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ABSTRACT

The Third #AO/Austria Training Course on dountain Forest Roads and
Harvesting was held in the Forestry Training Centres of Ossiach and Ort,
Austiria, from 1 to 28 June, 1931. ‘[he Course was made possible by a special
contribhution from Austria in support of FAO's Regular Programse activiiies
in the field of loiging. As with the previous courses, this third was
organized hy FAQ in cooperation with the Government of Austria.

‘'he main objectives of the courses were to familiarize the participants
with the prohlems encountered in the harvesting of mountain forests on a
sustained hasis, taking into coneideration the effeots of logging on
environment. Farticular emphasis was given to the practical planning,
surverin;, construction and maintenance of forest roads as well as the
planning, choice and use of logging technology suitahle for mountain forest
condition:.

Other important ohjectives were to draw the attention of the participants
to work safety, health, ergonomics and productivity in logging.

‘the progrumne of the lraining Course included course lectures, country
statements, excursions, demonstrations and practical field exercises.

''he U'riinin; Course was attended by 38 participants from the following
19 countries:

Ranglndesh, fhutan, Burma, Cameroon, Chile, I"iji, Gahon, Indonesia,
Jamaica, Hdalawi, Hexico, Nepal, Nigeria, Pakistan, Fanama, Foland,
Somalia, Sudan and Tanzaniae

ileven participants were sponsored by Austria, fifteen by FAO, five by
the German bilateral aid programme and seven from other sources.

'he participants inoluded people from institutions such as ministries
of agrioculture and foresiry, public foresiry administrations, public and
private forest enterprises and foresiry iraining centres.

This report is the result of the compilation of lecture papers
presented. ‘'he report is considered to bhe the most comprehensive one
prepared to date since it also contains leotures puhlished in the reports
of the previous courses.

#Aith the publication of this report it is hoped that many foresters
from developing countries can profit from the information contained herein.

FAO gratefully acknowledges its indebtedness to the Government of
Austria for sponsoring this training programme.
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EOITORIAL ROTE

The papers presented in this report have heen edited to the extent considered
necessary for the reader's assistance.

The mention of speocifioc companies or of their products or brand names does not
imply any endorsement or recommendstion on the part of the Food and Agriculture
Organigation of the United Nations.

Cover Photot Hobile téwer cable unit in working position, logs arriving at the
forest road (Photo: R. Hinteregger).
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FOREWORD

1.  BACKGROUND

In many developing oountries, the use of improper wood harvesting methods in steep
terrain causes forest desiruotion which leads to severe erosion and downstresm flooding,
seriously affecting agricultural oultivation as well as urban areas and their water supply
in the plains.

Therefore, gredt attention and priority should be paid to the preservation of forests
whioh lie in diffioult terrain through the appliocation of proper wood harvesting systems,
in order to guarantee their proteotion, sooial and productive funotions in these zones.

Bepause of the increase in population and expeoted higher living standards, experts
foreocast a oonsiderable increase in wood demand for the future, whioh will necessitate that
forest operations he carried out under increasingly more diffioult terrain oonditions,
especially throuch the openins=up of inaccessible forestis by means of forest roads. In
many developing countries with high population pressures, forestry in the future will have
to he relezated to the less populated areas and to lande unsuitable for other purposes, due
1o terrain and soil oonditions.

In remnote areas, forestry oan oontribute substantially to an improvement of the
employment situation for local people through intensive forest management, and therefore
oontribute to their eoonomio well-being and to the overall development of the country.

In mountainous terrain more labour-intensive extraction methods have to be used than
say for forest in easy terrain; this of oourse inoreases the employment opportunities
available. Additional employment opportunities are gained by forest road construotion and
maintenance, rehabilitation of devastated land, afforestation and tending as well as siream
channel and watershed proteotion measures. Many developing oountries with forests in steep
terrain are oconcerned that proper forest operations are oarried out in suoh a manner as to
maintain the proteotive funotion of the forests as well as provide a continuous yield; they
therefore have a deep interest in resolving assooiated problems.

The high interest in training activities aimed at addressing the above mentioned
problems has been confirmed hy the very active response to the partioipation in the three,
already oompleted, FAO/Austria Training Courses whioh were held for partioipants from

English speaking developing oountriese

Based on the recommendations of the first session of the Committee on Forestry (00!’0),
which underlined the importanoce of iraining related to logging and transport, the Government
of Austria generously supported FAO logging training activities by financing the First FAO/
Austria Training Course on Forest Roads and Harvesting in Mountainous Forests in June 1975
in Ossiach, Austriae

In line with further recommendations on training and improvements of forest operations
made by OOFO and the EighthHorld Forestry Ca7gz~ou held in Jakarta in Ootober 1978, the
series of training oourses under a joint FAO/Austria iraining programme oontinued. A seocnd
Course was held in Austria from 3 June to 2 July 1978. The third Course was held froam 1 to
28 June 1981 and a fourth Course is planned for June 1983, again in Austrise ’

Nore than 120 partioipants mostly from developing oountiries from all over the world
have so far participated in the first three training courses. In connection with the
training oourses, illustrative teohnioal reports were prepared in order that the information
supplied during the oourses could be mads avallable to a larger forum, especially to

foresters from developing ocountries faoing problems in planning, supervising snd exeouting
logging sotivities in mountainous forests. To date some 4 000 copies of the techniocal



reports of the training oourses have heen distributed throughout the world, mainly upon
requests from individuals, organizations and institutions.

This report is mainly a oompilation of the leoture papers presented in this last Course;
however, it also includes papers from previous courses and therefore can be considered as
a synthesis of the first three oourses.

It is hoped that the information contained in this report, as in the previous ones,
will again be found useful and serve as a reference book for specific issues in mountain

logging.

2. ORGANIZATION AND ADMINISTRAVION OF THE YRAINING COURS:

The preparatory work and the organization of ihe Course were carried out in close col-
laboration betwsen the Forest Logging and Transport Branch of FAQ, dome, the iinistry of
Agrioulture and Forestry, Vieana, and the Forestry Training Centres at Ossiach and Ort.

The overall coordination was the responsibility of Ur. H. Redl, Head of the Inter-
national Division and his oollaborators. The administration of the Course was carried out
by the Verein zur Férderung der forstliohen Forschung in Usterreich, headed by Ur. m.
Neuvberger, assisted by Mr. D. Hanak-Hammerl.

My, O. Frauenholgz and Hr. A, [rzesniowski from Austria, and R. Heinrich from FAO, Rome,
vwere appointed Course directors. In addition to the Course directors, more than 30 lecturers,
speakers and instructors oontributed to the Course programme. Lecturers from more than 20
different forestry institutions, organizations and machine and tool manufacturers were brought
in to support the forestry teachers and imstruotors of the Forestry Training Centres at
Ossiach and Ort.

Administrative, teohnioal and seoretarial assistance was provided by 28 people from
the Forestry Training Centres and the Federal Forestry Research Institute.

3.  PARTICIPANTS
The Training Course was attended by 38 partioipants from the following 19 countries:

Bangladesh, Bhutan, Burma, Cameroon, Chile, Fiji, Gabon, Indonesia, Jamaica, Malawi,
Mexioo, Nepal, Nigeria, Pakistan, Panama, Poland, Somalia, Sudan and Tanszania.

Eleven participants were sponsored by Austria, fifteen by FAO, five by the German hi-
lateral aid progrsmme and seven from other sources.

Partioipants from institutions suoh as minisiries of agriculture and forestry, public
forestry administrations, publio and private forest enterprises and forestry training
centres attended the Training Course.

4. PURPOSE OF THE COURSE

The main objeotive of the Course was to provide foresters from developing countries
with basio information on planning and oarrying out mountain forest operations with due
regard to environmental protection and oonservation aspeots. Partioular emphasis was
placed on plamning and surveying of forest road networks as well as harvesting systems.
Lectures, discussions and demonstrations also oovered suoh issues as safety and healih of
forest workers, ergonomios and time and work studies, all of which are oonsidered to be
important aspeots of the harvesting prooess, in addition to being a means of assisting
deoision-makars to analyse relationships between man and work, as well as to evaluate work
methods and systems and thus produoctivity and oosts.



5. RESULYS AND RECOMMENDATIONS

‘'he Training Course was opened by the Seoretary of State, ir. Albin Schober from the
Federal Ministiry of Agrioulture and Forestry, Viemna. MHr. L.R. Letourneau from the FAO
Foresiry Department, Rome, in his intiroductory address, weloomed the partioipants of the
Training Course on bhehalf of the Direotor—Ueneral, Dr, idouard Sacuma, and the Assistant
Uirector-General of the Forestry Department, Or. M.A, Flores Rodas.

In the firsi part of the Training Course, which took place in Ossiach, various wood
harvesiing methods were presented and demonstrated. Fartioipants were required to plan
and set up a cable installation as well as assist in the preparation of the planning of
wood extraction work. 7The operation of different ground skidding machines was demonstrated.

during the first part of the Course, hesides the olassroom teaching, which was kepti
to a minimun, eleven exoursions, demonstrations, and field visits were oarried out.

‘'ne seoond part of the Iraining Course was oarried out in Ort and deali mainly with
foresti road planning, surveying, oonstruotion and environmental factors as well as work
organization, safety, health, time and work studies. Again this part was practiocal-
oriented and the programme consisted of some eleven outdoor demonstrations and field
exerciges.

During the Course participants presented very interesting oountry statements, intro-
ducing brief accounts of forestiry in relation to wood harvesting operations.

An evaluation of the Course by the participants highlighted the following:

= 'his type of practical-oriented training oourse was of great interest
to the partioipants because it introduced a diffioult subjeot by
showing and explaining tangible results whioh are derived from a long
experienoce in wood harvesting operations in Austria.

- 'The presentation of country reports by the participants and the subsequent
exchange of views on wood harvesting in different oountries was oconsidered
t0 be a most valuable exeroise for which more time should be allooated in

future oourses,

= With reference to the subject matter of the Course, the partioipants felt
that instead of making a detailed survey of a oable line and setting up of
a cable orane, more time should be devoted to questions of time and work
studies and ergonomios, rore emphasis should also be placed on cost and
productivity studies, ocomparing various alternatives of wood harvesting
systens.

~ The partioipants also suggested that the intermediate technology in logging
is very important for most of their oountries and that perhaps more time
should be devoted to lahour intensive methods or a combination of labour
intensive and sophistioated methods along with sultable pilot oame studies.

6.  ACKNOWLEDGEMENTS

FAO greatly appreciates and is very much indebted to Austria in assisting FAO's
Regular Programme training activities in the field of forest logging and transport by
sponsoring and hosting the FAO/Austria Training Courses on Mountain Forest Hoads and
Wood Harvesting. Speoial thanks are extended to the Federal Chancellery, Minisiry of
Agriculture and Forestry, the Direotors and the techniocal and administrative staff of the
Foreetry Training Centres, as well as the Federal Foresiry Research Institute and many other
organizations which gensrously supported the Training Course by either providing leoturere,
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supplies, materials, machinery or any other input. In this oontext we would like to
especially mention the forest enterprises and equipment firms who provided their servioces
and assistance, thus enabling the Course directorate to undertake the most interesting and

benefioial field exocursions and study visits.

Mobile cable unit with hydraulic loader, both moumted on an old truck
(Photos R. Hinteregger)



INTRODUCTORY ADDRESS

by
Leo Reginald Letourneaun,
Forest Industries Division
FAQ Forestry Department

On behalf of the Direotor-Oeneral, Dr. Edouard Saouma, and the Forestry Department of
FAO, I take pleasure in welcoming you to the Third FAO/Auatria. Training Course on Mountain
Forest Roads and Harvesting.

It is an exoeptional pleasure to see so many foresters from so many areas of the world,
who have taken the time and effort to oome to this Course in order to broaden their knowledge
on forestry in general, and logging in particular.

At this time,I would like to extend thanks to our Austrian hosts, for without their
generous and unstinting assistance this Course would not have bheen possible. We know from
the title of the Course that this is the third of ifs kind, whioh in itself attests not only
to the generosity of Austria, but also their interest in the subject, in which they are
vworld leaders.

It is only fitting that I mention the olose and cordial relations between the Forestiry
Department of FAO and Austria in this field, espeoially with Mr. Flatiner of the Forest
Department and with Dr. Redl of the Intermational Division, for not only through their
aotions are we able to have such Courses, but we are also able to so rapidly place foresters
from developing oountries into specialized training oourses in Austriae

Now down to the work at hande You have heen selected by your ocountries to take part in
this Training Course so that, upon your return to your home oountry, you will have a hetter
idea of how to conduct harvesting operations, not only in steep terrain, but to better under—
stand the ramifioations of your actions upon the terrain, forests and streams, as well as
the sooial/oultural effects on the people around you - the workers, villagers and industrial
users of logs.

1 mentioned above that you have been seleotede Perhaps some of you applied for the
Course out of your keen interest in this field. Logging is a speoialized field whioh is
not often taken up as a career by young people from tropioal oountries. Very often it is
looked upon as one phase of a hoped-for long oareer in forestry or governmental servioce. No
matter what the intention, this Course is designed to emlighten and broaden your outlook. A
plus faoctor will have been won if, in the years to oome, many of you are still active in this
fields

The logging profession is a diffioult one, requiring that one wins his so-ocalled spurs
in the jungle. But it is not only an arduous ocoupation, it is and oan be a rewarding one.
Rewarding in the sense that one is, through his specialized iraining, bringing order out of
vhat is sometimes chaos and bridging the gap beiween the growing of trees and their use.

You will note by looking at the Course programme that, in addition to covering plamning,
surveying, logging and road oonstruotion, time has been allowed for suoh items as safety,
protection, ecologys The programme is broad, but is designed to give you the overall pioture
of what is required for efficient harvesting of the foresis. One of the greatest drawbacks
to effective harvesting is the lack of expsrienced personnel who are oapabls of making
operational deoisions designed to ensure oonirel of the harvesters and harvesting operations.
The bad effeots of this lack of expertise not only show up in higher than necessary produot-
ion oosts, but also often result in lower productivity or even sometimes destruotion of the
forest, as well as having a negative impaot upon the environment.



Proper planning and monitoring are essential ingredients if we are to get low costs,
protect the forest and environment and, above all, reap some henefits for the people of our
respeotive oountries through the creation of jobs, forest products and the reduction of
importse.

Forests, whether natural or man-made, oan and usually do play an important role in the
economy of your oountries and, as suoh, must be tended with care. Our task as loggers is
to create while preserving. In order to do 8o, we must learn how to apply hasio principles
and techniques which are generally already known. However, we must also learn to think
from those basic principles, for not only might each appliocation require a slightly different
teohnique, but sometimes may require an entirely new conoept. In other words, a logger must
be adaptable, imaginative and self-reliante

Please indulge me and let me olose with the wish that what you will learn here will be
put to good use and that, through this Course, some of you may deoide to make lozzing ;our
life's vocation.

Chainssw operator wearing safety clothing, meking the underout (Photos O. Sedlak)
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FOREST RESEARCH IN ALPINE REGIONS

by

Johann Egger 1/
Forstliohe Bundesversuchsanstalt

1.  INTRODUCTION

In a distinctly mountainous oountry like Austria, no feature characteripes the land-
scape as muoh as woodlands. Forty-four percent of the country's total surfaoce is oovered
by forests, Extending over an a.reaaof 3.69 million hectares, they produce an annual yield
of up to approximately 14 million m~ of timber. They prevent erosion of the soil, maintain
the water balance and proteot fertile valleys with their settlements, traffio installations
and industries against damage. They offer employment to & large number of people and
because of their scenic beauty and high recreational value are a signifioant factor in the
domestic tourist trade.

The forest can perform these multiple economio and sooial funotions in the long run
only if its natural life oycle is understood and if its prinociples are respected in forest
management .

The modern Austrian Forest Law of 1975 governs the entire field of forest management as
well as all interaotions hetween the forest, the economy and soociety. This amendment to the
original forest law whioh was over 100 years old, together with foresiry research geared to
the speoific needs of mountainous terrain, provides a sound basis for future forest management.

Of the wide range of forestry research and its findings I should like toc present only
the most important data in oondensed form.

2. PRODUCTION

Austria's subdivision into seven growing regions is based on the natural habitats of
tree speoies and, in partioular, on the pronounced differences in the olimate prevailing in
the countrye.

These subdivisions into growing sones as well as the Forest Seed Law, whioh provides
for stand quality olassification aimed at the use of provenance-tested seeds, are the out-
oome of work oarried out at the Forestry Research Institute in Vienna.

In addition to identifying the provenanoce of seeds, suocessful afforestation also
depends on the quality of the planis used. This is why a ocontinucus effort is being made
to improve plant quality through the applioation of olearly defined quality standards and

regular nursery inspeotions.

Another research project investigates such questions as what growih inorement ocan be
expeoted of the most common tree species in different loocations. Forest areas each of about
500 heotares were ssleoted in strictly defined growing regicns (such as the flysh sone 2/ ,
the northern limestone Alps, and so on). After ocareful site surveying at least 200 000 trees
of all age groups are soourately measured. The result we expeot from our practical forestry
work will be answers to the following questions: Whioch tree speoies or whioch ocomposition of
the stand will assure optimum sustained yield in the often very different locations? To

1/ Pederal Forestry Research Institute, Vienns

2/ A geologio sone in Ausiria
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what extent may the peroentage share of individual species be varied, depending on the
nanagement objeotive in each oass,without reducing the produotive potential of the stand in
the long run?

At present our work is fooused on surveying high-altitude forestis some of which are
endangered in our time. The objeotive of our work is to elaborate silvicultural management
guidelines for forest oonservation or regeneration, as the case may be.

At the Tulln nursery, oomparative studies are being oonduoted on poplar varieties
already gromn in Austria; those poplar olones and poplar varieties whioh tests have shown
to be exosllent to good are heing propagated.

Sinoce 1957 there have been studies focused on progeny testing of imolated spruce groups
and spruce stands as well as determining the altitude distribution of mountainous spruoce
stands. By laying out 44 experimental plots in the different growing zones and at different
altitudes we hope to be able to oonfirm the results of earlier tests om the heritability
of the physiological and morphologioal oharacteristios of spruce. Frovenance tests are
carried out to identify the most suitable provenances of Douglas fir.

Studies of water supply in flat and mountainous terrain date back to the earliest days
of forestry researoh. In recent times, the emphasies of this research has shifted to working
out a uniform olassifioation system for Ausiria's forest sites, whioh ie based on soil analyses
and phyto-sociologioal surveys. This uniform classification is aimed at providing a more
exaot delineation of growing zones in Austria. The growing site surveys oonducted under the
Austrian Forest Inventory Programme serve the same purpose.

3. FOREST PROTECTION

The Institute for Forest Protection aots as an advisory body in all cases where damage
has ooourred; furthermore, it is responsible for tesiing pesticides and insectioides used
in foresiry, and conduots research on new bdbiological preventive and control agents. Today
questions of contamination, closely linked to the use of inseotioides and fungioides, play
a signifioant role in the institute's activities,

Tests involving the applioation of Pheroprax, a bark beetle attractant, have resulted
in an improvement of recommendations for praoctical use, Other tests, in which the effeot
of the toxiologioally favourable pyrethroids on the brown pine besile was studied, have
yielded positive resultis.

The problem of damage from the emission of industrial fumes existed long before the
estabdlishment of our research institute. Originally, only air pollution was studied, using
air and needle analyses; later, survey maps were prepared and only very recently have so~
oalled false oolour films been made, zone by mone, in order to determine rapidly the extent
of pollution in afflioted areas. Fractical observations of the inorement, ocarried out in
oooperation with the Produotion Research Institute since 1965, have oconfirmed the earlier
studies of smoke damage.

Literature on the proteotion of forests and pastures against damage caused by game
shows that this was already an important issue as early as 1884. It was only after a long
interval that in 1956 the question of "forest and game" was once again aoccorded greater
signifiocance. It is the objective of a long-term series of tests to show ihe influence of
gane grasing on the vegetation and on forest plants in partioular. Ia addition, topios such
as the quantity and distribution of game as well as the extent of damage ihey ocause are
heing investigated and proteotive measures tested for their effectivensss.



4. FOREST YIELD SCIENCE

Initially, research on forest yleld and management was mainly fooused on the current
questions of forest mensuration; thus in the period from 1899 to 1908 studies dealing with
the shapes and volumes of spruce, larch, white pine and fir were published. Schiffl tried
to work out characteristic siem shapes using shape quotients. Equally important were his
studies on plant spacing and tending of stoocks as factors in spruce raising, In his paper
“Growth Prinociples of Normal Spruce Stands", Sohiff) opened up a new path in this field,
vhich was later pursued and perfected by Kremn, Assmann and Frans. Present day yleld
research is mainly fooused on medium-term series of experimentis which seek to provide
ansWers to such guestions as maintaining constant stem numbers or thinning spruce or pine
stands, and whioh it is hoped will help reduce planting and tending costs. By means of
forest fertilization tests the institute performs aoccurate oheoks on the eoonomio value of
such measures.

The questione of proper plant spacing or optimum thinning methods, so important nowadays,
ocould not have been answered with professional competenoce if continuous tests had not been
carried out in the first years of the institute's existence. The Hauersteig tree spaocing
experiment (for spruce) oarried out by Cieslar in 1892 serves as a model for such experimental
worke

5. TFOREST ENGINEERING

The first forest engineering studies ooncentrated on the use of the wedge and sub-
sequently on methods of laying out skidding tracks. After a long interval, these studies
were taken up again in 1940 and led to the oonstruotion of the Mariabrumn oable unit which
was extensively tested in practiocal operation both as a ground oable extraction unit,as well
as a short-distanoe cable orane. In these field tests the unit primarily served to develop
methods of simple cahle extraoction. It may be oonsidered a model device for its time, whioh
made it poassible to design a useful cahbls winoh for forest work.

Subsequently, attention shifted to long-distance cable cranes. Here the objeotive was
to test different novel desigmns for their suitahility in practioal work, and in partioular,
to develop and test appropriate methoda of surveying, caloulating, setiing-up and operating,
a8 well as to devise new skyline supports and anohor types. In olose oooperation with the
University of Agriculture and Forestry the time, material and money input required for the
setting-up and dismantling of cable cranes under different working conditions were determined.
The valuable information gained in these studies was integrated into training oourses and
thus passed on to a great mumber of foresters.

The worker himself has always been at the cenire of all research into woricding techniques,
beocause the work he is expeoted to perform must be manageable and physiocally tolerable in the
long run. Ergonomio tests are used to show the physical and psyochio sirains to which the
worker is exposed, and to point to any need for changing the ssquence of operations.

In oooperation with the Department of Hyglene of Vienna University, sarly-summer
meningo~enoephalitis, a virus disease iransmittied by tioks, was analysede On the basie of
these investigations the first map showing the areas in which the disease ooourred was pre-
pared, and it was also found that this type of meningo—encephalitis is an oocupational
disease which afflicts primarily forest workere and forest staff. As a proteotive measure,
an immuniging vaocoine was subsequently developed.

As a oonsequance of mechanisation and the inoreased use of technology, all new machines
and devioes had to be kept on record, and tested for their suitability in mountainous ter-
rain; also, the most suitable working methods had to be studieds The constant advances in
mechanization were clossly observed, A great number of studies and analyses of forest work
involving the use of the power saw, of articulated wheeled ekidders and short-distanoce
mobile tower cable oranes for timber extraction yleldsd results whioch were directly sppliocable
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in practioce. Standard work norms for chainsaw operations, working hour oaloulations, lists
of existing machinery and devioes as well as suggestions for improvements of these machines
or work methods are but some examples of these results.

The more highly sophistioated the technology used, the more important and deoisive for
profitable operations will be the proper organization and preparation of worke This is the
ocase, for example, in a "broken chain of work" - felling, single-tree extraction by means
of a mobile tower ocable orane, storage using an artioulated grapple skidder, and oonversion
by means of a mobile prooessor; or in ooniferous timber extraction by helioopter,

6, FOREST INVENTORY

The Austrian Forest Inventory developed from the forest stocks investigation of 1952
to 1956. This year it enters its third phase after completion of preceding surveying work
done from 1961 to 1970 and 1971 to 1980. The objective of the inventory project is to
determine the oonditions of and changes in forest stooks by continuous surveys involving
the entire surfaoe area of the countrye. The results of the first ten—year inventory
(1961-70) are oontained in Information Booklet No., 103. With this detailed information on
inventory data, Austrian forestry and management bodies have valuable material at hand for
deocision~-taking in matters of forest policy and forest economy. FPreparatory work for the
forest inventory started in 1980 is ocurrently under way.

T. TORRENT AND AVALANCHE CONTROL

The severe avalanche disasters of 1951 and 1954 prompted the elahoration of an avalanche
register for the province of the Tyrol, as well as Fromme's survey which proved that over the
past 200 years the alpine timberline has lowered considerably in many regions of the Tyrol
and that there exists a olose correlation between deforestation and avalanche or torrent
hazards.

As we know that two—thirds of all avalanches start below the potential timberline, the
avalanche hazard can be oombatted not only by technioally elaborate structures, but also by
long-term afforestation in high-altitude locations. Comprehemsive mioroclimatio, as well
as soil and vegetation analyses in addition to studies of the metabolisms of the most .
important tree speoies, all have shown that reafforestation at high altitudes is an eoonomio~-
ally sound oonoept.

At the Patsocherkofel testing station the reactions of various tree speoies to the
environment are examined. PFPlants are placed in airconditioned wind tunnels where they are
exposed to the simulated olimatio conditions prevailing at high altitudes. Their reactions
are understood from their oarbon dioxide exchange. The climatic chamber, whioh has been in
full operation sinoe 1964, has yielded many valuable findings ooncerning transplantation
shock, evaporation shoock, the resistiance charaocteristios of young forest plants and their
dependence on various external factors.

The Soil Biology Department has suocesded in seleoting valuable fungue partners for our
forest trees. They are bred in monooculture and used as vaocines to foster the growth and
resistance of the vacoinated plants to be used for afforestations The hitherto unfinished
vegetation mapping projeot for the Tyrol has heen ocontinued. Upon completion, this register
will oonsist of 12 maps with a soale of 1 : 100 000, Reoently, the project of proteotive
forest revitalisation has also been started. As well as reafforestation in high-altitude
locations, revitalisation assumes an ever greater significanoe.

After the major flood and landslide disasters of 1965 the Federal Forestry Research
Institute in Vienna established e separate branch for torrent and avalanche research, whioh
is to ocomplement the biological research done in Innsbruck. The Vienna working group is
angaged in research into torrent erosion, constructional control of torrents and avalanches.



- The problem of torrent erosion is being studied in selsoted model oatchment areas and
attempts are being made to prove by hydrographic and morphometric measurements the effioienoy
of management and oonstruotion measures. In the model oatchment area of Trattenbach a suitable
data~finding method was developed. To date, the following resulis are available for praoctiocal
applioation: suggestions for finding hetter and more accurate dimensioning data and methods
of torrent oontrol construotion works, a further development of open check-dams, strain and
elasticity tests of steel struotures, the publioation of avalanche disasters in Austria, and
a symposium on torrent check-dame. For a hydrological assessment of different vegetation
covers, erosion indices are determined by means of sprinkler testis.

8., CONCLUSION

Conserving the forest, and its optimal eoonomic effioiency, as well as ensuring the
manifold functions it fulfils for our society, is a major task and obligation incumbent upon
politicians and administrators, forest owners and forestiry people, and espeoially on
scientists.

Forest research tries to live up to this guiding principle of forestry eoconomy, particuler-
1y through the gearing of research projects to practical needs and by purpose—~oriented and
intensive international ocooperatione.

Forest research is essentisl in order to maintain the productive and environmental
functions of mountain forests (Photos R. Heinrioh)
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A recreation forest with well established forest road (Fhotos E. Pestal)
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FORESTRY AND ECOLOGY IN
JOUNTAINOUS AREAS

by
BEdwin TUchy y
Bundesministerium flir Land-u. Forstwirtschaft

1.  INTRODUCTION

It i3 the objective of well-managed forests to guarantee a oontinuous yield resulting
from the various uses of foresis. Of these, the produotion of timber is still the most
important. The productivity of a forest depends on various ecologloal factors and their
positive or negative effectss A basio requirement for oontinuocus yield is the assuranoce of
a stahle enviromment, in which all the various ecological functions are maintained. This
is true of man-made forestis as well as of natural forests whioh are used for produotion.

This paper deals with ecological considerations to be taken into aocoount in the opening
up hy road and harvesting of forests. It will ooncentrate on eoologloal factors empirioally
prevailing in mountainous areas as well as measures that will be needed if these are to be
taken into consideration.

It is quite understandable that a oompromise between eoonomic and eoologioal intentions
has to he sought. It would be wrong to plan forestry measures only on the hasis of currently
available economic facts and figures. Major natural disasters in Central Europe were the
outcome of such 1 misconception.

2. FORASTS AND VATER

In Central Europe - and in almost all mountainous areas of the world -~ preoipitation
increases with altitude. Apart from the faoct that dry periods ocour in ocertain seasons of
the year and that some areas may have no rainfall at all, it is still generally true that
water is abundant in mountainous regions. As experience has shown, an over-abundant supply
of water — in particular the type of precipitation which ooours suddenly -~ is the main
ecological prohlem in mountainous areas.

Since slope gradients are steep in mountainous areas, especially in geologioally
younger formations, the hydrological problem is inseparably oonneoted with the erosion
prohlem.

Studies carried out decades ago in various parts of the world have olearly shown that
of all the different types of vegetation it is the forest that oan prevent major disasters
and guarantee the conservation of landsoape and soile Other points to be raised in favour
of the preservation of mountainous forests are the good future prospects for selling timber
and improvement in the teohnology of wood harvesting, in partioular of extraction methods.

3, SOMS EXAMPLES OF STUDY RESULTS

3.1 Surface run—off

Freoipitation run—cff is compared for two neighbouring valleys with different degrees
of forest density.

1/ Pederal Ninistry of Agriculture and Forestry, Viemna
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Valley Porol; density Precipitation  Run—off 1l/ha/sec.
mm
Sperbelgraben 95 3» 8.4
Rappengraben 3B 3» above 33

(Study carried out by Engler, 1900, Switserland)

After heavy rainfall the flood peak in forest-covered terrain was reached only after
36 minutes. In clear-cut terrain it was registered after 15 minutes and it was 2.5 times
higher. (Study carried out hy Hibbert).

Still higher run—ff figures were found on ski slopes in clear-cut terrain (comparable
to pastures, compacted soil): the run~off was six times higher than in forests; rain
infiltration into the s0il was 30 om, whereas into forest-covered soil it was 110 cm.
(Study oarried ocut by Stauder, Austria).

Decrease of runoff with inoreasing stand density:
le of & pine stand

Degres of stock density Run—off in
0.2 25
0.6 9
0.8 2

3.2 Ercsion

A 80il layer of 18 om in mixed deciduous forest is theoretically eroded after
575 000 years, in meadows and pastures after 82 000 years.

If the same soil layer carries no vegetation at all, under the same oonditioms,
erosion takes only 18 years. (Study carried out by H. Walter).

Avoiding erosion by a low cover

Degree of area Precipitation Run~off in Soil erosion
covered in % (thunderstorm) in mm % xg,
15 60 2 100
10 60 13 10 000

(Study carried cut by Susmel)
Erosion rates befors and after road oomstruction.
Anrual precipitations 1 500 mm,
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Erosion rate of soil/ha/year before

opening up 20 - X kg
During ¢onstruction (newly excavated

roadbed 2 000 - 4 000 kg
After termination of works and revegetation

of the batters 100 - 150 kg

(Quoted from Pestal, studies carried out in the USA)

3.3 Avalanches

Snow is irregularly stored in the forest; dangerous stratification is avoided. Trees
have the effect of poles which support the snow cover. An irregular high-density forest in
which the stand structure is stratified gives the best protection.

4. MOUNTAIN FORESTRY BASED OF ECOLOGICAL CRITERIA

Study results have shown that,particularly in mountainous areas,forestry has to be
adjusted to ecological requirements. In order to preserve the environment forest eoonomists
have to try to avoid the following hasards:

- major surface runoff
- erosion
— avalanches in forest-covered areas.

wWhereas floods and avalanches cause mostly temporary damage, even if it can be repaired
anly after decades, erosion causes permanent and irreparable damage to soil in almost all
cages. Unfortunately, it is still not widely lmown that the top layers, i.e. the hums layer
and the hume- and mineral-containing soil layers (often only a fow oentimeters in depth) are
responsible for the gupply of nutrients. Mass timber production depends for the most part
on these top layers. It can be seen from this fact that erosion is not omly an eoclogical
problem; it is also an economic one. Central Europsan foresters prefer mechanisation to be
adjusted to silviculturel rather than other needs.

Ecological oonsiderations will always affeot eoonomic decisions. Measures which take
ecology into acoount should not be directed at meximising short~term profits but should be
based on the long-term uses of forests.

I do not want to give the impression, however, that in Europe the profit-earnings ratio
is so favourable that rationalisation and mechanisation can bde sacrificed for the sake of
fulfilling sophisticated ecological demands. Quite the contrary is truet high labour costs
and a shortage of labour on the cne hand, and only a slight rise in timber prices on the other
are a permanent challenge for forest economists to find new ways to harmonise economics and

eoology. Let me illustrate my arguments with soms figures.

Se DATA FROX AUSTRIAN PORESTRY

0Of all Central European countries, Austria has the highest pesrcentage of woodlandes
44 perosnt (compared with Csechoslovakia 35 peroemt; Fremce 24 peroent; Fed. Rep. of
Germany X0 peroent; Italy 21 percent; Switserland 24 perosnt; and Yugoslavia X peroent).
This oorrespods roughly to 3.7 million ha, of which about 3.2 million ha are productive

forest areas.
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Austria's forests are situated mainly in mountainous terrain.

Altituds above ssa level Productive forest area
inm in %

Up to 900 51

From 901 to 1 200 22

From 1 201 to 1 800 27

Slope gradients in forest areas

Slope gradient Productive forest area
In degres In percentage in %
0~-2 0- % 49
21 to above 40 + 84 51

In 1976 roundwood produotion accounted for roughly 10 million m3 from an area of
30 000 ha. Of this, 18 200 ha were clear-cuttings and on 12 500 ha selective felling was
ocarried out. The average harvested wood volume of final cuts was 324 m3 per ha, representing
a standing volume of 400 m3 per ha. In 1976 the area reforested amounted to 17 700 ha.

Earnings -~ oost ratio

~ The hourly wage of forest workers increased by almost 100 percent between 1970 and
1976. .

- The price of roundwood to be used as sawn timber (spruce, fir) increased by some
20 perocent in the same period.

- Cost companents 1975 (large forests) Types of costs 1975 {large forests)

in £ of earnings in & of earnings
Tiwber harvesting 43 Wages 39) "
Silvioulture 8 Salaries 19 ;
Skidding equipment 10 Naterial 7
Administration 33 Outside labour 16
Buildings 6 Business tax 5
Depreciation 9
Others 5

~ Earnings per ha of productive forest area obtained from final ocutting and thimming in
1975: A.8. 2 743 (US$182)

- Costs for reforestation per ha inocluding tending and weeding wers roughly
A.8. 15 000 (US$1 000)

» = lm
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~ Examples of average productivity in power sawing (Austrian Federal Forest Mtomi.a)

Wood volume in m3 felled
per working hour Inore;se
1970 1976
Final outting 0.59 0.88 50
Thinnings 0.35 0.57 63

6 BASIC BCOLOGICAL PRINCIPLES

The above data, the prevailing situation and experienoce from this situation point
out the need for ecological prinoiples to be applied to forestry. In view of the general
topic of this Course,I will concentrate on the opening up of forests and timber extraction.

5.1 Openinz up of forests

Road construction 1s the first silvicultural activity of environmentally-consoious
forestry in mountainous areas.

Careful planning, Any opening-up project requires far-sighted deoisions that will
determine the development of the area over a long time. Planning errors will beoome
obvious and frequently cannot be oorrected later.

Integrated plamming, Timber transport accounts for only 30 peroent, or less, of
forest road use. In most cases the roads serve multiple purposes in intensive forest
management (reforestation, tending, forest protection, among others) and also in sooial
services (transport of workers, transport in oase of aocidents, and so on).

Clearing plans. The first opening-up of virgin forest includes the olearing of
the forent and itu conversion mnto arable land. This clearing, in partiocular the
distribution of forest land, must be given special attention because of the erosion hazard.

In mountainous areas the percentage of woodlands should be kept high.

If there is a potentiaml hazard of avalanohes in winter a wide forest belt on the
valley slopes should be maintained.

Degree of opening up. Empirical data have shown that with the present degree of
mechanigation the optimum density of roads in Central Eurcpean forests can be reached only
at 0-40 m per ha of produotive forest area. Only this high roadnet deneity makes ocutting
feasible on a small area. .

Extyaotion altermatives. The road network will always be the baokbone of an opening
up project. Tn steep or rocky terrain or on soils with low bearing oapacities, road
comstruction may have disastrous oomeequences. In these capes, altermatives have to be
considered (e.g. use of temporary cable installations, eto. ).

Careful oomstruction, Storage of large masses on steep or rooky terrain should be
avoided. Foads and skidding treils should be designed to suit the terrain. Grediente
have to be kept low. Drainage of the road surface must be sufficient, Natural or
artificial revegetation of the batters is essential, partioularly in rooky terrain.

Only consistent control of comstruotion works will guarantee efficiemcy and good
resulta,
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6.2 Timber harvesting

At present and in the future,forestiry work whioh is based on ecclogioal principles will
not be possible without using large-size machinery. Big machines are profitable, however,
only if they are used on a large scale. This is unfavourable from an ecologioal point of
view in steep terrain, Heavy machinery is usually not employed in mountainous areas.

Harvesting has io be carefully planned. Various harvesting and skidding wethods have
to be oompared. The method involving the least costs need not neoessarily be the oheapest.
Higher oosts are justified if damage can be suhstantially reduced. Logging in steep terrain
and olose to the timber line of high altitudes must be carried out cautiously.

Small olear—ocuttings. Large size olear—outtings are no longer oarried out in Austria.
Well-ppaced small olear—outtings (strip to very narrow strip cuttings) help to prevent major
erosion.

Harvesting methods. Iethods in which leaves, needles, branches and stumps remain on
the felling site are preferable. wWhole-tree logging leads to a reduction of the nutritive
substanoe in poor soils. &£ven equivalent mineral fertilization cannot completely compensate
the loes of nutritive substances. BAranches and stumps are important to oounteract erosion
in steep and mountainous terrain.

Skidding. ldachines whioh cut furrows into the soil are not advisable hecause they
result in soil compaction and erosion. Gravity skidding is not advantageous over long
distances. An alternative would be uphill winoh akidding.

Skidding in seleotive fellings. Trees should fall in a fishbone pattiern with the skid-
ding oorridor as their centre Iine. Dlamage to trunk and roots of remaining trees has to be
avoided hy support measures: ocushioning with branohes; use of chutes, eto.

Torrent heds. Extracted timber must be quickly removed from torrent heds and stored at
a asite whioh is safe from floode.

Felling sites must be reforested right away (8031 must be ocovered quiockly) with plants
that are compatible with the stand. OSeedlings should be taken from the same altitude as
the area to be afforested.
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FOREST ROAD CONSTRUCTION
BETWEEN ECONOMICS AND PROTECTION OF NATURE

by

Ernst Pestal 1/
Universit¥t fir Bodenkultur

1.  INTROMCTION

Never have so many roads been built world-wide within such a short span of time as today.
Sturdy earth moving machinery and rational drilling and blasting techniques make forest road
construotion profitable in areas whioh only a few decades ago were not considered suitable
terrain.

de have every reason to take advantage of modern technology because the situation of
the world economy has never been more favourable for the opening-up of forests, nor will it
be more so in the future with energy prioces oconstantly risinge As oonstruotion oosts
depend heavily on energy prices, we cannot be sure that 20 or 30 years from now we will be
ahle to construct the forest road we dc not build itoday. Should the prioces of diessl oil
and blasting materials rise more rapidly than timber prioes, the construction of forest
roads will become inoreasingly oostly.

High mountains, deep valleys. wWhere there is light there will be shadows. Thus it
was inevitable that the intensive construotion effort of the past decades should give rise
to undesirable side-effeots. Fortunately we know today how we can reduce these to a tolerable
level.

From this it follows that our ocurrent disoussion on forest road oonstruotion oentres on
two oontroversial points: profitahility versus environmental protection. It is our objeotive
to reach a compromise in each individual case that will be satisfaotory to both points,

2, BCONOMIC CONSIDERATIONS

Here we are not concerned with the silvioultural or management aspeots of forest roads,
but with the eoconomios of construction.

2.1 Savings through routing appropriste to the topography

A road oonstruotion method is eoonomic if the sum of oonstruotion and maintenance oosts
is kept to the lowest possible level. The first and most important deoision affeoting the
oost level iB the seleotion of the route. When 2 000 years ago the Romans built their roads,
they used a geometric routing system, because they had scldiers in their standing army who
also had to be kept busy in times of peace. Today thers is no justification for designing
a forest road whioh would oonsist of oiroular bends oonneoted by tangential lines. This
method would not only harm the natural topography but also push up consiruction ocosts quite
unneoessarily — particularly in narrow valleys and on steep slopes, Neither straight lines
nor oiroular hends are found in nature, and contour lines always ressmble free curves (which
are, however, frequently similar to three—centred bends).

_1J University of Agrioulture and Forestry, Vieana



The more olosely the route follows the ocontour lines, the less the damage will be to
the statios of the hill struoture and watercourses, and the more perfeotly the forest road
will blend with the surrounding landscape. Mitting the route to the terrain is, of oourse,
no longer possible if this means not attaining the minimum radius. However, this can easily
be avoided by checking the radius of bends during construotion, using & measuring tape.

In the training forest of Vienna Universiiy the road network covers more than 50 km,
but with the exospiion of the manually oonstructed road seotion dating back to 1938/39, not
a single road forms a truly oirocular bend. Three-centred bends are sometimes accused of
presenting a danger to motor traffio because the initially large radius is reduced within a
short distance, and then again becomes inoreasingly larger in the exit section. This is,
however, not dangerous, but rather an advantage because in this way the driver is forced to
keep to a spesd of 30-~40 hn/hou.r. If he exceeds this speed, he risks not making the bend.
And, let us be honest, who will observe a speed limit unless he is foroed to do so? A speed
linit is the most important precondition for lowering road maintenance coste.

I+ may also be pointed out that hikers in foresis normally dislike geometrically designed
routes and prefer forest roads whioh, like hiking trails, cling to the slopes and follow the
terrain naturally.

2,2 Cost-s oonst ion of routes

In the revolutionary early days of mechanioal forest road oonstruction, huilders were
happy when favourable soil and weather oonditions permitted an efficient angledczer driver
to oomplete 300 metres of rough subgrade in a day. If necessary, a thin layer of crushed
stone was subsequently applied; thus the oost for one linear metre of foresi road with a
subgrade 5 m wide and oapable of oarrying trucks normally amounied to as little as A.S. 100~
150. However, the subsequent maintenanoe costs were often exorbitant. Therefore, meohanical
earthworks are now oriented to incurring the lowest possible maintenance costs.

Now the angledozer driver is required to make as much of the subgrade as possible on the
subsoile The earlier praotioe of removing relatively thick laysrs first and then shoving the
loose earth material about in order to level the inevitable "washboarding", called for ad-
ditional orushed-rock material. Today the ocaterpillar driver starts at the upper edge of the
hillside slope, removing inoreasingly thinner layers as he progresses toward the subgrade.
Here the use of two caterpillars is of advantage. The rough subgrade is made by the larger
oaterpillar which also removes stumps; the smaller machine is subsequently employed for
fine grading.

2.2.1 st!n outs

The aforementioned method camnot prevent an intermingling of hurms topsoil and mineral
subsoil; thus the fill cannot be kept clear of roots and branches. As a consequence, sub—
sidences will gradually develop, necessitating further grading, orushed-stone appliocation
and rolling. The best method for keeping the humus subsoil, stumps and roots olear of the
load~oarrying substruoture is the step type of out.

In this procedure the oaterpillar startis at a level of about half a metrs below the
future subgrade, moving the out material, whioh is intermingled with humus soil and roote
downhill. In a second operation the machine starte at about half a meire above the future
subgrade and moves the loose material down to the surface first oreated.

In & third operation, the oaterpillar shoves this material down on to the lower portion
of the hill where, with its roots and branches, it forms an entanglement which oatohes the
material rolling downhill. In the fourth and last operation, the rough subgrade is finished
on almost pure mineral soil. This method inoreases the oosts for earthworks by roughly 50
peroent, but the additional money input is offset by savings in orushed-stone appliocation
and road maintenance.
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Whereas in the past angledosers were predominantly used for earthworks, todsy a shift
has oocurred toward traxoavators, These not only remove the cut material laterally, but
oan also transport ii longitudinally over distanoes of up to about 50 metres. Thus they
cause less damage to the terrain and in particular to lower slopes, which compsnsates for
the higher costs of earthworks.

2.3 Cost-gaving roock drilling

Wiih inoreasingly sophistiocated construction methods, rook drilling is assuming ever
greater significance. In this field a technology has been developed which has reduoed costs
for forest road oonstruction in rooky terrain in many instances below oonstruction oosts in
loamy zones. What is the use of a cheap rough subgrade in a flysh 1/terrain if a orushed-
rook layer of 40 cm thickness must be applied afterwards? On roocky ground, roads oan be
built in any weather, even in winter. Normally only a thin layer of orushed rook is applied,
and in some cases none at all is required, and maintenanoe costs are at an absolute minimum,

The cheapest method of oonstructing roads in rooky terrain is deep-hole drilling parallel
to the axis of the roads As the drill hole is 10-15 m long, a route of up to 60 m oan be
blasted from the rock in a day, using two workers and two machines. Blasting debris may,
however, be aocumulated on the lower batter whioh will arouse protests from both nature
oonservationists and forest hikers.

This method of rook drilling oan be applied in this form only in areas where blasting
debris does not bvother the owner of the forest and is not visible to the publio.

2.3.1 Portional blasting

Last year a significant improvement was made to the method desoribed above. As usual,
first a hole 10-15 m long with a diameter of about 80 mm is drilled into the rook. After
the dynamite fuse has heen attached, the front oharge is placed at the bottom of the hole.
The next oharge, which normally oonsists of a third or quarter oartridge of gelatine dona~
rite 1, oalibre 60 x 700, is placed in the drill hole at a distance of 1 to 2.5 m, thus
leaving a spaoe which is not filled with detonating agents. Only the mouth of the drill
hole is oarefully closed and tamped.

When the charge is fired, the entire charge colum is uniformly filled with highly
oompressed explosive gas. when the pressure exceeds the critical limit, the first charge
of the explosive is detonated over the eniire dspth of the drill hole, but the debris is not
thrown very far; the rapid pressure surge upon firing is followed by an equally rapid pres-
sure drop as the rook material yields, so that the explosive foroce is not wery sirong. In
the hest oase the debris remains on the subgrade almost in the same fashion as a fill layer.

This proocedure, described as 'blasting with extended oharge and intermediate cavities",
is also used in mining where a mild explosive effect is similarly advantagsous.

Portional blasting oannot be used if the volume of the material to be blasted is very
large and if the drill hole has to be fully chargeds Thie procedure is also mot applied
when the rook material varies in thiockness or strength, because in this oase the explosive
"ghot" could hlow out the weakest point.

This goes to show that in many oases safe rock blasiing can only be ensured by employ-

ing the head drilling and millisecond firing method. This practice results in minimun damage
and in smaller debris fragments which do not roll very far.

1/ This is a specific geologio formation in Austris.
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We no longer use oompressors and hand-operated hammer drills, hut excavator-amounted
hydraulio hammer drillss In Austria, in an effort to humanize work, we no longer allow
operators to hand-hold their drills for weeks or months on end, as this often results in
damage to intervertebral disos or joints.

2.4 ZIxcavator work

For two deoades it was believed that working with an excavator would multiply oonstruc—
tion oosts by five to ten times the normal oost per linear metre of forest road. Now it has
been shown that it was not the excavator that sent prioces up, but rather the common practioe
of using a truock for transporiing the excavated material along the road. It is quite obvious
that having several truocks waiting in line as well as the grader which had to he used at the
dump site meant a disproportionstely high increase in conatruction oosts.

Recently a new method has been introduced: the work of the excavator is no longer oom—
bined with transporting material along the roadbed, so excavators oan be profitably used
for construction in earth and rook. At first graders were still needed because it was impos—
sible for an exoavator to make a plane subgrade - but only two years ago a driver suooseded
in making an acoeptable subgrade with an excavator, working perpendiocularly to and along the
roadbed axis. Neanwhile excavators are being inoreasingly used to make rough subgrades. As
a oonsequence, it is now possible to construot forest roads at aoceptable costs and with
minimum damage to forests even on very steep slopes with gradients of up to 80 percent. In
such cases the excavator piles up the blasting debris on the lower batter to form a block
type of wall, thus reduoing to a minimum damage oaused by rolling material and heaps of debris.

3. ENVIRONNENTAL PROTECTION

The stone which I have placed here on the table put in its artifioial resin setting, is
ons of the Via Egnatia whioh is the oldest known oross—oountry road with a stone setting.
King Philip, the father of Alexander the (reatyhad this road built me a link betwsen Thessalonik
snd Neapolis, today's Kavala, Alexander's armies marched on this road to the East where
they established an empire which extended from the Nile to Indus. Fifteen hundred years
later the Turkish armies marched to the West and oconquered an empire whioh outlasted
Alexander's.

As these examples show, road construction permits the movement of people and goods. As
soon as a road is completed, its constructor has no oontrol over anything that iravels along
it in either direotion. Moreover, roads normally have an unlimited life.

As long as Professor Sklavounos lectured on forest engineering at the University of
Thessaly he banned all road oomstruction in the training forest, arguing that “"forests must
not be opensd up - or they will disappear"”, This was the lesson learnt from 4 000 years of
Greek history which demcnstrated that foresis survived only in absglutely inaccessible terrain,

In view of this experience, I should like to appeal to you to oheck in each individual
oass before a forest road is built, whether the forest oan afterwards be adequately protected
against overoutting and indeed destruction. Legislation alone will not suffios. Often oom~
mon practioce and distress prompt people to ignore interdiotions,thus causing irreversible

damage.

Throughout the world, but particularly in tropiocal rain forests, we see al
exanmples of extensive forest devastation whioh was preoeded by the oonstruotion of a roads
Of oourse, it is not often a forest road but a publio road whioh has led to such devastation,
but its effeots are the same.

As early as thousands of years ago man turned spacious woodlands into deserts, as in the
Nediterranean region or in China, for example. Today man has multiplied his strength by
saploying machines; unfortunately, these are not always used to advantage. It is our task
10 diagnose a situation in time; as long as a development projeot pressnts a hasard to the
existence of a forest, the Ureek professor's view is justified.
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THE FOREST ROAD INVENTORY PROJECT AND ITS EFFECT
ON FINANCING AND PLANNING MEASURES

by

Erich Neuberger

Bundesninisterium fUr Lande- u. Forstvirtuchaft1

This paper tries to describe the Austrian situation and our ways of building forest
roads and you may regard it as a stimulus to finding out the best solutions to similar
problems.

