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Introdrciion

One chould not Zhe overwhelmed by the rnumbers and types of »
specifir. picce of cquipmert which nae been designed to do a specific
iack, evel though ail or some may dc the work in n different manner
using differ»nt mechani.al techriques. There are geveral methods

you carn take to help you select what you need.

You can tnke a guess, buy from th- most comvincing salesman,
cory f1om ;ourneighhour, analyse the meritc of each system or
piece of equipment, if you are quelificd, or hire the expertise to
help you make ihe choice. Before you choose your method you should
take a rationnl look al the siiustion. [ hope that this talk will
assixt you in a rationalisation of your thinking about your choice
or method of choosing. 1% is not intended to go into the mechanics
¢f esiir~t:ing production ~ad cocts but Lo outline some of the factors
whic' affect productivity, and thus costs, in order that you know
what you need to know sc that you can make = good effort at selecting

the correct sysiem or equipment for your operation.

Wor the nesi part, equipment manufacturers are responsible,
relisble, well-meaning people, trying to produce a product which
will [iv a specifin job »nd produce nt the lowest unit cost, Many
of these maynfaciurers will desigu, or modify slightly, their equip=
ment 1o suit your particular needs, and agein many offer services
1lick will ensure that you get +he preper piece of equipment., For
instanca . many ttuck manufacturers will install certain components
such as tie drive train to Tit your roadu and loads., This may entail
trevel and expenses, but the resutts, especially if the operation

is large, should pay off by dependable service nnd savings.

Again, many macufacturers have been in the business long enough
to provide reliable and rroductive equipment ior any job anywhere
in the world, They dosign based on experience and get continuous
fecdback from .neir dealers or sub~offices, The work whioh has been
put into a great deal of equipment should not be ignored. Where some
sanufrccurers fall down ir in not producing impartial case studier
of their cquipment in nctual producing overations, or 1f they do,
they confine their studies to fit the exirling big markets of the
developed comntries. Such studies do not necesserily fit conditions

in developins countries,



Some marufacturers rroyide cpzestor wrainming and some run
maintenance courses fnr mechanics. The uvize of your order may
determine the coet of these pervices to you. Ir any case you cnn
ses that manufecivrers gensr L1 uant {0 provide a product to meet
your needs, which irn turm will beref, . them 1n the long term.,
Still, scicone may inadvertently resommend a good, reliahle piece
of squipment or & csystem which is not suitable for your job.
Whichever method vou chcose, hopofuily not ty puessing, you must
take a close look ni the situation at beth ends of rour logging

operstion. Thin is retionalization and muet not bhe ignored.

FPor 2ny independent logper, you mugi also kmow where your
product, the log is goirz to. You must rlso know what logging
squipment will pmoduce p procuct to fit the ne~ds of the industry
you will he selling tu. Industry cannot be diverced from logging.
The forest industry starte with the tree, vhother it be from n

natural or planted iorest,

Now that we have put the loggzinz sector into 2 hit of perspective,
we should carry on and talk about how we go sbout rationalizing our

method of selmotion and logging 2uuipment.

The p-iniry objective in ssiortin? 2cuipment should be an econo~
mic one, which earns i) most money for you, elways bearing in mind
and giving due consideration tc the environment and to government
policy, For social masons 8 goverinent may vieh to prcoeed with a
ventures even though it is not financially feasihln; however, the goal

of economic viaiility thrcugh efficicncy should not he forgotten,

Tescntially, the proble is to select an approprinte, or the
moct uppropriite, logging systerm. Then the couipment selection pro-

biem is almoot colvad.

Certain preiininary gteps nuet he taken halore one can gtart the
gelection of A avstam. Pur ense of detniling the proceusm from siart

ts finish, Lue various steps cean be broken down inlo sactions, each

with at least a muajor heading.




1. The hasic prelininary steps

Prior Yo ambarking on nny veniure vhether 11 be logging or a
completely intcgrated iniuctry, +he potenl.al antrepreneur rust
look nt:

- tha forest vogournes apl natural conditions;
-~ the markeyv: and

- the iinencing 10 merrTy the two.

