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FOREWORD

The Forest logging and Transport Branch of the Foresiry Department, FAO,
has prepared a geries of manuale and documents on apecific problems related to
logging, trensport and foresi road construction. The latest in this series
ig the present document "Flanning Forest Rosds and Harvesting Systems".

This manual is based on the work of Mr. J.4. McNally, Logging Engineer,
Canada, in collaboration with the Forest logging and Transport Pranch.

The objeotive of this publication is to present in a comprehensive form
the trends in the developmenti of new logging techniques and their impact on
the planning of foreat operations.

Especially, the questions of layout of forest roads in reletion to
mechanized harvesting systems, in flat and undulating terrain, are demoribed
in detail. Cost and production formulae are presented for the different
logging machinery taking into consideration the influence of the environment
on the productive working hours for men and machines.

The mention of especific companies or of their products or brand namese
does not imply any endorsement or recommendation on the pari of the Food
and Agrioculture Organization of the United Nations.
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Surveying a forest road with a c¢linometer
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GConversion factors

1 inch = 2-540 cm

1 foot = 0.3048 m

1 yard s 0.97144 m

1 chdin = 20,12 m °
1 mile = 1,609 km

T 8q. yd = 0,83613 m2

1 sq. mile = 2.59 km2

1 ou ft = 0.02832 m°

1 on yd e 0,765 m
1 cunit = 2.8832 mo
1 cord - 2455 m3
T gal (Imps) = 4,546 litres
1 pound =  0.4536 kg

Note: % in Appendix I refers to Canadian #




1. INTRODUCTION

A major forest operation is a complex enterprise. It requires that much planning be
done and many decisions taken before it is set in motion. A long term management plan for
the area should be developed, based on an inventory of the forest resources, topographic
features, soil conditions and existing infrastructure. The plan should outline the location
of the major forest road system for the area as well as the most important secondary roads
and the logging system or systems proposed to be used in the harvesting.

The term "forest roads", in the context of this study, means those roads bhuilt in the
forest to serve the growing and harvesting of the forest crop. Much has been published
concarning the design, construction and maintenance of public highways, tut little
concerning forest roads and their relation to the harvesting systems which they must serve
and the conditions which they should satisfy in doing so.

Porest operations may involve the harvesting of matural forests, the reforestation
of logged~over areas or the afforestation of non-forest lands as well as the growing to
meturity and the harvesting of these man-made forests.

The operations manager normally must choose between clear cutting and selective
cutting unless restricted by governmental regulation or economic comsiderations. He must
decide respecting the type of tools and machines to be used in cutiing and transporting the
logs to roadside, the size and configuration of hauling equipment to be used and therefore
the standard of haul rozd to be constructed.

2. SCOPE

This marmial seeks to provide guide lines which will help the forest manager to select
the proper forest road standard and density or spacing and the logging system which will
help to produce the lowest overall delivered wood cost, whether the operation is conducted
in natural or man-made forests in a temperate or a tropical zone. The principles which are
applicable in one region or to one logging system will apply nermally in ancther.

The marmal does not deal with roades hard surfaced with concrete or asphaltic
(bituminous) compounds, nor does it deal at length with cable yarding on sieep slopes. A
mamal dealing with such logging systems ie scheduled for publication by FAO in 1977 or 1978.
Maxinum attention ig given to those logeging systems which use skidding or forwarding to move
the wood from stump area to roadside since these are the most commonly used methods where
grades do not exceed 50 - 60 %. Harvesting systems employing ground transportation methods
t0 move wood to roadside are almost universally more economical than cable yarding systems
where there i8 a choice between the two.

It also deals at some length with the method of estimating the operating cost of
logging equipment because such cost values are often distorted by omission of or failure to
recognize items which should be included.

3 COSTING LABOUR AND MACHINES l/
3.1 Ganeral

The cost of a forestry project, whether it be road construction, tending a plantation
or hervesting wood, includes labour, machinery and materials and hand tools. The determination
of the true costs of labour and machine operation should be well understcod as their use

l/ Thie is largely a revision of Chapter 5 in FAQ Mamual "Harvesting Man-Made Forests in
Developing Countries™.



2urs frequently in this marmmal, They are discussed below. The cost of each is a function
of's

a) production per unit of time, and
b) cost of the time unit,
expressed as a cost per unit of production, e.g., as a cost per m3,

Any attempt to compare logging systems with the view of gBelecting the most economical
without considering all the factors which form part of the costs of labour and machinery may
well lead to a fanliy decision, For example, failure to include fringe benefits in %he cost
of labour or depreciation and interest allowances in machine operating costs would jaopardize
the project.

3.2 Labour

The cost of labour comprises direct wages plus the cost of fringe benefits mbsorbed
by the employer, Direct wages may be expressed as a rate per hour, day, week, month or
year or as a rate per unit of production (piecework). Fringe benefits include one or more
of such items as anmal leave or vacation, statutory holidays, accident insurance, family
allowances, medical care, schooling, housing, board, meals or food and transportation to and
from work places. Some of these are given by labour laws and regulations, some by
negotiated labour agreements and some given by the employer as a homuis to direct wages; not
all are given in all countries. The cost may vary between 20 and 100 percent of direct
labour cost. It must be determined for each situation. When expressed as a percentage of
direct wages, such payments are usually nuch higher in developing countries, where direct
wages are usually much lower, than in countries where industry is more fully established,
On an operation in Colombia the cost of fringe benefits for a worker in a logging crew
amounted to 60 % of his daily direct earnings of US$ 2425, i,e., US 1.35 per day. In
eastern Canadian logging operations, where wage rates per 8-hour day are around US$ 40.00
for general lahourers and US$ 48.00 for heavy mobile equipment operators, and pieceworkers
net around US$ 65.00 per day, the cost of fringe benefits runs around 25 - 30 %, i.80,
between USE 10.00 and US$ 15.00 per day.

Where no machine is involved the labour cost per unit of production is expressed by
the following quotient:

Direct labour cost for period x (1 + £)
Units of production in period

where £ = cost of fringe labour benefits expressed a8 a percentage of direct
labour cost.

The cost of labour involved in operating a machine should be included as part of the machine
operating cost,.

3.3 Machines
3.3.1 General

There are a mumber of textbooks available describing various methods of determining
the cost of operating equipment. Samset (11) has cited a short method of approximating the
operating cost of a machine excluding the operator. The Caterpillar Tractor Company gives
data in its performance handbook for estimating the cost of various components in a more
conventional method of costing machines, The Logging Committee of the Woodlands Section of
the Canadian Pulp and Paper Association recommended a method of costing logging equi ment,
which is, on the whole, still sound and applicable to all types of logging machines FTO).
It is designed to recognize and include changes in purchase prices, interest rates; fuel
prices, operator rates and,.in general, inflationary costs,



These methods differ from one another to various &egrees and none is perfect. Some
differences in the manner of treating depreciation or capital write—off, operator wages,
fringe benefits, etc., are due to management policies and/or accounting practices. Other
differences are due to the time unit over which the cost is distributed: the "hour" is
normally used, but there are several kinds of hours and care muet be taken to specify
whether the term refers to shift hours, engine meter hours, or productive machine or
effective hours.

Machines used in logging operations are essentially of two types: those which have
a major travelling function and those which do not. The principal representative of the
former type are hauling trucks and trailers. Other machines, such as crawler tractors,
skidders, forwarders, feller-bunchers, loaders, processors and harvesters, may be considered
as belonging to the latter type: all have work functions when not travelling. This
classification is made principally for the purpose of establishing meaningful hourly
operating costs. Whereas the latter type of machine may be costed on a productive machine
( PMH) or effective hour basis, hauling rigs should be costed at a rate per travelling hour
and a rate per standing hour. This is due to the wide difference in these latter unit time
costs and the great variation in terminal times and hauling distances and speeds among

hauling operations.

Machines used in logging operations should be costed on the same time unit used in
expressing production. In developed countries, for machines other than irucks and trailers
thigs is usually the productive machine hour. For less expensive machines such as power saws
less detailed methods and/or a larger time unit may be used,

3,3.2 Time determination for cosiing purposes

While machine shift time may be broken down into a large munber of items for the
purpose of studying machine utilisation, reasons for down time and S0 om, such detail is not
necessary for machine costing purposes. For tractors, skidders, loaders and such machines
which do not have a major travelling function a simple service recorder is sufficient which
will provide the following machine time elements:

a) shift hours
b) down time

¢) machine hours, divided if necessary into effective hours (PMH)
and non-productive hours.

Sometimes an engine hour meter on such machines is sufficient to establish PMH when the
machine is working steadily or the engine is not allowed to idle for prolonged periods.

In the cage of hauling rigs, which do have & major travelling function, the time
during which the machine is in use — called its in-use or machine hours — may be divided
into standing hours and travelling hours. For cosiing purposes, a hauling rig may be
considered to be in use whenever a driver is allocated to it and paid as a driver, and
standing hours may be considered to egual in-use hours less %ravelling hours.

Determination of machine time breakdown for hauling rigs requires a more complex
service recorder or tachograph, such as the Argo Kienzle TCO-14, which will provide the
following data as well:

a) distance travelled

b) travelling time

¢) standing time

d) beginning and end of shift.



Such recorders alsc usuvally show vehicle speeds and engine speeds ( rpm), which is umeful
information for the hauling and maintenance supervisors. :

3.3.3 Machine life

For cost estimating purposes the normal life of variocus types of logging machines
may be taken as listed below with some regerd to the comments which follow:

Machine Kormal life in hours

crawler tractors ;
graders
feller-bunchers

loaders )
processors

harvesters %
forwarders '
wheeled skidders 6 000 2/
hauling trucks 15 000 - 20 Q0O -
POWeTsaws 1 500

8 000 - 12 000 (normal: 10 000} 1/

The life of mobile logging equipment depends on many factors, such as operating
conditions, training of operators and mechanics, availability of replacement parts,
obsolescence and, in tropical countries, on the climate., In eastern Canada, life of the
larger crawler tractors 5175 hp and over) often exceeds 15 000 engine meter hours with littlse
or no increase in repair and maintenance costs during the later stages of 1life, In some
developing countries where operators and mechanics are inadequately trained, or are imbued
with a laisseg=faire attitude, or where anmual usage is s6 low that obsolescence sets in,
tractor life may not exceed 8 000 hours. ! '

Much the same commenis may be made concernming graders, feller-bunchers, loaders,
processors, harvesiers and forwarders, As equipment mamufacturers iron out the "bugs" and
improve the weak points of their machines as well as servicing in the field, the life
expectancy of their machines may be expected to rise. For example, the availability of a
group of 50 Koehring harvesters has risen in the past few years from 65 — 70 % to0 75 = 84 %
and life expectancy is 20 000 engine meter hours. This i® a heavy very complex articulated
one-man machine which fells, delimbs, tops and bucks the tree into 2.5 m lengthe, assembles
the logs into an 15 m3 cradle mounted on the rear chassls, transports the wood to roadside
and off%oads it to truck or trailer or pilee it down at roadside, all at the rate of
6 - 9 w’ per productive machine hour. :

1/ The higher values may be allotted to the heavier and more highly priced machines, such

T as the Koehring Shortwood Harvester which weighs over 40 tons in unloaded condition and
may be expected to be used for upwards of 20,000 hours if well mmintained and
obsolesence does not set in.

g/ In=uge hours: 15 000 where hauling distances are long and the rigs spend the major part
of the time travelling; 20 000 hours where hauls are sc short that about 40-60 percent
of round trip time is spent at terminal points (lcading and unloading ) and delayed for
any reason = thus giving a 'travelling® life of about 10 000 PMH.
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2,3.,4 Calculation of machine operating cost

The operating cost of a machine per unit time is the sum of several components:

a) depreciation or capital write-off
b) interest on average investment
c) insurance: public liability and property damage, fire, etc.
d) annual taxes, including cost of licensing, but not fuel taxes
e operating labour
g fuel, including fuel taxes
g) o0il and grease
g servicing and repairs (except ires for hauling rigs)
i} tires for hauling trucke and trailers.

These compeonents are discussed in gome detail in Appendix H,

The form for calculating machine cost designated as Form A may be uged for compiling
+he estimated operating cost per unit for all equipment including the operator or operators.
For most machines this time unit is the PMH. ¥or power saws and such small equipment larger
time units such as the "day" may be umed. For hauling trucks and trailers the time unite
should be the '"standing hour" and the "travelling hour" for reasons given in section 3.3.1.

The operating cost, excluding the cperator, per productive machine hour of those
machines, including ecrawler tractors, which work offroad on the forest floor may be
approximated with the formula

LG = 2.44
1E
where ¢ = operating cost in US§ per productive machine hour excluding operator;
4 = acquisition cost in US$;
LE = life expectancy in productive machine hours, as given in gection.2.3.3.

It should be noted that this formula should not be used for hauling rigs and that it
should be considered as an approximation for other machines. More exact methods should be
used when more precise values are needed., It is, however, a useful tool when making quick
COMpPATiSONs .

3.3.5 Unitg of machine engine power

The measuring units for power ( symbol P) as recommended by Intermational Standard
Organization in the SI system (Syst2me International 4'Unités) are watts (H), instead of
horsepower (hp). However, as the potential users of this marmal may be more familiar with
hp than with W, and machine specifications gt%il1l usually are in hp, the unit horsepower as
used in U.S.A. and Canada is used throughout in this manual:

1 North American hp = 33 000 ft - lb/min = 746 watis

Gross horsepower is the flywheel horsepower of an engine operating with fuel system,
water pump, lubricating oil pump and air cleaner only, at SAF standard conditions {JB16a)
of air temperature and barometric pressure. This is the standard method of .calibrating
engines in North America and allows engines to be compared on the same basis. (ross horse
powsr is the normal engine hp quoted in North America and is the hp on which fuel
consumption is calculated.

Net horsepower is the flywheel hp when the engine is operating with fan, alternator
or generator, air COmMpressor (if used) muffler and exhaust system and other opticnal
accessories as well aB those listed in the preceding paragraph. Net hp varies, therefore,
according to the accessories attached to the engine — normally being between 85 % and 95 %
of gross hp.



FORM A
MACHINE OPERATING COST ESTIMATE

Machinei{ Description

Gross hp ) - Delivered Cost

Life in Years Hours (days): per year 1life ‘
Fuel: Type _ Price per litre | .

© Tires: Size Type Number = B

Coet of Teplacement set : g '
Operator: Rate per hour (day) Fringe benefits ; - . %
Cost Component Cost per hour (day)

delivered cost x L90

(a) Depreciation 1ife in hours e

delivered cost x .60 x .interest rate

(b) Interest

average hours per year e
{c) Insurance _ delivered cost x .60 x .03
7 average hours per year e

anmial tax amount
average hours per year e

{a) Taxes T

labour cost per period x {1 + f)
machine hours in period

(e) Operating Labour =

where f = cost of labour fringe benefits expressed
as % of direct labour cost. J/
Sub-Total

(£}  Fuel = OGP x X x CL
where GHP = gross engine horsepowerj
= fuel cost per litre in dollars

(]
e

212 for diegel fusl, 175 for gusoline

‘ i GHP x X
(g) Oils and greases = o

where X = L20 for tractors, skidders, front end
loaders and trucke;
X = 430 for feller-bunchers and kmickle boom
loaders; '

X = .50 for processors, harvesters and forwarders.

Delivered Cost

o i *
(h) Servicing and Repairs (*) Tits 55 Noums B¢ e B

*  include tires except for hauling rigs;
*% uge lifetime travelling hours in cage of hauling rigs.
{i) Tires for hauling rigs = 0006 =x ST
where OCST = cost of set of replacement tires.
Total 2/

_‘I_/ Phis represents the cost per standing hour of a hauling rig.

_2/ This represents the cost per travelling hour of a hauling rig, and cost per
productive machine or effective hour for other machines.




Countries on the metric system of measurements use the DIN horsepower to rate
engines determined according to the Deutsche Normen Standard (DIN 6770}, which specifies
different air temperatures and barometric pressures than the SAE J816a standards, and
different engine accessories as well. The following equivalenis may be useds

1 metric hp = 736 watts

8o that 1 North American hp = 1.014 metric hp.

4. THE STRUCTURAL PARTS COF A ROAD

Forest roads, like major hard-surfaced highways, are engineering_structuresl All
congist of two parts: the subgrade and the pavement. Somse terms commonly used for various
parts of the structure are shown in Figure 1 (5).

Shoulder Shoulder
: Side Back
|Side Slope 1 } Roadway I ISIope LSlope |
e S ‘ i
Surface !
Sub-~-Base Base Course

- o

Original Ground
Surface

Figure 1 - Typical Road Cross Section

The subgrade consists of soil that occurs maturally at or near the right—of-way. In
cut sections, the immer half normally consists of undisturbed seil, the outer part of =soil
carried, pushed or bulldozed from the "cut" side of the road and oompacted. In fill sectionsy
the subgrade is built up with =o0il bulldozed or otherwise transported from cuts or borrow
pits.

The term "pavement" is commonly used to designate the concrete or asphalt layer of
a hard-surfaced road. However, from an engineering viewpoint it consisis of all the material
placed on the road above the subgrads. On a properly engineered road it consists of three
layers: the surface course, the base course and the sub-base. Ideally the layers should
increase in load-supporting quality from the bottom up; this usually is the situation in
high quality public roads built for severe traffic density and long life. However, in many
forest roads, a gingle layer of pit—run gravel may serve for all three courses. On some
long term or heavy duty forest roads in Eastern Canada, the pavement, defined as the
engineering term, consists of a coarse—crushed gravel (up to 56 cm in diameter) basge course
and a surface course of fine—crushed material (up to 1-2 cm in diameter).



LY SOME GENERAL ROAD CCNSIDERATIONS

Moet countries specify by law and regulation the maxinmum gross vehicle loads which
may be hauled over the public road system. These resirictions vary according to the load
bearing standard to which the road has been constructed, the load capacity of the bridges
over which the road passes and the time of year in countries with severe rainy seasons or
frost penetration in winter. Maximum legal loads are usually based on tire width (as
marked on the tire by the mamifacturer), gross axle weights at road contact point and the
mumber and spacing of axles under the vehicl=, Some countries disregard axle weights and
spacings and base their regulations solely mumber of axles and gross vehicle weight.

Most public roads also restricit, except by special limited—~time permits, overall
dimensions - length, width and height — of the vehicle whether it be a single truck or a
combination rig and whether it be loaded or empty. In many countries there are
also regulations concerning such items as braking capacity — the ability to control the
loaded wvehicle on downgrades and/or bring it to a stop within stipulated distances under
prescribed road and traction conditions (6).

On the other hand, privately owned roads — and forest roads normally fall within
this category — are governed by no such regulations unless restricted by special legislation
to protect others with right to use such roads. Vehicles and/or loads are often wider and
longer and axle loads much greater than permitted on public roads, In practice on forest
roads, groes axle and vehicle loads sometimes exceed not only rated road capacity, but
design or rated capacity of tires; axles, drive line or other components of the vehicla,
For example, S5—axled semi-trailer rigs are normally allowed to carry gross loads of
32 000 — 36 000 kg on the best public roads but often gross 50 000 — 55 000 kg on private
forest roads regardless of road category. While forest roads are not bound by highway
weight regulations, every effort should be made to distribute the load to the best
advantage among the axles. This matter is referred to in Section C-4 of Appendix C as well,

6 FOREST ROAD CLASSIFICATION

6.1 Classification System

Forest roads may be classified in a variety of ways. The U.S. Forest Service, for
example, has devised the forest road classification gystem given in Appendix A, It is
based on mgintenance of average running speed. The hauling cost table is worth inspection
for several reasons:

a} it develops hauling costs as a standing cost per unit volume plus a
iravelling cost per unit volume gar unit hauling distance, e.g., a
standing cost per cord (or per m3) to cover loading, unloading and
delay time, plus a travelling cost per cord/mile (or per m3/km);

b} it shows that the travelling cost per cord/mile (or per m3/km) decreases
in almost inverse propertion to travel speed, thus supporting the method
of costing hauling rige by *he hour; '

c) it shows the cosmt advantage of using tandem—axle over eingle—axle hauling
equipment,

The FAC mamual dealing with "Logging and Log Trahsport in Tropical High Forests" (1)
¢lasgifies roades infto two broad categories: access roads and feeder roads.

This mamual uses the classification given in PAO marmual on "Harvesting Man—Made
Forests in Developing Countries" (2):
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a) haul roads

i) primary or main roads
ii) secondary roads

iii) feeder roads
b) strip roads (skidding or forwarding trails)
c) access roads.

This classification does not, however, give the specifications to which the roads
have been or are to bte built. The terms indicate only a comparative standard and their
relative position in the road network. To permit proper specifications to be drawn up, more
information is needed: gro®s vehicle and axle loads, overall load width, axle type and
spacing, planned travel speeds, traffic density and seasonal availability. .

Paterson (3) in a study of forest roads in eastern Canada proposed that forest roads,
for design purposes, be described according to:

a) single axle load, or the equivalent obtained by converting tandem or triple
axle loade to design single axle loads using Table 33 in Appendix B;

b) traffic density - the maximum number of design single axle load paszes over
the road in a 24=hour day during its planned life;

c) speed — the sustained speed below which the loaded vehicle should not have
to drop for reasons other than traffic congestion affected by geometric
considerations, such as width, crown, sight distances, stc;

d) seasonal availability = the period of the year when the road is to be used
under normal circumstances;

¢) anticipated life in years.
62 Haul Roads

Haul roads are those which form the transportation network over which the logged
material 18 hauled from secondary, or occasionally primary, landings to the mill or to the
shipping point if it is disposed of unprocessed. Frimary landings are those points in the
stump area at which the prepared logs are first agsembled or left in place. Secordary
landings are those roadside points to which the logs are yarded, skidded or forwarded from
the stump area. Normally primary landings lie within 20 m and secondary landings within
400 m of the stump.

The haul road system comprises all classes of haul roads from the main road nearsst
the mill or shipping point to the feeder roads lying farthest away and forming the fingers
of the network. Normally feeder roads lead into secondary roads and secondary roade into
main roads. The haul road network may be privately owned or use part of the public highway
system and be subject to its regulations. If privately owned, it may or may not be
government regulated with respect to vehicle dimensions, gross and axle weights, travel
gpeeds, safety practices, and so0 on.

It should be common practice to build or to upgrade all haul roade to the standard
required to carry fully loaded hauling rigs using them at planned traffic density. However,
there are exceptional circumstances when this should not be done; for example, when the
Boil has a very low bearing capacity, the road is short, wood volume ie low, road building
materials are scarce and it is obviously more economical to haul part loads (and probably
top load to other vehicles at a road of higher standard) than to upgrade the road.



“n temperate countries with winter frost penetration, hauling over low bearing soils
is often delayed till winter when road building costs are less and full loads can be hauled.
When this is done, both optimum feeder road spacings and gkidding or forwarding distances
become less, resulting normally in a substantial logging cost reduction. The bearing
capacity of frozen soil is about 8 - 10 times the normal summer value, depending on the depth
of frest penetration. In'tropical countries, the hauling programme normally calls for the
more critical areas to be hauled during the dry season.

If a public road system is to be used as part of the main haul roasd and its standard
is low, and no plans exiet for upgrading it, hauling equipment should not be designed for
roads of higher standard, nor should the remainder of the road network be built to greater

load carrying capacitye

Main or primary haul roasds, where travel speeds are high and traffic is dense, should
be sufficiently wide for two hauling rigs (one loaded, the other 1ight) to meet safely at
any point without reducing speed, particularly if sight distances are less than deeirable,
The optimum lane width of such a two—lane road is overall vehicle or load width plus 1.2 m
(3); +thus the design widih of road will depend on the maximum vehicle or load width adopted
for the operations The maximam legal load width, for example, is 8 feet (2.44 m) on most
U,5. highways and 8.5 feet (2.59 m) on most Canadian public roads. It wae 2.5 m in Sweden
in 1969 but was expected to be incremsed to 2.65 me Where public roads are not involved,
load width for raw forest products may be as much as 3, 3,5 and, in the Pacific Northwest,
a8 much as 4.5 m, necessitating a wider design standard for the road.

Tn some cases where forest road widths do not meet the required standard, the log
bunks are "hinged" on the traffic side (when meeting another vehicle) and swung in for the
return trip light to reduce vehicle width and facilitate meeting loaded rigs.

In natural forests in temperate regions, where the rotation periocd may be between
50 and 100 years, feeder roads are usually temporary structures to be abandoned when logging

has been completed.

In plantations, on the other hend, feeder roads should be designed and built as
permanent roads capable of carrying the expected gross haul vehicle welghte. They are
single-lane roads, often with little or no shoulder and sometimes without ditches. Vehicles
meet at turn—out points constructed at appropriate intervals. Traffic density is light and/
or periods of use are usually brief.

Secondary haunl roads are intermediate in width between feeder and main roads, and
shoulders are usually narrower than on main roadss Vehicles can meet, bui losded rigs have
priority; hauling rigs returning light and other vehiclea are expected to move over to the
shoulder and, if necessary, stop to allow the loaded rig to pass safely at normal speed.

Haul road design is referred to more fully in Appendix C.

6.3 Feeder KRoads

Feeder roads are located in the logging area. They form the extreme or outer ends of
the haul road network. They serve to provide worker eccess to the immediate logging area
and to reduce the skidding or forwerding distence. They are sirictly temporary roads and
normally are sbandoned when the area has been logged. They are therefore built to the
lowest possible standard commensursie with the purposes which they must serve. On solid
ground they are often merely narrow single-lane bulldozed roeds with minimm ditches or
other drainage facilities and grawelled only where necessarys. In Boft-low=bearing ground,
their use for hauling mey have to be resiricted to dry weather or frozen ground conditions.
Maintenance normally receives little consideratione.

Feeder roede should be so located, i.e.; Bpaced, that their construction cost per
unit volume of harvested wood served by the road will equal the trawalling porition of the
gkidding or forwarding cost, expressed on the same basie, such as cost per m’. This ism
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called the optimum feeder road spacing or density. Its value depends on several factors:
feeder road costj skidder or forwarder payload, travelling speed and operating cost; stand
density or volume harvested per unit area, and factors to compensate for delays and .
additional travelling due to winding trails, feeder roads and so on. Optimum feeder road
spacing is covered more fully in Appendix D.

When skidding or forwarding is done mamally or with animals, the same principles of
optimum feeder road spacing apply in theory. In practice, however, skidding or forwarding
distances, and therefore feeder road spacing, are dictated more by tendency of men and
animals to become unduly tired on long carrying or skidding distances. For this reason men
usually do not move wood more than 50 — 60 m and animals twice this distance.

6ad Strip Roads

Strip roads are the skidding or forwarding trails leading from roadside landings back
to the stump area. On flat and undulating terrain they normally use the undisturbed forest
floor and do not need to be cleared or bulldozed for mechanical skidding or forwarding. - In
tropical forests crawler tractors with their penetrating capability are often used to clear
the skidder trails and to concentrate the logs for the faster and more economical 130 — 180 hp
wheeled skidders. The new 300 hp skidders are expected to be able %o break through to the
felled trees without crawler assistance and deliver their loads direct to roadside.

On steep terrain wheeled skidders and forwarders working on the forest floor muet
travel straight up and down the slopse, i.e., at right angles to the contours. When there
are no plateaux where the vehicle can be turned, it must back up the slops to the loading
point sometimes assisted by the winch line anchorad to a tree or stump, or it must travel to
the top of the skidding treil by a bulldozed round—ebout go—back trail on & more moderate
gradient. Under mome oconditions of firm soil and uniform mlopes skidding trails may be
bulldozed diagonally acrose the slope.

6.5 Access Roads

Accems roads, in the context of this mamal, may be defined as those roads leading to
a forest area from labour, material supply and administrative centres. The term is purely
functional and does not imply any standard or quality of road.

Some access roads may be or become primary or main haul roads, in which case they
should be built to haul road standard. If an access road forme part of a low—standard
system, it should be upgraded., If there are no goverrnment plans to do so, and the enterw
prise does not wish to carry out such work and axle loads are restricted, the remainder of
the haul road network should not be constructed to a higher load carrying capacity.

Ts SITING OR LOCATING FOREST ROADS

Tt General Procedure

The operation of siting or locating forest roads for the purpose of providing access
to a forest and harvesting the crop usually results from an inventory of the resources of
the area and a decision to build up a forest«based industry. It should be done with the
utmost care. It is essential that grades and curves be kept to a minimum and the road sited
to the best advantage. Siting roade on flat and rolling terrain is normally not difficult,
but hilly and mountainous terrain may present many problems.
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The operation can best be done by¥

a) firet reviewing the management and harvesting plan with the view of determining
the areas to be served first and therefore the general direction which the roads
should take;

b) checking on road specifications required: minimum radius of curvature, maximum
grades, type of hauling equipment, weight of loads to he carried, vehicle sPeeds,
etC-,

c) choosing a tentative road alignment in the office using stereoscopic aerial
vhotographes and topographic maps and those geological, land cla551flcatlon and
801l data that may be available;

.d) checking the tentative route in the field for alignmenf, gradés and curves, soil
conditions, drainage water, rock outcrop, side-cut work, stream crossings,
availability of gravel and other material, and so on.

Stereoscopic asrial photographs on a scale of 1:10 000 to 1:20 000 are quite suitable
for rcoad location work. Fhotographs on a gcale of 1:50 000, commonly used in many countries,
will provide some information, but their use will entail much more field work. The
preliminary field check work may be done by a crew of two or three men using steel tape
(30 m), compass and clinometer, or even by one man pacing and using compass and aneroid
barometer.

A photogrammeirist trained in soil identification from sterecscopic aerial photo-—
grapns should be able to distinguish general soil classes if the photographic scale is
large enough, but only exemination in the field mlong the planned rcad site, verified if
necgessary by laboratory test, will ensure the engineer of the type of soil on whioh the road
muet be built.

T.2 Scil Tests in the Field

Johenn Eisbacher (15) has described visual and mamal methods which may bs used in or
near the field with care and experience. Visual methods determine the size of so0il particles
down to sizes which can be seen with the naked eye (& broad classification only) and the
colour of the soil. Marmal methods are applied to fine—grained soils to determine:

a) dry—-state stability — do lumps break apart easily when dry or do they resist
pressure 7

b) reaction of the soil, particularly silty ones, to shaking in the hand;
c) the plasticity of a soil and its silt and clay content by kneading;

d} the proportion of sand, silt and clay by rubbing & small sample between
the fingers, sometimes under water;

é) the clay content by cutting a moist soil sample with a knife.

Other soll classification systeme have been propeored or used on the basie of grain
size. For road purposes in North America, perhaps the most frequently used is the AASHO
(American Association of State Highway Officials) system, which is based on the ASTM
( American Scciety for Testing and Materials) system of classifying soil particles by size -
using sieves of various sigzes. This systen, along with the plasticity index of the soil
determined in the laboratory, furmishes the soil information required for road design.
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It is doubtful, however, that most forest roads location work requires more than
careful and economical field tests. It must be noted that forest roads must be built to
serve the access to and the harvesting of the forest, and there is often little or nd choice
respecting their location.

Te3 Rrosion

Porest roads should be sited to avoid or limit erosion. Erosion is normally caused
by rain in wet weather and by wind in dry weather. The larger the raindrope the greater
‘will be the rate of erosion. It may be expected to become serious when rainfall exceeds
25 mm per hour, as often happens in the tropics. Its magnitude, under a given set of
conditions, depends on physical properties of the soil, gradient, length of slope and, most
importantly, vegetative cover. 5ilty, light sandy and uwncompacted soils erode more readily
than heavier clay #nd wall cempacted meils.

Erosion occurs on the faces of side cuts and embankmenis, on the sides, bottom and
outfalls of drainage ditches, and on the shoulders and surface of the roadway. Very steep
slopes should be avoided, whenever possible, to reduce the area of exposed soil on both the
side cut above and the embankment below the road. When constructing forest roads, side cut
slopes are often left steep initially and soil slips and eroded material removed from the
ditches until the angle of repose has been reached. Clay soils rich in iron or alumimum
compounds harden on exposure and may be side cut with steeper ‘Taces.

Tead] Some Ceneral Principles

Forest roads should be sited, whensver possible, where the properties of the soil
indicate good drainage and support qualities. Silts and clays with thelr high capillarity
should be avoided. Unpaved ditches should have a gradient of at least 1 % to produce a
water flow, otherwise percolation and evaporation must be relied upon to dispose of run-off.
Forest roads should aveid water courses with steep gradients which may.be difficult to
control during rainy or spring run-off seasons without special construction works.

Because forest roads are being opened more and more to public travel for recreation
and aesthetic purposes, large cuttings and enmbankments should be avoided. They mar the
scenery and the wounds are slow to heal. The road should therefore follow the terrain as
mich as specifications will permit.

TeD Feeder Roads

Feeder roads in those mreas where the wood i® to be skidded or forwarded to roadside
should bé so located or sited or spaced that the cost of constructing the feeder road equals
the travelling portion of the skidding or forwarding cost, when both costs are eXpressed on
the same Dasis, e.g., in Usﬁ/m3. This is the optimum spacing. It produces the lowest ’
combined cost of the two operations. Optimum feeder road spacing is discussed in Appendix D.

Sometimes in tropical forests, when only a few of the more valuable species are %o be
removed, an inventory map is prepared showing the location of each tree to be felled. In
theory the same principle of optimum feeder road spacing is applicable, but in practice
feeder roads are routed to tap the areas of greatest tree concentration to reduce the skidding
distance.

T.6 Sample Evaluation of Altermate Routes

Not only should forest roads be sited to serve the harvesting operation to the best
advantage, but the problem of torrent control, erosion, surface water, low capacity soils
{ such as organic soils and gilts) and so on, should be considered. For example, it may be
possible to re-route the road to avoid a muskeg area without reducing its efficiency.
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Thie problem may be illustrated by the following example:

a)

Input to the problems

i)

ii)

slaist)

iv)

\r)

vi)

it will cest US$ 3 000 more to build the road over the muskez,
but this route will save 1.5 min per round trip, resuliing in

a time saving per year of 60 hours, during which the rig would
be standing because no additional trips could be made per shift;
the road would be used for 5 years;

hourly operating cost of the hauling rig would be US§ 20.00
while travelling and US$ 8.00 while standing;

there would be no difference in road maintenance cos+tj

the enterprise pays income tax at the rate of 40 % of net
income}

money is worth 10 %.

The question is =~ which road should be built 7

The answer to the problem may be developed as followe!

i)

ii)

anmual savings realised hauling via the muskeg road:

- hauling — 60 hra x (US$ 20 - US$§ 8) = US$ 720

— road maintenance. = Nil
Total Us$ 720

It would appear that the rcad should be built over the maskeg since
U3$ 600 of the capital cost of building the road would be recovered
each year, leaving US$ 120 as profit. However, the time value of
money should be considered. The present value of the after—tax
income or cash flow for the 5 years would have to be calculated as
in (1) or (2) below:

(1) gross ammal saving Us$ 720
less depreciation (3 000 + 5) 600
Taxable income 120

less income tax at 40 % 48
After—-tax income 72

tlus depreciation 600
Anmial cash flow Us$ 672

(2) Ammual cash flow
= (600 x .40) + (720 x .60) = UsE 672

d} The present worth of a cash flow of U3$ 672 per year for 5 years at 10 %

= 672 x 3,791 = USH 2 550
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where 3.791 is the present value factor used to determine %he present wvalue
of a series of 5 anrual payments.

It is evident that thé road should be constructed around the muskeg, hecause the

present wvalue of the savings to be realised over 5 years (US$ 2 550) if the road i= built
over the muskeg is less than the extra cost of the road (US$ 3 000).

8, FOREST ROAD CONSTRUCTION

8.1 General Considerations

Forest roads may be built for a variety of purposes of which the most significant is
harvesting the forest crop. As such, they are essentially heavy duty haul roads and should
be built for this work. Such functions as recreation and wildlife management are secondary.
The road ztandard should be as uniform as can be justified economically throughout the net-—
work, but not better than the transport capacity dictates. While the standard may be reduced
for the secondary and particularly for the feeder roads, the load~hearing capacity of these
roads should not be lowered. This may mean limiting some feeder road hauling to the winter
frost or to the dry season. It is fundamental that the transport capacity of a haul road is
determined by its weakest section.

Road construction methods vary little throughout the world, the mejor difference being
in the proportionate use of manpower and machines for forming and ditching the road. The
alignment of access, primary and most secondary roads should be etaked, the degres of staking
related to the importance of the road and the difficulty of the terrain. The right-of-way
boundaries should be marked. It is also normal praotice — and sometimes requirad by law -
to salvage all merchanteble wood from the right-of-way before clearing and forming is begun,
particularly when bulldozers are being ueed. Regulations may also require that all trees
and shrubbery on the right—of-way be burned or otherwiee removed or destroyed along the more
permanent roadways for aesthetic or fire prevention reasone or to facilitate the logging
Process.

Rock drilling and blasting may have to be done, surfacing material may have to be
erushed or blasted and crushed, and subgrades in low=1lying areas or soils with strong
capillarity may have t¢ be stabilised.

8.2 Costs General

Road construction methods and costs vary 1little throuvghout the world. The cost of
the labour extensive work involved when bulldozers, graders and other heavy edquipment are
used seems to be largely off'set by labour coet when this work is done with manpower in some
developing countries where unemployment is high and low—cost manpower is plentiful.