Austria is a country with private as well as state~owned forests, which are
distributed among 250 000 owners. The major part, about 54 percent, own up to 200 ha,
30 percent own more than 200 ha and 16 percent of the forests are state-owned. These
figures are taken from the forest inventory report 1961=70. The data relate to a forest
area of 3 705 469 ha.

The exigencies of the post-war period and a certain personnel shortage. induced
owners and the various authorities to open up the available forest land. A deoisive factor
in all these projects was the need for timber as a raw material for construction and
industry. With the help of the first inventory results, papers were prepared desoribing
the degree of opening up of Austria's forest land. They were then used as a basis for
further development.

Thia collection of basic data, the theoretic background which was the work of the
French scientist Buffon, was started in 1966, and is still being worked upon. Caloulstions
of road length and roadnet density are based on the number of jJunctione and the influence
a certain forest section exerts on the road.

The working guidelines for the surveying staff contained the following criteriss:

- determination of altitude given i1n steps of 300 m each;

- gpecification according to public tracks or roade;
cooperative, transport and forest roads with private or publio right of use;
private tracks or roads owned by individual forest owners;

- determination of road width: 2 -3 m roads or tracks for lorries or timber
3=5m transport vehicles
5 m and more

-~ determination of road surface: not reinforced
reinforced base (gravel, compacted and stabiliszed)
reinforced base and special surface {macadamised,
concrete covered).

The road length data are taken from the last evalustion of the forest inventory results
{period from 1971 to 1975). The data for area, supply and production are taken from the
inventory of 1961=70.

1 Federal Ministry of Agriculture and Forestry, Viemma



The following results were obtained by the survey:
B_accessible 1o

The following were the data for road length and road-net density in fully productive
high forests and protective forests in production:

Road length Road-net density
Forest specification km % linear m/ha
Fully productive high forest 91 410 96,6 33,3
Protective forest in production 3 237 3.4 8.6
Total: high forest in production 94 647 100,0 30,3

It will be seen that density for roads accessible by lorry in fully productive high
foresis is almost four times as high as in protective forests in production. The road
length figure for protective forests in production given as a percentage of the area is
only 3.4 percent while it is 21,1 percent of the area of high forests in production.

1. TYPES OF OWKERSHIP

For the various types of ownership the following figures are given by the forest
inventory for fully productive high forests:

Road length Road-net density
Types of ownership km % linear m/ha
Small forests 61 682 67.5 37,1
Forest enterprises 22 2713 24.4 29.7
State forests T 454 8.1 22,3

Forest enterprises and state foresis have a considerably smaller road-net density,
which can be explained by the fact that roads in big forests are mainly for opening-up.
In smaller forests the public road-net and agricultural transport roads contribute to &
higher figure of road net density. The definition of the fully productive high forests as
given by the forest inventory differs alightly from the one applied by the Austrian State
Forest Enterprise.

In protective forests in production the small densities of 7.0 to 9.5 linear m/ha
are sufficient.

2 ALTTTUDES
ly productive high forest

Altitude Sise of forest Road length Road-net densit.
above sea level .area; ha Km [ linear m/ha
Up to 900 m 1 549 864 57 525 62.9 371
Up to 1200 m 608 758 20 788 22.8 34.1

Above 1200 m 589 480 13 097 1443 22,2
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The road-net density in fully productive high forest decreases considerably with
rising altitude. Road-net density at altitudes up to 1 200 above ses level is 91,9 percemt
of the density figure for the lowest level; at altitudes above 1 200 m it is only 59.8¢
of the density figure at the lowest step.

In the following, the distribution of forest ares and percentages of total supply
and cuttings as given by the stock inventory are compared with the distribution of road
length figures at the three levels of altitude.

Altitude Forest area Total supply Cuttings Road length
above sea level % 4 Pe8e % %
Up to 900 m 56.4 52.9 59.0 62.9
Up to 1 200 m 22,2 23,5 22,6 22,8
Above 1 200 m 21.4 23,6 18.4 14.3

This comparison confirms that road-net density decreases with rising altitude. It
shows that road length distribution in the three latitudes does not conform but differs
considerably from the corresponding percentages of forest area and total supply. At 62.9
percent the length percentage in altitudes up to 900 m is considerably higher than the
percentage of supply. The road length percentage of 14.3 in altitudes above 1 200 m ie
lower on the other hand than the supply percentage of 23,6 by almost the same amount.

The distribution of the annual cutting figures in the various altitudes is roughly to
be found between the supply and the roed length percentages. Cutting figures are larger in
the lower altitudes, smaller in the higher altitudes. The percentage of cuttings is,
nevertheless, above the road length percentage at the highest level, which means that
opening up considerably lags behind actual cutting activities.

Protective forest in production

Altitude Size of forest Road length Road~-net density
above sea level area (ha) Kn £ linear m/ha
Up to 900 m 54 518 624 19.3 11.4
Upto1200m 69 438 653 20,2 9.4
Above 1 200 m 250 547 1 960 60,5 7.8

Here the decrease of road-net density with rising altitude is much greater even than in
fully productive high forest,
Diatribution of forest area, supply

and road length at various altitudes
Altitude

above sea level Forest area (%) Total supply (%) Road length (%)
Up to 900 m 14.6 14.8 19,3
Up to 1 200 m 1805 21.6 20,2

Above 1 200 m 66.9 63.6 60,5
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The percentage of road length in protective forests at altitudes up to 900 m is 1,3
times as high as the percentage of supply in this altitude; for the highest altitude of
sbove 1 200 m it is only 95 percent of the supply percentege, and 90 percent of the forest
area percentage.

3. ROAD SPECIFICATION
Fully productive high forests

Type of roads total road length
o x
Pudblic 29 728 32,5
Cooperative 38 132 41.7
Private 23 550 _25.8
91 410 100,0

Of all the roads in the fully productive high forest, almost one third is made up of
public roads, just under one quarter are private and belong to individual forest owners, amd
the remaining 42 percent are cooperative roads.

Fully productive high foresis

Small, forests Forest enterprises Austrian State Forest

Iype of roads road length road length Enterprise, road length
In % Xm z Xm %
Public 24 738 40.1 3 564 16,0 1 425 19,1
Cooperative 33 262 5349 3 801 1761 1 069 1443
Private 3 683 6.0 14 908 6649 4 960 6646
61 683 100,0 22 213 100,0 T 454 100,0

4 ROAD WIDTH Fully productive high forests

Road width total road length
km £
2to< 3Im 51 585 5644
dto< S5 m 32 846 35.9
5 m and more 6 979 i
91 410 100.0
Fully productive high forests
Soall forests Forest enterprises Austrian State Forest
Boad width Tosd length road lengih Enterprise, road length
In X Xn % In %
2to< 3 m 35 043 56,8 12 206 54.8 4 336 5842
Jtox< 5 21 828 35.4 8 375 37.6 2 643 35.4
5 m and more 481 78 1693 1.6 415 6.4

61 682 100,0 22 274 100,0 7 454 100,0
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The percentage of roasds with & carriageway width of 2 to 3 m in forest enterprises
is only just under the figure for small forests.

From these data collected in all of Austria's foreats, results can also be obtained
for the federal provinces and communities, However, the margin of error is relatively high
in calculations for small community areas, so that the data cannot be considered accurete.
They are just an indication as to whether in these smallest units there is a tendency toward
or away from the set targets.

VWhen opening-up activities were first started in 1948, the plaming objective was aet
at a density of about 20 linear m/ha (average figure for Austria's total area). The results
conveyed above required a revision of objectives effected on the occasion of a msemimar in
the spring of 1977.

In 1975 a new Austirian Forest Act was passed which, among other things, includes a
passage on the promotion of forestry in general. The individual sectors in which promotion
is to be carried out are clearly defined and they include forest road building. The maximum
subsidy given is 45 percent. In the highest altitudes above 1 200 m the road-net density is
smallest, but supply is well above average. In order to stimulate the opening up of high
forests, the Federal Ministry of Forestry and Agriculture issued guidelines in which the
maximum subsidy of 45 percent stipulated in the law is granted only for forest roads at
altitudes above 1 200 m¢ Roads below this altitude are just subsidized for 30 percemt of
their total costs. This public subsidy is allocated only if the applicant is qualified to
carry out the project and if he does not have the necessary financial means himself.

Another kind of promotion is the granting of interest allowances. These are paid
from the federal budget and help to pay the interest on agricultural investment loans
granted by banks under special contract with the FPederal Ministry., For this subsidy from
public means the interest rate is supported so that in practice the applicant will pay an
interest of only 5 percent. These loans are restricted to a term of 10 years and their
amount must not exceed 60 percent of the total costs. In extreme situations, such as after
snow break disasters, subsidies may be granted in any kind of combination; but 20 percent
must be paid from the applicant's own purse.

To pig forest owners -~ minimum eize 200 ha — credits are granted from the so—called
ERP Fund—~, This was created by the United States Government for the recomstruction of Burope
after the Second World War., The fund passed into Austrian administration after 1955. Under
the ERP scheme, loans of up to 70 percent of the total production costs are granted at an
interest rate of 3 percent. The term of this loan is 15 years. The scheme also provides
for forest machinery, such as lorries, de-barking machines and other machinery employed for
timber harvesting, to be subsidized by an ERP loan. The term of these loans for machinery
is only 5 years and interest is at 5 percent.

As can be seen from the figures mentioned previously, Ausiria already has a basic
network of opening-up roads., However, this needs to be improved as far as density and
altitude are concerned. Damege to the landscape caused by future opening-up activities will
be more noticed by the gemeral public than ever before. Preventive memsures have to be
taken to keep this damage to & minimum and objectives in opening up have had to be revised,
In April 1977 a seminar was held at the Forestry Training Centre, Gmunden, for the purpose
of studying the opening up of forests and the public interest.
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When entering difficult terrain and protective forests, the forester responsible for
the planning and construction of roads will be increasingly criticized by public opinion.
Forest roads are nevertheless necessary for careful management and for the preservation of
our forests. Forest roads can be supplemented by cable devices, but they cannot be omitted.
In order to find the most uniform answer to these problems, representatives at various
administretive levels within the forest authorities and chambers of agriculture, the environ-
mental eassociation, the Austrian State Forest Ihterprise, the Federal Forestry Research
Institute, the Offioce for Torrent and Avalanche Control, private forest enterprises and
civil engineering associations, and several experts in silviculture, forest protection and
forest technology were invited to the seminar by the Federal Ministry of Agriculture and
Forestry.

After two introductory lectures, of which the first conveyed the findings of the
nature preservation experts, and the second those of the forest technology experts, four
atudy groups were formed to discuss the answers to a questionnaire. The first study group
was to represent the point of view of forest technology, the second that of the private
forest enterprises, the third that of silviculture and forest protection and the fourth
that of the forest authorities,

The group discussions were summarized and reported to all the other participants by
a group speaker, The results achieved in the individual study groups were again discussed
and the following gemeral findings were agreed upon:

Contrary to general practice in the past, road-net density for the total area of the
country should not be determined at the beginning of an opening-up programme. It should be
agdjusted to the structure and type of ownership, For the Austrian State Forest Enterprise
a density of about 25 linear m/hl. was recommended in order to keep timber transport costs
down. Teking into acoount the high degree of mechanigation, the recommended density for
private forest enterprises was 30 to 35 linear m/ha, The small forests owned by farmers
should have a target density of 40 to 50 linear m/ha. in order to match this level of
mechanization. About this last figure the representatives of the Torrent aml Avalanche °
Control Offioe were sceptical because they believed that depending on the type of sub-base,
building sites might exert & negative effect on erosion statistics,

Because of an increasing degree of mechanization, planning activities were
retionalised and simplified, This was not always for the better. Since there is a general
tendency toward the best work at the lowest cost, the quality of planning will also have to
be improved in some instances, and for difficult projects general and detailed plans will
have to be prepared. Construction defects which are due to imperfect preparatory work must
be avoided in the future.

Young foresters will have to be trained in courses and seminars before working on
road projects. Planting of the batter should be carried out as soon as possible not only
because of its visual effect but also because & reinforcement of the batter has a positive
influence on the road quality. Junctions of walking paths should be situated on forest
roads., 7To realise the general opening-up objectives, the best oombination between roads
and ocableways should be striven for,

In all groups there was a clear consensus of opinion on the desirability in a densely
populated country like Austria of oonsiderebly intemsifying public relations work amd it
was felt that for this purpose all media available should be employed. The general public
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needs to be informed about all objectives and exigencies of forestry so that when various
measures have to be taken, insight and understanding oan be expected from the public,

At the planning stage a comparison of various possible routes is of parsamount
importance in order to achieve the greatest success with the least expense and damage to the
landscape. Parking space and playgrounds should be given special consideration so that
vigitors find guidance in the forest. This means additional costs for private forest
enterprises, The representatives expressed their hope that these additional costs in road
construction spent to make environment more inviting would be borne by the general publio.
Continual attempts should be made to obtain the cooperation of various forest owners for
road building projects. Such a joint venture would frequently make the routing less costly
and more in line with needs. It would also be in the interest of the public authorities
because higher efficiency might be expected.

Private forest owners cherish the understandable hope that promotion will not be
different for the individual types of ownership and that they could expect adequate oredits
and subsidies to be greanted. Their concern is understandable because help would for the
most part depend not only on the financial eituation of the State but also on the general
public's understanding of forestry and its achievements, Since the public is frequently
awere of forest road building and sinceyon the other hand, there is no doubt about the
necessity for and advantage of opening up our forests, the group of private forest owners
underlined their hope that future public relations work would focus on the usefulness and
mationwide significance of such projects. It is not only the forest owner who profits from
his forest but also many thousands of Austrian employees. They earn their living through
jobs that are directly or indirectly guaranteed by forestry. Therefore, forestry deserves
the concern of the whole nation.

The following points were brought out by the eilvicultural group:

The higher the altitudes that are reached by opening~up projects, the more obviows
will road building be for the general public. Road construction is welcomed by silvicultural
experts because it is only by means of a road that a forest can be preserved and the
necessary thinnings can be carried out; clear—cutting can be reduced and timber harvested
by more powerful machines can be extrected and processed more easily (regarded as an
advantage mainly by forest protection expertis).

Torrent control representatives made observations both in favour of and ageinst rosd
building. The positive aspects included better acoessibility of the terrain and the hydro-
logical advantages of less frequent clear~cutting. Negative aspects were landslides, new
water concentrations through insufficient discharge of water and, as a consequence, new
centres of erosion.

The group of silvicultural and forest protection experis stated that forest road
construction should be oarried out according to the principle of rentability. MNeasures
whose cost exceeded this rentability should be financed by the interested parties. (Such
parties might include people living on or interested in tourism and other people profitting
from forest roads)e.

As far as legislation was concerned, it was the genersl opinion that the legal basis
for proper road construction is suffioient. It is essemtial to support readiness to imple-
ment legal provisions consistently, on the part of the authority as well as on the part of
the forest owner.



- 26 -

Special imporiance was attributed to careful control of construction. In road
oonstruction, economic effects should harmonize with ecological effects; forest roads
should be in line with nature and the landscape; terrain limits should be observed. To
keep construction costs at a minimum cannot be the exclusive objective of such a far-
reaching project. Safety measures are part of the construction, which explains why their
costs are justly subsidized,

In this attempt to outline opening~up activities, as they are presently carried out
in Austria, it is hoped that participants will find a basis for successful solutions to
similar problems in their own countries.

Fodern forest road oonstruction techniques permit accessibility to forest areas
in difficult terrein (Photo: R. Heinrioh)



GENERAL PRINCIPLES ON PLANNING OF
FOREST ROAD-NETS

by

Otto Sedlak

Forsttechnisohe Abteilung, Amt der 1-/
OberYsterreichischen Landesregierung

1. INTRODUCTION

Forest roads which are usable by trucks have over the past few decades become the
basis of forest management worldwide. Since these roads are the permanent elements in a
modern forest t{ransport system, careful planning and preparation is required.

Wide differences -in local conditions preclude common specifications for road standards
and road spacing. Therefore, it will be attempted in this chapter to explain terms and to
describe reconnaissance procedures in general.

The forest road-net is designed with the intended or desired skidding methods in
mind in order to obtain an econimic transportation system with minimum overall cost.
Principles of multiple-use management of the forest resources and environmental protection
are taken into consideration in the plans,.

The basic principle to be followed is: plan from the general to the particular.
Therefore, the overall planning of forest development roads constitutes the framework for

the detailed project.

A general plan for a forest transportation system including the forest road-net is
normally elaborated only for large areas. The minimum size is about 500 hectares for
intensively managed forests in the mountains of central Europe.

There is no other field in forestry where mistakes are as irreversible and permanent
as in the planning of forest roads. Therefore, many variants of the feasible routes have
to be taken into consideration by qualified and experienced specialists, Close cooperation
with the local staff who know the peculiarities of the forest area is indispemsable.

2, DEFINITION OF TERMS

2.1 External and internal development

Access roads connect a forest area with the public road network, thus opening up
the forest area from outside. Their primary function is {o provide an external longitudinal
1link between forest areas and the public rosd system. These roads are normally situated in
non=forested land and connect oontrol points along the shortest possible distance. In
Burope most of these access roads are already constructed and are public roads.

1/ Division of Forest Techniques, Upper Austrian Forest Service



The main function of the forest road-net is to develop the forest area internally.

Q VY Fosst aren
Q © O

Forest hound-ry

E——————4
—— dgin road
= == = ~ Secondary road

me-me = Dkidding road
‘ Farm land

Forest road-net Villagos

Public road

Fig. 1 - Scheme of forest road-net development

2.2 Road standards

'A' Roads (access roads and main forest roads)

They have a relatively
In Europe
Bituminous

These roads are destined for connection and development.
high standard of construction and are usable by trucks on a year-round basis.
they are usually single lane, while in tropical areas two lanes are frequent.
surfaced roads are used only where there is high traffic demsity.

'B' Roads (Subsidiary or secondary roads, feeder roads)

————

They subdivide the forest into individual logging meotions and provide a connection
between the landings and the main roads. They have a simpler standard of comstruction and
are usable by truck only under favourable weather oonditions.

'C' Roads (skidding roads)

These roads provide & oonnection between the felling sites and the landings. They
have no surfacing and are usable only by skidding machines.



EXAMPLE OF FOREST ROAD CLASSIFICATION IN AUSTRIA

Type of forest road
Specification ‘s .
Main road Subsidiary road Skidding road
A B Cc
"id:h(;;' formation | 5.0 . 5.5 4.5 - 5.0 3.0 - 4.0
Width of carriage- 3.5 — 4.0 3.0 — 3.5 -
way £ (m)
Maximum gradient 9 10 (12) 12 (16)
Smax (%)
Minimum gradient 2 -3 2 -3 3 -4
&min (%)
Maximum gradient in 8 10
adverse direction 6
gl
Maximum wheel 5 (7) 5 (1) 1 (1.5)
pressure P (t)




EXAMPLE OF FOREST ROAD CLASSIFICATION IN TROPICAL HIGH FORESTS
(Heinrich 1975)
Road width: i
carriageway|"idth of | Min, Yax Truok| -T2 10 Cost
Road Road use mcluine carriago_ curve ° . loads sped ostimate
shoulders (&Y radius gr:l:.ent per 1:e:m in US$
. er m
inm 1/ inwmi/ |inn day | hour o‘f, road
Ao:;ss :ick;up )-2/ More
permanent 50
Main Pick-up
forest | truck, 8+10 6-8 0 8(10)2/ | Up ;° 25-40 7-10
road permanent 7
Sooondu-ﬂ Pick-up
forest | truck, 6-8 5=6 20 10(12)}/ Up ;° 15-25 1-7
road temporary
Skidding | wheeled
road skidder,
wheeler 3e5-4.5 0 3=1
tractor,
ocrawler
tractor
Skidding {Crawler 305445
trail tractor 0.05~0.1

1/ In steep and difficult terrain the road widths given above have to be reduced
oonsiderably,

g/ Maxinum gradient in steep, diffioult terrain for wnloaded trucks when driving
wphill,

3/ Maxinum gredient in steep, diffioult terrain for a short distanoce.
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2.3 Road specing, road density and skidding distance

Road & RS) is the average horizontal distance in m (metres) betwsen the roads
of a forest road-net (disregarding skidding roads).

Road density (RD) is the average road length per hectare in m/ha (metres per hectare)
of a forest road-net.

Both terms are defined by means of simple formlaes

10 000
RD

RS (m) =

and ® (m/ha) = l-o-ﬁ-g-og

Skidding distance (s) is the mean value of the theoretical skidding distance,
depending on road spacing, topography and the skidding techniques applied.

Road density and skidding distance can also be estimated by means of the factor of
"road efficiency”; Bee V. Segebaden (FAO):

R (m/ha)

a = road efficiency factor: normally between 5 and 9

4~5 for flat terrain;

5=7 for hilly terrainj

1=9 for steep terrainj

9 and above for very steep,
regular terrain,

s_= average skidding distance (lm)

The relationship of road spacing and the average skidding distance is explained in
the following two examples:

2,3,1 Example for flat terrain

In practice, the mean skidding distance does not correspond to the shortest possible
skidding distance (d = RS/4). According to Volkert, it is approximately 20~30 peroent
longer. For rough calculations it is sufficient to assume a 45-degree angle between the
skidding direction and the forest road (see Figure 2).
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Forest road

Skidding boundary

forest road

Exsmple for RS »« 400 m @ 8 =400, 035 =140 m

Fig. 2 = Nean skidding distance in flat terrain

23,2 Example for mountain slopes

Wheeled tractors with a rear winch normally work on slopes of up to 35%. In steeper
terrain skidding roads are required or cable extraction methods and/or ground skidding by
means of gravity are applied. Therefore, the skidding boundary on a slope depends on the-
surface, the steepness and the techniques applied. When the actual skidding distance on
steep slopes is calculated, the difference between the actual length on the slope and the
horizontal projection on the map must be considered.

The following examples (Figure 3) are of uphill skidding by winch and downhill
skidding by gravity in a farm forest with low mechanization:
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-
»——T—- = Forest road (slope

B ! 5 - -?; (skidding by tractor winch)
k)

mre— e i—i—— . —.—— - Skidding boundary

(skidding downhill by gravity)

Porest road (valley)

Emmples RS~ X0 &L= X

B - 53?%., 30 m

60 m (wanch)

-

%

115 m (gravity skidding)

Pig. 3 ~ Nean skidding distances on mountain slopes
for uphill and downhill ekidding

2.4 propriate forest road density

The problem of choosing the right forest road density is important in theory but in
practice it is difficult to solve,

The main objective of the general design of a forest transportation system is to find
the most workable and economic road net with the lowest oost in the long run, Besides the
closely interdependent costs for off-road and oneroad transport, there are also considers~
tions of the non-monetary values of multiple-use management and environmental protection to
be borme in mind. Some models have been developed using mainly methods of cost-—effective~
ness=analysis and/or computer simulation, But none of these trials is very compatible with

practical performance.

Numerous methods of approximation have been developed to estimate feasible equivalents
of road density and road spacing.
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The most important factors for comparisons of transport costs are:

average annual quantity of timber harvested per hectare
average skidding cost per hectare

average road cost per hectare (including conetruction and maintenance)

These costs can be used to calculate the transport cost of road-nets of different

densities to find the scops of the lowest total cost.

Figure 4 shows the general relationship between road cost, skidding cost and total

cost (sum=curve).

Cost/ha

Total cost/ha

Road cost/ha

Skidding cost/ha

Using the method mentioned above, Koenig calculated theoretical optimum values for

bpt:i.mum RD{ i = road density o z£7ha)

Fig, 4 ~ Optimizing the total transport coet

spacing in Nordrhein-Westfalen of the Federal Republic of Germany:

Annual increment of timber
Annual road 3 3
costs (low) 3 m”°/ha * (high) 9 m°/ha
flat terrain hills flat terrain hills
low T00 m 450 m 400 m 250 m
medium 1 000 m 600 m 550 m 350 m
high 1000 m 750 m 700 m 450 m
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Assuming an average increment and average construction cost, an example of rioal
recommendations for road spacing in Austria is given by the author;

Gradient Terrain Skidding Large Mediume~ Small
forest sized foreat
(>2 000 na) forest (<200 ha)

{200=2 000 ha)

o-15 % flat wheeled skidder, 500= 400-500m 300~-400m
terrain  uphill and downhill 600m
15~30 % hills wheeled skidder, 500m 300=-400m 300m
downhill
3060 %  hills wheeled skidder on skidding 300~ 300m 200~
and tracks, uphill cable skidding, 400m 250m

mountains downhill skidding by gravity

> 60 % steep cable skidding, downhill 400m 300=400m 300m
skidding by gravity

A comparison of the road density values for intemnse forest management which are
presently found in Austria and which are the results of the Austrian Forest Inventory is of
interest. The public road-net within the forest (except for highways) is included in these
figures. The proximity of the small private forests to the public road-net largely explains
their relatively high road denmsitye.

Road density
Type of ownership m/ha
Small privately owned foresis 37
Medium and large-size privately 0
owned forests
State-~owned forests 22

245 Logging area and skidding directions

The overall design of the road-net usually covers a logging area for which the
forest transport system is developed. One of the first steps in reconnaissance is to fix
the boundaries of this area. This is relatively simple in mountainous terrain where the
watersheds are marked by ridges, In flat and hilly terrain it is more difficult to deter-
mine because the natural boundaries are less pronounced.
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The forest road-net should be developed in such a way a8 to take full advantage of
gravity for slddding operations and trensport. This is important in view of the rising cost
of fuel. In some regions cable logging has resulted in extended ridge road systems since
cable logging is easier uphill than downhill, But unless the terrain is extremely difficult
the forest road-net should be developed from the lowest points of the logging area. The
main roads should open up the valleys and the slopes should be subdivided into sections by
feeder roads, beginning in the valleys. If such a road system is constructed, skidding
downhill as well as uphill is feasible. A forest rcad system which is based mainly on
ridge roads and uphill skidding is not the best solution in the long run.

2,6  Slope grades and classification of terrain

Slope grade Classification of terrain Performance

0-30% Flat and hilly terrain Simple road construction,
few rocks or none, only minor
damage to the environment,

30 - 60 % Medium hilly and mownl anous
terrain
60 - 80 % Steep terrain Difficult road construction.
With rising slope grade more
> B0% Very steep terrain rocks and damage; if the

average gradient exceeds 70%,
the question should be asked
whether road construction is
really necessary.

247 Systems of forest development roads

Forest roadenets have as much diversity as the terrain itself, Nevertheless, there
are some typical patterms and designs,
20741 Flat terrain

The spacing of a road system in flat terrain can be kept fairly consiant. Therefore,
practioal results correspond to theoretical models fairly well.
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Forest boundary
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Fig. 5 = Two schemes of road-nets in flat terrain

2,7.2 Hilly and mountainous terrain

(1) Valley roads

These are usually the basic main roads for the bottom of the valley and the
ascending slopes. Bridges should be reduced to a minimum because they are costly

to construct and to maintain.

Slope

-
bend " Slope
Gradient \ 7 road
downhill -
g
™ .
W — c k
eep Tee.
part Valley

bend

Fig. 6 = Valley road in a steep pari (Serpentine valley bend
and slope bend)
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Valley
bend
Gradient
downhill
%\:\ Crapk
Steep W\ x ~
part e Main creek

Pig. 7 - Valley road in a steep part (Bend in a side valley)

(ii) Slope roads

These start from valley roads and subdivide slopes. A distinction can be
made betwsen serpentine and diagonal systems depending on the slope grade.

/
Al
Raver Valley

Pig. 8 ~ Diagonal system on gentle slopes

|

/
River Valley

Pig. 9 — Serpentine system on steep and long slopes
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When forest road systems are planned on slopes, special efforts should be made
to keep the number of bends to a minimum to avoid so=called sig-zag patterns. The
owners of small forests in mountainous areas should ocoperats to construct & common
advantageous road system as shown in Figure 10, left side.

Cooperatively planned rcnds Individuallv planned roadse
| Ridge T Ridge
Owner A I Owner B Owner A | Owner B

River Valley

CORRECT INCORRECT

Fige. 10 = Correct and incorrect development
of a forest road system on a slope

(111) Ridge roads

These roads represent the cheapest type in steep and irregular terrain.
However, they open up the area to only a very limited extent and are used for uphill
oable logxinzg in diffioult terrain. They should be planned only if the valleys are
actually inaccessible or the slopes are too steep or unstable. See Figure 1l.

Ridge

Fig. 11 - Forest road along a ridge



(1v) Mountain and hill tops

Circular roads can be located in suitable terrain to open up the tops of
mountains and hills., See Figure 12.

Fig. 12 = Circular road around a hilltop

(v) Valley basins
Valley basins in hilly or mountainous terrain are opened up by means of a

main valley road and a circular road system on the slopes, provided that the terrain
is not too difficult. See Figure 13.

Ridge

Pig. 13 = Foreati road system in a valley basin
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(vi) Skidding areas beyond inaccessible terrain

Such areas can sometimes be opened up from the opposite side by crossing
the ridge at a suitable saddle point and ueing adverse gradient for part of the
road.

W&:ﬁp TOOKY ToFF JNalley
4

f

River Valley

Fig., 14 — Road development from the opposite side

3. FRACTICAL PLANNING PERFORNANCE

3.1 Preparation
All available information about the area in question should be assembled as & pre-
requisite to the reconnaissance. This material should inolude, for example, topogrephic

maps and aerial photographs, geologic, hydrological and soil data, maps of ownership and
Plans of multiple land use, forest management and forest t{ransportation.

3.1.1 Topographic maps

Modern topographic maps are made from resource photography and are indispensable for
reconnaissance in large areas. In Europe topographic maps of high standard and acouracy
are normally provided by the national survey authorities. The usual soales are 1350 000 or

1125 000, The maps have contour lines with intervals of 10 or 20 m.

3.1,2 g&m ME
Modern forest mape with scales of 1310 000 or 115 000 show many important details
of topography, streams, timber oover, age classes snd existing transport systems.

Geological maps are very useful and provide a general survey of soils and sub-soil
oonditions,
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3. 1. 3 Aerial mtosmeh’

Aerial photographs are often used in addition to topographic maps. They show much
detail such as land use and forest cover.

Aerial photographs are still the sole source of reconnaissance information in many
countries, In flat and slightly rolling terrain these photographs can be directly used as
“photo maps"since they reveal distances. For mountainous terrain amerial photographs should
be transformed to orthovhoto mapse An ideal type of material is the orthophotomap with
contours, which combines photographic effect with map accuracy.

The normal scale of aerial photogrephs used during fieldwork is about 1:15 000.
Photomaps are enlarged to scales of 1310 000 or 1:5 000,

3.1.4 Pre—reconnaissance data

Besides maps and photogrephs many other types of information are required., For
overall knowledge of the area,data on the location, climate and the size of the area are
collected. Geologioal and hydrographic data details of forest management (timber resources,
growing stock, increment, logging costs, analysis of the existing transportation system)
are also required. Practical experience of previous forest road construction in the area
is very useful (sub-soil, gravel deposits, cost).

Special consideration should be given to problems of environmental protection and
multiple=use coordination in cooperation with the competent specialists.

3.2 Field recomnnaissance

No fixed methods of field reconnaissance can be recommended since local conditions
and objectives vary widely. But it is emphasized that a thorough personal reconnaissance
conducted on foot is indispensable in order to study the peculiarities of the terrain and
the feasible routes. This personal engagement of the responsible engineer in close coop=
eration with the local staff must not be replaced by studies of maps, aerial photographs
or even helicopter flights which can only complement a careful reconnaissance.

3.2.1 ¥ork procedures

If modern maps with contours are available, general paper drafis of several variants
of the forest roadenet can be plotted quite easily. But a first overall reconnaissance is
necessary beforehand in any event.

The main roads are normally located in the main valleys and the slopes should be
subdivided by means of feeder roads as has already been mentioned. Account must be taken
of the points of junction with the public road-net, the terrain and the oontrol points, the
recommended grades and road spacing.

The most important part is the following thorough reconnaissance to verify the pre-
liminary drafts. If modern maps are not available, the work begins immediately with a
thorough field reconnaissance.

The activity should be carefully planmned in advance ag regards timing and organize~
tion, Large areas must be divided into seversl planning units. FProblems of climate,
travelling, housing, supply of food and drinking water must be taken into consideration.

During this thorough reconnaissance the engineering orew musti walk along all main
and side valleys and oross the slopes and ridges of the ares. The aotual terrain is care-
fully checked agsinst the maps and photographs or — if this material is not available - it
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is noted in drawings and skeiches, All relevant contrcl points and their altitudes are
checked:

Positive control points are important as well as edvantageous places for road
construction or logging. These are bridging pointe, saddles on ridges, gentle slopes for
better alignment, suitable places for switchbacks and landings. Aleo, gravel deposits
which can be developed within the road system are very important especially for use on
soils with low-bearing capacity.

Negative conirol points such as steep slopes, rock, swamps, unstable slopes, deep
canyons and very irregular parts of the terrain are disadvantageous and should be avoided
if at all possible.

During this field reconnaissance the terrain is explored in detail., Preliminary
paper (map) locations are oorrected or feasible routes can be direotly selected in the
field. Again it must be emphasized that all feasible routes should be studied thoroughly.
Final comparisons and general cost estimates lead normally to only a few feasible variants
of the general road system.

It is recommended, even for general plans, that the oorridors of the selected main
routes be checked by means of a thorough field control. In mountainous terrain where the
lines are "grade controlled”, the engineer with his crew (two helpers and two brush cutters)
locates trial lines by means of clinometer (grade) and dreg rope (distance). These lines
should be marked on trees with plastic flagging. During this phase unexpeoted obstacles
may still be found, so corrections lead to feasible locations.

The final design of the general plan for the forest road=net should be selected by
the location engineer, the local staff and specialists on forest resources, environment
and multiple land-use in cooperation,

3+2.2 Instruments and equipment

Nowadays modern hand~held instrumenis are mainly used in forest road engineering.
These instruments are small but accurate.

Instruments and equipment Use
Barometric altimeter Altitudes above sea level
Clinometer QGrades and side slopes
Compass Bearings (Azimuth)
Drag rope (nylon), 50m Distances
Pocket stereosocpe Stereoscopio view of asrial photographs

Additional equipment:

engineer's case with pencils,
rulers and scales, protrsctor,
field notebook, maps and
aerial photographs,

plastic flagsing (tape)
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Instruments recommended:

Barometric altimeters

THOMMEN pocket altimeter (made in Switzerland) is a small pocket instrument
for general surveys with an accuracy of * 20 m,
Price about US$150.

PAULIN altimeter (made in Sweden) is a very accurate instrument with an
accuracy of ¥ 5 to 10 me Price about US$1 000.

Clinometers

MERIDIAN clinometer (made in Switzerland) is a small pendulum device with &
fixed optical system. The most suitable model, MC 1002,
has two lenses for separating uphill and downhill readings
to 100 psrcent both ways. Price about US$130.

SUUNTO clinometer (made in Finland) is a small pocket instrument with a moving

scale carde Normally the type PH-5/360 PC with scales of
percent and 360 degrees is used, Price about US$70.

Compasses

During field reconnaissance, compasses with a protractor base can be advanta-
geously used. There are many types. The following mentioned instruments can be
recommended:

BEZARD (made in Germany). Price about US$90.
SILVA (made in Sweden) Price about US$30.

For more accurate surveying purposes compass instiruments without a protractor
base are recommended.

SUUNTO (mede in Finland) is an excellent instrument with a reasonable price
of about USS60.

MERIDIAN (made in Switzerland).Price about US$90.



Engineer's case with instrumemts (Photo: 0. Sedlak)

3.3 Elaboration of the general project

The general project represents the resultis of the field recomnnaissance and route
selection. The paperwork consists of a written part and survey maps and plans.

Paperwork
The Technical Report consists of the following:

ae Summary - mainly in the form of tables (routes, length, costs;

be Description of the area and of the previous existing menagement
and logging systems;

Ce Reasons for developing a new road system and improvements expected.
Description of the new transport and logging system;

de Description of the planned forest road system (principles of the
design and considerations of road spacing), details of the new
individual routes;

[} Reoommended methods of oonstruction and organization. Timetable;
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fa General cost estimate. If no local data are available,
approximate cost may be determined by using Sundberg's
formulas

Ci = 230 + 17 x SL + 660 x S’I‘i + 30-x SL x sri

Where:

Ci = direct cost in US$ per km for road standard "i"
supervision and overhead excluded)

SLL = mean side sBlope in percent of the terrain

sri = road standard, O for skidding trails, 1 — 2 for
secondary roads, 3 for main and access roads

Drawings and plans

Section of the topographic map (scale 1:50 000) with the draft of the
rlanned road—net.

Survey map (scale 1:10 000) with the detailed draft of the planned
road Bystem.

Ceneral cross-—sections (scale 1:56).

General drafts of structures (culverts, bridges, retaining walls,
scale 1:50).

Well planned forest road networks allow intensive forestry operations
(see small clearcut areas next to regenexated and mature stands
(Fhotos R, Heinrich)
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LOCATION AND COSTING OF POREST ROADS
by

Otto Sedlak
Forsttechnische Abteilung l/
Amt der Ober¥Usterreiohischen Landesregierung

GENERAL REMARKS

This chapter deals with the location of forest roads and the elaboration of projects
inly for mountainous country.

The more oomplicated and expensive the road construction, the more intense and preoise
0 planning methods which should be applieds Precise planning methods are required where
ade are tc be manmually ocomstructed, as still occurs in countries with underemployment and
w wage ocosts; a preoise looation and design acoording to the olassioal engineering method
ould be established. This procedure inocludes a preliminary survey of the routing corridor
ong the gradeline, the prooessing of strip oontours, levelling, the survey and plotting of
‘oss-sections, mapping and designing on paper, final location and mass balancing.

Simpler methods of looation have been developed for the meohanized construotion of
rest roads in the mountains of Austris. Normally the looation of the gradeline (in Austria
J1led the zerc line) is suffioient where the gradiemt is the controlling factor., Sinoce
rest roads are oomstructed by machines with high performance, an exact ocosting of the earth=
Tk is not required,

To find the most fessible route, however, it is necessary to run several trial grade-
nes, Suoh simple but expedient methods must not be oonfounded with oareless planning, and
ey regquire skill and experienoce.

Since mechanised road oonstruotion is most frequemntly used, this simple gradeline method
.11 be discussed during the oourse,

+  LOCATION AND IESIGN
The location and design of a forest road may be divided into two phases:

Direot location in the field

In hilly or mountainous ocountry the gradeline of a forest road is looated directly in
1o terrain. In flat oountry it is mainly the horisontal aligament whioh is the oontrolling
wtor and the tangents are looated depanding on the general design.

tions teohnioal report, drawings and ooest estimates.

This textual part of the project oontains the information necessary for oconstruction and
1pervision as well as for review and approval.

I/ Division of Porest Techniques, Upper Austrian Forest Service



2¢1 Location

2¢.1¢1 Location in flat or rolling country

In the same way as in mountainous country several variants of alignment within the
general selected path of the road have to be studied to find the best route, The final
tangential alignment of the centreline is staked with preference given to a curvilinear
alignment rather than to very long tangmts (see Fig. 1). The points on the ourves are
determined by means of the dsfleoction angles, the radius and ourve tables., Care should be
taken to achieve minimum radius, smooth transitions and minimum gradiemt,

Fige 1 = Alignment in flat oountry

Band E = beginning and end points of curve
X = middle point of curve
P = polygon point

For seoondary roads parabolio bends whioch are simply staked ocan also be employed.

PFige 2 = Parabolio owmxrve
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Instruments useds ranging poles (rods), steel or fibreglass tapes, drag rope, pooket
compess, altimeter, theodolite or olinometer or surveyor's level.

2012 Loostion lly and mountainous count:

Forest roads in hilly and mountainous terrain are mainly grade-oomtrolled and situated
slopes. The gradeline whioh is the guideline for the mechanised road oomstruotion is
ated directly in the field and is a staked line with the required gradient adjusted to the
ography of the terrain. It represents the intersection betweem the subgrade of the road

the slope.

€ Centreline

Gradeline

Pig. 3 - Position of the gradeline

The gradeline can be quickly and scourately staked by means of a hand-held olinometer.
determine the best route it is recommended that one or more trial lines be run. These
only flag lines marked by tying coloured plastic flagging to trees or branches.

The centreline is additionally staked only along diffiocult sections of the route where
Sment and horisontal oontrol are importsnt factors (e.g. in bridge locations, embeniments,

€ outs in side ridges).

2.1+2¢1 Orsdeline surveying technjgues

For staking the gradeline the olinometer and a suitable target (painted plywood or
miniuvm sheet, size about 30 by 20 om) are adjusted to the same height on two poles,

-t

— hymhy

Pig. 4 - Clinometer and target
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This simple equipment has to be checked bafore use. Two points are fixed on the ground
at a distance of about 20 to 30 m and the gradient is measured both uphill and dowmhill, If
the readings are equal then the adjustment is ocrrect.

The surveyor needs a orew of one target man snd sbout three helpers for cutting under—
brush snd steking, He always walks ahead of the crew and aims his olinometer back to the
sighting mark. The distances between the points of the gradeline should be fairly equal
(30 to %0 m for flagging, 20 to 30 = for steking).

The maximm gradient for dowmnhill transport should not exceed 9 to 10 peroemt for main
roads or 12 peroent for secondary roads, Where uphill transport is required the maximm
grade should be 6 to 8 percent. A minimum grade of 2 to 3 peroent is necessary for good
drainage. A level grade should never be used over a long distenoe because precipitation
water will remain on the road and therefore the road will be damaged by traffic and problems
for iraffio easily ooour.

During the first trials in the seleocted path of the road the surveyor determines the
intermediate oontrol points and the grades required. A pooket sltimeter and a 50 m drag rope
are useful aids for longer routes. .

The individual gradients between control points are oomputed by means of the differemnce
of altitudes over the distance.

g (¥) = % x 100

4

h ... difference of
altitudes B - A
4 ... horizontal distance

4+

Fige 5 =~ Oradient between ocontrol points

In case it is necessary to reduce or to inoresase the gradient of the gradeline, the
meximum difference between two of its grades should not exosed 3 peroent provided the average
distance between the stakes is sbout 20 to 30 m. Hmooth transitions in the read profile will
be obtained in this way. This rule must be observed especially in laying out switohbacks and
in the trensition from elevation to depression ("orest™ — "valley") or vicewversa.

The gradeline has to be staked as oclosely as possible to the future omtreline to avoid
major differences of grade betweem the gradeline and the final road. In irregular country
with ridges and valleys the gradeline refleots the bresks in topography more olearly and is
longer than the final osntreline. Allow for it sand reduce the gradientl (see Pig. 5) A
ocmpon mistake made by inexperienced personnel is to set stakes too far up depressions or on
the ocutside of ridges, keeping a constant grade. The gradient in these curves will be too
steep.
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Fige 6 = Loocation on a slope

"Valleys" in the rosd profile should be located across drainage depressions or torreats
vhioch will endanger the road during heavy rainfall. Thus, overflow water will be limited to
these sections and major parts of the road will not be destroyed.

A switohback (nhairpin bemd™) is located as shown in Fig. 7. The oentreline is additione
ally staked, using the tape. The maximum side slope should not exceed 40 peroent. BSuitable
Places in steep terrain are oomtrol points.

Side slope
max. 40%

Pige 7 = Looation of a switchbaok
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2¢1¢2+2 Method of looating the gradeline

A feasible path for the road is discovered by reconnaissance, mo the surveyor has some
idea of the general oonditions, the control points and the ruling grades of individual
sections. Nevertheless time would be wasted by driving in stakes during the first trisls
sinoe oorrections are ususlly necessary. Thersfore, it is recommended that the loocatiom and

the survey be divided into four stages:

1« A trial line with the estimated grade is flagged, without using a target and poles, The
engineer sights back on the helper who should carry a sighting mark at the eye height of the
surveyor (helmet). A drag rope is used to determine roughly the distanoes betwesen comtrol

points. The line is marked by flags. This first trial line will not reach the desired oon-
trol point and the grade will have to be correocted by osloulating the height difference over

the distance:
Correction of grade 4 g (%) =Ab_ x 100
d

It should be mentioned that the difference between slope and horisontal distance of the
gradeline is so small that it oan be ignored.

2¢ In the case of a major difference, a second gradeline is run, using the improved gradieant
an the way back. A different colour flagging should be used to avoid oonfusion,

3+ The two preceding trials can be regarded as a detailed reconnaissance. The final looation
oan now be started using the olinometer and target adjusted, with poles.

The surveyor notes the following data in his field book during location of the road:
number of the stake, the gradient, representative side slope, estimated rook component,
additional mess of earth and rock which exceeds the normel profiles, desoription of terrain,
oulverts and structures (see Fig. 8).

14 cm I 4 cm
r'e
- |
2zl | B 811 Remarks and Sketohes
A4 A g A4 o
wl= = o] B
2| g & is |
HEEIREFRE AR |
g 1|5 || ¢+ |
- sla|le |z &
; ]
i
|

Fig. 8 = Model for the field book
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4. The staked gradeline is surveyed using a oompass and tape, with the surveyor walking
back over the route. Again he goes ahead of the crew and sights back at the target. By
using a second signal ahead, he can check his bearings with the reverse scale of the compass.
Both bearings ars noted and differences should not axceed 1 degree.

A tape crew of three men measures the distances between the stakes. The readings are
rounded down to full decimetres.

During this fourth stage the surveyor has only to note the bearings and distanoces,
241.2.3 Instruments
The instruments desoribed for gemeral development of forest roads are also used for

location and survey. Instead of a drag rope a tape (30 or 50 m, steel or fibreglass) is
used to measure distances acourately.

Survey instruments (Photot Oe Sedlak)

2014244 Egomanoo

The level of performance in detailed field reconnaissance, location of the road and survey
of gradelines depends on the acoessibility of the terrsin, on the topography, on the forest
oover and last but not lsast on the experiemce of the rosd engineer and his orewe The
following data oan be used for estimates:
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Zerrein oonditjon Persoopel required  ITime required
Normal (forests in moderate olimate, eamy 1 engineer 5=T hra/km
terrain) 3 workers 15«2 o &
Difficult (forests in tropical aress, 1 engineer B-12 m v
diffionlt terrain) Se6 workers H0-60 " "

2.2 Textual elaboration of the praject

The field data on the direct gradeline looation are evaluated for adequete plans
(" paper locstion"), A technical report with estimates of earthwork quantities and oosts is
also prepared,

24201

A seotion of the topographic survey map (mcale 1350 000 or 1:25 000) shows the general
location of the planned road within the existing transport system.

The gradeline projection is shown in a detailed map seotion (scale 1310 000 or 115 000),
The gradeline is plotted om transparent paper together with checking points on the msp and
the centreline is drawn as s freshand line olose to the gradeline. This line has to be
oritically exsmined as regards horiscotal oontrols (alignment, minimm radius) and feasibility.
Several oross-sectious at oritioal points will improve this peper locatiom,

The final design is made in seotions of 100 m emch, using & divider, and is transferred
to the master sheet of the map. Culverts and structures as well as landings and peculiarities
of the terrain are drawn in the map using simple symbols.

In copies of the design plan the roadline is traced cut in red ink. Rivers and mmall
oreeks are traced in soft dlue penoil and ridges in brown. Forest boundaries are drawn in
green, The skidding direotions oan be shown with arrows.

Typical oross-seotions for earth and rook are designed as standard drawings for the
oonstruction, Bes Pig. 9.

carriageway
base and surface

fermation

Pigs 9§ = Croms-seotion
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Fig. 10 = Map section of forest road "Piesslinggraben", Upper Ausiria

5 secondary road

1:5 000)
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A profile of the gradeline is not usually plotted provided the direct field design of
all vertioal checkpoints is correoct. Only s table in the form of & written grade profile is
prepared, as illustrated below:

Stake sz:s“ D:'z:')‘” %‘;‘* Remarks

242s2 Teohniocal r!&ﬂ
This report contains:

= description of the forest area (situation, geological omnditions, topography, sise,
forestry data)

- cxmg.ng transport system (logging and skidding methods, long-distance transport,
oosts

= transport system to be developed

= desoription of the projeot

-~ oonstruotion (machinery, equipment, methods, organisation)
= written grade profile

While all what has been said up to now ooncerns the more technical aspeota of looating
e forest road and preparing the ground for its oonstruotion, the roed engineer gemerslly has
to "prepare the ground" in snother sense, that is, "to cost the aotivity" as explained here~
after,

2¢2.3 Estimst the costs of construotion

Costs for mechanised forest road oonstruction are fairly similar despite wide differemoes
in looal oonditions. Within oertain limits, the oosts for mechanised earthwork and trensport

are oomparable,

However, local conditions do affeot economioc performance, In countries with low-sage
cost and undsremployment, modern mschinery and equipment are relatively very expensive,
especially with regard to rising prioces for fuel. Here mermual or only partially meohanised
ocoustruoction may still be the best solution. In & oombined oconstruotional method the major
earthwork is done by machines, snd only the minor earthwork (e.g. shaping out slopes, drains,
culverts) is done by hand.

2020301 Costs of E.Lw work
Clearing the road oorridor

The ocosts of olear-outting the road ocorridor are not normally allocated to oonstruction
oost if the timber can be used. The corridor has 10 be ocleared of bdrenches and underbrush
within the olearing limits, and the material deposited at the dowmhill edge of the roadway.
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Preblasting of stumps

If explosives are available, it is recommended that all stumps with diameters of more
than 40 to 50 om be preblasted, especially in flat oountry. On slopes only the stumps close
to the gradeline are blasted. Average cost per stump is about US$ 4~6. Blasting stumps s
not eoonomic if a heavy bulldoser (for instance the Caterpillar D 8) is employed.

Irains

Wet areas should be drained by a fishbone system of drains some weeks before the earth-
work is started. The ourrent average cost per metre is about US$ 0.8-2,0.

2¢2¢3¢2 Costs of earthwork

Bulldosers with A- or S-blades ars still the most important machines in forest road
oconstruotions These machines cambine high performance with low cost of production. However,
in steep terrain bulldosers cause considersble damage by sidecasting material. To meet the
demands of envirommental protection, therefore, hydraulic excavators are being inoreasingly
employed in mountainous terrain.

Several methods of caloulating the ocosts of earthwork can be applied:

a) Caloulating the quantity by means of side slopes and standard oross—seotions
whioch can be easily designed for various roadbeds (for examples referring to Hafner,
see Figs, 11 A snd B). The coste are ocalculated on the basis of the total volume

and the ocost per oubic meire;

ok

/.
%

Pig. 11 A, Crosms-section (slope profile) of earth — Example for b = 4 m
(ref. to Rafner)



Fig. 11 Bs Cross-section (lIOf oot 1
ref. to Hafner

(G

Earth
B
G g b 3E By FB ':]') B!
% m ] m”/m m3/m m3/m 2 m
3.65 7.00
20 2.70 5.30 0.91 0.77 0.14 3.70 7.10
.30 8.1
30 2.70 5.30 1.56 1.18 0.38 3.20 8.5?
40 2.30 4.40 1.76 1.17 0.59 2:gg 3133
5.80 10.40
50 2,30 4,20 2.64 1.51 1.13 6.50 11,70
8. 14.80
60 2.40 4.10 4.32 2,03 2.29 10.23 191.20
70 2.70 4,00 8.50 3.09 5.41 ;:9;:38 32233
Fig. 11 A« Caloulation of earthwork costs: earth

N

e profile) of rook = Example for b = 4 m
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Roock
B
¢ g b F bv )
¢ g . oa | e | 2> H
40 2.50 4.50 1,36 2:;2 3:(3.)? ?:33
o 2,50 .20 1. 2,80 4.75 T.55
5 5 4 4 3.10 5.30 8.40
2.95 6.20 9.20
60 2.60 4.00 2.30 3.45 71.25 10.70
3.50 10.90 14.40
70 3.00 4.10 3.66 4.25 13.30 17.60
80 4.00 4.00 .62 | 48 00 25 +
90 4.00 4.00 8.78 2;’3 0o ?, :
100 4.00 4.00 10.00 %:(1)8 00 ?I; +

Pig. 11 B = Calculation of earthwork costs: rook

b) Estimating the average volume per metre depending on the mean side slope. Costs
are caloulated as in a)j

¢) Estimating the average machine cost per metre on the basis of local empirical dats.

