVORAK, KARNET 2007;JIROUSEK et al. 2007;
SPINELLI, MAGAGNOTTI 2010; KOMARKOVA-
KinskA, KOMAREK 2012; DVORAK, WALCZYK
2013; KovAc et al. 2013). However, the limits of
acceptable production conditions for harvester
technology with respect to work efficiency have
not been clearly specified so far. This requires fur-

ther analyses of dependence between production
conditions and time consumption, calculations of
productivity and an update or extension of the ex-
isting standards adopted in 2011 (DVORAK et al.
2011b). Forest management practice requires that
harvester productivity standards should be able to
ensure efficient work planning and compare the
harvester productivity with “traditional” logging
and hauling technologies — power saws (PS), uni-
versal (UWT) or special wheeled tractors (SWT).
Standards represent the simplest general means
for calculating the expected productivity of indi-
vidual types of technology in relation to selected
production conditions.

The aim of the paper is to analyze operation time
consumption for estimating the productivity of
high-powered forwarders in relation to the volume
of logged trees and the forwarding distance.

MATERIAL AND METHODS

The data and experimental measurements were
conducted in forests subject to planned regen-
eration felling and managed by the Touzim Forest
District. The harvested stands consisted of conifer-
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Table 1. Identification data on workplaces

Mean Mid Mean-tree  Standing Planned
Stand ?ﬁ:; s Tre‘e height diameter volume volume logging ¢ Ifyp ¢
peces (m) (cm) (m)  (mhal)  (m?) 7 RS
727 E 11 4.08 SM 26 25 0.62 475 494 MU
727 E 10 3.50 BO 23 26 0.54 341 304 MU
726 D 11 5.12 SM 22 23 0.45 70 94 MU
BO 21 26 0.50 209 278
MD 23 28 0.67 7 9
724 B 10 4.08 SM 26 27 0.72 362 485 MU
MD 28 33 1.15 40 54
5D 11 5.12 SM 25 26 0.64 420 800 MU
728 A9 0.45 SM 26 22 0.57 354 47 MU
728 A 10 0.74 SM 26 28 0.77 181 74 MU
BO 25 27 0.63 111 45

SM - spruce, BO — pine, MD — larch, MU - planned regeneration felling

ous species (spruce and pine) with admixed larch
(Table 1). Three types of cut-to-length logs were
produced from pine and larch and six from spruce.
Experimental measurements were conducted in
a John Deere 1110 E high-powered forwarder with
136 kW maximum engine output (classification ac-
cording to LUKAC 2005). For the purposes of the
analysis conducted, the forwarder’s basic technical
parameters which may affect its productivity, in-
cluding its 12 t load rating, length 9,475 mm, height
3,700 mm and width 3106 mm, are considered con-
stant. The cross-sectional area is 4.3 m2
Experimental measurements and operation
time analysis methodology. The time study of op-
erator’s work operations which was compiled on
the basis of data from publications by KLouba et

Work shift
T
Normative time Time losses
Ty, Tz
Unit Batch Shift
(operation) 74 Ts Te
Driving from RL to the Unloading
stand 742 14124
Loading Driving from the stand to

4122 RL 74123

P

Fig. 1. Diagram of work shift stages with incorporated

operation time
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al. (1988) and DvVORAK et al. (2011a) was used for
gathering data necessary for registration of timber
forwarding operation times. This time study was
applied in consequent time consumption analysis
and for normative purposes. Time consumption per
work operation was measured in minutes. Each time
study registered individual forwarding operations
with the required time consumption necessary for
performing the given work operation. The produc-
tion stage of timber forwarding was divided into
four work operations: driving from roadside landing
(RL) to the stand, loading, driving from the stand
to RL and unloading, in accordance with produc-
tivity standards (DVORAK et al. 2011a) (Fig. 1). The
height and length of forwarded cut-to-length logs
were measured in each load. The load-space width
was known from the technical documentation of the
machine. Based on these three variables, the load
volume in feed meters was calculated and using a
relevant coefficient converted into cubic meters.

Production conditions at individual worksites
were recorded in the harvester organization and
operation manual, including worksite identification,
characteristics of natural conditions, description of
the logging operation and the harvested tree spe-
cies, as well as the technological characteristics of
the worksite and harvesting operation.

RESULTS
Significant production conditions affecting tim-

ber forwarding conducted by forwarders made by
companies listed above include: natural condi-

249



tions (particularly the species composition of for-
est stands, mean-tree volume), technological con-
ditions (particularly the type of logging operation,
forwarding distance), technical conditions (load-
space volume), terrain conditions (particularly
slope inclination, bearing capacity, obstacles).
The ideal environments for deploying harvester
technology include coniferous monocultures,
large-scale stands regardless of the planned log-
ging type, in easily accessible terrains with suit-
able natural conditions (flatlands, grounds with
good bearing capacity, accessible terrain without
obstacles). At present, harvester technology is
increasingly used in incidental felling. Most har-
vesters therefore operate in conditions different
from those recommended for their deployment
(sloping and broken terrains, etc.). These factors
have a major impact on the harvester technology
productivity (Table 2).