When construction is mechanised, the cost of egquipment normally amounts to 75 - 80 % of the
total cost, labour 10 = 15 % and material % - 10 %.

Examples of road construction costs in tropical forests in West Africa, prepared by
Est®ve and Lepitre in 1972, are given in FAO publication "Logging and Log Transport in
Tropical High Forest" {1). They referred to roads in gemtly rolling terrain in Ivory Coast
and to easy, average and difficult terrain in Gabon. For 1977 the total costs, excluding
supervision and overhead, are given in Table 1.

The haul road specificaticns adopted by one large pulp and paper company in eastern
Canada are shown in metric measurements in Table 2, Feeder roads ars not included on the
sheet as they are narrow short—term roads built as cheaply a® possible, some only for winter
bauling over frozen ground. Average construction costs for a mumber of these primary,
secondary and access roads { sometimes used for hauling also) are shown in Table 3. The
operating costs of tractors and other machines used in developing these costs include
depreciation, interest and labour fringe benefits.
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TABLE 1

TOTAL DIRECT COST (EXCLUDING
SUPERVISICN AND OVERHEAD) IN US$ PER KM OF
FOREST ROADS: WEST AFRICA

Type of Road Access Frimary Secondary roads Skidding
Roads Roads  @ravelled Nom—gravelled Trails

e B 1012 m 8 m 6 m 6 m 4.5 m
Ivory Coast & 100 3 700 2 200 1 800 520
Gabont

(1) easy terrain 12 600 8 800 5 600 4 100 750
(2) average terrain 14 500 9 900 7 100 5 600 1 450
(3) diffioult terrain 16 500 12 600 8 600 7 200 1 900

For purposes of cost control during construction apnd future estimating, road
construction labour and machine time and costs are often hroken down into and accumlated
by their several elements: staking alignment, clearing right—of-way, forming and grading
the road including normal ditching, culverts, bridges, rock drilling and blasting, crushing
gravel or rock, gravelling, stabilising the subgrade and miscellaneocus work, Sometimes two
or mora of these elements may be grouped.
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TABLE 2
FOREST ROAD SPECIFICATIONS USED BY ONE LARGE FULP AND PAPER

COMPANY IN EASTERN CANADA

g/ S3tate more than one if applicable

) i
o Main Secondary Limit
Chamactiextetd o Haul Road Heul Road | Access Rosd
Standards Standards Standards
Operating Data
BEetimated years of useful life 10 2 20
Estimated quantity haunled yearly m 300 Q00 60 Q00 N/4
Availability — months per year 10 10 12
Load capacity 70 ton 70 ton 70 ton
Maximum speed 80 km 55 km 80 km
Average speed 70 X 50 km 70 km
Culvert type - wood, steel or concrete . Steel or Wood Bteel or
Concrete Concrete
Width
Cleared rightwof-way 3om 25 m 30 m
Centre line ditch to centre line ditoch 10.6 m 8.Tm 9.4 m
Outer edgs of shoulder to outer edge 9.7 m 7.9 m 8.5 m
of shoulder ’
Travelling surface T3 m 6,1 m 6.7 m
Alignment
Maximum grade — loaded 8% 9 % 8 %
- light o2 % 10 % 8 %
Maximum horizontal degree of curve 8700 129001 120"
Minimum visibility distance 170 m 110 m 170 m
Slopes '
Height of crown 15 cm 13 em 14 com
Superelevation — banking Yes 1/ Yes Yes l/
Ditches ~ rock sub-base Yes Yes Yes
| gravel sub—base Yes Yes Tes
sand sub~-base Yes Ho Yes
'!l clay sub=base Yes Yes Tes
Soil
2/
State road bed ~ rock gravel sand or clay - - =
Minimum depth of gravel surface over 2
rock sub-base 15 cm 10 ¢m 15 cm
gravel sub-base 15 cm 10 om 15 cm
sand sub-base 3G em 25 cm 25 em
¢lay sub—base 30 cm 25 com 25 cm
Bridges
| BState type — timber or steel = = =
| Capacity T ton 70 ton 70 ton
Deck width 4.9 m 4.9 m 4.9 m
1/ Where required lffote: Haul road standards shown are

} for semi-treiler hauling.
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TABLE 3

TYPICAL FOREST ROAD CONSTRUCTICN
COSTS IN EASTERN CANADA

(Based on specifications given in Table 2)

Type of Road
Primary Secondary Acess.
Item Haul Haul . and Haul

(costs in US$/km)

Clearing $ 2 000 $ 2 000 $ 2 000
Forming, ditching and grading 8 000 6 000 7 000
Gravelling 2 500 2 000 2 500
Culverts 1 000 500 1 000

Totals $ 13 500 $ ;B_gag $ :;_;55
Road width including shoulders 9,7 m 8m 8.5 m

8.3 Staking, Felling, Forming, Clearing, Grading and Miscellaneous Work

The major work in constructing a forest road comprises clearing of the area where
the road is to be built, forming and grading the roadbed, construction of drainage ditches
and of culverts and bridges where réquired, and cleaning up the side slopes and embankments
and stabilising them when necessary. It may include some rock drilling and blasting and
some stabilising of the subgrade.

From an engineering viewpoint, & road consists of a surface coat, a base and a sub-
base, all supported by a subgrade. In forest road construction these distinctions are
seldom made. It is customary to form the road using materials found on the site and apply
the depth of gramlar material required to carry the load. It is obvious, however, that
on occasion, ©.g., on low capacity soils, such maierial constitutes the base and sub-base
a8 well as the surface coat.

The work of forming the road and preparing it to receive the surface coat may be
done largely with manpower or with bulldozers, graders and other machines. When mechanical
squipment is used, the formula below gives the approximate cost of constructing and
preparing the road for gravelling, but excluding rock drilling and blasiing, construction
of culverts and bridges, and extraordinary work to stabilise the subgrade {1

i = 230 + 17SL + 660 ST; + 30 SL°STy

where O3 = +the direct cost in US$ per km for road siandard i
( supervision and overhead excluded);
SL = +the inclination in percent of the major slope (> 50 m) of the hillsidesy

STy = +the road standard values listed in Table 4.
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Howsver, as road consiruction costs have increased since 1972, the formmla needs to
be adjusted for 1977 end would read as follows:

C. = 370 + 27 SL + 1 050 ST, + 48 SL.ST,

The formila was developed for use in developing countries for rcads of standards and
widths including shoulders shown in Tables 1 and 4.

TABLE /

VALUES OF 3Ty FOR USE IN THE ABOVE FORMULAE

Road width

including Value of"
Descripiion of Road shoulders STy
Access roads and primary
haul roads 10 —-12m 3
Becondary roads 8~10m 2
Feeder roads 5= Tm 1
Skidding trails 3.5 -4.5m 0

Mechanized driiling t» speed up road construction in rooky mountainous terrain
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Although the formula wae developed for conditions in developing countries, it may be
used in developed countries as well. It should be noted that the formula is considered to
produce approximate results only, that it should not be applied to ridge roads, and that
roads are sometimes built marrower on steep terrain or with wider shoulders on low bearing
soils.

The approximate productivity ratice, purchase prices %pd hourly operating costs
(excluding operator) of crawler tractors of various horsepowers, when equipped with bull-
dozer, protective canopy and towing winch are shown in a chart in Appendix E.

8.4 Ditches

The estimated maximum water flow and the characteristics of the subgrade soil will
determine ditch dimensions, For access and primary roads in terrain with good drainage
characteristice a V=ditch extending 30 - 40 cm below the shoulder will usually suffice. In
flat terrain, where drainage is poor and water must be disposed of by percolation or
evaporation, a trapezoidal ditch 30 = 50 cm deep and 40 = 60 cm wide should be provided
unless the water can be drained off to drain or borrow pits or other depressions. Secondary
roade usually are built with smaller ditches unless deeper ditches are needed tc drain sub-
surface water from the subgrade, TFeeder roads are only ditched where free water is & real
problem.

Ditches on side slopes are usually of the V-type and constructed with angledozer or
grader, so that eroded soil from the slope above may be removed with & grader and hauled
away or dispoeed of over the smbankment.

Ditches of forest roads should have a gradient of at least 1 % for aocceptable water
flow. When the grade line exceeds 5 %, eropion mey present a problem. On pide cut roads,
water should be led at short intervals through culverts with a 5 % gradient and guidaed down
the embanlnent via pipes or lined ditches. It may be advisable to build a well or catch box
at the inner end of such culverits, Where both sides of the road on & hill are ditched, it
ie usually possible to drain the waier away on one side or the other onto the right=of-way
or into the forest.

845 Stabilisation of Slopes

_ Stabilisation of long side—cut and embankment slopes to pravent or limit erosion of
fine sand, silt and other eamily eroded soils may be accomplished in a variety of ways:

a) unbroken horizontal benches or shelves may be constructed at intervals
along the slope to interrupt the flow of water; £

b} turf may be placed or brushwood staked down in unbroken horizontal lines
at intervals of 1 — 2 m along the face of the slopej

c) the slopes may be ‘meeded, possibly fertilided, and covered with hay, straw
or mulch to further the growth of vegetation. |

Erosion on side-cut slopes may be reduced by digging cut-off ditches bheyond the top
of the slope, sufficiently far away that water percolating into the soil from the ditch will
not contribute to a land slide.

When soils on long eide slopes tend to glide or roll down the slope, revetments may
be constructed immediately beyond the ditch to catch and hold the rolling stones and finer
material and eventually stabilise the slope. These usually consist of open cribwork built
of round peeled logs either unitreated or treated with one of the wood preservatives which
may be epplied in the field. [
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Timber crib revetment under construction to prevent embankment ercsion

On mere permanent forest roads creosoted squared timber or precast concrete may be
used in place of round logs. Embankments subject to landsliding may have to be stabilised
with piles driven near the top of the embankment.

8.6 Subggade Stabilisation

The major problem in forest road siting and construction in flat and rolling terrain
is finding solls with good drainage characteristics and load tearing qualities and avoiding
organic soils ( swamps and muskeg) and soils with high capillarity.

Free water in the subgrade of a road may cause problems through upward capillary
‘movement toward the road surface. Table 5 shows the maximum capillarity for various types
of Boils and gives an indication of the rate at which the action takes place. The table
shows that the maximum height to which capillary water will rise ig in inverse proportion
to soil grain size, and that rate of rise is low in coarse soils, increases as soil particles
decrease in size but again drops for the fineet soils.

A high water table under a road may be lowered by providing deep ditches, either
open or gravel-filled and mealed ( see Figure 2), extending well down into the water table.
The sealed type of ditch is expensive and usually can be afforded only on permanent high
capacity roads. The water will seep horizontally into the ditches, approximately at the
rates shown in Table 6, and eventually lower the water table,
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TABLIE 5

CAPTLLARITY OF VARIOUS SOTLS (18)
‘Capillary_ Rige in cm

Soil Name Particle size in mm Ma ximum In first 24 hours
Medium to fine gravel 5 =2 2 =13 2 =3
Very coarse sand 2 -1 5=06 5
Coarse sand 1.0 = 0.5 5 =15 11
Medium sand 0.5 = 0.25 13 = 50 21
Fine sand 0.25 = 0,10 A0 = 100 38
Very fine sand 0.10 - 0,05 100 - 150 53
Coarse Bilt 0,05 - 0,02 150 - 200 110
Medium silt 0.02 = 0,01 150 - 550 48
Fine silt 0.01 - 0.005 400 = 1 000 28
Clay 0.005 - 0,002 1 700 14
Colloid : 0,002 7 000 I3
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Figure 2 -~ Drainage for lowering subsoil water table (g .

TABLE 6

RATE OF FREE WATER FLOW HORIZONTALLY IN SOILS (18)

Type of Seil Particle size in mm Rate of Flow per Year in ocm
Silt 0.01 - 0.2 15 = 50

Medium sand 0.2 - 0.5 5

Coarse sand. 0.5 = 1,0 400

Gravel 1 000

When a subgrade is composed of fine sand, silt or clay - all soils with medium to
high-capillarity — a layer of coarse sand or gravel of a thickness equal to twice the
maxinmum capillary rise of the soil being hauled in as shown in Table 5, will interrupt
the upward capillary movement of water and improve the load bearing capacity of the road
(see Figure 3).



w Frcavarion w
\ Sock Fll with focal materma! v

1S e e e ———

5 La-iE fayer of sond or groves \
(.; } ; 5 E-}-T ,} ‘ }.? Copwifory woter
:-_ Free waier ob/e

Figure 3 - Insulation layer between subsoil water table and subgrade containing soil
with high capillary capacity (18).

Water seeping downslope and across under a road over an impervious soil layer may be
cut off with a deep ditch or ditch and drain as shown in Figure 4.

imperviaus leyer

Figure 4'— Drainage of subsoil seepage water (18 ).

Road construction in deep low-load-bearing soils requires that the subgrade be
stabilised before further conetruction proceeds. For forest roads this is often done by
‘clearing and levelling the =801l and corduroying with small trees growing on or near the
right~of-way. In tropical forests it is customary to use two layers of logs, averaging
around 10 cm in diameter and being the width of the road in length, The lower layer is
laid lengthwise on the road, the upper one crosswise., Logs larger than 10 cm are split
with anh axe. Where trees are cut with an axe and carried and placed by hand, production
averages around 20 me per man-day.

In gome northern temperate forests where swamps, muskeg and other very low-bearing
solls are encountered, the corduroying is often effected by felling some of the trees
standing on the right—-of-way lengthwise of and the remainder across the roadbed without
resorting to bulldozing the site.

Instead of using cordurcy cn cleared and levelled subsoil, non-woven fabric,
pervious to water, may be procured in rolls and spread to stabilise the subgrade. The
main purpose of the fabric is to prevent the fines in the subscil from rising and mixing
with the grarular material on top and to prevent the latter from working downward to weaken
the load carrying capacity. The material may be purchased in a variety of widths and roll
lengths, will not rot in the ground and is highly resistant to wear and tear., It is
reported that about 1 500 m? of the fabric may be placed on the road per man-hour.

The material may be obiained with various physical characteristics pertaining to
bresking strength, tear strength, stretch, etc. These dictate the price. Among the
mamfacturers are:

a) Rhone-Poulenc — Textile, Paris, France;

b) Chemie Linz AG, Austriaj



c) Celanese Corporation, New York City, U.S.A.

The fabric called BIDIM (made by Rhone-Poulenc - Textile) y with a bresking strength
of T0 kg and a breaking stretch of 50 - 70. %, sold in Canada for US$ 1.34/m2 in 1974.

Many triale have been made to find an additive which, when mixed with goil, would
stabilise it and improve ite capacity to support loads. Among these are bitumens, portland
cement and hydrated lime. A strong bitumen - stabilised goil can be produced only from a
soll which was of high quality, i.e., gramlar, before the bitumen was added. It is there-
fore of small concern to forest road builders. Likewise, the soils that are most amenable
to portland cement stabilisation are the gramular ones with a mixture of particle siges
from fine sand {0.10 mm) up to gravel (around 5 mm in diameter), Again these represent
already good load~bearing soils and do not require stabilisation. The finer the soil the
more cement is required, the harder the mixing becomes and the less beneficial are the
results.

On the other hand, lime, usually in hydrated form, may be mixed with clayey and other
fine grained soils to stabilise them, Many clay soils in the tropics contain oxides of
gilica and/or alumina, such as those in the upper Amazon Basin, Lime, when mixed intimately
with such soils through pulverisation, forms calcium silicates and/or aluminates, which tend
to cement the soil particles together. The resulting mixture must be compacted, It should
bs allowed to rest for 4 = 6 months and covered with gramilar surfacing material. Appendix F
contains the case histories of two lime mtabilisation projects carried out in eastern Canada
in 1966 and reported on in late 1968.

6. Culverts

Surface water in the road ditches should be led under and away from the roadway by
means of culverts sited at appropriate intervals — the 8tseper the ditch and the greater
the flow of water,the more closely they should be spaced, In steep terrain with long slopes
they may need to be spaced 15 = 20 m apart, in flat and rolling terrain probably 100 - 150 m
depending on the absorption qualities of the 80il; in mand and gravel moils few culverts will
be needed. Natural streams shouldbe drained under the reoad without altering the flow route
more than necessary.

Anticipated culvert life should have an important bearing on the type of material and
the care used in constructing it. PFeeder roade to be used one season only, whether in
temperate or tropical forest zones, normally require culverts only where there is an
abundance of surface water or a stream to be drained across the road. Sometimes unmerchante
able trees and brush pushed into gullies or depressions and covered with soil will serve the
purpose. Hoads to be used more than one season should be ditched and culverted,

On secondary roads which will not become permanent, culverts may be made of local
round timber, unireated if road life is not expected to exceed 5 — T years. In some
industrialized countries where Wwage rates are high, it has become more sconomical to use
galvanised corrugated culverts on secondary roads and remove them for use elsewhere when
logging has been completed, On permanent roads, concrete, galvanised corrugated steel or
preservative—treated wood should be used, because of the high maintenance and replacement
cost of untreated wood culverts. It is a question of comparing costs of culverts installed
using each of the available materials.

The preper size of culverts to be used depends on several factors, such as topography,
soil, forest cover, size of watershed, frequency and magnitude of sudden rain storms and, not
least, culvert spacing., It is, for example, well known that runoff from cut—over or burned-—
over land is heavier and more severe than from forested land. Several formilae have been
devised in different parts. of the world for caloulating the maxinum flow of water which may
be expected for various conditions, but these cannot have universal application, The most
satisfactory results can probably be obtained by looking for high water marks, examining
local meteorclogical records (if there are any) and consulting local inhabitante. Ome
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Pra-cast concrete culvert for natural water flow
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foressry company in egstern Camada uses a maximum run—off flow of 80 ft3/sec'par square mile
\approximately 0.88 m’/sec per km?) for high rolling to steep forest land and 60 — 70 £t/
Bec for low lands (18), but stresses that these values may not apply elsewhere and should be
used only with great discretion.

The approximate cost of galvaniwsed corrugated round steel culvert material of the
commonly used thickness and bought in; 20=foot (6.1 m) lengths — but procurable in other
lengths as well ~ f,0.b. fabricating plant in eastern Canada is given in Table 7. The price
of concrete culverts in short sections runs about the same at the plant, but the higher
transportation costs due to greater weight make it a less attractive material under most
circumstances. The cost of such material at the culvert site would have to be examined for
each situation. Locally treated local timber, preferably squared, would probably be . the
cheapest culvert material in many places, but installation costs would be much greater.

Wken bulldozers and other heavy equipment are being used o form and ditch the road,
excavating for placement of culverts, backfilling after placement znd digging drainage ditches
to lead water away from the culvert outlet, are normally done mechanically. A course of
coarse sand or gravel around 10 om deep should be placed to form a smooth bed for a round
pipe~arch, or arch culvert, the material should be left loose so that the corrugations will
sink into the bed. The bed should have a steady gradient of 3 -~ 5% and support the culvert
piping throughout its length. The backfilled soil should be compacted by 6-inch layers as
it is placed to provide side support for the culvert walls. This may easily be done with a
hand~held vibratory compactor. The depth of soil placed over the culvert should depend on
the thickness of culvert material used, characteristics of the scil, and vehicle axle lomds
and travel speeds. Recommended practice is to cover the culvert with good load carrying
material compacted to a depth equal to the diameter of the pipe.

Slowly running water in culverts, designed too small and/or placed too close to the
top of the ground, particularly in exposed places, tends to freeze and eventually block
during winter weather in northern zones. Thiw may be remedied by increasing the culvert
gradient, using a bottomless wood culvert or insultating the intake end with softwood branches
a8 the cold weather geason approaches, Culverts sited on too low a gradient tend to become
blocked with debris and/or stones and coarse sand. This may be counteracted by building a
well or catch pit at the culvert entrance, and small abutments to protect against eromion
and guide the water into the oculvert,

Large concrete or galvanised corrugated steel culverts may be used singly or
gseverally in place of small bridges. They are permanent, are normally cheaper to construct
(depending on the cost of material) and reguire little or no maintenance, When used in
groups, they should be placed far enough apart to allow compactors to be used between them,
either hand-held or mobile or both. Using compactors may mean using coffer—dams to givert
the water from the work area. Such culverts should not be used, however, where the gtream
carries large debris which might bridge the opening and cause it to become blocked.

8.8 Gravelling

The depth of surfacing material which should be placed on a forest road depends on
the characteristics of the so0il on which the road is constructed, the locads (axle loads and
spacing) which are to be hauled over it, traffic density, and,'to some extent, travel speed
and the season of the year when the hanling is to take place. Some forest roads require
little or no gravel, others or milt or c¢lay may need & depth of up to 50 — 60 cm. The cost
varies considerably, depending on whether the material has to be crushed or screened and the
distance it has to¢ be hanled.

Table 8 shows a comparison between 1972 gravelling costs with pitrun gravel given in
FAO publication "Logging and Log Transport in Tropical High Forests" 81) and typical 1977
forest road gravelling costs in eastern Canada.
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TABLE

APPROXIMATE COST OF GALVANTSED CORRUGATED ROUND STHEL CULVERTS
BOUGHT IN 20-FEET (6.1 m) LENGTHS IN EASTERN CANADA

n 8 s Thickness Approximate Cost F.0.B.
EProziZi e Fabricating Plant
iamcm U,5. Standard in
n Gauge ___mm _per m of length Joint Collar each
30 16 1.59 $ 2.40 § 2.50
41 16 : 1.59 3.30 3.30
61 14 1.98 5.00 5.00
91 14 1.98 7.25 TED
122 I i2 | 2,78 12450 12.00
SOME COMPARATIVE GRAVELLING COSTS
{ costs expressed in US§/m> or US$ per m3/kom)
Cost in FAO: "Logging and
Log Transport in Tropical Typical Costs in eastern
Item High Forest™ 1972 1/ Canada (1977) 2/
Natural gravel at pit $ 0.10 - 0.40 -
Loading
(a) small quantities $ 0.65 — 1,30 =
(p) 1large quantities $ 0.15 - 0.25 $ 0.60
Transportation $ 1.00/m> plus $ 0.40/m3 plus
$ 0.05 per m3/km $ 0.075 per m3/km
Grading and rolling $ 0.35 - 0.40 $ 0.50 3/

These costs which involve machines should be increased around 50 % to bring
them to 1977 values.

2

Converted from government—set gravel hauling rates,

B

Fo rolling or compacting is included.
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Gravel being loaded on to truck for gravelling main forest roads
in a small forest operation company

In eastern Canada in the mid~gixties, the crushing, loading and hauling and dumping
of pit gravel was being contracted at the rate of US§ 2 500 per mile (US$ 1 550 per km) under
the following conditions:

8) +the contractor supplied all labour and machinery;
b) average hauling distance was 4 - 5 kmj

¢) roed width gravelled equalled 7.3 mj

d) depth of material spread was 20 omj

e) the material was not spread or compacted.

A present contract price would probably be double the above figure, i.e., around Us$ 3 000
per km.

If the matural or pit run gravel is too coarse and has to e crushed before being
placed on the road, the cost in stockpile at the crusher or loaded on trucks will be between
US$ 2.00 and USH 3.00 per m> depending on the size of material produced. If loaded direct
from crusher, the loading cost in Table 8 may be disregarded. Some operators use pre-
crushers to produce coarse material (up to 7 — 10 cm in diameter) for the sub-base and base
course and a conventiomal crusher to produce the finer material for the surface course. If

. surfacing material has to be produced from rock by drilling, blasting and crushing, the cost
in stockpile at the quarry will be US$ 5.00 — US§ 6.00 per m3.
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Motor grader reshaping a main forest roed during road maintenance

9. FOREST ROAD MAINTENANCE

Road maintenance consists normally of removing irregularities from the surface of the
road, hut maintenance also includes other operations which are performed at irregular
intervals: destroying shrubbery on the right-of-way to improve sight distances, cleaning
ditches, applying dust abatement agents and regravelling. In northern zones, road
maintenance costs also include snow removal, sanding or salting icy roads, etc. BSnow removal
is usually done with a truck fitted with a one-~way plough and grading blade when long
distances are involved or with moior graders. Most logging operations use the latter because
the slower motor grader, with its longer wheel base, leaves a smoother less undulating surface
80 that high hauling speeds may be maintained.

The cost of maintenance depends con many factors: standard of construction, gross
vehicle weights, traffic density, travel speeds and climatic conditions and so on.
Consequently, it is difficult to estimate. TAOQ publication "Logging and Log Transport in
Tropical High Forests" gives anmal costs of USS 50 - 100/km plus 1 — 2 % of construction
cost as of 1972 depending on weather conditions and standard of construction, but present
day costs are much higher. In very hilly country anmual maintenance costs may approach 10 %
of construction costs until the rcad has becoms well stabilised., The maintenance cost of a
corduroyed main road im Colembia is around US$ 1 COO /km per year, i.e., 5 % of the cost of
consiructing the road.

Sometimes major roads are constructed to a relatively low standard and improved from
time 10 time with the cost of such work being charged to maintenance, thus distorting both
cost amounts.

Gravelled haul roads on a logging operation where travel is heavy, speeds are high and
hauling rigs return empiy, rapidly develop surface irregularities or wash boarding. This
phenomenon is said to be due to the action on the road surface of the rapidly revolving
driven %ires of unlcaded wvehicles as they alternately hit the road surface and rebound clear,
While these irregularities can be removed with shovels, picks and rakes, it is customary to
use tractor—drawn drags of various types or self-propelled blade graders. Motor graders can
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also re-ghape the road, retrieve loose gravel from the shoulders and shallow ditches, and-
epread it evenly over the road, Motor graders sometimes also haul a drag behind as it
moves along the road.

Dust is a problem on heavily travelled untreated gravel roads in dry weather. It
has been estimated that anmal loss in Burfacing material may reach as much as 300 tonnes
per km. - The loss on one_ busy untreated haul road in eastern Canada was reported to vary
between 100 m” and 200 m3/kmﬂyear. A munber of substances are used widely as a dust
palliative, the most commeon of which is calcium chloride applied either in solution or in
golid form at rates of 0.25 = 1.5 kg/m2 depending on the soil. Dust abatement provides
safer driving conditions and usually enables higher travel speeds to be maintained: it also
creates cleaner atmospheric conditions for the vehicle, but the salt causes more rapid
rusting of exposed metal parts. A summary of experience in the pulp and paper indusiry in
eastern Canada in the 1960's with calcium chloride as a dust palliative mdy be found in
Appendix @.

Maintenance costs will normally be considerably greater on primary or main haul roads
than on secondary roags, probably by a factor of 2 to 1. These costs at present (1977),
all-inelusive, year round and averaged over a period of years, will probably be arocund
US$ 800 and US$ 400 per km respectively. The cost of maintaining access roads sghould not
exceed that of secondary roads unless used a® haul roads as well. Feeder roads receive
very little maintenance.

10. HARVESTING SYSTEMS

10.1 General Considerations

Planning a forest harvesting system ie a complex undertaking., Meny factors must be
oonsidered: the physical characteristices of the terrain, the forest stand, the climate,
the forest management and silvieultural plans, the product, labour, logging eguipment and
the method of measuring production. Most of the factors will be known in an on-going
operation; in a new operation being plamnned all must be congidered.

10,.1.1 Terrain

Topography and soil exert a major influence on road construction costs and extraction
methods. Roads sited on steep slopes require deep side cuts and expose much soil to erosion,
Both construction and maintenance costs are increased. 0On flatter ground, fine silt and clay
sub-soils have to be stabilised because of problems with water capillarity in these soils,
and organic soils either have to be removed or corduroyed and covered with gravel hauled at
a cost of USE 1.50 — 2.00 per m3 plus US$ 0.08 = 0,10 per m3 /km.

Steepness and roughness of slopes and the traction chsracteristics of the soil and
ground cover determine if skidders, forwarders and other logging machines can be used.
Normally, given good traction conditions, some skidders and forwarders can Work on down
grades up to 50 % or even 60 % under exceptionally good conditions. They cam work on up—

grades to around 20 ~ 25 %, but payloads, particularly wi® skidders, must be drastically
reduced. ¢ 3

Table 9 shows the minor transportation methods practicable in tgmperatg zona foreets
under various ground conditions. The table should apply equally well in tropical fgrests,
tut the methods listed in the table can be used much less widely because of poor soil
conditions, larger tree size, lower stand density (or volume harvested per hae) and severe

aunderbrush.
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TABLE
FORESTRY DEPARTMENT
Forest Logging and
Trangport Branch Lagand: 4 Uphill  ¢Downhill xx Buitable x Posalbla. Elope in &, disregard slopes shorter than 50 m
Mareh 1972 Note: The acheme ceneiders tachnical festuras only. Final choice based on acanomics end type of eut.
TERRAIN AND SOIL GROUND SKIDDING METHODS CABLE S5YSTEMS
Ground Capacity for MANPOWER | ANIMALS ggAR?‘;‘ORS BKIDDER | FORWARDER CRAWLERS ;%@f{g{ Short Longer distances
roughness | traction/fiostation <700 m == 700 m
Mobile| All- Gravity
terr. only
STEEPNEES 0 - 10%
¥mooth good X Jearry | i Lo pt Swamp 2
rough bad I ﬂdrq 2 x m = wat clay xm = = = -1 Onlyu
Very goud x }Nu H o = Bwamp xx xx = animal and
rough bad x x =X X witclay  H x X [ tractor
STEEPNESS 10 - 30 % are
Smeath = good A <qumqon «18% | =@ = 10% | =x«<ib¥ | xS T304z impractic-
rough ] b (X xx gravity|xR «<30% | xm <38% | wx o B E1 S - x < 5%
bad 4 < 808 leamy XxL38%| z <208 == xx
“ N ERE x «30% | x ecisE | xx % <488 n ot xx<ift XX [Ex X
Very zood 4 2<% | x<28% R399 | x<ifs o = x
rough » e » x <30%| % «<i0% |mm XA E = x XIS =™ X x xx . I
Tad Y x<20% loamy Z<ES%| a20% xx X x x> .
@ f x x=45% x 1 <33% XX = x X o
STEEPNESS 30%
flaxibie
S$mooth - gaod L] trech o x =
rough W 4 == gravily = <f0f | x<80%h R <80% fe x xx
bad + wat e X 7
K o x K L T leamy x<80% = x xx
Very good & RR x x®
“tough ,, § x e flh ] k" x<80% KX x =
=N 7:? wal RX x xx
' i + A" loamy R <A0% xx x bl
TERBRAN AND SOIL (19) SKIDDER wrticulnted, ail wheel drive. one of two drum winch, often
The "IUFRO" - Proposal for Internationn] System of Terrain skl bylidorer blade ared supports for winching.
Classiication 18 ganeraliy uged, (11f) FEORWARDER articulated, sll-whesldrive, or with flaxible tracka.
{1y STEEPNESS refers to major slopes, longer than 50 m. Ylopes winch, ermne, often srmall bulldozar biade.
shorter than 50 m should thua be disregarded, CABLE EQUIPMENT
(40 GROUND EQUGHNESS refera 19 the occurrence of obatacles of Note: CABLEWAYS for tranatort {rom on¢ point to another are not
more than 50 ¢m height or depth. The clasedication in SMOOTH-ROUGH inc huded .
arid VERY ROUGH 18 somewhat arbitrary but in YERY BOUGH . the ENT winch and tower mounted on

average distance hetween gbetacies ghould be less than J metres.

(11} CAPACITY FOR TRACTION/FLOATATION cannot be quanttfisd i
a simple manner. In general GOOD applies to Irictien moils and BAD to
cobesion agiis. If possible, base clasaification on practical, locul
experience fromuse of tractors, considering aise form and quantity of
precipitation, geason of operation, Intenaity of PASEAEES miC.
STANDRS ARD TREES

CABLE CRANE SYSTEMS: production & s¢onomy sulfers more from
low deasity of cut and from small or very largs tree gises than ground
skidding methods. THINNING impossible tltﬁ high lead, difficult with
other caygle crane systems.

ECONOMY

TRACTORS AND CABLE: systemas 2aually capltal intansive per unit of
production. CABLE SYSTEMS motwe labour intensive bacause of laower
produgtion and require batter trained crews

EQUIPMENT

TRACTDES - Note:All-wheel drive, non-grifculsted tractoro are dig-
regarded in the =cheme. They have generally lower "terrain abtiity"
than skidders,

{1) EARM TRACTOR with winch and when needed antiskid devicas
fehaine, hal-tr&cks) Auxiliary squlpment, skidding tongue, pan,
traller, aled and crane 85 sultable.

tractor, truck or trailer, llwlyl working from the road. Two typea:
- BIGH LEAD - two drume winch, no skylins. Max. distance 300 m. {
Europenn aquipment max. 2.5 ton load. N. Am. equipment
caneiderably bigger loade, with auxiliary drumas for guy linds.
Interlocked lines for grapple yarding.

b~ CADLE CRANES two or more drume, skyline, mainline, haule
backline, carrings. Msx. distance 700 m, European equlpment |
max, 3 ton load. Fully susperded load poasibie but not practicel,

(1) LONG DITANCE (700 m) EQUIPMENT poasible to around 2500 m

but fenatble to max. 1 800 m. Fully suspended load required and calle |

for higher supporis than for short distance oqulpment, Traces, supports

ard anchors must be caleulsted, Max.10 tons but practically max. 5ton I

ERRAT SANES - Bryline, endless cable, carriage
leth or without llc'pp!ng dwht) winch at road with cable drive
over parabolic pulley. Logs, vertieal or horlsontal. ¥ vertical,
nigh mpoorts.
- QRAYITY CABLE CRAHES - Skyline, one hauling catle. carriage ‘
(with or without wtopping device) Winch mounted on sledge. wotking
from ridge station Fully suspsnded, vertical Jogs, -require high
mpports.
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In meny tropical countries wheeled skidding can be carried on only during the dry
season of 4 - 5 months, and even during that season has to be interrupted, when it showers,
for period® of from 2 — 3 hours to 2 - 3 days to give the ground a chance to dry. Water
collecting in the wheel rite only serves to soften the g8oll and cause the ruts to become
even deeper with each passage of the skidder., Wheeled skidders develop-a ground pressure of
141 = 1.4 kg/cm? depending on tire width.,

Standard crawler tractors, on the other hand, develop a ground pressure of 0,5 - 0,7
kg/cm2 and therefore perform much better on silt and clay soils. Not only do they have
much better traction characteristice but also greater penetration capabiliiy -~ i,e,, greater
ability 1o clear trails to the felled trees - than even the 185 hp wheeled skidders and
possibly the new 300 hp recently put on the market. New low ground pressure (LGF) crawlers
with longer tracks and wider track shoes,which are now available in small and medium size
models, reduce ground pressure to + 50 % of that of standard machines, They should increase
the ground skidding possibilities in soft goilse very considerably,

Along some tropical rivers where the ground is relatively flat and smooth, logs, even
up to 125 - 150 cm in diameter, are cut in 3 m lengths, "roll ways" are cleared and the
logs are rolled to river bank manually for distances up to 1.5 = 2 km,

On one cperation in Colombia where ground bearing capacity is 0,2 kg/cm2, manual
forwarding and cable yarding of short weood are the standard methods of moving the wood to
roadside. KEven the lightest wide-tracked skidding machines available can work on the forest
floor only with great difficulty and main skidding trails have to be corduroyed.

10.1.2 Fores: mtand

The volume of wood being harvested per ha affects the optimum spacing or density per
na of the feeder roads: the less wood harvested per ha the wider should be the spacing or
the lower the density, Thie is discussed in Appendix D. In tropical zones where normal
practice is to "cream" the foreet, taking out only a few of the more valuzble species and
logging as low as 5 - 10 m3/ha, and where roads are expensive to build, optimum road
Bpacing may, by the spacing formila, be several km apart,

In temperate zone forests and in plantations, regardless of their geographical
location, stands of small trees (up to 20 ecm dbh} may be economically handled a8 short wood
by the cut-bunch-forward method. If the logs are o be forwarded, or loaded and unloaded,
mamially, the logs must be small enough or short enough to be man handled by one or two men.
The appropriate weight would depend on several climatic and human factors: temperature,
altitude, body weight, mtrition, ete. It would probably be around 30 - 40 kg per man.

If the logs are to be loaded and offloaded mechanically with grapples or clams, the logs
should be not less than 2.5 m in length.

Power saw or with mechanical delimbers or delimber-buckers, either those which handle one
tree at a time or the recently developed multi-tree flail delimber,
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10,1,3 Climatic conditions

High ambient temperatures and relative humidity, such as prevail in certain seasons
of the year in tropical countries, have an important effect on the ability of a forest worker
to perform heavy physical work steadily. Table 10 shows the productivity reductions which may
be expected and the time allowances which should be made under such conditions, using a
temperature of 26°C and a relative humidity of 90% as base values.

TABLE 10

TIME CONSUMPTION ALLOWANCE OR REDUCTION OF PRODUCTIVITY IN HEAVY
FORESTRY WORK IN TROPICAL COUNTRIES DUE TO HEAT STRESS

Temperature Relative Allowance in l/ Reduction in g/
in Celsius Humidity Time Consumption Productivity

26 90 % 0% 0%

28 90 % 10 % 10 %

29.5 90 % 25 % 20 %

315 90 % 55 % 35 %

33.5 90 ‘% 185 % 65 %

33 70 % 45 % 30 %

35 70 % 100 % 50 %

Sl 70 % 550 % 85 %

1/ These allowances are in addition to the rest periods normally taken when
ambient temperature is 26°C and relative humidity is 30 %.

g/ Productivity is in inverse ratio to the time required to perform the task.