Teble 1

Average produotion and cost of a medium tulldoser (weight 12=16 t)
oonstructing a seoondary forest road in the mountains of mstria

Nachine ocost per productive hour: US$ 3540

Terrain oonditions
Simple Nedium Difribult
verage side slepe in ¥ » 50 70
Prosuction in metres/nour 12 =15 9 =12 6-9
Cost per metre in USS 2.5=3 13-4 4 =6
E&ﬂ per 3 of earthwork in 1425 1ot 0.9
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Notograders (medium weight of 10-14 t) are employed in forest rosd construction mainly
for battering, shaping and draining. Produotion is greatly influenced by the skill and
sxperience of the operstor.

In shaping the final profile and the ocut slope the average produotion is betwesn 50 and
100 linear metres per hour., The costs ars about US$ 0.5~1 per metre.

2+2¢3¢3 Rookdrilling and blasting

Rookdrilling in difficult terrain in Austria is performed with high-powered pneumatioc
drilling machines. Swmaller compressor units with hand-held hammers are employed for partial
or minor roockwork.

The costs for blasting depend on the type of rock and the peroentage of rook in the
oross-section (rock volume par m), as well as the equiyment.

Aversge oosts for drilling and blasting are now about US$ 3.5-5 per l3.

2.2.3.4 Draimage

Forest roads with a maximum grade of 10 pesroent are drained by means of mountain side
road drains and oonorete culverts. In Austria prefabriocated oonorete pipes are availsble
at relatively low prices and are transported to the oconstruotion site by truck,

If such pipes are not available or too ocostly, culverts made from timber or comorete
slabs can be oconstructed direotly at the site, Evem 0ld barrels welded together can be used.
If no suitable material for culverts is available,the mountain side road drain has to be
drained by simple surface waterbars made from timber,

In areas with high annual rainfall and thunderstorms the drainage system has to be
ocarefully planned and oonstructed to proteoct the road against erosion and destruction.

Prefabrioated ooncrete pipes for oulverts are 1 m long snd have the following weights
and prioes in mstrias

Diameter in on Weight in kg Price on the oonstruotion
(length 1 m) per m site in UB§ per m

kY 100 6

50 270 13

60 heavy duty 610 35

80 L] L] 1 000 53

100 = " 1 700 80

In mstria oommorets pipes for oulverts are usually laid dy hydraulio excawvators.
The cost depends on their diameter and the type of subsoll and oan be estimated on aversge
st about USB$ 10=15 per linear metre. The well and apron for one oulvert may be caloulated
at about UB$ 25-40.

These pipes used in forest road oonstruction have a dismeter of up to only 1 m.
Specially reinforoed pipes have diameters of up to 1.5 m, but these are very heavy.

A ocompromise between a oulvert and a small bridge is a oulvert of ocorrugated steel
sheets, This msterial is produced in various sises for different systems and dismeters and
is fitted together at the mite,
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Suoh oulverts are costly, but advantageous at diffioult and inscoessible comstruotiom
sites. The prioe for oulverts with diameters of 1.5=3 = is about US$ 250-600 per lineer
metre,

2.203-5 M

The amount of base material depends on the bearing cspascity of the subsoil, the width
of the carriagewsy and the quality of the base material itself. On loamy and silty soils
::::hllo:-:urinc capacity, expenses for the base material may be up to 60 peroent of the

al O .

Base material required for a carriageway 3.50 m wide
(empirioal dats for iustrian conditions)

Subsoil olsy/loam loanm/sand sand/stone
Bearing capeoity low medium high
Base materisl (m3) 2.5 -3 1.5 = 2 0.5 = 1

It is most important for an economioc construotion to find gravel deposits as olose as
possible to the road site, sinoce transport costs are high. If a gravel pit or a quarry can
be developed along the road to be construoted, the cost can be oonsiderably reduced,

The base material is loaded from the deposit on to heavy dump trucks by means of &
tracked 1 s wheeled losder or hydraulic excavator. The average loading production is’
sbout 40-50 m” per hour under medium conditions. The cost is sbout US$ 0.6=1 per m7.

The normal loading ompacity of twowor three-axle trucks is 6=10 s per truck, The
average transport cost amounts to about US$ 0.5-0.6 per m> and km for distances of between
10 and 20 km,

The base material is dumped on the road-bed and spread and shaped with small bulldosers
or motorgraders, The costs are about US$ 0.4 ~ 0.5 per m3,

Final grading and oompacting of the base and surface is done with motorgrader and vibro-
arum.

Nachine Produotion (m per hour) | Cost in US$ per m
Grader 150 = 250 0¢3 = 0.4
Vibro-drmm 80 - 100 0.4 = 0.5

Total cost 007 - 009




2420346

Bridges, big oulverts and special structures (retaining walls, timber orid revetments)
are onloulated individually. PFPlanning and supervision scoount for 5 peroent of the total
oost. Unforeseen expenses should be allocated 10 percemt of the total oost.

Items Units F;‘f::t""' Costs

1o Preparstion (felling and
olearing, preblasting of
stumps )

2+ Earthwork

3« Rock blasting

4. Drainage (culverts, water
bars, drains)

S5« Construction of the base
(srnnllinss grading,

oompacting
6. Structures
7+ Flanning and supervision 5%
8. tUnforeseen expenses 10%

Fige 12 = Nodel of Engineer's estimste

Table 2

Summary of forest road cost in iustrias
Average empirical data for easy and medium terrain in US$ per linear metre

Roed standard Bearing capacity of subsoil

low nediuvm hég
Nain roed 26 - 17 - 19 1 =13
Subsidiary rosd 23 = 26 13 =15 8 ~-10
Skidding roed 1.5 = 4
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Heavy duty tractor engaged in road formation work
(Pnotot Os Sedlek)



Traoctor mounted rock—drill used in mountain forest road oconstruotion
(Photo: E. Pestal)
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HMACHINK INPUT IN FOREST ROAD CONSTRUCTION JITH
SPECIAL EMPHASIS ON ROCK BLASTING IN MOUNIAINOUS AREAS

by
Willibald Blaha
Forstabteilung, l/
Niederdsterreichische Landes-lLandwirtschaftskammer

1.  INTRODUCTION

Modern forest ®oad oonstruotion by the Chamber of Agriculture started nearly 26 years
ago in the province of Lower Austria, whioh is the largest federal province in the north~east
of Austria. These roads were huilt mostly to serve the owners of emall private forests (up
to 400 ha) on hilleidee and in mountainous areas. Sinoe those times, machine input has
permanently and considerably changed. In the early days of mechanized road construction in
Austria, angledozers only were usede These machines were military angledozers left over from
the second World War period. Austrian foresters saw the advantages of these machines for
opening up the forests by mechanized road oonstruotion and developed new methods of planning,
appropriate for the enormous construction oapacity of these maohines,

2. DEVELOPMENT OF FOREST ROAD CONSTRUCTION

At first, small or medium-sized angledozers (from 8 — 10 t) were used for road formation,
for exoavation of the gravel needed for road basing and for rough shaping. Battering,
oonstructing oulverts, digging drains, and loading basing material for the road-bed required
manpowers Base meterial had to bhe moved by horse~drawn oarts or farm tractors. The equip-
ment and road oonstruction orew consisted of an angledozer and driver, up to twenty unskilled
workers, a number of oarts and farm tractors and, in rooky terrain, one or two compressors
operating pneumatic drills. Nowadays eoconomic considerations require more rapid opening up
of forests. With the advance into inoreasingly diffioult terrain, lack of manual labour
caused by migration to industrial zones, a high degree of mechanization in road oconstruction
methods, the share of equipment costs has now gone from about 50 percent to about 95 percent
of the total road oonstruction cosis.

3., PRESENT SITUATION

At present different kinds of road construction equipment are used, depending on the
terrain and geologioal factors as shown helow:

Situation A

Terrain oonditions not difficult, slopes not too steep and with a low rook oomponemt:

Angledoser 16 t, 120 kw formation, battering
Light exoavator Tt, 50 kw roadside drains, small oculverts
Grader 12 t, 100 kw  drains (V—seotion), shaping
Foreman or skilled worker managing work and equipment,

: blasting operations
Unsikilled workers: 1 ~ 2 drilling, assisting operators

1/ Forestry Division, Chamber of Agrioulture, Lower Austria



If neoessary:

Compressor, operating

1-2 pneumatio drills;

alr output 2-2.5 m3/min;

6 bar 0.8 t, 20 kw minor blasting operations

Heavy exoavator

(hydrauliocally run) 18 t, 50 kw big culverts, proteotive constructions
oonsisting of large rocks.

Situation B

Diffioult terraln, steep and rocky slopes, hairpin bends required:

Heavy traxoavator 17 t, 110 kw formation, battering, filling and
depositing hlasted debris

Light exoavator T4ty 50 kw roadside drains, small culverts

Grader 12 ¢, 100 kw drains (V—aeotion), shaping

Heavy excavator
(hyaraulioally run) 18 t, 50 kw  hairpin bends

Rook drill mounted on
crawler traotor; air
output 8.5 m3/min; 10 bar 15 t, 95 kw  major blasting operations

Foreman managing work
Skilled worker (minelayer): 1 blasting, proteotive oonstructions
Unskilled workers 3 2=3 drilling, assisting operators.

Situation C

Conditions of terrain extremely dangerous beosuse of slopes which are steep and formed
by oompact rook; damage to stands and publio and private facilities must be avoided.

Heavy exoavator
(hydraunlioally run) 18 t, 50 kw  formation by digging "oatching" trenches,

oconstruoting dry walls of heavy boulders
in order to retain the spoil from the

higher slope and/or by loading dumper—
truoks with the surplus of material.
Rook drill (as above)
Minelayert 1
Unskilled workers i 1=2
Dumper trucks (if necessary) 25 t, 110 kw  for longitudinal transport

Grader 12 ¢, 100 kw shaping.



Situation D

For basing and surfacing of the forest roadt

Heavy traxoavator or 17 £, 110 kw
Heavy exoavator (hyd.r.) 18 t, 50 kw lowing and spreadins rock and sravel
Heavy trucks (3-axle) 25 t, 110 kw transporting
Traxcavator 1 t, 65w grading the base
Grader 10 t, 70 kw grading the surface
Vibratory roller 9ty 95 kw achieving high-degree compaction
of the road
Foreman managing worke

4. ESTIMATING ROAD CONSTRUCTION OUTPUT AND COSTS
For rough oost estimates, a few examples are given helow:
Situation A

With a oonstruotion output of 80-200 m per working day (10 hours) the cost would amount
to about US$ 4 700 ~ US$ 16 000 per km; averaging Us$ 6 700 per km.

Situation B

With a construction output of 30-80 m per working day (10 hours) the cost would amount
to about US$ 16 TOO - US$ 33 300 per km; averaging US$ 23 300 per km.

Situation C

With a oonstruotion output of 50-70 m per working day {10 hours) the cost would amount
to about US$ 57 000 - US§ 85 000 per km; averaging US$ 70 000 per kme

Situation D

With a oonstruction output of 170-250 m per working day (10 hours) the cost would amount
to about US$ T 300 = US§ 16 TOO per km; averaging US$ 10 TOO per km.

5« ROCK DRILLING AND BLASTING IN MOUNTAINOUS AREAS

After having opened up most of our foresis whioh lie on easy terrain, we now have to
make those forests which are situated in steep and rocky sites acoessible by trucke In
former times, between the two world wars, logs from these parts had been transported over
long distances hy means of horse or oxen oarts, wooden sledges or wooden chutes operated by
gravitye.

The need to open up our proteotion forests 18 as much a part of produoing timher as well
as regenerating the overaged stands in these parts of the mountains. Therefore, rook blast-
ing is beooming more and more essential.

Nevertheless, development of drillin; and dblasting methodsg is still going on and
mechanigzed rock drilling by internal hammer with deep-hole drilling is widely practised in
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in forest road oonstruotion. Today this method has some advantages over others, such as
hand-operated hammer drill, external hammer drill and revolving drill. It can be applied
in all kinde of rocks such as granite, limestone, dolomite and so on. This rook drill is
either mounted on a orawler tractor or a wheeled tractor; the air needed (8.5 m3/m:ln,

10 har) for driving the hammer and blowing out is provided by a oompressor also mounted on
the carrier. For a 5 m wide road it is suffioient to drill one sole-hole horizoutally,
parallel to the direotion of the road to be built on the inner side of the slope to be
out, just above the projeoted road-~bed,provided the slope gradient of the terrain is less
than T0-80%. If the slopes are greater than TO to 80% and the road-bed is to be wider than
5 m, then more than one sole-hole may be required. Hachine-mounted drills are capable of
drilling 10-15 m long hore holes (80 mm in diameter).

The output of these machine-mounted drills, whioh are not mass produced but assembled
hy skilled mechanics, ranges from 5 to 30 cm/min. On the average, for plaoing in position,
drilling, removing to a safe position and blasiing, ahout 1% to 2 hours are required for a
single hole of 10 m.

The charge column consisting of oartridges filled with gelatine donarit (60 m/700 mm)
and plastio tubes filled with debris must be detonated by dynamite oord from the bottom of
the hole; for detonating the ocord an eleotric detonator is neocessary.

No doubt, for successful and safe blasting an experienced minelayer is of the greatest
value; only he will be able to set the right holes and to arrange the correct charge in
order to prevent damage of the lower slope helow the road.,

6. CONCLUSIONS AND RECOAENDATIONS

The use of traxacavators and exoavators instead of angledozers in forest road construot-
ion has proved to be of great advantage. If terrain conditions are diffioult, filling and
depositing of hlasted debris ocan be done by these machines ocarefully enough to avoid damaging
the environment below the forest roads. It should be stressed that the same forester should
be responsible for the planning and supervision of forest road oonstruotion.

Forest road oonstruction will be hoth eoonomiocal and protective for the landsoape if
the orew oonsisting of a foreman, operators, skilled workers and the forester becomes a well
trained, ooordinated and experienced team.

‘'he permanent training of this orew should be one of the main tasks of the responsible
forester. High efficiency and working speed naturally may oreate a great temptation for the
forester and his orew to disturb the landscape and seriously damage natural resourcess There~
fore, they should always bear in mind that road comstruotion is no end in itself. Its pur-
pose, on the oontrary, ie to support good foreetry practice.

T. SUMMARY
ldeally, instead of one all-purpose machine, a oombination of more specialiged machines

should be used to oonstruot forest roads. This faot will require effioient planning, good
supervision and a constantly well-trained orew.
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THE PRACTICAL APPLICATION OF SOIL TESTING MSTHODS
ON FOREST ROADS

vy

Johann Eisbacher 1 /
Forstliche Bundesversuchsanstalt —

1.  INTRODUCTION

Forest roads, in order to serve their purpose, have to carry timber loads at the
required times and the appropriate speeds.

On main roads, whioh may have one or two lanes, timber loads of 500-5 000 m3 a year
are tranaported at speeds of up to 40 km/h. These roads are aleo intended for opening up
recreational woodlands. Therefore, they also serve private traffic moving at speeds of up
to 60 km/h. The axle loads to be expected may be as much as 16 tons, since these roads are
also used by truck, tractor-trailer units having a total weight of 38 tons.

Feeder roads have to oarry wood volume loads of up to 500 m3 a year at a speed of up
to 20 lan/h and serve only opening-up purposes. Nevertheless, they must be regarded in
elaborating construotion plane, Skidding roads are accessible only for cross-country
vehicles, sledges, horse~dirawn carts, and the like, and are used periodically,

If the looal road oonstruction material has a low-bearing capacity, reinforcing layers
of screened or natural material, gravel or sand, mixed with binders (bitumen, cement) would
be necessary. Feeder roads may be poorly reinforced but accessible all year round, or not
reinforced and only temporarily acoessible. The second type (fine-weather roads) can carry
trucks only when the surface is dry or frozen. )

Forest roads must be sufficiently resistant to mechaniocal, olimatic and btecteriological
influences. Appropriate oonstruction methods and treffic safety can be guaranteed only if
data are supplied by soil testing methods which help determine the aumlity and stability of
a road, Suoh control data will decisively influence the excavation methods used in a certain
projeot, There are simple procedures that permit soil testing without special devices, and
laborious and complicated methods that give an exmot desoription of soils and their cualities
by reference data or curves, Most methods are standardized prooesses. Tests should always
be oarried out by experts to give reliable data,

Since there is suoh a large number of soil testing methods only the most important
ones are mentioned in this paper, and the individual steps are not described in detail,
Furthermore, only meohanical stabilization methods are described sinoce these are most
frequently used in forest road oonstruction. Stabilisation with lime, bitumen, cemert,
and chemical substanoces is of minor importance. MNechaniocal stabilization ovnsists in
inoreasing the internal friction by better distribution of soil grein sizes and compaotion,

At the construotion site a soil mechanios expert visually olassifies the soils according
to their properties., In field testing the soil is analysed and its properties desoribed.

1/ Federal Forestry Research Institute, Viemna



However, although such a rough analysis is important it is not sufficient for an exmot
evaluation. Reliable data can be obtained only from mechanical tests. For an acourate
evaluation of the test results it is important to know whether the test samples oonsisted
of natural and undisturbed Soil, of more or less disturbed soil, or of kneaded material,
Tests are oarried out either in a field laboratory at the building site, or in a normal
laboratory.

2, ROUGH CLASSIFICATION OF SOIL PROPERTIES
Visual and manual methods serve as a rough classification.
2.1 Visusl methods

Grain sizes, weights and percentages are estimated and colours recorded hy means of
visual methods.

(a) Soil fractions

Soil samples are picked up in the nand or spread on a suitable surface.
Then the particles are compared with a reference table or objects in
everyday use, T'e following categories are useds

Stoness grains bigger than a hen's egg

Gravels smaller than a hen's egg, bigger than the head of a matoh

Coarse sandst smaller than the head of a match down to greins juet
visible to the eye

Fine sandst 8ilt and olay are not visible to the eye; therefore, manual
teating is neoessary.

(v) Colour

The true colour of the soil can be determined only in full daylight and if
freshly excavated., Changes in colour resulting from exposure to the air
should be recorded, Dark colour of the soil is significant in that it
indicates the presence of organic particles.

2,2 Manual methods

By means of simple hand and finger tests coarse and fine grein freotions as well as
plasticity of the soil can be determined.

2,2,1 Dry-state stability

Sun, air or oven=dried samples show varying resistance to finger pressurey this clearly
indicates the dry-state stability of the moil. There is none at all if the sample crumbles
at a slight touch. Dry-state stability is high if the sample can be broken only between
the fingers.

2,2,2 Shaking test

By means of this method the reaction of soils to shaking,particularly of silty ones,
is detemmined,

The sample should be nut—sized and moistened, It is shaken in the hollow of the hand,
When water appears on the surface the sample beoomes shiny. Under finger pressure the
water disappears againg with incressing pressure the sample starts to orumble, Upon further
shaking the particles again oohere and the test can be repeated. The time it takes for the
water to appear on the surface and to disappear under pressure is a scil property indicator.
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2.2,3 Kneading test

By means of kneading, the plasticity of a soil and its silt and clay content can be
determined.

A noft tut not stioky piece of soil is rolled on a smooth surface into a bar with
a diameter of 3 mm, It is then kneaded to a lump again. Rolling and kneadii g cause a
loss of water. The Boil hast

(a) low plasticity, if a cohesive lump cannot be kneaded from the barg
(b) medium plasticity, if the lump crumbles under finger pressure;

(c) high plasticity, if the lump can be kneaded without crumbling.

2.2.4 Rubbing test

This method serves to estimate the proportion of sand, silt and clay.

A small sample is rubbed between the fingers, sometimes under water., The proportion
of sand grains can be estimated by the degree of coarseness, crunohiness and scratciness.
Clay soils feel greasy and stick to the fingers; when dry they will not oome off witl.out
washing. Silty soils feel soft and floury and can be blown off when dry.

2.2.5 Cutting test

In this test a moist soil sample is cut with a knife; if the cut surface is shiny
the clay oontent im high. A dull surface indicates silt or clay-sandy silt with low
plasticity.

To investigate the organic elements of a soil and the degree of decomposition of
organic particles it must be smelt and srueezed by an experienoed tester,

3. EXACT TESTING

3.1 Determining water content

The water content determines the quality of a soil and decisively influences its
characteristics such as oompacting ability, its carrying capacity and resistance to frost.
The water content is expremssed by the weight of pore water as a proportion of the partiole

weight after drying at 105° ¢,

VWater oontentu Nl - n;i x 100

l% = mass cf the sample undried

Hd = mass of the sample kiln-dried

3.1.% Oven drying

Drying ®oil in an oven is the most reliable method and therefore the most frecuently
used, The sample is dried till its weight remains constant and then cooled down to room
temperature in an exsicoator. The next step is weighing. The scales should be accurate
tc 0.1% of the sample weight and the maximum permissible weight difference of 0.05 grams.
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large samples cannot be weighed on precision scales and are too big for the exmiocator.
Therefore, simpler moales are employed and the dry weight is determined while the sample is
still warm, weighing errors being tolerated up to + 10 grems.

The sample size ohosen depends on the type of soil to be tested and should be in the
10 = 10 000 grams range for silt, ooarse sand and gravels.

3.1.2 Calcium oarbide test

Smaller samples are examined for their water oontent at the oonstruotion site. The
socurately weighed sample i put into a steel bottle and an ampoule with a certain amount
of calcium carbide,and several steel balls are added. The 1id of the bottle carries a
menometer. Violent shaking breaks the ampoule, the calecium carbide mixes with the soil
sample thus genereting an acetylene ~ air mixture. When the gas mixture im stable the
preagure is recorded and the weter oontent determined by means of a table. Other methods
to determine water content use air pycnometers and submersion weighing. Rare methods are
heating by infra-red rediatiorn and burning of small samples.

3.1.3 Petrol test

This method is employed for testing ocoarse-grained soils such as coarse pand and sard.
The fresh sample is weighed and spread in a metal basin., Then petrol is poured over the
sample, and the mixture is stirred with an iron bar. The oombustion heat dries up the
samplej the dried sample is then weighed and on the basis of weight difference, tiie water
content is determined.

3.2 Determining the state of the soil

The Atterberg soil limits which are indices for ooherent soils are important oontrol
data for assessing the plasticity and oompaoting ability of soils. These limits indiocate
the points at whioch transitione from one state to another takes place and are expresmed
in percent of water content.

licuid limit Ve t transition from the liquid to the plamtic state
rolling limit LA ¢ trangition from the plastic to the memi~so0lid mtate
shrinking limit $ transition from the semi-golid to the solid state

Below this limit a decrease in water content does not cause a significant change of
volune.,

Plasticity Voo indicatee the state in whioh the goil is kneadable. The plamtioity

index im expresmed as a percentage and indicates the difference between liruid limit and
rolling limit ('fa. =W, - w‘). The state of & soil depends on its natursl water ocontent

b
("n) and can be caloulated with the aid of an index (k') apg followss
W, W,
K = — k = nstatest
W W
Yta €0 tiveeenesss liouid

O secsevssces licuid limit
0 « 0.5 ... visoous
0.50 = 0.75 soft
0.75 = 1,00 wtife
1,00 eeeeeees 7T0lling limit
21.00 .iieve.. semi-molid/
solid
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In order to find the plasticity limits of a soil the values of the liquid limit and
the plasticity index are plotted into a chart as devised by A. Casagrande,

50
5 40
]
A
L
>
e
D 20
ot
>
a 10 .
g = pohesive
sand
(]

¢ 10 20 30 4 50 & 70 80 ¥ 100
Liquid limit

Fig, 1 = Flasticity chart

From the caloulated values and the graphic representation the plasticity of the soil
type can be examined and its compacting ebility easily determined. In practice the liquid
limit is found by means of a method devised by Casagrande. Samples with grain sizes
of < 0,4 m and varying moisture contents are filled into cups. Then a small furrow is drawn
in the samples. The cups are hung in & devioe operated by & handle, which is turned.

The oups strike the ground till the furrow closes. The number of strikes and water content
are entered on & reoord sheet. The resulting four to six values are combined ard the water
content after 25 strikes is expressed as a percentage,

The samples are rolled on a water-absorbent surface to a thickness of 3 mm (rolling
limit). The process is repeated till the sample starts to crumble, and the water oontent
of the particles is determined,

3.3 Determining grain sige composition

The grain size is calculated by the diameter of a sphere which can pass through the
same sieve as the grains and has the same sedimentation speed in water. The value for
grain distribution indicates the proportion of various grain sizes existing in a particular
soil, Graein distribution is graphically represented by a curve.

This mechanical analysis is umed for determining the composition of a natural soil or
base material. The sample is put through a series of screens and thus fractionated.
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Fig. 2 = Characteristic grain distribution ourves

There are two main groupss

(a) Sedimentation grains with clay particles of € 0.002 mm end silt with a diameter
of 0,002 = 0.06 mm., Orain size and distribution are determined by analysis of
water sedimentation,

(b) Sieving grains with a sand grain size of 0.06 = 2,0 mm and a gravel grain size
of 2.0 - 60 mm, Orain size and distribution are determined by dry sieving.

A mixed grain structure oontains sieving grain and sedimentation grain mizes.
Examinations are carried out by mieving to a grain size of 0,063 mm and subsequently
analysing the sedimentation., In a soil mixture the grains should be distributed in such a
way that the spaces between the large grains are filled with fine grainsj there should be
as few void epaces as possible, The grain distribution curve of favourable road material
is represented by a quadratic parabola. If p is the percentage of material falling through
the sieve with the mesh size d, and if d_ is the smallest grain and D the largest one,
the emuation reads as followas °

o -

x 100
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The parabolic exponent for useful mixtures is 0.40 ¢ m < 0.55.
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Fig. 3 = Grain distribution curve of a bdroken mineral mixture
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3.4 Determining the Proctor density

Cohemive and non-cohesive soils have an optimum density. Thie oan be determired in
the laboratory by means of the Proctor test and is called simple (100 percent) Proctor
compaction. This is the compaction a soil type can reach when its moisture content is
most favourable for construction,and is called the dry volume weight, In this context a
differentiation is made between soils that are difficult or easy to compact., In the first
group are all cohesive soil types, uniformly grained non-cohesive or slightly cohesive
soils with a non-uniformity of U = 1,5 — 3, and light and heavy rock. Soils that are easy
to oompact are well-graded sands or sand and gravel mixtures, and non-cohesive or slightly
cohesive soils with U = 7.0. Non-cohesive or slightly conesive moils with U = 3 = 7
require intensive compaction.

d
The standard of non-uniformity is U 60__, In this formula d60 and d.Io are the
By
10
grein sizes that correspond to the ordinates 60 percent and 10 percent of the grain
distribution curve. Soils with U<5 are called uniform and soils with U>»5 are called
non-uniform.



Test description

To an air-dried sample having a grain size £ 7 mm,water ie added until the water ocortent
is approximately 5~6% below the estimated optimum water percentage. The thoroughly mixed
material is introduced into a ptandardized cylinder in 3 layers. Each layer is compacted
by 25 strokes (gnwity weight). Both the cylinder and the compaoted sample are dried,
Then the dry volume weight ie determined. A small guantity of material is extracted from
the oentre of the sample and its water content determined. The same prooess is repeated
for samples with 2-3% higher water contents, until the moist volume weight deoreases.

All the values are then plotted into a chart and the resulting curve is the Proctor curve.
The dry volume weight at the top of the curve is the highest value that can be achieved
under the given test oonditione, The volume of the compacted soil sample must always be
recorded in order to find the dry weight difference between the oonstruction site sample
and the laboratory sample with a Procter density of 100 percent. If the latter has a dry
volume weight of 1.80 g/cm3 and the former 1.71 g/cm3 this means that a Proctor density
of 95 pervent was achieved.

If during compaction only 90 percent of the Proctor density im achieved, settlement
of the road material after oonstruction is to be expected under traffic oonditions. It is
therefore important to check the water oontent of Boil with a oertain grain distribution
during excavation by means of the Proctor test. There must be optimum moisture content
to guarantee good compaction.

3.5 Determining deformation

The plate_bearing test is employed when other compaction tests cannot be applied, as
for example in the case of larges rubble hills,

The plate bearing test serves to find the degree of deformation (E ) or the bedding
index (k) of the non-bituminous, non~cement bound base of gravelled roads. Furthermore, it
indicates compacting ability, load capacity end density of a soil. It is applied in all
cases in whioh other compaction tests fail, that is for coarse=grained, stony and rocky
material.

Since the plate bearing test can be carried out only at the construction site ard costs
in time, equipment and material are high, it is only rarely used in the construction of
forest roads,

More important than the above~described method is the CER test (California bearing
ratio) which is used extensively in non-Furopean oountries. This test is an empirical
method for determining the relative bearing oapacity of the sub-soil. The method, which
was developed in the USA, is standardized. The deformation resistance of a soil which was
first compaoted in the laboratory is determined by means of an indenter. Deformation
resistance is defined as the oompaction a soil must have to allow indention of 1.25 m/m:ln.

The compaction of the sample is compared with a standard sample (gnded, crushed rook)
oompacted under the same conditions and over the same indentor path, The compaction ratio
between the samples im expressed in percent. CBR-values in the range of 15-40%, 40-100%
indioate good, and values between T0-100% excellent soil characteristios.

3.6 Determination of water capillarity

It is important to know the ocapillary height of mands and fine gravels if they are
to be ueed as froet protection material. The capillary height muast lie below the frost
protection layer. In general, a soil is sensitive to frost if it has a degree of non-
uniformity of < 5 and more than 10 peroent of grains under 0.02 mm, or if the values are
U ->15 and more than 3} perocent of the greins are under 0.02 mm. During the freezing
process such a soil draws water into the frost area (groundwater, drsinage water) whioh is
deposited in layers of ice. When they thaw,the soil becomee saturated and soft and loses
its load-bearing capacity.
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A soil exposed to frost can be protected by the addition of material with a grain
sige of > 0.02 mm., Addition of individual big stones is not very useful; a good grading
of the Bieve curve is more important.

The simplest device to determine capillary height up to 1 m is the so-called ascending
tube, a calibrated cylinder of glass or clear plastic with a finely meshed lecwer edge. The
soil is oven-dried, filled into the cylinder and compressed with a wooden pestle. The
cylinder is then put into a container of water and the capillary limit (indicated by a
change in colour of the soil from light to dark) can be read. The sample size depends on
the size of the cylinder and ranges from 4 — 15 kg. The diameter of the largest grain
should not exceed a fifth of the diameter of the cylinder.

4., EXTRACTION AND TREATMENT OF SAMPLES

Test samples have to be extracted at points which are representative of the average
particle distribution in nature. To examine the soil types in an existing road,samples are
extracted from all its layers. The number of samples to be sent to the laboratory depends
mainly on the diameter of the largest grain (as indicated for some methods ), individual
samples are combined to give a good representative sample for determining the soil type.

The individual samples are blended,thoroughly mixed, heaped and divided until the
required test quantity is obtained.

The coneistency of cohesive soils may need to be determined. In this case the samples
have to be kept in vacuum containers till they are tested. To test the denaity of a
sample — in order, for example, to determine compaction = individual samples instead of a
mixture are used. These are taken with special tools in order not to disturb the sample.
The extraction data should be carefully entered on a record sheet.

Farticipants listening to the lecture on moil tests (Photos T, Pasoa )
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ROAD EMBANKNENT STABILIZATION WITH BIOLOGICAL AND ENGINEERING .JORKS
FOR FOREST ROADS

by
Rudolf Heinrioh
Forest Industries Division
FAQ Forestry Department

1. INTRODUCTION

The basio requirements for modern forest management, especially wood harvesting, are
well planned and designed forest road networks. Careful at‘ention has to be paid when
planning and looating roads, espeocially in steep terrain, tu avoeid or minimize the erosional
impact of roads on the environment.

Areas partioularly susoceptible to erosion problems such as very steep slopes with
easily erodable soils and rook strata dipping towards the slope should be avoided as muach
as possible.,

Erosion oaused by road oonstruotion and soil disturbanoce oan be avoided by using bio-
logloal means and./or engineering structures. Slope and gully erosion adjacent to the
road 18 very often a result of over—grazing and denudation of hills which expose the soil
to wind and rain and endanger the road structure. Erosion often occurs on the cuts and
embankments as well as on the outlets of oross drains, water flows and on the surface of
the road itself.

This paper desoribes briefly how to plan and survey forest roads efficiently to meet
technioal standards, keeping soil disturbance to a minimum by fills and outs, in order to
make the least possible erosional impaot when oonstruoting forest roads.

Revegetation practices are presented in detail to demonstrate how mass slope fallures
oan be ocontrolled, Simple and inexpemsive types of enginesring structures are also presented.

2. ROAD PLANNING, SURVEYING AND DESIGN

To plan & road aligument, good topographical maps, preferably with a scale not
larger than 1:10 000, are necessary. The main pointe to be opened up by the forest road
should be determined and marked on the map. If no good contour maps are available, then
extensive field work is required to measure all main pointes baromeirioally and to record
detailed terrain features. For low-cost roads such as forest roads, the survey method
differs significantly from the olassical engineering surveying methods. In a reconnaissance
survey the main points whioh have first been marked on the map should be traced in the field,
height measurements should be taken and reoorded. The survey of the road itself oonsists
of taking measurements in vetween the polygon points determined by the geometrioal require-
ments of the road, whioh are dependent on the standard of the roada. Distances, vertiocal
and horizontal angles are measured at each point by means of tape measure, olinometer and
hand compasss. It is advisable to measure the road line back and forth in order to have a
oontrol measurement and to exolude errors in measurement readings. This simple surveying
method has proved to be very effioient and sufficiently acourate for low=ocost roads.
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Zmpecially in steep and diffioult terrain it is a great advantage to use this simple
surveying method, as it would be quite oostly and time—oconsuming to survey with a theodolite
dhen eurveying forest roads it should be borne in mind that road excavation volumes and
fills should he balanced, thereby achieving minimum soil disturbance. On slopes steeper
than 70 peroent it is advisable to oonstruot full benoh roads. It may often be necessary
to construot retaining walls made of rock masonry, logs or gabions to further reduce out and
f£ill soil disturbances, espeoially on steep and unstable slopes.

On such slopes, mid-slope loocations of roads should be avoided. In general, road
gradients should not he more than 10 percent. Only in exoeptional cases, and over short
distanoes, 12 psrosnt may he acoeptable. In areas with high preocipitation, water run-off
on soil surfaces is oonsiderable and on roads with steep gradients precautionary measures
with adequate drainage facilities are required, suoh as pitched ditohes, open top oulvertis,
frequent and suffioiently wide oulverts, forde and bridges.

In addition, under certain oconditions it is advisable to slope the road surface about
3 percent towards the downhill slope. This is best applied on full bench construotion roads
Outward sloping of the road surface has the advantage that preoipitation of road surface
water drains off laterally, therefore the gquantity of water accumulated in oross drains,
open top culverts and sub-base oulverts will be less, and risk of erosion reduced. However,
outward sloping should not be applied on olayey road surfaces as they beocome extremely
slippery when wet, and where slope fills ocour, especially if they are not proteoted by
vegetative cover.

. On inward sloping roads, the road surface water drains off towards the slope, where a
mountainside ditch, preferably paved, drains off the water to oulverts which bring the water
to the downhill side of the road.

Culverts should be proteoted by head walls; +they should be suffioient in number to
prevent the water causing erosion problems in the ditches as well as in the area below the
oulvert outlet. They should be placed safely in the road sub-base. (The oompacted layer
above the oulvert should be equal to the diameter of the culvert, but at least 50 om in
order that they are not destroyed by traffio).

Depending on the amount of debris material, normally 30-60 om diametsr precast conorete
oulverts give satisfactory results. If larger diameter oulverts are required, oorrugated
steel oulverts should he used; they are easily transported and set up at the oonstruction
site — but they are more expensive. Another way to avoid larger diameter oross oulverts
would be to install two parallel pipes, forming a oulverte.

The gradient of the piped oulvert should not be less than 3 percent and not more than
6 peroent beoause low nnd/or quick running water has a negative effeot on the proteotive
structures of oulverts.

Speoial attention should be paid to the surfaoing of the roade A favourable soil 1/
mixture to be used as oarriage way and surfaoing material should oonsist of sieving grain
and sedimentation grain siszes, mso that there are as few spaces as possible between the
large grains.

3. SLOPE PROTIECTION AND STABILIZATION
First of all it is most important to determine ths souros of factors influsnoing slope
instability in order to be able to design appropriate oomtrol and rehabilitation measures.

Very often a single measure may achieve the desired results but sometimes it may be necessar
to combine measures to restore the stability of the slopes. For inatance, on a seepage

1/ Sieve grain sises are from 0.06 to 60 mm.
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slope ii may be only necessary io drain off the water with open ditches or stone-filled
drains, On other oooasions, it may, however, also be necessary to revegetate the slope

in order to fix the slope surface beocause vegetation would not oome back at all or it would
take too long a time, and a retaining wall would be required. In a mountain road progjeot
in the USA (Idasho) it was noted that 80 percent of the surface erosion occurred within one
year on the disturbed slopes; thus it is important to stabilize slopes shortly after
construotion of a road.

3.1 Slope drainage

The simplest method to safely drain off springs and surface water is by means of an
open ditch or a system of open ditches. The wain ditch is located im the direction of the
slope gradient; secondary or lateral ditches are looated in a fishbone pattern. .ater
should he oolleoted as olosely as possible from where it originates and be ohannelled safely
to the road ditoh, oculvert or any other nearby water course. In areas with sieep zradients
and a large amount of water run-off, pitohed ditches may be required. The excavation of
the ditohes should start at their lowest point so that the acounulating water may drain off
immediately. A very effeotive method of draining off sub-surface water is hy means of
so—called "covered drains". On cut slopes these drains may also act as a type cof retaining
struoture if made in a "YI" or arch shape, thus further inoreasing slope stability. 'The
most oommon types are stone or gravel filled drains with or without pipes.

To check the efficiency of drains and for maintenance purposes, it is advisable to
have a standing pipe at thyaunotion of the main and secondary drains. Fipes may be made
of ooncrete, brick or PVC —/ material. The excavation of the drains should start at the
lowest point, the laying of pipes should be started at the top. The pipes should be placed
as tightly as possible to each other, and they should be laid in water—tight soils so that
maximum water drainage oan be achieved. Fiped drains are the most efficient and their
effectiveness is long-lasting; however, they are more expensive and often not available,
Normal stone drains may silt up after some time therefore it is advisable to form a drainage
channel of stones at the bottom of the drains, or to put in a bundle of hrush wood at the
bottom of the drain. The top of the drain may be covered with a layer of grass in order to
more effectively prevent the siltation of the drain.

Resides using them effectively to stabilize fill and out slopes, drains may be very
useful behind retaining walls. :

3.2 Revegetation of road emhankmenit and slopes

Well-imown revegetation measures for stabilization of cut and fill slopes may be
grouped as follows:

i) Seeding, grases turfing and mulching to obtain a grass oover;

i1) Contour wattling, wicker work fencing, contour plantiing and fascines to obtain
shrub vegetation;

111) Reforestiation with pioneer plants.

3.2.1 Seeding

Very often before sowing grass seeds on barren slopes, soil and site preparation such
as shaping the slope, spreading humus and application of fertiliszer may be required. The
sesds may be gi.ther sown on the entire area, in rows or in oertain places only. To seed an
area of 100 m“, about 3 kg grass seeds will be needed. It is an advantage to have legume
seeds mixed with grass seeds as they are especially nitrogen fixers. It will take ; = 1
working hour to seed 100 w?. A mixture of deep-rooted and flat-rooted strong, quick-growing
pioneer grasses will give the best results in fixing the asoil.

1/ Poly-Vinyl Chloride



3.2.2 0Orass turfing

To regenerate vegetation through placement of grass sods, it must be borne in mind
that grass sods need to hYe placed on the slope when the surface is wet and during the
vegetative period. Depending on the availability of grass sods, slopes may be entirely
oovered hy them or only in strips. The latter application would require additional seeding.
On very steep ulopes fixation of the grass sods may he necessary in order that they get a
firm grip on the surface. This can he done by means of sticks prepared from branches,
twigs, or bamboo.

3.2.3

Mulohing is a very quick method of regaining grass ocover on sterile, bare soils. This
method of revegetation requires a layer of straw, wood fibre or other organic material which
is spread on the soil. OSeeds and fertilizers are added and finally the layer of mulching
is fixed by spraying a cold asphalt suspension. The advantage of mulching is that the grass
cover oomes up after a relatively short time because a favourable microolimate and oonditions
are oreated; it reduces water loss from soil, surface temperature and soil orust formation
as well as preventing seeds from rolling or being washed down the hill, and it also preserves
the fertiligere In the USA and Japan wachines {hydro-seeders) have been developad which oan
spray the mixture of mulching material mixed with water and an adhesive as well as seeds
and fertilizer on to the slope in one operation.

In {iddle-Hurope in the alpine region, revegetation by mulohing techniques has heen
suooessfully used wiith the following method of application: the slope is oovered by a
layer of straw (2-4 tons/ha), which is spread by hand, by utilizing a ladder which is placed
on the slope.Seeding and fertilizing are carried out by spreading seeds and fertilizer by
hand, again utilizing ladders. Seeds and fertilizer fall through the straw layer onto the
soil. For the fixation of the straw layer on to the slope surface, an asphalt suspension
of 50 peroent asphali in water, is watered to a 25 percent solution which is applied on to
the siraw by means of a portable ruckaack-type sprayer. About Q.5 litre of asphalt suspemsion
per m“ 18 appliede Spraying cannot be oarried out during heavy rain and wind. Normally it
takes 2 to 3 hours after spraying before the mulohing is fixed in position. In gemeral by
the time the asphalt suspension covering the straw layer has disintegrated the grass vegetation
is well established.

3.2.4 Contour wattling

Contour wattling, also called "wattling and staking”, is one method of achieving a
brush vegetation on steep slopes where a grass oover would not be strong enough to stabilize
the soil. The idea is to subdivide the slope with dense brush rows and, if neoessary,
grass seeding oan be applied between the rows to obtain additional soil fixatione Before
starting with the wattling and staking, slope preparatory work should be garried out, such
as levelling of small gullies or removing such obstacles as big loose boulders and branches.
Then stakes should be driven in along the contours at ocertain distanoces from each other
within the oontour line as well as from row to rows It is desirable to have every fourth
stake as a sproutable stake. Staking should be started from the lowest part of the slope,
moving uphill. Trenches should be dug just above the stakes and wattling oonsisting of
sproutable twigs and hranohes be put in the trench, overlapping each other. Part of the
twigs and branches should be above the surface to prevent soil from moving down the slope.
The soil dug out is used to oover the lower oontour wattling. Some technioal data are given
below, as well as produotion data of an example of contour wattling oarried out in Jamaica
under the supervision of Hr. Sheng, FAO Watershed Management Officer, Stakes sharpened at
the bottomy, 1 = 1.2 m long and with a diameter of ahbout 5 om with a row interval of 1.2 m
and 0.50 m from eaoch other were driven into the soil, leaving about 15 om of the stake above
the soil surface. Thus a heotare would require about 17 000 stakes. Contour trenchas 20 om
wide and 25 om deep were dug and bundles of wattling 1) om in diameter and 3 m long laid
in the trench. A ten~man orew may be able to complete oontour wattling work on up to 250 m
per daye Within the working orew, six labourers staked two iremched and oovered watiles,
and two labourers were used for transporting and other duties.
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Another example where several speoies to he used as outtings were tested by ¥r. Tautscher,
FAO, was in Nepal. Those found to be most suitable for outtings were Salix tetrasperua,
Salix vallichiana and Viburnum.

3.2,5 Wicker wori fencing

The system is similar to the one mentioned ahove and is widely used in the alpine
rogion in iddle Burope. The difference is that the sproutable material is not put in
bundles into the soil, but is put around the stakes like a fence and the ends of the
sproutable twigs are put into the soil.

The rows must not necessarily follow the contour lines; very good results have been
achieved with rows placed at an angle of 45° forming rhomb shapes with 1.5 = 4 m long sidess
The stakes are driven into the eoil with a spacing of 40-50 om, having a length of 1-2 m
and diameters of 5-10 om, The stakes should be driven into the soil three-quarters to two-
thirds of their lengthe The spacing of the wattle rows very much depends on the gradient
of the slope and soil. Normally they are 1-4 m apart, laid out in parallel rows. In alpine
regions good results have been achieved using Salix spps and Alnus sppe as sproutable
fencing materiale

3.2.6 Contour planting (oordons)

Sproutable plant material of 0.9 to 1.5 m length is placed in horizontal crouos layers
into the contour terraces. Terrace digging starts from the botiom of the slope prooceeding
to the top. The lower oross layers of sprouting material are covered with soil obtained
from the exocavation of the upper terrace. The spacing of the terraces depends on the gradient
and the soil; it may be up to 3 me The width of the terrace should be 0.5 — 0.6 me Cordon
layers may either follow the contour in a ocontinuous line or be broken say to 5 m, and their
ends overlap each other as the ocordons progress up the hill. With the indiocated spaocing of
contour planted rows, 3 500 to 5 000 oordons per hectare would he required for the rehabilitation
of the eroded slopes.

3.2.7 Fasoines

The teohnique is similar to the one used in oontour planting. It differs in that
instead of putting oross layers in the contour terraces, brushwood is laid in. This can.
he mixed with outtings to achieve a green brush row. Shoois are put hetween the hrush rows
or sesdlings are plantede Terraces should have a gradient of 20 to 25 percent towards the
slope having a width of 046 = 1¢2 m. The brushwood and outtings should be about 20 om
longer than the width of the terracs.

3.2.8 Reforestation

Revegetation work should be oarried out with pioneer plants to stabilize slopes subject
to landslides, or as a preventive erosion control measure on severely degraded slopes. In
alpine regions pioneer plants suoh as Alnus, Betula, Fraxinus and Prunus have proven to be
most suooessful as far as their survival rate on eroded slopes is conoerned. Jhen oonsidering
Plants for use as slope stabilizers it should be borme in mind that they must have strong,
deep roots to bind as mich soil as possible. Wherever poseible it would be desirable to
seleoct speoies for afforestation on bare slopes whioh oould be used as fodder or fuelwood
{trees, since there is a desperate need for such trees in many developing oountries.

4. STABILIZATION OF DRAINAGE WAYS

Unprotected drainages whioh oross roads are very often the source of major erosion
problems. Erosion mainly ooocurs on unproteoted outlets of the drainage where runoff water
frequently develops gullies through its erosive foroe, whioh in some cases oan oause land-
slides and damage to the road structure. Proteotion of water drainage outlets and channels
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oan hest he done hy pitching the soil surface with dry stones or oement~honded stones. In
channels with steep gradients, it is advisable to have some stones cemented along the channels
whioh are above the bed of the oement stone channel, thus reducing water velooity and its
destructive erosion foroes.

A cheaper way of stabilizing channels and outlets of water orossings is to provide rock
rip rap whioh in many oases gives satisfactory results.

FFor the protection of hridges, culverts and fords, structures such as roock rip rap,
dry stone or oement stone retaining walls, or where applicable, wooden protection struotures
may suffioe. Very often revegetative treatment on the slopes of cross—water drainage ways
glives satisfaotory proteotione

5. SLOPE PROTECTION 4ITH ENGINEERING STRUCTURES

Simple engineering works for forest road construction such as dry stone structures,
gahions, log crih revetments, timber retaining walls, eto., have proved very useful in many
oountries. 7They are inexpensive and easily constructed at the required sites using local
materiale As ocement is often diffioult to get or is not available in remote areas of develop-
ing oountries, transport costs are high and skilled masonry labourers scaroe. In this paper
the main emphasis has been put on dry stone siructures and timber construction works.

5.1 OStone arches

Stones are placed in the form of arches into the s0il of ocut slopese The width of such
arches may be 0.60 to 1.20 m and they may be up to 1 m in depthe In between the arohes and
above them, cuttings of Salix spp. may be planted to achieve additional stabilization.

5.2 Dry stone retaining walls

Stones, 20 to 30 om in size, are placed next to each other into the surface of the
slope. For the setting of stomnes into the soil surface 2.5 - 4 m2 per men/day may be
achieved and in addition, provisions for obtaining and transportiing the stones will have
10 be made.

53 (Gabions

Gabions are struotures made of stones which are normally set up by hand labour and
oovered with wire mesh to keep them together.

The advantages of gabiona are:

i) their construotion is simple; with proper supervision, unskilled labourers can
set up these structures;

i1) they are cheap;

i11) stone material which is available in many places at the oonstruotion site oan
be used;

iv) only wire mesh or wire needs io be purchased and transported to the comstruotion
site;

v) their oonstruotion time is ashort;

vi) they are very durable; in ocomparison to ocement masonry walls, they are more

resistant against mass movement without breaking, beocause they are flexible;

vii) water drains off easily, thus inoreasing the shear strength of the soil and
reduoing the erosion hasard of the slope to be proteoted;

viii) in between the stones grass grows sooner or later, thus making the gabions
even more stable and integrating them into the environment.
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Construction of & retaining wall oonsisting of rock boulders placed
into the ocut slope by excavator (Photo: 0. Sedlak)
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Destroyed retaining wall efficiently replaced by gabion (Photo: R, Heinrich)
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Based on information collected in Nepal the costs per m~ of gabion oonstructed amounted

to some 140 Rupees or USé 11.24.

Ragic data used in the oost estimate are as follows:

Labour wages (average) = 12 Rupees per working day

Income of foreman = 500 Rupees per month

Average oonstruction output per m3 of zabion = 1.9 man days, which inoludes
preparation of wire mesh, oolleoting siones near the oomstruction site,
transport and setting up the stones, forming the comstruction, as well

as rook fill.
Cost of wire per m3 of gabion, inoluding
transport and tax s 110 Rupees
Direct ocst per w3 of gabion (in Rupees)
. Labour (1.9 man days) 22.8
Supervicion 4.0
Hand tools 2.0
Jire 110.0
Total 138.8

5.4 Log orib reveiments

These structures may he of use where wood is easily available and where there is no
adequate stone material or where the construction cosis of stone siruotures are exoessively
high bheoause of long transport distances of the stones. Log orib revetments are made of
roundwood, oonsisting of logs laid parallel to the slope and crosslayers, whioh fix the
structures into the subsoil of the slopes. The orosslayers should be put at a spacing of
1« 2 m. In between the log layers, placed parallel to the road, stone fill and additional
sproutable material may be placed, proteoting the road from stone and earth materiale. Log
layers and the ends of the oross logs must be fixed either by spikes or notched to fit into
each other. In severely sliding arecas, it is advisable to oonsiruot log orib revetments
oonsisting of front, back and oross layers of logs, which would form a ocage (orib) and would
thus be more resistant to the gravity foroe of the slope materiale The advantage of log
orib revetments are that they oan be set up in a short time, they are cheap, looal tree
speoies oan he used and they are more resistant to slope movements than inflexihle masonry
oonstruotionse Their disadvantage is that they have a limited life,generally 10 - 15 years;
however, by that time it is expeoted that treated slopes will have been stabilized.

