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1 INTRODUCTION

11 Outline of the Present Study

The first part of this publication is based
largely on the following preliminary reports
dealing with the separate factors affecting
the output in forest transportation of
timber:
A. HAARLAA, R. 1970. Puutavaran maasto-

kuljetus traktorilla. Kustannuslasken-
tatekninen tarkastelu. Summary: Tim-
ber skidding by tractor. A study on
calculation of costs. Department of
Logging and Utilization of Forest
Products. University of Helsinki. Re-
search notes 7. 64 pp.

B. HAARLAA, R. 1971. Maaston ja kuorman
vaikutus metsätraktoreiden ajonopeu-
teen. Summary: Effect of terrain and
load on the driving speed of logging
tractors. Department of Logging and
Utilization of Forest Products. Uni-
versity of Helsinki. Research notes
9. 88 pp.

C. SILVENNOINEN, U. and HAARLAA, R.
1971. Metsätraktoreiden liikkuvuus
lumessa. Summary: The mobility of
logging tractors on snow. Silva Fenn.
5(2): 145-167.

D. HAARLAA, R. 1972 a. Lisättyjen kone-
komponenttien vaikutus metsätrak-
toreiden maastokelpoisuuteen. Sum-
mary: Effect of additional machine
components on the mobility of forest
tractors. Department of Logging and
Utilization of Forest Products. Uni-
versity of Helsinki. Research notes
15. 35 pp.

E. HAARLAA, R. 1972 b. Kuormatraktorin
ajomatka puutavaran metsäkuljetuk-
sessa. Summary: Driving distance
of forwarders in forest transportation
of timber. Department of Logging
and Utilization of Forest Products.
University of Helsinki. Research notes
16. 36 pp.

These publications are referred to by capital
letters in the text.

In the second part of the present
publication the results from the analysis
of the joint effect of these separate output
components are presented. Finally, as a
synthesis of the wiiole research project,
the concluding remarks are made.

12 Factors Affecting Costs in Forest
Transportation of Timber

The harvesting of wood raw material in
the forest and transporting it to the place
of use forms a multi-phased series of opera-
tions. The objective of increasing the
efficiency in logging is, first of all, to prevent
a rise in harvesting costs, which have a
central influence in determining the price
of forest industry products and in securing
their position on international markets.
Since during the last years, the costs for
mechanized work have gone up more slowly
than those of manual labour, the level of
mechanization in transportation of timber
has risen, a situation which will be dis-
cussed in this study.

The structure, the methods of calculation
and the factors affecting costs in mechanized
timber transportation have been discussed
first in publication A. In this connection
only some of that background information
is repeated by especially stressing the central
position of the output as a factor regulating
the costs in forest transportation of timber.

In the literature review of publication
A (p. 1—3) it may be observed that several
different units of measure have been and
are still used. In some countries the trans-
port output is measured using metric
units and in others by inch-based measure-
ments. It is thus a very laborious and
uncertain task to compare these cost figures
which have been presented in the literature.
The objective is to identify the transportation
costs as a function of distance in the currency
of each country calculated per cubic unit,
from stump to the roadside of the hauling
route, e.g. in terms of Fmk/cu.m.
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The calculation of timber transportation
costs is always a task in two steps (A, p. 3).
First, one has to determine the time-unit
cost in the use of the vehicle (Fmk/h),
and after that, the work result i.e. the trans-
port output during the same time unit
(cu.m/h). Subsequently, the timber tran-
sportation cost is the ratio of these two
figures, having in this case the unit Fmk/
cu.m. By using the input-output terms,
it follows:

Manpower input

Transport output

Machine input

from which, after fixing the price, follows:

The price of
manpower input

The price of
machine input

Transportation
cost

The time-unit cost for a transportation
vehicle can be determined using the common
machine cost calculation technique (i.e.
STAAF et al. 1966). According to their
nature, the cost elements are divided into
fixed and variable ones (A, p. 3). The
capital costs are derived both from the
tractor and its additional machine com-
ponents (anti-skid devices, etc.), tax, in-
surance and other costs, which are not
dependent on the amount of use of the
vehicle but are fixed costs. For example,
fuel, maintenance (lubrication, spare parts,
repairs, service), salary and other costs
dependent on the amount of use of the
machine are variable costs. Also, the
moving cost from one working place to
another is usually regarded as a variable
cost. The price of manpower input is includ-
ed in the costs of salary, reparation and
service. Because of the ever-rising social
costs, these have a steeper trend than the
other machine costs.