The table shows that frequency and duration of rest periods increase rapidly as
either ambient temperature or relative humidity rises and indicates that heavy work should
be avoided during the hottest part of the day.

On the other hand, the machine operator seated in a comfortable air—conditioned cab
may work at full productivity during such hot weather ~ an excellent argument for
mechanising certain phases of the harvesting operation.

Tests on forestry workers on piecework cutting and skidding operations in eastern
Canada, i.e., doing heavy physical labour, show that normal resting time amounted to 10 %
of the workday when the mean ambient workday temperature was -12°C, but increased in summer
and decreased in winter, as shown in Table 11,

The forest floor is an unpleasant work area for a man on foot when it 15 raining.
Production is slowed down or stopped. In tropical couniries with a pronounced rainy season
and congsiderable precipitation during the remainder of the year, this is a serious problem.
Machine use is curtailed; depreciation and interest costs rise; overhead costs go up - all
adding to the cosis of the harvested wood.

In temperate zones snow may also disrupt harvesting operatiomns, but while it brings
immediate problems, they are in most cases more than offset by its long term benefits,
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TABLE 11 1—/

MEAN TOTAL RESTING TIME DURING WORKDAY
IN HEAVY TEMPERATE FORESTRY WORK

Mean Workday Temperziure Mean Total Resting Time as Percentage
L _ __of Total Workday Time
~40° 5%
-30° T %
-20° 8 %
~10° 10 %
0 12 %
BlgF 14 %
+20° 16 %
$80° 18 %

1/ Based on studies made in eastern Canada (19).

As altitude increases physical working capacity diminishes due to the decreasing
amount of oxygen in the air. The effect becomes noticeable at an altitude of 1 200 m,
reaches 15 % at 2 300 m and around 30 % at 4 000 m, Nature has endowed many peoples who
live constantly at high altitude with greater lung capacity, more blood and a higher per-
centage of red corpuscles than corresponding lowland peoples, While the latter may become
acclimatised to high altitude work, they never reach the efficiency of the highland worker.

10.1.4 Management and silviculture

The forest management plan may place restrictions on the type of logging. It may
call for selective logging and natural regeneration or clear cutting and reforestation by
artificial means, as in mature pine plantations. Selective logging is the standard system
in tropical forests, due in most part to the large mumber of species feor which no commercial
use has been found. This brings about a contimous degradation of the forest as the
valuable species removed are seldom replaced with seedlings of valuable species. Tropical
forests being harvested for pulpwood are normally clear cut, except possibly for a few
species with high silica or latex content, and planted with better pulpwood species,

principally eucalyptus, cypress or pine,

Regulations may contain restrictions respecting erosion on certain sqils and limit or
even prevent ground skidding on steep slopes. :

There may be regulations concerming the disposal of brush, tops and other logging
debris, Some logging systems call for the full trees to be taken to roadside or even to
the final landing, but seme silviculturists maintain that the nutrients which they contain
should not be removed from the forest.

Some management plans call for clear cutting in strips or patches,'hof oﬁly for fire
protection purposes but for restocking the cut-over areas by natural seeding from the uncut
stands; some demand that seed trees be left and that planting be done where natural seeding

has not been successful.
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10 1.5 Length or type of product

Choice of & harvesting system may be affected by the length or itype of product
required at the mill or final landing. There may be a strong demand for & standard uniform
log length, not only because of mill requirement, but because it is most efficient for long
distance transportation or because it permits some of the very productive processing machines
to be used.

If loge are to be mamally handled, short wood must be preduced. Producing short
wood marmally in the stump area requires more labour than any other eystem, but it is a
simple logging method and allows the material to be handled in "bulk" from the stump area
on to the final landing. It is a suitable method for regions of high unemployment and low
wage rates; it ie readily adapted to piecework rates but it is heavy work requiring 4 000
calories per day or more for good production.

If chips must be delivered to the mill, consideration must he given to chipping tree
length or complete irees at roadside.

10.1.6 Labour

Plarming a harvesting system recuires that major consideration be given te the labour
situation: availability, experience, aptitudes, attitude toward work and training, body
weight, general health and mutrition, the work day, wage rates and fringe benefits, motivating
inf'luences and so on.

Workers with no previous forestry training or experience with normal logging tools and
equipment will probably require 2 years to become fully proficient. Fuch will depend on
worker absenteeism and turmcver and on the intensity of training and supervision in the work
area. They should be able to increase their productivity by 50 % during the seocond year.

In, eaptern Canada inexperienced forwarder operators required 1 000 hours of work to become
fully proficient in manipulating the krmuckle boom loader on the machine.

Worker capacity for hard physical labour depends on body weight among other things.
Most logging productivity time data have been prepared in countries where the logging
industry has been well developed and forest worker weight averages around 70 kg. If average
worker welght in the region where it is intended to use such data is lese than 70 kg, a time
ellowance should be made by applying the factor:

70
average hody weight in kg

Thig would not apply to machine operators.

The lethargy so often found among workers in hot climates is often put dewn to
laziness, but may be dua essentially to an improper and/or insufficient diet. Workers doing
hard physical foregtry work need an intake of at least 4 000 K cal per day. If they do not
get it, they cannot perform at full efficiency. Poor mutrition may contribute to high
azbsenteeism and labour turnover. In cases where poor nutrition may be s factor, plans
ghould be considered for improving mutrition of the workers in some manner.

The geographical relationship between the work area and the labour scurce must also
be considered. Woods workers have traditionally come from rural areas, ars Familiar with
the forest, do not wind living at a logging camp and pomsess a working knowledge of hend
tools at least. However, the present day migration from rural to urban areas has dameged
that concept. The feeling of the worker toward family and village has a bearing on
abgenfeelam. 1In developed countries labour turnover and, to a great degree, absenteeism
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have been stabilised wherever it hus been possible to run "commter campe", i,e.,, woods
operations where the workers live at home and travel to and from work each day either by
private automobile or autobus, This may be done for distances up te 50 km if the roads are
of sufficiently high standard. In wamm climates it may be possible to establish forest
villages near the work area at reasonable cost, which would serve as a base or focal point
for improving mitrition, health and general well-being and for reducing absenteeism and
labour turnover,

Wage rates and the cost of fringe benefits must be considered. In Cenada, the comt
of the latter amounts to 30 % or more of direct wages in major forest enterprises; in
developing couniries it may reach or surpass 100 %?

The best means of motivating workers to increase productivity should be considered,
In developed oountries this has taken different forms. The most common ~ and very effective -
means has been monetaryt work payment at a price per unit of production (i,e,, piecework) ,
or payment by daily or weekly wage for a specified production plus & bomue for excess
production. These methods should not be expected to lower or raise the cost per unit of
wood. The emphaeis should be on higher manday production with the objective of reducing
fringe benefit and other indirect costs.

Wage rates have a tremendous influsnce on the choice of logging system. Labour
intensive systems, such as the cut—bunch-forward method in small end medium wood, especiglly
where wage rates are low and piecework is acceptable, is a very promising method, Some
experts claim that, even in those countries where wages are high, the method, which produces
short wood in the stump area in the length required at the mill and handles it in "bulk"
with forwarders from that point on, is the most economical method. This is exemplified in
Sweden where 85 - 90 % of the harvested wood is produced in this manner. The problem in
some countries is to find the workers who are willing to struggle in the brush and debris
. on the forest floor and perform the hard physical labour required to fell, delimb, buck,

aspemble and bunch the wood.

10«17 Mechanical equipment

When mechanical logging equipment is being considered, the simplicity of the machine,
the availability of service and replacement parts from the distributor and its ability to
perform adequately on the terrain in the logging area, are probably the most important
pointe to be considered, Its production rate may be quite satisfactory but if it cannot
be kept in working order for a minimum of 70 % of scheduled working time it should not be
aoquired. This may not be the fault of the machine. There are known instances of machines
sitting idle for as long as six months because of import restrictions and "red tape'. Some
of the most complex logging machines in use at the present time on miltiple—shift work have,
however, over 80 % availability,

Scme one-man machines with heated and ajr—conditioned cabs can be double shifted year
round without loms of production during the hours of darkmess. Both feller-bunchers and
forwarders, both of which work on the forest floor, fall into this category. Mechanical
forwarders, by offloading at roadside direct to truck or trailer, eliminate the additional
log loading operation which perforce must De & separate operation when skidding and other
forwarding means are used. It i® a common saying that another US$ 0.50 = 0,60/m3 is added
to the cost of wood every time it ie put down and picked up again.

In some tropical countries normal machine 1ife is considered to be 4 - 6 Yyears,
regardless of the small rumber of hours the machine may be umed per year. (onsider a machine
costing US$ 100 000, a normal machine life of 10 000 hours end an interest rate of 10 %

If the machine were used only 1 000 houre per year for 5 yeare in a tropical zone instead of
the normal 2 000 hours elsewhere, comparative depreciation and interest costs per machine
hour would be as follows:



s 58 =

Anmuel usage in hours 2 000 1 000

Cost per machine hour:

depreciation US$ 10.00 US$ 20.00
interest 3.00 6.00
Total. UsS$ 13.00 USE 26.00

. In such a situation, mamal methods must be given serious consideration, especially
when wage rates are low.

10.1 .8 Measuring wood production

The method of measuring wood production may affect the cost of harvesting and should
be considered in this respect, Logs are usuvally measured or scaled for one or more reasons:

(a) to pay pieceworkers and/or contractors;
{b) +to pay govermment dues;
(c) for production control purposes.

Preduction may be measured by counting or scaling each log; weighing and sampling,
measuring in bulk (piles), etc, It may be carried out in the stump area, at roadside or at
final landing.

A logging operation should be considered as a continuocue process. Stopping the flow
generally adds to the cost of the product. If this must be done solely to allow the wood to
be measured, an unnecessary expense is incurred. FHEconomical measurement methods should
therefore be devised with the appropriate authorities, which will satisfy all who may be
concerned. The matter is discussed at greater length in FAO publication: “Harvesting Man-
Made Forests in Developing Countries",

10.2  Harvesting Systems Classification

There are several different methods of classifying harvesting systems. Thay may be
classified according to the state of the tree or the length of log in which the wood being
harvested is transported from stump ares to rcadeides

{a) the full tree system, in which the complete tree is traneported to roadmides;

(b) the tree length systemy

{c) +the short wocd system, in which the itrees are debranched, topped and bucked
into two or more logs in the stump area.

Further classification may be made according to the method used to move the wood
to roadeidet

(a} ground skidding with animals or mechanical equipment;

Qb) forwarding with manpower, with animals or machines pulling sledges or wheeled
trailers, or with self-loading mechanical forwarders;

(¢) cable yarding with one or more of meveral systems.

From the secondary landing at roadside the wood is usually transported by truck or
combination rig to a final landing at mill, river or railroad.
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Figure 5 may be considered as a general flow cheri of the geveral harvesting systems
in use in various parts of the world today.

There are, as a rule, several toolz or machines which may be used to perforn any cne
of the phases or parts into which s hexvesting sysiem or operaticn may be divided. For
example, felling may be done with axe, bow Baw, crogacut sew, power paw (meotor chain saw)
or one of several types of mobile machines; ground skidding with animals, chcker gkidder,
grapple skidder, bunk jaw skidder, feller-skidder, etce; delimbing with AXe, power gaw, or
mechanical knife type or flail type delimber and so on, It is the cheosing of the machines
and methods that will best fit the cperating conditions, as spelled out earlier in this
chapter, and the organising of labour and machine elements into a smooth=running economical
whole that is the harvesting managzer's msjor task. Fach sub—cperation is usually affected
by the preceding phase and may influence the one that follows; each should flow smeothly
into the next.

wiich will allow them to be fitted together into a whole and permit an estimated cost of
wood to be developed with that particular system. For example, as the feller<buncher fitg
into all three primary or main harvesting systems, data regarding its productivity and cost
will be given once only.

The manual, while it deals with most of the methods or systems in the chart, does
not cover cable yarding or long distance transport beyond the final landing as defined
above. River driving, barging and rail hauling are considered to be beyond the scope of
this manual.

10,2.1 The full tree harvesting system

Full tree harvesting systems are those which deliver complete trees to roadside.
They are being carried onto an ever-increasing degree in developed countries due to the
oeverall high man—day productivity of the system and a desire to reduce manual labour to a
minimum in the adverse working conditions in the stump area.

The trees may be felled manually or mechanically, skidded or forwarded to roadside,
processed there to tree lengthe or short wood or loaded and transported to mill as complete
trees. Manual felling is considered to be cheaper, and more desirable than mechanical
felling, unless the trees are to be bunched in order to facilitate the next phase of the
operation, They may also be felled mechanically with feller=bunchers or with feller—
forwarders in which case they are stored on the machine and transported to roadside when a
complete load has been collected, The various ramificationg of the full tree gystem are
illustrated in Figure 6.

In meveral parts of North America, complete hardwood trees, growing in a mixture of
species, are being felled, bunched, grapple skidded to roadside and chipped with a portable
chipper at that point. The chipe are conveyed pneumatically into a covered truck or van and
hauled direct to pulp mill. The gystem has been extended on occasion to pine species in
8outhern U.S,A. with up to 20 percent of full tree chips being cooked with clean chips from
debarked wood. TIts general extension to major operations in coniferous forests at this stage
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The full tree system has mome advantages over the other twos

(a) removes branches and tops from the forest to reduce fire hazard and leave the
area clear for planting;

(b) concentrates many operations at a central point, permitting bulk operations —
a particular advantage when trees are smallj

(¢) has possibility of iransporting branches and tops to the mill for use as fuel
or in manufacture.

The system hasz, however, some disadvantagesi
(a) +the accwmlation of branches, etc. at roadside may clutter the operating areay

(b) removal of branches, etc. to roadside will remove both seed cones and nuirients
from the forest area;

(c) because branches and tops comprise around 30-40 percent by weight of complete
coniferous trees, the smaller skidder or forwarder load will reduce opiimum
feeder road spacing and increase road cost.

10.2+2 The tree length harvesting sSystem

Tree length harvesting systems are those which deliver delimbed and topped tree stems
to readside, i.e. only the merchantable part of the tree. The trees may be felled by one of
the several methods menticoned in the gection on full tree logging and delimbed in the stump
area manually or with a delimbing machine, or they may be felled and delimbed with a single
machine working in the stump area. The tree stems may be skidded or forwarded to roadside,
bucked into short wood or loaded on semi~trailer rigs in full lengths. The various system
ramifications available are illustrated in Figure 7. .

The tree length system may be applied almost universally, wherever ground minor
transportation systems can be used. It is particularly applicable in coniferous forests,
in both temperate and tropical countries. In plantations it may be applied in thinning
operations with care and in the final cut. In tropical high forests, it is the standard
logging method, unless short logs have to be made because the skidder cannot drag the entire
stem.

In mountainous countries in some parts of Europe, on slopes too steep for machines to
work, the tree lengths may be sluiced down hill top firset, and processed further at roadside.

The system has some advantages:
{a) no problem with branches and debris accwmlating at roadside;
(b) nc loes of nutrients in the forest areaj

(¢) bhigher man day productivity and wider choice of final product than with the
short wood systemj

(d) wider feeder road spacing, and therefore lewer road cost per m3, than with the

full tree system.

104243 The short wood harvesting system

In short wood harvesting systems all the #ork of converting the tree to the form im
which it will be delivered to the mill is doms in the stump area. From that point the wood
is forwarded (unless animal skidded) to roadv.de and piled down or loaded on truck or trailer,
The system is illustrated in its several mo;lfications in Figure B.
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in Quebec Province — partioularly in amall operations and/or rough terrain is stil] being
produced by this method — much of it felled, delimbed, topped and bucked with light power
saws. (The axe is rarely used nowadays.) It is a very labour intensive gystem unless
miltifunction machines are used.

In some tropical forests the axe and/or crosscut saW is st1il) used for felling,
because either the trees ars too large for eagily-carried power saws or the workers have

hours with a 9-feet (275 cm) crosscut saw. The axe ig gtill being used in a fey cperations
for "bucking" - sven in the case of very large trees.

produce the short wood. In its newest form — production with short wood harvesters - it ig
labour extensive but requires large capital outlays,

114 SOME JOB TIME ADJUSTMENT FACTURS

11,1 Manual Workers

ences between current conditions and those pertinent to the region where the basic data were
obtained, This is particularly true for tropical countries, tut some adgustmenta may apply
to 211 countries, ' The adjustments, made to basic productive times per m~ ag set down in
felling, delimbing, bucking and piling tables, relate to general rest time; slope, underbrush
and snow depth; temperature and humidity; altitude, body weight and general health, and

level of nutrition in the region.

The magnitude of the Tecoumended time adjustments ig given belows

(a) general: + 10% of basgic productive time to cover nommal rest times

(b) slope ound roughness, underbrush ang maowt  + 10% of basie pProductive time
+ 5% of basic preductive time for each increase of 0.5 in the walking quotient,
which may be defined as the ratio of time, when putting out the same phyasical
effort, required to walk in both directions around a representative Bquare 25 p

on each aide in the logging area 1o the time required to walk 200 m on a level
road (20);

(e) altitude: + 104 for each 1 000 m increase in altitude beyénd 1 000 m.,

(d) body weight (when average body weight is less than 70 kg):t a factor equal to

e |
average body weight in kg

(e) general health ang nutrition in the region: a judgment factor based on
observation and study.

(£) ambient temperature ang relative humiditys percentages as read from Table 12
and applied to basic productive time per unit of productien.

In applying time adjustment bercentage, it should be noted that a time adjustment-of,
for example, + 50%,reduced production ber unit time by only 334,



TABLE 12

TIME ADJUSTMENT FERCENTAGE ALLOWANCES (1)
TO COMPENSATE FOR AMBIENT TEMPERATURE AND
RELATIVE HUMIDITY

Mean work ; Relative humidity

day ?emgerature -
in ¢ $T0% 10% 80% 90%
4 e + 506 +100% +200% +300%
S EL + 300 + T0%h  +120h  +200%
+ 33° + 20k 4455+ 15 +125%
+ 32° + 156 +30%  +506 + T5%
o +10h 4+ 206 +30%  + 504
4 Fo® + 8L 4+ 106+ 204+ 30h
+ 20° + 66 + & + 10% + 15%

0° + % '

- 5" oh
- 20° <o) ‘Dopm
- 30° - 3% humidity
- 40° - 5t

Note (1) interpolate for intermediate values.

11,2 Logging Machines and Operators Working on the Forest Floor

Logging Mmachines work best on smaoth level ground free of underbrush and snow, and
maximam production occura with fully proficient and motivated operators working in a dense
gtand free of wind-thrown and non-merchantable irees. These ideal conditions do not often
occur in practice. When these optimum conditions are not met, =mome compensating time or
‘production rate adjusiments must be mades .

11241 Terrain

It is diffioult to isolate the effect of each of the terrain factors of soil (its
load bearing and traction qualities), slope, ground roughness, underbrush and snow on
machine travel and production. I% is therefore difficult to glve these effectis a numerical
adjustment value to be applisd to productivity measured under optimum conditions. There
" are limiting slope gradiente, both up and down, for example, beyond which a machina cannci
travel or functiony the same holds true for soil, load bearing capacity, ground roughness
end enow depth. The limits differ among machines.

Man is affected by the same adverse terrain conditions when moving about and working
on the forest floor. The effect hazs been measured and expressed as the walking cquotient
ag defined in Section 11,1, It is suggested that the same approach be used in assessing the
effect on logging machines, within the limits of their ability to overcome terrain conditionsa
and that the magnitude of the effect be expressed in the form of adjusiment perceniages to
besic production time per unit of production, i.e.; per tres, or per m . In this context.
basic productive time mey ba taken as that made by & fully proficient operator working under
optimum conditions. The suggested time adjustment percentages are given in Table 13,
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Not all types of logging machines are affected to the game degree by terrain factors,
While feller—bunchers, feller~forwarders and such machines are affected by them all to some
degres, processors (delimber—buckers) normally are not affected, for example, by underbrush
and to a much less degree by some of the other factors. Undexrbrush mey reduce fellepr—
buncher production by as much as 10—15% by obatructing the operator's view of his immediate
work site.

TABLE 13

COMPOSITE TIME ADJUSTMENT PERCENTAGES TO COMPENSATE FOR ADVERSE TERRA TN
CUNDITIONS: SUIL, SLUPE, GROUND ROUGHNESS, UNDERBRUSH, BLOWDOWNS AND SNUW

(TV BE APPLIED 10 BASIC PRUDUCTION TIME)

Walking Time adjustment
__quotient Percentage (2)
1.0 (1) o
1.1 = 1.5 + 10%

1.6 = 2,0 + 254
2.1 = 2,5 + 45%
2.6 = 3,0 +  T0%
Above 3,0 3 1004

Notes: (1) smooth level ground, no underbrush, no blowdowns end no snow
(2) interpolate as needed

11.2.2 Climatic factors

Climatic factors, as far as 1ogging machines are concerned, may normally he dig—
regarded in temperate zones. The operator is sheltered from precipitation; the cab is
heated in winter, and e¢ab windows may be opened in summer unless it ig air conditioned,

As far as tropical zones are concerned, it is suggested thai a general time adjust=
ment of + 104 be applied and, if the cab ig not air conditioned, that a further adjustment
factor equal to 50% of the appropriate value in Table 12 bhe applied as well,

11.2.3 The learning curve

Operators of those logging machines working on the forest floor and required to .
manipulate a knuckle boom fitted with felling head or grapple require a period of time to
become fully proficient. Some operators learn much more quickly than others; some do not
possess the manual gkills ever to become fully proficient, The learning period depends on
the natural dexterity of the operator and his previous mechanical angd practical logging

experience. An operator with no previous experience in the forest is under an additional
handicap,

Most operators learn to drive the machine rather quickly = their major learning
problems concern manipulation of the hydraulically powereqd and controlled boom tg perform
the function for which the machine was designed. Experience has shown that increage in
proficiency, measured in rroduction per unit time, follows the typical learning curve,
steep at the bottom ang flattening out at the top, and that up to 6 months may be required
for an individual to attain full proficiency,
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The adjustment percentages given in Table 14 applied to time per unit of production
are recommended to be used for all logging machines working on the forest floor beyond road—
side and fitted with 2 knuckle boem and felling head or grapple. The adjustment would
therefore apply to feller~bunchers, feller—delimbers, feller—forwarders, bunk=jaw skidders,
harvesters and processors, but not to conventional choker or grapple skidders.

TABLE 14
Learning curve
_ Time adjustment1)

Work period Percentages
First month + 2004,
Second M + 100%
Third " + 50%
Fourth + 25%
Fifth " + 10%
Sixth " + 5%
Seventh " Nil
Note: (1) epplied %o basic production time per tree .

or per m-.

11+2«4 Basic adjustment

A machine operator performing a repetitive job such as felling trees or feeding a
processor can not work at maximum efficiency for an entire shift. He usually takes a
numter of brief pericds for rest, smoking, checking the machine and personal time, which
are included in productive machine hours. For this reason an adjustment percentage of 10%
should be applied to basic productive time per unit of production to compensate for such
time losses. '

11.2.5 Qperator dexteriiy and motivation

Operator motivation is an important factor in logging machine production. Manual
forest workers in easitern Canada motivated by piecework rates have around 40% greater
productivity than dayworkers; it is expected that tests elsewhere show the same result.

In the case of machine operators, the percentage is normally much less as the machine tends
to "pace" the man. It algo depends to some extent on the type of machine and the automatic
features built into it.

Most detailed time and production data available for logging machines and used to
estimate production have been gathered by timing each function of a repetitive operation,
such ag the breakdown of a feller-buncher boom operation into swing empty, position and
ghear, and swing loaded and lower. Experience has shown that such a timing procedure
motivates the operator to speed up the boom movementis. In practice, however, mosi machine
operators work on a time basis without close supervision or other motivating influences.

Some operators do not possess the natural skill and dexterity ever to reach top=
flight productive ability. If they are to be employed on a long-term basis, some compen—
sating production time allowances should be made. Since it is difficult to separate the
effects of motivation and skill and dexterity, it is suggested that they be comhiged into
a single adjustment percentage applied t¢ basic productive time per tree or per m~, The
adjustment should be considered along with that for the learning curve (see 11.2.3.) and
applied only after the fourth month of work. It is suggested that an adjustment percentage
of + 25% be used. In some ceses it should be greater.
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As an example of the effect of motivation, North American type grapple skidders
operated by their owners working on a piecework basis skidded more than twice as much tree
length or full tree wood as operators working on a time-pay basis, .

12, SOME FORMULAE USED IN COST ESTIMATING

In developing cost data (i) for mobile machines which work on the forest floor,
whether in the stump area or at roadside and {ii) for miner transportation systems,
particularly those using machines rather than manpower and/or animals, a number of formulae
are used in the manual, While they may not give precise values under all conditions, they
are considered sufficiently accurate for the purpose,

12.1 Machine Cperating Cost: Short Formula

The formula covers allowances for depreciation, interest and insurance (which are
sometimes overlooked) and fringe benefits for Tepair labour, but excludes operating labour
and fringe benefits. The short formula reads as follows:

2
C ow -2 4 x A
LE

cost in US$ per productive machine hour (PMH),
excluding operator;

where ¢

A = acquisition cost of machine in Us$;

LE = life expectancy in PMH as given in Section 3.3.3.

i

More comments concerning the formula are found in Section 3.3.4.

122 Minor Transportation Formulae

These formulae may be used in all ground transportation systems, i.e., between stump
area and roadside, In theory, they may be used in systems involving manmual and animal
transportation, but are more readily applied to mechanical systems. Some of the data used
in the formulae are also used in the optimum feeder road spacing formula; payload in m .
travel speed, machine operating cost (including operator).

The production and cost formulae May be applied separately:

(a) Production: MTp - -—80 XL (b)) sty « i ke Bl
pp 42 ASD MTP
4 ATS 2 ASD
(TT+;A-IIT) C + C(l+f)
or they may be combined and apprlied in one exercise: MTC = -

where MTP = production in mB/PHH
MTIC = minor transportation cost in Uss /m>
IT = terminal time (loading, unloading, delays) in minutes per load

ASD = average skidding or forwarding distance in m as determined in Appendix D
or &8 measured on the ground

ATS = average travel speed in m/min
= co8t of frings benefits expressed as a percentage of direct wages
average payload in m3

Q T oM
]

= machine cost in US$ per PMH (excluding operator)
¢ = direct wages of machine operator in Us$ /PMH
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12.3  Truck and Trailer Operating Cost: Short Formula

The operating cost of hauling rigs, for reasons mentionsd earlier in the manual,
should be expressed as a cost per standing hour and a cost per travelling hour, and applied
in that manner when estimating or analysing the cost of a hauling operation. A detailed
form (Form A} is given in Chapter 3 and discussed at greater length in AppendixH. The
following short method may be used by those who need a quick method of reaching approximate
values:

COST PER HOUR

Truck or
Truck-Trailer _Trailer
: C1 =Y ce2
(i) CSH = 5000 * c(1 + £) GSH & s 000
o7 Pl 164 2.4 x C2
(i1) CTH = CSH + =S5 500- CTH = Ta006

where CSH = cost in U3% per standing hour of truck, truck—tractor or trailer
CTH = coet in USE per travelling hour of truck, truck—trailer or trailer
¢1 = acquisition cost of truck or truck-tractor
02 = acquisition cost of trailer
¢ = operator direct wages in US$ per vehicle in-use or shift.hour

f = cost of fringe benefits expressed as a percentage of direct wages.

T3 MANUAL OPERATIONS IN THE STUMP AREA

13,1 Manual Felling with Saw

The felling may be done with hand or bow saw or with power saw. To estimate
production and cost,proceed as followa:

(a) determine or estimate average DBH or average volume of the merchantable trees in
the stand (DBH is the diameter measured at breast height corresponding to the
volume of the average tree in the standy it differs little from the arithmetic
average of the diameters);

(b} find felling production in m3 per day (PDF) with the formula:
SH .
FDF = &3 (1 + § TA)
where PDF = felling production per man day in mé
8 = work day in hours or shift hours

3 read from Table 15

TA = time adjustments, expressed in decimal form, as set out in
Section 11.1.

FT = felling time in man-hours per m
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{(c¢) find felling cost per m> with the formulas

CF =

where CF = felling cost in US$ per m

e {1+ f) 4+ CS
FDF

3

f = cost of fringe benefiis as a percentage of direct wages

¢ = direct wages per day in US$

CS = cost in US} of owning and operating saw per day (applies to power

PDF = felling preduction per man day in m

saws only)
B

TABIE 15
MANUAL FELLING TIME (1) (2)

Average Approximate 3
DBH of stand average treg Man hours per m” (3)
. in cm volume in m Bow Baw Power saw
15 0.083 0.29 0.5
20 0,205 0,20 @lel 10 J
25 0.375 Q% 0.08
30 0.60 0.16 0.07
~25 0.87 0.16 0.07
40 ATy 0. 16 0.06
Notes: (1) interpolate as necessary

(2) based on a study of pieceworkers

(3) apply appropriate time adjustments (see Section 11.1)

1342  Manual Delimbing with Axe or Power Saw

Manual delimbing in the stump area may be done with axe or with power saw, The time
required to delimb a tree depends on the size of the tree, how much of the tree stem bears

limbs and the tool being used.

uged in this manual:

Class 11

Class 2%

Class 3:

more than 50% of the total tree height is clear
require to be removed in the delimbing process;

between 25% and 50% of the total tree height is

less than 25% of the total tree height is clear

For the sake of convenience three branchiness classes are

of branches that

clear of branches;

of branches.
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To estimate the production and cost of delimbing manually in the siump area, proceed

as followss:

(a) determine or estimate average DBH or average volume of the merchantable trees

(b)
(e)

(a)

in the stand;

estimate by sampling or observation the average branchiness class of the stand;

find delimbing production in m3
SH
PID = 5577 + 5 Th)

where PDD = delimbing production per man day in m

h

SH
T

TA = time adjustments, expressed in decimal form, as set out in

3

shift hours or work day in hours

Section 11.1.

find delimbing cost per m
c {1+ f) +CS

3 with the formulas

CD = oD

where CD = delimbing cost in USE per m

3

¢ = direct wages per day in USH

per man day (PDD) with the formulas

delimbing time in man hours per m3, read from Table 16{a)

or 16(b)

f = cost of fringe benefits expressed as a percentage of direct wages

CS = cost of operating saw in US$ per day

PDD = delimbing production per man day.

Average Approximate Man hours per m
DBEH of stand average'treg Branchiness class

in cm wlume in m 1 2 3

15 0. 083 0,26 0433 Q.51

20 0.205 0.25 0,30 0.39

25 0.375 @24 BeZF 038

30 0.60 0.23 0425 030

35 0.87 0.22 0.25 0.28

40 1.17 0.22 0423 0.26

Notes: (1) interpolate as necessary

TABLE 16 (a)

DELIMBING T STUMP AREA WIrH axe ¢ 1) (2)

(2) based on a study of pieceworkers

(3) apply appropriate time adjustmenis (see Section 11.1)
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TABLE 16 (b

DELIMBING IN STUMP ARRA WITH POWER SAW (1 (@)

Average Approximate Kan hours per m3 (3)
DEH gf stand average‘treg Branchiness class
in om volume in m 1 2 3
15 0.083 0.21 0.29 0.43
20 0.205 0.20 0.24 0.32
25 0.375 0.19 0.21 0.26
30 0.60 0.18 0.20 0.24
35 0.87 0.17 0,19 0.22
40 117 0.16 0.18 0.21

Notes: (1) interpolate as necessary
(2) based on a study of pieceworkers

(3) apply appropriate time adjustments (see Section 11.1)

13.3 Manuwal Bucking with Saw

Menual bucking in the stump area may be done with hand or bow saw or with power saw,
To estimate production and cost,proceed as followst

(a) determine or estimate average DBH or average volume of the merohantable trees
in the standj

(b) find bucking production in m-

| SH
PDB = (T + 5 TA)
3,

where FPDB = bucking production per man day in m”j

per man day (PDB) with the formula:

SH = work day in hours or shift hours;
BT = bucking time in man hours per m> read from Table 17(a) or 17(b);

Th = times adjustments, expressed in decimal form, as set out in
Section 11,1.

£

(c) find bucking cost per m” with the formula

c({1+f)+cs

i PDB

where CB = bucking cost in US per m>

direct wages per day in US$

f = cost of fringe benefite as a percentage of direct wages
CS = coat in US§ of owning ané operating saw per day
PDB_A= bucking production per man day
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TABLE 17{a

BUCKING IN STUMP AREA WITH 2ow saw ¢ 1) (2)

Average Approximate Man hours per m3 (3)
DBH of stand average treg log length in m
in cm volume in m 2add m Im 5 m
15 0.083 0.94° 0.82 0.58
20 0.205 0.80 0.70  0.47
25 0.375 0.77 D.67 0,42
30 0.60 0.75 0.65 0.41

Notes: (1) interpolate as necessary
(2) based on a study of pieceworkers

(3) apply appropriate time adjustments (-_see Section 11.1)

TABLE 17(b

BUCKING IN STUMP AREA WITH PowR say (17 (2)

Average Approximate Man hours per m3 (3)
DBH‘of stand average treg log length in m
in com volume in m 244 m im 5m
15 0.083 0. 60 0.54 0.47
20 0.205 0.47 0.43  0.33
25 0.375 0.37 0.34  0.26
30 0.60 0e31 0.29 0,21
35 0.87 0.28 0.25 0.8
40 117 0.26 0.23 0,16

Notes: (1) interpolate as necessary;
(2) based on a study of pieceworkers;

(3) apply appropriate time adjustments (mee Section d il

If tree length woog is bucked manually at the roadside, Table 17(a) will give reason-—
ably accurate times per m” when the bow saw is used. If the power saw is used, Teble 17(b)
will also give reasonably accurate results if the trees are bucked one by one. If, on the
other hand, several irees are placed side by side or in a bunch and bucked at the same time,
the table will not hold. The working conditions will be superior to those in the stump
area, but more delays will be encountered from skidder interference or lack of wood.

When working at roadside, time adjustments for slope and underbrush and BnOwW, as
explained in Section 11.7 should not be applied.
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134 Piling Short Wood

If short wood is being made manually in the stump area to be forwarded to roadside,
it should be piled or bunched, so that it may be easily recovered with self-loading
mechanical forwarders. To estimate production and cost, proceed as follows:

(a) find bunching production in m3 per man day with the formula:

SH

FOP = G757 BT (1 = TA)

where FPDP = piling or bunching production in m3 per man day;

SH = shift hours or work day in hours;
BT = bucking time in man hours per m3 read from Table 17(b);
TA = time adjustments, expressed in decimal form, as set out in

Section 1l.1.

(b) find bunching cost per m with the formula:

op o 2ullt £)

PDP

3

where CP = bunching cost in US§ per m™;

1

¢ = direct wages per day in US;
f = cost of fringe benefits expressed as a percentage of direct wages;

PDP = bhunching production per man day.

13,5 Composite Manual Operations

When more than one of the operations of manual felling, delimbing, bucking and
bunching is carried on in the stump area as part of a tree length or a short wood logging
system, production and cost data may be obtained by combining the appropriate tables in
Sections 13.7 to 13.4.

(a) For example, what would be productivity and cost of producing tree lengths manually
in the stump area using the power saw for both felling and delimbing, given the
following data or condiitionss

(i) a forest stand of trees with an average DBH of 20 ¢m and an average Class 2
branchiness;

{ii) a walking quotient (see Section 11.71) of 2.3;
(i1i) an altitude of 500 mj
(iv) a mean work day temperature of 25% and'Tela%iva humidity of 80%;
(v) average worker body weight of 66 kgj
(vi) a work day of 8 hours in the work area;
(vii) average daily wage of US$ 10.00 plus 40% for fringe benefits;

(viii) power saw cost of US§ 5.00 per day.
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(b) Production per day may be found by combining the production formulae in 13.1 and in
1342, .

SH
D) e (FT + DT) (1 +LTA)

daily felling and delimbing produciion per day in m3;

where FDFD

SH = work day or shift in hoursj

FT = felling time in man-hours per m3;

By
7

DT = delimbing time in man=hours per m

T4 = time adjustments as set out in Section list

8

- _ 3
so that PDFD = 75953 0,277(7 % 0.70 + 0.7 7 0.04 + 0.75) = 16+? ™ per day.

(¢) The cost of the operation may be found with the following formulas

c {14 f) + CS

(PRI - PDFD

3

where CFD = cost per m™ of felling and delimbing;

¢ = direct wages per day in US§;
f = gost of fringe benefits expressed as a percentage of direct wages;
€3 = cost of operating power saw in US§ per day;
PDFD = felling and delimbing production per day.
g0 that CFD = L10L% Td0) £.3 o Us$ 1.18 per .

1642

14 FELLER-BUNCHERS

Feller~bunchers are one-=mnan operated wheeled or track-mounted machines designed to
fell and bunch complete trees ready to be skidded or forwarded to roadside (full tree
systemg or 1o be processed into tree lengths (tree length system) or short wood (short wood
system) in the stump area. There are essentially two general types:

(i) those which are equipped with a knuckle boom carrying a felling head fitted
with a chain saw or a shear and designed to sever the trees, lift them c¢lear of
the ground, swing them to the desired felling direction and bunch them with the
butts eveny g

(ii) those short—wheel—base machines which have short close—coupled holding arms and

ghear instead of a knuckle boom and which depend on moving and swinging the
entire machine to accomplish the bunching function.