5.5 Timber retaining walls

This simple type of structure may be built to proteot slopes from erosion. Stakes are
driven into the msubsurface of the slope and timber is nailed onto them on the upper side.
They are placed near the road and if neocessary higher up on the slope along the oontour
lines of the out slops.

5.6 Precast ooncrete orib revetment

These structures have been developed for areas where neither stons nor timber is
eoonomioally available., Conorete beams of 250 om x 12.5 om x 12.5 om weighing about 90 kg
and orossbeams of 125 om x 12.5 om x 12.5 om weighing about 45 kg are used for this type of
struoture. This example is only mentioned to give a more compleste pioture of the develop—
ment in this eector of oonstruotions At present their appliocation may not be economiocally
feasible in many developing oountries, except for loocations olcse to a source of oement.



A qully being filled by traxcavator, concrete culvert and supporting roundwood
construction laid so as to gucrantee natural waterflow (Photo:t FAO)

Conorete crib revetment consisting of precast conorete beams (Photos E, Pmal)
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6, PROYECTION OF ROAD I{BANIGIENTS AGAINST TORRENTIAL JATERFLOJAS

Damage to roads oaused by torrential waterflows may ooour when the roads are looated
along or across the torrentu. Erosion caused by the running force of water may endanger or
degtroy the banks or emhanlnents of roads or the road itself by its soouring effeot and
srosion of the toe of torrent hankse At orossings of torrents or gullies, the road may
“eoome blocked by sedimentary material or destroyed by downhill mass movements. Neocessary
rehabilitation measures in oontrolling erosion oaused by torrents are to reduwoe the velocity
of water by engineering structures and rehabilitating slopes of the gully or torrent banks,
Thus, a oombination of hiological and structural hank stabilization, as well as putiing in
check damu, or sills and oheck dams, may be required in order to fully proteot the road from
erosion and sedimentation oaused by torrential waterflows.

6.1 Lmbanlonents

cmhankments may be oonstructed with different materials. The most common type is made
of rockze Stones protecting the toe and bottom of the ohannel should have a diameter of at
leas}{ 0.5 m and those protecting the banks should be of 0.3 m and ahove. If only mmaller
atones are available, paving with stones oovered by a wire mesh is very effeotive.

A very quiok method of stabilizing embankments is by putting boulders on the banks of
the torrents - these structures are oalled "rip rap"”. In torrential flows with great
hazard:s of hed erosion and scouring, the paved toe may he proteoted additionally by placing
houlders on ite

A couwbination of layers of boulders and layers of fasoines with sproutable material
may give very good results, as the water velocity is reduced by the fasoines on one side
and the embankments are made more stable because of the vegetative cover. The cuttings
should be driven ahout two—thirds of their length into the subsoil.

Boulders in combination with grass turfing, or grass turfing and planting of hrush
md trees on the embankments, may provide good results in stabilizing embankments.

In areas where wood is available, log crib revetmentis with stone fill between the logs
may he constructed. At the bottom of the timber orib revetiment a layer of logs should be
placed in order to prevent the fill material from being washed out of the siruocture.

Bank revetments and training walle made of oonorete are very effective - however,
they are more oostly than the wstructures mentioned above.

7. ROAD SURFACE PROTECTION
7.1 Open top oulverts

An effeotive way to oontrol road surface erosiom is to put in open top culverts or
simply earth oross-drains, which will lead the surface water from the road. Opem top
oulverts oan be made of steel, concrete, timber, roundwood, or simply earth debris. Open
top oulverts must be placed into the road with a oross-gradient in order that they will
be self-oleaninge Normally a oross~gradient of 6 - 7% is suffioiente

The effeotiveness of open top culverts depends very much on the correot spacing and
maintenance work {olearing of soil particles, leaves and iwigs, etc.) in order to keep them
funotioning effectively. The spacing of open top culverts depends mainly on the gradient
of the road, amount of precipitation, steepness of terrain and soil conditionse In a water-
shed forest in steep terrain with high rainfall, Sesaions (1974) proposed an open top oulvert
spacing in metires derived by the formula 800 divided by the gradient in peroent. However,
in areas with heavy rainfall and large catohment areas, a closer spacing (20 - 40 m),
espeoially on roads with gradients of 9% or higher, may be required. The correot spacing
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of open itop culvertis may be worked out through experience. The table helow can be used as

a guide.
Spacing of open top culverts in meires
Road gradient 800 , Suggested spacing in steep
in percent gradient in p terrain with heavy rainfall
5 160 80
6 130 65
1 14 55
8 100 45
9 88 40
10 80 35
11 T2 30
12 66 20 to X0
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Motorgrader putting in a crushed rock base layer
(Photot Federal Forestry Hesearch Institute)
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THE INFLUENCE OF FOREST ROADS ON RUN-OFF DEVELOPMENT
OF SEDIMENTATION AND LANDSLIDES

by

Hubert Hattinger l/
Bundesminieterium flir Land-u. Forstwirtaschaft

1. INTRODUCTION

Natural conditions in mountainous regions are dominated by hydrological and geomor-
phological phenomena and processes, chiefly heavy floods, erosion, mass movements (land-—
slides, slips, movement of debrie, mudflows) and sedimentation. Zones which are especially
characterized by these processes are torrents and unstable slopes. These are the two
features which cause most of the problems to a roadbuilder in the mountainse.

The construction of a forest road creates a two-way effect: firstly, run-off, erosion,
landslides and movement of debris can destroy the forest road or interrupt traffic; and
secondly, the forest road can itensify erosion, change the stability of slopes, cause lande
slides and increase sedimentation (Figure 1).

Floods
increase Erosion damage(s)
cause }——> | Movement of debris ——> destroy(s)
Landslides
Sedimentation

Pig. 1 - Fossible mutual effeots of natural phenomena on forest roads

Therefore, the design of a forest road in the mountains has to include: a) measures
which prevent or alleviate the damage or destruction caused to the road by torrents and
unstable slopes; b) precautione against causing or inoreasing effects (erosion, movement
of debris and sedimentation) or landslides by oconstruction of the road. Without
these precautions the construction of forest roades often endangers or devastates areas and
buildings below.

Experience and investigations have shown that the most important ecological effects
of the construction of forest roads are as follows:

a. disturbance of the run-off on slopes and in channels
b. destruction of the vegetation cover
o. erosion

1/ Tedersl Ninistry of Agriculture and Forestry, Vienna
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production of landslides, movements of debris and mudflows

sedimentation

These effects are caused by the artificial removal or transposition of masses of
soil and the resultant change of the morphology of slopes and channels.

2. RUN-OFF

In a simplified model of the run-off prooess(Figure 2) we can distinguish the
following phases:

- 1)
b.
Ce
de
©e
f.
8.

precipitation
depression storage
surface run-off
infiltration
interflow
percolation
channel run—off

Fig. 2 -~ Prinoipal phases of the run—off proocess

An increase of run-off influences or produoes other processes,for instanoce erosion,
landslides, movement of debris and sedimentation, and so can cause damage and destruction.

The most frequent causes for disturbance of run—off as a resuit of road construction
are the following:

b.

concentration of the surface run-off and interflow by ocutting the
slope (gully erosion) or the production of debris movement or
landslides caused by the incresse of infiltration into the down-
hill slope;

reduction of the orcgs—section of the channel. This often ocours
when material is deposited on the bed of the channel or side walls are
constructed;
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c. building of culverts and bridges. When a forest road cuts across
a channel, it is necessary to construct an Irish bridge (Foni), a
culvert or a bridge. If the diameter of the culvert or the span
of the bridge is too small to let floods or branches, tree-trunks
and other debris pass, these constructions have an effect like a
check-dam or a barrier. In such cases, the floods flow over the
culvert or the bridge and the road in the immediate area, causing
damage and/or destruction.

In steep torrents these man-made barriers sometimes break, causing effects like those
of bursting dams.

3. EROSION

Erosion depends on a wide range of factors: intensity of precipitation, run-off,
the substratum and inclination of slopes or channels.

On a slope the following different kinds of erosion (fluvial erosion) can be
distinguished:

a. sheet erosion, where the soil is removed in a thin layer or sheet;

b. rill erosion, where the concentrated water cuts rills in the surface
whioh before was relatively smooth;

ce. gully erosion, where socil is removed by excessive concentration of
running water which forms deep channels or gullies.

A distinction may be made between bed and bank erosion in a channel when the running
water causes deepening of the channel bed and cute off the banks,

How does erosion begin? Running water tries to destroy the structure or the cover
of the soil impeding it and to remove the particles which form the soil or its cover., The
force developed by the water is oalled "tractive foroce". The material of the soil or its
cover has a certain resistance to destruction and removal because of the ooherence and
weight of its partioles., To put it simply we can say thatt erovsion occurs when the
tractive force is stronger than the resistance of the socil. Therefore, two general possi-
bilities exist to reduce or prevent erosion:

a. to reduce the tractive force of the water;

b. to strengthen the resistance of the soil.

The construotion of a forest road intensifies erosion because of the following
factors:

a. destruction of the vegetative cover whioh offers much greater

resistance to erosicn than bare soil. Most of this destruction
is oaused by the deposition of material during the rovad constructionj

be oonocentration of surface and ohannel run-offe.
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The following figures show the increase of erosion because of forest road construc=
tion in mountainous regions in the USA with a preocipitation of 1 500 mm per year:

Period Rate of erosion

‘eroded material)
Before construction 20 = 30 kg/ha/year
of the forest road-net
After construction of 2 000 ~ 4 000 kg/ha/year
a road-net of 40 m/ha
After grase-growing 100 - 150 kg/hs/yna.r

4. LANDSLIDES

A landslide (landslip, slump) is a downward and extended movement of the soil mass
of a slope whioh collapses and works loose from the stable mass. The stability of a slope
depends on the coherence of the soil particles, expressed by the term "shear strength” (T),
With a simplified model the interaction of different determining factors which can cause
and accelerate landslides or alternmatively stabilize a slope can be seen in the following
four figures (Figures 3A, B, C and D).

G, weight of the mass (bde)
which causes the landslide

weight of the mass (abd)
which checks the landslide

T shear strength
radius of the slip circle

1, distance between the centre of
gravity of the mass (bde) and
the line of "momentum—cero"

2 distanoe heiween the oentre of
gravity of the maser (abd) and
the line of "momentum—oero"

Fig. 3A =~ Model of the prinoipal forcee in a landslide (crou-ceotion)
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-_—— unstable zone

Pig. 3C = Additional load inocreases the weight of soil mass (01)
whioh causes the landslide



unstable l
sone

Fig. 3D - Excessive infiltration of water reduces the shear strength

On a slope consisting of homogeneous and coherent material, the longitudinal section
of the mass movement is bounded by a curve which may be seen as part of a circle, With

reference to the rules of statics, we oan say that a slope is stable under the following
conditions:?

G2.12+T.r.u)c

01 « weight of the mass which causes the landalip
02 = weight of the mass whioh ohecks the landslip
T = shear strength

The stabiliging factors are therefore 0, and T.

2

In conneotion with forest roads, a landslide can be caused by the following
processess

a. reduocing 02. This can oocur when the slope is undercut by road oonstruction;

be increasing 62. This can ooocur by overloading with deposited material, for
inatance, in coastruoting the fillg

0. reducing T. This ocan happen through infiltretion and percolation caused
by inadequate surface drainage.
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The occurrence of mass movemeni, chiefly landslides, in connection with forest road
congiruction is not limited to steep or naturally unstable glopes; other factors also have
a great influence. This is shown by the table on slope stability classification developed

Table 1 SLOPE STABILITY CLASSIFICATION

Factor A B ¢ b
4 points 3 points 2 points 1 point
1. BSite Site does not High ridge Along road Along stream
belong to B,C or reservoir
or D
2. Slope < 20% > 464 20% - 25% 26% - 45%
3. Presence None Few Some Many
of slides
4. Soils Medium Coarse Medium Fine texture
texture texture stony or coarse stony
5. Land use Dense cover Sparse Cultivation Use with severe
or cover cover without soil disturbance
conservation
Stability class:t 20 - 18 points: stable
17 = 12 points: relatively stable
11 - 10 points: unstable
9 = 5 points: highly unstable
Se SEDIMENTATION

The causes of sedimentation are erosion, landslides, movements of debris and mudflows.
Sedimentation in channels reduces the cross-section and causes floods and inundation with
all their resultant damage and devastation. Sedimentation reduces the capacity of reser—
voirs. ’

"Reservoirs are meant to store water, not sediment. Sediment stored is at the
expense of this year's water = both quantity and quality; and it is at the expense of
mte;‘ supply, flood control, and water-based recreation in future years" (Anderson, HoW,,
1974).

Investigations show an intimate relation between road construction in mountain areas
and sedimentation., Roads which create the greatest effect of sedimentation are those along-
eide streams, which increase sediment deposits by as muoh as 6.9 times.

6e RECOMMENDATIONS
A systematic and careful design is necessary in order to avoid devastation, damage

and destruction caused by erosion and mass movement in conneotion with forest road construo-
tion. It should inolude precautionary and protective measures.
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The most important precautionary measures are the following:

1. Fill=slopes, slope—-retaining walls and side-walls should be
constructed and situated outside of channels; and the material
resulting from slope cutting should be deposited outside channels.
In this way the roadbuilder avoids dangerous reduction of the
cross—section of the channel and the possibility that deposited
material in the channel becomes eroded or that erosion of the
opposite bank or the bed of the channel occurs. If depositing
material or siting structures (retaining walls or side—walls) in
the channel are inevitable, protective measures are necessary to
avoid the damage and destruction that may result.

2. The roadbuilder must design and construct an adequate system of
road surface drainage which takes into account the hydrological
conditions existing in this area. (For more details see referen~
ces 2 and 7). Special attention must be paid to the maintenance of
this system and to the protection of the slope downhill from the
outlets of the culverts.

Very often this point of water concentration is the cause of gully
erosion and landslides, especially on slopes with finely textured
soil. The protective structures required (r'.lp rapping, lined
ditches or paved channels) depend on the water discharge and their
purposes: to resist the tractive force of the water and/or to
reduce the ooncentrated infiltration of water into the slope.
Investigations show that improved drainage with stabilization of
the road surface can reduce erosion and sedimentation by 44 percent.

3. The most frequent inroads on the stability of steep and unstable
slopes are made on the one hand by cutting the saslopes (®so
reducing the mass which stabilizes) and on the other hand by fills
(80 increasing the weight of the possible landslide mass). To
compensate for these effects, the roadbuilder can either construct
retaining walles to support the batter and/or introduce a slope
drainage system to increase the shear strength and so the stability
of the slopes DBut these engineering measures are usually very
expensive. In most oases the roadbuilder tries to avoid such
unstable zones by designing another route for the forest road.

4. The diameter of culvertis and the span of bridges must be large
enough to ensure that floods and the mass of bed load(in torrent
cha.nnel-) can pass. It is frequently useful to oonstruct a ford
instead of a culvert or a bridge when a forest road crosses a
steep torrent channel.

Se To make the least erosive impact when constructing a forest road,
it is essential to carry out revegetation of the cuts and fills as
well as the bare areas caused by depositing soil material. Revege-
tation of the cut slope is especially important in the case of inward
sloping roads in order to avoid sedimentation of the upper side drains
whioh causes inundations and the resultant severe erosion cf the surface
of the forest road and the fill slopes. (More details of bdiologioal
means are given in reference 7).

Protective measures are described in detail in references 5, 6 and 7.
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A ryomad which has been incorrectly designed and built is the
cause of mudflow devastation of downhill areas and buildings
(Photo: Wildbach-u. Lawinenverbauung, Kirmten)

. T ;’J'Nﬁ.'- z ¥

The total lack of a road surface drainage system
led to landslide and gully ercsion (Photo: Wildbach-
ue Lawinenverbauung, Kirntemn)
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Inadequate fill oonstruction (additioml load on the downhill
slope) and an inadequate road surface drainage system have
osused landslide and gully erosion (Photos:s Wildbaoch—

u. Lawinenverbauung, Kirnten)
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Forest road with mountainside road ditch showing well protected outlet
of corrugated steel sheet culvert (Photos R. Heinrioh)
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TORRENT ENGINEERING WORKS FCR THE PROTECTION OF MOUNVAIN
FOREST ROADS IN THE REGION "SALZKAMMERGUT", AUSTRIA

by
Hanfred Jedlitschka _/
Sektion dildbach—u. Lawinenverbauung dmunden

1, GEQURAPHICAL LOCATION, GEOLOGY, CLIYATE, VEGETATION

'The Salzkammergut is the most southern rezion of Upper lnstrir, three quarters the
area being situated in the northern limesione Alps, one guirter in the {lysh zone .

The region extends hetween ihe 13th .and the 14th dezree of sastern lonritude and betiween
the 47th and the 48th degree of northern latitude. The N=S oriented Traun viller iies it an
altitude of approximately 450 m ahove sea level; the highest elevations of the mountain
range ire made of the following geolozioal formations: Iriaseio and Jurassic limestone
and dolowite =, which reach an altitude of 3 000 m ahove sea levels

From the olimatic point of view, Salzkamnerzut is situated in the cool moderate annual
temperature range, with moderately warin summers and moderately cool winters with heavy snow-
falls. ‘The average annual temperature is + 8.0°C, extreme values are - 24.3 and + 35.600.
The annual preoipitation ranges from 1 700 to 2 300 mm depending on tho altitude, of which
ahout 350 mm fall aes snows The annual evaporation ranzes from 335 to 590 mm, again depend-
ing on the altitude, The maximum daily recorded rainfall to date was 255 mm. Vegetation
consists of hru'dwood/softwood mixed forests (heech, spruce, fir) in the valleys, and of suh=
boreal softwood forests (spruce, pine, larch) at the higher altitudee.

The geological formation has an essential influence upon forest road construotion as
well as on torrent control works. On limestone and dolomite there are only shallow weathered
soils, the slopes are steep and make road construotion expensive, sinoe extensive rook
blasting is required.

The gradients of ohannel bottomag/ of torrents in limestione and dolomite are very steep
and generally oontain a great deal of debris material. ‘he flysh zone, with its high elay
content, is geomechanioally very mobile and tends to slip, drift, and soil oreep oocurse
frequently after heavy rainfalls. The stability of suoh slopes is often disturhed by road
oonstruotion, where sidehill outs may often lead to landslides. The torrents have deepened
in the relatively soft hedrook, thus oreating steep, often unstable river hanks. As a oon-
sequenoce of the tight and hardly water permeable clayey formation, rains are rapidly dis—
oharged over the surface and the torrents swell tremendously, especially during periods of
heavy rainfalle

2, HISTORY OF TORRENT CONTROL AND FOREST ROAD CONSTRUCYTION IN THE "SALZKAMMSRGUT

The development of torrent oontrol proteotion works in the Salskammergut is olosely
related to the history of salt mininge In salt mining tremendous quantities of timber were
needed, whioh were transported by water (floating).

1/ Department of Torrent and Avalanche Engineering Works, Gmunden.

g/ A geologlioal formation in Austria, composed of suocessive layers of shale and sandstone
vhich can be found in the Alps.

}/ The name of a limestone found in the Alpine regions of Austria and Northern Italy.
4/ Also often referred to as TALWEG, ‘
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From the 14ih century, in order to make optimum use of water as 2 means of transporting
timber and thus 1o facilitate floating, waterwars were permanently maintained and generally
wooden stream hank-protective struotures were huilt, where and when required. These struoctures
had 2 seocondary heneficial effect, namely that of proteotinz the nearby populated areas from
floods and mudflows. As the salt factories hegan using ocoal instead of timber for firing,
timher gradually lost its importance as fuel and thus the floating of wood deoreased and from
the middle of the 19th century the first structures for floating began to deoay and disinte-
grate.

The disintegration of these man-made proteotive struotures soon allowed heavy water
damage to commenoe on the unprotected river beds and banks, whioh was followed by land devast—
ation after torrential rainfallss These latter pointed out the neoessity of protective
measures on mountain streams. The govermment institution "Torrent and Avalanohe Engineering
Department" was created in Austria in 1884.

Wdith the increised use of heavy earthmoving machinery after World War II, the amount of
road construction developed enormously, thus posing many new tasks for the lepartment of
l'orrent and Avalanohe Engineering. On the one hand, road oonstruction itself required pro—
tective measures against the dangerous effects of erosion and increased waterflows from tor-
rentse On the other hand, road construotion very often changed the character of the water-
ways hy discharging road surface water and debris material into them which, in turn, frequently
called for expensive proteotive measures on the downstream waterways.

3. EXAMFLES OF TYPICAL CONTACT FIELDS BETWEEN FOREST ROAD BUILDING AND TORRENT CONTROL

3.1 A 6km long forest road (valley roa.d) needs to be proteoted against the erosional effeots
of the water of the torrent: Langbathbach, in the oommune of Ebenses.

Technical data: oatchment area 37.7 km2, valley length 12 km, altitude range of 430 m
to 1 550 m, taleg gradient 1.3 to 5.0 peroent, dolomite and limestone, maximum flood dis~
oharge 190 m3/sec.

In 1897 and 1899, four days of rain (376.8 mm in 1897, 505.4 mm in 1899) ocaused flood
disasters which devastated one guarter of the oommune of EZhensee. The wooden struoturaeswhioh
had been built for floating and whioh were already in bad oondition, were, to a large extent,
destroyed and several kilometres of forest road were destroyed oompletely, four bridges col-
lapsed and the river bed deepened up to 4 m, 14 dwelling houses were completely destroyed and
22 were damagede

Flood disaster of 1899 in the valley Langhathbaoh, Ebenses (Photo: M. Jedlitschka)
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Protective measures: Torrent engineering,whose objectives were two~fold, was called fors
These objectives were: total protection of the endangered commune of Jhonsee ind the reoon—
struction of 6 km of the completely destroyed forest roade To protect 'he cnwrune of £hen-
see against floods and mudflows, a 400 m long paved canal was odtahlished, in whioh the
maximum 100 years' flood as well ns the resultant torrent "ed lo.id could he transported. ''he
reoonstruotion of the forest road required the lifting of the heavily eroded river “ed hy
some metres, in order to create a wide valley hotiom, in which “oth river hed and foresi road
oould he side by side.

Proteotive measures in the same area as shown in the previou: photo
(Photo: il. Jedlitsohka)

The river hed was lifted up to 5 m hy means of 49 paved check dams and with this a
solid bhase against erosion, with a new talweg position, was created. As a seoond step, the
road embankment was reconstruoted, for the protection of which 6 200 running metres of
oyolopean 1/ masonry and dry stone masonry walls were establisheds Also,on the opponite
side of the river where there was no road, the toe of the slope was stahiliged by means of
5 850 m of retaining walls and rip rap.The eroded slopes were stabilized hy means of 5 400
o of oontour plantings using 78 000 willow outtings. iSffluent sediments were reduoced oon-—
siderably by systematioally erecting small retaining structures (check dams)in the steep
tributaries.

At a cost of 1,2 million "Friedonakronen"y, the Langbathbach was systematiocally provided
with protective struotures, whioh after 80 years are still funotioning fully and have

During the 6year oconstruotion period, up to 1 000 workmen were employed. The first
three photographs show the disaster caused by the torrent and the reoonstruciion and, final-
ly, the stabilization effect of erosion ocontrol measures for one and the same stretch of the

river,

1/ Large rocks and stones
y Currency in use in 1900 in the Ausirian-Hungarian Empire



Road and walercourse stabiliged hy torrent engineering works in the same
area as shown in the two previous photos (Photo: d. Jedlitschka)

3.2 Yhe foresi road oroseing the torrent Klauszraben the oommune of Ebensee, on its
soree 1/oone.

Techniocal data: oatchment area 0.3 k:m2, valley length 1 km, altitudes ranging from 650
to 1 800 m, talweg gradient 13 to 33 peroent, limestone and dolomite, maximum flood dis—

oharge 6 m3/seoc.

Klausgraben oreek oontains water only after heavy preoipitation and remains dry most
of the timee wWith the ocourrenoe of torrential rains, the oreek water carries a great deal
of debris, whioh is deposited at the alluvial fan, thus devastating hottom farmland. In
1955, a mudflow destroyed the forest road and damaged the farm buildings of the former
imperial hunting oastle and its surroundings.

Proteotive measures: The objeotive of oarrying out torrent engineering oonstruotions
was to proteot the forest road, buildings, and farmlande In order to achieve this, a series
of cheok dams made of oonorete oemented stones and roundwood were oonstruoted over the entire
length of the torrent saree oonee

The check dams gave the water oourse the required direction and a solid base against
ohannel erosion. ‘'he waterfalls at the dams oonsiderably deoreased the energy of the run-
ning water and, between the dams, a gradient was formed whioh levellad out with the interplay
of the tractive foroe of the water and the inertia foroe of the sediments. In the area of
the forest road and futrther downstream near the river mouth, over a distanoe of 200 m, the
torrent was guided through a paved ohannels In this section, any sediment material is to
»e transported hy the water and any deposition of gravel and undesirable floating wood is
to he prevented by means of proteotion work whioh is partiocularly important in front of and
under the hridgee. The running water is ooncentrated in the paved channel and the tractive
foroce of the water inoreased. In the natural channel the river bed would be too rough and
part of the water would be lost by seepages In order to save money, a mistake is often made
of regulating the torrent only in the immediate vicinity of the bridge rather than at the top
of the soree oone from where the water oan be safely led to the bridge. As a result of im-
proper placing of structures, the torremnt breaks ocut above the bridge, finds a new channel
and endangers or destroys the forest road and/or bridge.

1/ The debris deposited from a steep gorge into a valley.
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These proteotion works were carried out in 1967 and 1968 using 12 men. Constructiion
oosts amounted to 1.4 million Aumtrian Schilling 1/.

Analluvial fan has been stepped by a series of check dams, made of stones,
well adapted to the landscape (Photo: M. Jedlitschka)

A series of cheok dams made of roundwood at the top of a soree oone
(Photot M. Jedlitsohka)

1/ 1 US$ was then worth about 26 Austrian Schilling.
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3.3 Adverse influence of forest road construction upon the torrential waterway Schubach,
Commune of iShensee.

2

Teohnical data: catchment area 0s7 km , valley lenzth 1.5 km, altitude range from 450
to 1 200 « ahove sea levnl, talwez sradient 20 to H5 percent, rooky suh=soil of limestone
and dolonito, maximws flood discharze 14 m3/sec.

‘“he achubach i a very steep torreni, which has partly deepened down to the hedrock.
I1 has water only after sudden rainstorms and showers. In the course of forest road construct-
ion, the entire blasted material was deposited on the very steep, forested downhill slopes.

Jlasted material deposited on a sieep slope
(Photo: e Jedlitschka)

After a heavy thunderstorm in 1977, the slope surface water pun-off transported ihe
blasted rock material into the river hed whioh was then suddenly carried downstream as a
mdflows As a consequence, ihe hridge at the main road was blocked, the torrent overflowed
onto the roxd and deposited part of its load, whioh impeded traffic.

I'rotective measures: Fart of the hlasted material was still heing deposited after the
torrential rainfall of 1977 and this lay in the river bed ready for removal by one means or
another. In order to avoid the costly removal of this mass of material, iwo sedimentation
check dams made of oconorete were builtyone of whioh is periodically emptied by means of a
front-end loader. The retention value of the dam, with a capacity of 1 000 m3, is thus kept
constantly ready to retain sedimentary material whioh may be carried downstream after heavy
rainse The two dams were construoted in 1977 with 8 workmen. Construotion costs amounted
to 1.9 million Austrian Sohilling.

Overall eoonomioc oonsiderationss The length of the forest road orossing the oatohment
area of the Schubach is approximately 800 m. From this short section the excavated soil and
rook material were deposited on the downhill slopes of the road, without properly contrclling
their placement, whioh finally required protection works amounting to 1.9 million Austrian
Sohilling.

These expenses ooculd have been avoided if ocareful road construotion teohnology had been
oarried out, i,e. the use of less explosives {smaller charges), so that the blasted rook would
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have remained in situ instead of rolling down the slopes The rock excavation material oould
then have been loaded onto trucks and deposited in safe places, where it oould not roll down
into the torrent.

Additional costs for this transportation of the exoavation material for a section of
800 m would have amounted to a maximum of 30 percent of the measures required for torrent
oontrol works. From the viewpoint of economy, it is therefore neoessary thai the road builder
be fully responalble for the consequences of road oomstruction and limble for any damage.

Concrete sedinentation oheck dam
(Pnoto: M. Jedlitschka)

3.4 Protection of the forest road azainst the river bank outtinz into the flvysh zone
gslim—g zonez; Dammbach, Commune of Altminster.

Technioal data: oatchment area 2.5 kmz, valley length 4 km, altitudinal rangze from
450 te 800 m, talweg gradient 2 to 20 percent, maximum flood discharge 25.0 mj/sec., the
sub-goil composed of flysh sandstone and clayey marl.

The rocky suh—-soil weathers very easily, the weathered siratum is therefore very thick
and very fertile soils are formed. Beoause of the high clay content, water runs off very
quickly, torrents swell rapidly and there is a great d~rnzer of landslides. The weathered
stratum and the rocky sub-soil show little resistance to water aotion (‘vmk erosion), ‘lor—
rents erode particularly in their outside ourves ocausing slips at the alopes cloze to the
hanks and thus endangering and.,/or destroying adjacent forest roadse

In the flatter downstream areas (1-4 percemt sradient) of the waterways, the valleys
are mostly wide enough to provide plenty of spaoce for both the torrent and the roade Here
the banks are proteoted against bank erosion with hand-placed rip rap and the river bed is
secured against erosion by means of wooden bed sills.

The steep initial parts of the torrents of the flysh zone are mostly deeply ocut into
a V-shape and therefore there is little space left for the road. Here it is necessary to
oonstruot an almost vertical timber orib revetment replaocing the natural bank, in order
to gain space for the road. To avoid soouring of the timber orib revetment, a hase in the
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form of wood sills is built into the stream beds These sills are indispensahble beneath
bridge abutments.

For hridge construction in the unstable sub=soil, the following method has proved to
be successful: the river bed is ccnsiderably lifted by means of a check dam and the abut—
ments are ereoted immediately upstreame. In this way, one saves on height of the abutments
as well as on the span of the hridge and, at the same time, the check dam protects the abut-
ments against scouring.

Bank protection with hand-placed rip rap and wooden hed eills
(Photo: M, Jedlitschka)

Vertical timber orib revetment replacing a natural hank
(Pnotor e Jedlitsohka)
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3.5 Multiple protective effeots of sediment dosing dams; Gimbach, Commune of Ebensee

Technioal datat oatohment area 26.5 lcm2, valley length 8 km, altitude r from 500
to 2 400 m, talweg gradient from 2 to 6 peroent, maximum flood discharge 74 m3/sec., lime—
stone and dolomitee.

Today, settlements have penetrated so far into the Alpine valleys that it is no longer
merely the forest roads whioh need protection, but also houses, settlements, industries,
power plants, rallways and highways, many of which have been built on the alluvial oones of
the torrents and are thus threatened by disasters

In order to protect these valuable objects and installations, simple stream regulation
vorks no longer generally suffice, therefore speoial engineering oonstructions are needed _1/
to avoid the potentially destructive foroes of the torrent. By means of special cheock dams
sediment impacts or mudflows are prevented from advancing to the infrastructure, hut are
cheoked and deposited in the retention area of the dame At times of mean waterflow, the
deposited sediment seeps slowly through the slots of the dam and ias thereby removed without
causing damage.

SN M

Example of a sediment flushing dam
(Phioto: M., Jedlitsohka)

1/ Self-flushing dams
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4, CONCLUDING REMARKS

Up to 1950, in a richly wooded country like Austria, roundwood was mainly used in the
oonstruotion of protection struotures for erosion oontrol works. This roundwood was harvest-
ed and processed in the immediate vioinity of the torrent. In order to inorease the durability
of the timber, it was impregnated with wood preservatives. The timber proved to be a very
good construction material, particularly on unstable slopes, since it is elastic and keeps
up with the soil creepinz without breaking and loosing its effioiency.

The relaiively short lifetime, the high expenditure for the work, the increasing labour
costs (220 Austrian chilling yper effective working hour) and the use of heavy earth-moving
machinery after lorld Jar II,made it necessary to replace timber with concrete and stone
rock.

High oxpenditures for erosion control are curhed in Austria today through far-sighted
planning Ly preveniing human settlements from being built in areas which are endangered by
torrents. ‘hese zones which may he threatened by torrents and avalanches are shown on mapss
‘fhe law requires that these danger zones must he either kept oompletely free of buildings or
be settled only under specific proteotive prevention measures and oonditions; in this latter
oase, the preventive proiective measures must be carried out by the owner of the huilding and
not hy the publio, hut under publio regulation and sorutiny.

Construction of dry stone training wall to proteot river banks.
_In the bagkground,check dame protect bridge (Photos T. Pasca)

1/ 1 US$ equals approximately 16.5 Austrian Bohilling,
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TECHNIQJES IN WOOD HARVESTING WITH A VIEW TO INCREASING
00D PRODUCTION AND SAVING ENERGY

by
Ernst Pestal 1/
Universitit flir Bodenkultur

1.  INTRODUCTION

Inoreasing production is easy if sufficient quantities are available. Saving fuel is
easy if i1 is aooompanied by a reduction in timber production. Our aim, however, is to in-
orease timber production while at the same time reducing energy consumption. Our efforts to
reach this objective must be fooused on the following areas.

2, PRODUCTION INCREASES

Which wood oan be harvested over and above the present quantities without damaging the
remaining stands? Small-diameter, wood felled for silvicultural reasons. (It must be
remembered, though, that harvesting small-diameter wood requires a dense road network),

Another reservoir to he tapped for inoreased produotion are foreets at hiéh altitudes
vhich have so far been oonsidered inacoessible, These may and should be exploited with
maximum oaree.

A third potential quantity inorease may be expected from branohes and roots. A moderate
harvesting of branches is permissible if the brushwood is left at the felling site. How-
ever, in mountainous terrain roots and stumps must remain in the ground as they prevent run-
off of precipitation water from oausing large-soale erosion. Additional timber resources
ocan be created by reafforesting barren land and abandoned farmland.

3. ENERGY SAVINGS

Views about how long earth's oil and coal reserves will last vary widely. So far, only
one thing is sure: the less we waste, the longer they will last. An economical use of energy
from any souroce is therefore of paramount importanoe even in oountries which still believe
that they do not need to conserve energy (at least for the time being).

Terrain permitting, partly-mechanized wood harvesting by power saw and wheeled skidder
is still the cheapest method. Fusl oonsumption_for transporting the felled timher to the
processing plant, however, still averages 3 1/m3, if the timber remsins in hark., Cable
transport reducees the fusl requirement by one third per m3, If gravity ocan be used in oable
logging, further fuel savings can be achieved. Sundberg estimates that, depending on
diameters, another 1 to 1.5 1 of fuel equivalent are required for the rotatory debarker in
the prooessing plant.

As a rule, production inoreases and fuel savings oan be achieved simultaneously when
the manual work input is higher. A change—over from skidders to ocable installations means
highsr wage costs. In oountries where fusl ocosts are already exorbitant or oonsidered in-
acceptable, a change-over to cable transport becomes inevitable.

In flat and hilly terrain wheeled tractors equipped with oable winches will oertainly
oontinus to be employed in the future; but to save fuel they will primarily be used as oable
devioes and road travel will be kept to a minimum. For moving their own weighs, wheeled

1/ University of Agriculture and Forestry, Viemna
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tractors need twice the smergy required for tramsporting a loade This is the main reason
why wood harvesting by wheeled vehioles is highly fuel-intensive.

In countries with an abundant supply of labour, oable transport offers an advantage:
for such economies it is an effeotive and productive means of creating jobs.

In its initial phase, however, it requires a high training input. wJithout properly
trained operating personnel a cable installation breaks down more easily than wheeled
vehiclese

This is a1 promising area of activity for you and your colleagues; and I am very
pleased to address you here at Ossiach, which has become the centre of instruotion for
cable technology.

3.1 ZLimber transport by zravity and musoular sirength

Musoular strength is assuming an inoreasing importance in silvioulture and in the
harvesting of umall-diameter wood. In mountainous terrain, pravity is an additional energy
-source which is always available free of oharge. By oombining the two, wood oan bhe cheaply
transported down the mountain. The only auxiliary instrument required is the hookeroon
(alpine peavie). Partiocularly for small-diameter wood, small timber quantities and short
transport distances, manual gravity skidding is a valuable method. Korty peroent of all
Austrian timber is still logged in this way.

Animal skidding is gaining ground again, mainly in thinnings. Sinoe horses are among
man's oompetitors for food, oxen and buffaloes are more likely to be used, although ruminants
are slower than ungulate animals.

Skidding by muscular strength shows that to a ocertain extent man is also an effioient
"muscular machine". In the course of many thousands of years he developed from a hunter and
soavenger into a farmer and worker, adjusting his body to his new mode of worke

It is important to humanize working oonditions. Wood workers should not oarry the
timber but drag it. They should not be required to work under excessive time pressure.
Reductions in the number of working hours make no sense if it means a proportional inorease

in working speed.

One hundred years ago our forest workers earned rather modest inoomes, On their way
home from work they used to sing their typical work songs. Today they earn more than most
industrial workers but they oan no longer be heard singing in the woods. This goes to show
that their enjoyment of life has not increased to the same extent as their inoomes, quite
the contrary is true.

3.2 Fusl-saving osble systems

Austria's favourable geologioal oonditions and ownership struoture have paved the way
for many different but integral types of oable installations. All systems which are sultable
for mountainous forests, from small oable winches of as little as 20 kg to huge equipment
weighing over 30 tons, are in use in this country.

3.2.1 Power saws attached to winohes

The smallest oable devioes for uphill transport are power-saw winches. These are used
where larger oable winohes ocannot be installed, for instanoe for olearing routes or for
harvesting small quantities of timber up to the road.

Sinoe power—saw and sledge winohes weigh very little, they have to be tightly anohored
to prevent them from rearing up or swerving to either side.
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Traditional wood extraction by horses, using a two-wheeled wooden cart
{Photos E. Pestal)

Transport of bundles of twigs and branches by oable (Photo: Wyssen)
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3.2.2 Cable winches mounted on wheeled tractors

The early self-propelled oable winches have been replaced by ocable winches mounted on
vheeled tractorss Experts recommend modern tractors to be equipped with additional front-
vwheel«drive and safety (roll-over proteotion) cabs. Farmers owming woodlands prefer to
use their older tractors for iimber harvesting, as a new one would be too preoious for the
demanding woody terrain. As a rule, a oable winoch attached to the traotorts three-point
hydraulio system may pull the timber over a distance of up to 50 my; in rare cases up to
80 me Subsequently, the timber is slightly lifted by means of a hillside support or the
fair lead of the skidding plate and pulled to the landing on the road.

In the past, timber had to be piled manually to form one load; nowadays this is done
hy use of choker ohainse.

3.2.3 Short~distance oable oranes

If timber is skidded over long distanoces, the operator's fatigue and risks of acoident
increase. It was for this reason that Stefan Onezda, a foreman in the Slovenian Idria forest
enterprise, invented a simple short-distanoce oable orane. Today simple and cheap cable
oranes are in high demand all over the world, so Gnesda's invention is in great demand.

3.2,4 Cable oranes with oollapsible tower

If wages are hizh, the times required for mounting the Gneszda(traditional)oable orane
‘becomes a probleme To reducse it, several producers have mounted oollapsible towers on
tractors and powered the winches with the hydraulio system of the tractors The cheapest and
therefore most frequently used system is the Koller — K 300.

Cable oranes with oollapsible towers are the easiest to use for uphill transport with
one end of the log raised off the ground. Only a part of the load is raised by the mainline,
-80 the mainline may be relatively thin, the anchor trees may be small in diameter, and the
intermediary supports short and therefore cheap to rige The devioe was originally designed
for thinnings, however, it is also used for sswmill wood if thd load does not exceed 1 n3,

There are also heavier types of oable oranes with collapsible towers. These are used
if there is suffioient timber at the felling site to justify transport, mounting, and dis-
mantling of the installation. Some of these heavier types will be shown in the subsequent
f£ilm, It is up to you to decide whether they are useful for your purposes or not.

3.2.5 stanoe oable cranes

Long-distanoe oable oranes using gravity oan oover distances of up tc 3 km and height
differences of up to 1 000 m, They require oareful planning and setting-up. Fuel oonsumption
is loy beocause the oarriage is empty when it is pulled up. The main strain is on the brakes.

I want to emphasise the value of long-distance oable oranes in this respect: it has
never happened that shesp or cattle use the cable ocorridors to destroy the terrain or that
"oongquerors" take advantage of them to burn dowm ths remaining trees or drive a plough into
woodland soil until rainwater erodes ite Long-distance oable cranes are a guarantee for
the oonservation of the woodlands, whioh is more important than anything else in many parts
of ths world.

3.3 Highly-mechanised timber harvesting

The term "highly-mechanised" harvesting was chosen to differemtiate this method from
“fully~mechanised" harvesting, as it is used in Scandinavia but not feasible in mountainocus
terrain. For felling, the power saw is still used sinoe felling machines are likely to tip
over if used on too steep a slope.
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Simple cable logging system ((nesda) used for short-distance
(Fhotos E. Pestal)
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The topic of my paper excludes highly-mechanised systems sinoe on an average they use
6 1 of fuel per m} of timber, without bark. This is twice the amount of the partly-mechanised
tractor systems It is trus that wood proocessors for large dimensioned wood are effiocient
machines for delimbing and bucking but for the delimbing operation many forest ownsers change
over from power saw to axe to save petrol, and at the same time to proteot their workers
againet vasoneurosis. Working with the axe exeroises the heart and lungs and is a good
preventive measure against the harmful effeots of power-saw works

Aini-Urus trailer equipped with oable equipment, tower and engine
to be used as short-distance oable crane in thinming operations
or for small sized wood in final outtings (Photos E., Pestal)
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PLANNING OF WORK SYSTEMS FOR 4OOD HARVESTING

IN MOUNTAINOUS REGIONS

by

Winfried Egger

Generaldirektion der Usterreiohischen Bundesforste

1 INTRODUCTION

In planning a work system, the ideal work situation must first be identified with due

regard to all elements which influenoce operations (forest enterprise, market, personnel,
Only on this basis will it be possible to determine what is feasible under

finance, eto.).
the given oiroumstanoces,

ideal
situnation

f

Fig. 1 Elements to be oonsidered, influenoing wood harvesting

Translated into wood harvesting, this means that all individual operations must be
oonsidered as forming part of a single work system.

J

forest
enterprise market
planning
personnel finanoe

feasible
system
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Ag the elements of such a work system are closely oorrelated, they exert a deoisive
influence on the work to be done and on the performance to be expeotede It is the objeotive
of work planning to evaluate the individual elements of a work system and to determine
acoordingly the conditions under which the work should be performede

Size of enterprise Aotual market
Looation pituation
Wood species Market potential
Wood dimensions Prices

o 444

MAY MACHINERY AND
EQUIPMENT

Work

sequence Work method

Eoonomic situation
of the enterprise

Number of perscmmnel

Suitability

Training

Climate - altitude Z Acquisition costs

Noise and other for machinery
physical factors

Socio-politioal o
factors

Fig. 2 Work system for wood harvesting

As can be seen from the above figure, the work system oonsists of an outer and an inner
oircle.
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a) The outer cirole is usually beyond the control of the work system planner. It inoludes
such faotors as:

i) the size of the enterprise
The location and terrain where the work is to be oarried out, the timher species
broadleaved or coniferous trees), the size of timber (diameter), the volume (nwsbver
of cubio metres) 10 be harvested

ii) the market situation
Bales prospects of the timber to he produced, selling prioces, etos

iii) the economic oondition of the forest _enterprise
#hat it the financial position of the forest emnterprise? Uoes the enterprise have
sufficient capital?

iv) the cost of machinery
What is the cost of machinery? Can the enterprise afford to buy 2 certain machine?
What are the logging oosts?

v) the persomnnel of the forest enterprise
Are personnel available in suffioient numbers? Are they qualified? Are they properly

trained or can the qualification level he raised through adequate training measures?

vi) the olimate and the altitude
Is the work performed in winter or in summer? At what altitude?

vii) the prevailing social oonditions
Influenoe of noise, physical oconditions affecting man at work and so one

bv) The inper circle must be oonceived with due regard to the outer circle.

The inner ocircle chosen by the planner determines both the inmput (in our specific case this
is the forest), and the output of the work system (i.e. the assortment produoed whioh is
ready for sales- In short, the question must be raised: "By what means and in which way

is the product made?". Here, man and the machinery and equipment he uses must be oarefully
studied so thai the optimum low—cost harvesting system can be chosen. For this purpose,

the work system plammer must take very specific action:

Measures to be taken Effeots

Opening up the forest Higher effioienoy

(road-net

Work method Inoreased output and safety

(foreet machines)

Parsonnel
{nunber and qualifications)

Basic training

Purther training
Remuneration Beonomic improvement
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The first measure of work planning oonsists of opening up the forest through the
construotion of a forest road network in the best possible way. The general opening-up
plan must take into acoount the type of machinery to be used, because this will influenoce
the detailed opening-up plane.

An optimum road system hased on the available mechanization options in wood harvesting
offers a nunhber of wdvantages, among whioh cheaper production, less strain on workers and
a reduced risk of work acoidents deserve partioular mention.

Another essential task inoumbent upon the work planner is the development of timber
harvesting procedures, whioch must he tailored to the specifioc conditions prevailing in the
enterprise and which must guarantee safe operationse On the basis of the three production
factors, forest, man and machine, the harvesting method hest suited to the hiologioal,
social and economic needs of i1he enterprise is then selected.

Here, of courue, three goals (target performance, work safetv, and preserving the
healthy siate of ihe forest) must be properly harmonized.

Bvery plwmer musi seek to use mechanization as a means to facilitate work, to heighten
safety and 1o increase work productivitye The supply of lahour (1abour market situation
and sooial oonditions) should, however, not be overlooked.

The work meihod ot he chosen and the required forest machinery selected in accordance
with these faciors.

2,  HARVELIING SYS1EHS CURIGNILY USED IN AUSTRIA IN MOUNTAINOUS RIEGIONS

In forestry it has becowme oomnon practice to name the three basio harvesting methods
after ithe state in which the timber is logged.

|
et

1. Poll:l.ng 2, mum‘

3+ Either swployment of modbile
proocessor or transport to
timberyard and final
Processing at the mill.

Fig. 3 dhole~tree method
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Fig. 4 Full-length method

4
aff s -4“
-3
e
-]
Aﬂb .,“
[l n 4. Skidding
~x «$x 0
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Fig. 5 Assortment method
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There are, of oourse, variations for each method. Zach of the methods desoribed below
may bhe the moat suitable one under the given circumstanoces.

The widely held view that the most highly mechanized method is the best one, is simply
not always ocorrecte In order to arrive at a oorrect decision, it is imperative to study
not only the oosts hut also the enviromnmental influenoes of the work method (man and forest);
thus ihe impact of the outer oircle of the system must he given due oonsideration in order
to he able to avoid adverie oonsequences.

2.1 ''he whole=tree method

Felling with the aid of 2 power vawe
to the road hy means of a skidder or cablee

‘'ransporting the trees to the conversion site or

ileohanized converuion using a field processor or a mohile processor, eto. (delimhing,
hucking, deharkinz).

2.2 'The full-lengih method

Fellinz, delimbine on the upper side of the log, using a power saw at the felling sites
transporting the logs io the conversion site or to the road (skidder), oonversion (hucking,
final delimbing hy mewns of a power saw).

2.3 ''he assortment method

Felling and oconversion into assortments at the felling site, using a power saw;
transporting the assoriments to the road (sk:!.dder, artioulated wheeled skidder, oable orane,
manual skidding, etce).

Investigations oarried out by the Awstrian Federal [Forest Enterprise have shown that
the assortment method (i.e. the conventional harvesting method) is the most expensive one
in mountainous terrain; +the full-length method is 34/ cheaper than conventional harvesting,
and the whole=tree method proved to he approximately 305 cheaper than the oonventional
system.

Harvesting costs expressed in % oompared with the oonventional harvesting method
1004 82% 81% T0% 66%
oonventional oonventional partly highly partly
harvesting harvesting mechaniged meohanized mechanized
with our own with our own harvesting harvesting harvesting
personnel personnel, with our own with our own with our own
and our own skidders from| personnel, personnel, personnel,
skidders, farmera, skidders from mohile field
manual de— manual de—~ farmers, proocessor, prooessor,
harking barking manual de— mechanioal de—} timber left
barking debarking in beark,
ad justed for
prtoe reduotion

Pige 6 Comparison of harvesting oosts with the Federal Forest Enterprise

In work planning, not only oosts, but also the proportion of wages to costs (which
vary with each harvesting methqd) must be taken into aocount.
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95% 69% 364
conventional partly highly
harvesting mechanized mechanized

harvesting harvesting
using a skidder

Figs T Froportion of wages to costu for the three different
harvesting methods

Generally speaking, the assortment method is mos}{ approprinte when small volumes are to
he out per felling area (up to 150 cuhic meires) or when skidding distances (up to about
100 m) are shorts If landings and terrain are extremely difficult, the nesortment method
is also advisable. I% is preferable in thinning (loszs and double lenzth loza) or in
selective tree harvesiing (single tree extraciion) hecause major damage to the remaining
stand is thus avoided.

Large quantities of timber, long skidding distances and clear outtings, as well as
minor preparatory cuts are factors which would justify the full-length meihod, provided
that adequate oonversion sites and suitable skidding machinery are availahles As rezards
terrain, the full-length meihod using a skidder (articulated wheeled skidder with a winoh)
has proved satisfaotory in areas with an averapge slope of 45-50 percent for downhill
skiddinz and 25 percent for uphill skidding.

The whole~tree method requires a careful study of such factors as the voluwne of timber
to be harvested, as well as transport and skidding opilonss Coot estimates and volume
oaloulations are a valuahle source of information for decision-inakings

In view of the heavy loads involved and the high friction oaused hy the branches left
on the tree, more powerful skidders are required in whole-tree harvesting than is the oase
with the full-length method.

In seleoting the maohines for the various harvesting methods, the planner must make
sure that these will meet the requirements of the individual projeot (work, workers,
performance and 0osts)s

The machine must be adequate for

The targeted The worker
performance

the economic h the type of
situation of work to he
the enterprise carried out

Fig. 8 Choice of machine
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A machine oan be suitable for the work only if it has been designed for the particular
type of terrain and work process (oross—ommtry mobility, favourable weight—performance
ratio, eto.)s Damage to the remaining stand, to the forest floor, to the assortment produced,
and to the road and landings should be kept to an absolute minimune

A machine oan be adequate to the worker only if it meets ergonomio prinoiples and
requirementse Iis design and safety features must be such as to guarantee easy, oonvenient,
and safe operation. These factors are pre-requisites for the worker's sustained performancee.