These three can be furtner hecken down irto numecous sub-factiors,
not all of which can be inveutigated by rae type of experiise. Thre
gub-factors i1l be listed and fnllows by » shori discrurss on the
positive aspects ani the pitfalls which may ensue if not carried out,

or carried out vroperly.

It must he remembered that each step cannot be divorced from
the other and although the frctors nre listed in scquence each must

always be borne in mind when making an evaluation.

1.1 Inventory

An inventory of the foxoet munt Le carried out and this requires
special skills. In most countrius, forest sarvices are capahle of
carrying out an inventory. However, thev may not put the correct
emphasis, from your point of view, into their work. PFor instance,
many people mpead n grest deal of *ime gather.ng very precise volumetric
detajl whan the mest impo~ant rspect way be species - for often that
is where the money lies. Cimilarty, defect and hreakage studies
must arcompany an invenlory vhich will be used ag the basis for planning
a forest ‘ndustry. lemember even . sinple logging/sawx 411 unit can
run into some USS 10 million. A wodest 150 0CO 13 log/sow/ply unit ‘
ean run to USS 20 millioa. For such production, some US$ 5 million

may be needed For the logging component alone.

The results ui an inventory cnmnlete with volume, decay, breakage
and species letnil may be aufficient Lo stop o project if it is being

analysed in finarcie)l terms alone. And rightly so.

The inventory is the mor’ important preliminary step, dbut this
mact he accowpmied Ly 1 correct and detailed analysis. Again, more

3kills than thoon of jurl an inventory man are generally required,




The inventory reseulic must b analysd for loggable volumes;
gpecies, which must also yield details of weight {green for
loading, hauling or floating) hwark thickness, susceptihility to .
inseot and fungus attack, in addition t, marketability and the
determination of market value. Much n® this detail is already "
available, such as green and dry weightas, and susceptibility.
However, if these are not available the inventory required to

gather this information will he more complex,

The logger is interested in unit merchantable volumes whioh
can be used to estimate logeing costie and road density, Aamong
other things. The pulp mill man will usually want to know the total
recoverable volumes down to a lower diameter limit than a sawmiller
and he may want more detsils as 1o the colour of the wood and silica

content.

Although planning and equipment purchases are normally carried
out on the basis of a forest inventory, an operational cruise
(emmeration) can be extremely useful, and since it must soon bhe
exscuted, it can be viry useful to conduct the first yesar's cruise

prior to equipment selection.

Tnventory crewa and expertise are not always available - however,
the expertise may be readily hired from numerous consrlting firms,
although the potential entrepreneur must know what will be enough

to suit his needs, hefore he can properly direct the people he hires.

In many cases PAO could provide mich of the expertise needed
through one or more of its service programmes. However, this
assistance is normally limited to governments of member countries.
Thus, state-run enterprises may qualify through requests made through

their governmenis.

1,2 Natural conditions

The operational efficiency of most logging equipment is heavily
affected by the natural conditions and forces one finds in the
forest area. Thus, such faciors as terrain, soil, availability of

road surfacing material and precipitation must be determined prior to

system and equipment selection.




For inst-nce, fragile suils 1.mhle to erosion in a high
rainfall area, c¢. stee]r and Hroken terrain, may rule out the use
of a skidder/tractor cystem :ad similariy soils in which compaction
may be detrimemtal to growth of the next crop may necessitate the

use of low ground-pressure ecuipm:nt o cahle systems.

In order to get this in”ormat:on further work must bhe carried

out ~nd another set of cpecialists wil) e required.

Terrain conditions can b» obtained with reasonable accuracy
from topographic maps made {rom serial photographe, However, a dense
tropical forest canopy normally hides minor variations such as low
steep-sided hills which f'ten become a cos’ly embarrassment when
road construction is started. PFor such areas, topographic maps con-~
structed from details gnthered by atorographical crew (which can operate
with the operational cruise crews) is much better; however, this system

is more expensive:.