14,1 Kmuckle=Boom Feller=Bunchers

14.1.1 Common types

Some knuckle boom feller—bunchers are track mounted; others are mounted on 4-wheel
drive articulated chassis with the engine at the rear. Some booms along with operator cab
are mounted on turn table or slewing ring; others are pedestal mounted. Some turn tables
are fitted with hydranlic levelling devices to provide a level work platform when working
on slopes — like the track-mounted Drott (up to 15%) and the wheel-mounted Usa (up to 30%).
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Some felling heads are fitted .with hydraulically driven chain raw instead of shears,
or with concave shear blades to direct the shearing forces downward towards the stump and
reduce butt end shattering. The felling head of most machines is designed to take tree
diameters up to 45-50 om and is fitted with multi-tree holding arms or devices so that two,
or in some cases three or more, small trees may he sheared and held in the head before heing
swung to the bhunch.

The width of strip which knuckle—boom equipped feller-bunchers can cut varies between
17 and 15 m depending on machine stability. This, along with minimum boom reach, average
merchantable tree size and stand density, determines the volume of wood which may be
accumulated per bunch. Each set-up covers around 50 m™, i.e., 5 trees in a stand carryigg
1 000 tre s/ha. Bunch volume in temperate pulpwood. forests normally runs between 1425 m

and 2.5 m”, but may be smaller or larger. ) Y

Both types of knuckle-boom felier-bunchers have advantages and disadvantages.
Stability is betier with most track-mounted than with wheeled machines due to much lower
centre of gravity, but ground clearance is considerably less. The wheeled machines can
move more readily over rough ground, but both have severe limitations on steep slopes.

Wheeled machines are more easily serviced and repaired, and therefore have better
utiilization; they also move faster to and from work areas or the garage. Both types may
be worked during darkness, given satisfactory lights on the machine. Neither works well on
down grades or on up grades greater than 30%. Felling heads fitted with chain saws are
iighter than those with shears, thus permitting a longer boom reach without affecting
machine stability.

Production with kmuckle boom feller~bunchers does not differ substantially among the
various machines when operated by fully proficient and motivated operators on smooth level
ground free of underbrush. Considered by small samples, basic production rates are in the
order of 0.35 min per tree for European and North American machines, i.e., about 175 trees
per productive machine hour. However, considered over a reriod of weeks or months,
production rates are usually much less due to the conditions encountered in normal opera~
tions. These are discussed for machines working on the forest floor in Section 11.2 which
suggests compensating adjustmeni percentages which should be applied to basic time per tree
or per m,

In addition to those conditions mentioned in 1139, others have an effect on feller-
buncher production expressed in time per tree or per m”3

(a) 1ihe average number of merchantable trees per ha : apply, interpolating if 3
necessary, the following adjustment percentages to basic time per tree or per m”;:

Adjustment
Trees per ha percentage
1 500 + Nil
1500 — 1 201 + 10%
1200 = 901 + 20%
900 - 601 + 30%
600 = 301 + 406

(b) tree diameter affects production to a slight but insignificant degree,
requiring no adjustment.

Cc) the ratio of non-merchantable tre:s that have to be felled and cast aside to
merchantable trees felled and birched alsc affects production: time ad justmen
is the direct ratio of the two values and is applied to time per tree or per m-,
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Felling and bunching production in mj/PMH may be found with the following formulas

60 x VT
0.35 (1 + £ TA)

PFBM =

where FPFBM = feller—buncher production in mj/PMH;
)

VT = average tree volume in m”;
0.35 = basic productive time for a feller-buncher expressed in min/tree;

TA = time adjustment percentages, expressed in decimal form, read from
Sections 11.2 and from 14.1.%1 above.

Felling and bunching cost may then be found with the formulas

FBCM = C+c 51 -+ f)

PFEM
where FBCM = felling-bunching cost in US$/m3;
C = cost of operating feller—buncher in USS/PMH as shown in Section 3.3.4;
PFEM = feller-buncher production in ms/PMH;
¢ = direct wages of operator in Ué$/PMH;

I = cost of fringe benefits expressed as a percentage of direct wages.

14,1.2 Special types

The Koehring Feller-Buncher should be mentioned. This is a 1arge'articu1ated
4-wheeled machine with ground clearance of 85 cm and all 4 wheels hydrostatically driven.
The cab and felling boom are turn—table mounted on the front chassis and the engine on the
rear chassis. It is designed to fell and bunch trees up to stump diameter of 76 cm, but
with its multi-tree felling head is able to fell and hold one tree after another until the
holding clamps are full before swinging and depositing them on the bunch; each additional
tree s0 cut and held requires an additional 9 seconds. It is designed o work on up grades
1o 40% with chain equipped wheels. d

14.2 Short Wheel Base Feller-Bunchers

One well~known example of this type of feller-buncher is the Melroe M~G70 Bobecat,.
manufactured by Clark Equipment Company in Gwinner, North Dakota, U.S.A. It is a 4-wheel
drive non—articulated machine weighing 5 000 kg, having a wheel base of 115 om, a ground
clearance of 16 cmy, a lifting capacity and tipping load of over 2 70O kg, hydrostatic
transmission, and infinitely variable forward and reverse speeds which enable the machine
to pivot quickly in its own length. Its wheels may be fitted with tracks to provide
greater traction and flotation enabling it to perform satisfactorily in about 60 cm of snow.
It is essentially, however, a smooth—ground machine.

The bunching shears of the Bobcat are designed to cut trees up to 35 am in diameter
and to shear and hold as many as 4 or 5 small trees before delivering them to the pile. As
it carries the severed itrees, it is able to make complete skidder-load piles without
difficulty. Felling and bunching rates in a hardwood stand have been timed at 3 trees
(20-25 cm stump diameter) per minute and 3 piles of 20 trees each in an elapsed time of
i5 minutes. Over long periods its production may reach 200 trees per PMH in a clear cut
operation. It can operate on grades up to 20% but with lower production on the steeper

glopeBe.
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Its small dimensions, its manceuvrability, and its capability to hold several small
trees in its felling head and to work on grades enable it to be used in plantation thinning
where ground roughness presents no problems for the low ground clearance of the machine.

It has given good resulis in row thinning, removing every other two rows, but should perform
satisfactorily in removing one row and thinning selectively two adjacent rows on each side
when the trees are spaced 2.44 m apart, provided potential root damage is not a factor.

The acquisition cost of the Bobcat is in the order of 50~60% of that of the larger
heavier knuckle=boom feller-bunchers.

Production expressed in trees or m3 per PMH and coet per tree or per m3 may be
estimated by applying the formulae in the section immediately above, using basic productive
time of 20 seconds or 0.33 min per tree. These machines are often owner—cperated on a
piecework basis, a situation which provides maximum operator motivation. This point should
be considered in developing appropriate adjustment percentages to be applied in the
production formula,

150 SKIDDER PAYLOADS

15«1 General

Skidding is a term applied to the transporiaition of logs or trees by dragging them
resting wholly or partially on the ground. The preparation of the logs or trees to be
skidded may be done manually with axe or saw or mechanically with feller—bunchers, delimbers
and feller—delimbers in the stump area.

Skidding may be done with animals or with machines. FAQ publication "Harvesting
Man-lMade Forests in Developing Countries"(2) covers animal skidding with mules and with
oxen, but not with horses, which are little used nowadays in temperate countries and unable
to function properly in tropical climates for physiological reasons. Mechanical skidding
iz discussed at length as well, but is covered in this manual in 2 somewhat different manner.

Skidders comprise two main types: cable and grapple skidders which suspend the front
end of the load behind the machine, and clam bunk or bunk Jjaws skidders that support the
front end of the load on 2 bunk on the rear chassis. The former iype are 4-wheeled—drive
articulated machines, the latter normally a 6—wheeled drive articulated machine, with a
tandem bogie under the rear chassis and tracks on the bogie tires.

Both types of skidders may, theoretically, be used to skid tree lengths either butts

forward or tops forward and complete trees, butts forward. However, this manual gives most
attention to the more common method of skidding butts forward.

15.2  General Payload Formula

The normal maximumpayload of a skidder working on the normal forest floor on level
terrain, whether it be cable skidder, grapple skidder or clam bunk (or bunk jaws) skidder,
may be approximated with the formula: f8.PL = tZﬁE -r (TW + x . PLl7

(3)

where PL = payload in kg fs = pkidding coefficient;
fs«PL = frictional drag of the TE(E) = tractive effort or rim pull of the
payload in kg skidder in kgj
t(4) = coefficient of tractions r(5) = coefficient of rolling resistance;
Tw(1)= tare weight of the 1(6) = percentage (in decimal form) of pay-

skidder in kg; load supported by the skidder.
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the tare weight of conventional 4=wheel drive articulated cable skidders
averages around 68.GHP kg whereas the tare weight of clam bunk skidders
with tandem rear bogie averages around 87.GHP kgj :

the tractive effort or rim pull of conventional cable skidders approximates
115% of tare weight, i.e., 115% of 68.GHP (see note 1 above) or 78.GHP;
while that of clam bunk skidders will be around 135% of tare weight, isBay
135% of 87.GHP or 117.GHP;

Bennett (20) found that 60% of the weight of a load of tree lengths being
skidded, butts forward; with a cable skidder was supported by the machine
when suspended from the arch, and that the skidding coefficient fs, i.e,
the ratio of required skidding pull to total payload weight, was aTound
0.48 on normal forest soils in eastern Canada; since this friction was
caused by the 40% of the load bearing on the ground, the real coefficient
of friction was around 1.20; Bennett also found that 10~15% greater pull
was required to start the load than to pull it after being started; it
follows then that the coefficient of skidding, when applied to the whole
load (for ease in using) would be 110=115% (120% of 40%) or about 0.55 when
expressed in decimal form, On the assumption that 70% of the payload is
supported by the bunk of a2 clam bunk skidder when skidding tres lengths,
butts forward, the skidding coefficient will be 110=115% (120% of 30%) or
about 0.40 in decimal form;

a review of test work carried out in various parts of the world shows that
the following coefficients of iraction are reasonably reliable:

{(a) cable or grapple skidder with lug tires: 0.55
(h) clam bunk skidders fitted with tracks on the rear bogies: 0.70

rolling resistance is due to so0il deformation by the wheels or tracks and
to obstacles in the path of the machine; 1t does not include grade
resistance; the coefficient, which is applied to gross vehicle weight, may
be approximated with the formula KHP . E . 4562

TTTTGW . v

where r = goefficient of rolling resistance;
NHF = net or fly wheel horsepower = 0.90.GHP;
E = drive train efficiency fraction = 0.85;
GVW = gross vehicle weight in kgj
V = travelling speed in m/min
when this formula is applied, r will be found to be arbund 0.50 for both
types of skidders under normal summer forest floor conditions; it is

c¢bvious that the coefficient will bhe higher in very soft or very rough
terrain conditions, or in deep snow, and lower on smooth level ground;

this represents the proportion of the tree length load supported by the
skidder and forming part of GVW3; its value was found by Bennstt to be
0.60 for cable skidders and estimated to be around 0.70 for clam bunk
skiddersy when skidding tree lengths, butts forward.

4553 Skidding Tree Lengths Butts Forward

The coefficients for use in the general payload formula may differ for each type of
of skidder, for variations in ferrain conditions and according to the form of the material

being skidded.

However, Tsble 18 gives approximate values which may be used whep skidding

tree lengths, btutts forward, on level terrain with typical forest floor conditions.
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TABLE 18

VALUES OF SYMBOLS FOR USE WITH THE ABOVE SKIDDER PAYLOAD
DETERMINATION FORMULA WHEN SKIDDING TREE LENGTHS
BUTTS AHEAD ON LEVEL GROUND

Cable and Clam bunk

Symbol grapple gkidders _skidders
£el3) 0.55 0.40
4 (4) 0455 0.70
g 0.50 0,50
TE(E) T8.hp 117hp
1) 68.hp 87.hp
x(G) 0.60 0.70

Hotes (1) to (6)¢ See explanation at foot of formula in Section 15.2.

Skidder load volumes may,. however, be limited in practice for several reasons, e.g.,
cable skidders by the number of chokers in use and/or tree voiume; grapple skidders by the
bunch size or the number of bunches taken in & load; clam bunk skidders by the length of
the merchantable part of the tree and the size of the bunk jaws. Theoretically when pay=—
loads are small, skidder travel speeds should be faster, but in practice they may be limited
by cperator discomfort and vehicle vibration on the rough forest floor. Travel speeds
usually lie between 50 m and 75 m per min, with less than 20% difference betwsen empty and
loaded speedse.

The formula in Section 15.2 gives skidder loads on level terrain. It is obvious
that payloads may be greater when skidding downgrade and less when skidding upgrade.
Payload weight under such conditions may be found with the formula above after adjusting
the skidding and rolling resistance coefficients io compensate for grade. By applying
appropriate formulae, the data given in Table 19 will be obtained.

TABLE 19

SKIDDER PAYLOAD WEIGHTS PER GROSS HORSEPO?E?
WHEN SKIDDING TREE LENGTHS BUTTS AHEAD (1) (2)

Clam bunk

Grade Cahle skidders skidders.
- 20% 70 kg 180 kg
- 10% 48 kg 115 kg
v 34 kg 80 kg
+ 10% 24 kg 57 ke
+ 20% 17 ke 42 kg

Notes: (1) interpolate for intermediate grade percents;

(2) +the piyload weights may be converted to m° when the weight
per m- is knownes
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Applying the data in Table 19, if wood weighs 900 kg per ms, the normal maximum
payload volume for a 150 hp clam bunk skidder skidding tree lengths, butts ahead, up a 10%
grade will be :

150 x 57 _ 9.5 @

900
and skidding down a 10% grade with & 100 hp cable skidder will be
100 x 48 3

goe - ™ eb i

Table 19 ig expressed in kg per gross horsepower hecause tgee gpecies vary in
waight per unit volume. Knowing the weight of unbarked wood per m g for example, it is
quite feasible to compile a table similar to Table 19, reading in m /GHPq

Normal maximum payload for grapple skidders will be around 50% less than for cable

gkidders of the same horsepower due to the added weight of heavier and more rugged rear
chassis frame and the cantilever grapple boom arrangement.

1544 Skiddings Tree Lengths Tops Forward

Some calculations show thai, given normal tree taper (around 1 cm per m) and top
diameter of 10 em, only around 35% of the load will be supported by the skidder when skidding:
tree lengths, tops forward, with cable skidders. Applying the coefficient of friction of
1420 found by Bennett (20), and allowing for the additional force needed to start the load
the skidding coefficient fs will be found to be 110=115% (120% of 65%) or arcund 0.88.

Applying the general skidder payload formula and using the appropriate coefficient,
8efey 2 skidding coefficient of 0.88, payloads will be found to be around 25% less than
those values shown in Table 19 for skidding tree lengths, butts forward.

1545 Skidding Full Trees

Bennett (20) found that around 50% of the weight of complete trees was supported by
the machine when skidding full trees with cable skidders so that the value of the skldding
coefficient fs would be around 110-115% (120% of 50%) or 0.65, considering the allowance of
10~15% additional force to start the load.

It is estimated that 60% of the paylosd weight is supporied on the bunk when skidding
full trees with clam bunk skidders. In the same manner as above, this would give a skidding
coefficient value of 110«115% (120% of 40%) or around 0.55,

TABLE 20

VALUES OF SYMBOLS FOR USE WITH THE SKIDDER PAYLOAL DETERMINATION
FORMULA WHEN SKIDDING FULL TREES ON LEVEL GROUND

Cable and Clam bunk
Symbol grapple skidders skidders
fs 0465 0.55
t 0.55 0«70
T 0.50 0.50
TE 78.hp 117.hp
TW 68.hp 87.hp
x 0.50 0.60



When the general skidder payload formula is applied using the symbols given in

le 20, the approximate payload weights per gross horsepower when skidding full trees
wil: be as shown in Table 21. A comparison of values in the table with those in Table 19
for tree length skidding shows that approximately 10% less for cable skidder and 15% less
for clam bunk skidders, by weight, may be skidded in full tree form than as tree lengthse

An unpublished report in eastern Canada on typical coniferous species gave the
ratio of tree lengths {to 8 am top diameter) to complete trees as being between 65% for
trees of 15 com DBH to 73% for trees of 40 om diameter. When skidding full trees, if only
. T0% of the tree is being utilized and 10% less by weight is being skidded, then the

merchantable wood per load is some 35% less than when skidding tree lengths and the cost
per m- some 50% higher. This situation will arise, however, only when full loads are being
gkidded. If cable skidders, for example, are being used to skid full trees in small wood,
and a limited number of chokers are being used, it is very probable that as much utilizable
volume will be taken each trip as when working in tree lengths.

TABLE 21

SKIDDER PAYLOAD WEIGHTS PER GROSS HORSEFOWER WHEN S§I?D§NG FULL TREES
UNDER TYPICAL FOREST FLOOR CONDITIONS (1 2

Cahble Clam bunk

Grade skidders skidders
- 20% 59 kg 133 kg
- 10% 42 kg 93 kg
o 30 kg 68 kg
+ 106 22 kg 50 kg
+ 20% ’ 16 kg 37 kg

Notes: (1) interpolate for intermediate grade per cents;

(2) payload weights may be converted to m> of merchantable wood When the
percent of utilizable tree volume and the weight of unbarked wood are
known. if 30% of the full tree is waste and unbarked wood weighs
900 kg/m”, they kg of full tree weight per skidder horsepower may be
converted to m~ of merchantable wood per horsepower by applying the

e % = 0.00078 to the values in the table.

16. CABLE SKIDDERS

16.1  Skidding Manualily Felled and Delimbed Tree Lengths

The operation of manually producing tree lengths and cable skidding them to road-
side in eastern Canada is usually performed by a2 crew of three men, two felling and de—
limbing (usually with power saw) and the third skidding their production to roadside and
piling it as required. There may be a variety of work and skidder arrangements. The
common arrangement is for a contractor or logging company to supply the slkidder free of
charge and to pay the crew at a piecework rate, or at a day rate plus incentive bonus,
with esrnings divided squally among the crew members (each crew member usually supplies
A power saw).

Under this arrangement the skidder operator delivers to roadside the tree length
Wood produced by the other two crew memberse As not more than 10 chokers are normally
used, production per irip may be well below the capacity of the skidder as set out in
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Table 19, particularly if the wood is amall., In such a cgew arrangement, skidder PMH ranges
around 6 hours per day and production between 40 and 50 m~ per day depending on average iree
volume, terrain and skidding distance. Thus with the two cutters determining daily output
for the crew, production per crew day may be estimated with the formula

(see also Section 13.5(b):

2 x SH
(FT + DT) (1 + & TA)

PDFDS =

where PDFDS = cutting and skidding production per 3 man crew in m3 per dayy
SH =-work day or shift in hours;

felling time in man-hours per m> (see Table 15);

FT =
DF = delimbing time in man-hours per w (see Table 16('3) or 16{(b));
TA = time adjustments as set out in Section 11.1.

The cost of felling, delimbing and skidding tree lengths to roadside may then be
found with the formula: ¢

_ 3¢ (14f) + 205 + 6C
B PDFDS

CFDS

where CFDS = cost of felling, delimbing and skidding in USS/mj
¢ = direct man day earnings in USH;
f = cost of fringe benefits expressed as a % of earningsj
CS = daily cost of power saw in US$;
C = skidder operating cost in USS/PMH calonlated with the ususl formula.

an—..ﬁ; )

LE
PDFDS = felling, delimbing and skidding production in m3/day.

Considering cable skidding as a separate operation, production in m3/PMH may be found
with the formulas

60 x L
PM = 57+ 5 Asp
ATS

and cost in U:’S&/m3 with the formulas

C+ o(1 + £)
SCM = ===

where PEM = production in 'mB/PMH;
L = skidder load in m°j
TF = terminal time per load in minutes (loading, unhooking and delay per trip);
ASD = average skidding distance in m;
ATS = average travel speed in m/min;
SCM = skidding cost in USH/m>;
C = operating cost of skidder in USH/PMHj
¢ = operator direct wages in US#/PMH;

f = cost of fringe benefits expressed as a percentage of direct wWages.
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Time in the atump arez to choke the trees, hook up and winch in ths load may vary:
setween 5 and 20 minutes depending on tree size, terrain and ground cover conditions,
number of chokers being used, worker skill and metivation, etc. Unhooking and winding in
the chokers at roadside may take from 2 to 5 minutes. Thus terminal times may vary within
wide limits, but usually averages around 15 minuies per trip, including delays and personal
time.

Travel speeds also may vary within wide limits as may be seen by examining Table 22,
ag will the lcad volume itself when small trees are encountered and the number of chokers
iz limited to the usual ten.

Coneider a 100 hp cable skidder costing US$30 000 skidding average loads of 2 m3 of
tree lengths, butts forward, at an average round trip travel speed of &0 m/minute and
working in a broad forest area of mainly level terrain where stand density averages 100 m3/h‘
and feeder roads are estimated to cost US$ 2 000 per km. Terminal %time averages 15 minutes
per load. The skidder works 6 productive hours per day; the operator's direct wagee work
out to/bg uss B.OO/PMH and fringe benefits 30%. What should be the estimated skidding cost
in US§/m~7

The operating cost of the skidder excluding operator, will be US$ 12.00/PMH,
calcoulated by the short formula in Section 3.3.4. The optimum feeder road spaocing, dis—
regarding for purpose of this exercise the factors k and p, may be found to be 380 m with
the formula in Appendix D41, 80 that average skidding distance is around 100 m.

Having determined the abogo values, produotiog end cvost may be ocaloulated with the
formulae noted above to be 6.6 m°/PMH (or about 40 m” per day) and US$ 3.40/m” respectively,

Wood extraction by skidder to the road



_67_'

TABLE 22

SAMPLE CABLE SKIDDER TRAVEL SPEEDS
FROM VARIOUS REGIONS

fpeed in m/min

Region Light Loaded
1) Canada
(2) Interior of British Columbia
(1) 92 np 160 90
(2) 185 np 140 70
(b) Ontario (grapple skidder)
(1) Case 1: 125 hp 75 50
(2) case 231 125 hp 105 60
2) Sweden
(a) strip roads 55 50
(b) exit roads 15 90
3) Ivory Coast: 185 hp
(a) opening treils 17 3
(b) on own trails 8o- 60
(¢) on bulldozer opened trails 105 85

1602 Skidding Full Trees

The operation of skidding manually felled complete trees differs little from skidding
tree lengths. However, only between 65% and 13% as much merchantable wood per trip is
gkidded using the same number of chokers on the same tree diameters (see Section 15457

Cable skidders are sometimes used to skid feller-~bunched full trees. In this case
a single choker (usually the main winch line) is wrapped around the entire bunch and
terminal times are much shorter, usually in the order of 5-8 minutes per load including
delayss Production and costs may be calculated for specific situations as in the preceding
section. Again, however, it should be noted that between 27% and 35% by weight of trees
in northern conifercus temperate forests — and probably more in some regions = is taken. by
the tops and branches, reducing merchantiable payload and increasing skidding cost per m-.

17 GRAPPLE SKIDDERS

Grapple skidders, developed in North Amerioca, are essentially cable skidders with
the following main differences: heavier rear frame and axle, cantilevered boom and grapple
in place of the arch, and increase in weight by about 2 000 kg. The winch and line are
retained to smug up the grapple while iravelling empty and to advance the payload if the
vehicle should become mired, drop its load and move foreward onto firmer ground.
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Jrapple skidders are used almosi entirely to skid feller-bunched {rees o roadside
rrocessors. In operation the skidder is backed up to the butt end of a pile of trees, the
grapple is exiended, opened, placed down over the pile and closed; <the load is then lifted
By its butt and drawn in toward the rear axle of the skidder, Maximum load capacity is less
than that of the corresponding cable skidéer due to iis greater weight and relling resise
tance. When the bunches are small and suitably arranged along the strip road, more than one
tunch may be handled in the same load, provided the skidder is adequately powered and traction
ig sufficient. Teste have shown that each additional bunch picked up adds 1.0 minute to
round trip time.

Two clear cut operations in eastern Canada, using 130 hp grapple skidders, provided
the data in Table 23.

When using grapple skidders, particularly on full trees, the optimum feeder road
spacing will be affected adversely by the relatively small payload anrd the high wvehicle
purchase and operating costs. If, for example, a cable skidder costs US§ 30 000, the
corresponding grapple skidder will weigh approximately 2 000 kg more and cost US§ 10 0GO
more, ‘o give comparative operating costs of US 12.0C and USE 16.00 per PMH. Given a
normal payload reduction of .50 percent and having due regard fo the difference in terminal times
comparative skidding oost/m will vary little with the two machines. The grapple skidder
has one advantage: the operator does not have to move about on the forest floor and thus
may work during inclement weather and possibly during darkness.

Daily production with 125 hp cahle and grapple skidders under normal conditions in
eastern Canada will run around 35-4H m~ and 45-55 m~ respectively. There are cases on
racord, however, of well motivaied cwner—operators producing over 100 m~ with grapple
skidders.

Grapole skidder extracting a load of logs
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TABLE 23

COMPARATIVE DATA FOR TWO GRAPPLE
SKIDDER OPERATIONS IN EASTERN CANADA

Cage I - Case II

Ay Type of product tree length full tree
B.. General conditions
i) terrain: roughness normal smooth
wetness 50% wet or very wet 100% dry
average grade + 1.2% + 0.6%
ii) volume/ha 200 m° 320 m°
iii)} average volume/tree 0,14 = 0.25 n (1)
iv) average volume/load 1445 n> 1.75 o ol
v) average mumber of bunches/load 163 1.0
Co Average travel speed in m/min
i) empty 7 100
ii) loaded 50 60
D. Terminal times
i) manoeuvring and loading 1.0 min/bunch
ii) unloading and piling 140 min/load
iii) average delasy time 0.5 min/load

Notet (1) merchantable wood

184 CLAM BUNK SKTDDERS

181 .Wheeled Machinas

These are articulated 4-—wheeled or G-wheeled drive machines fitted with cab and
engine on the front chasais, 2 olam bunk on the rear chassis, and a Jmuckle boom with
"loosze™ grapple usually pedesial-mounted near the point of articulation. They are ussd to
skid bunched full trees or tree lengths from the stump area to roadside.

The payload, which may be expected when working on typical forest floor conditions,
depends on engine horsepower and slope of the ground, Approximste payload weights in
kg/GHP are shown in Tables 19 and 21,. but may be less if the trees are so short that the
clam is full bhefore a full peyload has heen collected. It is considered thet the
coefficient of rolling resistance for typical skidding machines under typical forést floor
conditions is 0,505 it is probably 0.40 in many plantation and pine stands, a condition
which would increase the payload, and it may be considerably more on soft ground.

Sinoe these machines work on the forest floor and are ms.n—opega.ted, they are subject
to adjustment percentages ic basic production time per tree or per m” to compensate for
terrain, climate, operator motivation, etc. (see Section 11.2), but to a less extent for
some, such as terrain.
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Production time per m3 may be increased (or, conversely, production rate per unit
time may be reduced) by trees left standing within the swing arc of the trees being loaded,
by poor bunching, and by improper placement of the bunch in relation to the skidding trail.
For best results, trees should be neatly bunched at a low angle to and near the skidding
trail with the butt ends forward; the farther from this ideal, the greater should be the
time adjustment.

Average round trip travel speed between roadside and loading site normally ranges
within 10% of 60 m/min. This is an imporiant factor in determining optimum feeder road
sSpacings

Unloading time averages 1 minute per load, as the machine is driven out from under
the load with the clam open. .

18.71.1. Skidding tree lengths

The payload in kg/hp that may be expected when skidding tree3lengths under typical
forest floor conditions may be read from Table 19 and converted to m /hp when the weight
of the wood being harvested is known. Thus, given a 160 hp clam bunk skidder working in
tree length wood weighing 900 kg/m s the expected payload on level ground would be

160 x 80 3

——wgaa—— = 14 m

The basic production time of 0.8 min/m3 for loading tree lengths im that obtained by
a proficient operator loeding on level cleapr—cut ground from well-made bunches placed at a
small angle to and near the trail. Tests indicate that basic production time should e
adjusted by + 25% when bunches are placed perpendicular to the trail and that total adjust-—
ment for the adverse loading factors mentioned might reach or even exceed + 5h.

Production time per m> should not be affected significantly by stand demsity (bunch
size or by small trees as several may be loaded together.

Production, expressed in mB/PMH, may be estimated with the following formula

PCEBSM Ozl

2 _ASD

L x 0.8(1 +Zm)+m—,f)‘+1

where PCBSM = estimated production in m3/PMH;

TA = adjusgment factors to be applied to basic production time of 0.8 min
per m” (see Sections 1T¢2 and 14} ;

TAT = terrain adjustment factors (see Section 11e2);
ASD = average skidding distance in m (see Appendix D)j
ATS = average travel speed in m/min (see Section 18,1 above);

L = expected payload in m3
X « GHP

W
where X = payload weight in kg/hp read from Table 19;

GHP = gross horsepower of skidder;
W = weight of unbarked wood in kg/mB,



The cost of skidding tree lengths with clam bunk skidders may then be found with -
tne formulag

C+ ell+ F)

CB3CkK = POB

where CBSCM = skidding cost in USS/m3;
C = cost of USS/PMH, excluding operator, of operating skidderj
c = direct wages of operator in USS/PMH;
t = cost of fringe benefits eXpressed as a percentage of direct wages
PCBSM = production of skidder in m-/PMH.

18¢02 Skidding full trees

The payload in kg/hp that may be expectgd when skidding full trees may be read from
Table 21, The value read may be converied to m~ of merchantable wood per hp as explained
in note (2) appended to the table.

It is reasonable to expect that hasic production time per tree for loading full
trees would be grsater than when loading tree lengths — probably by 25%. Considering slso
that 35% less merchantable wood per load is delivered to roadsidg when skidding full trees
the basic %oading productive time would be around 1.50 min per m~. This basic productive
time per m~ would require to be adjusted for the same factors as when skidding tree lengths.

Production, expressed in mB/PMH of merchentable wood, may be estimated with the same
basic formula as used for tree lengths:

60 x L
2A8D

L x 1e5(1 +LT4) + g O -mm * !

where PCBEM = estimated production of merchantable woed in m3/PMH;
TA = adjustment factors toc be applied;

PCBEM =

TAT = terrain adjustment factor; '
ASD = average skidding distance in m (see Appendix D );
ATS = average travel speed in m/min;

L = expected payload in m3 of merchantable wood

X » GHP . 0.70 |
W

where X = payload weight in kg/hp read from Table 21%
0.70 = % of merchantable wood in full tree;
GHP = gross horsepower of skidder;
W = weight of unbarked wood in kg/m>.
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The production cost of skidding full trees with clam bunk skidders may then be foupdj

with the formula:
C+ (1 +f)

CBICH PCBSH

where CBSCM = skidding cost in US$/m3 of merchantable wood;
C = cost, excluding operator, of operating skidder in USS/PMH;
¢ = direct wages of operator in USS/PMH;
f = cost of fringe benefits, expressed as a percentage of direct wages;

PCBSM = production in m3/PMH of merchantable wood.

A comparison of full tree skidding with tree length skidding using clam hunk
gkidders shows.that production in m” of merchantable wood per PMH will be down around 45%
and cost per m° will be up around T5%.

There are also to be considered:

{i) the problem of disentangling the trees and clearing up the clutter of branches
and tops at roadside unless hauled away to mill;

{i1) 1he effect on feeder road spacing — optimum spacing would be much closer when
full tree skidding, thus increasing wood cost.

18.2 Tracked Machines

They consist of a crawler chassis equipped with & clam bunk and a hydrsulically
controlled knuckle boom fitted with grapple. They are used to skid bunched full trees,
butts forward, in the same manner as wheel=mounted articulated machines, loading one or
two irees at a time. The low chassis height and the forward placing of the clam bunk
makes a much better weight distribution than is possible with wheeled skidders. Travel
speed in rather soft ground varies from 40 to 90 m/min. They have better performance on
glopes and improved manceuvrability in wet areas than wheeled skidders.

19, FELLER-SKTDDERS

Mogt feller—skidders are essentially forwarders on vhich the loading grapple has
been replaced with a felling head and the load carrying platform with a clam bunk or bunk
jaws. They are then skidders which fell and collect their loads of full trees from ihe
uncut forest instead of from trees which have been felled by c¢ther means.

In practice, the machine moves to the back of the strip, turns and starts to fell
and load facing the roadside landing. If the machine hae a heel—type felling head, it may
work down the centire of the strip, otherwise it must work along the face of the uncut foresi
thus cutting a strip only half as wide and travelling twice as far as a feller—buncher.

The felling cycls time per itree is essentially the same as for felling and bunching, i.e.,
around 20 secondg or 0.33 min. Moving along the strip, howdver, takes much longer due to
both the additional distance covered, the drag of the payload and manceuvring time and
difficultiess Tests indicate that this reaches around 0.12 min per tree o give a basic
production time of 0.45 min per tree. However, this production time is subject to the time
adjustment percentage described in Section 1.2 for all machines working on the forest floor
and in Section 14.1 for feller-bunchers.

Travel speeds between loading site and roadside landing depend on gross machine load,
engine horsepower and the terrain. Round trip iravel speed will normally average within
10% of 60 m/min.
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The average skidding distance for an operation will depend on feeder road spacing
(see Appendix D) and the estimated values of the correction factors T and V.

Unloading is a simple functlon requiring only that the operator open the bunk jaws
and drive out from under the load = an operation nommally requiring i minute.

Feller—gkidder production, expressed in m3/PMH, may be estimated with the following
formuila when values of the input factors are known:

60 x L =
L x 0,45 (1 +ZT8) 248D

PFEM = :
VD *tITS (1 - Tyt

where PF3M = fell=-skidding production in m3/PMH;

TA = adjustment percentages, expressed in decimal form, to be applied to
basic production time in min/trees;

TAT = terrain adjustment factor (see Section 11.2);
VI = average volume per tree in m3;
ASD = average skidding distance in m (see Appendix D);
ATS = average round trip travel speed in m/min;
L = expected payload in m3

X . 0.70 . GHP
W

where X = payload weight in kg/hp read from Table 21
GHP = gross skidder horsepower;
W = weight of unbarked wood in kg/m3.

The cost of felling and skidding may then easily be found with the formula:

FSCM = gﬂ_‘l—"'il

PFSM

where FSCM = felling-skidding cost in US§/m";

C = cost of operating feller—skidder in US$ per PMH (excluding Operator);
¢ = operator direct wages in US$ in US$/PMH;
f = cost of fringe benefits expressed as a percentage of direct wages;

PFS! = production of feller—skidder in m”/PMH.

20 FELLER-FORWAEDERS

Feller—forwarders fell and accumulate full trees in the same mamner as a feller
skidder but carry the trees clear of the ground in a load cradle on the rear chassis. These
machines must of necessity be large articulated machines with sufficient power to negotiate
forest floor conditions with heavy loads and with the length and capacity to carry complete
trees while maintaining proper weight distribution. The only such machine known at the
present time 1is manufactured by Koehring Canada Ltd. This is a very heavy machine costing
Uss 180 000 (1976), and weighing 40 000 kg with 2 payload capacity of 23 000 kg and the
capability of working on grades up to 30-35%. The operator cab and pedestal-mounted kmuckle
hoom are mounted on the front, the engine and rear-dumping load cradle on the rear chassis..
It is fitted with four 43.5 x 39 tires.
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The knuckle hoom carries z multi-tree felling head fitted with a 60 cm shear and
tree clamps which permit the cutting and acoumulating of several small trees in the head
before swinging and depositing them in the load cradle on the rear chassis. The advantages
of such an accumulating felling head may be seen hy examining the data in Table 24, which
was compiled from a tes} following average 8-hour shifts, with a good operator in a deciduous
forest averaging 0,22 m” per tree including the branches and tops. The complete trees were
chipped at roadside. The greound was broken, wilh grades up to £5%, and the stand consisted
of a few very large and many small trees.

TABLE 24

A LOADING ERCORD OF KQEHRING XFF FELLER-FORWARDER

Trees Number Min Number Min Min m3
per of per of per per per
Cycle Cycles Cycle Trees Tree Load Load

1 10 0,58 10 0.58
2 14 067 28 0.34
3 13 0.76 39 0.25
4 5 0.85 20 0.21
5 2 0.94 10 0.19
Sub—totals 44 0, T 107 0.7 31,0 23.6
Moving in _
strip - 0.12 - 0.05 Bl -
Totals 44 0.83 107 0.34 36.5 23.6

Three points emerge from examining the data in Table 24:

(i) each tree cut and held in the accumlation requires an additional 0.09 minutes;

(ii) an average of 2,43 trees were cut per cyclej

3

(iii) each cycle produced an average volume of 0.535 m~.

Tests in coniferous forests show productive data of 2.5 = 3.7 trees per minute,
2.7 trees per cycle and other values to support the advantagef of the multi-iree head.
Overall data gathered on one test showed a production of 22 m”/PMH in stand averaging
0.177 ma/tree with an average forwarding distance of 160 m.