A machine oan be efficient omnly if, in addition to the above-mentioned oriteria, it
permits safe and reliable operation as well as the worker's sustained performanoce under
‘normal working oonditions Before purchasing a machine, its specifioations should be studied
in relation to the work required of ite Profitability is, of oourse, another oriterion of
paramount importanoes A machine ocan be used profitably only if its purchase prioce is
reasonable or low, if it oan be employed at its rated ospacity, and if its operating and
repair oosts are low. If it is used to 60 — 70 percent of its oapaocity, satisfactory results
oan he obtained. Its purchase prioce should always he looked at in relation to the unit of
produstion (oubic metres).

A number of socientific institutes (Federal Forestry Research Institute, Schdnbrunn,
for example) have worked out cheoklists containing all the ahove-mentioned oriteria. However,
suitahle and specially trained personnel are alwayc needed to carry out eoconomic and ergonomic
studies and for welecting ihe right types of machines.

It is Lhe planner's task to make sure that adequately trajined personnel are available
in sufficienli numhers. Theue persomnel must oonstantly receive more traininge Only the most
qualified forestry personnel, who receive continuous instruction and are under constant super—
vision, are capahle of fulfilling their iasks eocnomically, safely, and with due regard to
forest oonservation.

Jdith an ever sronter mechanization of wood harveusting, the training level of the

personnel involved must alno rise. Speoific training should be offered for each harvesting
methode

A rachine will not do the work hy iiself.
It would be oompletely wrong to helieve that planning consists merely in the acquisition

of machinery and the intention 10 apply a certain work method. The more highly mechanized
the harvesting method, ihe higher will he the planning and orzanizational inpute.

f

fully meochanized

partly me 4&1
/“"

manual operation

v

wethodioal work

Fig. 9' dork planninz and organization
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Another decisive factor in ohoosing a partioular work method is the wage system used.
In planning work adequate earnings must he assured under normal working oonditions for all
well-trained workers who are familiar with their job and who have sufficient experience.
Hotivating workers is the proper and right thing to do! But exocessive stimulation resulting
from an extreme incentive wage Scheme can be very dangerous, as this ocould present a threat
to the life and health of the worker and lead to exsessive wear on the machine, as well as
to damage to the remaining stand through over zealousness.

A falr wage system would have to combine a time wage element and a performance-related
wage element (p:l.eoe—rate or premium wages).

The planner must choose the right wage system for the type of job to be performed.
Here it has been found that a piece=rate system is very well suited for the assortment method,
whereas for the oombined harvesting methods (whole-tree and full-length) where heavier
machines are uwsed, the premium system (hasio wage plus performance-related premium) is
normally applied.

Performance, work safety and the health of the forest are not delermined hy one single
worker! All people involved in the work prooeus contribute to the resultse Assuring that
this triple goal can be reached is the partioular responsihility of the plammers He must
he aware of his funotion and aot accordingly.

Proocessor pioking up tree length logs for debranoching, debarking,
oross~outting and making assortments (Photoi O. Sedlak)
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I'dAmber chute used hefore mountain forests were made accessible
by forest roads (Photo: O« Sedlak)
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AFPLICATION OF INTERMEDIATE TECHNOLOGY IN WOOD HARVESTING
IN DEVELOPING COUNTRIES

by
Rudol f Heinrich

Forest Industries Division
FAO Forestry Department

1. INTRODUCTION

In the last{ few years in many industrialized and developing countries throughou:
the world, a significant change i1n the role of forestry vis-a-vis the public at the
county or country level, has taken place as far as utilization patterns, the formulaticn
of forest policies and future action programmes are concerned. In most countries in the
past, forests were primarily managed to eatisfy the needs of forest industries and only in
recent years there has been an increasing awareness of the importance of the role of
forestiry in the environment. Now it seems that, at least in many developing countries,
the production of wood for energy use (fuelwood, charcoal and/or wood gas) has become
more and more important. Quite a few forestry departments have therefore launched large-
scale afforestation programmes to establish new forestry plantations to satisfy local
a.nd/or regional energy needs; by involving the masses of the rurel population FAO has
established a programme which 18 called Forestry for Local Community Development (FLCD),
to support this movement in many developing countries.

Developed countries are also thinking of the establishment of so—called energy
forests to study costs of harvesting wood for energy use (for instance in Austria and
s“den).

This change was determined by two main factors; the ever rising oil prices and the
foreseable scarcity of natural oil and the increased needs of an expanding world
population. Now you will wonder what all this has to do with forestry in general and
logging in particular. Due to the high inflation retes in many countries all over thes
world, cuts in costs and re—orientation in the production are required in many sectors
of trade, industries and services. As far as logging is concerned, many developing
countries are meeking advice on how to cut down on investment costs, logging (extraction
equipment), reducing fuel costs. To put it in generel terms, to cut down wood production
costs. On the other hand, in many developing ocountries there is a need for increased
employment, especially in the rural areas. Very often the above-mentioned objectives
can be achieved by scaling down the logging machinery to be used, by improvements of the
organizational structure, by specialized training and proper maintenance of machinery
and equipment.

2. LEVELS OF WOOD HARVESTING OPERATIONS

Principally three major different levels of harvesting operations can be
distinguished:

- Labour—-intensive logging operationj
- Intermediate technology logging operation;
= Milly mechaniged logging operation.

2.1 Lab intensive 10, operations

In this ¢ of operation, as the name indicates, manual labour is the main input.
With the help glf”good ;nlity :.nd appropriately maintained foresiry handtools, developed
for the different types of forestry work, quite remariable results can be achieved in
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wood harvestin; operations. As far as the moving of logs is ooncerned, very specialized
iraditional methods have been developed in various parts of the world; some of them are
3131l being practised, especially where manual labour is still cheaper than the use of
machinery. Just to give a few examples, in mangrove and fresh water swamps, logs are moved
by hand in man-made water channels and ditohes; on level soft soils skid trails are often
repared in order to roll logs to landings; in steep terrain with the help of hookeroons
fpeaviee) logs are moved downhill,or by skid pans, sledges and ohutes. In some instances,
animal skidding and transport of logs have partly substituted for the purely manual movement
of logse

2,2 Intermediate teohnology logging operations

In this operation only limited manual labour is used and machinery is introduced to
facilitate the work and improve the produotion output. For instance for felling, the hand-
saw is substituted by the chainsaw, whereas for debranching the axe is still often used.

For off-the-road and on~the-road transport, farm tractors with forestry attachments (winohes,
trolleys, cable orane attachments and trailers) will do a sufficiently good job in many
oases. The limiting faotors for the introduction of these types of intermediate machinery

ia vsry)often the size of trees and the acoessibility of forests (terrain, soil and road-net
density).

2.3 Fully meohanized loggzing operations

In most industrialiwed oountries a high level of meohanization is generally applied,
this bheing diotated by the high oost of labour and the need to guarantee a steady supply of
a large quantity of logs to established forest industries and oonsumer markets. But in some
developing oountries we oan also find highly mechanized logging operations, espeoially in
tropical forests where the large size of trees and thus logs are too heavy to he handled by
snall machinery and hand labour is not available in suffioient numbers beocause of the remote-
ness of the forest areas.

In developed oountries, in easy terrain, mechanization of large-soale harvesting
operations has advanoed to such an extent that a single machine now oarries out the various
Jobe of felling (shearing, ontting), debranching, buoking and debarking. In difficult and
steep terrain, however, a ocouple of machines are still required for the production of logs;
often the following sequence of machines are used: ohainsaws for felling, oable oranes for
extraction of trees and transport to the roadside, skidders to tranasport trees to the land-
ing where a processor finally is employed to delimb, buok and debark the trees.

In tropical forests nowadays felling is primarily oarried out by heavy-duty ohainsaws,
and extraction of logs by a combination of orawler tractors (pre-bunohing of logs to main
skidding paths) and heavy-duty artioculated wheeled siidders. In recent years a new machine,
a tracked skidder, has been developed to work along with orawler tractors in wood extraotion.

3. APFLICATION OF INTERMEDIATE TECHNQLOGY

The oonoept of using intermediate technology in forestry operations and espeoially in
logging (extraction and transport) derives mainly from the ohangee in the eoonomio situation
of many oountries of the world, espeocially with regard to energy oonsumption, its use and
oostee It also originates from an swareness of the needs to preserve foresi resouroes
through improved environmentally-oriented effioient operations and to inorease forest resouroe
through new plantations. A oareful lock must be taken in order to choose the oorrect s:lle/
power (kw) of machines beoause of the high fuel costs in non- or limited oil-producing
oountries on the one side, and hecause of labour costs in industrialized oountries, on the
other. For this choice one has to take into oonsideration manpower availability and needs
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in order to oome up with more economio solutions in wood harvesting, This is particularly
important for the newly established forests to be used for energy produotion.

4., REVIEW OF INTERMEDIATE LOGGING TECHNOLOGY MACHINERY

When we are speaking about intermediate technology, we are thinking basioally of using
the agrioultural traotor (with a power supply of 50 to 80 hp) with special forestiry attach-
ments which have been developed in the past, but speoifioally in the most reoent years, for
the various jobs needed in logging and transport operations. This type of equipment is
prodused mostly in developed oountries and is already generally widely used. However, it is
a faot that it is still 1little mown in the developing countries.

One aim of the paper, therefore, is to give you an overall view about existing logging
equipment to be used mostly in combination with agrioultural tractors which may he of interest
to some of the logging requirements in your oountry; and secondly, to report on a comparative
time study oarried out in Mexioo in whioch simple and intermediate logging technology, and
tools, equipment and machinery were used.

As far as the agricultural tractor for forestry work is oonoerned, it should have the
following:

+ Four-wheel drive tractor with a roll-—over proteotive structure (either roll-over
frame or safety oab);

- Three~point linkage (except for those forestry attachments which are directly
mounted on the tractor);

- Power take—off;

- Bottom safety shield (a pan to proteot the engine);

- Power source of from 50 to 80 DIN L hpe

With reference to the attachments for forestry work, we would like to give you a few
examples of presently utilized tractor attachments whioh may be essentially grouped as fol-
lows: .

- Tractor-mounted grapples for skidding loge and shortwood;

- Tractor-mounted winohes with or without logging plate;

~ Traotor-attaohed winches with or without logging plate;

- Tractor-attached logging trolley (bogle);

- Tractor-attached mobile tower oable oranes;

- Trailers for transport of logs and shortwoode

In addition to the above-mentioned traotor attachments, independent ground skidding
winohes (with or without radio or remote oontrol) have been developed and refined in recent

years, Another remarkable inmovation is the polyethylene chute which is used to slide pulp-
wood and firewcod downhille

4.1 Tragtor-mounted grapples for skidding logs and shortwood

The traoctor-mounted grapple attachment is very useful for a one-man operation in easy

J/ Deutsche Indusirie Norm
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terrain. The use of this grapple generally requires that the traotor be able to move towards
the felled trees or logs to pick them up in the terrain; however, in addition, some grapples
are equipped with a winch in order to also use them in more diffiocult terrain. Normally,

the grapple can handle everything from very small to large dimensioned trees and logs (say
poles, trees or logs with diameters ranging from 8 om up to 110 om).

A 1ist of a few firme which manufacture grapples and traotor attachments is given
helow:

- for log skidding (Farmi, Kuxmann, Ruttnig, Loft);
- for shortwood skidding (Norgaa.rd, Kirntner Maschinenfabrik).

For easy reference, s pioture of a tractor-attached grapple with a single drum winoh
added, is shown below:

Grapple with a single drum oable winch (Photo:FFF Y )

The winoh has a power line pull of 4 000 kp, with a oable capacity of 60 m when using
2 12 mm ¢ oables The medium oable spesed is about 0.5 m/seo. The whole attachment, without
the oable, weighs abhout 470 kge

1/ Kooperationsabkommen swischen Forstwirtsochaft, Platten-u, Papierindustrie
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Purchase prices for different types of grapples range from approximately USJ 2 000 to
Us$ 5 000 1/, depending whether required for a light or heavy duty jobe

4.2 Tractor-mounted winoches with or without a logging plate

These are winohes which are direoctly mounted onto +the rear of a traotor at the factory.

There are various oompanies whioh manufacture tractor-mounted winches, such as Adler,
Glogger, J.H.B, Hydatongs, Huber and Gland, Lindner, Kuwxmann, Nagel, Oesa, Ritter, Sohlang
and Reichart, V3gerl and Werner. They are either single or double drum winches with a
maximum line pull oapacity ranging from 2 400 to some 8 000 kp.

Most of the winch drume have a oable holding oapaocity of 50 to 80 m, but some have a
oapacity of 120 m; generally 12 to 14 mm ;‘ oable are used. Furchase prioes range
from some US3 4 000 to 8 000. As an example, the picture below shows a single drum winoh
(Végerl) produced by Rittmann Masohinenbau with a logging plates

>

Tractor-mounted single drum winoh with logging plate (PhotosFPP)

The winch has a maximum line pull of 3 500 kp with a oable capacity of 110 m when using
a 12 ¢ oeble. As shown on the pioture, s logging plate is recommended for operational
and safety reasons.

1/ A11 purchase prices quoted are only approximate quotations, generally from 1979 and 1980,
given for information purposes only. They should be understood as sx-factory prioces
without ocustoms and transport costs.

Notet 1 US§ = 15 A.S, (February 1981),
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4.3 Tractor—atiached winohes with or without logging plate

These winches are attached to the tractor's three-point linkage, having single or doubdle
druns and are often equipped with a logging plate. Some of the winoches have drums whioh are
looated parallel to the traotors' axles; others have them perpendiocular. However, the lat-
ter type of winoh needs a speocial fair leads Instead of a logging or skidding plate, one
manufaoturing oompany produces a simple frame with bunks to stabilise the tractor while
winching in the logs.

Some of the well-known brand names of traotor-attiached manufactured winches are as fol-
lows: Farmi, Huber, Igland, Krasser, Norse, Ritter, Schlang and Reiohart, Sohwedenforst and
V"ogerl.

Winohes generally have a maximun line pull which ranges from 1 500 kp to 5 000 kp. Max-
imum extraction distances for winoching are 50 to 180 m depending on the size of winch and
oable used, Cables of 8, 9, 10, 11 and 12 mm § are used for winching purposes; ths most
frequently used, however, ie the 12 mm § oable.

Equipment purchase prioces, depending on make and/or power required, range from approximatel
USé 1 200 to Us$ 7 000.

A picture of a very simple winoh, the Farmi winoh with a grapple, is shown below:

Wheeled tractor with Farmi winoh and grapple
(PhotosNORMET)

This winch has a line pull ocapacity of 3 000 kp, with a oable drum ocapacity of either
50 m when using a 8 mu ff oable, or 75 m with a 10 mn § oable. Purchase prioe is about
us$ 1 700,
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4.4 Tractor—attached logging trolley ‘boﬂez

This traoctor attachment, for instance, is produced by Steyr and by Schlang and Reiochart,
It is essentially a small trailer with 2 wheels, a single drum winch and a skidding plate.
The function of the logging trolley is a double one, namely to winoh and to transport. Winoh-
ing distances oen be either for a maximum of 75 m (12 mm @ cable) or 110 m {10 mm P oabdle),
according to the size of cable used.

The maximum line pull is about 4 000 kp. The interesting oombination of this machine
is that the log ocan be winched in on diffioult ground and terrain to a skid or forest road
from where the logs are then skidded (transported) to the road or landing. While the skid
plate for the first operation serves as a safety protection struoture, it aots as a trans-
port aid by putting one end of the logs on the plate for the skidding phase (see photographs).
The purchase prioe for the Steyr lo:glng trolley is about US} 5 500,

Farm tractor with bogle used for uphill ground skidding (PhotosSteyr)
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Farm tractor with bogie transporting the load (Photo:0. Sodlak)

4.5 Traoctor-atiached mobile tower cable cranes

There are quite a few cable systems on the market, which are built to be used as attach-
ments for agricultural tractors for oable crane operations, suoh as James-Jones, Koller,
Urus mini and one which ie just now under investigation: <the Igland/l(ubota systems The
advantage of these systems versus the traditional oable systems is that beocause of the
mobile tower oable equipment, rigging times are oonsiderably reduced.

Thus logging oan be carried out more eccnomically in steep, diffioult, mavshy and swampy
terrain than hy using the older methods. As their spans are generally from 300 to 500 m in
length, they are an ideal supplement to a basio road network system designed to make forests
entirely aocessible for harvesting purposes. Essentially one can distinguish two different
types of oable systemst the high lead and the skyline operations. The different oable
systems will be explained to you in more detail during the oourse; therefore, I will not
elaborate on them here.

The above-mentioned maochines are essentially used in plantation forests, for small-

sised wood in olear fellings or thinnings; they are able to iransport a maximum payload of
1.5 tons of logm.

A Koller oable system, for instance, oosts about US$ 30 000 whereas the James—Jones
system will cost about US$ 50 000. In addition, a power source (agricultural tractor) will
still have to be purchased to operate both systems.

The following two plotures show two different oable syatems in operation.



Koller 300 cable system extracting logs uphill to the roadside (Photogl“PP)

James Jones trailer Alp ocable system extraoting logs downhill to the road
(Piioture provided by James Jones
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4.6 Trailers for transport of logs and shoriwood

They are essentially designed for farmers and small contraotors using tractors and trail-
ers for transporting logs or shortwood over short distances. Speoial trailers like the
Radolf-Zeller Rilckewagen have been developed to transport shortwood, sinoe it has a built-in
hydraulio tilting devioe whioh makes unloading of shortwood very easy.

This trailer is single—axle with a load capaoity of 2 steres if the shortwood is bundled;
otherwise it has a load oapaoity of 3 to 4 steres, if the wood is loaded loose. The length
of 1 or 2 metre is also a faoctor. The purchase prioe of the trailer is about US$ 5 500.

Tilting a load of shortwood which had been iransported by
a(Radolf-Zeller Rlckewagen)trailer

The same manufacturer also produces a single—axle trailer for transporting poles with
a maximum loading capacity of 3 tons.

4.7 Ground skidding winches

These are independent winohes whioh are built to be used for exiraoting logs by ground
skidding (winohing), especially for small-scale operations, i.e. single logs from diffiocult
spots and areas (gulleys, oreeks, ravines, and broken terrain). They were also designed for
small-sized timber to be extraoted from plantation forests. Ulepending on the maohine make,
their line pull ocapacity runs from 600 kp to 2 200 kp. They are able to ocover extraction
distances which range from 80 to 165 ms Cable diameters of 5 mm, 6 mm, 6,5 mm, 7 mm, 8 mm
and 9 mm are generally recowmmended to he used with these single drum winohes. Some of the
winoches are equipped with a power chain saw engine, others with their own brand. The
available hp for the different winches ranges from 4.5 to 16 DIN hp.

The weight of these winches varies from 42 kg to 560 kg» The 42 kg winch oan easily
be carried by hand, whereas the others will have to be transported by other means to the

working area.

The winoch is generally tied to a tree; the logger then has to pull the oable to the
log, ohoke it and then, by means of radio control, the log is winched in (with the exoeption
of the Akja winoh). The Akja winch is built on a sledge end then one end of the ocable is
fixed to a iree and the Akja winch moves to the log to be exiracted; the log is put on the
sledge and winched in to the landing on the sledge.
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One manufaoturer produces a ground skidding winoh whioh has its engine on a small single
axle trailer; winch and engine are linked by hydraulioc hoses. The irailer can be moved by
hand to the place where log extraction is to take place.

Purchase prices for the above-mentioned winches range from US$ 2 500 to 12 000, depend-
ing on the type and make.

Ak ja sledge winch
(Photo Kérntner Maschinenfabriken Egger Ges.m.b.H.)

As mentioned before this winch is generally used for prebunoching of logs; however, it
is also very useful to transport cables and oable orane support material to the installation
sites in the forest area. Another application is for placing the polyethylene ohutes in
thinningse The sledge winoh is equipped with a 4.8 Kw ohainsaw engine, with a line pull of
800 kp, & 110 m oable (6.5 mm @) having a total weight (inoluding oable) of 70 kge The winoh

oosts about US$ 2 500.

Multi KBF lightweight ground ekidding winoh (Photo KWF Y )

This winoh again is equipped with a chainsaw engine (Jonsereds) of 4.2 Kw, with a line
pull of 1 000 kp and has drum capaoity of 80 m when using 6 mm oable, or 150 m with a 5 mm

oablee

Radiotir Alpin 1 200 (Photo XWF)
1/ Kuratorium fir Waldarbeit u. Forsttechnik
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This winoh is used with radio ocontrol and oan be operated by a single man. It is equip-
poed with 6 Kw engine, having a line pull of 1 200 kp, and it has a cable drum capacity of
165 m when using 7 mm ﬂ cable or 125 m when using 8 mm ¢ cable. Its purchase prioce is ap-
proximately US§ 9 000.

S. CASE STUDY ON INTERMEDIATE LOGGING TECHNIQES IN MEXICO

The objeotives of the studies were to identify intermediate logging technigues to
improve effioienocy in wood harvesting for farm forest owners, especially to reduce fatigue
of manual labour by introduoing appropriate low oapital investment machinery and thus make
the whole logging operations more eoonomio for the worker, the contractor and the enirepre-
neure

Altogether a series of 8 different studies with various degress of mechanization were
oarried out, taking into oonsideration silvioultural aspects and requirements as well as ter—
rain features. They took place in the ooniferous forests near Ferote, Veracruz, at an alti-
tude of 2 400 to 3 000 m above sea level., The predominant speoies were pines, mixed with

Abjes sp, and oypress.

The areas were loocated in from flat to steep terrain (slopes with average gradients of
3 to 55%4). The average DHH _1_/ of the trees removed during the tests ranged from 18 cm to
28 om. Both olearfelling and selective outs were performed in the logging trials. Investi-
Zations were carried out by means of time studies for which the multimoment method was select—
ed and the results obtained were evaluated by means of a computer programme developed by the
study team.

Through time studies, production and costs of the various methode, using altermative
iools, equipment and machines, were evaluated and a oomparative cost calculation for the dif=-
ferent extraction methods was developeds The eight different logging methods studied were
as follows:

Study No. Ot The existing conventionally practised logging operation was studied, this
heing felling and oross—cutting carried out by handsaw and axe and skid-
ding by a pair of oxen.

Study No. 13 The same type of operation as desorihed above was oarried out; however,
more effioient hand tools were given to the workers and, in addition, the
latter were trained for a hrief period.

Study No, 2t Fellin; by handsaw, tree length skidding by wheeled tractor equipped with
a double drum winch (Igland 5000).

St No. 33 Felling and crosscutting by chainsaw, extraction done in two different
ways:
Variation 1: wheeled tractor equipped with double drum winch;
Variation 2¢ wheeled tractor equipped with a shortwood trailer.

St No., 4% Felling by ohainsaw, extraction tree length logs by wheeled tractor equip-—
ped with a bogle.

St No. 5¢ Study on shortwood in thinnings, felling by handsaw, manual extraction.
Study No, 6: Study on shortwood; felling by ohainsaw, extraction by use of polyethylene
chute (Leykam log line).

1/ Diameter breast height
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St No, 7¢: Study in steep terrain; felling by ohainsaw, extraction by use of oable
orane.

Based on the experienoce of the tests carried out in Mexioco the following conolusions
oan he drawne

The traditional logging system ocan certainly be improved especially by providing work-
oriented training to forest workers and small farm forest owners and./or logging oontraotors,
as well as by introducing improved and properly maintained tools.

As far as extraction and transport methods are conocerned, the manual method is the most
expensive ones The traditional animal skidding, espeoially for shorter distances, is still
compatible with the extraotion performed by a wheeled tractor equipped with a winch. This
is partioularly evident when operators are not sufficiently trained.,

The extraction method by farm tractor equipped with bogie turned out to be the oheapest
one of all intermediate technology methods tested.

Moreover, the studies gave a olear pioture that, in countries with low or rather low
lahour costs, a high level of meohanization is by no means justified economioally. The level
of mechanization, type of machinery and required Kw engine power, therefore, must be matohed
with the ocountry's socio—eoonomioc background, always taking into oonsideration the characteri-
stics of the forest as well as their environment (size of operation, tree stands and aises
felling ooup, terrain, soil, infrastruoture, manpower availability).

The basic data of the results obtained are presented in the form of two tables whioh
are shown helows Table 1 gives essentially the produotivity in m3 per manhour and costs per
m3 in US$ for the various operations. Table 2 shows oomparative extraction ocosts oaloulated
per m3, in US$, for a skidding distance of 50 m.

Agricultural tractor equipped with K300 cable equipment ready to be shifted
to next cable creme setting (Photot E. Pestal)
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Study Average Average  Pellingcut Typeof  Bquipment used Productioninm’ Costsin Average extraction
slope TBH intensity operation per manhour  US$/m3 distance
Stuay No. ©
Conventional method 3% 2T en 91% of total Pelling & handeaw and axe 0.77 0.76
(assortment method) with bark volume per crosscutting 1019 1s21 50 m
unit area axtraction pair of oxen Total 1.99
Study No, 1
Convantional method, Pelling & handsaw and axe 0.97 0.64
but new toolm and ¥ 2T cm 80% orosscutting 1.33 111 50 m
training of kers extraction pair of oxen Total 1475
Study Noe 2
Tree-length method 5% 28 cm 7% Felling handsaw and axe 1.99 0.31
extraction wheeled tractor
with wanch 2463 2.85 80 m
crosscutting handsaw and axe 0465 0,94
Total 4.10
No.
Mechanized mssortment 4% 28 864 Felling &
method crosscutting chainsaw and axe 0.87 2,01
extraction:
Variation { wheeled tractor
with winch 1.71 2.37 Var, 1: 100 m
Variation 2 wheeled tractor
with trailer 0.54 4.12 Var, 2: 350 m
Total 1 4.38
Total 2 6,13
Study K
Treo—longth method k> 3 26 cm 844 Felling chainsaw and axe 1.76 1.65
extraction wheeled tractor
with bogre 2.50 3.02
crosscutting chainsav and axe 274 1.05 150 m
Total 5472
No.
Shortwood method 159¢ 18 cm 104 Felling & bowsaw and axe 0.28 2428
in thinnings crosscutting
extraction hookercons 0,50 1,17 30m
Total 345
Study No, 6
Shortwood method 200 19 om 154 Felling &
in thinnings crosscutting chainsaw ani axe 0.41 3.78
extraction polyethylene 1.06 1,85 60 m
Total 5,63
Assortaent method 59% 26 om 404 Pelling &
in vtesp terrain crosscutting chaineaw and axe 1.18 1449
exiraction wheeled tractor
with cable
K300 0.68 4022 80 m

Total 5.7

-wt-
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Table 2
[o] arative costs o extraction for a 50 m 8

Extraction cost
Study Method per m3, in US$
No. O oxen skidding 1423
No. 1 oxen skidding 1.11
No. 2 wheeled tractor with winch (untrained persounnel) 1.78
No. 3 wheeled tractor with winch (trained personnel) 1.19
No. 4 wheeled tractor with bogie in thinnings 1.01
No«. 5 manuel extraction in thinnings 1.95
No. 6 extraction by chutes 1.54

Cone=type mechanical wood splitter attached to wheeled tractor (Photos BR. Heinrioh)
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(Photos E. Pestal)

Fower saw winch used for prebunching individual logs from inaccessible areas
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WORK SYSTEMS AND COSTS IN WOOD HARVESIYING
AND THEIR INFLUKNCE ON THE FOREST WORKER AND THS FOREST

by
Othmnar Frauenholz 1/
Forstliche Ausbildungsstitte Ort

1. INTRODUCTION

Hood harvestiing in Austria is carried out in a variety of ways. Varied conditiomns in
the different parts of the ocuntry have led to the development of a wide range of harvesting
methods.

Aoocording to the kind of machinery and devices employed and the state of the wood to be
loggzed (assortment, full-length, and whole-tree method s we distinguish between three basio
harvesting systems:

1.1 the leasl mechanized assortment method

Felling, delimhing and bucking are carried out both manually and by means of a power—
sawe ‘The assortments are normally logged manually or with the aid of simple machinery.

1.2 'The partly mechanized full-lenxth method

Felling and delimbing are carried out hoth manually and/or with a power—-saw. Logs are
delimhed on one side and topped, and skidded by means of special forest traotors. After
skidding, the power—saw is again used for final delimbing and bucking of the logs, which are
carried out on the forest road or at the landings.

1.3 'Yhe highly mechanized whole-~tree method

A power—saw is used for felling. The whole trees with their branches on are skidded
hy special forest tractors. Subsequently, the trees are delimbed and buoked by prooessors.
These operations are carried out right on the forest road, sometimes also at the landing,
or after transport hy means of trucks, in timber yards (this is rarely done with timber
from thinnings).

loo ~
8 i A Assortment
u = method
o F E8E B Full-length
° L = method mﬂmm
Whole=t [/
o T = e Vi
- T '
S 111 224
- i118. Jin
fo) | frirndH] 76 .Y,

Fig. 1 shows the development of the three main wood-harvesting methods
used and foreoasted in Austria for the period 1975-1985.
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Disregarding factors which cannot be influenced, such as the development of wages,
purchage prices for machinery, fuel costs, etc., it may be said that,in general, increasing
mechanigation results in lower harvesting costs, at least in final cuts, provided that the
work is planned and organized in the hest possible manner and carried out expertly.

% Costs

100 r
b

90
8o - 100 % A assortment method
o Fr B full-length method
60 - 85 %
So - 7o % [ whole=tree mathod
40 -
30 =
20 B
1o [~

dork methods

Fiz. 2 Extraction costs in ¥ of three different work mothods,

The ahove percentages represent average values, which are
derived from a oost oomparison hetween the assortment method
(= 100%), the full-length and the whole~tree method.

Costs vary with the area to be logged. In addition to mechanization, a number of other
faotors, such as wood diameters, the felling method employed, terrain conditions, as well as
planning and organization measures have a oconsiderable effect on costs. Cable losying is-
usually more expensive than skidding.

loo & - Value of timber free at ro-d site
61 % 73 % Cover ratio
So % }-
- ization
r's /__ Planning and organ
B =§3="’"“‘ Transport of machinery
- 26 % s -‘5835
8 % —_ Operating oosts
% 3 lo % Purchase price of machinery
B Work methods

A) Assortment method involving the use of a power—saw and an assortment
skidder.

B) Whole~tree method using a processor.
Fig. 3 ~shows, in a wimplified <form, a possible shift in oosts whioh may oocur

when ohanging the work method in final outs, in terrain whioh is acocessible
by skidders (source: Skogsarbeten, Stoockholm).
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The ahove percentages refer to the timber values achieved. (Timber value = 100% ). This
100 percent is broken down according to purchase price of machinery, operating expenses,
wages, planning and organization, as well as road travel of machinery. The remaining amount
represents the oover ratio which is available for other purposes and which may inolude a
potential profit.

this example clearly demonstrates the effeot of mechanization on oosts due to wages,
dage costs may also he equated with the time input required for manual work, which is not
only valuable for lowering ocosts, but in some instances also for job creation, whioh may be
a requirement of a given social polioy.

Since in the present oase the assortment method is very sophisticated and highly mechan-
ized (using a forest sikidder of speoial design), the cover ratio is only moderately affeoted
by the high level of mechanization. Major inoreases in purohasing ocosts, operating expemses
and a lower degree of utilization of available machinery, as well as reduced output dus to
an inefficient organization of work, etce oould result in a shrinkage of profits which oould
otherwise have heen attained with meohanization, or even in defioits.

It is the primary task of work planners to identify such a negative trend and to avoid
suoh problems hy gearing mechanization to actual needs.

The degree of mechanigation required in wood harvesting will vary in eaoh ocases In
addition to the level of wages, the sooial oonditions of a country, safety regulations or
requirements and the weight of timber usually play a signifioant role in the analysis of
costs on whioh decisions are based; therefore, all these faoctors must be given due con-
sideration.

For final oute and an average log diameter of 30 om, production ocosts (wages, machinery,
sooial insurance oontributions) for partly mechanized wood harvesting in terrain acocessible
by skidders ocan he roughly estimated to be as follows: ’

38% of total cost for felling and log preparation
62% of total oost for skidding

For oahle logging the ratios are as follows:

35% of total cost for felling and log preparation
65% of total cost for logginge

For final outs, and assuming an average log mid—dlameter of about 30 om, a comparison
hetween the assortment method and the full-length method shows that the latter is about 30
to 35% cheaper. A further oost reduotion of about 5 to 10% can be achieved when the whole—
tree method is used, so that approximately 40% of the oosts oamn be saved (provided that the
methods are used only if optimum conditions prevail).

loo 8 [T

- 1o0% A assoritment method

= B full-length method
So % | C  whole~tree method

7o %
N 60 %
3 Work methods
A B c

Hobmceidanm anata 4n % af three different work methods applied in cable terrain
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A oost comparison between skidder terrain and oable terrain shows beyond any doubt that
costs for logging one ocubio metre of timber are always higher for oable extraotion than for
aki » Cost savings due to a change—over to another method and an improvement of techno-
logles (that is, planning and organization) beoome greater with inoreasingly diffioult oon-
ditions (also in oable terrain),

A comparison of the assortment method and the full-length method (full utilization of
equipment), using a practioal example, is shown below:

Assortment method using a Full-length method using a truok
conventional sledge mounted yarder mounted mobile tower yarder
v .
A.Se 100,~ Felling and log preparation A.S. TSe=
A.Se 120~ Setting up oable system and AeSe 45.~
oable yarding
AeS, 36.~ Machinery costs A.S, 54 ¢~
30m°  daily output 80 m
4500 m>  amnual output 12 000 m3
10 years expected lifetime of machine 10 years
150 working days/year  extent of machine use 150 working days/year

In the example, A.S. 82, or 324 of the extraction ocosts,are saved when the full-length
method is used instead of the assortment method (full—length method: A.S. 174; assortment
method: A.S. 256).

In thinning operations oosts oan be reduoced only in some instances and not as eignifiocant-
ly as in final outtings.

The law of piece-mase and the diffioulty involved in logging without oausing damage to
the felled trees make the mechanization of thimning operations through improved working
methods diffioult. Here, the assortment method plays quite a different role from that in
final outting and represents a very useful method, partioularly in first-time thinnings.

In thinnings, the whole-tree method is economio only if log mid-diameters are above
13 ome As is the oase with the full-length method, it is not only diffioult to log the
full-length trees without oausing damage to the remaining stand, but it is also a given
faot that ocosts will soar when certain ocommon working operations are ocarried oute

In cable-logging terrain, production ooste for thinnings are also higher than in skid~-
der terraine

The following detailed oost ocomparison, whioch was compiled on the basis of work studies
oarried out under very speoifio oonditions, shows the various relationships.

1/ AS. = Austrisn Shilling
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Work method 33
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_——_J handling &
Handling at | buoking a landing
landing landing
preski akidding
and sicid~ Igland oable
skidding by yarding
esled preskidding
ractor remote~oon=
amual pre th bogie | |trol winch pro—
aki. skidding
elling, felling, felling, felling,
aasortment | ifull-lengthl | assortment sortment
ethod jpethod method ethod
1 2 3
Fig. 5 Cost ocoumparison

(assortment method versus full-length method)

Power—saw felling and delimbing
Manual preskidding of small-diameter assortments
Preskidding of large-diameter wood and poles by oable

Work methods

For prelogging and logging: Steyr wheeled tractor with bogie

Power—saw felling and delimbing
Prelogging by remoie—oontrol winch and skid pan

Logging by Steyr wheeled tractor and Igland trailer with loading orane

Power—saw felling and delimbing
Manual prelogging to oable oorridor

Logging by Steyr tractor with K 300 mobile tower oable orane attachment.

The above cost analysis is based on the assumption that hand-~tools and equipment are
company-owneds Workers were employed by the company.

Average wood dismeter -~

11 om

Average logging distance for skidder operation approx. 200 m
Average logging distance for oable orane operation approx. 150 m
Average distanoe for prelogging by remote control winoch 30 m

Cost variations arise as a matter of oourse from the thinning intensity, quantity of
timber per skidding track, variations of the middle diameter and other faotors.
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The logging operations in the above-mentioned examples were carried out very carefully.
The number of damaged trees was about 2% of the total tree number.

TIME COs'I's
#ORK METHODS INFUT % %

full-length method by wheeled tractor
and bogle 100 100

agsortment method by wheeled tractor
and bogie 16 14

assortment method by remote-controlled
winch, wheeled tractor, Igland trailer,
loading crane 62 7

vhole~tree method by processor, remote-—
controlled winch, skidder 47 67

Pig. 6 Time input and costs in % of different work methods

Steyr-Usa processor 705 at work delimbing and bucking (Photos E. Pestal)
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WORK ORGANIZATION IN 400D HARVESTING

by

Othmar Frauenholz y
Forstliche Ausbildungsstitte Ort

The purpose of work organization is to plan the best use of available labour,
machinery and techniques in production in accordance with the specific task asmigned.

Measures . Effects

——— « — .
Detailed planning - Optimum use of machinery and equipment
Felling sequence - Safe and efficient work

Determination of the size of the work crew -~ Economic efficiency

Making work sites safe - Llower work load

Organization of working hours = Qualified work and high efficiency
Arrangement of work breaks - Mutual satisfaction of employer and employee
Positive follow=up -~ Valuable for future projects

"I‘he purpose of planning and the opening up of a site in detail is to develop working
conditions which guarantee the best use of labour and ecuipment on the one hand and the
careful treatment of the growing stock on the other.

For the employee,detailed planning means organization and control of the work to be
prerformed, which in turn results in safe working oonditions,minimum physical stress, and
efficient work.

A further advantage of detailed planning is that it results in the effioient use of
the machinery and equipment provided for opening up the site, It also means that the
operations will not entail additional dangers to man, machinery and ecuipment, and the
forest itself.

Factors in opening up e site which should be carefully planned are the followings
skidding trails and tracks, skidding tracks in connection with cable routes and ocable
crane corridors.

Skidding trails

These are earth roads which can be constructed at minimum cost. The layout and
width of this type of road, whioh has no surfaoing, are determined by the skidding
equipment used., Heavy equipment (high horsepower rating) permits the laying out of
steep skidding trails. The decisive factor when planning skidding treils im its
eropicnal impact. The use of light skidding equipment requires routing over flat terrain,
If agriculturel traotors are used, the gradient should not exceed 25 percent.

1/ Forestry Training Centre Ort, Austria.



Minimum width of skidd trails

Ski trails should have a minimum width of 2.5 ~ 3.0 m (safety, log gathering,
fast transport). Planned as supplementary roads of the forest road network, skidding
trails and tracks should provide for skidding on wide slopes whioh are acoessible by truck.
The logs are transported to the skidding trail either via the track, by means of uphill
oable logging, or downhill by means of the alpine peavie.

Spacing of skidding trails

Depending on terrain oomditions, the spacing of the skidding trails should range
from 100 to 200 m.

Skidding trecks

These are natural oorridors leading through the stand. Their use is restricted to
oertain foro'st vehioles., It is usually necessary to remove individual trees in order to
render the track accessible. The forest floor serves as the road surface.

When tracks are selected, the topographical oonditions should be taken into
account. Good aocessibility should be the final goal.

Width of tracks

Therefore, tracks should usually be laid out as straight as possible. The average
width renges from 2,5 to 3.0 m (vehicle width plus 1 m).

Gradient

On sloping terrein the track runs with the gradient. Cross—inclinations of the
roadway should be avoided. If necessary, hends should be adjusted 1 the maxinmum length
of timber tc be skidded,

Skidding treoks should join the forest roads or landings at the most acute angle
possible, Plamers mst take into acocount the space that skidding vehioles require for
turmning.

Spacing of tracks

On acoount of the working techniques applied the spacing of traocks should be as
narrow as possidble, In young stands the tracks should be plammed at a distance of
1520 m« Depending on terrein oanditions the distance may vary by a few metres. It
should not be determined without taking into acoount natural oconditions.

Trecks in oconneoction with ocable routes

If the gite is exposed to wind, if late thimmings are carried out in old stands or
if the forest floor is hardly acoeasible, the track distance mgy vary depending on terrain
omditionss In special cases it may come to as muoh as 100 ms However, if the track
opacing is as wide as this, the remaining areas will have to be opemed up by cable, In
this camse the eoonomic ntilization of the forest may be reduced for the benefit of atand
protection, The full economio potentia) cannot be reached when the forest is hardly
accessible (mwamp, big rooks).

Spacing of cable routes
In such oases the spacing of oable routes may range from 5 tc 10 ms The direction

of the cable is dstermined by the topography of the terrain, the machine used for cable
logging, the sequence of operations, and the type of oross-cutting required.
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Cable routes

As a rule, in steep terrain the oable line runs with the gradient until it joins a
skidding trail or forest road at an angle of 90°. If the gradient is smaller, individual
cables may rediate from a suitable landing, whioh may be highly advantageous. Depending
on the length of timber to be extracted and ite further handling, the cable will run either
in a direction vertioal to the traok (with akidding and cross-cutting of logs at the track)
or at an acute angle to it, if longer assortments or whole irees are required.

Cable corridors

The shape, length and spacing of cable corridors are dstermined by the terrain, the
equipment used and the working technique selected.

When cable corridors are plammed it is especially important that the entire sequenoce

of wood harvesting operationg is kept in mind and that a clear decision is made on the
measures relating to the protection and best ecomomic utilization of the forest.

Detailed plan for opening up

l. Determination of the section to be opemed up (m the map and in the fiold).
2+ Determination of the direction of timber extractiom.

3. Provisional dstermination of extrsotion limits (starting and end points).

4. Repeated reconnaissance of the area to be opened up and ohoice of the best mesans
for the most complete extraction with dne regard for existing roads.

5« Determination of the extraction msthod to be used (ekidding treils, tracks,
cable routes and corridors).

6. Locating landings and processing sites.

Te lark)i.ng of traoks, cable routes, etoetera (marking of the trees tc be felled or
used),

8. Decision on whether the putt emnds or the tops of the log should face the
direction of extraction.

9. Determination of the felling directiom.

Cansiderations for optimum skidding
1. Damage to the stand should be kept to a minimum,
2. Skidding should not osuse subsequent erosion damsge.

3, The workers should not be subjected to excessive siress or exposed to special
dangers in the course of skidding operations.

4. Skidd should be possible at any time of the year. The omdition of the
timber (bark or breanch stube in contact with the groumd) should not hamper

skidding.

5 When the skidding system is selected, the sise of logs required is a
determining factor.

6. Sxidding oosts should be kept as low as possible; however,these have to be
omsidered in relation to total logging coets.
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Felling sequence

The felling sequenoce should be chosen with compideration to effioiency and human
factors. In addition, it should also cause the least possible damage to the forest.

Determination of the felling sequence and required measures

Consideration should be given to the direotion of skidding, determination of the felling
direotion, determination of the sequence of operations(beginn.mg and continuation of operations)e

Furthermore, the felling sequence includes determining the time and place of wood
harvesting operations (whether felling and skidding oomstitute one work cycle or whether
all stump area operetions are oompleted before skidding starte, and so on). The sequence
of individual operatimns ranging from felling to oross-cutiing is certainly not always the
same, and should be arranged in such a way as to ensure safety, efficiency, and protection
of the forest, When the felling sequence is determined, these factors should be taken
into account.

In general, the selection of the oorrect size of the work crew ie a key decision
in the organigation of worke The bigger the orew, the greater the danger of
personality olashes, and the greater the mutual exposure to danger. With work safety
and inoreaeed performance in view, the organizers should try to make sure that the crews
are as small as possible, that is, that if possible they oonsist of one man omly.

Reduoed idle times, less stress for the individual worker, reasonable running
pericds of power saws, more diversified and dynamio work, and inoreased safety are the
obvious results of suoch a measure.

By ome-man work we mean that the stump area operations are carried out by one man
only, The next worker does the same work at a safe distance, The minimum permisasible
distance is one and a half tree lengths, while the maximum distance is just within
earshot. The sequence of operatioms on the tree is of speoial economic and ergonomic
significance, whioh should not be ignored by those organizing works Moreover, the
oreation of a safe working plaos, the organisation of working time and the arrangement of .
breaks that take into acoount the stress to which the worker is exposed,contribute toward
both more safety of the individnal worker and a higher performanoce level over long
periods. Work ocan be dome effectively only for a certain period, Aocording to studies
by Profeesor Lehmann the best average performance is achieved with a working time of five
to seven hours inoluding delay time and short breaks, If wood harvesting lasts eight
hours a day the work results are still satisfactory; if the working time is longer, the
average performsnce is ooneiderably reduced due to inoreasing fatigue, At the same time
the work may be done carelesely and with less conoentratim, which in turn considerably
inoreases the danger of accidents, It has been known for some time that the workload can
be cnsiderebly reduced and accidents avoided if work is interrupted by short breaks (two
to five mirutes).

Positive follow-up, permanent training and the provision of suitable tocls and
squipment should be a permanent comoern for those organizing work,

Neasures aimed at organising forest work contribute to inoreased safety and
performance in wood harvesting and are an essential factor in the oonservatiomm of the
forest and the prevention of stand damage.



ANREX I

SKIDDING TRACKS
in terrain accessible by wheeled skidder

Skidding tracks join the skidding trails or forest roads at an angle of about
0o, Optimum spacing of skidding tracks is 20 m.

SKIDDING TRACKS
in combination with cable routes

Spacing of skidding treacks max. 100 m.
Width of skidding track max, 4 m.
Smascing of ocable routes 5 - 10 m.
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SKITDING TRAILS

in combination with cable routes

- Spacing of skidding trails 50 tu 100 and 200 m.
Spacing of cable routes about 8 m.
Width of lateral skidding tracks about 2 m.
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Width of skidding track: width of
» vehicle + 1lm
. . If possible, treacks should run with
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= Width of skidding track for forwarder opesratioms
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FELLING SEQJENCE FOR STRIP FELLING

Downhill operation by wheeled skidder for assortment method
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ASSORTMENT METHOD

tl{ea.vy timber j

One worker working on onetree (power saw delimbing)

N
2
Aqh

dE—

=3 7

Nork sequence
Tools: Power saw; axe; 1. Felling 2« Delimbing on
alpine peavie; upper side,
rewinding loggers tape} measuring,
wedge; turning hook porting

FULL~LENGTH METHOD

! Heavy timber)

One worker working on one tree {(power saw delimbing)

=

NN
jve

v =
=R

N s

3. Turning,

@w@i

éw&

delimbing on
lower side

Toolss Power saw; axe} 1+ Pelling Delinbing on upper wside,
alpine psavie; megsuring, topping

rewind ing loggers tapes

wadanes tnrnine hook
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ASSORTMENT METHOD
(Swall diameter wood)

One worker working on one log (delimbing with power saw).

‘ ?B
N
N
N
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— |
Q g

NN

NN A

g q

Tools: Power saw, Nork seguenoe
cant hook, 1, Pruning, 2+ Delimbing on upper 3. Turning,
rewinding felling side, marking of delimbing on
loggers tape assortment length lower side,

crons—cutting

FULL-LENGTH METHOD
(Small diameter wood)
One worker working on one log (delimbing with power saw).

% I w
X~ o | 1
q Hork sequenoce q

Tools: power saw, 1. Pelling Delimbing on upper 3. Turning, delimbing
cant hook side, topping on lower side

hhhm
s
Il ANENEY




Tools:

power saw, axe, 1.
rewinding loggers
tape; camnt hook

One-man cyole operation (power saw and axe dalimbing)

A

NN
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g

Tools: power saws 1.

axs, cant
hoock
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ASSORTMENT METHOD
(Small diameter wood)

One-man cycle operation (power saw and axe delimbing)
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Log 1 = 3 Pelling,
delimbing on left
side, measuring,
crossoutting

Work sequence

FULL-LENQTH METHOD
(Small diameter wood)

A

==}

~ |

i

|

2¢ Log 1 - 3
final delimbing by axe
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Q Hork sequence q
2 2
Log 1 — 3 felling, Log 1 = 3

delimbing on left
side, topping

final delimbing by axe



1 worker 1004
3 workers 65%
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BODY POSITION

Energy consumption in lying down positiom = 100%

Berding down + 55%

Vibration caused by power saw operation in bent forward position and exposure to
heavy worklomd in lifting with the dorsal spine twisted lead to damage of backbome.



- 168 -

Heavy duty mobile tower oable system (Ste,y-r KSK 16) suitable for the
transport of entire trees either downhill or uphill (Photo: Se Festal)



- 169 -

EQUIPMENT, TOOLS AND THEIR APPLICATION IN LOGGING
by

O. Frauenholz and E. Feichtinger 1/
Porstliche Ausbildungsstitie Ort

1. HAND TOOLS
11 Aze

The cutting of large diameter logs and trees, inoluding delimbing, ie carried out
by chain saws. In Austria the axe is used as a wedge in felling. Its weight should
therefore range between 1.20 kg and 1.40 kgs the shape of its handle should be straight.

drlvinr face

straight handle

For smallwood, the axe is mainly employed for delimbing. For delimbing the weak
smallwood branches, an axe weight of about 1 kg is sufficient. A bent handle ensures a

firm grip.

H handle length 70 — 80 om

'ﬂ—“\

|

)

bent handle

For use in both large and small wood, the overall handle langth should be squal to
the length of the worker's arm when fingers are bent. In prectioe this amounts to between
70 and 80 om.

The best handle material is hardwood, such as red beech, white beech, ash, birch
and hickory.

1/ Forestry Training Centre Ort, Austris
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The working block is split from a round trunk

the stages of manufacture of an axe handle

The block is sized, the handle
is drawn with a pattern and
carved.

The work piece is squared by
chopping or cutting.

The four edges are chamfered to
V3 of faces so that cross~section
is now octagonal,

Edges are rounded, the handle is
shaped and cut at both ends to

the required length.
Cross—-gections at various
points of the handle.

Top view shows tapers before
knob and along grip.




- 171 -

The handle is fixed into the axe by two crossing hardwood wedges.

fixing wedges

——
l

handle

toe ~ heel

]
cutting edge

Sharpening the cutting edge is best done with a wet sharpening stone. The
cutting edge's wear resistance depends on the lip angle,

Ground sections of the axe's cutting edges

—well~rounded —to0 narrow — too blunt

correct incorrect
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1,2 The hookeroon

Loggers use the hookeroon for skidding, turning and 1ifting stems and logs. There
are two forms which are distinguished according to the angle between the handle and the
hooks

(a) etraight or German hookeroon; interior angle between handle and hook
about 90°

hen~d

—~—_
|

hook 90° handle

This form is favourable for transporting timber laterally, as e.g. on storing or
loading sites. If the head has a reinforced driving face the hookeroon can be used to
drive skidding hooks into logs.

turning direction
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(b) Krainer or Styrian hookeroon; interior angle between hook and handle
about 120°

hook

This type is used for longitudinal skidding. When the hook is driven into the log
the angle of 120° gives the handle end the ergonomically best position for the worker.

el pulling direction

=

[

O Q;\ P el TP S
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The hookeroon is also employed as a lever for turning operations. The free angle
between the head and the ground is an appropriate leverage distance for lifting and
turning.