Regardless of cost, topographic maps, or terrain information,
are usually a unecessity for proper planning and for ermuipment selection.

Por instance, steep terrain may necessitate the use of a cable system.

S0il concditione and soil typPing can ho a relatively low-cost
venture, provided onlv mechaniza’ qualities are required. However,
if growth capabilities are also needed the costs will be much
higher. Soil<hearing tests provide oxtremely useful information as
to the smount of gravel requ:recd for o rozd, and thus the number of
trucks, loaders and spreaders which will be required can bhe
esvimeted. The necd for a large amount of gravel will influence the

size of the gravel and lozging trucks am well as the mumber required.

The availability of gravel or other suitable road surfacing
material (laterite, rock, coral) or the lack of it, will influence
the transport mode (road, river) ani shorten or lengthen skidding
distances.

3imilarly, a comploie absence of gravel in a high rainfall area,
and thus excee3ive road constmc’:ion/hauling costs, may force the de~
cision tr use a cahle syetem with o minimal rumber of roads, provided
the silvicultural svstem will tolerate its use., If the silvicultural

prescription canrot be changed then the prohlem becomes social and/or

envirenmental and subsidies may be required or the enterprise abandoned.




Soil seriously affected by rain and the churning offect of
ground working equipuent can coon he in suck n state that equipment
cannot continue to werk. Often leng halts are required with resultant
lost productivity and high unit production cosiss. Not only is the
fixed cost of equipment which continues to pile up ‘he culprit,
but the large owverhead charges usuaily also contimme. Similarly,

if workers are laid off, social damage resultc.

Another fact which is often overlocoked is the effect of rain
(a.nd smow) on the productivity of the workers. In some countries
work ceasen when rain starts. Rain couses slower work through re-

duced vision and resul*ant poor fooring, especially in steep terrain.

1.3 Environmental considerations

Precipitation and the effects of runoff, especisally when forced
into unnatural chemnels by roade and skid trails, ar> already well
known.

High precipitation coupled with certain iypes of logging and
ro: constriuction equipment cen orove disastrous to downstream areas
an. habitats. Careful planning and road layout and construction
methods can often zllaviate much or all »f this so called "logging
problem",

Kainfali data smd :ire~m flow data, ~long with a knowledge of
dovmetream usera ace as important for environmental reasons ~s for
systen solection snd as a matter of fact the affect on environmweni
should have a hearing con oyestem selection. The entrepreneur should
begin to gather any auditional Jata as coon ac the idea to industrialisge

is conceived.

Similarly. the fiura anc fauna must bhe considered, and this re-
quires more expertise if these are to be precerved. Logging disturbs
the animals, but deverding on its intensity they may return as logging
moves on. However, some animals need an undisturbed primary forest,
A major factor is to detarmine what havoc logging is playing with the

food source and its capacity to renew itrelf,




Environmental considerations may dictate that a forest is
left untouched, as has happenea in some countries. However,
in your particular circumstances government policy will prevail
and logging for social reasons mey be justified, in which case the
logger must find the least damaging solution. In some countries
logging by balloons and helicopters is done for precisely this
reason. JSimilarly, more costly rcad construction techniques are

sometimes used to lessen the environmental impact.

The logger should ensure, or take steps to ensure, that he
leaves the forest in a state in which it will produce another crop
in addition to the other benefits which may be grnined from it, pro-
vided that it is intended that it remain in forest, and is not being

logged prior to clearance for agriculture or a dam flood basin.

1.4 Government policy

The type and size of an operation will often bYe governed by Govern-
ment policy. In richer countries the need to harvest the forests may
not be as great as in poorer countries which nead the employment and
revenue., Similarly, countries well endowed with forests can bhetter

afford to harvest the standing wealth than one less endowed.

In any case, most governments keep the control of their forests
in their hands and will lay down the rules for the’r use. In order
to change the rules, entrepreneurs must be able to show (prove) that
their proposed type of operation will be advantageous to the country
as a whole, This requires know=how nnd knowledge of your proposed
equipment and its productivitye.