Travel speeds on the forest floor with the Koehring Feller-Forwarder are slow when
compared with smaller machines, Some values from various sources are shown below in m/ming

Light Loaded
27 é3
57 42
57 24

Consideration is being given to increasing engine horsepower with the objective of
improving travel speeds on the forest floor,

Unloading time is accomplished in one min, performed by tipping the load cradle to
the rear,
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There is no indication at this time (1976) that the machine will become widely used,
for reasons associated with high capital cost and the deficiencies of the full tree system
— unless or until technology develops a satisfactory method of utilising full tree chips of
coniferous species or of separating bark from wood in chip form, or until the presently un—
merchantable parta of the tree are used to produce energy economically.

21, DELIMBERS:

Delimbing machines may be classified as single tree delimbers, of which the best
known example is the Logma T-310, and multi-—tree delimbers, such as the Hydro—AX.

271 The Logma T=310 Single-Tree Delimber

The Logma delimber was developed in Sweden. It is manufactured and distributed by
Kockmus Industri AB. It is mounted on the common é—wheeled articulated base, is. powered
with 165 hp and weighs over 20 000 kg. It may work either in the stump area or at roadside.
It is fitted with a telescopic delimbing boom, with a runout of 7 m and a reach of 12 m,

The Logma is designed to delimb and top directionally felled or bunched irees,
working from the top end, and to bunch the tree lengihs with butts ends even so that they
may be readily bucked in place or skidded to roadside. It needs to delimb only as far as
limbs extend down the iree stem. It may process more than one tree at a time if it can get
hold of them. It does not work well where residual trees interfere with swinging and
piling the delimbed {rees. It is almost universally u=zed on bunched trees, produced with
feller~bunchers which perforce must fell most non-merchantable trees to perform well.

A 1970 study in Sweden (21) produced the following total times per tree:

Average Tree & Timé in ’

DEHOB in c¢m Volume in m~ min/tree
15.5 0.09 0.58
17.6 0.16 0.60
24.8 0.48 C. 70

A later study in eastern Canada (22) in spruce and jack pine bunched trees on flat
and undulating terrain with rock outcrops and swampy depressions, with a trained operator
(4 months) produced the following formula for estimating productive time per tree:

HIT

Q.27 + %ﬁl + 0.35 VT

where HIT = total time in min/tree to delimb a tree of medium branchinessj

TH = number of merchantable trees per haj;

il

VI = average tree volume in m3.

Having due regard to the learning point of the operator and the terrain conditionms,.
it is apparent that the basic productive time in min/tree should be around

0.80 (0.27 + -2-%% + 0,35 VT)

To this value would have to be added the time adjustment percentages (TA) described.
An Sections 11.2 and 14.1, so that the adjusted productive time should become

0,80 (0,27 + 2&L + 035 vr) (1 +Tm)

Trees per ha and average tree volume are already considered in the formula.



o 6w

The Logma T-310 has been used at roadside in eastern Canada on several integrated
(sawlog~pulpwood) operations where mill policy required wood deliveries in tree length form.
Production under such conditions, for the same tree sizes, ran around 40% greater than when
working in the stump area, However, part of the reduced delimbing cost is offset by the
nigher costs of skidding full trees and brush disposal cost at roadside or landing.

2hed The Hydro-AX Multi-Trec Dclimber

The Hydro-AX, mamufactured by National Hydro=AX Inc., Owatonna, U.S.A. has recenily
(1976) been accepted widely in temperate North America as a coniferous tree delimber., It
iz & chain flail type multi~tree delimber normally used at roadside but capable of being
used in the stump area as well. It does not, however, top the trees; if this operation is
required, it is normally done manually with power saw; neither does it do a clean delimbing
job, but this is not mandatory when the wood is to be river driven and/or drum barked,
particularly if destined for & kraft pulp mill.

The machine consists of an articulated rubber tired 117 hp skidder-=like chassis,
with the hydraulically operated delimber mounted on the front end. The delimber consists
of a drum 2.75 m long and 0.45 m in diameter, to which ?6 chains, 56 cm long and 4 shorter
chains (near drum ends) 30 em long, are attached along the drum in several staggered rows.
The drum is semi—covered by a2 protective shield. It is driven at a selected constant speed
by a hydrostatic pump motor, regardless of vehicle speed.

The machine works at roadside on bunched or thinly piled complete trees. In opera-
tion, it is driven forward up the pile of trees from the top ends toward the butt ends with
the chain flail in operation, moving along as far as there are braaches to be removed, then
backs down along the same path with the flail still in motion to complete the delimbing
operation. :

Although delimbing production with the machine at roadside has been variously
estimated as "the production of 12 sk}dders depending on skidding distance", "over 100 m3
per produciive hour" and "about 500 m~ per day", production is practically limited only by
the supply of optimumly arranged trees.

Delimbing and power gaw topping at the roadside landing causes the usual clutter of
debris which must be removed at a cost. Delimbing of felled and bunched trees in the stump
area would leave the shattered branches and seed cones in the forest (where the silvi =
oulturists say they should remain), reduce the skidding cost (theoretically, at least) and
the cost of cleaning up the roadside landings, but these advantages may be offset by
increased wear and tear on the operating cost of the machine. The pros and cons are still
being studied.

The optimum design of flail chains, the best materlal from which to make them, and
the most satisfactory speed at which to rotate the drum are still under study. Tests have
been made at speeds from 250 to 500 or 600 rpm. Chain wear and replacement cost is a majog
problem. In the early development stages a set of chains had to be replaced every 1 200 m
at a cost of US$ 400, but much progress has since been made in redgcing the cost. One major
logging company in eastern Canada reports delimbing over 400 000 m~ of wood during the
1975-76 logging season at a total cost of around US$ 0.35/m".

There are two models on the market: a small self-contained self-powered unit which
can be attached to the front end of a skidder and a larger model, costing around UsS§ 60 00Q,
referred to above. HNeither, however, has the capacity to break off limbs cleanly beyond
=8 om in diameter.
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22 DEL IMBER—~BUCKERS

There are several such machines, usually called processors, mounted on rubber—tired
6=wheeled articulated vehicles and therefore cepable of working in the stump area, and these
and one other, with a rigid frame on wheels, capable of working at roadside. A4ll ars
designed to delimb and buck trees singly and most of them to pile the logs produced.

22.1 Stump Area Delimber-Buckers

These machines fit into the short wood system when used in the stump area. Three
machines available are of Swedish design and manufactures the Kockum, the Volvo and the
Osa 705 The first two are fitted with telescopic tree feeding boom, the last ment'ioned
with knuckle boom. Apart from this difference, their general appearance, operating method
and productive capaciiy are quite similar, While in theory they can work on manually felled
trees (a major reason for the long reach telescopic boom), in practice they are almost
universally used to process bunched trees.

In operation these machines follow the feller~buncher trail, working on the level
or up or down grade 1o process the trees bunched, when properly placed, perpendicularly to
the direction of travel. In operation, the tree buti is dropped into the feed rolls of the
delimber, the rolls are activated, and delimbing with knives or wrap=around knife belts and
bucking with circular saw take place. Sawlogs are bucked, usually on manual command and
shorter pulpwood automatically. Sawlogs are pushed aside and allowed to drop on the ground ;
pulpwood is usually collected in & load cradle which is emptied when full. Both lengths are
then ready to be forwarded. Trees with butt diameter up to around 60 om may be delimbed
with machines.

When preducing pulpwood, basic productive time per tree may be expressed with the
formulay '

(i) PDBT = 0.24 + 0.05 NB when producing 2.5 m logs (27) and

(i2) PDBT = 0.24 + 0.06 NB when producing 3 m logs.

when FDBT = basic delimbing and wucking time in min/treej

NB = average numbsr of pulpwood logs per tree.

The factor 0.30 should be applied to the above time per tree if all saw log lengths are
being produced and 0.95 if a mixture of sawloge and short (2.5 - 3 m) pulpwood lengths are
being made.

The basic productive time peg tree should be adjusted by the factors described in
Section 11.2, so that production in m”/PMH may be estimated with the usuel formula

60 x VT

PO = 55Er (1 =3 18)

where PDBM = delimber-bucker production in mB/PMH;

VT = average tree volume in.m3r
PDBT = basic productive time expressed in min/tree {see preceding paragraph);

TA = time adjustment factors, expressed in decimal form, read from
Section 11.2.
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Delimbing and bucking cost may then be found with the formula

ppcy < St e i+ f)

; FDEM

where DBCM = delimbing and bucking cost in US$/m’;

C = operating cost of delimber—bucker in USS/PMH found as described in
Section 3e3.43

c = direct wagés of operator in USH/PMH;
f = cost of fringe benefits expressed as a percentage of direct wages;

PDBM = delimber-bucker production in m3/PMH.

Delimbing delays may occur if limbs over T-0 om are encountered, which require the
operator to stop, reverse and reactivate the feed rolls to sever the limb, or if limbs,
tops and debris become entangled in the delimbing head.

2242 Roadside Delimber—Buckers

The stump area processors degcribed above may also be used at roadside. Production
should be slightly higher due to better working conditions, but any advantage would be more
than offset by the disadvantages associated with the production of full trees to roadside
and by the cost of clearing accumulaited debris from the landing.

22.2«7 The Hahn Processor

The Hahn is a small strictly roadside processors It is mounted on two axles, one
of which is powered and used to manoceuvre the machine during the procesging operation. Trees
to be delimbed are placed on a level roadeide landing around 75 m x 75 m or close to the
side of and parallel to the road. The processor gits facing or opposite the tree butts.

In operation, the knuckle feeding boom places the butts of a tree; or more than one if the
trees are small, in the 45 cm delimbing head mounted on a small carriage at the front of
the machines The head closes about the ftree and draws it, guided by a track,; 2.5 m back

to a guillotine shear near the centre of the machine, where it is held while the delimber
head returns to its initial position, shearing off the limbs en route. The operation is
then repeated; the guillotine is activated at the appropriate moment, the severed log
drops to the ground at the side of the machine and the entire process is repeated until

the tree is completely delimbed and buckeds Saw logs may also be produced with the machine.

The machine, processing trges singly, is capable of producing around 71 -tree per
minute in a stand averaging 0«14 m~ per tree. In 2 pro%uction operation a battery of 4
processors working on.a 2-shift basis produced 50 000 m~ of 2.5 m woqd in 6 600 PMH at the
average rate of 7.6 mB/PMH while working in a stand averaging 0,712 m~ per tree. 4 detaliled
study showed that 2 700 trees were processed in 1 530 ¢yclesy i.e., at the rate of 1,76
trees per cycle in a c¢ycle time of 1.1 min and time per tree of 0.63 min.

With the machine costing around US§ 65 000, processing cost would h%ve been around
US$ 2.00/m” plus the cost of the operator and the cost of around USH 0440/m” to clear limbs,
tops and debris from the processing area.

The Hahn Proceszor is a2 relatively simple delimber-~bucker. An operstor ig able to
become reasonably proficient within a few weeks. It is a processor well suited to amall
logging operations.



22:2:2 'The Arbomatik Processor

The Arbomatik Processor is strictly a roadside single—tres delimber—bucker with a
telescopic tree getting boom, a continuous spiked roller feed at 55 m/min and a flying
shear for bucking purposes. It worke on full trees piled perpendicu%arly to the road, on
whieh the machine smits when pgocessing. In a stand averaging C.14 m /tree, actual produc—
tion has been checked at 19 m”/PMH and potential production calculated to be about 20%
greatera

The manufacturer, Forano Ltde., has discontinued production.

23, FELLER-DELIMBERS

Several types of feller—delimbers are on the market or under develepment in North
America to produce tree lengths in the stump area., Some, like the Drott and the Poclain,
are mounted on crawler chassis; others, like the Timberjack TJ=30 and TJ=-|Cy the John
Deere X=-12TL and the Tanguay, are mounted on rubber~tired articulated bases.

28 | Tracked Feller-Delimbers

The track-mounted machines are essentially feller~bunchers with feed rolls and
delimbing knives incorporated in the felling head. The combined felling=delimbing head
weighs in the order of 1 500-2 500 kg depending on the manufacturer, heavy enough to pre—
clude the use of any but heavy—~duty carriers.

In operation the machine generally works along the face of the uncut forest, cutting
- a strip between 5 and 11 m wide depending on the machine and operator practice. The tree

is severed with a shear, lifted vertically, swung to an open and convenient processing area,
tipped to a horizontal position more or less parallel to the machine. The delimber Inives
are cloged and the feed rolls are set in motion; the tree is drawn through the delimbing
knives, topped automatically at a pre—set diameter and dropped to the ground. The phases

of the operation are thus sequential, the next felling operatlon being delayed while the
tree is being processed. The bunching is not always suitable for grapple skidding; Dut

the tree lengths may always be skidded with cable and clam bunk skidders.

Production with track-mounted feller—delimbers varies within wide limits, depending
on tree size, terrain conditions, and operator skill and motivation. Time studies show
that basic productive time is around 0.65 min/tree in a stand avyeraging C.05 m /tree in
volume and increases 0,05 min/tree for every increase of 0,05 m” in average iree volume,
This is due to both the weight and the length of the larger trees. DBasic productive time
is the time/tree which a fully proficient operator San make when working on clsan level {
ground in a clean coniferous stand averaging 0,65 m /tree and containing 1 200 or more
trees/ha. Az for other machines working on the forest floory it is subject to the time
adjustment factors described in Sections 11.2 and 14.1. Having determined the ad justed |
productive time per tree, production and cost values may bte obtained by applying the
same basic formulae as for feller~bunchers set out in Section 14.7.

Delimbing quality is excellent with these delimbing heads but the system has some
deficiencies. Not all heads are fitted with = topping shear; +the tree lengths can be
piled with butgs even only with difficulty and additional time, or not at all; production,
expressed in m /PMH, is much affected by tree volume, as is the case with all singlew~tree
processors. Strip width is less than with corresponding feller—bunchers due to the extra

weight of the delimbing mechanism at the outer end of the boom. Use of this type of feller—
delimber i1s not spreading.
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B3k Wheeled Feller—Delimbers

Most wheeled feller-—delimbers comprise essentially an articulated or lomckle. felling
boom, a delimbing conveyor or itelescopic boom fitted with dellmbing knives and, in most
cases, a tree length load cradle with dumping arrangement. There are no wheeled feller—
delimbers which may be considered fully developed. The nearest to that stage is the
Timberjack TJ-30, 2 small-tree processor quite unsuited for large or long trees. However,
due to the great interest in eastern Worth America in the tree length system at this time
(1976) for reasons which have been mentioned elsewhere, several memufacturers have feller—
.delimbers in various stages of development. This is quite contrary to the situation in
Sweden, for example, where ihe emphasis is on the short wood system with 80% of the wood
being processed mechanically in the stump area.

Clark Equipment, John Deere, Forazno and Tanguay are working on feller—delimbers,
none of which are, however, beyond the prototype or preprocduction stage (1976), and Eaton
Yale (Timberjack) is working on the TJ-40, 2 larger version of the TJ=-30, KXoehring Canada
has gone one step further and has a true tree length harvester (forwards as well as fells
and delimbs) in the preproduction stage, a very large machine with a payload capacity of
18 000 kg (see Section 25). The John Deere and Forano machines are mounted on large basic
skidder chassis; +the Clark and Tanguay machines are larger and heavier. The Forano machine
has the delimber incorporated with the felling head in the same manner as the track mounted
feller-delimbers. Some have load oradles to acowmulate the processed tree lengthss some,
at present, drop each processed tree on the ground.

The basic productive time in min/iree for some of these machines, derived from test
data, is given below. Basic productive time may be defined as in Section 23.1 .above.
Basic times are subject to the adjustiment factors described in Sections 11.2 and 14.1,
since these machines work on the forgst fleor. Having detegmined ad justed yrcdaotévq_time
in minutes per tree, production in m”/PMH and cost in US$/m” may be estimated with tme =~ -
usual formulae (see Section 14.1).

23.2.1 'The Timherjack TJ—30

Conceived ag a plantation row thirnning machine and prototyped in Australia, the
TJ~30 was developed by Baton, Yale Lid. for use in natural foresis. It weighe slightly
over i3 000 kg and is mounted on the basic 94 hp Timberjack 330 riidder chassis. It is
degigned to fell, and process small~diameter trées. Meximum felling rhear capacity 1s
arcund 30 om tree butt dlameters

In cperation the tree is reached with 2 shori (3.6 m) swinging "inverted" knuckle
boom, clamped, sheared, lifted, lowered back over the machine and laid into the delimbing
head on 2 horizontal telescopic boom; &nd held with the felling olsmp; it is then auto-
matically delimbed; topved and ejected sidewise inlo & 2 250 kg lozd cradle, which is side
dumped when full. The felling hoom is then free to got another tres. Maximum delimber
stroks is 10 my thus limiting the maximum length of merchantable stem which can be pro~
cessed without shifting the iree forward with the felling boom and clempe Each such shift
forward increases by about 2.5 m the stem length which may be processed but increases
harvesiing time per tree by about 20, Normal strip width is arouna 5 m.

Basic prgductive time was found to be 1a the ozxder of Q.65 min per tree in a stand
averaging 0305 m~ per tree. Increaee in tree volume increased basic time by 0.05 min for-
each 0.05 m~ increase in volume, an amount which would have to be added to basic productive
4ime when necessary.

Care must be exercised when lowering the tree onto the delimber mechanism of the
TJ-30 because oi shock zoads to the supersiructurs,
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23.2.2 The Tangugg_Feller—Deli@ber

The machine weighs 50 000 kg and is powered with a 230 hp engine, It is mounted on
6 wheels, a single axle at the front with 33.25 x 35 tires and tracks, Tt travels backward
while at work. :

It is equipped with a knuckle felling boom with a 7.5 m reach and a 45 cm ghear,
The delimber is conveyor type extending beyond the front (rear while working) of the machine
and fitted with 4 feed rolls and 3 delimbing knives. The felled tree is swung to the rear
(front while working) of the machine, lowered to a horizontal position and dropped into the
delimber infeed end. Delimbing and topping are automatic; the processed tree is conveyed
to the reer and ejected to either side. While the delimbing is going on, the operator
fells another tree. The machine can move or harvest, but cannot perform both actions
simltaneously.

Basic productive time per tree was determined from test‘data to be 0.47 min/tree.
However, this basic time is subject to the usual adjustments (see Sections 11.2 and 12010

24 . FELLER-DELIMBER-BUCKERS

These are machines that fell trees and produce short wood in the stump area. They
are not considered to be true harvesters ag they do not transport the processed wood to
roadside. Again as in the case of feller—delimbers, some are track mounted, others are

mounted on articulated rubber-tired chassis,.

2441 Track-Mounted Feller-Dslimber—Buckers

These machines are feller—delimbers with the additional short-wood bucking function
built into the felling-delimbing head. As the tree is drawn through the delimbing lmives
by the feed rolls, it is stopped at the appropriate point usually by a butting plate, the
bucking shears (actually the felling shears) are activated, the log is severed and allowed
to drop to the ground.

Productive capacity of this type of machine has been tested and fgund to be around
25% less than for corresponding fellerhdslimberS, 80 that production in m /PMH'may be found
by taking basic productive time to be 0.85 min/tree and applying the usual formula including
the time adjustment factors outlined in Sections 11.2 and 14.1:

60 x VT

REDH & 0.85 (1 + £T4)

These track mounted processors are subject to the. same deficiencies as the
corresponding feller~delimbers., The head weighs in the order of 2 000-2 500 kg, a heavy
weight to be hung at the outer end of a lkomckle boom expected to fell and handle complete
trees, As in the case of track-mounted feller-delimbers, use of these machines is not
expected to spread.

24.2 Wheel-lounted Feller—Delimber—Buckers

These machines are principally of Swedish design and manufacture: the Kockum, the
Volvo and the Usa. They are essentially delimberwbuckers on which the tree feeding grapple
has been replaced with a light felling head capable of also dragging the felled tree and
feeding it into the delimbing head. The tree cannot be lifted and held in a vertical
position as with a feller—buncher head.
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For practical purposes, production with theee machines varies littlie among them and
diifers little, if any, from that of corresponding delimber~buckers. This is based on
being able to reach out, fell and bring trees to the delimbing head at approximately the
same rate al which they can be processed. Tests show that in the case of delimber—buckers,
each =~ the feeding boom and the processor = occasionally is forced to wait a few seconds
for the other. This waiting time is not expected to be greater when using a felling boom
instead of the feeding boom. Production and cost formulae will therefore be found in
Section 22.1, which are equally applicable to felling—dslimbing=bucking.

25e FELLZR-DELTMBEER-FORWA RDERS

These machines are Tree Length Harvesters in that they feil, delimb, accumulate
and forward tree length wood to roadside. They are, perforce, large machines. Xoehring
Canada Ltd. has a prototype selling for US§ 210 000 and undergoing field trials at present
(1976). It weights 45 000 kg and has a payload capacity of 18 000 kg to give total gross
weight of 63 000 kg. It is a 4~wheeled articulated machine with the cab and pedestal=
mounted boom on the front chassis and engine, load cradle and limbing rail and carriage on
the rear chassis. All four wheels are hydrostatically driven and designed to take
43.5 x 39 tires. The kmuckle boom carries a 60 om multi~tree felling head, enabling
several small trees to be accumulated in felling head clamps prior to delimbing.

The delimber ir manually controlled Enot automated), ie oapable of delimbing
several trees simultaneously but at present (1976) has no means of topping them,

e L

i

s

Feller—delimber-forwarder laying down cut tree on rail-mounted delimbing carriage
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- In operation the felling boom cuts the tree — or several if the trees are mmall —
swings it to the rear, lays it down on the rail mounted delimbing carriage, holds it while
the delimbing knives remove the branches at a spesd of 3 m/sec, and then deposite it in
the load cradle.

No detailed breakdown of unit productionatima is available tut production in one
B-hourBBhift during the field test reached 115 m™ delivered to roadside in a stand averaging
0.4 m /tree. A test aleo showed a production rate of 124 trees/PMH et an average of 2.7

treas per cycle at a cycle time of 1.3 minutes,

26. FORWARDING
2641 (leneral

Forwarding is the transportation of wood from stump area to roadside with the pay-—
load carried clear of the ground. Both traction and rolling resistance will be greater
for the same payload than when skidding, btut the frictional drag of the payload will be

non-existent.

Forwarding, as = separate operation, is an essential pa;t of the short wood system
(except for harvesters which forward their own production). Tree lengths and full trees
may alsoc be forwarded, but the practice of forwarding full trees is not likely to become
commonr at the present stage of mill technology., If trees are being delimbed mechanioally
in the stump area, it is logical thet the mdditional operetion of bucking intc short wood
should be done at the pame time. There is no sound reason to forward full trees which have
alresdy been felled unless the entire trees are being delivered to mill or chipped at
roadaide.

Articulated short wood forwarder



24,2 Forwarding Short Wood

Forwarding of short wood may be done manually, with animals or with machines.
Loading and unloading may be done mamually or mechanically, and the wood may be piled down
at roadside or offloaded to another vehicle to avoid a rehandling cost.

The operation of forwarding is discussed at considerable length in Chapter 8 of FAO
manual "Harvesting Man-Made Forests in Developing countries" (2). The mamual refers to
forwarding with manpower, with oxen and irailers, with modified skidders (packsacking),
with small crawler, agricultural type and non=articulated 4-wheel drive tractors towing
trailers, and with the specially designed self=-loading all-wheel drive machines, called
forwarders, some capable of carrying payloads up to 16 000 kg of short wood. Much space
is given to the various componenis of mechanical forwarding operatiens and a detailed form
is shown for estimating production and cost. '

264241 gelf-loading ghort wood mechanical forwarders

For those who are more concerned with approximating production and cost values
quickly, the following method mey be used. It ie required to kmow

(1) stand density in m3/ha;

(2) log length in mj ‘

(3} forwarder peyload capacity in mB;

(4) grepple closed area or diameter (see Table 25)j

(5) forwarder acquimition cost in USS}

(6) average strip width in m.

To obtain production in mB/PMI-I proceed as followss

(1) read grapple capacity (GC) in Table 25
(2) knowing stand density and strip width, read strip length (SL) per m of
forwarder load in m (Table 26);

(3) take average grapple loads to be 0.70 GC when loading and 0.90 GC when
offloading;

(4) take average grapple cycle time to be 0.50 minj

(5) take average forwarder travel speeds on level clean ground to be 40 m/min
(ATSS) while loading in the strip and 60 m/min (ATS) on the trail to and
from roamdeide;

(6) find optimum feeder road spacing with the msual formula (Appendix D,1) and
average forwarding disiance (AppendixlD.3) or measure the dishtance on the
ground.

(7) estimate the value of time ad justment factors (TA) that should be applied to

compensate for poor terrain conditions, climate, operator training, operator
skill and motivation and personal delays (10%) as set out in Section 1.2

(8) apply the formula

. 60L
5500 L X 5L ) 500
0.706¢ * “ATss ) (1 +ITA) + greri oy * 0-9aas (1 + TAP)
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where PFM = production in m3/PMH;_

L = forward payload in m3;

GC = grapple capacity in m3;
SL = strip length per n>

ATSS = 40 m/min = average travel speed while loading in the strip under
optimum conditions;

AFD = average forwarding distance in m;

of payload;

ATS = 60 m/min = average travel speed while iravelling to and from roadside;
TA = time adjustiment factors to be applied to bagic productive time;

TAT = terrain adjustment factor (Section 11.2);

TAP = personal adjustment factors (Section 11.2)

Forwarding cost per m3 may then be found with the formula

FoM » St o (1 + £)

PFM

whers FCK = forwarding cost in Ust/m3;
¢ = direct wages of operator in US$/PMH;
f a cost of fringe benefite expressed as a percentage of direoct ‘wages;
PP = forwarding production in m3/PMH;

- 2.%EA = cost in USS/PMH, excluding operator, of operating forwarder;

where A = aoquisition cost of forwarder in US$;
LE = 1ife expectancy in PMH, as read in Sectlon 3.3.3.

26.3 Forwarding Tree Lengthyg

Tree lengths mre normally skidded to roadside. However a prototype forwarder for
such wood has been under development in eastern Canada since 1970 (23). Called the
Dungarvon Tree—Toter or Forwarder, it has a rotating (400) rather than an articulating
frame, a ground clearance of 90 cm, positive drive to all four wheels and 38.5 x 35 1lug
type tires. The machine weighs around 28 000 kg in unloaded condition and is designed to
carry & payload of 26 000~28 000 kg. Iis estimated purchase price was US$ 150 000 in early
1976, i.e., USP 5.35/kg. Tt is powered with a 318 hp engine and & transmission to provide
6 speed ranges from 0.6 to 35 km/hr at 2 250 rpme Its weight to gross horsepower ratio
ie 170.

The objective of the development programme was'a vehicle which could haul loads of
28 m3 of tree length wood at relatively high speed on the forest floor for distances of
several km economically in order to reduce the need for expensive feeder roads. .The fore—
warder ie required to be loaded with a separate loader in the stump area from bunched wood,
It 1s thus stricgly a carrier. Loading rate with a special hydraulic grapple during field
tests was 2,26 m”/min. Unloading by means of a hydraulic side dump arrangement averaged
} minutes per load. Average round trip travel speed was 187 m/min.

Development work on the forwarder is continuing. It is likely that & gelf-
contained loader will be incorporated on the machine.
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TABLE 25
CALCULATED CAPACITY (1) }N m° oF Gg&PP%E? OF VARIOUS SIZES
(1 m° = 1,67 mt) \2
Closed grapple Log lepgth in metres
— e 1 o 3 4 5 6
in m in em 3. 067 | F=0.68 | F=0.61 | F=0.58 |F=055 | = o0.52
0.20 50 0.4 0.26 0.37 0. 47 0.55 0.63
0.25 56 0.17 0.32 0.46 0.58 0.69 0.78
0.30 62 0.20 0.38 0.55 0.70 0.83 0.94
0.35 67 0.23 0.45 0.64 0.81 0,96 1.09
0.40 71 Q.27 0.51 0.73 0.93 1. 10 1.25
0.45 76 0.30 0.58 0.82 1.04 1.24 1.40
0.50 80 0.34 0.64 0,92 1416 1.37 1.56
0.55 84 0.37 0,70 1.01 1.28 1.51 T
0.60 87 0.40 0.77 1,10 1439 1.65 1.87
Notest (1) grapple capascity = area in m2 x leg length in metres x facter F
whers ¥ = ratio of wood volume inside bark to stacked volume of unbarked wood
(2) mw’t = etacked volume
(3) the velue of the factor F will vary somewhat with log length because longer

logs tend to lie less closely together when grouped.

TABLE 26

STRIP LENGTH PER m° OF FORWARDER PAYLOAD

q = volume

SW = Strip width in metres

per hegtare
in m 10 15 20
20 50 33 25
30 | 33 22 17
40 25 17 12
50 20 13 10
60 17 1 8
70 14 10 it
80 12 8 6
90 11 Te5 55
100 10 6.5 5
120 8 545 4
150 645 4.5 3¢5
200 6 3.5 2.5




27 SHORT-WOOD HARVESTERS

Short wood harvesters are machines that fell, delimb, buck and top the trees in the
stump area, iransport the processed wood +to roadside, and offload it to truck or trailer
or pile it down at roadside. The Koehring KH3D Shortwood Harvester which produces 2,5 m
wood is the only production machine capable of doing this. It was designed emspecially for
eastern Canadian conditions. It is 10 m long and 4.6 m wide. It weighg around 43 000 kg
light and has a payload capacity of arcund 14 000 kg, i.e., around 15 m” of the common
coniferous species found in eastern Canmada. It is fitted with 37.5 x 39 tires which provide
e ground clearance of 86 om, and & climbing capacity of 40% grades when fitted with chains.
The price of the machine is presently (1976) around US$ 230 C00. There are about 150 &t
werk at the present time. - .

This is an articulated machine with the operator's cab, the knuckle iree getting
boom, the offloading boom and the processing tower mounted on the front and the engine and
load cradle on the rear chassis. The tree boom is fitted with a 50 em felling shear, with
optional multi-tree feature. Tt has a capacity of over 1 100 kg at full reach of 6 m. The
trees are processed at an angle of 35° from the vertical to allow the branches to fall clear
offthe machine. It can process tressup to & diameter of 40 cm. The engine develops 210 hp!
to give the loaded vehicle & weight to grose power ratio of 210, low for work on difficult
terrain. .

The machine is operatsd by one men, who manipulates the tree boom tc shear the tree,
1ift wnd hold it in & vertical position, then swing and thruet it laterally into the holding
Jaws near the top of the proceseing tower. As soon as the jaws olomse, the operator gooen
after another tree while the proocessing and stowing prooeed automatically. Ia this opera~—~
tion the delimber head movee up the tree 2,5 m, shearing off the limbs en route, whils at
the same time the tower moves tc the leaning pomition, The stroker cylinder then moves down,
the firet log is sheared off and "kiocked" onto two conical feed rolls which propel the log
dnto a channel beneath the load cradle. It is then "stuffed" upward hydraulically into the
cradle. The processing operation is continued until a pre-set top diameter is reached, at
which time the top is sheared and allowed to drop tc the ground and the tower returns to
the vertical (with respect to the machine) position ready to receive the next tree. A time
of 6 seconds is required to process each 2.5 m log.

When a load has been proceased, the machine travels to roadside, where the cperator
uaes the knuckle offloading boom and grapple to pile the wood at roadside or on truck or
trailer. Travel speeds vary widely according to terrain conditions. Tests show speeds
light and loaded on flat firm forest floor averaging 65 m and 50 m/min respectively, and as
low as 30 m and 20 m/min respectively on soft ground with the machine sinking from 15 to
60 cm. Upgrade iravel espeeds, particularly loaded, are also low due o the high weight—
povWer ratio.

E) Offloading requires 1.0 minute per cycle using a grapple with a closed capacity of
1.5 m” of 2.5 m wood and piling the wood on the ground neaily so that it can be measured
for payment of government dues. This includes rotating every second grapple load 180° to
alternate btutts for wood measurement purposes. The cycle time of 1.0 mimute is double that
for forwarders offloading to trucks or trailers with a grapple,25% smaller. Offloading to
trailers would probably be somewhat faster. _

On good terrain where the Harvester ig able to maintain a level position, using the
optional multi«tree felling head and processing two or more trees simultaneocusly works
reasonably well. The problems are assvciated with the log conveying and stuffing operation.

Harvester production depends to a mejor extent on tree volume. When harvesting
irees below 15-16 cm DBH, the processor may have to walt for the trea; with larger trees
the reverse may be truej; normally, however, with a proficient operator, this is not the
case and the processor usually determines the rate of production. Production is affected
also by tree spacing (the number of merchantable trees per ha}, terrain and operator
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training (learning curve), mkill and motivation. Table 27 shows an approximate relationahip
among DBHOB, merchantable volume and number of 2.5 m logs per iree.

masLE 27 (1)

APPROXIMATE HELATIONSHIP AMONG DBHOB, MERCHANTAELE VOLUME
AND RUMBER OF 2.5 m LOGS PER TREE

Merchantable Average
DBHOB Yolu?e Number of
in ca __inm 2,5 m logs/tree
- 10 0.026 1.6
12.5 0.057 2.6
15 0.102 36
137605 0. 161 4
20 0.232 Sl
22,5 0,315 5.7
25 0.41 6.2
275 0.51 6.7
30 0.63 Tyl
3245 D.75 T4
35 0.88 Ts1
37«5 1.03 Te9
40 1.19 8.0

Note: (1) for ume when no other regional data sre available.
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Harvesting production in m3/PHH may then be expressed with the formula below when
harvesting trees singly:

60 x L

L{(0.25 + 0. 10NL + 0.10x + 0.20y) (1 +% TA) . 2AFD
v ATS (7 = TAT

PHK =

‘)+ﬁL(1-TAP)

where PHM = production in m3/PMH;
3

L = average payload in m~j
NL = average number of logs per iree;

x -parcentaga of merchantable trees in the stand between 12 and 14 cm DBHjy
percentage of merchantable trees in the stand below 12 cm CBEH;

VI = average merchantable tree volume in m3;

<
]

TA = adjustment factors to be applied to basic proceseing time per tree
(Sections 11.2 and 14);

AFD = average forwarding distance in mj
ATS = average round trip travel speed in m/min;
TAT = terrain adjustment factor (Section 11.2)j%
UL = offloading time in minutes per loadj
TAP = personal adjustment factors (basic, learning, ekill and motivntion)-

Harvesting cost in USI/m3 may then be found with the formulas

o o St (14 1)

PHM

where HCM = harvesting cost in USS/h3;
C = cost of operating harvester, excluding operator, in US$/PMH;

operator direct wages in USS/PMH;
3
PHM = harvesting production in m/PMH.

cost of fringe benefits expressed as a percentage of direct wages}

28. ROADSTDE CHIPPING

Kraft pulpmills in many regions of North America are using in the mill furnish a
percentage of full tree chips, mainly hardwood, produced at roadside with portable chippers.
These units are generally semi~trailer mounted, range from 8 tc 12 m long and weigh from
10 to 30 tons. They comprise essentially a feed—-in convenyor fitted with pressure feed
rolls, 2-knife or 3~knife chippers powered with 375=400 hp or 450550 hp respectively, a
knuckle~boom loader with grapple for feeding the conveyer, and a pneumatic pipe to carry
ihe chips into a trailer van or other vehicle. Chipper discs range up to 1.7 m in diameter.

One loader operator may run the machine,assisted, when necessary, by a man on the
ground with a power saw to remove oversize tmita, large hardwood branches and other trouble—
gome growths that might cause chipping problems. Production varies with Bpecies, tree mize
and season of the year. Observations give production with 2-knife chippers of 20-40 tons
of green chips per PMH, and 150 tons/ahift in winter and 200 tons in summer.

Chipping at roadside may fit into any of the three major logging systems, but is
generally associated with full tree chipping of hardwood species at roadside. The uase of
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full tree chips from softwood species in most manufacturing plants is reptricted by techno-—
logy's inability up to the present time to devise an economical method of segregating and

separating bark from wood chips. The operation of keeping a roadside chipper supplied with
trees normally involves the use of feller—bunchers and grapple skidders or feller-skidders.

Forwarders, however, are better suited to the chipping system as the trees are
carried clear of the ground from the stump area. Skidded wood gathers sand and dirt en route.
This accelerates chipper wear, and both increases maintenance cost and lowers chip quality
progressively. In some severe conditions (from skidding), chipper knives have to be changed
and sharpened after each hour'as chipping = a 3C-minute job.

The main advantages realised from full tree chipping are:

(a) a much greater volume of wood fibre from each unit area of forest land (froﬁ 40% to
100% depending on circumstancee), resulting eventually in a shorter hauling distance
to mili;

(b) higher man day productivity — double, in some casesj

(e} cheaper wood fibre at the millj

(d) more atiractive cutover areas, easier to regenerate either naturally or artificially.
There are some disadvantages:

(a) the bark influences mill production rates and costs and product appearancef

() creates screening problems &s well az, in some cases, rschipper problems with twigs
and oversize chips.

29. SLASHERS

29,17 Canadian Slashers

The term "slasher" in the context of this manual refers to mobile machines for
bucking tree length wood into short wood at roadside or final landing. They are therefore
component machines of the tree length system. Many slashers are in use in eagtern North
America to produce 1.22 m logs and muliiples thereof up to 5 m in Canada and Northern UoSahey
and 1.6 m logs farther south. All consist primarily of a conveyor irough fitted with driven
rolls, a knuckle boom with heel-hboom type grapple to feed the conveyor, two or three
manually controlled cut—off saws and, for certain situations, & knuckle boom with short
wood grapple. All are, of necessity, long and heavy machines, riding on pneumatic tires
and stiffened with = pair of stabilising legs at the heavy end when working.