[ ] lifting direction

turning direction‘\

free angle

The weight of the hookeroon is. from 1,20 kg to 1.40 kg without handle for large
sige logs and 0.80 to 1 kg for smallwood. The length of the handle depends on the
worker's height and is usually from 1,00 to 1.20 m,
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1.3 Wedges
(a) Pelling wedges

For large diameter trees they are used to keep the felling cut cpen and to wedge
the tree down. Wooden and plastic wedges are particularly flat, their length ranges
between 25 cm and 30 cm and their width is 10 cm,

«— 25-30em —»

€ 10cms +40em »
wooden wedge with iron ring

plastic wedges

For trees that lean backward, wooden or plastic wedges are mostly not strong
enough to get the tree down. To increase the opening of the felling cut,wedges with

wooden shafts and iron rings are used.

——iron ring

—— wooden shaft (hardwood)

1
]
1
L]

oo fee dura.luminy

+—— 35 ~ hpem

duralumin wedge with woocdem shaft

1/ an aluminum alloy
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(b) Cutting wedges

The precise ocutting techniquee of chain saw fellingz has made this iype almost
redundant. If hand saws are employed for cross—cutting it is however indispens-ble to

keep the cut open.

It has the same shape as the felling wedge but it is only 10 to 15 em in length
and 5 to 8 cm in width.

(c) Splitting wedges

To split 1 metre diameter logs, iron wedges with wooden shafts and iron end-rings
are used., In shape and size they resemble duralumin wedges with wooden shafts. A splitting
hammer or splitting axe (weight 2.5 to 3.5 kg) is used to drive the splitting wedge.

a— .
y—y— iton ring

wooden shaft {(hardwood)

iron

+—— 35 ~40em —a

|

splitting wedge with wooden shaft

! |

r gplitting axe

j—'“"“ splitting wedge

&, v

<.
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1.4  Barking spud (bar)

The barking spud serves to remove the bark of large or small wood at the felling
sites Manual barking is very rare and only applied in exceptional cases, such as if small
timber quantities have to be barked and crose—cut right away because of pest haserds (vark
beetle) or if logging has to be carried out by hand because of difficult terrain conditions.
The barking spud consists of a steel blade and an opening io hold the handle.

The cutting width of the spud is between 10 and 15 cm, the length of the handle
ranges from 1,50 to 2.00 ms The spud should be angled to the handle to avoid bending
down while barking.

«10-T5cm~+ bevelled cutting edge

cutting edge

spud
~— angled blade

holder for
fixing the —
handle

rubber end cap

working direction

manual debarking
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1.5 Turning hook with ring

These are used, along with the hookeroon or another lever, to turmn logs. This type
of turning hook has proved extremely useful for rolling off so-called "hangers" (felled
trees that get stuck on neighbouring trees).

turmning hook
with ring

turning direction
of log

1.6 Pocket hooks
This small turning hook is carried in a case (pocket) on the tool belt. It is used

for tuming, skidding and pulling smaller pieces of wood. Forcross-cutting with a chain
saw, it can be used instead of the cutting wedge to keep the out open.

s
—

case for pocket hook
attached to tool belt
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1.7 Felling lever

This multi-purpose device replaces the felling wedge in the felling of small and
medium diameter trees, For the pulling and turning of logs the turning hook of the felling
lever is used,

Felling lever

felling direction

W

application in felling

turning direction

n

s pulling direction

turning and pulling of & so=called "hanger
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1.8 Logger's tape

This is used to measure where to cross—out felled trees. Most frequent lengths of
the logger's tape are 15 m and 25 m. Since the tape is attached to the logger's belt
delimbing, measuring, and oross-cuttinz are carried out in one operations The tape nail is
placed at the point where measuring starts. Moving away releases the plate-spring-tensioned
tape.

tape nail with
plate spring

working with logger's tape

1.9 Fower puller

This 48 a manually operated lifting and pulling device with a lifting capacity of
1.5 or 3 tons (various modele). In felling, the power puller is used to bring trees down
that lean backward and to secure trees in order to prevent them from falling upon dwellings.

The cable length is practically unlimited; for felling,the use of a snatchblock
pulley is advisable so that the operator can work outside the foreseen felling direction.
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Description of a power puller:

=

tubular handle (to be mounted)

switch

lowering handle pulling handle

pulling cable 11,8 mm ¢

|

Mo 3%

frame hook cable hook

pulling direction

P felling direction

loaded cable hook

snatchblock

Employment of a power puller for felling a tree leaning backward
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2. CHAIN SANS
2.1 Desoription of the most important elements =mmd safety installations of a chain saw

a) desoription of elements

front handle bar (Av-ayatem,y heated if required)

| .
handle throttle pulling chain

b) safety installastions

throttle lock

ki:cb-back proteotion or
-~ - chain=braking device
(band guard)

handle widens below
to the right

1/ Anti.vribretion (AV) devices prevent vibretion diseases of the hands.
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2.2 Weight and power classes of chain sawes for large and small diameter wood

Weight

Employment Performance iy for use bar length

small wood 1.5 to 2.2 kw 5 to 7 kg up to 0 cm
(2 - 3 DIN HP)

large wood 2,2 to 3.7 kw T t0 9 kg 40 to 45 cm
(3 = 5 DIN HP)

extra large wood 3e7 to 5S¢l kw 9 to 11 kg 50 to 60 cm

and processing site (5 -~ 7 DIN HP)

2.3 Service and maintenance

Regular service increases operational safety and the life of the chain saw.
Required service intervals are:

a) daily
b) weekly
c) periodical.

a) daily inspection

ain-filters wash with benzine (gasoline) or washing-up liquid
diluted with water or clean with compressed air

washing with benzine or with oleaning with compressed air
water and washing-up liquid
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bar: - olean the guide rail and oil borings
- lubﬁéate sprocket nose

- turn and mount the bar

=Y

lubricating the sprocket nose turning and mounting the bar

chain: sharpen saw teeth if required

air intake slots: check slots of ventilation case, clean if necessary

ventilation case

intake slots



- 185 -

b) weekly inspection
In addition to daily checkeup the following items must be inspected every week:
spark plugé = colour control of head:

brown = correctly adjusted carburettor
black = adjustment too rich
white -« adjustment too poor

«~ point distance control:

distance in all chain saw models is 0.5 mm

o - - -

Plug head i f 0.5 mm point distance

(brown colouring)

cooling fins at the cylinder: +take off cylinder cover and clean cooling fins

cooling fins

cleaning of cooling fins
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bar: wear control: - deburr guide rail edges with flat file

= lubricate sprocket nose and check movability

XY

deburring with flat file lubricating sprocket nose

chaint sharpen saw teeth, check length of teeth and depth gauges
(see description of chain maintenance).

c) periodical inspection

Is carried out after 100 to 150 service hours depending on service time, wear and
model. Some manufacturers include maintenance plans in their instructiona for use.
The following items are added to daily and weekly inspection:

general cleaningt with cold cleanser or benzine
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clutch: =~ disassemble (left—hand thread opens by right-hand turn)

- check wear on centrifugal weights, tension spring and
chain drive wheel

-~ clean clutch drum and needle bearing

= lubricate needle bearing with mmlti-~purpose oil

opening of clutch by wear on chain oiling the
right-hand turmn drive wheel needle bearing

starters ~ dismount and disassemble pulley and rewind spring
« clean and oil the rewind spring

= check starter cable for

rewind spring
inside ocase

ventilation oase
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fuel and coil capt - dismount and clean suction head
= clean fuel and oil caps with benzine

= if supply line for oil pump contains a strainer,
dismount and clean

—s :

suction head

10

oil strainer

exhaust: = dismount and clean

- clean cylinder bores of combustion residues

bars - ocheck wear on cutting edge of chain
-~ check rail height and width
- oheck hard tip noss of bar or alternatively

~ ocheck and o0il sprocket nose of bar

damage to cutting edge
| >~

I S R
)

bar with hard bar with
tip nose sprocket nose

rall width too big
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carburettor: - dismount and disassemble only in case of failure

= compare carburettor adjustment with manufacturers?
instructions;
H o main adjustment screw
L = didle speed adjustment screw
LA « idle Bpeed release screw
= before adjusting the carburettor the chain saw must

be worked to cperational temperature and air~filter
and spark plugs must be clean.

screws for carburettor adjustment

244 Fower saw = chain maintenance

Proper chain maintenance guarantees good and consistent cutting performance, reduces
wear on chain and bar, saves fuel and muscular strength (energy).

The elements of a power saw chain:

comnecting link
with rivets

left cutting tooth
with rivets

connecting lin

right cutting tooth

safety link drive link
(only for safety chaine)
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The cutting tooth

main cutting edge (head edge)

depth gauge top secondary cutting edge (face edge)

tooth head
tooth face

depth gauge
shoulder

tooth throat (rear)

rivet bore

The cutting tooth in operation:

)

O O

the ohain pitoh is given in inches (1 inch = 1" = 25.4 mm).

This distance
divided by 2
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10 links are measured to determine the pitch. The following pitches are available
at present:

" - 12.7 om
1/16" - 1l.1 mm
«404" - 10.3 mm

3/8 - 9.5 mm +)
« 354" - 9.0 mm
-325" - 8.3 mm +)

Yar - 6.4 mm

+) These are presently the most common pitches.

Tooth shapes (cross-sections)

round tooth semi-chisel tooth chisel tooth

2.4.1 Maintenance accessories for chains
~ hand files
V7 7z a4 L )

“ | srrzzmzny sy i AT

round file flat file

sharpening scantling xL %

depth gauge filing guide

L e } U N

caliper
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= filing accessories

hand chain sharpener

= electric chain sharpener (u.sed mainly by service shops)

2+4+.2 Instructions for maintenance of chain by hand

1) Preparation

Clean the chain to a dry state (until no more lubricant remains on
the cutting teeth).

Pix the bar into a filing position (such as: a vise, filing jack
for filing at felling site, cut bar into trunk, and the like).

Tension chain if required so that cutting teeth do not give way
while filing,

filing jack for filing at the felling site
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i1) Choice of correct file diameter
(depends on chain pitch, tooth height and wear)

pitch (in inches) file diameter (in inches and mm)

1/16" ¥Y4" (6.3 mm) from half the tooth length
7/32" (5.5 mm)

«404" 7/32" (5.5 mm) last third of tooth length
3/16" (4.8 mm)

3/8n 7/32" (5.5 mm) from half the tooth length
3/16" (4.8 mm)

. 325" 3/16" (4.8 mm)

Yan 5/32" (4.0 mm) last third V8" (3.2 mm)

iii) Piling the main and secondary cutting edges

a) filing angle for softwood hardwood, frozen sof‘twood
and dirty wood
round tooth 55° (350) 60° (300)
semi—chisel tooth 55° (35°) 60° (30°)
chisel tooth 60° (30°) 60° (30°)

auxiliary device - sharpening scantling

top tooth

.

file
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b) filing gradient
when filing round tooth and semi-

hisel tooth
chisel tooth file runs parallel to :
back 10° upward

\-\

cheok: main cutting edge is in line with file.

¢) guide height
¥5th of the file's diameter should rise above the top tooth.

$
K

check: with round teeth the tooth face forms a right angle with
the outting edge, with semi-chisel teeth it is bearing
out by 5° and with chisel-type teeth by up to 10°.

incorrect filings

-0 0~ 0
Wy WS U \d

receding tooth face, tooth face bearing out
file was led too high t00 much, file was led
too low
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d) tooth length

All teeth must have equal length. The caliper ie set acoording
to the average length of the shorter teeth.

Consequence: Only teeth of equal length have equal height and equal
cutting force. Frequently, the length of right cutting teeth differs
from left~hand cutters by which cutting surfaces in the wood become
uneven and wear on bar and chain is unilateral.

iv) Maintenance of depth gauges:

Depending on engine capacity, chaln speed, guide rail length, wood
species and wood condition, depth gauges are by 0.5 mm to 1 mm lower than
the main cutting edges.
depth gauge filing guide.

Filing is done by flat file with the help of a

file depth gauge filing guide

..........

Depth gauge filing guide with recess in the oentre (guarantees

exact depth gauge heights)
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Depth gauges of light and middle weight saw chains are 0.65 mm lower, of
heavy-duty saw O0.75 mm lower than the main cutting edges. These figures
are reduced by O.1 mm if timber is hard and frogzen.

If required,the front edge is rounded by a flat file without damaging
the gauge's even gliding surface and the cutting tooth's main cutting
edge.

correct depth gauge shape: incorrect depth gauge shape:

- -w# %
Ry gliding surface too low and
not levelled and not rounded
too high

Consequence: Depth gauges that are too short because they have been filed
to0 low let the cutting teeth enter the wood too deeply thus causing the
chain to jerk. Depth gauges that are too high prevent the cutting teeth
from entering deeply enough: the cutting pressure has to be increased,
cutting performance and wear are affected (wear on the rear cutting tooth
throat is extremely high). Depth gauges that are not rounded exert a
braking effect on the sole of the gullet, they increase friction and
reduce cutting performance. Wear on the front throat of the cutting tooth
is too high.

2¢4.3 Maintenance by means of file guides and sharpening devices
They are employed according to their respective instructions for use.,

Remaxrks on filing:

= It is important to keep the cutting edge in optimum condition. Do not
work with blunt cutting edges.

= Apply both hands to lead the file with moderate lateral pressure and a
straight stroke awsy from you. The lower arm and the file form a
straight line.

= Tuming the file will not make the edge sharper.

- Lift the file laterally from the filing surface when leading it back.

- By right~hand and left=hand filing the surfaces become more even.

= Good sight and a clamping device at elbow height make filing easier.

= Teeth lengths and depth gauges are usually measured during main chain
inspection (after about 5 times of intermediate filing).



-197—

Filing depth gauges of safety chains requires filing guides with

wider recess,

A slightly receding secondary cutting edge makes the main cutting
edge somewhat blunter and more resistant (advantageous when cutting
dirty timber).

General remarks:

- File new chains before use, oil well (oil can, additionsl oiling)
and run in at moderate speeds Correct chain tensioning is important.

- If chain is oo long, in case of rupture and damage to the links,
chain is repaired with spare links,

Auxiliary equipment: flat file, break'n-mend tool, punch and vise.

The condition of spare linke has to be adjusted
to the wear degree of the chain,

« Before buying a new chain check whether bar, pinion and chain fit
together, Ordering information includes chain desoription, chain
length (number of drive links), chain pitch and chain gauge.
Sometimes it is sufficient to indicate chain saw make, model and

bar length,

3. CROSS~CUT SAWS

3.l Two=man cross—cut saw

This saw is operated by two workers and used to cut tree/logs with diameters over

30 cm.

For felling large sized trees the saw length shauld be 1,40 to 1,60 m and the widtih

at center 12 to 14 cm.

In order to drive wedges into the cut the saw must be thick at the

ends and thin in the center. The handles should be removable so that the saw can be pulled
out of the cut even after the wedge is driven in.

thin at ocenter

e = w e e - —--- e L N LS N

5

removable handles
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There are two types of cross-cut saws:
a) with two cutting teeth to each raker for use on hardwood;

b) with four cutting teeth to each raker for use on softwood.

JUNT JIut

Two cutting teeth to each raker Four cutting teeth to each raker

The cutting teeth sever the wood laterally whereas the raker cuts it at the bottom
and removes the shavings from the kerf.

raker

wood shaving

cutting teeth

cross—ocut saw at work
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The effectiveness of the cross-cut saw is influenced by such factors as saw stroke,
sawing technique and body position. The saw is moved by using straight pushing and pulling

strokes while slight pressure is exerted on the blade.

- i

- X

) e

eV

S Hoo At
YT B WL v

technique of work with oross—~ocut saw

In order to avoid early fatigue the saw must be worked with both hands and an
appropriate body position. If standing up is impossible kmeeling is advisable (e.g. for

felling cuts in flat terrain).

body position in oross-outting (raised log)



body position for felling cut

body position for felling cut

Maintenance of the cross-cut saw requires the use of the fcllowing auriliary devices:
a) ohuck jaws
This leaves both hands free for sharpening, swivels around its

longitudinal axis and is equipped with a control grid for
socurate filing.

oontrol grid

X B
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b) tooth top plane:
The flat file fixed to the plane stock files all teeth to an equal height.

flat file

c) flat file

Flat files for sharpening cross—cut saws should be 20 cm long and 2 cm wide,
The number of edges per cm should be rather high (20 to 24 cuts per cm).

file surface (note angle points towards handle)

d) saw set

To avoid jerking of the blade when sawing, alternating cutting teeth
are bent outward by a saw set. The saw set has keyholes of various

sizes and can be applied to various saws,

ke: les direction of pressure



e) saw set gauge

They are used to measure the set width of cutting teeth. The set
width amounts to tenth of millimetres so measuring has to be
accurate with the gauge tightly attached to the blade,

gset width for Boftwood = 0,5 mm
for hardwood = 0.4 mm

measuring gauge \o 10 S,

f) dressing tool for rakers
Rakers are some tenths of millimetres shorter than the cutting teeth.

for softwood 0.6 to 0.8 mm shorter
for hardwood 0.4 to 0.6 mm shorter

dressing surface




Sharpening the cross-cut saws

(1)
(i1)

(13i)

(iv)

(v)
(vi)

clamp the saw into the chuck;

file the cutting teeth by means of tooth top plane until all
teeth have a white top;

set the cutting teeth by use of setting gauge and saw set,
Setting must be done before the rakers are filed;

sharpen the cutting teeth with a flat file;

sharpening angle for hardwood and softwood = 35°

tooth top angle for hardwood and softwood = 70°

3go 70°

sharpening angle tooth top angle

deburr the tooth rear with a small flat file or grind-stone;

lower and file rakers by means of dressing tool. The interior
angle of the raker should be 90°.

\\ 90. .

interior angle of the raker



3.2 One-man saw

This saw is used to cut wood with diameters of under 30 cm, The length of the saw
blade is up to 80 om. It should have lanoe teeth. When pushing as well as pulling
the outting teeth have to remain close to the timber. For push strokee the saw front is
lead downward, for pull strokes the handle., This gives the most favourable cutting direc-
tion to the cutting teeth and increases the cutting performance.

- SS
SN

To work the one-man saw, one hand is used to hold the handle while the other
presses against the saw back,

push stroke ’ pull stroke

body position for a felling cut

body position for cross—cutting

Sharpening the one-man saw:

The sequence of maintenance items is just as for the two~man cross-~cut sawe



AN INTRODUCTION TO CABLE EQUIPMENT
USED FOR WOOD EXTRACTION

by

Rudolf Meyr 1
Forstliche mndeeversuchnnstalt-/

The equipment used in forestry for cable logging is divided into cableways and cable
cranes. 3

1. CABLEWAYS

Nostly semi-—stationary, cableways may also be stationary if required. They permit
the transport of timber, and to a limited extent also that of other goods, between two
fixed points, the loading and the unloading stations. Under certain conditions further
intermediate stations may be added, btut outside the stations loading and unloading is not
possible. Therefore, cableways are particularly suited for logging from inaccessible
plateaux, and from terrain where loading along the route is not necessary. The timber to
be transported by cableway has to be taken to the loading station by other means.

Some types of cableways may be used as gravity systems (without an engine) provided
that the skyline has the minimum gradient required (e.g. types 3.1.1; 3.1.2; 3.1.2.B).
Others provide downhill transport by means of gravity but the return trip of the unloaded
carriage requires an engine (e.g. type 3.1.2.4). Finally, there are cableway systems that
need an engane for all operations. This is also true of any kind of uphill transport, of
transport along corriders with insufficient skyline gradient, as well as of transport along
counter glopes. .

As the opening up of forests advances through road construction, the importance of
cableways for logging in intensively managed mountainous areas has considerably declined.
Nowadays they are used only in special cases. The relatively high consumption of time and
the costs for setting up and dismantling cableways are responsible for their decline in
couniries with a high wage level and scarce labour force. In areas with a low wage level,
a sufficient labour force and forests that provide diffioult acoess to vehicles, techmo-
logical and economic considerations justify the use of cableways for logging even today.

2. CABLE CRANES

Cable craneg are logging devices that thanks to their construction and design can
easily be transported, set up and dismantled. They are suitable for uphill and downhill
transport of timber, loading and unloading being possible at any desired spot along the
route (nk.yl:lne). In addition, a direct lateral dragging of timber hy means of the mainline
from areas adjoining the route (in a range of 50 m on both sides) is feasidle during an
uphill or downhill operation. Thus, a cable crane allows almost continuous removal of
timber from the cutting site. Logging with cable cranes causes minimal damage to the soil
and stand; therefore, it is also advisable for oritical slopes as an altermative to skidding.

Only oable cranes with the required askyline gradient can use gravity (without an
engine) in downhill logging. For all other operations, including dragging loads to the
carriage, engine power is necessary. Therefors, all cable cranes have to be equipped with

a suffioiently strong engine.

v Forestry Research Institute, Viemna



Acoording to their use ocable cranes may be divided into two groupst

Short distanoe oranes are employed for distances of up to 500 m mainly for uphill
and downhill logging. The time used for setting up and dismantling is relatively short
with a low-mounted skyline, simple supports and by using efficient rigging methode. The
time used for setting up accounts for only 15-20 percent of total logging time. Timber
transport by short distance cable cranes is mainly tree~length tranaport under the "raised-
head® method, that is, the stems are roped and raised at one end only. The other end trails
along the ground. By this means even heavy loads of timber may be carried from the felling
site to the road.

Long distance oranes are used in Central Europe for strips between 500 and 1 500 m
long, mainly for downhill logging. The timber must be freely suspended for the equipment
to operate smoothly, the skyline must be high above the ground. Therefore, setting up is
not as simple as in the case of short distance cranes and takes longer. It acoounts for
between 40 and 50 percent of total logging time.

The maximum locad that may be transported is limited by the load capacity of the cable
equipment. In Central Europe most frequently cable cranes with a load capacity of 2.5 t are
used.

3. CLASSIFICATION AND DESCRIPTION OF THE MOST IMPORTANT CABLEWAYS AND CABLE CRANES
USED IN FORESTRY

3.1 Cahleways
3.1.1 With suspended wires

Description:

1 skyline (wire or steel rope)

A variety of hooks for attaching the load (wooden hooks, simple hooks, hookse
mounted on pulleys, etc.)

Gravity drive only

Direction of transport: downhill only

Minimum skyline gradient: about 18 percent

Maximum skyline length: about 1 200 m

Performance: depends upon the length of the cable

Application: logging of timber assortments 1 m long, bark, etc., up to

a weight of 50 kg

3.1.2 Pendulum cablewaye

A. Nono-track pendulum cableways

~ With open—end mainline

Descriptions

1 skyline -~ 1 open~end mainline

1 carriage (fastened to the mainline)

1 yarder (cable winch)

Position of the yarder: on the mountain

Direction of transport: mainly downhill, uphill possible

Minimum ekyline gradient: about 20 percent

Naximum skyline length: about 1 500 m in theory, over 1 000 m not advisable
Performance: depends on corridor length
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- With endless mainline

Desoription:

1 skyline - 1 endless mainline

1 carriage (fastened to the mainline)

1 yarder (with parabolic pulley)

Position of the yarder: landing at road side

Direoction of transport: mainly downhill, uphill possible
Operation: independent of skyline gradient (also possible on flat

strips or over counter slopes)
Maximum skyline length: about 2 500 m in theory, over 1 500 m not advisable

Performance: depends on oorridor length

- Serial pableways (variant of the above)

Desoription:

1 skyline — 1 endless mainline
Several carriages (about 5) detachable from the mainline

1 yarder (with parabolio pulley)

Performance: depends on the skyline length. Beoause of more oarriages
it gives better output than the type with one oarriage; skyline lengths
of up to about 2 500 m are possible

All other features similar to the one~carriage type

B. Two-track pendulum cableways
Description:

2 gkylines —1 endless mainline

2 carriages (fastened to the mainline)

1 braking station (for gravity drive) or
1 yarder (for engine operation)

- With engineless gravity drive

Position of braking etation: on the mountain
Direotion of transport: dowmhill

Minimum skyline gradient: about 20 percent
Maximum skyline length: about 2 500 in theory, over 1 500 not advisable

Performance: depends on skyline length

- With engine drive

Position of yarder: on the mountain or in the valley
Direction of transport: mainly downhill, uphill possible

Operstion: independent of skyline gradient
(also possible over flat strips or counter slopes)
Naximum skyline length: about 2 500 m in theory, over 2 000 m not advisable

Performance: depends on skyline lengih




3.1.3

Bound oable

Desoription:

3.1.4

2 skylines - 1 endless mainline

Numerous detachable carriages (their number depends on skyline length)

1 braking station (for gravity drive)
1 yarder (for engine operation)

- With engineless gravity drive

Position of the braking station: on the mountain

Direction of transport: dowmhill

Minimum skyline gradient: about 15 percent

Maximum skyline length: technically not limited, may amount to
several km (the longer the corridor the more carriages may be used)

- With engine drive

Position of the yarder: on the mountain or in the valley

Direction of transport: mainly downhill, uphill poesible

Operation: independent of ekyline gradient (also possible along flat
strips or oounter slopes)

All other features: similar to gravity drive

Lasso osble: (special form)
(with endless cable similar to chair lifts)

Desoriptions

1 endless ciroulating cable

A number of pulleys (to lead the cable over the changing terrain gradients
of the oorridos

A number of detachable hooks: spacially shaped (for attachment of the
load to the cable)

1 yarder with cable tensioning device

Position of the yarder: next to the road (landing)

Operation: up tc a slope gradient of about 35 perocent

Cable length: up to 2 000 m

Loading and unloading: all along the endless cabls (cable about 1 — 2 m
above the ground)

Performance: independent of oable length (ths longer the oable ths more
loads caa be attached to it)

Application: logging of timber assortments with & length of 1 m and with
a maximum weight of 80 kg with single suspension and of timber assortments
with a maximum length of 4 m and a maximum weight of 500 kg (with double
suspension)

3.2 Cable cranes

3.2.1

long distance

{(In most cases freely suspended loads and skyline high above the ground
are necessary)
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- With open-ended mainline

Description:

A skyline - 1 open-end mainline

1 carriage (with or without stopping devices)

1 yarder (motor driven sledge winch)

Position of the yarder: on the mountain

Direction of transport: mainly downhill, uphill possible

Minimum skyline gradient: about 20 percent

Maximum skyline length: about 2 000 — 2 500 m in theory, over 1 500 m
not advisable

Performance: independent of corridor length

-~ With endless mainline

Description:

1 skyline — 1 endless mainline

(1 lifting cable for various oarriage models;

1 carriage (with or without stopping devices

1 cable yarder (with parabolic pulley)

Position of the yarder: advisable at the landing next to the road

Direction of transport: both ways possible

Operation: independent of skyline gradient {also possible along
flat strips and over counter slopes)

Maximum skyline length: about 2 500 m in theory, over 1 500 m not
advisable in practice

Performance: depends on corridor length

3.2.2 Short distance
(with "raised-head"” lcgging and skyline close to the ground)
- With skyline and open—-end mainline

Description:

1 skyline — 1 open-end mainline

1 carriage (mostly with lifting block) — 2 stopping devices

1 yarder -~ (motor driven sledge or self-propelled winch, also
tractor winch)

Position of the yarder: on the mountain next to the road (landing)

Dirsction of transport: uphill only

Minimum skyline gradient: about 30 percent

Maximum skyline length: about 300 m

Performance: depends on the corridor length
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- ¥With skyline, mainline and haulback line

Description:

1 skyline - 1 open—end mainline — 1 open—end haulback line
(1 1lifting cable for various carriage models)
1 carriage (with or without stopping devices)

1 yarder with 2 winch drums; mostly combined with a tower of
6-12 m and a skyline tensioning device mounted on a truck or
Unimog (mobile cable crane unit) ’

Position of the yarder: always next to the road (landing)

Direction of transport: mainly uphill,downhill possible

Operation: independent of skyline gradient

Maximum skyline length: about 500 m

Performance: depends on skyline length

3.2.3 Hi lead system
(short distance cable operation without skyline: mainly "raised-head"
transport of timber)

Demcription:

1 open—end mainline — 1 open—end haulback line

(1 1ifting cable for various carriage models)

1 simple carriage

1 yarder with 2 winch drums (independent unit or mounted on a tractor)

1 tower for lifting mainline and haulback line most]y mounted on a
winch or tractor

Position of the yarder: always next to the road (landing)

Direction of transport: mainly uphill, downhill possiblpg

Operation: independent of gradisnt

Maximum length: about 250 m

Performance: ° depends on cable length

Footnote: haulback line takes over function of the sBkyline.

Urus=Unimog mobile cable unit positioned at the rvad, ready

to tremsport logs uphill {Photo: Federal Forestry Research Institute)
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WORKING INSTRUCTIONS FOR CABLE CRANE INSTALLATIONS IN AUSTRIA

by
Anton Trzesniowski 1/
Forstliche Ausbildungsstitte Ossiach

1.  INTRODUCTION

Forestry practice, the existing legal regulations, and above all the practioal experiencs
gaihed from inspeoting oable orane installations were taken together and incorporated into
a set of working instruotions.

2. LECAL REGULATIONS FOR CABLE CRANE INSTALLATIONS IN AUSTRIA
2.1 Federal Law Gazette No. 440/1975 Porestry Law, Part 5: Logging Seotion 58 to 66,

2.2 Federal Law Gazette No. 43/1977, Section 2T: Regulation for the proteotion of employed
personee

2.3 PFederal Law Gazette No. 46/ 1969, Section 5: Provinoial law governing logging roads
and oableways, 1969.

2.4 Federal Law Gasette No. 2/1971, 2nd Regulation of the Provinoial Government of 1st
December 1970, 241, Agrioulture - 155/3/1970, oconoerning safety in using logging installations
and the prevention of all dangers involved in logging installations.

2,5 Austrian regulations governing sleotrical installations

L1/1956 Low voltage lines
L11/1967 High voltage lines

with regard to safe distances from and orossing of power lines, oontact the looal eleotrio
power oompany (owner of the lines) in order to take the necessary safety preocautions.

2.6 Teleoommunications: before radio and telephone systems are used, the looal telecom-
munications office must be informed.

2.7 Pederal Ministry of Transport (Civil Aviation Authority): acocording to Federal Law
Gazette No. 253/1957 an appliocation (one original and six oopies) together with techniocal
desoriptions is to be made for installations whioch are higher than 100 meires above ground
level.

2,8 HWhen the height of the oable or the supports exoeed 36 metres, the Provinoial
Gbvernment must be notified (Department 19).

2.9 In all other oases in which cable orane installations might interfere with the publio
inverest (mining, roads, military installations), or in oase of doubt, information shall be
obtained from the local authorities.

3. TSCHNICAL REWIREMENTS

For oable orane installatione which are subject to formal approval, an applioation must
be sent to the district governor's offioce together with at least two ocopies of the following

dogumentss

1/ Forestry Training Centre Ossiach, Ausiria
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3.1 llag showing the ocorridor of the planned cable crane ingtallation (scale: 1 : 2 880 or
similar).

3.2 Longitudinal profile of cable orane ﬁgtallation with the location of smupports, sag of
oable with and without load, minimum and maximum height of cable ibove the ground, loading
stations, defleotion angles of skyline and other important data.

3.3 Technioal desoription of the entire oable orane installation, especially drive unit,
braking system = if poseible giving speoifio teochnical details; inolude any workshop drawings
or leafletis.

Indiocate distanoce from or orossing of railway lines, power lines, telephone lines,
publio roads or other routes, property belonging to third parties, rivers, torrents, log
landings near torrents, eto.

3.4 Certifioates for skylines and main lines (provided by the suppliers of wire ropes) stat-
ing the diameter of the oable, the number and strength of wires, the breaking strength and
the manufacturer's names. Caloulation of the load to which the oable will he exposed on the
basis of the aotual condition of the cable; or calculation of horizontal tangential angle

or of the break angle on the basis of ocable tension.

3.5 List of all landowners within the area of the ocable orane installation together with
their land register numbers and, if neocessary, a declaration of the landowners' comsent to
the projeot.

3,6 Working instruotions for the cable crane installation which fully guarantee its safe
and acoident-freesoperation and maintenanoe.

3.7 For oable orane installations of more than 100 metres above ground level, Item 1.5 of
the legal regulations will have to be applied.

3.8 Uhen the height of the ocable or the supports are more than 36 metres above the ground,
it is necessary to inform the Provincial Government of the exact site of the installation
(mup showing looation with the highest points). Maximum tree height along the ocable corridor
should also be given.

4. FURTHER TECHNICAL REQUIREMENTS
(In accordance with Item 1.2 of the legal requirements).

4.1 The skyline as well as the drive unit must be properly earthed (grounded) (e.g. use an
earth spike or attach a galvanized oable for lightning protection at the end of the skyline
and bury it %n the ground in the direction of the cable — about 30 om deep and over a distance
of 15 - 20 m).

4.2 The manufacturer's nameplate must appear on the oable winch (yarder), showing ithe fol-
lowing information: +type of winoh, year of construction, maximum line pull, maximum cable
length that can be wound on to the winch drum and oable diameter).

A suitable fire extinguisher must he available.
4.3 At crossings with publio roads, \;a'mi.ng signs must be put up on both sides at a distanoce
of at least 50 m saying "Attention, Cable Crane"”, In speocial cases, gates must also be con-
struoted which are opened only when the oable crane is not in operation.

4.4 If the oable orane installations lead on to areas used by publioc traffic, where there
is the danger of logs which are being transported rolling off, these areas must bYe adequately
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protected by harriers. If fossible oable orane installations are not to be set up in the
vioinity of public traffic (railway lines, public roads exposed to heavy traffio, oto.)e

4.5 All driving or other moving parts of the machine (sprocket, chain and V-belt drives,
shafts, air brakes, eto.) must he safely enclosed or adequately guarded against being ao=
cidentally toucheds When the driving unit is enclosed, alr brakes must be arranged outside
the drive unite The platform of the winoh and other werking places situated more than one
metre above ground level must be properly fenced with a railing and a walkway. Safety
devicés must be maintained in good working orders

4.6 The installation is to he inspeoted in its entirety by a ocertified technical inspector.
Official records of the results of these inspeoiions are to be kept.

5¢  WORKING INSTRUCTIONS

For the cable crane ..ececcecsessocecscecsvcecsassssassrsnce
cable OOPTidOr sesesecacesessccasascscesacssssenceesosascese NOo

opera‘ted by Ry T R R Y Y R Y Y Ry YN ]

5«1 The cahle crane shall be used exclusively for the transport of wood and other material.
The transport of persons is thus prohibited.

5.2 The forestry offioial direotly responsible for supervising the operation of the cable
crane 18 Mre seesceescccsscssscrosonsenscsacnsoe (distriot offioe).

5¢3 Mre secocssceocecosvccoassescecncaseacsees 18 responsible for the proper operation of
the oable orane. Hie instructions are to he oarried out under all ciroumstances, MNoreover,
one person shall be made responsible for each separate working site, suoh as mountain, inter-
mediate and/or valley stations.

5¢4 All persons engaged in the installation and operation of cable oranes must be fully
informed of the working instructions before setting up and operating the cable systems They
must oertify this with their signature and the date. All persons must receive a copy of
these working instruotions.

5.5 The maximum load per haul 18 see-eee w> or kg (payload). (These figures shall under no
oiroumstances be exoeeded since a safety factor of 5 must be kept for the mainline. )

5.6 ‘'fransport speed nust not ex06ed cesces. m/aeo or approximately .eses:essesss minutes for
the transport of one haule (Air brakes ensure oonstant travel speed.)

5.7 Cable winohes (yarders) must be installed and attached in such a way that they will not
change their position or be turmed over by the load or other influences. (At a distanoce of
at least 20 times the width of the winoch drum a pulley must be seourely fixed so as to ensure
continuous feeding of the main line on to the drwne ) (uiding or touching the moving oables
directly with one's hands is prohibited.

5.8 fThe cable operation shall begin only after all of the various stations have been inform-
ed and a reliable means of oommunication between them has been established (visual signalling
is permiesible only for small, olearly arranged installations = not exoee a total length
of some 100 m. In all other ocases a telephone or radio system is neoessary.

5.9 Signalling shall he done as followst
. STOP LINE = one long sound (or 1ight signal)

SLACKEN LINE = two short sownds (or light eignal)
PULL LINE = three short sounds (or light signal)
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EXAMPLE OF VISUAL SIGNALLING

A B

PULL CABLE SLACKEN CABLE STOP SWITCH OFF ENGINE, VERBAL
wave lowered arm in the wave raised hand COVMAUNICATION NACESSARY
direction of the cable over one's head arms crossed above one's

head.,

EXAMPLE OF SIGNALLING (SOUND OR LIGHT SIGNALS)

1. one signal = STOP
2. two signals = SLACKEN CABLE

3. three signals = PULL CABLE

Any signal that is not understood means "“STOP".

One tree intermediste support used in a cable orane operation (Photot E, Pestal)
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AORKING INSTRUCTIONS FOR OPERATING WHEELED TRACTORS
AND QGROUND CABLE WINCHES

by

Anton Trzesniowsiki l/
Forsiliche Ausbildungsstitte Ossiach

1s INTRODUCTION

These instructions for operating forest maohinery were drawn up in order to ohviate
additional dangers through more expert kmowledge. By skidding vehioles we mean wheeled
skidders and agrioultural tractors with attachments for forestry work.

2.  GENERAL

Before beginning the operation and whenever necessary, the employer and the workers
shall decide what method of felling and logging is the safest for the particular oconditions
of the site.

‘'he machines, itocls and devioes to be used must be supplied in good working oonditions.

The supervisor (district forester) is responsible for the general supervision of the
operation. In addition to him, one worker is to be appointed to supervise each separate
working site (felling, logging, bucking).

All workers engaged in the operation are required to affirm with their signatures that
they have received the working instruotions from the head offioe of the forest enterprise.
Furthermore, one offioial (supervisor, forester) is responsible for giving additional work-
ing instructions whenever neoessary.

3.  GENERAL REQULATIONS FOR FELLING AND SKIDDING

dhen trees are being felled within the felling area (radius: 1.5 times the tree longth),
both delimbing and skidding are prohibited. Felling is likewise prohibited during delimbing
and skidding within the felling area.

During uphill or downhill skidding, felling, delimbing, and buoking are not allowed
within the fall line of thia area.

As a matter of prinoiple felling is oarried out by one worker (a one-man operation)
and no other person is allowed within the working range of the power saw when operated. If,
as in speoial oases, a seoond worker is required for wedging, the power saw should be switched
off during this worik.

In the oase of a storm, ioy surfaces or thiok fog, felling and skidding must be stopped.
4. REGUIATIONS FOR LOGGING

a) Site of operation. The site of operation ehall be marked off with the warning and no-
entry signs required by forest law.

1/ Porestry Training Centre Ossiach, Austria
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All piles of logs shall be arranged and supported in such a way so as not to oollapse
or allow the logs to slide or roll off.

Mr. (the authorized operator's name) shall be responsible for the proper operation and
maintenance of the machine. The operator is required to wear a suitable safety helmet and
ear plugs or muffs. Work gloves and sturdy work shoes are highly recommended.

Before beginning work, all persons engaged in operating the machines (inoludingz all
types of work, such as felling, skidding and buoking) must be informed of the conients of
the working insiruotions. In oase of an emergency it is particularly important that all
persons engaged in the operation he able to start and stop the machine. They are required
to certify with their signature that they have fully uvadersiood the working instructions.
b) Maintenance of the machine. Durins cleaning and maintenance work on the machine, particular
oare shall he taken to prevent the machine from heinz started accidentally or bv unauthorized
perscnse. Sexyicing the machine must be carried out only when the engine is switched off.
Lubrication and maintenance shall he carried out on all parts of ihe machine accordinz to the
manufaoturer's instruotionse Care shall he taken to make sure there is sufficient luhricant,
that the proper tools are operational for servicing the machine, nnd thit any spare parts that
might be necessary are available. Under no circuwasi.aces shill tools e lelt lyin; on the
machine; they must be kept locked up or attached to the machine. A fire extinguisher shall
be available at all times.

e) Main 1ine (traction ogble) and chokers. ''he main line wmd the chokers shall he inApect—
ed periodically for defeots, kinks, hroken wires, excesuive wear and to ensure thtt they are
properly attached to the chokers. Damagze is to he repaired immediately. Defective ropes
must never be usedes The main line and chokers shall noi bhe dragged empty hehind the skidder
when driving.

d) Aati-skid ohains. As a matter of principle the anti-skid chains must he properly mount—
ed and tensioned on all the wheels according to the regulationss Chains shall he used in all
cases except in partiocularly favourable conditions.

o) First-ald materials. Suffioient first—aid material and a first-aid hooklet shill ilways
be on hand and the dreseings shall he kept sterile.

f) Maximum load. The maximum permissible load depends on the local conditions, e.z. ter—
rain, weather oonditions, ground surface oonditions, the strength of the wain line (traction
oable), winoh oapacity, type of attachments, etce.

when the load is attached, the slings must fit tightly. ‘The load must not hecome de—
tached by itself under any oirocumstances. In downhill extraction the heaviest loz shall he
attached to the first ohoker.

g) |\Minching of a load. Winohing of a load towards the skidder shall hegin only afier a
olear exchange of signals has heen carried out. All visual or acoustic signals must he
agreed upon before the operation begins.

Befors being driven off, the load shall be winohed up olose to the skidder so that the
front ends of the logs are lifted off the ground ("raised head" method)e

When the load is winched laterally, excessive angles must be avoided and the rear axle
of the skidder shall be perpendioular to the direotion of the oable. The skidding blade is
to be used as an additional aids No one is allowed within the interior angle (the bight of
the lins) of the loaded cabls, ‘

The driver must not leave the skidder while winching is in progress. Any remote oontrol
devios must be equipped with an emergenoy switoh.

Guiding or touohing moving oables with one's hands is prohibited.
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While winching the load downhill, the skidder must be at an angle to the fall line. The
drun-end of the main line (traction oable) must oome off the drum easilys

h) Operating the skidder. The skidder shall be started only after auxiliary personnel have
left the danger zone. The workers must keep a safe distanoe from the moving main line and
from the danger zone of the attached load (hasards inolude swinging, whipping and relling of
logs, among others), No worker shall stand in the bight of the line.

The skidder must be set slowly and gently into motion (to avoid ruptures of the cable or
of the chokers).

During off-~road driving the appropriate gear must always be seleoted, especially when
going downhille The braking effect of the blade must be oonsidered. Moderate speed is to
be maintained and exoessive braking avoideds When the wheeled tractor is being driven over
uneven terrain, the trailer or the load may hecome detached.

Great care should be taken - if necessary, release cable (w.l.noh) brake,

When hncking up the operator must look behind him,

After oompleting the work the skidding blade must be lowered to the ground, the machine
put into the lowest gear, the brakes applied and adequate precautions taken to aveid the
encine heing started by wnauthorized persons.

The magter switch must he turned off.

Y.  SPECIAL INSYRUCTIONS FOR INUKPENDENI! GROUND AND TRACYOR CABLE WINCHES
The winch operator shall not stand on the side where the oable is fed on to the winch.

Snatch blooks must be securely fixed.

Prior to work heneath power lines, it is neoessary io obtain the authorization of the
local elecirio power oompany and to oarry out whatever safety measures are required.

Frior to work with cable winches mounted on a tractor, measures must bhe taken to prevent
the traotor from slipping or rearing up.

6. SPECIAL INSTRUCTIONS FOR ARTICULATED WHEELED SKIDDERS AND WHEKLED TRACTORS

It is important to make sure that the safety grids and the ocabin iteelf are suffioiently
strong.

Partioular care shall he iaken when turning the vehiole on slopes sinoe there is a
danger of its overturning. Using the traction oable as an anchor and lowering the blade

can be extremely helpful.



Forwarders have been used successfully in areas with wind-~damaged timber and for the

transport of small quantities of timber in farm forestes (Photo: li. Pestal)

The NB~Trac fills the gap between a farm tractor and a skidder, Its cable equipment
and a oomfortable two-man ocabin make it inoreasingly popular (Photo: E. Pestal)
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REQ/IREMENTS FOR WHEELED TRACTORS USED IN FORBST WORK

by
Anton Trzesniowski y
Foretliche Aushildungsst¥tte Ossiach

With a view to lightening hard manual work, particularly in wood harvesting, forest
engineering seeks to use machinery and vehicles in all forest operations wherever possible.
The performance and effioienoy of operators and machines depend essentially on both the
training level of the personnel and on the degree of mechanization of the forest enterprise.

The larger the forest enterprise, the easier it will be to mechanize forest operations.
It is imperative in any case to select the right type of machines and to provide these with
all auxiliary equipment needed to meet the specific requirements of each individual enter~
prise.

Ahout 60 percent of all skidding operations in Austria are ocarried out by wheeled
tractors which have genuine or false four-wheel drive. (False four-wheel drive means that
the front wheels are amaller than the rear ones.) Twenty peroent of these tractors have a
genuine four-wheel drive and Ackermann steering, and 20 percent are artioulated wheeled
skidders.

A, SAFETY REQUIREMENTS FOR FOREST TRACTORS USED IN MAOUNTAINOUS TERRAIN

Nost forest tractors, including artioulated four-wheeled skidders and traotors with
genuine four-wheel drive and Ackermann steering, are designed to be used in flat to hilly
terrain. Therefore, additional equipment, or at least a reinforoement of individual vehicle
components, is a necessary safety precaution if the tractor is to he used in mountainous ter-

rain.
1. The driver's ocab

Although some types of tractors are not equipped with a genuine cab, the safety
features desoribed below are required to proteot the driver:

a) There should be a protection grid behind the driver's seat. This
should oonsist of iron rods, at least 15~20 mm thiock and extend forward
on both sides to proteot the driver but, at the same time, permit easy
acoess to the driver's seat.

b) The roof of the driver's cab must be suffioiently sturdy or be re-
inforoed so as to provide him with adequate proteotion against its per~
foration if the vehicle overturns.

o) The oab should be properly padded with sound deadening material,

foam rubber; the exhaust pipe system should provide adequate protect-
ion against noise and be equipped with a spark arrester. The noise

level inside the oab should not exosed 85 deoibels (standard for Austria).

d) The driver's seat should bs ergonomically designed so as to prevent the
driver from eliding around while sitting in it. The seat should be
body-contoured with a high backrest. In addition, lateral armresis,

whioch ocan be tilted upward, should also be foreseen, if possible. Handles
must be provided on both sides of the driver's seat, so that the driver
oan hold on to these in oase the tractor overturns.

y Forestry Training Centre Ossiach, Austria
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Up to now, the opinion is still divided on the usefulness of safety
belts. As long as these are not offered as standard equipment, no
practical experience can he gained.

e) A windscreen with wipers has proved to be of advantage, partioularly
in winter. Adequate ventilation and cooling are just as important in
summer as proper heating is in winter.

f) A loud horn and ignition lock which can be switched off, as well as
a master switoh, must be provided.

g) Inside the cah, all elements (battery, tool-kit, firet-—aid kit,
fire sxtinguisher, spare parts) must be securely attached so as to
remain in place in case the vehiole rolls over.

The first-—aid kit may be fixed on the rear panel inside the cab,
whereas the required tools should be mounted on the outside.

Driving - steering — hraking

a) The hydraulic sieering system should be independent of the other
hydraulic units and permit uniform steering at different drivin: speeds.
A steering wheel is preferable for extensive travel by road, whereas
lever steering is hetter for oross—country driving.

b) The articulated steering system should comprise two hydraulic
oylinders so as to remain operational in any situation.

0) A power—shift would result in heightened manoeuvrability and
greater safety of the traotor.

d) A dual-oirouit brake system would also be of great advantage and a
diso brake would result in a hetter hraking effect.

e) Experienced tractor drivers often insist that differential locks
be provided on the front and rear wheels, as these add to the safety
of the traotore.

f) A properly funotioning handbrake is indispensable not only in road
traffio, but also for one-man johs.

Cable winch ~ main line — rear plate

a) In order to cope with emergency situations, it should be possible
to releass or deolutoh hydraulio oable winoches meohanioally in the
event that the engine should come to a sudden standstill.

b) The end of the main line must be fastened on the ocable drum in
such a way that it unreels easily in emergenocies.

o) The lower edge of the rear plate should be suffioiently sturdy in

the middle so as to protect effioiently the rear axle and the differential
gear oasing againat logs hitting it. The plate should extend over two-thirds
of the width of the rear wheels. These "mudguards" must be reinforoed

by lateral ribs on the wheel side and must projeoct forward on the outaide

so as to form a ocup-shaped conoave opening to guide the attached logs.
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The upper edge of the "mudguards" and of the remainder of the plate must
be fitted with a sturdy deflector grid of suffioient height to keep the
attached logs from sliding forward.

d) Rear plates which oan be hydraulioally lowered and have a serrated
lower edge are best suited to mountainous terrain because they oan prevent
the attached logs from sliding forward under the wvehiole - a much feared
situation. Moreover, in oases of emergenoy braking the lowered rear plate
provides a hetter additional braking effeot than the front blade does.

4. Wheels and non-skid chains

a) Wheel (tyre) valves must be protected by welding on suffioiently strong
iron covers. The tyre profile should be such as to throw off smow and
earth material.

b) To improve their grip, the tyres should be filled with water (in
winter, antifreeze must, of oourse, be added)., +#hen the axle pressure is
not uniform (top~heavy), it is advisable toc fill the tyres on the axle
hearing the smaller load (mostly this is the rear axle) with water.

o) Non-~skid chains must be properly mounted (not too loose-fitting, not

to0 tight); and they must not bang against the artioulated four-wheeled
skidder.

5« Egquipment for trips on public roads

For drives on public roads the traotor must be fitted with two front and
two rear direoction—indioator lights, which must be easy to mount, two head-
lights at the front and two stop-lights as well as two tail-=lights at the rear.
The lioence plate must be fixed at the height stipulated by law and be provided
with refleotors and lightinge Tractors must he equipped with a horn and a hand-
hrake. Emergenoy lights are a useful addition.

6. Optional equipment

a) An engine-driven small cable winoh (3.5 — 5 hp, with about 100 m of
8-mm cable) is useful for pulling the main line uphill - if done manually,
this ies a most cumbersome operation -~ where timber is transported dowmhill
in terrain not acoessible by traotor.

b) A ocomplete grapple unit with guide pulley and auxiliary oable should
be available on every tractor as this is needsd for putting a vehicle back
on its wheels after it has rolled over.

7. Speocial equipment for the driver

The usual helmet for forest workers with ochin straps and ocomplete with ear—
plugs or mufflere is the best proteoctive helmet. Working gloves are an absolute
must for the driver. His shoes must in all ocases have akid-proof soles.
Suitable working olothes should be available for all weather conditions. MNore~
over, working olothes should prevent operators from getting caught by obstacles.
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B, SAFETY REQUIREMENTS FOR AGRICULTURAL TRACTORS USED IN FOREST WORK

Proper training of the tractor driver and an engine suitable for forest work are pre-
requisites for using an agrioultural tractor in forest operations.