In general, there are more factors regulat-
ing the time-unit costs than those dependent
on the working environment factors. It
is a rather complicated task to determine

whether there are significantly higher repair
or service costs, e.g. on working areas with
a terrain difficulty worse than the average.
Due to the lack of sufficient and detailed
statistics on this matter, one must consider
first the variation observed in transport
output when investigating the effect of
terrain factors on timber transportation.

It is possible to analyze the variation in
transport output within the entire lifetime
of a machine or only within a limited time
period, while performing a single operation.
In respect to the length of the work period
VÄISÄNEN (1967) has considered that the
output is not equal during the first, last
and intermediate days in a logging area.
The planning of the work, organizing the
service, the preparations, and finishing of
the job in the middle of the day cause some
loss in transport output. According to VÄI-
SÄNEN, the loss in 1967 was 0.80 . . . 1.08
Fmk/cu.m. in an operation of 50 cu.m and
0.06. . .0.08 Fmk/cu.m in that of 700 cu.m
depending on the type of tractor. Other-
wise, the size of the logging area has only
a minor effect on the output, e.g. because
of the proportion of unfilled loads.

In principle the determination of the
output in forest transportation of timber
is based on measuring the time which is
required to bring a typical tractor-load
from the forest to a landing on the roadside
(A, p. 31). This so-called cycle time includes
the times for driving empty, driving during
loading and driving loaded, as well as the
times for terminal work such as loading
and unloading. In some cases there also
may be some driving during unloading due
to the necessity for sorting. Its proportion
of the cycle time is, however, always small
due to the very short distances involved.
Because the difficulty of terrain has no
direct influence on it, the separate driving
during unloading has been excluded from
these studies.

The time consumption during driving
depends on the speed and the distance.
With slower speeds, longer distances, and
smaller load size the transport output is
admittedly lower. If the proportion of
driving during the cycle becomes small, the
proportion of loading and unloading times
is increased and the factors regulating the
terminal works have, in such a case, a



decisive effect on the output in forest
transportation of timber.

On the basis of the foregoing, it is possible
to divide the factors regulating the output
in timber transportation into four groups:

1. Factors connected with the driving
speed of the tractors

2. Factors regulating the size of a tractor
load

3. Factors determining the driving dis-
tance

4. Factors connected with terminal
activities.

13 Literature Review

One of the most central tasks within
logging engineering research is to correctly
define the output in timber transportation.
That is why research results and articles
on this topic have been published in such
an abundance in many different publi-
cations. Especially because of the continuous
importance of this question, it is not possible
to present here a complete list of publi-
cations.

In the five preliminary reports (p. 5)
some literature dealing with each output
component has been cited. These reviews
are not repeated here, but the references
are included in the reference list of this
publication with a note referring to the
preliminary report in question.

Publications on mechanized forest
transportation published before the year
1956 have been summarized by PUTKISTO
(1956 b). The present literature review is
limited to publications from the latter part
of the 1960's to the present time since the
machinery used earlier is no longer in use.
In addition, the review is limited mainly
to the Nordic and North American publi-
cations, although the topic has also been
dealt with in other countries, e.g. the Federal
Republic of Germany by KNELL (1967)
and by LOYCKE (1970), in Switzerland
by PFEIFFER (1970), in England by PETROV
(1964) and by BARRACLOUGH (1967), in
Peru by CHRISTIANSEN (1967), in India
by ASTHANA and THAPLIYAL (1971), in
Yugoslavia by AKIMOVSKI and TADOROVSKI

(1968), in Bulgaria by VASILEV and MARINOV
(1969), in Czechoslovakia by KERN (1967),
in the Democratic Republic of Germany
by MATTHES (1970), in Holland by SCHAAFS-
MA (1970), in the USSR by GARUZOV (1965)
and by MURASKIN and GORYSIN (1971).
Some Japanese publications will be cited
later. The reason for this limitation of the
literature review is that the construction
of the machines and the operating condi-
tions in many countries differ so entirely
from those of this study that no comparison
between the results is possible.