Tree length wood to be slashed with the above-mentioned machines should be piled
perpendicularly to, and with butt ends towards the road. This reduces skidding distance
and improves skidding production. The landing is reguired to be cleared of standing trees
but does not need to be btulldozed — the trees lengths are left lying on the forest flecor.
The slasher sits on the road while working.

Roadside slashers producing 2.45 m logs require a 3}-—man crew, one to operate the
feeding boom and keep the conveyor supplied with tree lengths, one to operste the conveyor
roils to advance the tree lengths and operate the saws, and the third to remove the slashed
wood from the load "basket" and pile it at roadside. Each operator works from a weatherproof
cab. Several trees are normally dropped intoc the conveyor trough simultaneousliy and
slashed together, the smaller the trees, the greater the number.

When 1.22 m wood ie produced at roadside, the third operator is not required, as
the slashed wood is carried from the saws by a short conveyor, dropped pell-mell into truck
body boxes and hauled immediately to the final landing. When tree lengths are slashed ai
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river side or on & winter dumping area which is flooded during high spring run=0ff period,
the slashed wood is alec carried from the saws by conveyor and allowed to drop into the
river or onte the ground pelle-mell.

Normal production, with the crew working on day wage basis; ranges around 40-45 mB/PHH
when Horkigg at roadside, regardless of the log lengik produced, at a cost of around
Uss 1.10/m « Production at final landing, ghera the tree lengthe are piled3higher and lessg
moving is required, ayerages around 50-55 m /PMH and sometimes reaches 70 m°/PMH ai a cost
well under US$ 1.00/m”. There is a record of one mobile slasher in eastern Canada having
produced more than 300,000 m~ of short wood during the 1975~76 logging year wiih & well-—
motivated crew.

Mobile slashers of the above type cost around US$ 140 000-175 000, depending on the

manufacturer and design frills, and have a life expectancy of at least 15 000 productive
hours. There are slashers working with over 30 000 hours on their Tecords.

29.2 Other Buckers and Slashers

There ie a variety of other less productive bucking and slashing devices in use in
various regions of the world, many used by logging operators who have insufficient use for
such highly productive machines as described above. Thers are a number of these in North
America, particularly in the United States, many constructed in local machine shops to fit
into a Bpecific local logging system.

Hoadside slashers are algo used in Sweden (24), but to & less extent than in Canada
due to prevalence of the shortwood logging system. Some, such as the Logma and the
H4llefors, are constructed on used iruck chassis to produce 3 m logs or both 3 m wood and
sawlogs, These use a Bingle kmuckle boom and grapple for both feeding the slasher saw and
removing and piling the logs produced. A longer and heavier Swedish roadside slasher is
the Morenius (24), which resembles to some degree the Canadian slashers described above.
It uses two operators, one to operate the gingle kmuckle boom to faeed the machine and one
to operate the saws.

There are also grapple mounted hydramlically powered saw tuckers, like the 30 hp
Osa 770, incorporated with kmuckle boom loaders. 1In operation the loader grasps one or
more tree langths near the butt end, bucks the grapple load to the appropriate lengths,
piles the grapple leoad in the designated place, grasps the remaining tree length again and
repeats the procedure until bucking has been completed.

30. CABLE YARDING SYSTEMS

Cable yarding is the transportation of raw forest products from the stump area to a
point at roadside, with one of the various wirs rope high lead or gkyline yarding systems
available. The latter are commonly called cable crane systems. As a general statement,
ground skidding methods are more economical than cable yarding where there is a choice
petween the two, The limiting factors for ground gkidding are ateepness'(around 60%) and
roughness of the ground and the problems associated with erosion on mountainous areas, and
the bearing capacity of the soil on flat terrain,

Because of the overall wood cost Teductions possible, there has been throughout the
world & gradual increase in ground skidding and a2 corresponding decrease in cable yarding.
The chenge—over in some countries has been emphasised by the scarcity of specialised labour,
and the reluctance of younger workers to undergo the long iraining period necessary to
instal and operate the more complex and attractive cable yarding systems. Recent develop~
ments in cable crane equipment and techniques, such as the radio=contrclled cranes and the -
mobile spar, have tended to shift the bresk-even cost point back toward cable yarding, but
not to such an extent that the trend will likely be reversed.
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Cable yarding systems may be classified as:

(aﬁl short distance systems, up to 700 m long, serving the minor or primary transport
phase and delivering the logs direct to feeder road;

(v) long distance systems, up to ! 500-2 000 m, which may, on occasion iake over the
function of the feeder road as well.

The latter system may be installed permanently if road construction is economically
impracticable due to high costs and low stand density and site productivity in the area.

Cable yarding systems may alsc be classified as
(a) high lead systems with a maximum yarding distance of 300 m;

{b) cable crenes or skyline systems, both short distance (up to 700 m} and long distance
S &
(up to 2 000 m).

Table 9 iists briefly some of the characteristics and practical limitations of some
cable yarding systems regarding lengths and payloads as they apply to temperate zones.
Figure 9 illusirates some cable yarding systems used in Europe, and other publicaticns
describe many of those in use on that continent as well as in Japan and the Pacific Northe-
West of North America (1)(8).
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Figure 9 — Some cable yarding system illustirations.

30.1 Some High Lead Yarding Systems

High lead systems, as the name implies, are those yarding systems in which the front
end of the log is given a lifting effect by the head spar or a skyline of some sort to
reduce dragging foroes and hangups. BSeveral of these are mentioned briefly: the true high

lead and some skyline syetems.

The true high lead is the simplest cable system and is ueed widely, chiefly for
uphill yarding, where distances do not exceed 300 m and ground disturbance and ercsion are
not problems. It comsists of a yarder with 2 yarding drums and a smaller straw=line drum
(for rigging setups), a head spar (nowadays a mobile spar), mein and haulback lines, utt

rigging and chokers.

The running skyline is also a high lead yarding system in that the logs are not
necessarily carried clear of the ground. Its use is limited to 700 m, It comprises a head
spar and tail holds, a yarder with 3 interlocking drums and a strawline drum, the haulback
(which ssrves as the running skyline), main and slack pulling lines of the same size, and
a carriage riding on the haulback skyline and carrying tong line and chokers, It derives



-94.—

its advantages from the facts that no large—~diameter single gkyline is requirsed and that the
drum assembly is fitted with an infinite ratio interlocking system which permits the line
to be tensioned or slackened at any time. The maximum permitted tension in the line may be
predetermined and set according to payload weight and yarding road profile. The running
skyline system has a number of obvious advaentages over the conventional high lead system:
wider feeder road spacing, less damage to the soil, lateral yarding poseible, stc.

A logging company in South America, working in an area where the ground hes such a
low load-bearing cepacity that ground transport is noi practicable, uses a modified North
- Bend System to ground yard bundled 1.5 m wood for distances up to several hundred metres.
The output of such = system depends on yarding distance and terminal time to hook and un-
hook the loads. Output figures, for example, for yarding distances of 100, 500 and 1 000 m
are insthe order of 10, 5.5 and 3.5 m /hour respectively. The average trip payload is
0.85 m”. :

30.2 Some Fixed Skvline Yarding Systems

There are a number of fixed skyline yarding systems and variations thersof, which
carry the turn of logs clear of the ground. GSeveral of these are variations of the Tyler
system developed in the Pacific North West of North America. OSome are radio controlled.
Probably the best known of the latter is the Norwegian radio controlled cable crane, which
allows felling and minor transport to be combined into a single operation.

The Norwegian System comprises a mobile power plant, a fixed skyline, a carriage, an
endlesa carriage—pulling line and a grooved winch drum around which the endless cable is
wound several times. The system is limited o a yarding distance of 700 m. The worker at
the top end fells, delimbs and tops the trees, fits the chokers and attaches them to the
carriage tong line and sets the carriage on its way by means of the radio controlled winch.
The tucker at the lower end unhooks the load, returns the carriage to the feller and
completes the grocessing operation. Production per Z2-man crew day under average conditions
is around 16 m”.

A modification of the Tyler yarding system is used in one region of South America on
level }ow—load bearing ground to swing yarded 1.5 m wood to truck road in bundles averaging
1.13 m°. 1t comprises head and tail spars, a 2=-drum winch, standing skyline, main line,
carriage and endless carriage pulling line wrapped several times around its drum. It can
be, but is seldom, used for distances up to 1 000 m. Average output of the system varies
with yarding distance and terminal times; fgr example, average output for distance of 100,
500 and 7 000 m is sround 9.5, 6.1 and 4.2 m /hour respectively.

30,3 Optimum Spacing of Long Distance Cable Cranesg

Under some very rugged and steep terrain conditions where truck roeds are economically
impracticable, long distance cable cranes may have to be constructed and lateral skidding used
to bring the wood from the stump area to the cable crane. A problem of major importance is
to find the optimum spacing of such system in a broad foresi area where several setups may
be required. Theoretically it should be possible to apply the same principles as used to
determine the optimum feeder road spacing for a given skidding or forwarding method
{sse Appendix D). .

The initial capital cost of the stationary parts of the cable crane (spars and sky-
line) less their salvage value at the end of the operation together with cost of clearing
the right—of-way and of installing, maintaining and dismantling those gtationary parts may
be likened to the cost of comstructing and maintaining a feeder roadj the operating paris
of the cable crane (yarder, moving lines and carriage) may be likened to the skidder and
the operating cost/PMH, including yarder operator (tut not the lateral skidding crew)
depreciation, interest, fuel, operating repairs, etc. may be calculated; lateral skidding
and main line loads ars identical, as well as the volume of wood to be harvested per hectarej
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travelling time for lateral skidding t+ (1 + p) in the optimum feeder road spacing formula
expressed in min/m should be known from experience, with the value of p approaching or
perhaps at times exceeding 2.0 to cover angle skidding in sieep slopes and delays.

Practical application of the formula may be difficult or it may result in an
impracticable latersl skidding distance since the cost of the skyline installation is
fixed and cannot be modified at the will of the logging manager as can be a feeder road
standard. -

It is a fundamental principle that minimum overall logging costs per m3 will be
attained when the three costs - road, variable (travelling) skidding or forwarding and
variable (travelling) hauling, all expressed as a cost per m” — are identical (see
Appendix I). This is based on the principle, among others, that there is a choice
respecting the amount of money that may be spent on the road. When this principle is
violated = ag is the case when erecting a cable crane (in place of comstructing a feeder
road) = the minimum overall cost possible under the.circumstances may still be realised
when variable skidding and varisble hauling costs/m are equal. In respect to cable cranes,
this will occur when the travelling portions of lateral skidding and main line hauling
costas are egual. Since these operations are performed by the same equipment, their
operating costs/PMH or PMM are identical, as are their payloads as well. It follows
therefore that the optimum cable cranes spacing may be found by equating these cosis, or
even more simply, by equating travelling times to produce the following formula:

4,AHD, T

ASDet (1 4 p) = AHD,T so that OCCS = 4.ASD - T

where OGCS = optimum cable orane spacing in metres;

ASD = average lateral skidding distance in m, measured perpendicularly to the
skyline;

AHD = weighted (according to location of the wood to be harvested} average
main line hauling distancej

it = average time in min/m required to haul the lateral skidding line out
to the logs and to skid in the load; (ascents and descents of the
line may be considered as fixed time and disragarded);

T = average travelling time, empty and loaded, in min/m for each load;

P = a factor to cover angle skidding to the skyline on steep slopes and
delays in the loading zone (see paragraph 2 of 30.3 above).

31, SECONDARY TRANSPORTATION

31,17 (eneral

Secondary transportation covers the movement of the wood from roadside to final
landing, whether that be river, railroad, barge or mill: This manual is restricted to
transportation by truck; it will not consider river driving, barging or rail hauling.
It covers loading at rcadside and unloading at destination.

There are two major types of loaders (knuckle boom and front end loadera), paveral
major types of hauling equipment and numerous unloading methods. This manual can do no
more than review them briefly and point out some of the critical criteria.

The most suitable type of rig for a specific project depends on the form of the
material to be hauled, the road characteristice, desired travel speeds and vehicle
dimension and weight regulations. A further associated point is that, given suitable
conditions, hauling is more economical with combination rige than with "straight trucks"
(see 31.2) by a considerable margin.
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31.2 Hauling
31.2.1 Vehicle configurations

The term "straight truck” usually refers to an antomotive vehicle designed tc carry
the load directly on its own body structure. A combination rig comprises a truck-tracior
(usually called by the term "tractor") and one or more irailers. A trailer train is a
combination rig consisting of & tractor and two or more trailers.

Some of the pomsible configurations are shown in Fig. 10. In addition to these ares

(a) double memi-trailer rigs, in which the king pin of the rear semi rests on the rear
bogie of the first semi-trailer;

(b) trucks with tandem front axles, one of which may be drivenj

(c) articulated centre frame steered trucks with front and rear bogies, under development

in Canada by The Rubber Hailway Company, Cambridge, Ontariog
(&) the dirigible axle full trailer manufactured by Kockum in Sweden.

There ig also some Bpecial hauling equipment on large wheels and low pressure tires
which is able to iravel over very poor feeder roads and even to penetrate beyond the normal
roadeide landing which has buili—in speed sufficient to make it economical to haul reason—
sbly long distances on forest roads. Such a machine ie the Volvo EM 860 TC articulated

hauler.
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Figure 10 ~ Some typical iruck-tractor combination rige.
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There are advantages and disadvantages to each of the two basio types of ocombination
rigst trector—-semi—trailers and tractor—fullwtrailers. The semi~tirailsr rig muei be uaad
to haul tree lengths end full treem; it can he manceuvred more sasily around restricted
feeder roadside landingsi it is more wiable (less tendency to jackimife) at high speeds.
The deuble semi~trailer rig is equally stables, but no better than the full-trailer rig for
manceuvring or for hauling tree lengths.

It is easier te have a greater proportion of the gross combination weight on the
pewered arles of a loaded traotor—full=trailer rig when loaded, but problems might be
encounterad on gteep adverse grades when returning light to the roadside landing unless tha
trailer is loaded on the tractor, It may be necessary for the same reason to load the rear
semi of a double memi-trailer rig when running light. There are meveral means of doing
this: tractor mounted winch, heavy duty leg loading and unloading equipment, A-frame and
winch, etc.

4 tractor—full-trailer rig (a truck towing a full trailer) will offtrack on the curvea
Tesg +than the corresponding semi-trailer rig unless the itrailer tongue is so long that
this advantage is lost.. It may be a choice hatween a long trailer tongue and some loss
of stability (respecting jackkmifing).

Some comments may be in order concerning hauling rigs in general. The most compact
loading may be attained when hauling short wood loaded crosswise = when log lengths excead
2 m. Experience has shown that logs up to 5 m in length may be hauled in this manner.

The vegicle platform for such en operation need only be 2 main I~beem rails with an open
frameworTk headboard at the front and substantial stakes at the rear together with self-
tightening load-binding devices running from front to rear. Short wood may, of course, be
banled loaded lengthwise on both straight trucks and combination rigs.
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Tree lengithe are normally hauled butts forward, but when load width and height are
restricted, as on most public roads, the upper half of the load may be loaded tops forward
to obtain z bigger payload and better weight distribution. If all butts are forward, it
ie normal practice for the rear btunk to be 20-25% shorter and from 3050 cm higher than
the front bunk.

31,2.2 Horsepower requiremenig

The horsepower of the hauling truck-tractor must be great enough to overcome the
four resistances affecting every hauling rigi rolling, grade, air and chassis friection,
and to allow travél at a desired speed under specific conditions. Altitude must algc be
coneidered, particularly if gasoline power plants are used, since gasoline engines lose
power at the rate of 1% for each increase of 100 m in altitude (§).

Table 28, expressed in pounds btut convertible to kg, gives approrimate rolling
resistances of some commonly encountered road surfaces and their equivalent grade resig—
tanoss (10 pounda = 4.5 kg = the reaistance equivalent to 1% adverse grade). Air resis—
tancs mey be disregarded at speeds less than 50 km/hr (6). Chassis friction is usually
taken as 15% of net or flywheel horsepower, though it may vary between 10% and 20% depending
on transmission gear and number of driving axles (6}.

Weight—power ratio is the ratio of groes vehicle or combination waight to net or
flywheel horsepower. It will provide a short method of epproximating the suitability of
a trector engine for a ppecific hauling job. The ratio should be low enough to provids
the desired road speed, yet' not so low that the rig is needleesly overpowsred. Table 29 (6%
expressed in the English systpm of measurement but convertible to the metric system, shows
the welght~power ratios necéssary to overcome various combined rolling and grede resistences
at various speed up te 30 mph (about 50 lm/hr),

A heavy duty logging fhuck in tropicai high forest cperations
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TABLE 28

SUCGESTED UNIT ROLLING HESISTANCES

Class deacription

Flexible pavemant;
treated and packed

Sand--clay, gravel,
crushed gravel or

untreateds deforms

snows; frozen swmer
roads; no surface.

Road class

1 Rigid pavement

2
gravel

B
stone surface
under load

4 Netural soil and
earth roads

5 Ice, hard-~irozen
deformaticn

6

Note:l

(1)

Snow; sub—grade
not frozen deeply

Unit rolling

Jurface condition . resistance
Smooth,; best 8
Avernge, fair 9
Poor, rough 10
Smooth 10
Average, fair 13
Poor, rough 15
Smooth, well—compacted

with litile or no locge

surfuce material 15
Smooth, well-compacted

with thin lsyer of loome

or muddy surface material 18
Fair, average, some

washborrd 20
Poor, rough, heavy

wasbhhoard 25
Smooth, wsll graded, dry

(net send) 25
Rough, dry (not =and) 28
Rough, damp, soft 40
Sand, damp 75
Sand, dry 100
Mad, deep; with bottom 100
Smooth, no loose snow 10
Averags, Bcarified, frozen

mammer gravel and

natural soil roads 15
Poor, rough 20
Well—packed,; 2 inches

thick, net hard-frozen 30
Poorly packed 50

(1)

BEquivalent

1.8

—_

3'0
5.0

expressed as pounde per 1 Q00 pounds of gross vehicle or combination weight.



TABLE 29

WEIGHT-POWER RATIOS HEQUIRED TO OVERCOME VARIOUS RESISTANCES
AT VARIOUS VEHICLE SPEEDS UP TO 30 MFH

Combined grade Vehicle Bpeed in miles per howur
r:if;:::j:;%ﬁ) ~ — > ) ; & . 15 ; 20 _ 25 . ,30
1% 1275 1 060
% 1 060 800 640 © 530
3% 1 060 710 530 425 355
4% 800 530 400 320 265
5% 1275 640 425 320 255 210
6% 1 060 530 355 265 210 175
% 910 - 455 300 230 180 150
8% 800 400 265 200 160 135
9% 710 355 2315 175 140 120
104 640 320 210 160 130 105
114 580 290 195 145 115
124 530 265 175 135
13% 490 245 165
14% 455 230

Notes (1) Where road rolling resistance ie expressed in grade % with 10 pounds of unit
rolling resistance (pounds of rolling resistance per 1 000 pounds of groes
vehicle weight) equalling the resistance due to a 1% adverse grade; so that,
for example, the value of 4% in the left=hand column represents one of the
combined resistances helow:

Adverse grade Unit rolling resistance
of 40 pounds
1% 30 pounds
2% 20 pounds
% 10 pounds

The use of the table may best be illustrated with two examples (giveg in English
measure mince reference is made to Table 29)t

(1) An operator is required to gross loads of 100 000 pounds at a speed of 20 mph up
a 2% grade on a gravel road which has a unit rolling resistance of 20 pounds
(i.e., 20 pounds per 1 000 pounds of gross vehicle weight), and wants to know how
powerful the engine will be reguired.

The total resimtance is equivalent to & 4% adverse grade. Reading across from 4%

in the left=hand column of the table, the weight—power ratic will be found under

20 mph, indicating that an engine generating 100 000 : 400 = 250 net horsepower will
be required.



= 101 =

{ An operator is hauling on a gravel road with a unit rolling resistance of 20 pounds
with a semi-trailer unit fitted with an engine generating 300 gross horsepower and
wents to know the gross load weight that can be hauled up a 4% grade at 20 mph.

4 300 GHP engine generates 300 x ©.935 = 280 NHP (see 3.3.5). Total resistance = 4%
adverse grade + 20 pounds URR = 6%. Reading across from 6% in Table 29, the value
of 265 will be found under 20 mph. The gross load which can be hauled = 265 x 280
= 74 000 Pou.ndso

14243 Vehicle dimension end gross weight regulations

The envelope dimensions of a hauling rig, both light and loaded, must satisfy
pertinent regulations respecting overall length, width and height. 'This i8 referred to
in Chapter 6.

The total weight of a loaded rig and, normally, its axle loads also muat satisfy
pertinent regulations, if subject to such restrictlons. Host public highways, if properly
engineered, are built to support certain axle loads with normal axle spacing (50 in = 1.27m
in Nerth America). However, by increasing the spacing of axles of a bogie and/or using
triple—axle bogies under & trailer, axle capacity will be increased with no greater
deteriorating effect on the road (see Tables in Appendix B). Private roads are not
normally subject to either vehicle dimension or weight restrictions.

The weight distribution of a hauling rig by axle or bogle is usually supplied by
the manufacturer. Knowing the payload unit weight, it is usually a straightforward
mathematical exeroise to calculaie the weight distribution of the loaded rig by axle {€).

It is particularly important that the proportion of the gross load supported by the
powered axles be great enough to permit sufficient traction to he developed to overcome the
maximum rolling and grade resistances encountered on a hauling job (ase Saction 4 in
Appendix C). This is vital where steep grades and/or poor traotion conditions prevail.

The proportion should approach 40%, but should not be below 30%.

3742.4 Tires (6)

Tires represent a substantial part of the cost of operating a hauling rig and
should be given high consideration. They should have the required carrying capacity to
support the load and should be operated within certain tolerances respecting overload, undar-
load and travel speeds. Tire treads should be the most suitable for each wheel position
on the rig; for example, high~traction tires for the powered wheels and smoother tires
for all other positions unless tractlion tires are needed for increased tire hold on forest
roads during braking. Some tires, such as the Michelin M+34, are particularly good mud
and snow tires.

RBadial steel cord tires are considered by most logging managers to be superior to
bias cord iires for several reasons! allowable higher speeds, lower fuel consumption by
5%~10%, less subject to héat buildup (better heat dissipationi. The choice must be made
between tubeless and tube-~type tires, between wide singles and duals, between conven—
tional and wide singles on the tractor front axle (the latter increaees pteering effort).

31,2.,5 Other vehicle components

Design and capacity of suspensions, front and rear axles, wheels, braking system,
clutch, transmission, drive lines, etc., are largely the responzsibility of the wvehicle
manufacturer. However, the logging manager and his engineer ghould be able to assure
themselves of their adequacy. They should be more concerned with certain trailer components,
such ae bunks for saw logs or tree lengths, parking lega, king pin offset and trailer over—
hang (since their positiion affects load distribution and axle loadings), cab and parking
leg clearances when turning, load binders and many other items.



- 102 =~

The front whesls of tractors hauling combination rigs should not be equipped with
brakes, unless required by law or regulation, in order to reduce the possibility of jack—
knifing the rig or running off the road with locked front wheels during the braking Pprocess,
particularly on a curve,

All these matters are discussed at length in the Univerzity of New Brunswick publica~—
tion "Trucks and Trailers and their Application to Logging Operations™ (6).

31,2,6 Costing hanling equipment

The operating cost of hauling equipment should be expressed as a cost per standing
hour and a cost per travelling hour, aince they differ at a ratio of around 1 to 3. The
subject is discussed in Chapter 3 and in Appendix H.

Acceptance of this manner of costing hauling equipment means that the variable or
travelling portion of the hanling cost is inversely propertional to travgl speed, so that,
for example, doubling the travel speed will halve the hauling cost per m”. This illustrates
the advaniages of engineering, milding and maintaining haul rosds well.

The operating cost of irucks and trailers per standing hour and per travelling hour
may be approximated with the calculation shown in Table 30,

TABLE 310

FORM B FOR APPROXIMATING THE OPERATING COST PER HOUR
FOR THUCKS OH TRUCK=TRACTORS AND TRAILERS

Operating coet per hour

Truck or
Item : Truci~Tractor Trailer Total
c1
(1) 35000 " x = &
c2 ‘
(2) 55500 . - x x
(3) e (1+£) - x - .
(4) Cost/standing hour - xx x XX
2.4 x C1 -
(5) %5500 - - x
2.4 x G2 = K
(6) 500 - | _= o
(7) Cost/iravelling hour - =x xx XXXXX

where C1 = acquisition cost of truck or truck-~tractor;
C2 = acquigition cost of trailery
¢ = operator's hourly wage rate;
f = copt of fringe henefits expfessed as a percentage of direct wages.
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31.2,7 Aoplication of truck and trailer cperating costs

This may hest be illﬁstrated with an examplet

(a) Find the hauling cost, excluding loading and unloading, assuming the following
input datas ’
(1) truck=tractor costs US§ 45 0003 semi-trailer comts US$ 15 0003

(2) operator direct wages are USS 2.00 per shift hour;
fringe benefits 50% of direct wages;

(3) average payload is 34 m3;

(4) loading time is 30 min and unloeding time is 10 min per loadj

(5) there is a delay allowance of 10 min/load waiting at terminals;

(6) hauling distances and speeds are as followst

Average hauling Average round trip
distance in km travel spsed in km/hr
i) feeder roed 1 10
(i)
(ii) secondary road 10 30
(iii) mein road 40 60

(b) The solution mey be developed as follows:

(1) wuseing Table 30, the operating cost of the hauling rig will be US} 6.75
paer standing hour and US§ 20.00 per travelling hour;

(2) terminal costs in US$/m>, exoluding loading snd unloading costs, will be

as helow!

Time/load in hours Cost in US$ per m3
Loading 0.50 0.10
Unloading 0.17 0.034
Delays 0.17 0.034

Total per trip 0.84 0.17

(3) travelling cost in U%/m3/lm may be calculated as below:

Average Average Round trip Travelling cost
hauling distance +travel speed Travel time Cost 3 B

in km in km/hr in hrs in § per m per m” /km
Feeder road 1 10 0.20 - 4.00 0.12 0.12
Secondary road 10 30 0.67 13.30 0.39 0.0
Main road ! AQ 60 : 1.33 26.70 0.79 0.02
Total 51 32 2,20 44,00 1,30 0,025

The overall hauling coeg, excluding loading and unloading, may theg be expressed as
a fixed rate of US$ 0.17 per m~ plus a travelling rate of US$ 0.025 per m /km. However, it
should he noted that the hauling rate on the feesder rcad is € times the rate on the main
road and 3 times the rate on the secondary roada, and that peseibly it would pay to upgrade
the poorer roads.
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M Loading
31%.3.1 {eneral

Loading of raw forest products is usually done mechanicelly. In certain regions
where the raw material is short and lighi enough to be handled Ly one man, loading may be
done manually. This is particularly the case where wage rates are low and labour ig plenti-—
fule An operation in Colombia, for example, hand loads 1.5 m logs and split logs manually
with 2-man crews at the rate of 5-6 tons per man hour. The practice ias still in effect to
some degree in eastern North America where much 1,22 m weod is still made, when operations
are small and trucks are operator—owned.

In some tropical regions shori loge may be hand rolled up skids onto the wvehicle by
pushing or by parbuckling with ropes of manila or similar material, Animal power may be
used to provide parbuckling power when available. Loading may also be done with elephants
in some south~east Asian countries where these animals are used for skidding purposes.

There are many different ways of using machines to load hauling vehicles. Tractors
and winches of all kinde may be used ic load material of saw log length by lifiting or par—
buckling with or without benefit of A-frame, gin pole, or mast and swinging boom. Sometimes
the winch mey be mounted on and powered by the hsuling vehicle through its transmiemion.

In some cases bulldozers are used to push large logs up skid poles onto the hauling vehicle.
Such methods ae outlined above are of particular use when logs are large and the operation
ia tec small to afford the capital outlay for more modsrn loaders.

There are two generasl types cof roadside mechanicel loaders: those with knuckle
boom and appropriate grapple, and those fitted with log fork (front end loaders) or grapple
(such as the Cary-Lift loader) and travel between log pile and hauling rig during the
loading operation. . Both types are mobile and most of the machines can be usmed to load
shortwood, tree length or full tree, though some have severe limitations; for example,
front end leaders loading ehortwood less them 2 m long. Stiff-boom cranes, fitted with log
grapple, are also used io A emall extent to lacd saw loga and longer material. Some ghort=
wood forwarders and harvesters have the capability of offleading directly to heuling rig
and thus saving a rehandling cost. When this is practised, spare trailere, either seml or
full type, are usually parked at roedside.

31,3.2 The Pettibone Cary-Lift shortwood loader

This loader is built in a series of sizes. It is mounted on a non—articulating
d=wheel drive—and-—steer chassis and fitted with a hydraulically operated continuous-rotation
pulpwood grapple of appropriate size to handle shortwood from 1.22 m to 5-6 m in length.

It is best suited for 2.5 m wood, and works best on level and smooth landings. The loader
propsr is cantilevered in such a way that the grapple load can be reiracted near the chassias
for better weight distribution when travelling.

In operation, the loader moves to the log pile, reaches forward and grapples a load,
liftes it and draws it back close to the chassis, turns and travels to the hauling rig, 1lifts
the grapple load and thrusts it forward over the cenire line of the hauling rig, then lowers

and opens the grapple slewly to allew the logs to spread out on the rig without jack—strawing.

The Cary-lift Super 20 is commonly ysed in pulpwood operations in eastern North
Americz. It carries & grapple with 2 2.4 m closed area, capable of holding 3.5 m” of 2.5m
wood. However, in practice the average grapple load is considerably less due to problems
concerned with grasping & full grapple load at the log pile at ali times and levelling off
the truck or trailer load. A& test gave the following data when loading 2.5 m woods




(1) averag? grapple loBd sscessavsccsasne 202 m3

(2) mimutes per grapple cycle:

(aa) g‘r&ppling load at 1’93‘ Pil.le A600BONsNEIROAERRVRAOHO RS 0-37 min
(b) relea.sing ivad at truck GCesbbemosss RPN LRRo DR RS 0.35 min-
(¢) turning and travelling to snd from 1og pile aeesess 0o45 min
plus 0.02 min/m of distance betwsen log pile and truck
(4) delays (arrvenging wood on log pile and truck load,
unproductive travelling and other delays)uecescesss 1.03 min
From these data the following formula may be derived:
1.3 + 0.02 TD
L = el
where LT = loading time in min/m’j
T = average distance in m betwsen iruck and log pile;

AGL = averags grapple lomd in m3;

The same formmla may be applied to other Cary-Lift loaders.

31.3.3 Stiff-hoom crane loaders

Various sizes of cranes from V2 to 1V4 cubic yard (North American nomenolature) are
wsed in some regions to load both short wood and iree lengths, Wut mainly in 2.5 and 5 m
weods OSome are crawler mounted; others are mounted on wheeled carriers. Crawler machinss
may work off the road, following up the rollway of logs, but move slowly betwsen rollwaysy
wheeled machines oan travel much faster but must work on fimm ground.

Various iypes of grapplems, all wire rope controlled, are in use, including a double
grapple for handling 2 ranks of 1.22 m wood simultaneously. Tag lines are required to
restrict and control the movement of the grappls. An opsrator requires a long training
period 1o attain full proficiency. Single grapples weigh 1 3001 600 kg and coet in the
order of US$ 6 000-7 000. Double grapples are heavier and more costly. Cranes have a very
long life expectancy. Grapple and wire rope operating (repair and replacement) costs run
around US$ 1.50 and 1.25 per PMH mespectively.

Cranes have a loading rate of 125=150 m3/PNH, tut normally lose mach time
- sometimes as much as 50% of shift time - waiting and moving.

31.3.4 KXnuckle boom loaders

Knuckle boom hydraulic loaders may be turntabls mounted on their own mobile carriers
or on the platform of a 6 x 4 truck of mguitable GVW capacity. All wheeled loaders are
equipped with outriggers. When the loader is truck mounted, the engine driving the hydraulic
loader pumps is installed on the turntable. They may be fitted with a pulpwood grapple for
loading shortwood or with a heel boom grapple for loading tres lengthas. Small lkomckle boom
loaders may be mounted on the truck frame behind the cab of a hauling truck or at seme point
farther back on a combination rig to form a self-loading hauling unit.

Table 31 gives some typical grapple payloads which various sizes of knuckle boom
loaders can handle at various boom reaches. i



Truck mounted hydraulically cperated loading crane

TABLE 31

SOME TYPICAL NET PAYLOAD CAPACITIES OF XNUCKLE BOOM LOADERS
EXPRESSED IN kg

. Type of Max. hoom reach Typical net payload capacity(1)in kg
loader mount in m gt various boom reaches in m
3m & m Maximum
Truck 6 ' 5 000 2 350 -
Platform 7.5(2) '8.500 4 100 3 000
9(2) 17 700 8 600 5 000
6.5 2 200 900 850
6.5 1 600 T30 T00
J=-wheel carrier 9 18 000 8 700 . 5 000
Truck frame

behind cab 6 3 500 1 200 -

Notes: (1) net paylesd ocapacity ie the gross capacity less weight of the grapple:
(2) counterweight with heel boom grapple.



(a) Loading tree lengihs with heel boom grapple

For this type of operation, the tree lengths are piled in a rollway pPerpendicularly
1o and with butts teward .the road. In operation the hamling rig and the loader must
manoeuvre until the former is facing the havling direction and the loader; whether truck or
carrier mounted, iz backed into position in front of and cloms to it. This takes in the
order of 3 minutes per load.  The loader reaches out, grapples a load of tree ‘lengths 3~4 m
from the tmtt end, heels it against the heel boom; raises the entire load, swings it and
lays it down on the semi-~trailer by reaching back over the truck~tractor cabs If the loader
cannot reach enough wood to compleie the load, both the loader and the hauling rig move to
2 new position. After the loading operation has been completed, the loader must be driven
from the road at some point to allow the hauling rig to be on its WaY .

Tegts indicate +that

(1) total fixed time per trailer load ranges between 5 and 7 minutes;
(ii) average grapple loads runs arcund 1.05 m3;

(iii) average grapple cycle time ranges between 0.55 and 0.60 minutes, depending on
operator proficiency;

(iv) lo§ding rete runs around 1,75 m3/min, excluding the fired time mentioned in
(1) above. '

Loading time in minutes per truck—trailer load and loading cost per m3 may then be
determined with the following formulaes

(1) 1r- 6+28L oy
(2) LCH-LT /C+Oi1+f)7

60L
where LT = loading time in minutes Per iruck-trajiler load;
LCM = loading cost in US$/m ;
L = truck-~trailer load in m3;
GL = average grapple load in m3;

C = operating cost of loader in USS/PMH, including carrier but excluding
operators

¢’ = operator direct wages in USE/PMH;
T = cost of fringe benefits expressed as a percentage of direct wages,

(b) Loading 2.5 m logs crosswise with knuckle boom and pulpwood graople

Some kmuckle boom loaders for handling short wood have excavator (itracked) base and
supersiruciure, together with appropriate boom and pulpwood grapple. Other loaders are
mounted on wheels as deacribed in the previous settion.

Logs, the length of which approximate the maximum zllowable load width, such as
2.5 m, are usually loeded crosswise on the truck or trailer as this provides the most
compact form of load ag well as easy unloading by dumping or pushing off.

For this type of loading operation, the wood ig usually renked in one or more rows
along the roadside. The loader sits at the mide of the hauling rig; grapples the wood and
transfers it to the truck or trailer. It is a straightforward operation e the reverse of a |
forwarder offloading at roadside. Contrary to the mituation when loading tree lengths,
there is no need for the loader and the hauling rig to waste time Jockeying into position
preparatory to loading and/or moving to & new loading position,
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The loading rate will varw:with the size of the loader and grapple and the
proficiency of the operator. The loading operation comprises

(i) a fixed time per load to position the hauling rig, pull away when loading has
been completed and apply the self=tightening load binders, and

(1) & variable loading time per m .

Ae soon as one hauling rig has pulled away, amother may take its place, thus
wagting a minimum of loading time.:

On a typ%cal hauling operation in eastern Cagada ueing a typical knmuckle hoom
loader and 1.2 m~ grapple, the gime to transfer 42 m” of 2.5 m woed to a trailer was
30 minutes at the rate of 1.4 m /min.

31.3.5 Front end log loaders %

Front end log loaders.are mounted on a crawler tractor chassis with some suspension
changes or on a 4-wheel drive articulated chassis. All are equipped with & log fork with
or without extension arms 50-60 cm long to increase lifting height and & "kicker" to assist
in remcving logs from the fork &t high lift. Crawler mounted log loaders range from 15 000
to 20 Q00 kg and wheeled log loaders from 15 000 to 35 000 kg and cost in the order of
USE 5.50-6.00 per kg. The horizontal skid tines of the log fork range in length from 5Q o
to0 220 cm depending on the size and weight of the machine,

Truck loading by wheeled front end loader with log fork
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Front end loaders are used normally to load material of saw log length and longer,
including tree lengths which is loaded lengthwise onto the hauling rig. They may also be
used to load 2,5~3 m logs lengthwise, and 2.5 m logs crosswise by loading the truck or
trailer from the rear, Yut the practice is not recommended.