As regards the driver, it should be pointed out that speoial training and adequate
working olothes are deoisive factors for safety and effiolenoy. A good protective helmet,
working olothes and sturdy shoes with skid-prod6f soles are neocessary. As regards the
tractory, this should be as follows:

a) It must be equipped with a proteotive top. This is an absolute necessity
in forest work and required by law in many ocountries. A driver's ocab with a
heating and ventilation system espeoially designed for forest work and noise
proofing to a maximum of 85 decibels would be desirable.

b) Branch deflectors with front protection are not oommnon features of agricul-
tural traoctors; however, these are necessary to proteot the exhaust pipe
(which should be run below the protective top) and the windshield, and to
reinforoe the proteotive top.

°) Tyres must have a very good profile to throw off snow and earth material
easily and ensure optimum grip.

d) Por slope work and in winter operations, non-skid chains must be mounted
on all four wheels. Care should be taken to mount the chains in such a way
that these are neither too loose nor too tight and that the material which
gets stuck in the tyre treads is immediately thrown off,.

e) Ballast weights and tyres should he filled with water to inorease the grip
of the vehiole.

f) The valves of all wheels (tyres) should be protected to avoid unnecessary
repairs.

&) The brakes should always be in perfeot working conditions and must aot
uniformly on all four wheels.

h) Proteotive soreens should be provided on all signal and indioator lamps
and tail-lights to avoid frequent repair costs.

i) There should be a shield to proteot the axles, the engine, the oil sump,
brake lines and filters from below. The engine blook should also he lateral~
ly proteoted.

j) Fowsr-assisted steering with a orank hutton on the steering wheel is
highly recommended for oross—oountry and forest drives.

k) It should be equipped with a hydraulic system to permit easy mounting
of attachments (cable winches, hogies, trailers, grader blades, reafforestation
machinery

It is imperative that the driver cheoks the funstioning of all elements on
the tractor at regular intervals and that he always oarries out the neocessary
maintenanoces work immediately.
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MCHANIZED 400D HARVESTING AND THE OPTIMAL
OPENING UP OF FORESTS

by
Pelix AubSck
Bau und Maschinenhof, Ste:lnk.ogly
Beterreichische Pundesforste

1.  INTRODUCITION

Rational employment of technology will depend on the way in whioh a forest enterprise
is managed. It is therefore neoessary to disouss the two operational systems most oommonly
usved by ihe Federal Forestry kEnterprise in .dustria, the owner sysiem and the oontractor
system,

In ihe owner system the owner = either the state or a private individual - manages the
forest himself. He employs managers and forest workers to carry out wood harvesting, forest
production and road oonstruciion within the enterprise., ‘[wenty years of sometimes painful
experience have shown that the followin: organizational system is most effioient: forest
enterprises maniymd in the owner sysiem are divided into a territorial operation unit and a
tuncitional one. '"he territorial unit is called forest administration (Foratverwa.ltu.ng). It
is in charge of .1l work to he carried out locally and without any special technological
equipment. ‘'he adminisirative personnel plan all management work oonoerning finances and
work technolosy and carry out ihe following operitions: stand planting, tending, thinning,
harvesting of individual irees from snowhreak, windfall or pest oontrol measures, and simple
harvesting, i e. fellins wnd logging “y hand or agrioultural skidder. Jorkers can he re-
cruited locally and need no special training., uMdaintenance and repair work are so simple
that they can he done hy local car or machine servioe-shopse

For more complicated technology the administrations depend on assistanoe from the
functional units, whioh are the Construction and Jdachine Centres in the oase of the Austrian
Federal forest interprise, or private ocontractors. ©Some very speoialised work would exceed
the capacity of a forest administration and in addition the Centre's machinery can only be
worked to capacity if 10 to 20 forest administrations are supplied. The Construction and
dachine Centre is responsible for highly specialised work, oalling for expert technioal as
well as planning skills and know=howe

The Cenires have the task of planning and building road-nets, bridges, and other
opening-up facilities; the Centre's machinery, which is partly designed and ocomnstruoted in
its own workshops, is employed for highly-mechanized timber harvesting within the forest
administrations. The managing and working staff of these Centres must be speoially trained
and there are oentral workshops and installations for the repair and maintenance of forest
machines. doreover, the Centres have their own administrative staff and use their own radio
system to organige and control the employment of machinery. 7The Construotion and Machine
Centres are paid by the forest administrations as if they were private contractors.

Unlike the owner system some forest enterprises are not big enough to install such
funotional units. They have to call in private firms for highly-specialised and large-scale
operations. If a forest enterprise is big enough to run its own Machine Centre, we believe
it will work more eoonomically than oontraotors because specizlisation and working to
oapaoity oan he betier planned and organized. ''hus we helieve that the operational system
desoriwed above is for us the most suitable one.

1/ Construction and Machine Centre, Steinkozl, Federal Forestiry Enterprise
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Within this system, costs can he optimized if the opening-up of forests and wood harvest-
ing are most favourably relateds This is basically a planning problem since the most favour-
able expense ratio between road construction and timber harvesting is oaloulated on the hasis
of empirical data. These neoessary data inolude the various timber harvesting methods and
their ocosts, the costs of road construction and road maintenanoce. In ithe followinz points thes:
aspectis will be disoussed in detail and with regard to the use of advanced technology.

2, TIMBER HARVESTING
The timber harvesting method depends on terrain conditions. Costs will depend on

whether maohines oan enter the forest or whether timher has to be transported hy cable to
the machines positioned on the forest road.

2,1 Timber harvesting by skidders

The criteria of a terrain accessible by four-wheel driven skiddors include gradient,
adverse gradient and soil conditions. On hard soil, downhill transport is feasihle at a
gradient of up to ahout 5060 percent, adverse gradients should not exceed 20 percents In
terms of the kind of soil, muddy terrain is hardly accesuihle at all to wheeled skidderu.
Timber is transported acoording to the whole~tree or full-length methods, which meanc that
felling is oarried out manually by means of power saw.. In the full-length method, the trees
are delimbed by hand at the felling site and subsequently transported to the landing in full
length for further oross-ocuttinge In the whole~tree method, the whole tree is transported
to the landing with its hranches on and oonverted at the landing hy a so-called "processor'.
It is a speoial feature of wheeleu skidder iransport, that the costs for the irwsport from
the forest to the landing do not depend on a certain or minimun amount of timber available
for harvesting in a given area (see also chapter 2.2 - Cable tramsport); individual very
valuable trees or trees broken by wind or snow can be transported to the road at the same
oosts. Skidder operation is divided into load attachment, loaded travel and load detachment.
Only loaded travel and its distance is oost-sensitive, onlv expenses for loaded travel will
influence the road-net density as will be shown later in the paper.

2,2 (Cable transport

Generallv, cable logging is used in terrain steeper than 50%. Cable transport may
be uphill or downhill even in almost flat terrain. The type of oable devioe will depend
on the transport distances between felling site and road accessible hy lorry. For distances
of more than 600 linear m the assortment method is the most economical one. Acoording to
this method, the trees are felled, delimbed and oross-cut by power saw. The logs are then
transported by means of a skyline system; +the load is suspended and can move very quicklye.
The simplest power unit of a skyline system is a single drum winoh mounted on a sledge. The
winoh is driven tc the highest point of felling sinoce the oable system works by gravity.
Installing this kind of cable device is very cheap sinoe the haul-back line is superfluous.
For transport distances of below 600 linear m the whole~tree or full-length methods are most
economicale It im obvious that the tree will he trailed with one end along the ground since
the supports are made of trees and cannot exoeed tree height. 'Raised-head” transport is,
of oourse, slower but within the distanoe mentioned the attached quantity (one whole tree
instead of 5 to 6 logs) and a higher oarrying capacity make up for this shortcoming.

Full length or whole trees oan be.transported uphill or downhill by means of oable
devioes with an inclinable tower. Here we distinguish between operations for which supports
must be built and those for whioh tensioning alone is suffioient. Lowering and lifting of
the load during traneport is oarried out in the first oase by a speoially designed carriage
ory in the second oase, by tensioning and slacking of the skyline (live skyline), Different
from skidder transport, oosts of oable transport will depend on the quantity of the timher
produced sinoe costs for mounting and dismantling the oable installation have to he added
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to mere transport costs. It is, of course, a deoisive factor whether these fixed ocosts are
horne by 100 or 1 000 m3 of the timber produceds It has not proved economioal to harvest
amounis of below 100 to 150 m3. Individual trees felled by wind or snow oannot be logged
efficiently by cahle. Since the timber quantity from smowbreak or windfall acoounts for 10
to 15 peroent of all timber produced, this ahare will have to be disregarded for profit cal-
culations of timher production unless conditions are extremely favourahls for helioopier
lozzing.

So far, we have heen discussing final cuts, whioh means that definite areas are olear—
cut. ‘'ransport of timher from thinnings, i.e. seleotive felling of individual trees from a
remaining stand, is more problematic. No matter whether skidder or cable devices are used,
the remaining stand will he damaged and damage increases the greater the distance from either
the felling site to the landing as well as to the road or to the cable line. Transport
distanoes are almost always limited to not more than 300 m,

3, ROAD CONSTRUCTION

For a meohanized forest enterprise roads must he accessible by lorry in any weather.
Construction costs vary considerahly sinoe they depend on terrain oonditions, the geologioal
formation, the gradient, the amount of additional roadwork for drainage and the distanoe
from the supply of suhbgrade material. Thanks to modern blasting methods road oonstruction
is presently cheaper in rocky terrain than in muddy or soft terrain. The oosts charged on
each m3 of timher produced by road oonstruction end with the writing-off period, whioh oan
he in a range from a few to 20 years, depending on the profitability of the operation.

3.1 Road maintenance
Costs for keeping roads accessible all year - including snow removal in winter - are
not as variable as costs for road construction and they can thus be oaloulated more easily.
They depend on the quality of water disoharge devioes and on the distanoce from the maintenanoe
material supply. Cheap road construction often leads to high maintenanoe oosts. Saving in
suhgrade and discharge oonstruotions means saving at the wrong end. Costs for road maintenance
are always added on to every m3 of timber produced. They are zero when construotion works
are oonoluded and rise for 10 years after which they remain oonstante They are as high as
or somewhat higher than construction costs per each m} of timber produced.
3.2 Cost oaloulation
Bvery m3 of timber produoced is oharged with the following oostss:
1)  felling oosts (power saw and worker or felling machine)
2)  oconversion oosts (power saw and worker or prooessor)
3) transport oosts from felling site to road (wheeled skidder or oable devioe)
4) road oconstruotion costs until the write-off period is over
5) road maintenance costs
6) oosts for general administration
7) ocosts of forest production.

Note: Costs for road oonstruotion and road maintenance are only caloulated at 80 per-
oent of their actual sums, the remaining 20 percent are made up by non-oaloulable advantages
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for the whole enterprise, such as easier supervieion of the area, cheaper tran.port for
hunting purposes, forest production and buildinz maintenance, cheaper transport of workers,
machinery, and the like, All oosts charged on to each n3 of timber produced. <re fixed costs
exoept for transport cosis, which vary with the distance from fellinz site to landinz, and
oonstruotion and maintenance costs, which vary with the road-net density. ‘“he variahble costs
are decisive for planning the road-net density (linear m per ha). lor the purpo.eu of heiter
clarity, tables 1 and 2 are included, whose calculations are based on the followin: asswiaption

- road oonstruotion oosts: A.S. 300 per linear n

- amortization of construction costs: after 20 years

- road maintenance oosts per linear i and year: d.8. 15

- skidder transport costs per m3 of timber and linear i of distwnoe: A.be 0,14,

The conclusions drawn from Table 1 show thal for the averaze data quoted, the optimunm
road-net density lies hetween 20 and 25 linear w of road per ha. OLuch calcul vtious are only
of general value. uivery speoial project haz to be exacily cilculited, since terrain and
huilding oonditions strongly influence construction cosis and can lead to completely dif-
ferent results. The wost iumportant general rule is that changes in the road-nel density
of areas accessible hy skidder influence total costs much less than has 3o far heen assumed.
A general example for caloulations of ca“le transport is included in Table 2,

Transport costs in cable logging vary depending on the distince, as do additional costs
for mounting and dismantling. Table 2 is hased on a timber gquantity of 400 md per operatlon.
Note that oosts for oable operation depend largely on the amount of timber produced in each
operation.

Table 2 shows that - as paradoxioal as it may seem - increasing road-net den.ity
inoreases harvesting oosts slighily if the write-off period is not completed. Only after
amortization of the road oan total costs he slightly lowered by a higher roaid-net densitve
In oonclusion, I would like to point out thit the figures are there in hlack and white even
though the resulis sometimes differ from general assumption concerning road-net densitye.

It is most surprising that costs vary only slightly if road-net density is lower. 3oth
tables disregzarded equal oosts for felling and conversion. If these had heen included,
variations in peroent would have been even smaller., lor an expanding forest enterprise

that oan only invest moderately, it would bhe inore advisable to expand the road-net slowly

and above all to conoentrate first of all on acoelerating meohanized timber transport and
oonversion. Of ocourse, a relatively dense road-net of, for example, hetween 20 and 25 linear
metres per ha, makes forestry aotivities easier in many respects, yet the financial advantage:
are relatively negligible.
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Table 1

COSTS FOR SKIDDER EXTRACTION
Austrian Sohilling

Road-net density in 10 20 30

linear m per ha (truck road) linear m linear m linear m linear m
resulting transport distance for

downhill transport (uphill transport

only for the last 50 m) 950 m 450 m 250 m 200 m
construction costs per ha 3,000.00 6,000,00 9,000.00 12,000.00
oonstruction costs per year

(20 years of amortisation) 150.00 300.00 450,00 600,00
construction costs per m3

{increment 5 m3 per ha/year) 30.00 60.00 90,00 120,00
maintenanoe costs per ha 150.00 300.00 450,00 600,00
maintenance costs per m3 30,00 60.00 90.00 120,00
transport costs per m3 133.00 63.00 35.00 28,00
sum total of construction costs,

transport costs and maintenance

oosts per m3 193.00 183.00 215.00 268.00
sum total of transport costas and

maintenance costs per m3 after

amortisation of the road 163,00 123.00 125.00 148.00

) 1US$ = 16,5 Austrian Schilling
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Table 2

COSTS OF CABLE EXTRACTION
Austrien Schilling v

»

Road-net demnsity in 10 15 20 25 30
linear m per ha (truok road) linear m  linear m 1inear m linear m linear m
resulting transport distance

(one downhil and cne uphill

operation) 500 m 330 m 250 m 200 m 150 m
oonstruotion costs per m3

(increment 5 m3 per ha) 30.00 45,00 60.00 75.00 90.00
road maintenance ocosts per m3 30,00 45.00 60.00 75.00 90.00
oable transport oostis per m3 93.40 86.20 T9.00 71.80 64,60
costs for mounting the cahle

installation 54.80 45,60 36.40 27.20 18,00
sum total of constiruction cosis,

maintenance oosts, cahle trans-

port costs and oahle mounting

costis 208,20 221.80 235.40 249,00 267.80
sum total of maintenance costs,

cable transport ocosts, cable

mounting oosts after

amortisation of the road 178.20 176.80 175.40 174.00 177.60

Y 1088 = 16,5 mstrian Schilling
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SSLECTION OF TREES IN THINNING OPERATIONS
RiEAOVAL OF INDIVIDUAL TREES IN SECONDARY FORESTS

by
Giinther Sonmnleitner _1/
Forstliche Ausbildunsgsstitte Ossiach

1.  INIRODUCTION

As early as the 16th century the idea of "tending" became a vital part of forest nanage—
ment. Even then it was recognized that dense stands have to be thinned in order to allow
the forests to grow properly. Over ihe years a variety of thinning methods have been develop~
ede From first thinning, in which only dead and oppressed trees are removed, to extremely
hizh thinninz, in which intense intervention is carried out, particularly in the orown seoction,
silvieculturiats have employed a number of methods in this area of forest management.

“hinning rules such as "early - moderaie = often", and expressions such as light - mode-
rate — intense - high or first thinnin; are still oommon in silviculture todaye. ‘he terms
refer to the intensitv of the thinning intervention.

thinninz standards are imperative; vet schematio procedures are usually far too general
to meet the requirements of individual trees and entire stands at specific phases of their
life, md are thus insufficient for carrying out tending with the bhest results.

'he uniqueness of the stand in terms of iis individual looation and make-up can only be
respected by memns of dynamic thinninz, whose aim is to achieve maximum volune and value
incremente. ‘lhe silviculturist has to understand the lwnguaze of the trees and to sense
where proslems lies A zood silviculturist in effect talks to his trees. lle asks:

tho we -rou?

fhere uwre vou from?

ihere do rou want to zo?
Ihare would I like you ‘to he?

iush Aquastion= ean lead to viluable inzights in the tending of ~tandse The intencity
o’ the intervention »v thinniagz i1l depend ihove 1ll on the ratio hetween the height of the
tree and the diweter it hreast height ot the tree -~ the uo-oalled Hid ratioe  ixpressed
in ather ierus this ratio represent: the aaounl of green crovn in relation to the entire
lenzsih of the troe.

ihen selectin; trees for thinning, the silviculturist muut issess the atahility of the
stand and carry oul 4 thimming operation thnt is dynamic, i.e., he must adapt his seleotion
in the way that is best for that partioular looation and stand.

2, AL OF HINNING

Yhinning reduces the numher of individuil irees in a stand to a smaller group of
atronger treeu of higher quality. “hinning serves both to seleot trees and to assess their
growing space and the mixture of species or varietiese. ‘thinning is both tending and harvest-
ing. Dynwnic thinning oarried out at up ito half the rotailon age (approx:l.ma.tely 50 yea.re)
provides, within a oonsiderably short time, stronger assoriments, more logs and higher yields
and - hecause of the uait-volume law - lower harvest oosts. wWhereas the production yield
is only neglizibly affected, the value inorement may be ocaused signifioantly as a result of

_1_/ Forestry Training Centre Ossiach, Austrie
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the greater dimensions and better quality of the wood. Thinning as a means of tending “lways
promotes the root and orown formation of each individual tree, thus raising the production
yleld of the stand.

One of the most essential aims of thinning, however, is to improve the siabilitiy of the
stande The amount of timber damaged by wind or snow is far too great; in the forests of
Carinthia in 1979 there were 1 000 000 m3 of damaged timher, which was 00O peroent of the
total amount of timber harvesteds Dynamic thinning promotes the uniform growih of the stenm,
orown and rootse 7This leads to a tall, green symmetrical crown, 2 low H:D ratio and conse-
quently high stability of individual trees and of entire stands. The trees should ati~in
their target ages In order to thin dynamioally, the silviculturist wut assess the auwount
of damage the trees may have to withstand from wind and snow. He must analyze the snowi :ll
records of the past 50 years.

Helping the trees in their oonstant strugsle for light,space,water and nuirients,as well
improying the water and heat halance in the forest soil, leads to an intenusification of the
life of the soil, a favourable humus composition and thus to a hetter eircul:ition of nuirient.
vwhioh in turn has a positive influence on the growlh of the tree. 1is with every lendinj
measure, thinning has to be adapted to the particular aim of tending in eich ciuse. ‘Hefore
every intervention the following questions muat he answered:

WAhat is there? (survey of actual conditions)
What should be the result? (target conditions)

A oomparison of the actual and target conditions will indicate the proper silvacultur:l
treatment needed for the particular stand.
3. THINNING TILL THE AGE OF 50 (HALF ROUAUION At

EXUENSIVE CUTTING IN Tiid CRO4N SoCTION

3.1 Selective thinning

The principle of selective thinning involves the nelection, warking -nd specific
measures to promote the growth of elite treeus.

3.1.1 Time of first selective thinninz

Seleotion of elite trees should take plice onlvy after the final desired distri~ution
of trees has heen established:s In coniferous and mixed hardwcod and conif'erous stand:, ‘rthich
are not overly dense, it should usually ~tort when the dry-branch zone of iLhe conifers i.
ahout 3 -~ 5 m shove the grounds If there iz ufticient sp-ore or if the young sland:- hrre
already heen tended properly, seleotior can "ezin when the doinant heizht o *hz rlite
trees is around 12 to 15 m,

3.1.2 Heleotion of the elite ‘rees

Selection of elite trees mvst he determined hy the following criteria, listed in order
of priority:

vitality Ereﬂista.noe = low Hiv ratio, good crown formation, healihs)
quality (with regard to stem form, stem damaze)
distrihution

Vital (thriving) trees usuilly have sood orowns and are physically rezistante 1 good
indiocation of the vitality of a tree is its Hiv ratio.
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The H:D value is easy to calculatee It is derived from the height of the tree (H)
divided by its diameter at breast height (D).

e.g. tree height = 20 m 20 m 20 m
D,b.h. = 0.25 m 0.20 m 0,15 m
H:D ratio A 20 : 0.25 = 80
B20: 0.20 = 100
C20: 0.15 = 133

The H:D ratio is of particular importanoe with regard to the stability and operational
safety of iree standse Trees with an H:D ratio of over 80 can easily be broken by snow and
winde Trees with an H:D ratio of around or below 80 are hardly affected by weathers

Klite trees must have a high chance of survival and the lower their H:D ratio, the higher
iheir chance of survivale When selecting future elite trees, the silviculturist has to oone
sider both the stability of the stand and the fullness of the boles (for better wood quality).

Elite irees have to he of high quality; the higher their quality, the more profitable
the yield. In poor—quality stands the quality of the elite trees will also inevitably be
lower than in high—-quality siandse

¢) Distribution
Of all the criteria for selecting elite trees, distribution is the least important.
However, the space required for each tree in the final stand must be taken into consideration

when selecting elite treese

The following chart is meant to serve as a point of reference:

Tree variety Approximate oorresponds to Approximate
space needed an average dis— number of
at age 100 tanoe between elite trees

irees of: per ha
. 2

Spruce, fir 25 m 5m 400

Larch, pine 40 m, 6~T m 250

Douglas fir 35 m, 5n 280

Beeoh §hea.Vy timber) 60-70 m, 8 m 150

Beech (admixture) 30 m, 5-6 m 330

Oak 100 m 10 m 100

In mixed stands these distances should be adjusted accordingly. Distribution need not
be uniform. If partiocularly suited elite~tree candidates are grouped more olosely together
(say,in groups of three or perhaps even fou.r), the distance between the chosen trees oan be
smallers In this oase, however, a large enough space for the groups should be ensured and
the distance from the neighbouring elite irees should be ocorrespondingly largere

The distanoes between eliie trees can, of course, be larger as well; where there is
no elite tree, none can be chosen! Yet if the normal distances are continuously reduced,
too many elite trees will be chosen for the area and the spaoce liberated by the removal of
oompetitors will still be too smalle In this case not every elite tree oan be liberated
suffiociently without oausing gapse This results in competition between the elite trees
before they reach rotation ages
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3.1.3 Liberation of elite trees

Elite trees are liberated by the removal of their strongest competitorse Competitors
are those trees which restirict the crown seotion of the elite trees Thus the removed material
oonsists of dominant and oo-dominant treese Accordingly, the diameter of the removed irees
will usually be smaller than those of the elite trees on the one hand, and above the Deb.h.
average of the stand on the othere The more vital the elite tree (low H:D ratio) or the
lower the danger of wind damage and snow breakage, the more extensive the liberation of the
elite tree can be. In other words, the liberation of elite trees with favourable crown
formations can be more extensive than that of elite trees with less favourable H:D ratios.

The liberation of elite trees is extremely important in selective thinninge An inter—
vention involving more than just the removal of competitors musti take place only if reasons
of work organization make it necessary or if a oover rate (timber yield exoeeds harvest costs,
can be attaineds Intermediate hardwood stands should be preserved.

L

Through liberation of the elite trees or by other removals the remaining trees not
chosen to be elite are preserved. Thus when an elite tree is missing, another tree may take
its placee

3¢1.4 Practioal remarks regarding seleoting

Experience has shown that selection is carried out most effectively in the following
way:

Step one @ Determine the harvesting and skidding method;

Step two ¢ Mark the necessary skid trails (if possible, there should be no elite
trees on a skid trail);

Step three : Select and mark the elite trees;
Step four Mark the competitors or in certain cases other trees.

Elite trees are selected only once in ihe life of a stande Therefore they should be
oarefully selected by the district forester, whc is assisted by two helperse

To mark elite trees, plastic tapes may be used; to avoid damage during skidding, these
should be removed only after thimning = if at all. Elite trees may also be marked with
ooloured paint rings or dotse In general, elite trees must be marked to such an extent that
they can be easily recognized as such when the next thinning operation is performed.

The trees to be thinned (that is, removed) are almo marked for felling by means of
plastic tapes, coloured dois, a soriber or an axe.

315 Further seleotive thinning

Liberation of elite trees should be ocontinued once the orown formation is again re-
strioted. Consistent tending of elite trees at the right time is imperative in order to
achieve the highest possible value incremente

When the irees have reached half their rotation age, that is, about 50 years, no further
sslective thimning or extensive interventions should be carried oute In stands with beech
irees, late and extensive interventions could cause an undesirable predominanoe of beeohe
Extensive thinning in older stanis - where trees are taller - would impair the stability of
the stande Selective thinning which should have been oarried out but was not, oannot be
made upe It ocan only be replaced by more oareful interventions}
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Partioularly important!
In stands with a high H:D ratio and thin, poor orown formations thinning must be carried

out w;lth great care. Drastic interventions lead to instability of the stand and to damage
by smow and storme Thus only light thinning should be performed in these oases.

4. THINNING OVER THE AGE OF 50

NO FURTHER EXTENSIVE INTERVENTIONS

When sufficient growing space for the elite trees has been obtained by means of seleotive
thinning, such interventions are no longer necessary. However, undesirable, badly orowned,
damaged or unhealthy trees should still be removede

Such thinning operations should never or hardly ever be carried out in the orown seotion.
Only light thinning is a practicable alternative. The utmost oare must be taken in all late
thinning operationse

5. SUMMARY OF APFPROACH, METHOD AND AINS OF THINNING
Thin now! Why?
~ To ensure the highest yield even from the younger siands.

- To reduce the dissipating effects of competition within the stand and thus promote
the growth of the remaining trees,

- To select the most vital, well-formed eliie irees at an early date, to constantly
promote their development.

- To allow the remaining trees ito grow high—quality, uniform crowns.

- To promote the stability of the stand in time and to oomsiderably reduoe the risk
of damage by snow and winde

- To attain healthy mixed stands by promoting the varieiies of trees which are desirable
and suited to the particular locatione

- To speed up and increase the value increment of the stande

Selective thinning:
Promote elite trees
early.
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After a few years: a
closed, stable stand, full
crowns and a higher value.

Thin now! How?

As soon as the dry-oranch zone is 3 to 4 m high, start the first ihinning. Thin
again when the green crowns of the elite irees are shorter than half the iree
lengthe

Depending on the growing-space requirements, select 200 to 400 elite trees per
ha (minimum distance 4 m) and mark them (colour), then select their competitors
(espeoially unhealthy and damaged trees) for fellinge

In young stands and where tending has begun early, thinning should he carried out
extensivelye. Thin carefully and more often in extremely dense pole-wood stands
as well as in middle—-aged and older stands (where tending has begun too late)e

Before neginning the operation, determine the area to be thinned, the direction
of skidding as well as the storage and handling sitese

By walking over the area several times, make a detailed survey for lurther
opening up of the area.

Select approximately 3 m~wide skidding trails with a spacing of 15 = 20 m,

Carry out felling in the direction of skidding. Fell trees in the skidding trails
opposite to the skidding direction; fell irees between the skidding trails at an
angle to them,

When felling, a safe distance of at least two tree-lengths should be observede
Work only with safety equipment (helmet with eye proteotion, sturdy shoes with
skid-proof soles, work gloves, etc.).

When skidding, the utmost oare should be taken tc protect the remaining stande
Protect especially exposed elite itrees, e®.,g. by ccvering them with brushe

Choioe of assortment should be geared to meet the market demands and be adapted
to the working prooedure. Whenever possible try to sell crane-=length logs with bark.
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Light weight single drum yarder used for thinning
Photot Federal Forestry Research Institute)
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Agricultural tractor equipped with bogie used for transporting fuelwood
over short distances (Photo: Steyr)

Articulated wheeled skidder equipped with anti-ekid chains extrecting
large tree-length logs (Photos Federal Foresiry Research Institute)
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BASIC PRINCIPLES OF ERGONONICS
by

Josef Wencl,
Forstliche Blmdomr-uohm-ta.ltl/

1. ORGANIZING FOREST OPERATIONS ACCORDING TO ERGONOMIC MEASUREMENTS

Ergonomics aims at studying and scientifically analyzing the relationships
between man and work. Ergonomics is based on experience gained in the most varied
disciplines of science. It is a main objective of ergonomics to adapt work to man.
In most cases this ocan be achieved only with the help of ergonomic studies.

In order to adapt work (tools and equipment) to man, the working capacity and
energy limit of the worker have to be kmown. Therefore it is necessary to measure
work load, individual physical strain and environmental influences.

2. BASIC PRINCIPLES OF ERGONOMICS (according to KBck)

Terms ~ Branches of Work Science
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Definitions

ANATOKY:

ERGONOMIC S:

SAFETY & HEALTH
MEASURES:

S0CIOLOGY OF WORK:

OCCUPATIONAL
MEDICINE:

WORK PHYSIOLOGY:

WORK PSYCHOLOGY:

WORK SIENCE:

WORK TECHNOLOGY:

theory of the siruoture of the human body and its parts;

theory of adapting work to man; man is considered as a component
element of a working system;

precautionary measures for the safety of man and material goods

theory of the interrelationships betwsen work and men on the one
hand, and his state of health on the other;

theory of interrelation between work and occupation on the one hand,
and man and health on the other;

theory of the functions of the human body and its organs during work;
theory of mental and emotional strain in man resulting from work;

theory dealing with different kinds of human work, their inter—
dependence and optimum organization;

theory of working techniques (e.g. work studies)

3. SYSTEMIZING THE ADAPTATION OF WORK T0 MAX

Working positions

satting, standing,
bending or other

Environmental Influences

artificial and natural lighting,

MAN colouring, noise, vibration, indoor
climate (hot, cold), exhaust gas,
dust, smoke, vapours, etc.

Types of Work

muscular work
(static, dynamic load)

work under time pressure
(assembly line, piece-rate, etc.)

concentrated work

At the work site man is exposed to the influences of his working position and of

his type of work, the atmosphere and environment.

In addition, psyohological and socio-

logical factors come into play.
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4, MEASURING WOKK LOAD AND PHYSICAL SPRAIN

It 18 the objective of ergonomic measurements to determine the work load of various
operations at the work site. The determination of individually tolerable physical strain
18 of paramount importance. FPhysical strain on man can be determined through energy
expenditure and heari~rate measurements. This is why apart from proper work load studies
personal data have to be recorded and special tests (e.g, electrocardiographic measurements)
have 10 be carried out,

Environmental factors exert a substantial influence on the work load, For any
ergonomic work evaluation they have to be accurately studied. Since forest work may be
carried out under extreme climatic conditions, climate and weather are factors to be
studied as well., For wood harvesting in mountainous forests slope gradient and accessibility
are two main determinanis of work lcad and work organization. Further determining
factore to be examined are work methods, tools and equipment, and protective devices.

All ergonomic research 1s based on time studies. For acourate results whole-day
studies are indispensable.

Mechanization of wood harvesting has created new work load factors which may have
a negative effect on the work situation. Here we are concerned with local disturbances
(e.g. noise, vibration). Strain induced by exhaust fumes from power saws may,under
certain conditions (weather, gradient),be aggravated.

Only a comprehensive study of all these impacts on the worker permits an ergonomic
evaluation and organization of wood harvesting.

In view of the above considerations all ergonomic studies are carried out on the
following pranciples: (see Basic Principles of Ergonomics, FAO/Austria Training Course,
Ossiach, 1975).

Lot Cotaining perscnal daia

They anclude data such as age, weight, size, family status, professional qualifica~
tions, medical case history, past accidents and other factors.

4e Measuring tne circuiatory functions

These tests are applied to examine the individual physical strain capacity by
means of bicycle ergonometers which can be adjusted to different work load rates {PWC 170).
The relation between work load and physical strain provides a unit for the individual
working capacity.

4.3 Measuring climatic factors

To determine the climatic influences various measurements are necessary. For field
studies it is sufficient to measure the wet and dry temperatures by means of aspiration-
psychrometers according to Assmann and the wind velocity with an anemometer, The effoct_ive
temperature is calculsted from the values for wet temperature and dry temperature and wind
velooity on the basis of a nomogram developed by Yaglou.
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4.4 Describing work site, work method, tools and equipment

All factors determining the work method, such as altitude, stand demsity, stand
height, mean diameter, slope gradient, surface conditions, undergrowth and so on, are
recorded. For an ergonomic evaluation it is also necessary to study the type of operation
(one-man or group work, manual or partly mechanical work, purely mechanical work) and to
record and describe the tools and equipment (working and proteotive),

4.5 Time studies

Our experience has shown that time studies performed under the cumulative timing
method have yielded the best resultis.

4.6 Measuring energy expenditure

Energy consumption is measured with a respirometer or with the Douglas bag. Two
different metabolic rates are distinguished, the basic metabolic rate and the metabolic
rate of work, To oalculate the metabolic rate the amount of oxygen consumed by the worker
is measured. This is done with oxygen—analysers,

4.7 Measuring the heart rate

4.7.1 Manual measurement

Measurement of the heart rate by hand -~ feeling the pulse or the carotid artery
is carried out by finding the time taken for 10 beats and caloculating the heart rate per
minute with a stop watch or a special heart rate recording stop watch.

4.7.2 Telemetric measurement

In recent years telemetric recording of the heart rate has rapidly increased. The
heart rate pick-ups may be via selenium cells at the ear or chest electrodes (electrocar-
diogram). The telemetric device consists of a mini-transmitter that is in wireless contact
with an automatically recording receiver. This device permits direct counting of the heart
beats and also long-temm recording of the heart rate diagram (tape or graphic recorder).
Scientists at the Max Planck Institute employ the increase of the heart rate during work
over the heart rate at rest (initial level) as a criterion of evaluation, whereas
Christensen (1953) elaborated a schematic classification of absolute heart rate values.

Tolerable Heart rate Values

Heart rate absolute Physiological load Increase above initial rate
0 - 75/min. very low
75 - 100/min, low standing 30 heart rate/min,
100 - 125/min, moderate sitting 35 oo
125 ~ 150/min. high lying 40 v " "
150 - 175/min, very high

175/min. + extremely high
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4.8 Measuring the vibration influence

4.8.1 Noise

The effects of noise are determined by sound pressure, exposure time, frequency
distribution, time phases, and individual disposition. Permanent exposure to a marginal
noise level of 85 db (A) may vesult in impaivred hearing. A distinction 1s made between
permanent noise level of constant vibrations and a so-called evaluation level of inter-
mittent vibrations., The term “evaluation level" takes vibration differences as well as
pauses in the noise into account.

Noise levels of 85 to 100 dB(A) cause physical and mental i1mpaiTments and even
iTreversible damage to hearing (noise-induced deafness) Above noise level of 120 dB(A)
the sound pressure affects not only the ear but also circulation, blood supply, autonomic
nervous system, etc.

Since nearly all forest machines produce noise levels above the tolerable limat,
nolse protection in mechanized wood harvesting 18 particularly important. Active noise
protection at the source of noise 18 sometimes not feasible, particularly in case of
mobile machines. In this type of forestry work major emphasis, therefore, lies on the
passive kind (ear protection).

Noise measurements carried out in the open cab of various skidde™s and other
logging machines have yielded the following data for loaded and unloaded tTips.

Frequency vange of

Unloaded tv1p Loaded trip maximum noise level
dB(A) dB(A) in Hertz
Wheeled skidder
- 50 76 - 84 97 - 100 63 - 125
51 - 80 79 - 85 94 - 101 63 - 250
+ 80 80 - 90 97 - 100 250
Articulated wheeled
skidder
- 50 78 - 85 96 -~ 100 250
51 - 80 79 - 86 97 ~ 102 125
81 - 110 79 - 88 93 - 100 125
Mobile cable cvane with
collapaible tower
(closed cab) 66 -~ 78 88 -~ 98 500 ~ 1000
Other cable crane
installations 88 - 92 102 - 130 300

(fan brake)

Jas deteotors are used to determine the quwtity of exhausi zas. Gas is ahsorbed
oy a suction pwap and passes through a [iliering tuhe. ‘“'he gas conceniration in the
tube is indicated by a colour 3pectirume
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Se WORK LOAD STUDIES
(Measuring the heart rate during timber harvesting in the mountains).

51 Felling

New working methods have substantially influenced felling in coniferous forests,
in recent years debarking has been increasingly transferred from the forest to industrial
plants. 3since debarking is no longer always included in the felling operation, one-man
forest operations are becoming the rule, and the share of power saw operation time in
the overall working time has become much bigger. An ergonomic study of a one-man
debarking operation developed by Frauenholz yielded exact data on work load intemsity
and on power saw operation time for various mean diameters.

161 - 190
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Diagram of the distrabution of heart rate frequency (absolute) in the operation of
de_imbing with a power saw. Average values taken from all diameter classes (mean diameter
§ to 40 cm and above) and four workers (28.7 percent of working time).
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Telemetric heart rate measurement in wood harvesting
(Photo: Federal Forestry Research Institute)



Heart rate increase {absolute) in indivadual work phases and for various mean diameters

Up to 19,9 cm diameter Above 40.0 cm diameter All diameters
measured at breast height | measured at breast height measured at breast height |
heart rate heart rate heart rate
time share! maximum average|time share|maximum average {time share|maximum average
Felling | value value value
by hand (FH) 3.52 ; 140 112 2.05 152 114 2,70 152 111
power saw (M) 5.33 135 111 8,08 ] 162 120 6.73 162 114
ingerting wedges (FX) 1.58 139 1M 3.19 ’ 157 134 2.03 160 123
bringing tree down (FA) 4,92 141 17 0,10 155 119 2.20 155 118
Delimbing axe (AH) 44.60 1 144 117 Ta51 150 122 24.00 156 17
power saw (AM) 1847 | 144 115 37.45 153 116 28,57 153 115
Pointing are (ZH) (miping) 1.45 ; 145 114 1,02 154 120 1.24 162 116
pov;er saw (M) (eniping) 1.23 143 114 4,27 153 118 2.86 153 116
Placement of branches (A) 5.83 1 144 114 12,81 151 118 9.69 151 116
Turning (W) 133, 142 117 5433 152 121 2.98 162 119
Cross-cutting measuring (¥) 1.67 | 142 15 2,36 155 118 2.17 155 115
cutting support(H) 0.4 1 143 123 0.52 150 120 0.30 150 118
power saw (i) 2,23 l 144 13 T466 154 17 4.54 154 15
Walking without power saw (G) 3.87 | 145 112 3.15 154 115 3.15 160 112
with power saw (G1) 7465 | 144 112 3.9 149 13 6.44 156 13
Preparing working site (VA) 0.18 , 138 115 0.55 139 121 0.40 148 15
Working time (TG) 100,00 ' 145 115 | 100,00 ' 162 118 [100.00 162 116

Pointing: simple one-side pointing
Placement of branches: piling in heaps



Overall survey of average day values

- 24,‘3..

Mean diameter

up to 19.9jup to 29.9{up to 39. above 40.0

Pure working time (TG)
minutes per m3 58.2 27.3 16.3 14.4
hours TG per day 5.1 4.3 4.5 4.4
Work with power saw
percentage share of TG 23.1 48.8 53.9 515
hours o!’ power saw work per day 1.2 2.1 2.4 2.5
heart rate increase above sitting

heart rate, related to TG 42 41 42 ai
Allowance percentages (values related

to TG)
operational allowance (T:) 3.4 5.6 8.5 8.9
personal allowance (TF) 1.3 0.8 1.1 1.0
delay time due to work (TW) 1.0 3.8 4.5 2.0
preparation for work (TR) 2.2 2.2 2.7 3.0
rest time (TER) 20.8 24 .1 20.7 2344
Sum of allowances in % 28.7 36.5 315 36.5
hours of TG+sum of allowances TG 6.5 5.8 6,2 6.0
heart rate increase above sitting ’

heart rate, related to TG 37 35 16 42
share of dead time in TG (dead time=

delay due to weather, transport or

machine failure) in 4 8.5 B.8 4.2 71

share of lunch rests in TG 1844 20,2 22.1 20,7
total allowances' share in TG 1in 4 5546 65.5 63.8 66.3
total work day in hours (TOTAL) 7.9 7.0 Ted Te3
heart rate increase above sitting

heart rate, related to TOTAL 32 30 i1 16
Sum of allowance peroentages
without lunch rest allowance to TG 37.2 45.3 41,7 45,6
hours without lunch rest 7.0 6.2 6.4 6.4
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5¢2 wood extraction with skidders

Heart rate values measured during skidding operations with skidders in difficult
terrain have shown peak work load values for the operator. Substantial heart rate increases
were also recorded when storing and stacking operations were carried out with these machines
on landings and forest roads (concentration strain). Line-pulling in ground skidding also
1mplies high work load values.

Ergonomic study of extraction by skidder

Symbo 1 Wwork cycle ::.:f :r:xl‘::e hei’;:;::: /;“m
above 1initial level

L Draving without load 2.8 113 32
H Hooking up 1.5 115 34
Lz Pulling the load to the skidder 4.8 130 49
v Draiving with load 242 124 43
M Storing by skidder 15 127 46
iH Storing by hand 1.0 130 49
H2 Unhooking 2.3 128 47
M Handling of the cable 2.4 123 42
P Personal allowance 2.0 85 4
Vs Allowance (other than personal) 1.5 121 40

22,0 120 39

53 Cable crane operations

Heart rate values were recorded during the mounting operation of a cable crane
and during various other individual cable crane operations, A marked d:l.!‘!‘eru';oe was
noted in work load values on cable winch operators and on workers at the felling site

and landing.

Of all setting-up operations the most sirenuous were oclimbing up lupport-!
pulling the skyline and setting up the end mast. Winch operation, control_li.ng activity
during logging, observing activity, and signalling are below the physiological limit of
continuous performance but require high concentration and are affected by noise and some-
times by exhaust gases from the drive unit., Extreme work.load values were also found
during tensioning of the mainline, when apart from the bu:..c work load, factors of the
t{errain oondition and slope had to be observed. For activ:.tifl at the landing and during
dismantling of the equipment the heart rate inorease was negligible.
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Work load study of cable-pulling in different terrain conditions

Place Cable length |Slope gradient| Accessibility | Traction | Heart ;[lncreaae 17
and diameter m % power rate eartibeats,
min. above
max. .
initial level
Road 30 m/11.5 mn flat very good 150-250 | 140 48
Road " » 104 uphall very good 180-400 | 148 62
Terrain " " 429, downhill |holes, twigs &
brushwood ~bad| 150-350 | 144 50
Road 70 m/9 mm flat very good 140-400 | 168 83
6. INTRODUCTION TO ERGONOMIC CHECKLISPS

Ergonomic checklists help to evaluate working systems and to organize work. 1Iln
recent years checklists have been compiled by various countries for different applications.
Some of them are very general, some serve a detailed purpose.

All checklists are intended as gquestionnaires based on ergonomic principles and
yielding analyses which describe working situations systematically and as completely as
possible. Their informative value depends on the questions' scope and precision and on
the ergonomic knowledge of the user. A quick ergonomic evaluation is a substantial func—
tion of ergonomic checklists.

General remarks on_ ergonomic checklists

(Quoted from "Checklist for the Ergonomic Evaluation of Forest Machines" compiled
by Dr. Rehschuh and Dr. TzschBckel, Mitteilung des KWF* — volume XIX, 1977.)

The checklist 18 intended for an ergonomic evaluation of forest machines and
was elaborated and compiled by the work economic department of the KWF (Board of Forestry
Works and Techniques, FRG). It 18 based on experience gained in applying the first and
second drafts and other domestic and foreign checklists and it was discussed with various
authorities. Application of the present checklist requires ergonomic knowledge; it is
recommended for use by institutions such as testing stations for forest machines, by
supervisors of forest machine and forest technology centres, by designers of forest
machines as well as for educational purposes,

The checklist is designed for the evaluation of forest machinea -~ with the
exception of portable power devices ~ and consists of a questionnaire and explanations.
The explanations are meant to make answering easier and to allow general standards to be
applied to the answers. International standards are included as far as they are known
and applicable.

* Board of Forestry Works and Techniques, Federal Republio of Cermany.



Since only some evaluation items are standardized the explanations contain
referenoe values which are taken from publicatione in technical literature. These values
are related to standards and regulations applied in the Federal Republic of GCermany and
must be adjusted for use in other countries. The values given correspond to the present
state of work study findings, and updating 18 necessary.

The checklist 18 divided into three parts:

Part A 1s intended as a general description and includes checking and description
of the machine, and technical data.

Part B 1s the main part and contains the individual questions for the ergonomic
evaluation. The appropriate columm 18 checked off (4, O, ~). If the question does not
apply, this has to be indicated by the entry "not applicable",

Plus answers to the questions in Part B lead to the assumption that the solution
18 ergonomically favourable; minus answers indicate an ergonomically unfavourable judge-
ment. The questions are not listed according to importance.

Part C contains a summary and recommendations. If the ergonomic utility of a
machine 18 to be judged (for example for comparison with other machines) it may in some
cases be enough to answer the questions in part C, which should, therefore, be carefully
completed.

Heart rete measurement by hand, with stop-watch
(Photos Federal Foresiry Research Institute)
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Measuring the concentration of gas with a gas detector
(Photo: Federal Forestry Research Institute)
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THE USE OF TELEMETRIC AND COMPUTERIZED ERGONOMETRIC MEASUREMENTS
FOR DETHRMINING AND EVALUATING PHYSIOLOGICAL PARAMETERS
IN MECHANIZED JOOD HARVESTING

by

e

Josef Jencl 1
Forstliche Bundesversuchsanstalt -/

Several years ago the pulse telemeter, invented by Friedberger and Laozinaki of Austiria,
was further developed by the Austrian Society for Ocoupational Hedicine. For some years now
the Institute of Forest Technology of the Federal Forest Research Institute has been using
this telemeter for conducting ergonomic studies (i.e. pulse-rate measurements) of partly
mechanized timber harvesting,gperitions. The receiver and the integrator of the receiving
station are linked to an XY < recorder, which monitors the pulse rate of the test individual
durang the eniire o%wservation period. "he pulse rate is monitored by means of a photosraphic
cell attached 1o the ear of the test individual,

This instrusent has proved excellent in 1ll cases where the diutance hotiween the trwnese
mitter and the receiver is shorte As a result of the low transmitter output it is not pos=
sihble to conduct erzonomic studies over longer distancese. For this reason, the stress studies
carried out by the Institute concentrated primarily on felling operations.

Acquired data were computed and evaluated with the aid of slide rules and oonventional
calculators and the values thus obiained were subsequently compared with nowosroms. is a
great numver of data had to he routinely monitored, the time input for evaluations and
formulating test results was considerable.

In view of the ever greater mechanization of wood harvesting operations, the need
arises to draw up physiologioal profiles of work phases so as to he able to determine the
stress to which people operating forest machinery, such as articulated wheeled skidders,
prooessors and oonversion equipment, are exposed. For this purpose a telemetric unit is now
used which is oapa»le of transmitting the operator's pulse rate to the receiver over longer
distancess In addition, this unit simplifies the data evaluation process because it is linked
to a oomputer. ‘fhe recent advanoes of space and satellite teohnology have also led to an
enormous reduction in the size of electronic components., Consequently, telemetry (i.e. the
transmission of eleotrical data by wire or by radio) is increasingly used in the field of
biology and medioine.

In principle, telemotrio equipment functions as follows: sensors monitor a physiocal
process taking place in the object (oubjeot) being observed and transform this into a signal
by means of a data oonditioning module. In a multiplexer, which permits intermittent data
retrieval, several data channels are modulated to one channel. For the iransmission of data
from the transmitter to the receiver, an ultra~high frequenoy band is normally used. The
data are first demodulated and deooded and then fed into recording or visual display units

for evaluation.

This type of mobile measuring, transmission and evaluation equipment has meanwhile be-
oome an indispensable aid to oooupational, flight, intensive oare, spo:s'ts and traffio
medioine, as well as to oardiologioal rehabilitation practice. The mobile systems must be
oapable of recording accurately and oontinuocusly the physiologlioal and physical parameters
of freely moving patimts/subjeots and oontrol perasons. They offer the technological basis
for long-term studies over distances of varying length, for simultaneous monitoring of
several oontrols snd for multi-factorial recording of several parameiers. Horeover, they
provide reliable data, which oan bs retrieved at any time.

1/ Federal Forestry Research Institute, Vienna
j Recorder with horisontal axis (x)(absoissa), and vertical axis (y) (ordinate)
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The telemetric equipment described above was produced by Messerschmitt-Bdlkow=Blohm
(#BB) Company Ltd., Minich, and is marketed under the name Monitel 2. The equipment is based
on a frequenoy multiplexing system which permits the aoccurate transmission of data and whioh
is reliable in operation.

Yelemetrv and LDV 1/ eq_uipment2 ilt into a
Volkswagen bus. (Fhoto F3VA

I'wenty-seven separate high—frequency channels of the 433 MHz }/ band are availahle for
the wireless transmission of two parameteras for synchronous monitoring.

The telemetry system consists of a small transmitter and a module-type receiver., Its
compactness and low weight facilitate the mohile use of the transmitter, which imposes no
physical strain on the test individuale The tranzmitter may he put in n pncket or attached
1o a proteclive helmet or helt. 'the pulse rate is measured by means of ohest elecirodes
and the recording resemhles an eleotrocardiogram (ﬂCG).

The telemetry sysiem lonitel 2, offera a wide range of applications going heyond pure
ECCG monitoring. ihen suitable transmitters and monitoring instruments are used, other para-
meters suoh as the respiratory rate, the skin surface temperature, etc.,oan he monitored
and transmitted hy radio. Depending on terrain oonditions, the operator's bio~funotions
oan he monitored over a range of several kilometreuse A commercially available set of bat-—
teries permits oontinuous operation of the transmitter for at least 30 hours. The receiver
is a separate 19-—inch unit. In addition to the osoilloscope a number of other instruments
may be linked to the telemetry system. Electrocardiographs, tape recorders or analogous
digital converters permit further monitoring and signal conversion.

The entire equipment in use by the institute is built into a Volkswagen bus and is
therefore fully mohiles The Federal Testing Centre for Agrioultural Hachinery at Wiesel-
burg/Erlauf, Lower Austria, integrated the measuring, storage and evaluation equipment and
did an exoellent job of designing the work place of the testing equipment. Power is supplied

_1/ Eleotronio data prooessing
2/ Porstliohe Bundesversuchsanstalt (Federal Forestry Research Institute)

)/ Megaherts
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by a fuel-engine type generator via accumulators and transformers so that a 220 V alternate
ing current is obtained. A telesooping antenna assures trouble-free reoception within the
operating range. A Digital Zquipment oomputer, model PDP 11/03, system R: 11, serves as
evaluation unit.

Using this computer the ECG and the respiratory rate of .a test individual oan he trans-
mitted via a dual-channel transmitter, and at the same time the work cycles observed hy a
work study expert can be transmittied by means of a seoond single-channel transmitter, A
further expansion of the equipment is planned to monitor simultaneouslr the biodata and the
time study results of four test personse.