1.5 Silvicultural system

The system laid down by silviculturaliats to ensure a continua-

tion of the growing capacity of a forest is one of the most im=—
portant factors governing the unit volume recoverahle ana thus the
harvosting system and type of equipment to be used.

For instance, an inventory in a tropical rain forest might indi-
cate volumes ranging from 45 to 150 m3 per hectare of sizes suitable
for industry. However, the silvicultural prescription designed to en-

sure another crop and the presence of presently unwanted species,




gingly or together, may lower this volumc to 20 to 3C m3 per
hectare. These lowered volumes indicate a whole new hall game

with regarde to opernting coste and road dpacing.

A country would Lave to be in dire circumstances or be well
endowed with forests to disregard such a prescription. Until the
gilviculturaiist csan find another solni:on or works from a better
data base, the lLozger will have to alapt. In order to adapt he
must be knowledgeahle or he must hire trained personnel to help pick
the equipment which will do the job ecomomically.

1.6 The industry to be fed

Loggers make n product for use in industry, therefore, they must
know their log market. Similarly the industry must know the market

for its products.

For integrated enterprises the industriazl pl~nner hases his unit
on the market to be served. He sometimes overlooks the logging end,
thus making the combination of machines required to produce the log
input volumes uneven or mismatched, with some ecuipment remaining
idle and some being overworked. This is particularly evident in
intermediate phases such as loading and unloading where only one

of few unite are needed relative to the other items.

Por too long planners have assumed that anyone can log, simply
because "even our forefathers did it with their backs and with oxen",
The real situation is quite the contrary: the industrial organizer must
ensure that he hires or huys the best expsrtise, .n round figures,

a log has cost more than double that pzid for it in cold cash when
it enters “he mill becausze of the conversion factor, to which must
be added the milling cost which is normally lower than the price of
the log before conversion. The cost of the log is usually the single

biggest cost factor in a mechanical woed hased industry.

1,7 Pinancing
Without the necessrry funds neither the logger nor the integrated

enterprise can get started. If they start under—funded and cash
flows do not materialise as expected, the enterprise will fold, or some-

one alse's money will have to be pumped in to save it. 1If you are lucky



(or unlucky, depending on how you feel about government assistance)

public moneys may be fed in for social ressons.

The logger =an only get financing by nroving his plan, ideas
and capability. In nrder to dec this he must have the knew-bow to
draw up a plan, ccmplete with equipment lists and production costs.
Some enterprises or governments have the expertise to do this, but
when they do not, cunsultant firms or individuals can be hired to

do the JOb )

However, special knowledge of logging systems, aruipment and its
productivity and overall planning are a prerequisite to performing
such studies. FAO through its programmes can provide assistance
in this field, to the prefeasibility level, to Member Ccuntries.

It can also act as a neutral monitor for these governments when feasi-

bility studiee have been completed by third parties.

A rule not %o be forgotten is not to go in under-funded. Thus,
reasonably accurate equipment prices must be used in astimates.
Similarly, equipment operating costs must be reasonably estimated,
otherwise costs may be up and profits down, thus affecting the ~vaila-

bility of opersting funds.

One pitfall to avoid is huying the lowest priced ecuipment when
money is in short supply, for sometimes the equipment is not suitable

and you are soon back in financial trouble.

Qovernment policy with regard to foreign exchange is an extremely
important factor for some countries and in extrems cases, after the
initial purchase has heen financed, there are no foreign funds

available waen soare parts are needed. This can be disastrous.

2, Tne logging system

There are many weys and many machines that can he used to log a
tract of t.mber and many of these can be grouped or linked together
in the process of logging to form a so-called logging system,
However, its purpose is to fit into the chain of events to produce

logs, at the lowest possible cost. There are certain machines which
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do not readily match up with others to form # system, and yet in
osrtain circumstances they may be an aid to the apparently in-

compatible system. Simple cxampies nf thia latter are a tractor
cleaning out difficult corners for r cable system, or being used
a6 a mobile tailhold for a skviine cable 3ystem, or feeding logs

to a skyline syster.