In operation these loaders must, like the Cary-=Lift mentioned earlier, travel between
log or tres length pile and hauling rig carrying the loaded fork in the air. The load camnot
be successefully skidded on the fork tines. This requires that the ground, for best lomding
performance, he level, firm and cleared of stumps and other entangling debris. For this
reason the roadside.landing is often bulldozed for thia type of summer operation = an
additional expense not encountered when heel boom loading with knuckle boom loaders sitting
on the road.

When the ground is soft, under summer conditions, loading of tree lengths must be
done with heel boom loaders as mentioned earlier or with large loaders with long knmuckle
boom, fitted with special grapple, able to reach cut and pick up several tree lengths at
their centre of gravity while sitting at roadside, and awing and place them on the hauling
rig. Such & large loader is able to rotate the load of tree lengths 180° beneath the boom
and load them either butie or tope forward as required.

Tree lengih loading rate with front end loaders depends on geveral factors: =size
and horsepower of the machine, proficiency of the operator, lifting height, conditione of
the landing, distance between pile and trailer, and piling direction in relation to the
road. Some tests in eastern Canada show that

(1) there i 1little difference in loading rate between wheoeled and crawlar machinea of
the same hpj
(2) fixed time per load {waiting for hauling rig to be prepared to receive logs and to

drive away after loading has been completed, rearranging load, etc. ) average® around
5 minutes.

(3) @average grapple load in m3'- 1.5% of loader OHP rating;
(4) average loader cycle time, excluding fixed time, ranges between 1.50 and 1.75 minj
(5) average loading ratg, digregarding fixed time, is around 1% of leader GHP rating,

when expressed in m”/min.

Loading time in minutes per iruck—=trailer load and loading cost per m3 may be found
with the following formulae:
J.6L
(1) LT =5+ and
LT /C + ¢ (= £)/

2 ~
(2) LoM GoL

where LT = loading time in minutes per truck-trailer load;
LOM = loading cost in US$/m’;
L = truck-trailer load in m’
GL = average grepple load in m3;
C = operating cost of loader in USH/PMH;
¢ = operator direct wages in USS/PME;

f = cost of fringe benefits expressed as a percentage of direct wages.
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reviewing the matter of tree length loading, it is evident that front end loaders
are capable of loading at a higher rate than knuckle boom loaders fitted with heel boom
at.achments, Tut have difficulty arranging the tree lengths on the irailer neatly and
evenly {load distribution). Consequently they are unable to build as large loads, Under
some circumstances and with some machines, the reduction may reach 20%.

3.4 Unleoading

There are many methods of unloading hauling rigs. Much depends cn the circumstances.
When unloading into copen water, shortwood is usually end dumped, side dumped or pushed off
with a bulldozer = like "pusher" with long arms and & pusher plate. When unloaded on lake
or river ice or a landing to be flooded later, the same prccedure may be followed, or the
wood may be unloaded and piled with the sgme type of equipment as used in the loading opera-
tion and at approximately the same cost/m . Tree lengths or full trees are not usually
unloaded for water transportation unless with stiff boom or other crane in bundle size

packages.

Saw logs, tree lengths and full trees may be unloaded and stored with front end
loader, stiff boom crane and grapple or bridge crame, or unloaded onto & slasher or asorter
dack with a pusher type machine or a powered pulling device for immediete further processing.
They may &2lso be pushed off onto the ground to be slashed and hauled away or dumped into
open water on a landing. Large powerful front end loader type of machines capable of
picking up and carrying an entire trailer load of tree length or full tree wood are coming
inte wider use.

Crawlsr mounted front end loader unlecading roundwood ai the final landing
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APPENDIX A

THE U.S. FOREST SERVICE ROAD CLASSIFICATION SYSTEM
AND TRANSPORT COSTS FOR MINNESOTA PULPWOOD

Hauling rates are based on drivers' wages, including compensation insurance and other
payroll taxes, cost of equipment, depreciation insurance and all operating costs. The costs
were based on 1968 data for wages, truck, trailer and loader selling prices, insurance rates
and tire and fuel costs. Current depreciation rates of straight-line six-year life and 6 per-
cent interest rates were used. All adjustments were made on a comparison basis with the
1957 R=T truck hauling cost study on the Byrnes-Nelson-Coogin report on log hauling coets.

TABLE 32

HAULING COSTS FOR MINNESOTA PULPWOOD BY
ROAD GQUALITY AND TRUCK SIZE

(in dollars per cord—mile)

Hesl Bt _Truck size — mean load (cords) 1/
4 E 6 : 8 10
High speed, 45 mph Us$ 0.09 Us$ 0.08 Us$ 0.08 Us$ 0.06
Class I = 35 mph 13 .12 .11 08
Class II = 25 mph .18 A7 16 -
Claes III - 16 mph .26 o24 o 24 .18
GClass IV - 8 mph AT 043 A6 o34
Class V- 4 mph 85 78 86 .65
Fixed costs (standby,
delay, load, unload Us$ 1.78 UsS8 1.65 Us$ 1.41 Ust 1.81

1/ Truck description = all are equipped with loader:

4 cords, flat bed, 4 x 2, single axle, GVW 28 000 1b;

& cords, flat bed, 6 x 4, tandem axle, GVW 37 000 1b;

8 cords, truck iractor, 4 x 2, single axle, with 28-30 ft platform
bed, GVW 59 000 lb; _

10 cords, truck tractor, 6 x 4, tandem axle, with 30-35 ft platform
trailer, GVW 72 000 1lb.

ROAD CAPACITY AND SERVICE CLASS DESCREPTION

High Speed Highways, Average Rumming Speed 45 mph

This clags of road includee the best highways where trucks are able to maintain a
high average speed. However, consideration should be given to delays through towns, etc.

Cost Haul Class I, Average Running Speed 37 mph

This class includes federal state and primary country highways with concrete or
bitwminous pavement of well stabilised gravel surfacing. The design speeds for highways
in this group will fall within the range of 40 - 60 mph. Truck rurming speed for this
group will range from 30 — 40 mph, with an average of 35 mph. If a section of a highway in
this class has a quarter mile or more of sustained adverse grades of 6 percent or greater,
that portion should be considered am a Class II road.
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Cost Haul Class II, Aversge Running Speed 25 mph

This class includes county secondary, township and forest roads with a design speed
of 30 mph and truck Tunning speed averaging 25 mph. Roads in this class will be two-lane
width or single-lane with intervisible passing sections. The roadway surface may have
bituminous, compacted gravel or stabilised soil wearing course, well maintained. Horizontal
alignment is limited to minimum radius curves of 300 f% and maximum grades of 7 percent, If
a section of a road within this group has a quarter mile or more of sustained adverse grades
exceeding 7 percent, that portion should be considered as a Class III road.

Cost Haul Cless IIT, Average Rurmming Speed 16 mph.

This clase includes country, local, township and one-lane forest. roads with a design
speed of 20 mph and truck running speed of 16 mph. One-lane roads will have passing
sections, but not always located at intervisible points. The roadway will usually have
fair gravel or soil wearing surface with intermittent blade maintenance. Horizomtal align-
ment i8 limited to minimum radius ocurves of 200 ft and maximam grades not exceeding 10 per—
cent. If a section of a road within this group has a quarter mile or more of sustained
sdverse grades exceeding 10 percent, that porfion should be considered as a Class IV road.

Cost Haul Class IV, Average Running Speed 8 mph

This class includes roade, regardless of juriesdiction, that mre single-lane in width
end lack adequate pagsing sections. These roads will classify as low service facilities
with little or no consideration given to design speed during route selection or consiruction.
They will usually have winding alignment with numerous sharp curves. The vertical alignment
closely follows the rolling natural ground line with hidden dipe and undulating grades.
. Maximum grades may be up to 12 percent. Roads in this class are usually unsurfaced with
limited spot gravelling on unstable sections. Drainage is usually limited fo natural drain-—
age ohannels where they cross the roadway. Truck running epeeds may range from 6 - 11 mph
with an average of 8 mph.

Cost Haul Clags V, Average Running Speed 4 mph

This clase includes the poorest service roade within the sale area. They are usually
narrow and undrained with winding alignment and rolling grades. They are average one—lane
dozer—constructed roads with low protruding rocks and stumps in the driving surface and with
limited or no passing sections. Truck running speeds may range from 3 to 5 mph with an
average speed of 4 mph. Do not allow for short sections {up to 400 ft) out of landings as
this cost is taken care of in standby time.
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APPENDTX B
EQUIVALENT GROSS AXLE LOADS |

Roads are tuilt to carry specified design single-axle leads. However, hauling rigs
usually are fitted with a dual or, on occasion, a triple axle bogie under the rear end of
truck and/or trailer., Table 33 shows the relationship between various single axle loads and

their equivalent dual and triple axle loads when axle spacings are 1.22 m and 2.44 m
respectively and the axles are fitted with dual wheels and tires. However, heavier axle
loads may be carried with no more effect on the rcad when axles are spaced more widely.

For example, on the public roads of the Province of Ontario, Canada, which has some
of the more complex and detailed highway weight regulations, the maximum allowable gross
weights for dual and triple axle bogies shown in Tables 34 and 35 are permitted (9). This
means, for example, that roads designed to carry 15 900 kg on dual axles spaced 1.22 m
apart will carry 18 000 kg equally well when the axle spacing is inocreased to 1.83 m, This
is a very important point to remember when planning forest roads and hauling equipment for
a logging operation.

TABLE 33

AXLE LOAD EQUIVALENCE (3)
____ Eguivalent Loading in kg

Slnglanﬁée S gggéviéeginggzbzilzz Dual Axle l/ ;/ Triple Axle 27-&;_
6 350 0.38 11 350 14 200
T 275 BT 12 950 16 200
8 200 1.00 14 500 18 100
9 100 1488 16 200 20 200
10 000 2.99 17 800 22 200
10 900 4,45 19 400 24 300
11 800 6.44 21 000 26 200
12 700 9.05 22 600 28 200
13 600 12.45 24 200 30 200

Axle spacing of 1.22 m.

Distance between first and third axles of the bogie of 2.44 m,

o R

Values are approximately 75 % greater than for corresponding single axles, e.gs, a
road designed to carry a single axle load of 9 100 kg on dual tires will carry a
dual axle load of 16 200 kg when the axles are spaced 1.22 m apart.

g/ Values are approximately 120 % greater than for corresponding single axles and 25 %
greater than for corresponding dual axles, e.g., & road designed to carry a single
axle load of 9 100 kg will carry a triple axle load of 20 200 kg when the distance
batween the first and third axles is 2,44 m.
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TABLE 34 (9)

MAXTMIM ALLOWABLE WEIGHT FOR DUAL AXLE

Column One

Column Two

Axle Spacing in Inches

Maximum Allowable Weight in Pounds

40 or less

More than 40. and less than 48

48
51
54
B
60
63

65 .

"
EL

il

1

51

.54

5T
60

63
66
69
i

20 000
32 000
35 000
.35 500
36 000
36 500
37 500
38 Q00
38 500
39 000
40 000
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TABLE 35

MAXTNUM ALLOAABLE WEIGHT FOR TRIPLE AXLE

Column One

Colume Two

Axle Spacing in Inthes

Maximum Allowable Weight in Pounds

80 or less
More than 80 and less than 96

96
111
114
17
120
123

126
129
132
135
138
141
144
147
150
153
156
159
162
165
168
171
174
177
180
183
186
189

n

L

i

i

ot

192 or more

r
fi

"

215
114
A
120
123
126
129
132
135
138
141
144
147
150
153
156
159
162
165
168

17

174
L
180
183
186
189
192

35 000
40 000
44 000
44 500
45 000
45 500
46 000
46 500
47 500
48 000
49 000
49 500
50 000
50 500
51 000
51 500
52 500
53 000
54 000
54 500
55 000
55 500
56 000
56 500
57 000
57 500
58 500
59 000
59 500
59 500
60 000
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APPENDIX C
GEOMETRIC CONSIDERATIONS FOR FOREST ROADS

The minimum safe design speed of a road expressed in km/hr may be taken as the
sustained speed plus 20 km/hr. Sustained speed may be defined as the speed below which
the loaded wvehicle should not have to drop for reasons other than traffic congestion. 4
number of geometric considerations affecting the safe design of the road are referred to
below.

The Lane and Shouider Width

Primary or main roads will often he twoe travel lanes wide so that vehicles may meet
or pass without slowing dowh. The optimum lane width for two-lane roads is overall loaded
vehicle width plus 1.22 m. Reduction in lane width may be expected to cause some reduction
in vehicle spot speeds (as much as 1 km/hr for each 30 cm reduction) and in vehicle speeds
when passing or meeting other vehicles {(as much as 1 km/hr for each 5 om raduction)(3§.

If practicable, a primary or main road should have a shoulder width not less than
1.22 m to ensure no adverse effect on vehicle speed. ©Speed may be expected to drop by
1 km/hr per 6 cm decrease in shoulder width, particularly when meeting otner vehicles ( 3)}.
Thus the overall width of a mazin two-lane rocad carrying vehicles 2.5 m wide should be about
10 m including shoulders and correspondingly wider for wider vehicles. In practice, width
of forest roads depends to a great degree on traffic density and expected life of the road.

Secondary roads are usually single lane or intermediate width roads with the same
load bearing capacity as primary roads and with turn—outs or meeting places at appropriate
intervals. When meeting at such points it is customary to give a loaded hauling vehicle
the right of way.

When the radius of curvature is less than 150 m the travelling surface of a roadway
should be widened on the inside of the horizontazl curves to allow for offtracking. Off-
tracking may be defined as the difference in the path of the first inside front wheel and
the last inside rear wheel as a vehicle, whether truck or combination rig, negotiates a
curve. Its magnitude depends on the radius of curvature and the wheel bases of the
component units of the rig, and it may be calculated precisely when these are known (6).
However. such a calculation is not considered necessary when designing forest rcads.

Table 36 lists approximate offtracking values for loaded semi-trailer rigs of various
overall lengths negotiating curves of varicus radii. A normal combination rig consisting
of a truck and full trailer will offtrack less than the corresponding semi—trailers.

The values given in Table 36 represent the additional width which should be added to
the travel surface of a single lane reoad or to each lane of a two-~lane rocadway. The
widening should be tapered off at each end of the curve.

2 Crown and Superelevation.

Both primary and secondary roads should be crowned to ensure positive drainage from
the traffic lanes. The recommended crown slope on gravel-surfaced roads is 2-3 cm per
metre of lane width, i.,e., 2 = 3 %, when the surface material iz hard packed and smooth
(3,7) and 4 = 5 cm per metre when it is coarse and rough (3).

Figure 1? shows a typical road cross—section as recommended by Odier, Millard,
dos Santos and Mahra (7).

Horizontal curves should be superelevated to counteract the centrifugel forces
developed by the vehicle when rounding the curve. BSuperelevation should extend the full
width of the roadway. Its magnitude on a given curve should depend on venicle speed and
the coefficient of friction for lateral sliding: the higher the speed om a given curve
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with known coefficient the greater should be the superelevation. It should never be so
great that the vehicle will slip toward the inside ditch when travelling very slowly or
standing still. On the other hand it should never be so little that the centrifugal

forces developed by a moving vehicle will cause it o slide toward the elevated side of the
road. Superelevation should never exceed 10 cm per metre (0.10)( 7); under winter snow and
ice conditions on northern forest roads and slippery road soil conditions wherever they
ocour, it should not exceed 5 om per metre (0,05)(3); and in some cases may be dispensed
with altogether for safety reasons and speeds reduced accordingly.

TABLE 36
APPROXIMATE OFFTRACKING DISTANCES FOR SEMI-TRAILER RIGS OF VARIOUS ;
OVERALL LOADED LENGTHS ON VARIOUS CURVES . Y
Vehicle Overall Loaded [ Radius of Curvature
Length in m 40 m 20m 100 m S 10 m
12 .60 .40 .20 .05
13 .75 .55 .25 .075
14 .90 .69 .34 .20
15 1,05 82 A2 o2
16 1 fed .96 .50 .33
17 1.35 1.10 .58 440
18 1.50 1.25 67 .48
19 1.65 1.38 T .55
20 1.80 1.52 .82 62

1/ Values given in metres.

L =t

Slage ay

I;“::;ln Shouldar Permanent surfacing 21, St
WIdth a8 required G Orain - Herm
ta provide 1) for L= b 4 .
road *

It L% 2t 3%
&1
Cross-section In level ground Cruss~ sectlon in cut

Flul.ruiling of haily terrqin | Moumtainous terrain ”
2C F L 2L I Ly
n m m m

m
Primary roads 10~13 §-76§ 2 20 B-10 6~7 5§ 210

SecOndary reqds | 10-12 5-68 | 220 B-% | g-p8 210
Feedsr roads 13-80] 85-50] >70 [ 75-8o0 | ss-s0 210

Figure 11 -Typical standard eross—section of road,

The relationship among desigm speed, radius of curvature, superelevation and
coefficient of friction for lateral sliding may be expressed with the formula {7

v o= Aﬁz? x R (e fs)
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where V¥ = design speed in km/hr;
R = radius of curvature in m; ’
e = superelevation expressed in decimal form;
fs = coefficient of friction for lateral sliding.

The coefficient of friction for lateral sliding will vary slightly with vehicle speed.
Values for use in the formula may be found in Table 37. Some authorities recommend thai a
uniform fs value of 0.15 or 0.16 be used in the formla.

TABLE, 3°

% COEFFICIENTS OF FRICTION fs FOR LATERAL SLIDING

Safe Design Value of
Speed in km/hr Coefficient fs
20 il
40 .16
60 .15
80 %]

100 .13

Feeder roads are normally neither crowned nor superelevated due to the low speeds at
whiich the hauling vehicles must 4ravel over such roads,

Fu Sight Distances

The driver of a vehicle showld be able to see far enough ahead to be able to bring
his vehicle to a safe stop upon sighting an obstruction in his roadway lane. This distance
is called the non-passing sight distance. It is particularly important where the road is
allowed to carry animal traffic as well, It should be provided at all points of the road
for the planned speeds or, conversely, vehicle speeds should be restricted if topographic
or other conditions prevent desirable sight distances from being realised. Passing sight

distances, i.e., the distance required to overtake and pass another vehicle in the face of

oncoming traffic, is not considered important in forest road design. While sight distances
apply to both horizontal and vertical curves, the former are the more important in forest
rocad design. )

Basic sight distance comprises the distance the vehicle travels between the time the
driver sees the obetacle and the time the brakes take hold plus the distance it travels
while being brought to a stop. It depends on vehicle speed, grade, coefficient of traction

_and the time it takes the driver to see the obstacle and apply the brakes. TIts value may

be approximated with the formla (3):

S s
D = 1.25V + ~
2 555 (f £ g)
where SD = sight distance in mj
V = vehicle speed in km/hr;
f = coefficient of traction;

g = grade % expressed in decimal form.
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Coefficients of traction for use in the formila may be read from Table 38. Thus, given &
road design speed of 50 km/hr, a downgrade of 2 % and a coefficient of traction of 0.20 on
a slippery road, the driver should, for safe driving reasons, have a clear view of at least
117 m measured along the centre of the travel lane.

TABLE 38

COEFFICIENT OF TRACTION OR FRICTION FOR KUBBER TIRES
ON VARIOUS ROAD SURFACES

Static Coefficient

Road Surface . of Traction
Concrete (Portland cement) ) )
Asphaltic Concrete .60
Cravel, nard packed .60
So0il, firm +50
Sand +15 = .40
Mud 15 = L40
Snow, hard packed 20 = .25
Snow, hard packed, well sanded 233
Snow, 2" dry, loose, on gravel o 30
Snow, 1" dry, loose, on ice +25

Tce, free of snow Jd2

Where there is two-way traffic on a gingle-lane raod, twice the stopping distance as
calculated by the above formila should be provided to permit the two approaching vehicles to
stop safely.

It is not always practicable to provide safe sight distances for the desired vehicle
speeds because of topographic difficulties or other construction problems. When such is
the case, and maximum safety practices are Tequired, maximum road speeds should be posted
at appropriate places,

V" Grades

Adverse grades on forest roads should be restricted in magnitude to those which will
permit the vehicle to maintain pre—selacted speeds, either loaded or light, without wheel
slippage, and favourable grades 1o those on which full control of the vehicle can be
maintained at all times, Every effort should be made 1o hold maximum grades on primary
roads to 6 %, on secondary roads to 8 % and feeder roads to 10 %. Table 39 gives some
desirable design characteristics for primary, secondary and feeder roads in various types
of terrain as proposed by Odier, Millard, dos Santos and Mahra (7). While the authors ,
classed roads as primary, secondary and feeder ag in this mamial, their definitions referred
to settled country. Nevertheless, it is felt that the data given in the table should be
helpful in designing forest roads.

However, the specifications given in the table do not necessarily fit all forest
roads, For example, forest feeder reads in firm soils are seldom built 7.5 =8 m wide,
width more often is closer to the length of a bulldozer blade. The table, however, does
contain much useful information.
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TABLE 38

DESIGN CHARACTERISTICS FOR RCADS IN DIFFEHRENT TYPES OF TERRAIN

Characteristic Formation )
: Design | Minadis | Max. Fod | pormarm |
Terrain speed of curvature gradient of grade surfacirig o
kmh i K m and shoulders) m
Roed rype. m
Flat or rolling 80-110 190-360 4 None 10-13 6-7-3
Primary Hilly 55-80 90-190 57 600 aver 4%, 10-13 —
Mountainous 40-55 50-90 19 400 over 6% 810 —
Flat or rolling 60-80 110-1%0 5 WNone 10-12 668
Secondary Hilly 50-60 75-110 5-7 None 10-12 —
. Mountainous 35-50 3575 7-9 750 over 6% 8-9 —
- Flat or rolling 50-60 75110 7 None 7-5-8 556
Feeder Hilly 35-50 35-75 -2 None 758 —
Mountinous 25-35 30-35 9-12 1 000 over 9%, 75-8 R

1/ The absolute minimum radius of curvature shown here takes accouni of a superelevation
of 10 % and a sideway force coefficient of 0O.16.

On adverse grades wheel slippage will occur if tractive effort exceeds the frictional

feaction at the road surface
delivered to the tires at their point of contact with the ground.

(6).

Tractive effort, expressed in kg, is the rim pull
Its value depends on net

engine torgue, total gear reduction, drive line efficiency and the radius of the loaded tires;

its value may be calculated.

Frictional reaction, also expressed in kg, is the product of

the coefficient of traction and the weight on the powered wheels of the vehicle,

The maximum adverse grade which can be climbed without wheel slippage, sometimes

called the critical grade, depends on the coefficient of traction and the proportion of the
gross vehicle or combination weight on the powered or driving wheels. Its value may be
closely approximated with the formula (6):

f x AW x 100

GR =

Gw
where GR = grade percent;
f = coefficient of traction as given in Table 383
AW = weight in kg on the driving wheels;
GW = gross vehicle or combination weight in kg.
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For example, given a heavy duty S-axled semi—trailer rig grossing 50 000 kg with the
weight distributed as below: ’

N2
6 000 kg - + 17 000 kg + 30 000 kg = 50 000 kg

and a coefficient of traction of 0.20, the maximum adverse grade which can be negotiated
will be: "

0.20 x 14 Q00 x 100 -
50 000 = 5.6 %

If adverse grades greater than 5.6 % have to be built into the road, either a better
surfacing, i.se., one with a higher coefficient of traction, will have to be provided, or
the rig will have to bhe redesigned to carry more than 14 00Q kg on the rear wheels of the
truck—-tractor when loaded.,

Under winter hauling conditions in northern forests traction may be improved by
sanding the hillsj in tropical forests only & more granular surfacing material will improve
- the traction coefficient. In the above example only 28 % of groes weight is carried on the
driving wheels; in practice this percentage should approach 40 %. There is often much
difficulty climbing grades with the empty rig for the same reason as noted above - lack of
sufficient weight on the driving wheels and/or a low coefficient of traction., The same
remedies apply as for a loaded rig — improve the traction or increase the welght on the
driving wheels by, for example, loading the trailer on the truck—tractor for the return
trip to the loading point in the forest.

Weight on the driving wheels may also be increased by powering the front wheels of
the truck-=tractor or one or more of the trailer axles. However, +he use of such devices
increases vehicle purchasing, operating and maintenance costs, and therefore hauling costs,
and should he avoided. ‘

The forces which must be overcome in climbing grades - rolling, grade, air and
drive irain and associated resistances —~ also act to slow a vehicle on down grades (6), -
They must be considered in the design of vehicle brakes and other devices to control the
rig when travelling downhill. Their discussion ig beyond the scope of this manual,
‘However, the forest road engineer should consider all the above points in cenjunction with
the equipment design engineer and themanager responsible for delivering the wood.

9 Ri ghts—of-Way

The desirable width of a cleared forest road right-of-way widths on gtraight forest
roads approximately as shown in Table 40 and, when necessary, sufficient widening on the
inside of horizontal curves to allow propsr might distances to he realised and desirable
speeds maintained. The geometric considerations are shown in Figure 12 (3). Required sight
distance, measured along the centre line of the inside lane, may be calculated as described

“in Bection 3 of Appendix C and the middle ordinate, i.e., the required distance from the
centre line of the inside lane to the obstruction, may be found with the formula (3):

M = 2 10 (vers

SD
D 200
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where M = middle ordinate in feet;
D = degree of horizontal curvature;

S = required sight distance in feet measured along the centre
line of the inside lane.

TABLE 40

RECOMMENDED CLEARED RIGHT—OF-WAY WIDTHS

Design Speed in km/hr (leared Right—of-Way Width in m
30 20
40 22
50 25
60 27
70 30
8o 33
90 ' 35
100 38

However, the right-—of-way widths given in Table 40 should be considered as a gulde
only. Steep and/or rocky terrain on the inside of a curve may prevent. desired sight
distance from being realized without exorbitant expenditure, in which case speed should be
reduced and appropriate maximum safe speed limit posted. Furthermore, it may be desirable
to leave steep slopes uncleared for soil stabilisation and/or aesthetic reasons.

fine of |sight

iy Sy
— ]

sight obstruction

Figure 12 =Sketch showing minimum cleared width on horizontal curves to maintain
desired line of sight.

In tropical countries and temperate zone deciduous forests, where tree canopies are
wide spreading, the right—of-wey should be widened, where appropriate, to let in sunlight
to help dry the roadway. On the other hand, on very sandy roadways the right-of-way should
be narrower to preserve moisture.



In northern countrise where blowing enow is a winter problem, the right—of-way ghould
be restricted in exposed terrain and a 30 m - 40 m strip of fcrest left .uncut under the clear
cutting system, usually on both sides of the yezd. Such 8trips also serve in summer to
reduce the dust problem and as a fire hreak and fighting control line in case of forest fire.
However; leaving such strips and opening up the uncut forest in softwood stands in temperate
zones with unnecessarily wide rights~-of-way will sxpose the forest to blow down or wind throw

and, in the case of some species, such as Ables balsames in eastern North America, to sun
scald damage.

Road right—of-way widths in man-made forests may be govermed by other considerations:
the fact that most roads during the planting and tending phases do not need to be wide or to
carry heavy loads, the fact that many plantation roads are more or less permanenet after the
first rotation, a desire to utilise the area to the maximuim and, particularly in the case of
pine plantations, the need for adequate fire control lanes.
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APPENDIX D

FEEDER ROAD DENSITY

Feeder roads are those which lie beyond the secondary Toads; they form the fingers of
the road network; they penetrate to the secondary landings to which skidding and forwarding
systems deliver the harvested wood; occasionally they penetrate to the primary landing in
the stump area. When using a specific skidding or forwarding machine, there is a feeder
road density (m/ha) or & spacing which will result in the lowest combined cost of constructing
the feeder road and skidding or forwarding. This is called the optimum feeder road density
(ORD) or spacing (ORS). It is attained when the travel portion of the skidding or forwarding
cogt equals the cost of building the feeder road end maintaining it during the hauling
period.

Under ideal forest conditions on flat or gently rolling terrain where feeder roads
are straight and parallel and skidding or forwarding 18 carried on perpendicularly to the
road and equidistantly on both sides, the loads are offloaded where the road is reached,
average skidding or forwarding distance is one quarter of the feeder road spacing. However,
this situation rarely, if ever, ocours in practice, Somstimes a feeder road may follow the
border of a swamp, lake, river, or other topographic feature, so that skidding or forwarding
iz done frgm one side only. If the spacing is optimum, the road serves less wood and costs
more per m°; average skidding distance is greater and therefore the cost of skidding.

14 Optimum Feeder Road Spacing

While feeder ro%d density, expressed in m/ha, is the more readily used in calculating
feeder road cost per m-, feeder road spacing is the more practical guide for the logging
engineer laying out a feeder road network in a forest being opened up for logging.

The optimum feeder road spacing may be found with the formula:

40 x R x L

ORS = k Y3 ot (1 +p
where ORS = optimum feeder road spacing expressed in m;
R = cost in USH per km of constructing and maintaining the
feeder road;
I, = average skidder or forwarder load in m%
= quantity of wood harvested, expressed in m3/ha;
- operating cost of skidder or forwarder, including operator,
in US$ per mimute;
4+ = time in mimtes for skidder or forwarder %to travel 1 m loaded
and return light;
k = a correction factor, with a normal velue between 1.0 under the

idesl conditions d&escribed in the previous paragraph, when
skidding or forwarding is done squdistantly on both sides of
the feeder road, and Q.71 or V0,50 when skidding or forwarding
is done from ome &ide only; it is used {o cover,as well,
situations where the feeder roads are winding, meet 1in
junctions or terminate as dead—end roads;
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P = & correction factor, normally with a value hetween
0 and 0.5, to be used in situations where skidding
or forwarding trails, i.e., the strip reads, are
winding or do not end at the closest point on the
feeder road, or where an allowance is made for delays
along the route due to low-bearing so0ils, hangups and
80 0N

It should be pointed out that the spacing distance derived with the formila may be
considered only as an approximate value because of the imprecise values of several of the
factors in the formula. For example, if the formula gives an optimum spacing of 400 m, a
gpacing between 350 m and 450 m will give quite satisfactory results. This allows some
leeway in siting feeder roads to avoid obstacles that might increase the cost of

constructing the road.

An examination of the optirmm feeder road spacing formula will show that quadrupling
the quantity of wood harvested per ha will halve the fesder road spacing; this will (a)

Pierre~Yves Perrin has developed a computerigzed system by which several road network
alternatives may be compared and feeder road standards and spacing Jjudged simultaneously (17 &

2a Optimum Feeder Road Density

Having determined optimum feeder road spacing as above, the optimum feeder road
density may be found with the formula:

10 000
oY OR3
where OFD = optimum feeder road density in m/ha;
ORS = optimum feeder road Spacing in m;

Optimum feeder road density may also be found directly with the formila:

om = 50 (Lot XR1§)tOOLx; 0
where ORD = optimm feeder road density in m/ha;
a = quantity of wood harvested in m3/ha;
© = operating cost of skidder or forwarder including operator
in US$ /min; )
t = +{ime in mirmutes for skidder or forwarder to travel 1 m

loaded and return light;

T = a correction factor, normally with a value between 1.0 and
1.5; to be used in the same situations as the factor k in
the ORS formula in the previous section;

V = a correction factor, normaily betiween 1,0 and 2.0, to be
used in the same situation ag the factor p in the ORS
formula in the previous sectiony

= cost of constructing and maintaining the feeder road in USS/kmg
L = average skidder or forwarded load in m3.

Optimum feeder road density or spacing is discussed in several other publiocations

also (1)(2)(13),
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3 Average Skidding or Forwarding Distance

Under the ideal forest situation the average skidding or forwarding distance was
found by Segebaden (17) with the formulas

- 2e
w - &
where Mg -= average skidding or forwarding distance in km;

V¥ = feeder road density in m/ha.

Using the symbols defined in sections 1and 2 of Appendix D above the same formula
would be expressed as: . ]

2.5 x 1000
ASD = ORD

where ASD
ORD

average skidding or forwarding distance in.m =1 000 Mg;

optirum road density in m/ha =V.

1]

When other than ideal situations exist the correction factors mentioned earlier must
be incorporated with the formula so that:

B8 w2 B x W et 1000 T x V x ORBS
ABD = oY) or 7
where ASD = average skidding or forwarding distance in mj
ORD = opitimum feeder road density in m/ha;
ORS = optimam feeder road spacing in mj
T and V = correction factors as defined in section 2 above.
4. Feeder Road Cost Calculation

 The cost of consiructing and maintaining a feeder road during the harvesting system
may be found with the formala:

R HD

e 7 000 q

vihere RC = feeder road cost in USS/mB;
R = feeder road cost in US$/km;
KD = road density in m/ha;
g = quantity of wood served, expressed in.mB/ha.

T Costing the Travel Portion of Skidding or Forwarding

The cost of the travel portion of the skidding or forwarding operation may be found
with the formulas
ASD X ¢ x %

L

™ =

where TC = travel cost in US$/m3 of pkidding or forwarding;
ASD = average skidding or forwarding distance in mj

¢ = operating cost, including operator, of ekidder or
forwarder in US$/minj
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t = average time in mimtes for gkidder or forwarder to travel
1 mand return light;
It = average skidder or forwarder load in m3.

If feeder road density or spacing is optismm, the cost calculated in this manner
should equal the cost of the feeder road as calculated in section 4 and the lowest combined
cost of the two operations will have been realised. If this condition is deviated from, the
combined cost will be greater,

6. Feeder Roads in Relation to Overall Minitmm Harvegtigg_ﬁost

The above sections deal with the lowest combined cost of skidding or forwarding and
feeder road construction and maintenance. The overall objective of any forest operation,
however, is the minimum cost of the wood on the final landing., It has been shown that major
haul roads should not be underbuilt — that there is lems expectation of an overall loss
through building a high--standard road.

When a feeder road is brought into the picture major consideration should be given
to attaining overall minimum wood cost at the point where the feeder roads join the
secondary roads This minimum cost will be attained when the Three costs listed below,
expressed on the same basis, such as cost per m-, are brought into balance:

a) feeder road construction and maintenance;

b) travel portion of skidding or forwarding cost;

¢} travel portion of feeder road hauling cost.

This matter is discussed at some length in Chapter 4 ang Appendix 3 of FAO publication
'"Harvesting Man-Made Forests in Developing Countries" (2),

s Some Machine Costing Considerations

Operating cost values for skidders, forwarders, trucks and trailers, tractors and
other mobile equipment mentioned in this appendix should ineclude the cost of cperator or
operators,

Trucks and irailers should be costed by the hour, with a value per standing hour and
Per travelling hour, since the latter may be as mich as two or three timee the former.
This difference is due to the principle that fuel, 0ily repairs and maintenmance costs
accumilate, for practical purpeses, only while the machine ig iravelling. Costing by the
travelling hour presents the premise that hauling costs per unit volume ig inversely
proportional to travel speed, mo that doubling the travel speed will halve the hauling cost.,
Hauling trucks should be fitted with appropriate tachographs for the determination of
standing and travelling hours, vehicle speed, etc.

loading and unloading phases, For this reason such machines are usually costed on the
basis of engine hours read from an engine hour meter,

Methods of costing Machinee ism discussed at considerable length in Appendix H and in
& mmber of available publications (1)(2)(10)( TR 12)
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APPENDIX E

COMPARATIVE PEODUCTIVITY RATIOS, PURCHASE PRICES AND HOURLY
OPERATING COSTS OF CRAWLER TRACTORS FITTED WITH S~-BLADE
PROTECTIVE CANOFY AND TOWING WINCH

There are several crawler tractor companies marmfacturing a wide range of machines
and distributing them throughout the world. The purchase price, operating cost and
productivity of these machines, complete with protective canopy, S-blade, and towing winch,
depends on machine horsepower, but varies little among mamfacturers, The chart in Figare 13
shows approximate purchase price, operating cost { excluding operator) and relative bull-
dozing productivity of machines of various horsepowers. It is interesting to note that
one curve serves for the three items.

The following notes relate to The chart:

a) purchase prices are given in US$ and no allowance is made for unusually
high import duties;

b) purchase prices include S-blade, towing winch and protective canopy and
un between US$ 5.00/kg and US$ 6.00/kg, decreasing from Us$ 6.00/kg for
the smaller machines developing 75 hp to 125 hp to Us$ 5.00/kg for those
developing 275 hp — 300 hp;

¢) direct drive models cest around 5 % less than the corresponding power shift
models shown on the chart;

&) the productivity ratio curve on the chart refers to power shift models;
productivity of corresponding direct drive models is around 15 % less

e) the approximate hourly operating costs, based on engine hour meter
readings, given in the chart include depreciation, interest, insurance,
fuel oil, lubricants, repairs and servicing, but exclude operator wages
and fringe benefits;

f) the weight—power ratio of crawler tractors, i.e., their welght per net
or flywheel horsepower, normally lies between 110 kg and 125 kgj

g) fully equipped standard crawler iractors have a ground bearing pressure of P
between 0.5 kg/cm® and 0.7 xg/cm2; some mamufacturers have developed low
ground pressure models up to 175 hp = 200 hp for use on low-bearing ®oils;
they have longer track frames and wider track shoes and, fully equipped,
-develop ground pressure around 50 4 of that of standard machines; they
weigh 15 — 20 4 more than standard tractors and cost progressively more as
horsepower increases: from 5 % for 75 hp models up to 15 % for 180 —~-200 hp.
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Figure 13 = Chart showing approximate relative productivity ratios, purchase prices
and hourly operating costs of power shift crawler tractors with S—blade
towing winch and canopy.
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APPENDIX F  (4)

ROAD SUBGEADE STABILIZATION WITH LIME

Summary Sheet for Hydrated Lime

Total Mileage Treated: 1 956

. Objective: Clay sub—base stabilization
Soilst Clay — type CL (Unified System)
Applications Proportions — 4 % and 5 % lime, by weight.
Procedure - The clay was thoroughly soarified, the lime was

applied and then the application was wet down. The materiale were

ghggoughly mixed, lightly compacted and then allowed io cure for
¥8.