The electronic data processing equipment offers a number of advantages for data ao=-
quisition and evaluation. '[hus the testing staff is relieved of the extensive and tiime-
consuming calculation work, human error is reduced to a minimum, the test results are obiained
nore rapidlyr, <the information volume is enlarged. Furthermore, the automatic print—out
assures a speedy calculation of test results, which are more easily reproducible, the compar-
ison with standard values as well as recording and filing of test results are automatic and
data retrieval for statistical use is rapide

Audiometer used to detect hearing losses (Photoi T. Pasos)
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Single drum yarder winching itself uphill through the forest (Photo: R. Heinrich)
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TIdS STUDIES FOR SKIDDING OPKRATIONS

hy

) drich Hauska y
Forstliche Pundesversuchsanstalt

1. INTRODUCTION

“ime studies for skidding have three functions: planning, exeoution and evaluation,
with the main emphasis on the first two. <valuation is a prooess of simple calculation
dictated “y the purpose of the time study. 'I'ime studies should be carried out only by
t{rained people.

2,  FLANNING

Time studies for skidding performanoe data (time required per unit). From this data
the rate of utilization (frequency) and economic return of a machine, as well as labour
productivity, oan he deitermined. They also form the basis for calculating the cost of skid-
ding, therefore gzood planning of skidding operations. The purpose of time studies should he
clearly specified.

2.2 Requiremenis

Before time studies are started, there should he a hasic agreement hetween management
and employees that they are needed.

Skidding personnel should he trained; they should be familiar with their tools and
machines.

The conditions of tools and machines should be checked first of all,and possible defects
eliminated to guarantee smooth operation and to prevent accidents.

2.3 Ereparatory work

3oth the work process in general, and individual skidding operations should be surveyed.
The scope and limits of individual operations should he determined so that the proper time
required for each operation oan he estimated.

The characteristios of the terrain are identified and classified according to slope
gradient, topography, soil oonditions, stand density, and 80 one The time taken to drive
equal distanoes in differently shaped terrain is measured.

). EXSCUTION

Sinoe human labour, mechanical tools and machines will be observed, whole-day studies
are advisable. The duration of the observations depends on the purpose of the study; it
may last for a week or longer.

The number of people ocarrying out time studies is d?pondznt on the timing method choaen
and the type of units to be observed (people, tools, machines). They should have all that

1/ Pederal Forestry Research Institute, Visnna
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they need, suoh as stop watches, time sheete, forms, etc. Short test studies are oarried
out, after which necessary adjustments are made, and the study oan start properly.

3¢1 Methods of timing
There are various methods used in oonducting time studies for skidding.

3.1.1 Cumulative timing

This method is partiocularly suited to illusirate the working process, since the time
required for each work unit or group is recorded as well as the time of the day. Aith the
help of such a reoord it is easy to disoover periods when machines are idle-or people are
waiting, situations that usually oocur when ssveral work groups are combined. Neoessary
adjustments in work oan thus be made.

3.1.2 Partial operation timing

This method is applied when a ohronological recording of the work process is not neces-
Barye.

The absolute times required for each work unit or group are recorded on the form, These
entries are already made under their respective headings so that they can easily be sumned
up and svaluatede This method requires a profound knowledge of the work proceas.

Soth the ahove methods require a relatively large number of timers, usually one timer
per workerse

3.1+3 Ohservation ratio method

In this method 11 operations narried out by a worker are coded with a symbol and reoordec
al eerladn  antervals (uaually once a minute). Although the resulting values are not ah-
solute, the acouracy of the time requirements for each operation unit is sufficient if enough
reoordings are made, LEvaluation is carried out by summing up equal symbols. The itotal time
requirement of an operation unit is usually expressed as a percentage.

It is an advantage of this method that one timer can ohserve several workers or-machines
within the ohosen interval.

3.2 Determination of volumes and special working conditions

In order to determine the time requirement per unit of wood volume, it is necessary to
find out the amount of timber that is skidded. This is done by measuring the logs (diameter
and 1en¢th) and sometimes also by judging their quality. In the oase of animal ekidding,
mechaniszed skidding and oahle extraction, the volume of timber is measured for each individual
load so that oomparative values can he determined.

As in different terrain lateral skidding to the main track is rather time—consuming,
distances and terrain ocharaoteristics have to be recorded either in average values or indi-
vidually for each skidding operation. It is also important to kmow the weather oconditions
and changes that influence the time required.

4. EVALUATION

Evaluation may be by oaloulation or oomputerized analysis if a suffioient amount of data
is reocorded. If a computer is to be used, this factor should be taken into account at the
planning stage to avoid wasting time in making appropriate adjustmenis to the data recordings
later on.
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dORK SIUDISS IN FORSSURY

by
Othmar Prauenholz 1
Forstliche Ausbildungssifitie Ord —/

1. Lu'RODUCLTION

“he 2ia of work studies is to increase the profitahility of an enterprise with due regmard
to the capaxilities and needs of the workers; to streamline the work (to get more output
of work with less phvsical input, within a shorter time); a.nd/or to streamline through
mechanization ( v usiny the right machine at the right time in the right place).

“he elemenis in werk studies are as follows:

- ‘vime studies and data collection
-~ Stress ciudies

- .ethods studies

~ iorkplace studies

= Cost calculations

« Organization of work

- Instructions for work

2, 1I1.Ls BTUDISE AND DATA COLL.SCION
2,1 LUime studie:

2iine is in many respects 1 signifioant indicator of the efficiencr of worke Usin: time
as = criterion, ~ll operztions can “e analyzed, descrined and oplimizeds 'I'imo plays a
significawt part in an anal-tio organization of work. It serves as a vardstick for effi-
ciency and forms the hasis for any further considerations such as estaclishing a norw or
making improvements.

Ferformance is alwave expressed in terms of time (performance in time units, for
example, cubic metres per hour; or time requirement per unii, for example, x hours per

cuhic metre).

Stress is studied hy measuring the pulse rate or the Joule/calorie input per time unit.

Costs are determined on the basis of machine time or operator time required for each
unite

Nork methods are analyzed for the time required for each phase of work.

The workplace is studied by ohserving the time input, stress and the flow of work
under varyinz oonditionse

For work orsanization the time input, strain on the worker and oosts of different pro-

cedures are oompared.

The time input is required for determining the standard times required to perform a
funotion.

1/ Forestry Training Sentre Ort, Austria
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2¢1.1 Time as a factor of workflow

A distinction is made in time studies between:

a) operator time (that is, the time the operator needs to oomplete his task, time in-
put of wage earners and salaried employees)

b) machine time (the time taken for utilization of equipment: machinery, tools, plant,
installations, facilities, and so on), and

c) materials time (the time required for materials, supplies and objects which are to
be produced, extracted, shaped or worked in the course of the work process).

Operator time mar »e suhdivided into direct and indirect active time, and waiting time.

Hachine time consists of the controlled runningz time, secondary running tima and dead
or down time.

Haterials time comprises the time needed for working the materials, handling iime and
idle times

vhe relationship of the individuil tinme categories may he seen when they are set out
as follows:

OPARAWYOR TIILT aclive tiume waiting time
direct indirect

HACHIN ; uTiis controlled secondary down time
running running
time time

HATERTALS WIds proceazing handling idle time
time tine

Only a very accurate definition of i1he above time conoepts and an exact hreakdown of
their shares in ihe work prooess will supply significant information on the efficient and
economio use of timee. ‘the results of a time study will help to determine the accuracy of
1he hreakdowns

Although an approximate estimate of the time input gives an idea of the performance
achieved in the time unit or the time input required for each unit, it fails to show how
the work was oarried oute.

2,1.2 Time categories

Genuine working time (G4T)

Genuine working time is defined as the time whioh oan be direotly attributed to the
work sequence, that is, time required for the exeoution of the jobe
This time oategory may be broken down furthers

operator timet into main activities as well as stoppages neoessitated by the sequence
of work (that is, waiting or walking
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machine time: into controlled running time, secondary running time and stoppages neces-—
sitated W the proocess (ihat is, waiting).

Jeneral time fG‘l‘z

‘his comprises delar allovwances, rest time aad sturl-up or shut-down timee Luch time
categories nre due to the individuil needs of operators, the requirements of ihe Joh or
organizatione

Job=related nllowances: Tfilling fuel in the tank of the vehicle, sharpening tools,
minor repairs such as adjusting the carhurettor, tightening screws, and so on.

Ferson-l allowances: for changing work olothes, nlowing nose, and other personal needs.

Orzanizaiional allowances: discussions with the district forester or the supervisor
of A jo», coordinating tewmiork, and so on.

2.2 Data gollection

2.2.1 cCategorie-

“he rolloring are the catezories of data collected:

.ime: the tine requirzd for each sequence and expressed in 1/100 minutes, minutes or
hours; +he time requirea for each uwnit, time required for oach cvcle, time required for
each process.

deference quaniity: the result of the work carried oul in eich cycle within the upecified
time. Reference quantitv mav ‘e expressed in ouhic metres, pieoes, disiance or length, sur-

face arex.

Jeterminants: +the faclors influenoins the time recuired for the reference quantity and
showing the conditions under which a oertain performance was achieved. Such determinants
are, ahove all:

machinery and equipmeni, workpl-ace characteristics, weather, work sequence, work
procedure and work flow, work methods, the state of the work object, quality re-
ouirements and the operator's capahilities.

2,2,2 Data application

Data provide the very “asis of decision-~making in all matters relating to:

W) the ochoice of work prooedures
- oomparison of prooedures, determination of the effectiveness of work methods,

machinery and equipment
- stress studies
- oost oaloulations

ag the planning and organization of work

o) payment of wages and salaries
- determination of standard time, premiums, wage grades, etc.

d) supervision

~ cheoking performance, reocaloulations
-~ ohecking operating results of the enterprise.
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The amount of data gathered depends in each case on their application. In some instance
it may be mufficient tc get a general orientation from the data, whereas in other cases a
detailed analysis is necessary, such as in setting the standard time required for the specifi
joby phase or function.

2.2.3 ''ime ohservations

The time ohserved ic expressed in 1/ 100 minutes, minutes or hours for each cycle, and
oaloulated for each unit and work proocess.

2.2.4 Time formulae

2,2.4.1 The continuous reading method (cumulative timing)

The time is taken and recorded at eaoch reading point; the time differential equals the
duration of the relevant sequencee.

Advaniapes: ''he work sequence can he reconstructed; reading or recording errors may
he identified afterwards; only a simple stopwatch is needed.

Disadvaniagea: Individual time elements must he computed; only one operailor or one
machine can he ohserved at a time; shori sequences can be recorded only with difficulty;
for each time value the sequence must he descrived.

2.2.4.2 ilyhack timing method (sn~p=hack method)

For each sequenoe ihe slopwaich is set to zeroe A distinclion is made hetween the
method using ohservation sheeis and the same method without ohservation sheceise In the former
with all individual tiime values entered on an ohserviiion sheet, the advantages and dio=
advantages are as follows:

Advantaxes: Jdo calculation of time differentials, description of sequences not neededs

visadvantage:s: ‘the work sequence cannot be reconsiructed; reading and recordins errors
are difficull 1o identify and can he spotlied only within each conirel sequence. \-special
stopwatch is needed. Onlv one operalor or one michine can he ohserved al a iimes

In flyoack iiming without owservtiion sheels, ihe individual time values nre reoorded
oonsecusively, ac in the cwmilative iiming method.

Advantaze: more rapid ev-luation, osince {ime diffareniiales need nol e caloulaled,

2.2.4.3 ''he ratio del~r neihod (*.ck.ivit:/ saunpling or imultimonent )

ime inpuli ~rs not onzerved, out ihe frequency with which an wuivii oocur: wilhin -
sequenca is deternined. Swvery 50/100 mninutes or every minute the numher of repciitions of
o aciivit;r are recorded. it a2 rule, ohvervation sheeis are wied.

Advantares: One ‘iorkeciudies nxperd cw ohierve several operators 'um/or ‘machine::
sirmltonsouslye ~hort sequences are recorded in 1 representative Forim provided the iime
studies are conducted over n sufficiently lonz veriode An accurate ohrervation of reading
points is not neceded. A simple waxtch or stopwatch suffioes.

Disadvantageos Lhe work sequence cannot e reoonstruoted; reading and recording errors
can he traced haok to the last conirol sectiona
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2.2.5 Checked time

In order to be able to check recordings, time siudies must be sub~divided into control
sectionse The difference between the positions of the hands on the watch at the heginning
and at the end of the control section, oorresponds to the checked time (standard time). The
sum total of all individual time values for the overall oontrol section (actual time) may
amount to + 3> of the standard time in the case of operator time, and + 5% for machine time.
Irrors which do not exoeed the awove percentages are distributed over The sequence. If errors
exceed these percentages, the values taken for the sequence oannot »e used.

The reference quantity is determined for each cycles A cycle mar he: felling a tree
or a triyp tempty travel of a vehicle, turning, pulling out the line, drawing the load to=
ward the vehicle, loaded trip, detaching the load, storage of load, tu.rning?, or a oertain
area (cleaning a young stand, reafforestation).

Referenoce quantitites: Cuhic metres harvested with or without bark, number of trees,
distanoes and size of area.

Determinants: 'These are reoorded and described for each cycles

a) Jorkplace: soil characteristios, soil surface, soil cover and ground vegetation,
vines, thickness of snow cover, etc.

b) .Jork procedure, work sequenoe and methods.
c) Operator (age, training, capabilities).

d; ilachinery and equipment (detailed description indicating dimensions, weights, perform-
anoe rating).

e Ongect of work (e.g. tree shapes, dimensions, branching, sap, etc.).
£, leather (temperatures, precipitation, cloud cover, elc. ).

111 these faclors influenoe performance. Some of them can he gquantified, measured or
counted, whereas others can only »e descrihed in a general wave

“he time values determined throuzh time studiesc are referred to as "aciual time". Ior
determining standard time a performance rating of each individual work sequenoe must be made.

2.3 bStandard performance and efficiency

vefinition

Standard performance, arrived at through time studies with efficienoy rating, is defined
as the type of motion which ihe onserver oonsiders particularly harmonigus, na‘.tural and well-
walanoed in terms of individual movements, their sequence and coordination. sxperience has
shown that standard performance can be reached by any worker who is capable, adequately
trained and oompletely familiar with the job. Uhis performance must be waintained for. ox-
tended periods aud be reached by all of the workers talken on an average, provided the »reaks
arranged for personal needs and for rest, as required, are taken and operators are not
hampered in the development of their capacities.

The ratio hetween the chserved aotual performanoe and standard performance e?spmsaes
the effioiencye An effioiency of 100% corresponds to standard performance, a 120,> efficiency
means that the owserved performance is 20f above standard performances
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2.4 Average performance

Instead of standard performance, average performance may be used for various purposes.

Average performanoe refers to that achieved by a group of workers or a set of machines and
can be expressed as a certain value.

2.5 Auwdliary equipment for data collection

2.6

Stop watches "addition" type, zero stoppers, zero stoppere with speed indioation, a
combination of watches, electronio chronometers.

Prerequisites they should be easy to read, and have a "jumping" minute hand, hour hand
and reoorder attachment,

Wdriting pad with attachment for observation sheets, oompartment with pigeonhole to
hold paper {so that the work-studies expert has his hands free).

Ohservation sheets (Joh desoription sheet, time record sheet, reference data sheet with
determinants).

Compidation of data

a) Planninz

- Define work prooess

- Desoribe work procedure,work sequenoe and methods

~ Desoribe the job to he oarried out

<« Define minimum standard of work quality

~ Define the duration of time study

- Select time formalae

- Choose data relating to reference gquantity

= Decide whether determinants are to be quantified or described as regards their
quality .

- Consider natural performance rhythm

h) Preparation

- Inform personnel, management, ohtain consent from labour unions to use data as a
hasis for pay

- Gelect workers, work placen, as well as machinery and equipment to be ohsmerved

- Fut up distance markers, carry out preliminary surveys of reference quantities
and determinants

- Instruct and inform operators on work and pay

= Hold a trial run, ohserve work flow and suhdivide prooess into sequences; seleot
reading points and conirol sections

= lrepare ohservation sheets, oheck or ohtain all instruments and other equipment
needed for the time study

- Instruct assistants or work study experis

~ Carry out test atudies

¢) Corrying out time studies

- Carry out whole—day studies, ohserve time inputs of eanh sequenoce, record referenoce
quantities and determinants in each cycle indicating the control sections
- If necessary, perform efficiency rating.

Bvaluation of recorded data

i Caloulate time requirements for each sequenoce

ii Caloulate referenoce quantities
iii Compute time elements, evaluvate actual and standard time values
iv, Calculate time input of each unit and rate performance

v, Interpret results.
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Ad. 1) Calculation of time values

In the oontinuous readingz method time inputs are calculated hy suhtraoctions In the
ratio delay method, the entries are counted for eaoh sequence. fThe oomputed or recorded
time values are comrared for each control seciione

'olerances may be varyving dependinz on the purpose of ithe tiuve study. The ohservations
nade for 2 contirol section are insignificant if the aotual time values do not exceed 3 per—
cent of the standard operator time and 5 percent of the standard maochine *imes

Jrrors of less than 4 or 5 percent respeotively are distrihuted over the entire control
section. sinor deviations from the standard may he disregarded in some instanoes if these
de not affect the purpose of the time study. If the aotivity sampling wethod is used, the
+ime input for the control section sy »e divided hv the number of entries. 'The time value
thus estshlished is then multiplied »y the number of entries for each sequenco.

Ad. ii) Calculztion of reference quantiiies

It is advisahle to enter the determined reference quantities (ocuhie content, number of
wnits, surface areas) and perhaps also sijnificant determinants (such as distanoces, in the
case of conveyance Joha) for each cycle in the evaluaiion liste.

Ad, i1ii) Deteruinins time catexories

Before the time input is recorded for each sequence, the time category (i.e. zenuine
working time, basic or general time) wmust be determined.

Zvaluation of actual time

As a rule, only the real working time (vasic time) is used for 1ssessing actual perform-—
ances General time is taken into account in the evaluation only if the time study is extend-
ed over a long period and if it occurred typically at irrezular intervals. ill time categories
are added up and the resultinz swn total is then expressed as a percentage of stwndard time;
for eaoch cycle, the percentage thus oomputed is subsequently added to the standard tiwe.

Total actual time (real working time plus general time) is then used for calculating
actual performance within each time unit or for determining the aciual time regquired for
each unite.

Jhen shorter time studies are made, only the recorded hasic time values (real woriing
time) are used and general time is added as a percentage caloulated on the hasis of eupirical
values. Smpirical values are phtained from time studies or assessed through allowance
studies. If the work continues »eyond the maximum toleranoce limit, adequatle reoovery al-
lowanoes must ne provided. 'hese are calculated on the hasis of stress studies.

Evaluation of basic time

‘he actual hasic time inputs are multiplied hy the performanoe factor (efficienoy over
100) and entered on the evaluation sheet for basic time. General timc_a is expressed as a
percentage and added to hasic time on the hasis of empirioal observ.a.uox'xs. ‘‘he time required
per unit or the performance within ezoh time unit is related to hasic time and overall time

required is oomputed for each cycle. _/
e U
3 - RE¥a ~ ) are
If the rcent s of an ideal hreakdown of time elements (acco?'din_, to I
knovm for a f;:h a8 zg:esult of stress and allowanoce studies, the ratioc hetwsen Zeneral time
and %asic time nay he computed.
Time study diagram

The time study is graphioally expressed in the form of a "tree", The subdivisions
ohosen depend in each case on the purpose of the study.

1/ Prooedures for time studies as set down by a German organiszation dealing with time studies.
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2.7 Interpretation of results

Caloulation of the mean value, the standard deviation, and the variation coefficient
The mean value

= . sum—total of all time value per oycle
x number of cycles

As a rule, the mean value is calculated for »asic time, in skidding operations only for
a2 certain distanoce; in felling only for trees of the same diameter.
Standard deviation

The standard deviation is ocaloulated wsing the equation below:

1

2
2 X
(€ x . &€ x )
n-1 n

n = numher of all ohserved data (series of readings)
x = sum total of all ohserved data

x"= sum total of the square of oYserved data
s = gtandard deviation

Lthe variation coefficient
''he variation coeffioient is the percentage of standard deviations from the-mean value

o

%

Ve =

100
See example on the following page

‘the standard deviation indicates whether a mean value is representative of the obhserved
oonditions and to what extent it permits a generalization. ‘‘here are no general rules con-
cerninz the maxiimun permissihle siandard deviation or variation coefficient; +the size of
the mean value and the purpose for whioh it is to be used are the hasio oriteria. Overall
working time, actual working time required for each oycle or phasee.

Correlation of data

By ueing a syctem of ooordinates and plotting the ohserved or computed time values,
the correlation of data can be illustrated, that is, the time requirement for one trip mav
by plotted on the y-axis, and the distance covered in one trip on the x-axis; the time in-
put for each cubic metre of felled wood indicating mid-diameter and diameter at breast
height.

Evaluation of non—guantifiable determinants

For all computed or graphiocally represented data all influenoing factors whioh cannot
be quantified, such as the oharacteristios of a skidding path, or oonditions which result in
excessive time inputs (if a tree gets oaught during felling, for example) must be described.

As a matter of prinoiple, time studies whioh are made s0 as to be able to fix standard
time must be carried out with maximun responsibility and cares The question as to whether
a value is representative or not should be studied with utmost oonoern.

Example for determining the mean value, the standard deviation and the variation co-
officlient.
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Whole~day study carried out during thinning
s assortment fell of tree: £
16 had a mid-diameter of 10 cm. The basic time required is expre::gd in91?1mute:: of wbieh

2
6548
x meanvaluex-%-..j‘l_gg_mﬁ inutes
5444 29459 _
3.69 13.62 & = standard deviation
4+94 24440 3 ) )2
4.93 2430 V'ﬁ PSR
3459 12.89 .
3443 11,76 o
4.23 17.89 - Vo066 . (277.76 - 4329:
3.33 11,09 V (27776 = ==
d.30 18.49 = V 0.47256= = 0.0 mimutes
4.35 18,82
3.07 9e42
3.64 13,25 Vo = variation coefficient
4041 19.45
3489 15413 Vo o —f wu 17
4-96 24.60 - 7/4

X
65,80 $xom 277.76 100

3, TOLERANCE TESTS
dork imposes various types of strain on man,
3.1 Physiocal strain: dynamic or static work, walking in the terrain.

Fhysical strain may be determined manually or by telemetric measurements carried out
while the work is being performed.

Based on a daily working time of eight hours, the maximum tolerable stress limit is
reached when the worker's pulse rate increases by 35 Weats per minute over the initial pulse
rate {(pulse rate at rest, sitting). Jhen continuous stress exceeds this limit, breaks have
1o »e arranged in such a way 28 to ensure that the maximum increase of the pulse rate of 35
heats is not exoeededs Short breaks ~re arrnged as needed uniil full reccvery is reached
(that is, un*til the pulse rate is approximately normal).

3.2 Strain induced % envirommental factors (wea.ther, noise, vibrations, exhaust fumes, etce),

Strain due to these factors must be assessed and reduced to a tolerable limit or avoided
through adequate protective measures.

Weather: proteotive olothes, mobile shelter at the workplace, proper iiming in the organiz—
ation of work (with due regard to season).

Noise: active noise proteotion above a noise level of 90 decibels (earplugs or muffs,
noise insulation) or noise reduotion through adequate teohnologiocal measures.
Reduotion of strain due to organizational measures {e.g. seleotion of work prooe-

dures, sequence of operations, work methods).
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Vibration, exhaust fumes: technioal improvements, shortening of exposure time by means of
organigational measures.

4. SBYPJENCE OF OPERATIONS

The sequence of operations is observed and its positive and negative effects om the
operator and his performance desoribed, analyzed and, if necessary, corroborated by time
studies.

5« STUDY OF THE WORKPLACSE

The workplace is analyzed for its suitability for certain types of work: here the tiume
input, performanoce, stress and industrial safety are oriteria for evaluation. If necessary,
various elements of the work prooess may be shifted to another workplaoe which is more
favourable for the specifio taske

6. COST STUDIES

For work studies, the direct sectional costing method is primarily used (target costs:
oost)s per unit under oertain ciroumsiances; wage oosts and costs for machinery and equip—
ment).

7. WORK ENOGINZARING (SYSTEMS ENGINEERING)

Jork engineering aims at the selection of the optimum system of work (prooed.u.res,
machinery and equipment, sequence of operations, work methods, objeci of work) in terms of
performance and a humanized workplace, under given influencing factors (standard terrain
characteristios, number of persons availahle for the job, etc.) and at an improvement of the
profitanility of the forest enterprise. '

Work engineerins is hased on studies of time, stress, work flow, workplace and ocostse

7.1 Analytio work engineering

The work engineer observes processes, gathers data such as the time input, the referenoce
quantity, determinant factors and costs per unit, evaluates these and adjusta the system of
work or individual elements of it to the envisaged goal or prooess.

7.2 Symthetic work engineering

The work engineer uses conventional prooesses and work elements to synthesize these into
a work systems.

As a rule, the two work engineering methods ocannot he separated from each otherj normal-—
ly both methods are used slternatively in the elaboration of a system of work. Work engineer-
ing is a continuous prooess, in whioh work is geared to technologiocal developments, the re-
quirements of the market and the labour, as well as biologioal needs.

8. WORK INSTRUCTION

Instruotion for work must consist of explaining the processes io the person involved
in oarrying out the jobe
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Instruction may mean learning something new, learning something better, or learning
s ’ to
do something in a different way. Among various instruction methods the four-phase method
has proved very usefuls

Phase one: acquainting the operator with the process (arousing his interest, demonstrating,
disecussing the job)
Fhase two: the trainee tries to carry out the process under the guidance of the instructor

Phase three: the trainee repeats the process several times thus practising what he learnt in
phase 2. If necessarr, he is corrected

Fhase four: no further practice needed, perfection of skill.

DEFINT{TON OF T®RUS

lork procedure
Jdork procedure is defined 2s ihe technological way to reach the objective of a Jobe

In forestry it is common practice to name the procedure after the state in which timher
is lozzed, as this indiocates the teohnologioal method used.

Assortment method — felling and conversion into assoriments at the telling site, using
power saws
- transporting the assortments to the lozging trail hy means of wheeled
tractors, articulated four-wheel~drive skidders, cable oranes, or
manual skidding, eto.

Full-lenzth - felling, delimbing of the upper log side at the felling site, using a
method power saw

-~ transporting the logs to the oonversion site or to the lozging trail
hy means of a skidder
- conversion (bucld.ng, final delimbing »y means of a power saw)

Jhole=tree - felling by means of power saw
method - transporting the trees to the conversion site or to the logging trail
(skidder)

~ mechaniged oonversion using prooessors (delimbing, buciing, deharking)

Fully mechaniged - felling and conversion at the felling site, using prooessors (oombi.n:l.ng
method a variety of technologioal prooedures).

Jork seguenoe

In terms of or; zation

what must be done?
At what time? (i.e. timing of operations)
Where? (i.e. workplaoce)

Individual prooesses must be identified and a deoision taken as to whether these are
t0 be carried out simultanecusly or one after the other, at different plsces or in one placse,

®.g. in working the log: oclosed or open chain of work?
In terms of technigue

Bow is the work to be done?
The sequence of operations is laid down and desoribed (work method),
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Work method

Ihis is defined as the sequence of operations which is accurately specified, if neces-
sary broken down into individual work elements, and whioh depends on the technique, the ma-
chinery and equipment as well as the materials and supplies used by the workers

The work method can he observed and specified by meana of Job analyses and can be taught
to trainees.

Wor! techniques

This is the individual approach to the work process using a given work method and vary-
ing from one person to anothers In many cases it can be fully understood only after the job
is broken down into work elemenis and the "micro—sequenoe" is analyzede Working technique
is expressed in terms of efficiency of the operator.

P, o

-

loading a logging truck with a truck-mounted grepple loader
at the log landing (Fhotos E. Pestal



Nonday, ! June

Tuesday, 2 June

Wednesday, 3 June

Thursday, 4 June
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ANNEX I

COURSE PROGRAMME

Arrival at Klagenfurt Airport (via Vienna Schwechat Airport)
Transfer by bus from Klagenfurt Airport to the Forestry Training
Centre, Ossiach

Registration and information

Accommodation in hotels and guest houses

General information at the Information Tesk in the Club Room of
the Forestry Training Centre, Ossiach

Official opening of the Training Course in the Rittersaal of the
Stiftshotel, Ossiach

Welcoming speech and introduction to the Course by Ir. H. Redl,
Head of the International Tivision, Federal Ministry of
Agriculture and Forestry

Welcoming speech by Mr. Aluin Schober, Secretary of State, Federal
Minigtry of Agriculture and Forestry, Vienna

Introductory address by Mr. L.R. Letourneau, Chief, Forest Logging
and Transport Branch, Foresiry Depariment, FAO

keynote speech by Mr. H. Hattinger, Forestiry leparitment, Federal
Ministry of Agriculture and Forestry, Vienna

Excursion to Ossiacher Tauern. Multiple functions of mountain
forestry (A. Trzesniowski, R. Weiss)

Key address by Tr. F. Eggl, Direcior-General of the Austirian
Federal Forestry Enterprise

Reception in the Rittersaal of the Stiftshotel, Ossiach

"Techniques in Wood Harvesting with a View to Increusing Wood
Production and Saving Energy" (E. Pestal)

“Forest Research in Alpine Regions" (H. Egger)

"Application of Medium Technology in Wood Harvesting in Developing
Countries” (R. Heinrich)

Temonstration of an agricultural tractor with Koller cable crane
(K300) and small portable winches for ground skidding on Ossiach
Tauern (A. Trsesniowski and staff)

"Requirements for Wheeled Tractors Used in Forest Work"
(Ao Trzesniowski)

Demonstration of agricultural tractors and auxiliary foresiry
equipment



Friday, 5 June

Saturday, 6 June

Sunday, T June

Monday, 8 June

Tueeday, 9 June

Wednesday, 10 June

Thursday, 11 June

Friday, 12 June
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Demonstiration of Log Line (A. Trsesniowski and staff)

Survey of a cable crane line (group work) (A. Trzesniowski and
staff

Design of setting-up plan for a cable crane from data surveyed
(A. Trzesniowski and staff, K. Heinrich)

Continuation of design of setting-up plan for a cavle crane from
data surveyed (A, Trzesniowski and staff, R. Heinrich)
Excursion to Bad Kleinkirchheim

Visit of wooden houses of the Alpine Region

Trip by cable way to the Kaiserburg to study protection of nature,
forestiry and tourism (D. Hansik-—Hammerl)

No official programme (Church vieit and concert in Oseiach)

Excursion to Klagenfurt

Vieit of MNinimundus Exhibition and Hochosterwitz castle
(R. Heinrich, A. Trzesniowski)

"Working Instructions for Cable Crane Installations in Austria"
(A. Trzesniowski)

Demonetration of setting up, operation and diemantling of a URUS
UNIMOG cable crane (staff of Forestry Training centre§

Excursion to Hespa-Tomiine, Wolfeberg

Logging demonstration by wheel skidder and mobile crane; visit
to sawmill and timber yard (H. Clavadetscher, W. Braback,
R, Heinrich, ). Hanak-~Hammerl)

"Selection of Trees in Thinning Operations -~ Removal of Individual
Trees in Seoondary Forests" (G. Sonnleitner)

Review of forestry equipment produced by the Steyr Company
(W. Strzygowski, G. Hacker)

Temonstration of Steyr forestry equipment on Ossiacher Tauern
(G. Hacker, A. Trsesniowski, R. Heinrich)

Continuation of demonstration of Steyr forestry equipment
(G. Haoker)

Evaluation of the first part of the Course; drafting of oonclusioms
and recommendations, final discussions and adoption of draft report
(A. Trasesniowaki, R. Beinrich)



Saturday, 13 June

Sunday, 14 June

Monday, 15 June

Tuesday, 16 June

Wednesday, 17 June

Thursday, 18 June

Friday, 19 June
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Visit to Villach

Farewell party at the Foresiry Training Centre, Ossiach

Transfer by bus from the Forestry Training Centre, Ossiach, to
the Forestry Training Centre, Ort

Itinerary: Ossiach - Bad Kleinkirchheim — Millstatt - Katschberg
= Kuchl - Salzburg - Ort

Arrival at Ort. Accommodation at the Forestry Training Centre
General information in the Lecture Hall of the Training Centre
(R. Heinrich)

Welcoming speech by Tr, H. Redl, Head of the Intermational
Tivision, Federal Ministry of Agriculture snd Forestiry

"Forest Road Construction between Economics and Proteotion of
Nature" (E. Pestal)

“"Forestry and Eocology in Mountainous Areus® (E. Tlchy)

Excursion to the federal forest district of Traunstein and to
farmers' forests

Temonstration of examples of forest road-nets in rooky and soft
soil areas (0. Sedlak)

"Planning of Work Systems for Wood Harvesting in Mountainous
Regions" (W. Egger)

“Ceneral Principles on Planning of Forest Road-mets" (0. Sedlak)
"Location and Costing of Forest Roads® (0. Sedlak)

Practical planning and layout of forest roade; demonsiration of
surveying instruments (0. Sedlak)

Practical training; surveying and staking of the road alignment
and additional necessary surveys for a forest road in steep
terrain (0., Sedlak, R. Heinrioh, and staff of the Forestry
Training Centre)

No offiocial progr:
(Church visit)

Excursion to Salzburg; sightseeing tour; return trip vie
St. Gilgen ~ Wolfgangsee — Bad Ischl — Ort

Elaboration of the forest road project from the survey data by
the partioipants (O, Sedlak)

General introduction to forest road construction methods
(0. Sedlak) .



Saturday, 20 June

Sunday, 21 June

Monday, 22 June

Tuesday, 23 June

dednesday, 24 June

Thursday, 25 June

Friday, 26 June
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Visit to Gmunden

Excursion to Hallstatt (R. Heinrich, D. Henak-Hammerl)

No official programme

(Church visat)

Excursion to the Abbey of Kremsmiinster

"Road Embankment Stabilization with Biological and Engineering
Works for Forest Roads" (R. Heinrich)

‘"Machine Input in Forest Road Construction with Special Emphasis
on Rock Blasting in Mountainous Areas" (W, Blaha)

"The Practical Application of Soil Testing Methods on Forest
Roads" (J. Eisbacher)

Temonstration of modern handtools for forestry with emphasis on
ergonomic and economic aspects (E. Feichtinger)

"Work Organization in Wood Harvesting" (Staff of Training Centre)
“Hork Studies in Forestry" (Staff of Training Centre)

Practical training in work studies in thinnings (J. Wencl and
staff)

"Torrent Control and Forest Roads" (H. Hattinger)

“"The Influence of Forest Roads on Run~off lievelopment of Sedimen-
tation and Landslides (H. Hattinger)

Practical training in time studies (J, Wencl and staff)

"The Use of Telemetric and Computeriged Ergonometric Measuremente
for Tetermining and Evaluating Physiological Parameters in
Mechanized Wood Harvesting" (J., Wencl)

Elaboration of time studies and development of foreet work
programmes (¥. Schwendt)

"Work Systems and Costs in Wood Harvesting and their Influence
on the Forest Worker and the Forest (F. Schwendt)

"Meohanised Wood Harvesting and the Optimal Opening-up of Foreasts
(F. Aubbok)

Excursion to Qosau and Bad Goisern., Examples of a forest road
undsr construotion; protective oonstructions for forest roads
and landslides; check dam under counstruction. Observation of wood
harvesting systems with intermediate technology. (H. Hattinger,
R. Heinrich, N. Jedlitschka, O, Sedlak)



- 275 -

"Torrent Engineering Works for the Protection of Mountain Forest
Roads in the Region "Salskamergut", Austria (N. Jedlitischka)

Saturday, 27 June Evaluation of the Course; drafting of conclusions and reoomoen—
dations; final discuseions and adoption of the draft report
(R. Heinrich)
Farewell speeches:

= Dr. H. Redl, Head of the International Tivision, Federal
Ministry of Agriculture and Forestry

- Mr. E. Plattner, Head of Forestry Department, Federal Ministry
of Agriculture and Forestry

Farewell party at the Forestry Training Centre, Ort

Sunday, 28 June Return trip by bus from Ort to Vienna, Schwechat Airport

1ogs loaded omto the truck by wire and built in loading winch (parbuckle)
(Protos E. Pestal)
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Tree-length logs being transported by truck and trailer. Note the high road
standard (curve and width) (Photos E. Pestal)

" ENGL - TRANSPERTE

TREWLEE RYE L

N ) ZI.
Log trensport hy flatdeok truck with (pup) treiler on a narrow forest road
in mountainous terrain (Photos R. Heinrioh)



Country
BANGLADESH

BHUTAN

BURMA

CAMEROUN

CHILE

F1JI

LIST OF COURSE PARTICIPANTS

Mo ALI

AeZeds So HUDA

K+B, PRADHAN

NePo FRADHAN

Je PUNTSHO

He. AUNG

S. RICHARD

Te SAN

W, SHEIN

Ce ZAN

DX« ATOK

E, Ze MEKA

T, HOLMBERG

Ve MNATAU

Address

c/o Divisional Forest Offiocer
Chittagon ; Forest Division
Forest Hill

Chittagong

o/o Divisional Forest Offiocer
Chittagong Foreat Division
Forest Hill

Chittagong

Forestry Development Froject in
Bhutan

¢/o Forest Department

P.0. Box 130

Thimphu

Forestry Development Frojeot in
Bhutan

¢/o Forest Department

P.0. Box 130

Thimphu

Forestry Developinent Frojeot in
Bhutan

¢/o Forest Department

P.0. Box 130

Thimphu

c/o Timber Corporation
Rangoon
o/o Timber Corporation
Rangoon
c/o Timber Corporation
Rangoon
o/o Timber Corporation
Rangoon
o/o Timber Corporation
Rangoon

SOFIBEL
P.O. Box 1762
Yaoundé

Direction des Eaux et For8ts
B.P. 194
Yaoundé

Casilla 10
Coyhaique

Fiji Pine Commission
P.0. Box 521
Lautoka



Country
GABON

INDONESIA

JAMAICA

MALAAL

MEXICO

NEPAL

NIGERIA

PAKISTAN

- 278 -

S« MANGUNWIDJOJO

M. NATADIWIRYA

B.W. SOERYOSOEBAGYO

Ho IRONS

E, O'CONNOR

D.N, TMBO

N, MENDEZ MOLINA

F. VERA GAXIOLA

Mo VILLAGOMEZ LOZA

Vo ZAMBRANO GARCIA

SePs JOSHI

R. SHRESTHA

Ao ADEBAYO

Mo AYAZ

Address

B.Pe 2255
Libreville

o/o FAO Representative
P.0O. Box 2338
Jakarta

ofo FAD Representative
P.0O. Box 2338
Jakarta

o/o FAO Representative
P.0. Box 2338
Jakarta

c/o FAO Representative
P.0. Box 1136
Kingston

o/o FAO Representative
P,0. BOI 1136
Kingston

P.O. Box 30048
Lilongwe

Av. 5 de mayo No. 11
Zaocatlén Puebla

Departamento de Bosques

Univerasidad Auténoma Chapingo

Chapingo

c.I.FIo.

Paseo L. Cardenas y Ave, Latinoame-
ricana

Uruapan, Hichoacan

Pablo Garoia No, 68

Col. Juan Esoutfa
Mexioo 9. DeFe

o/o Project Co-l{anager
Tinau Watershed Projeot
Sata, Jawalekhel,
Kathmandu

13/66 Nara Devi
Kathmandu

ofo UNDP
P.0. Box 2075
Lagos

ofo OTZ Gabl
D~6236 Eschborn 1
ostfach 51

Federal Republioc of CGermany



FANAMA

POLAND

SOMALIA

SUDAN

TANZANIA
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Name

A.K. KHATTAK

G. JARJAN

e ZARIF

Le PINZSH

Jo JIDZLKA

A.He -OHAMED

P,A, MOHIS BL DEEN

:'.-'IQH . OBEID

ReRe 4ABAO

Address

o/o DS

Wielingerstrasse 52

D-8133 Feldafing

Federal Republio of Germany

ofo DSE

Wielingerstrasse 52

D-8133 Feldafing

Federal Republio of Germany

ofo GLZ QmH

D-6236 Eschhora 1

Postfach 5180

Federal Republio of Jermany

o/o UNDP
Apartado 6314
Panamf 5

ofo Haj.Ing. Jozef Dygasiewics

General-Verwaltunz der polnischen
Staatsforste

Ul, Hawelska 52-54

darsaw

National dange Agency
.0, Box 1759
Hogadishu

Forests Administration
PsOs Box 658
Khartoum

Forests Administration
P.0s Box 658
Khartoum

Lo and Road Construction Projeot

ofo ilinistry of Natural Resources
and Tourism

P.0. Box 426

Der—es-Salaam
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Central timber yard for debarking, oross—outting, sorting logs
ready for further processing (FPhotos R. Heinrich)

Wheeled grepple loadexr piling and transporiing logs for a sawmsill
(Photos R, Heinrich)
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ANNEX III

LIST OF COURSE STAFF, LECTURERS AND SPEAKERS

(a)

FRAUENHOLZ Othmar, Dipl.Ing.
Direktor

HANAK-HAMMERL Diether, Dipl.Ing.

Oberrat

KASTNER Alfred, Dipl.Ing.Dr.
Rat

NZUBERGER Erich, Dipl.Ing.Dr.
dinisterialrat

REDL Hermann, Dkfm.Dr.
Ministerialrat

TRZZSNIOASKI Anton, Dipl.Ing.
Direktor

HEINRICH Rudolf, Dipl.Ing.
Forestry Offiocer

FRAUENHOLZ Othmar, Dipl.Ing.
Direktor

HEINRICE Rudolf, Dipl.Ing.
Forestry Officer

TRZESNIOWSKI Anton, Dipl.lIng.
Direktor

Austrian Organizing Committee

Leiter der Forstlichen Ausbildungsstiitte, Ort
A-4815 Ort b. Gmunden

Bundesministerium flir Land-u. Forstwirtschaft
Abt. VA3, Stubenring 1
A~1011 Wien

Lei'er der Abt. VAS

Bundesministerium flir Land-u.Forstwirtschaft
Stubenring 1

A~1011 dien

Leiter der Gruppe VA und der Abteilung VA3
Bundesministerium fiir Land-u.Forstwirtschaft
Stubenring 1

A-1011 Wien

Leiter der Abt., IIIA3

Bundesministerium fiir Land-u.Forstwirtschaft
Stubenring 1

A~1011 Wien

Leiter der Forstlichen Ausbildungsstatite Ossiach
A-9570 Ossiach

FAO Organizer

Forest Logging and Transport Branch
Forest Industries Division
Forestry Department, FAO

1-00100 Rome, Italy

(c) Course Directors

Leiter der Forstlichen Ausbildungsstiétte Ort
A-4815 Ort b. Gmunden

Forest Logging and Transport Branch
Forest Industiries Division
Forestry Department, FAO

I-00100 Rome, Italy

Leiter der Forstliohen Ausbildungsstitie Ossiach
A-9570 Ossiach
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(4) Administrative, Secretarial and Technical Personnel

BASEL Elvira, Mag.
BRAMBERGER Gerhard

BRANDL Josef

CAMPANA Rudolf

CHALOUPKA Christa

*CORDT Ursula, Mag.

DERTSCHNIG Alois

FISCHER Hilde

GERZER Peter

GUISCHIER Franz

HORST Hdargarete
Oberrevident

RUBER Ualter

HUSU Peter

KATHOLNIG Karl

KATLEIN Josef, Ing.

KLAMMER Margarete

KRAXNER Johann

LENGER Adolf, Ing.
Oberrevident

LICHTENEGGER Hans

A-1010 Wien

Forstliche Ausbildungsstatte Ort
A-4815 Ort b. Gmunden

Forstliche Ausbildungsstitte Ossiach
A-9570 Ossiach

Forstliche Ausbildungsstdttie Ossiach
A-9570 Ossiach

Bundesministerium fiir Land-u.Forstwirtschaft

Stubenring 1
A-1011 Wien

A-1080 Wien

Forstliche Ausbildungsstdtte Ossiach
A-9570 Ossiach

Forstliche Ausbildungsstdtte Ossiach
A-9570 Ossiach

Forstliche Ausbildungsstatte Ort
A-4815 Ort b. Gmunden

Forstliche Ausbildungsstidtie Ossiach
A-9570 Ossiach

Forstliche Bundesversuchsanstalt
Institut fiir Forsttechnik
Schdnbrunn, Tirolergarten

A-1131 Wien

Forstliche Ausbildungsstitte Ossiach
A-9570 Ossiach

Foratliche Ausbildungsstitte Ossiach
A-9570 Ossiach

Forstliche Aushildungsstditte Ossiach
A-9570 Ossiach

A-1080 Wien

Forstliche Ausbildungsstdtte Ossiach
A-9570 Ossiach

Forstliche Ausbildungsstitte Ossiach
A-9570 Ossiach

Forstliche Bundesversuchsanstalt
Institut fUr Forsttechnik
Schdénbrunn, Tirolergarten
A=-1131 Wien

Forstliche Ausbildungsstatte Ossiach
A-9570 Ossiach
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Cont'd (d)
LUGMAYR Johannes Forstliche Bundesversuchsanstalt
Férster Institut flir Forsttechnik
Schénbrunn, Tirolergarten
A~1131 Wien
PAST Winfried, Ing. Forstliche Ausbildungsstitte Ort
A-4815 Ort b, Gmunden
PLASSER Franz Forstliche Ausbildungsstitte Ort
A-4815 Ort b. Gmunden
RADNER Irmgard Forstliche Aushildunssstitte Ort
A-4815 Ort b. Gmunden
SCHAIDT BErich Forstliche Ausbildungsstidtte Ossiach
A=9570 Ossiach
SINGZR Friedrich, Ing. Forstliche Ausbildungsstatie Ossiach
A-9570 Ossiach
SONNLEITNER Heroert Forstliche Ausbildungsstdtte Ossiach
A~9570 Ossiach
ASNTER Wolf, Ing. Forstliche Bundesversuchsanstalt
Institut fiir Forsttechnik
Schénbrunn, Tirolergarten
A=1131 Wien
WOLF Friedrich Forstliche Ausbildungsstidtte Ort
A-4815 Ort b. Gmunden
(e) Lecturers and Speakers
AUBOCK Felix, Dipl.Ing. Leiter des Bau.-und iaschinenhofes Steinkogl
Oberforstrat Osterreichisohe Bundesforste
Marxergasse 2
A=1031 Wien
BAUERNFRIED Peter, Ing. Forstliche Ausbildungsstitte Osasiach
Fachleher A-9570 Ossiach
BLAHA Willibald, Dipl.Ing. Niederdsterreichische Landes~Landwirischafts—
Oberforstrat kammer, Forstabteilung
Lswelstrasse 12=6
A-=1014 Wien
EGGER Johann, Dipl.Ing. Direktor der Forstliohen Bundesversuchsanstalt
Hofrat Schdnbrunn, Tirolergarten
A~1131 dien
EGGER Winfried, Dipl.Ing. Leiter des REFA - Referates
Oberforstrat v TOPL.TRE Generaldirektion der Osterreichischen Bundesforste
Harxergasse 2

A~1031 Wien



Cont'd (e)

EISBACHER Johm' Dipl.Ing.
Rat

FEICHTINGER Erioh, Ing.

HATTINGER Hubert, Dipl.Ing.
Ministerialrat

HEINRICH Rudolf, Dipl.Ing.
Forestry Officer

LETOURNEAU Leo R.

PESTAL Ernst, o.Univ.Prof.
Dipl.Ing.Dr.

PLATINER Edwin, Dipl. Ing.
Sektionschef
SCHWENDT Franz, Ing.

SEDLAK Otto ’ Dipl .I!IG.D!‘.
Regierungsoberforstrat

SONNLEITNER (Mather, Dipl.Ing.

STRZYGOWSKI Walter, Ing.

TRZESN] OWSKI ‘nton, mpl.ln;.

Direktor

Forstliche Bundesversuchsanstalt
Institut fUr Forsttechnik
Sch8nbrunn, Tirolergarten
A=-1131 Wien

Forstliohe Ausbildungsstitte Ort
A-4815 Ort b. Gmunden

Leiter der Gruppe VB
Bundeaministerium fiir Land-u.Forstwirtschaft

Stubenring 1
4-1011 Wien

Forest Logging and Transport Branoh
Forest Industries Division
Forestry Department, FAO

I-00100 Rome, Italy

Chief, Forest lLogging and Transport Branoh
Forest Industries Division

Forestry Department, FAO

I-00100 Rome, Italy

Vorstand des Institutes ffir Forstliches
Bauingenieurwesen und Waldarbeit
Universitdt fir Bodemkultur
Peter~Jordan Strasse 82

A=1190 Wien

Leiter der Sektion V

Bundesministerium fir Land-u. Forstwirtschaft
Stubenring 1

A~1011 Wien

Forstlioche Ausbildungssiitie Ort
A-4815 Ort b. Gmunden

Amt. der 00. Landesregierung
Forstteohnische Abteilung
Béhmerwaldstrasse 11,Hauserhof
A-4010 Ling

Forstliohe Ausbildungsstidttie Ossiach
A=9570 Omsiach

Steyr—Daimler—Fuch Al
Zweite Haidequerstrasse 3
A=-1111 Wien

Leiter der Forstlichen Ausbildungestitte Ossiach
A-9570 Ossiach



'qd (e

TUCHY Edwin, Dipl.Ing.
Ministerialrat

WENCL Josef, Dipl.Ing.
Oberrat

Bundesainisteriun f8r Land.u. Porstwirtschaft
Abt, VA3

Stubenring 1

A=1011 Wien

Porstliche Bundesversuchsanstalt
Institut fir Forstieohnik
Sohdnbrunn, Tirolergarten
A=1131 Wien

(f) Personnel involved in Excursions

CLAVADETSCHER Hans, Dipl.Ing.
Forstdirektor

BRABECK Walter, Dipl.Ing.
Forstmeister

DUSCHEK Eugen, Dipl-Ing.
Oberforstirat

EQGL Frm" Dr,

OORTLER Rajmund, Dipl.Ing.
Direktor

JEDLITSCHKA Manfred, Dipl.Ing.

KERBL Hermann, Ing.
Revierforster

LENNKE Rudolf, Dipl.Ing.
Oberforsirat

WEISZ R\diger, Dipl.Ing.
Oberforstrat

Hespa~Doméne
A-9400 Wolfsberg

Hespa~Dondne
A~9400 Wolfsberg

Leiter der Forstverwaltung Traunstein
Osterreichisohe Bundesforsie
Klosterplatz 2

A-4810 Gmunden

Generaldirektor der '('Jsterrelohisohm Bundesaforate
Narxergasse 2
A-1031 Wien

Leiter der Hdheren Technischen Lehranstalt
flir Holewirtschaft
A-5341 Kuchl

Forsttechnischer Dienst filr Wildbach-und
Lawinenverbauung
Traunreiterweg 5
A~4820 Bad Ischl

Agrargemeinschaft St. Konrad
A-~4817 St. Konrad

Leiter der Forstverwaliung Ort
Osterreiochische Bundesforste
Johann-Orth-dllee 15

A~4815 Ort b. Gmunden

Leiter der Forstverwaltung Villach
Osterreiohische Bundesforste
V8lkendorferstrasse 1

A~9500 Villachk