A "gystem", therefore, as the word implies, i® a planned method
of logging, from standing tree to final delivery point of the log.
Since a systsm implies planning, the role of pre=planning, invento=-
ries and engineering surveyc are or should he & part of the system.
This paper will confine iteelf to the production equipment portion
of logging systems, bearing in mind that the preliminary steps
enumerated earller are a prercquisite %o any system and eventually

to equipment sclection.

Since the groupings recuired to form a system are very complex
we will confine ourselves to the major systems of extraction and
transport, bhoth of which form the most important equipment component
of » system, and follow up with the =ncillary or auxillary functions
which are also extremely important but in most cases fit into any

major extraction and tramsport system.

There are inumerable extraction aystems which if fully discussed
oould £ill many 2 book. We will, therefore, confine ourselves to the
~ until recently = more standard systems which for the most part will
be appropriate for indigenous tropicel rain forests., However, some of
these eystems are alszo suitable for the tropical and suh-tropical
rlantations which are now reach:ng maturity and ready for logging.
The latest znd most highly sophisticated systems now in use in the
porthern temperate coniferoun forests, and aerial logging, will not
be discussed. Basically long distance transport is part of a system,
vut since it can fit with any extraction system it will be treated

separately.

2.1 Major cxtraction systiems

‘Some peopie break their major syetems down 1o the length of log
or tree which is to be produced. However, we will stick to the major
extraction methods. These are basically: cable (off, or partly off
ihe ground), tractor/skidder (often called ground skidding), semi-
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mech:nical light ccuipmeni {~uch as the uwinch lorry ol South East
Asia, farm tractors with »~r vithou. foresiry attachments) and

manual/animal (ewamp logging in scme countriec).

At this point it rurt be remembered that the extraction system
cannot be divorced from the transpori system and the auxiliary
functions such as folling and loadirg. Tach can or will have an

effect on the extraction systen.

The basic prorlem of tne ‘pla.nner/

investor who has little ex~
perience to tall vack on is how to pick the sys.em which will provide
logs at the Lowest cost ~nd etil) be compatible with silvicultural and
environ:ental necds as well ag ~dhering to guvernment or company
policies (employment, foreign exchange )« The problem is amplified

for those who have little or 1o experience to guide them. These

three pasiz points, jointly or singly, will or may force a decision
into the use of a certain syster or method and in any case the)

will, or should, provide some of the answers to the handling of

other oriteria (uni* volumes, soil consicerations) which must then

be hrought into tre selection system to form our guidelines,

Each of the systems mentioned =2bove are affaected by certain basic
criteria wnich difforentiates it from the other., The effects of some
of these criterie show up on the halence sheet once the wrong system
has been tested. GSimilarly, a seleci.on which eliminates their bad

effects or utilizes them to advantage has a positive effect on profits.

Thz preliminary dat-, gatnered in *the initial stage, is where

the cornditions :md,/or numberse necessary for an evalu~tion are ohtained.

The basic criterie which waill influence the choice of systems
are
- topographicel conditions;
-~ weather (precipitation, heat);
- 80ils;
- silvicultural systems:
- volume par ares;
= volume per log.
and these are variables which must be considered when attempting to
rationalize ~ choice, for each system is sensitive to one or more of
the criteria,
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Other criteria which enter into the calculation are:

- availabil:itiy of manpowar;

- mechanical capability of personnel;

- operational capability of personnel;

- present experiance of personnel;

-~ animal powcr, availabi 1ity/experience;