The mixture was re-mixed, more waler wag added and compaction was
carried out to 95 % of standard Proctor. A curing period of
T days followed. '

Cost per Mile: Not reported. The cost per square yard wae US$ 0.50.

Beneficial Effects: (a) The goil became non-~plastic.
(b) Benkelman beam deflections were reduced by almost 50 %.
(¢) California Bearing Ratios were increased by almost 450 %.
(d8) 0Clay content was in one case decreased by 86 %.
Non-beneficial Effects: Distress was reported on one section but was thought to be due to
a lack of adequate gravel cover over the stabilized layer.
Additional Remarkse (a) The benefits of lime stabilization occur with time.

(b) The durability of the treatment under field conditions of
freeze~thaw i8 still under study.

Cage Higtory No., 11

December, 1968,

Stabilizing Agent: Hydrated lime.

Date of Application: 1966

Location: Southwestern Quebec (public highway) .

Mileage Treated: 1 691 ‘

Ohjective? Clay sub-base stabilization.

Soils Data: Classification = type CL (Unified System)

Engineering properties - Liquid Limit 45.7 %

Plasticity Index 23,3 %
Degree of Shrinkage 40.5 %
Natural Moisture Content 2T v



Site Data:

Applications

Cost per Mile:

Beneficial Effects:

Non-beneficiasl Effects:

Remarks:
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Road in queetion wae partly new construction and partly a
rebuilding of existing road.

Stabilized layer has a total of 18 inches of base and asphaltic
pavement over it.

Ditches appear to carry to‘be?ow the stabilized layer.

Proportion - Laboratory tesis determined a 4 % lime content by
weight to be optimum. This was used in the field. (Checked -
using pH measurements) .

Procedure -

(a) The clay was taken from a nearby pit and placed on the road
in & thickness which after compaction was & inches. This was
left, closed to traffic, for two months.

(b) The clay was scarified thoroughly immediately prior to
stabilization,

{c) The lime, from sacks, was spread uniformly over the clay,
after which water was added to keep the mixture damp. Where
pE tests showed the content to be low, more lime was added.

(d) A pulvi-mixer wam used to thoroughly mix the water, lime and
clay; light compaction with a multi-tire rolleT was then
carried out.

(e} After a 3-day curing period, the soil-lime was pe—mixed
using a pulvi-mixer; water was again added.

(f) The mixture was re-compacted to 95 % of standard Proctor,
finishing with a smooth wheel roller.

(g) A 7-day curing period followed in which a light application
of bitumen (0.25 gal/Bq.yd.) was used to retain meisture,

Not reported. The cost per square yard, everything inecluded, was.
Usg 0.50.

(a) Plasticity index reduced to zero ( non—plastic) .

{b) Clay content reduced by 86 % and silt content increased by
56 %.

(¢) The degree of shrinkage reduced to 21,3 %,

{d) Berkelman beam deflections reduced from 0.095 inches to
0.050 inches over a two-week period.

(e) California Bearing Ratio values increased from 10.3 % to
45 % 34 days after treatment.

Not reported.

The benefits from lime stabilization occur gradvually with time.
The long-term durability of the treatment is still under study.
The designers now consider the road %o be overdesigned. Bearing
capacity has increased since the end of construction. Berkelman
beam deflections are gtill low.



Stabilizing Agentr
Date of Application:
Location:

Mileage Treatedt
Objective:

Soils Data:

Site Datas

Application:

Cost per Mile:

Beneficial Effects:
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Case History No. 12

November 10, 1968,
Hydrated lime.

1966

Forthwestern Quebec.

2 section — 700 yards

Clay sub-bape 2tabilization.

Classification - clay A-7-5 (A.A.S.H,0. System)
Engineering properties — Plasticity Index = 20

32-foot wide haul road, owned by the Department of Lands and
f'orests.

Proportion -

(a) One section, 4 % lime, by weight,

(b) One section, 5 % lime, by weight.

Design -
(a) Basis — vehicles of 70 000 Ib GVW.

(b) 4 % lime - conventional design was to be a total thickness
of 22 inches of gravel over the sub-grade. In fact, 12 inches
of gravel over 6 inches of lime-stabilized clay were used.

(¢) 5% lime — conventional design was to be a total thickness of
22 inches of gravel over the sub-grade. In fact, 6 inches of
gravel over B inches of lime-stabilized clay were used.

Procedure -

(a) ¥ew road construction was involved; therefore the road was
ditched and shaped, and the profile was developed before
treatment.

(b) The lime was spread over the desired area at the specified
rates. It was then mixed intimately with the soil, water being
added to achieve the optimnmm moisture content.

(c) After mechanical compaction, the treated sections were gealed
to prevent the evaporation of meisture. A curing period of
7 days was permitted before construction contirmued.

Under study.

(a) Benkelman beam deflections on the 4 % lime section were:

1967 - 0.070 inches
1968 -= 0,070 inches

(b) Benkelman beam deflections on the 5 % lime section Were:

1967 = 0.200 inches
1968 ~— 0,200 inches



Non~beneficial Effectg:

Remarks:
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The 5% lime treated seciion appears to be showing some signs
of distress on the surface.

The distress on the 5% lime treated section is felt to be due to
the overly thin layer of gravel, rather than to the pres2ence of
stabilized clay alone,

Vehicles presently hauling are 125 000 1b GCW with only 5 axles.
The design thickness for this condition would be 32 - 36 inches,
total base, However, no modifications have yet been made to
provide for the increased loads,
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APPENDIX G (4)
ROAD SURFACE STABILIZATION WITH CALCIUM CHLORIDE

Summary Sheet for Calcium Chloride (Solid State)

Total Mileage Treated: 95 +

Objectives: Usually dust abatement and/or surface stabilizations
Soils: Typically gravels.
Application: proportions = 4 to 6 tons per mile with one reported application

of approximately 10 tons per mile.

Procedure — The spreading of the material was usually accomplished
by water at some siage.

Mixing was usually accomplished with & grader.
Cost per Mile: Us$% 481 to US$ 771, with one report as low as UB$ 317.

Beneficial Effects: (a) Dust abatement was achieved.

(b) A very hard running surface usually formed which could be
graded only in wet weather. Normal maintenance cogts were
reported substantially reduced in most cases.

(¢) There was some evidence that the treated roads withstood the
spring break-up better than untreated roads.

(d) The smoothness of the resulting surface seemed to improve
with the quality of the gravel; crushed material was the best.

Non-beneficial Effects! (a) Where silt and clay were presens in large proportions in the
A gravel, the treatment was reported to have caused dangerously
slippery conditions in wet weather.

Additional Remarks: Qa) Unier some circumstances, spreading equipment should be

washed prior to idle periods in order to prevent "lumping" of
the material and damage to the equipment.

Summary Sheet for Calcium Chloride (Liquid State)

Total Mileage Treated: 185

Objectives: Dust control and/or surface stabilization.
Soils: Sand or gravel
Application: Proportions — range from 3 tons/mile to 15.8 tons/mile (the latter

in 3 applications).

Procedure ~ a tank truck with a distributor bar applied the material
under pressure, usually after the road surfaces had been newly
graded and shaped. '



Cost per Mile:

Beneficial Effects:

Non=beneficial Effects:

Additional Remarks:
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Us$ 240.00 to US$ 455,00 for one application; up to US$ 835,00 for
miltiple applications., z

(a)
(®)

(c)
(a)
(e)
(£)

(&)
(a)

(v)

Dust abatement was achieved.

A very hard surface usually formed, which could be graded only
in wet weather, Normal maintenance costs were reported to be
reduced in most cases,

The anmal loss of surface materials was sharply reduced.

There was some evidence that the treated roade withstood the
spring break-up better than untreated roads.,

Penetration was deeper than for roads treated with the solids
application and the benefits occurred almost immediately
rather than after a time lag,

Washboarding rarely occurred,

Truck damage due to Jjarring was reduced,

In one instance pot-holes developed so as to require grading
after two weeks, whereupon washboarding started.

Heavy rain soon after application probably will reduce the
effectiveness of the treatment,

Under certain conditions, the surface can become slippery when
wet.

Some increase in rusting of mechanical equipment has been
noticed.

Strict attention must be paid to the materials which ape
treated, as coarser materials do not acquire the same bhenefitsa.

Treatment must be started as soon after break-up as hauling
can start; in many cases one application per season will not
be adequate,
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APPENDIX H

DERIVATICON OF MACHINE COSTING FORMULAE

The derivation of the formulae used in estimating the value of the various components

in the operating

cogt of a machine are discussed below:

L Degreciation d

B

Depreciation is a means of recovering the original investiment in a machine. Of the
various methods of calculating depreciation for costing purposes, the so-called "straight
line" method based on the mumber of hours from service meter or recorder readings is
normally used. Other methods may find their justification in accounting procedures but have
no place in the calculation of Tealistic machine operating costs.

There is no way of knowing precisely the economic life of a machine because of

factors relating

The amount

to obsclescence, severity of use, quality of maintenance and so forth.

to be depreciated should include import duties, sales or purchase taxes,

transportation charges and all other costs incurred to deliver the machine to its place of
work, less the estimated irade—in or salvage value which is usually taken as 10 percent of
the total original cost. Depreciation per unit of time is then found by dividing this net

amount by the est

2. Interest

imated life of the machine expressed in the same time units, thus:

original machine cogt x 0,90
machine life in unites of time

depreciation =

Interest for inclusion in machine operating cost is calculated by applying to the
average anmal invesiment in the machine the interest rate at which money may be borrowed
to finance its purchase. It is expressed as a cost per unit of time by dividing annual
interest by the rmumber of time units in the year, thus: :

L

where I
AAL
i

While-for
as 60 percent of

AAT. % 4
Time units in year

interest per hour or other unit of ‘time;

= average anmal investment;
= rate of interest expressed in decimal form.

quick and easy calculation the average anmial invesiment is often taken
the delivered cost of the machine, it may be more accurately calculated

with the following formula:

AAT

where AAT
c

v

gl Y 1 Y - 1)
ey + )?‘;‘:— ¢

= average anmial investment;
= delivered cost of machine;
= estimated malvage or trade—in value of machinej

= estimated life of machine in years.



In some regions of the world, interest is not normally included in the operating cost
record of g machine, However, it must be included when the operating costs of two or more
logging machines, and hence logging methods, are being compared. To leave it out might lead
to inaccurate machine rates and to erroneous decisions in selecting the logging method,

3. Insurance

Insurance is normally designed to cover public liability and property damage and loss
of machine from fire, theft or other hazard, Its anmwal value is usually taken as a percent—
age of original machine orp average anmal investment and converted 10 a rate per machine or
other time unit. The percentage rate depends on local practice but nomally lies between
1 and 5 percent applied to anmual average investment, The following formula may be used:

B

delivered cost of machine x 0.60 x .r

m = = 5
: units of time per year
wheres IN = insurance cost per hour or other time unity
»IT = percentage rate expressed in decimal form,

4 Taxes
—SXSH

This item refers to ammal taxes relating to the machine propers It includes the
anmual cost, if applicable, of licensing the machiney but not fuel taxes which are part of
fuel cost. The amwal cost of taxes ig converted to a rate per hour or other time unit with |
the following formila:

anmal tax amount
average hours ( or other time units) per year

Taxes =

5. Operating Labour X

The cost of operating labour comprises the direct wages of operator or driver and
helpers used with the machine together with the indirect cost of labour fringe benefits.

. e labour cost for period x (1 + f)
Operating labour = PMH (or other time unit) in the period
where f = cost of labour fringe benefits expressed as a percentage of direct

labour cost;

PMH

productive machine hour.
6, Fuel

Fuel consumption depends on engine hp and load factor. Load factor is a term used
to express actual fuel consumption as a percentage of the maximum capacity of the engine
to burn fuel. Thus, an engine contimiously producing full rated hp is operating at a load
factor of 100 percent,

Value of the load factor depends on severity of service. A crawler tractor on bull-
dozing work on a logging operation in temperate climates normally operates at a load factor
of 65 = 70 percent; in plantation work in hot climates, it may be somewhat less. Mechanical
forwarders, most of which have welght—power ratios loaded in the range of 160 - 180, operate
a1 an average load factor of 55 = T0 percent, depénding on operating conditions and operator
efficiency. Weight—power ratic ig the ratio of gross vehicle weight {GVW in kg) to net
engine hp, In an eastern Canadian 80-km tractor trailer pulpwood haul over a main gravel
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road on undulating terrain with an average downgrade loaded of about 0.4 percent, the
weight—power ratio loaded was about 140, itwo-way iravel speed averaged about T0 km/h and
the average load factor was calculated at 72 percent ( 76 percent loaded and 65 percent light
on the return trip te the woods)

Canadian—type wheeled skidders using chokers in easiern Canada, operating in many
cases under quite severe physical conditions, skid relatively small loads, limited in many
cases by tree size (average 0.14 — 0.16 m3) and the mimber of chokers carried. Xwven when
trees are larger maximum loads are not always hauled. The result is that engines are not
usually operated at full hp even when the skidder is loaded and the load factor ranges
between 45 and 50 percent. On the other hand, in developing countries where labour is
plentiful and cheap, terrain is normally good, trees { except in early commercial thinnings)
are large and machines represent the major cost component of an cperation, the tendency is
to skid maximum loads at all times and thus to work the engine hard. Under such cconditions
the average load factor may range between £0 and 65 percent.

Considering the above points, a load factor value of 60 percent may be used for
estimating purposes without producing a significant error in the machine operating cost.

The fuel consumption of a diesel engine using No. 2 fuel varies between 0.16 and 0.18
kg per brake hp hour, depending on engine design and speed, ambient temperature and
efficiency of the engine. For calculating purposes, a mean value of 0.17 kg may be used.
Fuel consumpiion of gasoline engines is in the order of 0.2] kg per brake hp hour.

Gross horsepower is the brake horsepower of the engine when operating with fuel system,
air cleaner and fuel and water pumps only. Net hersepower is the brake or flywheel horse~
power developed when operating with fan, exhaust system, generator or alternator and other
ancillary attachments as well. Net horsepower is usually within a range of 7 — 15 percent
less than gross hp. Engine horgepower is usually quoted as gross, buit some mamifacturers may
quote a net figure.

While the weight of fuel varies somewhat depending on ambient temperature and pressure
it may be taken as 0.84 kg/1 for No. 2 diesel fuel and 0.72 kg for gasoline. Fuel
consumpiion may be calculated with the following formula:

K x GHP x LF

LMPH =

KPL x 100
where LMPH = litres used per machine hourj
K = kg of fuel used per brake hp/h;
GHP = greoss engine hp at governed speed ( revolutions per minute);
IF = 1load factor in % ;
KPL = weight of fuel in kg/1:

By substituting in the formula the appropriate values, as given above, for symbols.
K, LF and KPL the formula hecomes:

(a) LPMH = 0.12 x CHP for diesel engines, and

() LPMH = 0.175 x GHP for gasoline engines.

Fuel cost per machine hour may then be estimated with the formla:
(a) PC = 0.12 x GHP x CL for diesel engines, and

{p) FC = 0.175 =x GHP x CL for gmsoline engince.
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where FC fuel cost per machine hour; ;

GHP = gross brake horsepowsr pf tha gnginey
CL = cost of fuel per litre.

Thus, if fuel costs 0.15/1, the estimated fuel cost of a Caterpillar DTF tractor
developing 180 net or flywheel horsapower would be around:

0.12 x 5%%%5 x 0.15 = USS 3.47 per hour,

The best way to obitain fuel comsumption data is from similar machines working under
similar conditions. When this is not practicable, the most satisfactory method is as above,
Attempts o develop short—cut methods of costing fuel consumption have not been particularly
successful, because of the variables that enter into the exercise., The most critical of
these is load factor. Experience in a region and & few spot checks on specific machines will

quickly enable its value to be established within reasonably accurate limits, .

T 0il and Grease

The cost of oil and grease, including hydraulic oils, varies with engine hp and the
capacity and complexity of the hydraulic system. For such machines as tractors, trucks,
skidders and fromt—end loaders, which have no or relatively small hydraulic system, the cost
per machine hour may be approximated with the following formala:

o = BB % 0420

100
where COG. = cost of 0il and grease per PMH; g
GHP = gross hp.

In such machines as forwarders, processors and harvesters which may have major and
relatively complex and high pressure hydraulic systems, the cost per machine hour, expressed
in cents, may exceed 50 percent and even approach 100 percent of gross hp. For example, a
harvester with an engine hp rating of 200 may have an oil and grease cost of well over US$ 1
per machine hour. The cost of oil and grease for feller—bunchers and kmickleboom loaders
will fall beiween the cost for crawler tractors and that for harvesters. Thus, the formula
may be expressed in this manmer:

gHp * =
Lo 100
where COG = cost of oils and greases per PMH;
¥ = factor with the following values;

(a) 0.25 for tractors, trucks, skidders, graders and front-end
loaders;

(b) 0.35 for feller-bunchers and kmuckleboom loaders;

(e} 0.60 for processors, harvesters and forwarders.
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B Servicing and Repairs { Except Tires for Hauling Rigs)

It is very difficult to form sound cost estimates of servicing and repairing mechanical
equipment unless experience with similar machines working under similar conditions is
available. It has become the practice to relate lifetime servicing and repalr costs to one
or more of the following factors:

(a) purchase price;

(b) delivered cost less taxes;
(c¢) depreciaticn,

and to express it as a cost per PMH. They are based on the assumption that the life span of
the machine has been estimated realistically.

Although servicing and repair cost of a machine actually increases with age, it is
normally averaged over machine life and expressed on a "straight line" basis in the same
manner as depreciation. In practice, anrmal depreciation charges decrease each year while
servicing and repair costs lncrease, so that the two together give a fairly equal anmual
value over the life of the machine, thus making the "straight line'" calculation reasonably
realistic when hoth cost components are considered in this manner.

Experience in eastern Canada shows that servicing and repair costs may vary between
75 and 150 percent of depreciation ( when machine life is realistically estimated), depending
on the complexity and development stage of the machine, its fype of work, its working milieu
and the care which the operator takes. The cost consists of two items:

(a) 1lavour, including fringe benefits, and
(b) parts and material.

In eastern Canada these mzke up approximately 50 percent each of the total cost, with
labour cost being based on a "garage charge—out rate" which may range between US$ 10 and
US§ 15 per machine hour,

In developing countries, the cost of parts and material often differs substantially
from that in indusirialised countries, but labour cost is much lower. As a general rTule
in eastern Canada, lifetime servicing and repair cost of a reasonably well developed
logging machine is considered to equal the delivered cost of the original machine. Tt
is suggested that the same ratio be used unless or until more accurate data are available,
hence the following formula:

delivered cost of machine
normal 1life in hours

Servicing and repairs

9, Tires (For Hauling Rigs Only)

Tires of hauling rigs are sometimes costed on a mileage basis. There is nothing wrong
with this method, particularly where the trucks are operating contimiously under the same
loads and/or over the same type of roads. However, on most logging operations several types
of roads are encountered from rough low-speed roads where tires are often subject to sidewall
damage, to smooth, paved high—speed roads where hazards are few and heat is probably the
greatest tire enemy. It seems cbvious therefore that tire costing on the basis of travelling
hours will be as reliable as, or even more accurate than, costing on @ mileage basis. It is
also more easily used in costing procedures.
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It is also obvious that experience with similar equipment and tires on similar
operations will provide the best information on tire cost. When this is not awvailable, other
means must be found. Much will depend on construction of the tire, tire load and inflation
pressure, road surface, travel speed, ambient temperature and rumerous other factors.

) The original tires should be depreciated or written off with the ftruck or trziler in
the case of log hauling rigs. Thus, tire cosis will cover repairs to the original tires and
the cost of, and repairs to, replacement tires during the life of the unit. This may be
found by evaluating the following expression:

B (P + B) (Y2 - &)

gy Z°T'A
where B = life repair cost of a set of tires;
T = replacement cost of a set of tires;
T = 1life of fruck or trailer in years;
Z = fraveliing hours per year;

A = 1life of a set of tires expressed in travelling hours;
Y°Z = 1ifetime travelling hours of truck or trailer;

?Ez = lifetime repair cost of original tires;

2?¢E§ = cost of replacement set of tires and repairs to those tires spread
“over machine life; .
¥'Z - A
g

On the rough basis that (a) a hauling rig should spend 10 000 h of its life travelling;
(b) tire life should be about 2 000 travelling hours; and (c) recapping and repairs per tire
amount to 50 percent of the original cost, four replacement sets of tires will be needed
during the lifetime of the hauling rig at a cost of:

= nmumber of sets of replacement tires required dquring machine life.

3T x 1.5 x 4

and tire cost per travelling hour will be found with the following formula:

_ BT ® 15 x A
¢ = R = 0.006 x CST

where TC

tire cost per travelling hour;
C3T = copt of met of replacement tires.

The labour cost of changing tires and carrying out minor tire repairs may be, for
convenience sake, included with servicing and repair labour.

10 Calculation Sheet

Form A in Chapter 3} is a sheet which may be used to egtimate the operating cost of
a machine. It is suitable for trucks as well as for those machines, such as crawler
tractors, which have no distinet travelling function.
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APPENDIX I
INTERIOR. HAUL ROADS FOR LOWEST COMBINED COST OF FORWARDING AND HAULING

The Principles

The road system over which the wood from & speoific area is hauled to final landing
normally comprises a series of roades of different calibre starting with the exiraction or
interior rosds within the immediate logging area and gredually incoreasing in standard
* until the final landing is reached. R.G. Belcher ham shown in Woodlands Section Paper
No. 2484: "Minimization of Trucking Costs" that, for lowest combined ocost or road and
hauling, it is better to overbuild rather than underbuild main roads, i.e., that there
would be less expectation of an overall loss through building a.-high standard road than
making a poor road. . d

As far ae interior or extraction roads — thome lying within and merving only the
immediate logging arem — are concerned, Woodlands Section Paper No. 2258: "Mechanized
logging and Road Requirements™ developed the principle that the cost of an interior haul
road and the variable (travelling) coste of forwarding and of hauling over that interior
road, expressed in the same terms, must be equal or in balance if lowest possible logging
cost im to be achieved. This principle is based on acceptance of several premisess

1) that there is a measure of flexibility — some freedom of choice - in the amount
of money spent per mile of extraction road;

2) that average round trip speed on the interior road is proportiomal to road
cost per mileg

3) that variable (travelling) hauling cost is inversely proportional to travel
speed Bo that, for example, doubling the speed will halve the cosij

4) that the operating costs of forwarding and hauling equipment be developed on the
basis of #tanding and travelling hours, and that they be applied on this basgis.

The logging operator is often faoved with the problem of determining the service
standard to whioh & road should be btuilt and the amount of money which can economically
be spent on it. In the case of main roads, or extraction roads whioh will later hecome
secondary or main roads, the tctal volume of wood to be served must be considered. It is
obvious that the road should be built initially to itm final standard in order to achieve
minimum costs beginning with ite initial uss. The problem being considered here concerns
those interior roads which are at the "end of the line" and will never serve more than
the wood immediately around them.

Application of the optimum road spacing formula gives the exiractiion road spacing
which will produce lowest combined cost of 1) forwarding or skidding and 2) road ,
construction and maintenmnce. The formula was developed by squating variable or travelling
part of forwarding cost per cunit. This could be done singe variable forwarding coet per
. cunit varies directly end extraction roed oost per cunit inversely with road spaoing,
permitting the two components to be equated for miniwum cost. Thus

S xc.t 1+ = R
T %i B3d

whera 8 = optimum-extraction road spacing in ohainsj
= average Torwarding distance in chainsj

= oost per travelling mimute of the forwarding or skidding equipmentj

= aversge round trip travelling speed in minutes per chain of forwarding
distence, i.e., tims to travel one chain losded and return lightj
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average forwarder or skidder load in cunits;
road construction and maintenance cost per mileg
stand density in cunite per acre;

a delay faotor.

variable forwarding or skidding cost per cunit—chain;
cunite of wood served per mile of extraction Toad}

extraction road cost per cunit.

Solving for optimum road spacing S, the equatioﬁ becomes

3 = ‘\/ LR
Zdct i1+p§

This means that spacing the extraction roads ag indicated by application of the formula

will ensure that
combined cost of

variable forwarding and roasd cosmta per cunit will be equal, and lowest
the itwo operations realized.

It is evident likewise that the combined comts of consiructing and maintaining an
interior road and hauling over it, when expreased on the mame basis, will be a minimum
when these component cosmts are equal, It is a fact, based on the method of costing trucks
by standing and travelling hours, that variable (tmvelling) haul ing cost varies inversely
with travel gpeed. Earlier in this section the premiee was adopted, and in practice it
seems sound within limite, that extraction road cost is directly proportional to travel
speed since there is a measure of flexibility in deciding how much money should be spent
on the road. Under these premimes pince one cost varies directly and the other inversely
with {ravel speed, they may be equated for minimm combined cost, Thus

wheres D -
DxX =
Q o
t -
P a
B .
8 =
d =
P -

go that
ct{l+4p) =

L

8sd =
R -

D x xxSt (4p) _ R

L B
length of extraction road in mileay
average hauling distance in miles;
cost per iravelling hour of the hauling equipment;
average time in hours required to travel cone mile loaded and return lights
average load in cunitej -
road construction and maintenance cost Per mileg
optimum road spacing in chainsg
stand density in cunitm per acre;
a delay faotor;

variable hauling oost per cunit-mile;

volume of wood merved per mile of extraction road;
extraction road ocost per cunit.
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Extraction roads are usually constructed to reduce the cost of skidding or forwarding.
Therefore the latter cannot be ignored in reaching the objective of lowest total cost of
gkidding or forwarding, hauling and extraction road construction and maintenance. Under
proper planning, applicaiion of the optimum road spacing formula will ensure minimum
combined cost of extraction roads and forwarding. Likewise, minimum combined cost of
extraction road and hauling will be attained when these two coBts are brought into balance.
Tt follows therefore that the extraction road standard should be one that, on its spacing,
will keep variable forwarding and veriable hauling costs per cunit in Dbalance. Therefore,

a comparison between these two values for the road being considered will indicate whether
.the standard is correct, too high or too low, and so direct attention toward the poseibility
of & ohange in standard, To do this, the value of each should be developed in terms of

R, the road cost per mile, and the two results formed into an equation which mey be solved
for R — the road cost which will produce equal roed and variable forwarding and hauling
costa, and the lowest poessible combined cost, sll expressed on a cunit cost basis.

A copy of Woodlands Section Paper No. 2258: "Mechanized Logging and Road Regquirementa®
may be found in Appendix XIII. Reference should be made to it for greater details
concerring the subject under digcuspion. A copy of ReG. Belcher's paper referred to above
is not inecluded since it deals with main roads, which are not under study.

Application of the Minimum Combined Cost Principls

An extengive area bordering on & main road and extending back one mile carries a
relatively uniform stand averaging 12 cunits per acre. The logging operator plane to
process the wood by the cut=tunch method and forward it to roadside or trailer with
forwarders oarrying 3~cunit loads, costing $18.00 per hour worked, and travelling at an
average round trip speed of 1.5 mph (so that a time of one minute is required to travel
one chain loaded and return light), Extraction roads are to be built at intervals to the
11 depth of the area. The operator has freedom to deoide concerning the service standard
of the extraction road and the amount of money to be spent per mile. He has decided that
he can arrange this expenditure so that travel speed will be directly proporticnal to road
cost R and, in terms of R, equal +0lR, i.es, his hauling trucks will be able to mverage
5 mph if he spends 500 per mile, 10 mph if he spends $1000, and so on to & limited degree.
He will use truck-semi-trailer rigs loading 12 cunits apnd copting $18.00 per travelling
hour.

The operator wante to know, in order to realige minimum possible overall copint

1) +the optimum spacing for his extraction rvadsj
2) how mmuch he should epend per mile of road.
He realizes that, in seeking the answer to his problem, cost per gtanding hour, loading

method (hot ox pre—loading), and the ratio of trailers to itruck—tractors do not enter the
picture except that the road cost must cover his trailer parking areas if he pre=loads.

The solution requiress:

1) application of the optimm road spacing formula to find an answer in terms of R{
2) determination of variable forwarding cost

8§ _ ot (1sp)
1

L
and variable hauling cost

DxXx LLL.]J"E),

L

both in terms of R, and equating the two results to find R, the correct road
cost per mile.
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4, Apply the optimum road spacing formula:

3R__ ’;‘V .615 R,

.y R
Tdct (1ip) X 18 & ho0 X4 @ a0

B. Find the varisble forwarding cost per cunits

3

% g S t‘il*E! - .612 \R - «30 xlx1,10 - .0169 Y R.

C. Find the variable hauling cost per cunit for the wood to be perved by each
extraction road of length D where the wood is evenly dietributed along the
road 8o that X = ,5, i.e. the average hauling distance is helf the length
of the roadt

DxXx & tL§1+BZ - lx.5x18x2x1.,10 _ 165

«0lR x 12 R

D. Equate values from B and C and solve for. R

0169 VR = 3%5

so that R $455.

E. Find optimum extraction road epacing from A ahove

8 = 615V R = .615Y 455 = 13,1 chains,

Thue if an amount of $455 is spent per mile of extraction road, the following
results show up:

1) optimum road spacing = .615 x 21.3 = about 13 chains}

2) each mile of road will serve 884 = 1 250 cunmitej

3) average hauling speed = ,0l x 455 = 4.5 mph;

4) variable forwarding, variable hauling and road costs will be equal and cost as
shown below to produce the lowest posgible combined costs

Cost per Cunit
Symbol Amount

Variable forwarding 0169V R $0.36
Variable hauling 165 0.36
R
Extraction road R
853 0.36
Totals .08

If the premises adopted for this exercise cannot be maintained, the principle of
minimim combined costs as explained ear]ier cannct be applied. Under the conditions set
out, the values given above show the lowest possible combined cost of road congtruction,
variable forwarding and variable hauling. One of the key premises was that truck travel
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speed on the extraction road was proportional to road cost = for this Bpecific problem
equal to .O1R where R equals road coet per mile.

If, however, terrain conditions are such that the operator has no choice but
to spend, for example, $1 000 instead of 3455 per mile on the road, the premises are
violated and the principle does not hold. Under such a situation, the operator would
have the following optionsi

4) leave the road spacing undisturbed at 13 chains and spend $1 OO0 per mile
on the roads;

8) re-apply the road spacing formula with R, the road cost, equal to $1 0Q0.

*

Thege optiona would provide the following comparative data:

Option ,A Option B

Extraction read spacing in chains 13.1 19.5
Cunits eerved per extraction road 1 260. 1 870,
Variable forwarding cost per cunit $0.36 $0.535
Road coast per cunit - . 795 OS]
Variable hauling cost per cunit, when

average travel speed = 4.5 mph .36 .36

Combined cost per cunit __81.519 . 3.43

Again if the operator were obliged to spend $2 000 per mile on extraction roads,
the combined cost of road, variable forwarding and variable hauling would be even higher:
$2.31 under Option A and $1.87 under Option B, using the same average hauling speed
of 4.5 mph.

Thus it is evident that, when the principle of minimum combined cogt cannot be
maintained, the lowest combined cost will be achieved when the extraction roads ars
spaced according to the optimum road gpacing formula and maximum haul ing Bpeede, having
due regard to the road, are maintained. It is also obvious that, since winter extraction
roads normally cost much less than summer extraction roads, the combined comt of
extraction roads, forwarding and hauling will be a minimum under winter conditions and
that thig fact should enter into the formulation of logging plans.



(1)
(2

(3)

(4)

(5)

(6)

(7

(8)

(10)

(11)

{19)

(13)

(14)

(15)

i T

LIST OF REFERENCES

FAOQ "Logging and Log Transport in Tropical High Forestg®., Forestry
1974 Department, Rome, Italy,
FAO "Harvesting Man-Made Forests in Developing Countries™, Forestry
1976 Department, Rome, Ttaly,

Paterson, W,A., McFarlane, H.W., and Dohaney, W.J. "A Proposed Forest Roads
1969 Classification System", Pulp and Paper Research Institute of
Canada, Montreal, Canada, W.R. No. 20. .

Paterson, W.G., McFarlane, H.W., and Dohaney, W.J. "Industry Experience with Forest
1970 Road Stabilization Methods and Materizl", Pulp and Paper Research
- Institute of Canada, Montreal, Canada, W.R, No. 18 (Second Edition) .

Paterson, W.G., McFarlane, H.W., and Dohaney, W.J. "The Selection and Use of Forest
1971 Road Buildirng Materials". Pulp and Paper Research Instiiute of
Canada, Montreal, Canada. Report WR/1 (Second Edition) ,

MoNally, J.A. "Trucks and Trailers and their Application to Logging Operations",
75 University of New Brunswick, Fredericton, New Brunswick, Canada.

Odier, Ly, Millard, R.3., dos Santos, Pimentel and Mehra, $.R. "Low Cost Roads —
1967 Design,y Constructior and Maintenance". Unesco 1967 with English
Translation 1971.

Joint FAO/ECE/ILO Committee "Symposium on Forest Operations in Mouniainous Regions',
1971

Department of Transport, "Axle Weight Legislation Made up the Highway Traffic Act
1971 and Hegulations". Queen's Park, Toronto, Canada.

Canadian Pulp and Faper Association. "Costing Mechanical Equipment"”. Sun Life
1961 Building, Montreal, Canada. Woodlands Section Paper, Index
No. 2103, Logging Commitiee,

Samset, Ivar. "Cost Calculation of Forest Machines" (in Norwegian with English
1972 summary) Tidsskrift for Skagbruk 80, IV, pages 357-374, Oslo,
Norway.

Caterpillar Tractor Co, "Caterpillar Performance Handbook",

1974
McNally, J.A. "Mechanized Logging and Road Requirements", Camadian Pulp and
1968 Paper Association, Sun Life Building, Montreal, Canada. Woodlands

Section Paper, Index No., 2258,

Perrin, Pierre, Ives. "M&thode pratique d'optimisation du résean routier pour le

1968 transport-des bois par camion". Département d'exploitation et
utilisation des boim, Facult€ de Forestepie et Géoddfsie, Université
Laval, Québec, Canada. Note des Recherches NO i

Eisoacher, J, "The Application of Soil Testing Methods in Forest Road

1975 Congtructionn, Forstliche Bundesversuchanstalt Wien. Contained
iﬁ'"T@GEﬁical'Beport of Fﬂo/hustria.Training Course on Forest
Ro@dé and Harvesting in Mountainous Forestsh, FAQ, Rome, 1976,



(16)

(17)

(18)
(19)
(20)

(21)

(22)
(23)

(24)

(25)

Axelason, S.d.
1972

von Segebaden, O.
1964

Akesgon, H.A.
1968

Cunia, T.
15960

Bennett, WaDs
1962

1970

Powell, LsHa
1972

Myles, DV
1976

TS

Heidersdorf, E.
1973

- 148 -

Repair Statistice and Performance of New Logging Hachings. Pulp
and Paper Research Inatitute of Canada, Logging Research Report

LRR/AT.

Studies of Cross—country Transport, Distances and Road~net
Fxtension, Studia Forestalia Suecla No. 18, Stockholm

Drainage of Forest Roads. Canadian Pulp and Paper Association,
Sun Life Building, 1155 Metcalfe St., Montreal, Canada. Woodlands
Section Paper, Index No. 2260.

Production Studies in Cutting and Horse Skidding., GCanadian Pulp
and Paper Association, Sun Life Building, Montreal, Canada;
Woodlands Section, Index No. 1951.

Forces involved in Skidding Full Tree and Tree Length Ioads of
Pulpwood. Pulp and Paper Research Institute of Canada, Montreal,
Canada, W.R. Index No. 137.

The logms T-310 lLimber-Buncher. Forskningsstiftelsen Skogearbeten,
Stockholm, Sweden, Telmik No. 8.

Evaluation of New Logging Machines: Logma T-310 Limber Buncher.
Pulp and Paper Research Institute of Canada, Montreal, Canada.
Report LRR/46.

Development of a Tree-Length Forwarder. Foreat Managemént
Tnetitute, Canadian Forestry Service, Environment Canada, Cttawa,
Canada. Information Report FMR-X-88.

logging in Sweden. Forskningsstiftelsen Skogsarbeten,
Drottninggatan 97, Stockholm, Sweden.

Evaluation of New logging Mechines: BM Volvo SM=880 Processor.
Pulp and Paper Research Institute of Canada, Montreal, Canada.
REPOI't LRR 55 .