Most North American studies on the output
in forest transportation of timber deal
with skidding (e.g. BARTHOLOMEW et al.
1965, JOHNSON 1965, LUCAS 1965, SIL-
VERSIDES 1966). In Norway the skidding
of tree-lengths has been studied both as
farm-tractor (STROMNES 1965) and forest-
tractor transportation (ARVENSEN 1970).
From the earlier Swedish terraintransporta-
tion studies the output table presented by
JACOBSON (1965) and later, the method
study on forwarding by ELD (1970) may
be mentioned. In addition to the previously
mentioned study by PUTKISTO (1956 b),
the most detailed reports from the Finnish
forest-transport output studies are those
on skidding of tree-lengths and trees by
KAHALA and RANTAPUU (1968), the study
on forwarding by KAHALA and RANTAPUU
(1970), and the study providing basic
information for fixing the contract rates in
forwarding by KAHALA (1972).

The effect of transportation planning on
the output has been treated by, i.a. PUTKISTO
(1963), GARDNER (1966) and NEWNHAM
(1972). In particular, the effect of the trans-
portation method on the output has been
studied by, i.a. BYGREN and PETTERSON
(1967), GARDNER (1968), BYGREN and LIND-
BERG (1969), TENHOLA (1969, 1971), HAAJA
(1971) and HAAJA and KOSKINEN (1971).
Data on the use of a certain tractor or
results from a comparison of several tractors
have been published, in addition to those
mentioned in the preliminary reports, i.a.
by HAKKARAINEN and KAHALA (1965),
SILVENNOINEN (1966 c), SILANDER (1966 a,
1966 b), MELVASALO (1967), KOJIMA et al.
(1967), HAAPAMÄKI and HAATAJA (1969),
SALMINEN (1969), ANON. (1970) and BJAANES
(1970).
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The measuring of factors affecting output
in forest transportation of timber by using
a regression analysis has been described
earlier, i.a. by the Japanese KOJIMA (1961,
1963), the Canadians BENNETT et al. (1965),
and by HARVEY and CORCORAN (1967) in
the USA. Control of the output and transport
costs and the interaction between them have
been studied, i.a. by DONELLY (1962),
BERLYN and KEEN (1964), SIEVERT (1966),
BENNETT and WINER (1967), NIKUNEN
(1968), SAMSET (1969), VÄISÄNEN (1970),
RYSÄ (1971) and PARTANEN (1971). Output
and cost statistics from Finnish logging
areas have been published by SILANDER
(1965) and SÄTERI (1971, 1972 a, 1972 b,
1972 c).

Comments on the interaction between
terrain and output in forest transportation
of timber can be found in some articles
included in the proceedings of a IUFRO1)
meeting (ANON. 1964). The results from
the Inter-Nordic Forest Terrain Classification
Project and the last investigations on this
topic are presented in the final report of
that project (HAARLAA and ASSERSTÄHL
1972) and in the references of its publi-
cations. Relations between terrain classifica-
tion and terrain transportation from the
military point of view have been discussed
by PARRY et al. (1968). A method for pre-
dicting the transportation output of a
terrain vehicle on the basis of terrain classes
was presented by SÖDERLUND (1971).

From the long list of publications it is
evident that to be able to find an answer
to some special, detailed question on tran-
sport output on the basis of a literature
survey, one must define the question very
accurately in advance. Only after that,
can the question finally be formulated using
the necessary key-words and an answer
(e.g. from data in the computer memory
bank or from a reference) be obtained.

On the basis of the earlier studies it was
not possible to solve sufficiently the question
of the effect of terrain on the output in
forest transportation of timber.