- access bili hy/1 nfrastricture,

The latter are cssentially self-explanatory, One would normally
choose the most sophisticated {and cxpensive) equipment if the
available people are not mechanically inclined, unlecss for some
policy reasaon the operator 1s willing to foreso immed-ate profits
until a training programre has remedied the situation, Hormally,
in such cases one starts off w:rth the less gophisticated system, where
feasible, and works upwards as experience is gained and as original
equipment wears out or where speciil cirenislances dictate, such as
a dwindling supply of workers, Similarly, accessibility is easily
wnderstood as a concept but can become a major problem in tfitting

it in as a factor affecting the selection of a transport system,

The ma jor criteria defy a simple system of evaluatian which

will show the relative effect of each as merits or demerits in or
upon each system, or between systeme. In order tc show this, the
interlinkages and variations within crtera must all be defined and
would be the subject of a special beok, let alone this paper. The
delineation is not so severe for one p:ece of equipment or system, but
is excessive when briding systems. Perhaps the best mamner in which
to point out the effects of criteria would be to handle them sysiem
by system and then let the reader druw his own conclusions for his

particular circumstances,

2,1.1, Cable system(s)

There arc many cable methods of logging. The primary ones
may be called "high lead" and "skyline" with inumerable variations,
especially in the skyline method. This paper is too short to
describe them 111, but suffice it to say that there are the heavy
duty systems in use in the West Coast of North Anerica, the Philippines
and Borneo, and the lighter cable systems used in swampy ground in

southerm U,.S.4,, as well as the numerous lighter skyline methods
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used pradominsntly in {le rountainous regione of Europe and in

o few developirg countrias in lLatin America. Asia and Africa.

Topographic conditions mich a> asteap slopes and broken
terrain are not 2 sarious factor in cable logging - let us say
not as serious as in trrctor logging. The major problem which
csuch conditions inpose on the sysetems iz mostly Lo do with
lahour which rust be well trained and whieck cshi he very unpro-

duc.ive in diffienlt terrain,

Ceble systemns have teen used on slopes which vary from flat
to steep. However, lew:l ground, aspecially fcr the heavier
systams, is ro% alway: the hest on which te use carlen, unless
goi} conditions dictate its use. Because cahle logging re-uires
vary well traired and skilled operators it shonld be limited, if
po3sible, to forcwi srezs wnerc no other extraciion system can

work eatisfactorily.

Rainfell and snowfell are not excescively detrimental to the
gystans. bui the effect on the loggwrs can drastically reduce
production, Rainfall »pd ite effectn on ooil are negligible with
regard to movarent of the log, since *he heavy nachinery is sta-
*ionery. JImproper planning in the high lead gsystem can of course

lead to soricus erosion.

Similarly, excessive heat can have an affect on labou: producti-

vity, vt taie i3 common to any =ystem.

Tne silviewltural system preascribed can be a limiting facior
to the use of caxles, If as in many tropical forests a diameter
1imit 3-lectior system is imposnd, not only will the volume
poseibly be lowared to the poiat where cahle logging can be un-
economicel but the attampt to try to selectively log a few trees
from emorz many standing onee without damsging »or destroying the
rastdual etend is a difficult task, Some pretcription as to damage
to reridunls, :{ vigidly enforced, ~ould preclude the use of high

lead cable Jlogging and some skyline systems.

In core ureas whers the foresis are rich and heavy volumes
are .0 he ramovid snd regeneration .c assured, the eys’tem( s) can
e nsed effectively, Essentially, orble logging 3 hest suited to

c.ear felling uperations,.




The size of log dictates the size of the cable cystcem.

However, since in many cases the fixed machine costs plus the

fixed cost of lost time in seiting up are wery high. th: size .
of 1he area to be logged (setiing) and tke uait wvolum:r per uni<

area are very critical. The critical unit «olume varies with

regions and experience of the logging crews. The new, largesr

and costly (some now over US$ 500,000} West Coasy Usid portable

systems have considerably reduced the mcving ard s:t-up tire, but

the volume over which these itemr tutt be vr.tien off is 35111

a factor to bhe reckoned with.