The experimental measurements in the selected
region were conducted exclusively in field condi-
tions recommended by technological typification by
SimaNov et al. (1993). The produced nominal log
length ranged from 2 to 4 m for pine, 2—4 m (excep-
tionally 5 m) for larch and 2—-5 m for spruce. The ratio
of produced logs with respect to tree species is shown
in Table 2. A total of 146 forwarded loads were moni-
tored in the course of measurements, their average
volume amounting to 12.15 m?.

Operation time consumption

As a rule, standards and forwarding productivity
are calculated from productivity standards based on
the mean-tree volume and skidding or forwarding
distance. Owing to this, these two factors were con-
sidered a priority for timber forwarding as well. Oper-
ation conditions and statistical analyses indicate that
forwarding distance and volume weight of the logged
stems have the most significant impact on forwarder
operator productivity (e.g. VALENTA, NERUDA 2004).

The experimental data measured in production
units (Table 3) allowed the construction of a model
for calculating the operation time consumption.
The time is defined by a multiple linear regression
function (Eq. 1) expressing the consumption of giv-
en time in relation to the mean stem volume and
the forwarding distance.

t,, = 37.1684 + 0.0338L — 15851/ 1)

where:

t,,— operation (unit) time consumption for the pro-
duction stage of timber forwarding (min-load™),

L -  forwarding distance (m),

h—  volume weight of logged trees (m3-stem™!).

The function above allows us to infer the time
consumption per forwarded unit (m?) (Eq. 2)

_ 37.1684 + 0.0338L — 1.5851h

tAm (2)
60V
where:
t,,,— operation time consumption for forwarding a
volume unit (h-m™3),
V- average load volume (m3load area™).

The course of the function is depicted by the dia-
gram of unit time consumption (Fig. 2) at the pro-
duction stage of forwarding in relation to forward-
ing distance and volume weight of the logged trees.
The operation time consumption ranges from 0.05 to
0.09 hom=3, or from 40 to 69 min/load upon
the interval of logged mean stems from 0.30 to
0.99 m3-stem~'and forwarding distance from 100 to
1,000 m.

Basic productivity standards

The proposed productivity standards of time
consumption in timber forwarding are designed
from time studies based on work operations anal-
ysis and extended to include the batch and shift
time coefficient 1.11 (Table 4). The standards are

Table 2. The ratio of produced assortments (%) according to the nominal log length of tree species

Nominal log length (m)

2 2.45 3 3 SL 4 4.50 5 other
Spruce 5.2 4.3 7.4 3.7 13.3 5.3 20.2 0.4
Pine 7.6 1.5 1.3 24.8
Larch 0.1 1.2 2.7 0.1
Others 0.5

*)SL - saw logs 3.6 or 4 m long
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Table 3. Measured values of work shift stages in timber forwarding

Shift Tree Mean of the Mean forwarding Unit ~ Shift Batch Loss Normative Volume of
number Stand species logged tree distance (m) forwarded load
p (m®.stem™!) time (h) (m%)
1 727E11  SM 0.59 80 9.62 0.08 0.17 9.87 148.30
2 727E11 SM 0.59 80 7.68 050 0.50 0.53 8.68 124.04
3 727E11 SM 0.59 350 10.17 0.08 0.75 11.00 90.73
4 727E11 SM 0.59 350 4.53 0.50 5.03 37.64
727 E10 BO 0.49 540 2.13 0.25 2.38 13.01
5 727E10 BO 0.49 540 8.63 050 0.75 0.16 9.88 80.08
6 727 E10 BO 0.49 540 6.40 050 050 4.61 7.40 88.54
7 726 D11 BO 0.48 750 763 0.12 1.00 0.61 8.75 141.75
8 726 D11 BO 0.48 750 2.41 0.34 0.13 2.75 35.30
726 D11 MD 0.67 750 1.08 0.34 0.14 1.42 17.42
726 D11 SM 0.48 750 539 015 0.34 5.88 104.15
9 724B10 MD 0.96 120 1.14  0.50 0.03 1.64 22.62
724B10 SM 0.81 120 1.53 0.10 1.53 41.99
724 B10 SM 0.81 410 5.87 1.13 5.87 120.24
10 822D 10 SM 0.40 320 140 045 1.85 11.41
822D 10 BO 0.44 320 1.00 1.00 19.03
821G 13 BO 0.51 920 1.07 1.07 14.48
821G 13 SM 0.36 670 2.47 2.47 46.15
821G 13 BO 0.51 670 4.28 4.28 65.45
11 821G 13 BO 0.51 920 1.08 0.27 0.16 1.51 15.25
821G 13 BO 0.51 670 6.73 0.17 6.90 114.92
821G 13 SM 0.36 670 2.36 0.17 2.53 24.05
12 5D11 SM 0.47 50 257 032 0.77 046 3.66 46.84
13 5D 11 SM 0.47 150 3.87 052 0.67 0.30 5.06 71.59
5D 11 SM 0.47 90 4.92 0.68 5.60 116.46
5D 11 BO 0.47 150 0.13 0.13
5D 11 BO 0.47 90 0.13 0.13
14 728A9 SM 0.37 230 4.07 043 0.16 4.66 47.52
728 A10 SM 0.47 20 2.64 007 0.16 2.87 82.32
728 A10 BO 0.61 20 0.72 0.72 17.35