14 The Objective of the Study and its
Limitations

The objective of this study was to analyze
factors affecting the output in forest tran-
sportation of timber both theoretically and
using empirical data.

From the many regulating output factors
onty those were chosen for closer investiga-
tion which were dependent, or at least
seemed to be dependent, on the difficulty
factors of forest terrain. These were 1. the
driving speed of the tractors, 2. the size
of one load and 3. the driving distance
needed.2) The terminal activities, like load-
ing and unloading, have not been analyzed
more closely because the difficulty of
terrain does not have an obvious effect
on them. On the other hand, much data
is available on these work phases on the
basis of the earlier studies (e.g. ELD 1970,
KAHALA and RANTAPUU 1970, and KAIIALA
1972).

Mathematical models for main factors
affecting transport output were developed
first. In this respect the results from the
earlier preliminary reports dealing with
separate output components are summarized.
The joint effect of those factors was then
combined and models for the output in
forest transportation of timber were
developed.

The study program was designed to gather
the information necessary for a terrain
classification. Since the objective of a
terrain classification is to indicate the
differences in working conditions, there
are reasons to use the transport output
as a basis for a forest terrain classification.

*) International Union of Forestry Research
Organizations.

2) The internationally adopted method for
measuring speed is to use the distance being
traveled during a specific time unit, e.g. m/s,
km/h. Because the calculations for transport
output specifically assume the determination of
the cycle time, the calculations in this project
are based on time consumption per unit distance
(min/100 m) to avoid mistakes and keep the
calculations simple. The time consumption figure
can be converted to the standard unit (m/s) by
dividing the constant 100/60 = 5/3 by the presented
figure.



2 MATERIALS AND METHODS

21 Collecting of Data

211 Driving-Speed Tests for Predicting the
Variation in Transport Output

In performing a forestry job, it is charac-
teristic that the work very seldom is carried
out using the same work methods, equal
skill and the same kind of tools in correspond-
ing conditions. The difference between a
forestry and a regular industrial job is thus
very great. There are many factors affecting
a forestry job; variation within each factor
is large, non-homogenous and, in addition,
many factors are changing with time (e.g.
PUTKISTO 1956 b). Consequently, the scope
of this study is very heterogenous. These
special features have to be taken into account
already when choosing the research methods.

The artificial standardization of as many
factors as possible is a common method in
research where independent variables are
affecting the dependent variable. In prin-
ciple this was the method followed in the
tests designed for measuring the driving
speed of tractors in terrain. These tests
formed the f i r s t m a i n p h a s e of
this investigation. To identify the factors
affecting driving speed and the size of
load, comparable routes marked in varying
terrain were driven using tractors and
loads of different size and form. The times
measured at homogenous intervals of the
•driving route formed the observations used
in the comparative calculations.

The details in organizing the test drives
have been explained in the preliminary
reports (B, p. 10-18; C, p. 147-155;
D, p. 3 — 8) and are not repeated here. The
locations of the test areas are indicated
on Map 1. The basic tests on the driving
speed were carried out at locations 1 to
3. Their control tests were at locations 5
and 6. Location 4 was used for mobility
tests on snow. Locations 7 to 9 were for
studying the effect of additional machine
components. Location 10 includes seven
logging areas where data on the driving
distance were collected. Correspondingly,

the locations from 11 to 14 are logging
areas for the same purpose, but they deal
with another tractor. In locations 15 to 30
data on the driving speeds during the work
were collected from real logging conditions.

At these locations the choice of test areas
and tractors with respect to factors affecting
that choice have been discussed in the corre-
sponding preliminary reports (B, p. 12 — 15;

Map. 1. Location of test areas. — Koealueiden
sijainti.

Expl. — Selitys
O Location of test areas for collecting data on
driving speeds. — Ajonopeuskoealueet.
D Location of logging areas for collecting data
on driving distances. — Ajomatkatutkimustyömaat.
• Location of logging areas for collecting data

on driving speeds. — Ajonopeustutkimustyömaat.
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a. A half-tracked tractor with a
half load in a winter test. — Puo-
litelatraktori puolella kuormalla
kuormattuna talvikokeissa.

b. A three-quarter-tracked tractor
with a full load — ß/4-telatraktori
täydellä kuormalla kuormattuna.

c. A skidder driving empty on
untouched snow. — Laahuspyörä-
traktori tyhjänäajossa umpilumes-



d. A half-loaded forwarder in a
spring test. — Kuormapyörätrak-
tori puolella kuormalla kuormattu-
na kevätkokeissa.

e. A tracked forwarder ready for
the winter tests. — Telapyörätrak-
tori valmiina talvikokeisiin.

f. Another tracked forwarder with
a sled in the winter tests. — Toi-
nen telapyörätraktori rekineen tal-
vikokeissa.

All photographs were taken by
the author. — Kuvat kirjoittajan
ottamia.
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C, p. 154; D, p. 3). For the basic tests there
was a total of 1 975 observations on driving
speeds for tractors (p. 20), for their control
tests 192 observations (p. 27), for the special
snow tests 1 218 observations (p. 21), for
measuring the effect of additional machine
components 463 observations (D); and the
number of speed observations from logging
areas was 721 (p. 42).

The purpose of the test drives was to
find out how the driving speed of forest
tractors varied on passable terrain routes
when using loads of different size. The
hypothesis in the study was that the driving
speed indicates the difficulty level of the
terrain. By analyzing the significance of the
separate terrain factors explaining the varia-
tion in driving speed, information was found
which is useful in designing a terrain classi-
fication in a case where the output in forest
transportation of timber is used as a final
criterion.

It was uncertain whether the results
from the test conditions were enough for
drawing generally acceptable conclusions
about the problem. Therefore, data was
also collected on the variation in driving
speeds of tractors under real logging condi-
tions. Not until these observations were
combined together with the data on the
other factors affecting the output in forest
transportation timber by using a computer
simulation technique, was it possible to
analyze the effect of separate factors on the
transport output. The computer simulation
formed the s e c o n d m a i n p h a s e of
this investigation.

212 Empirical Observations on the Driving
Speeds and Distances

The objective of the empirical data
collected from logging areas was, in addition,
to check the validity of the results from test
conditions and to provide the necessary
data for the computer simulation phase
(Appendix 2, p. 43). The driving routes
on the logging areas were divided into
homogenous parts like the test lines. Many
terrain and other environmental factors
were thus simultaneously affecting the
speed observations. The quantity of data
per tractor is presented in Appendix 1
(p. 42).

The distances which tractors have to
move on a logging area were measured
using automatic recorders. Since the test
vehicles were tracked ones, no attention
was given to the slippage. The rotations
of the tractors braking axle were transformed
to distance units, which were tallied both
into a digital recorder and onto a wax-
covered disc. (The relationship between
the rotations of the braking axle and the
tractor's rear axle is always practically
constant). The distance driven could be
divided into driving empty, driving during
loading and driving loaded, based on the
working time of the engine and the driving
speed. By analyzing the factors affecting
the distance driven on a logging area the
significance of the terrain factors on its
length was evaluated. The details in collect-
ing and processing this part of the data
were presented in the corresponding preli-
minary report (E, p. 9 — 11). The observa-
tions on the driving distance were made
during 217 days of harvesting timber on
17 logging areas.

22 Data Processing

221 Determination of the Driving Speed, the
Size of Load, and the Length of Driving
Distance

In the tests the time it took for a tractor
to move from the starting point of the ob-
servation interval to its end was measured
with an accuracy of one centiminute (1/100
min). In order to simplify the calculations
and to avoid the harmonic means, the driving
speed is given in this study report as the
time consumption per 100 meters (min/
100 m, cf. p. 8). The unit times always
were used in this form when the mean values
were given according to the season, tractor
type, terrain factor etc. (cf. B, p. 22—41).
The same speed unit was used as a dependent
variable when developing the regression
models for the driving speed of tractors.

The size of the load was measured in the
tests for timber assortments as technical
wood measures, which were converted to
solid cubic meters on the basis of coefficients
published in handbooks. Whole trees were
measured directly in solid volume according
to the tables for standing trees. The loads