SM - spruce, BO — pine, MD - larch

designed for volume classes and intervals of for-
warding distances used by Forests of the Czech
Republic, State Enterprise (DVORAK et al. 2011a).
The conclusions cannot be fully generalized. The
standards are therefore valid for timber forward-
ing in planned regeneration logging operations
conducted by forwarders in the conditions of the
Touzim Forest District and in regions with similar
production conditions.

The time consumption for cut-to-length log for-
warding by medium-sized forwarders is 0.05-0.09
h-m~3 upon forwarding distance of 100-1,000 m,
upon mean-tree volume 0.30 — 1.00 m?®stem™! and
average load volume 12.15 m3.

J. FOR. SCL, 60, 2014 (6): 248253

DISCUSSION AND CONCLUSIONS

The deployment of the given means of mecha-
nization (forwarders) is affected by the character
of the workplace, where forwarding distance, the
volume of logged trees (e.g. DVORAK et al. 2011a,
VALENTA, NERUDA 2004) and the related volume
of produced and forwarded logs are of crucial im-
portance. The choice of skidding technology also
reflects the given forest terrain and type of habi-
tat (e.g. BoMBOSCH et al. 2003). Frequently, access
opportunities (timber transport roads, forwarding
lines, roadside landings) to given work places are
not taken into account (MALiK, DVORAK 2007).
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Table 4. Operation time consumption of John Deere 1110
E high-powered forwarder in coniferous and deciduous
softwood - green by timber harvesting, timber forward-
ing in 2-5m

H (m?)
L (m) 0.30-0.49 0.50-0.69 0.70-0.99
time consumption (h-m~3)
0-100 0.06* 0.05* 0.05**
101-200 0.07* 0.06** 0.05*
201-300 0.07* 0.06** 0.06**
301-400 0.07* 0.07** 0.07**
401-500 0.07* 0.07** 0,07*
501-600 0,07* 0,07* 0.07**
601-700 0.07* 0.07* 0,07*
701-800 0.08* 0.07* 0.07*
801-900 0.09** 0.08* 0.08*
901-1,000 0.09** 0.09% 0.09**
Each 100 0.01* 0.01* 0.01*

H — mean-tree volume, L — forwarding distance, *real work
times measured in the field in the given interval for independ-

ent variables; **simulated times according to Eq. (2)

The Touzim Forest District and its particular
units are relatively fragmented due to a prolonged
process of land restitutions and as such required
frequent driving between the particular work plac-
es (up to several kilometres) recently. Work plan-
ning is more demanding and has to take account

Ut IO N
D S A =
D o OO %

&\“_\“\ U} 3
B %

Fig. 2. Work time consumption in large forwarders for tim-
ber forwarding operation in relation to forwarding distance
and weight of logged trees
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of stand accessibility throughout the year with re-
spect to farmed land in the vicinity of forests. Frag-
mentation of forests and their tenancy represent
additional factors which make work more difficult.

The results of conducted experimental measure-
ments formed a basis for the proposed time stan-
dards for the given and similar production con-
ditions. The time consumption of high-powered
forwarders ranges from0.05t00.09 h-m~3uponafor-
warding distance of 100—1,000 m and average load
is 12.15 m>. Based on the designed model, the ex-
pected productivity is calculated at 9.6-17.5 h-m3.
If shift (T.) and batch times (7)) are included (11%
of shift duration), the shift productivity will range
from 87 to 158 h-m~3 upon an average shift length
0f 9.04 h.

A work operation (7,) of high-powered forward-
ers takes 46.9 min on average (0.78 h). The time
consumption for driving a large forwarder (¢,,,,
and ¢, ,.) is 12.07 min (0.20 h), which represents
26% of the entire production stage. Loading and un-
loading (¢,,,, and t,,,,) take up 34.08 min (0.58 h),
which accounts for 74% of the entire work opera-
tion time consumption.

The deployment of high-powered forwarders in
harvester-conducted regeneration felling seems ra-
tional, as forwarders register the highest work pro-
ductivity in this case. On the other hand, deploy-
ment of small forwarders teamed with harvesters
seems more suitable in thinning operations. Small
forwarders also find considerable application in
incidental felling, particularly in the processing of
individual trees.
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