The following is presented to give some idea ol tha volumes
some companies are logging with high lead syst~.c i Sonth TDaat
Asia on tropical hill ferests: One operator irh-lcerte on wvolumes
of some 130 m3 per hectare and roughly 2,000 m> per c~tiinz, vhile
another stopped high leading with approximet=ly Vhe come uvrow
volumes but smaller total volume per setting, ¢ .2 1o Lhe bro'2an
terrain which reduced the area per zetiing. H>r fonrr” he conld log
cheaper with tractors. At another location on: os.reter ig high
leading in some 50 m3 per hectare of for2et on *err-in Mich is
not too steep, with an average volune in the ordrr of 1, ~3 per

setting.

One report from the early 197C's indicates thnt 2e.4ai>
Philippine loggers are high leading ia strads which yield ogatwaen
8 m3 to 10C m3 per hectare and with avevagn cotiing zi~es cs small
as 15 hectaree. 3Some or mans operatora use two ~r mire cywsivems and
therefore can afford ceriain high cug: operations viaich are no=
cessary due to the terrain conditione and atill reach zn acceptuble

average delivered cost,

From the abhove, you can see that thes soread is wide, ard it
must be noted that the tropical forests of South Zast l3ia are
the richest in the world.

The selling price of the log will determire how low a unit volume
can be logged, but if you can choose a lower cost sys’en xhich is
capable of efficient logging in low volune forest, the higher your
profits will be.



Mainpower requires specin:l training for use of the system, and
experiencea supervision is very esseniial if the best techniques
(tricks of the l;rade) are {0 te used effectively. Some comprnies

have gone troke trying cahles in Asia.

For plantations, skyline systems can be very effective and
the light equipment of alpine Europe with their multi-span skylines
can assure longer set-ups and suhstantially reduce the amount of
roed required. On gentle, easy terrain, howevar, a skidder/crawler

rystem is likely to prove to he a cheaper method,

Por single span skylines the shape of the slopes tc he logged
ie very important and without the deflection obtained by a concave
shape the system cannot be used, which indicates the need for

accurate topographical maps,

The best advice one can give on cable logging is to bring in
experienced loggers and furest engineers as assessors. They can
be obtained from the Fhilippines, where high lead logging in tropical
forests has been going on for 2 long time, and from temperate coun-—

tries for logging pl-ntations.

2.1.2. Tractor/skidder gystem
A term ofter applied to this system is "ground skidding", The

fact that the skidding machine runs over the ground, dragging one
end of the logs, gives one the picture 5f the effects of some

of the major criteria on the system.

Tractors (orawler tractors) can be used alone or they can be
used in combination with another machine, the articulated foui~wheel
drive skidder. A3 a matter of fact ithey make an effective combina-—
tion and in most cases the skidder cannot be used without the
assistance of a crawler tractor. The ratio of crawlers to skidders
generally veries with the terrain and log size, these vary from1l ¢ 1
tol : 3 as arules A1l to 2 ratio logging unit can now cost in
‘he order of US$ 300,000 or even more.

Poth machines (and therefore the system) are very sensitive to
terrain conditions. The crawler is limited to slopes of 40 % to 60 %
but the upper limit should not be considered a norm, and the adverse
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grades must be limited tc some 15 % to 20 % and only for short
distances which do noi occur tco requeatly. I have seen large
crawlers working on sieep slopes skidding iogs up skid trails in

the order of 40 ’7 hut production was low.

The skidder is normally only eflect.ve on slopes to 30 % = 40 9
with tbhe upper limit being conszider:d only occasionally. This
machine which is intended for faut hauling is very sensitive to
adverse grades since the losi time (or smaller 1oad) trying to
gskid or winch a turn up the adverse graces defeats the purpose
of the machine (high productivity through itc speed}; thus broken
{errain becomes an important consideration for its use. Similarly
the advantage to be gezined by fast skidding over long distances is
lost in adverse terrazin and a consequence is that more high-class
truck roads will be recuired. The iitroduction of the skidder
to the ground kidding system did lower tne amount of truck road
required per area logged. These machine limits have been presented

here to indicate the effect of ierrain on the ground skidding system.

Soil types and the effect of water on them is equally as

gserious to efficient skidding. Good, spparently firm soils, some-
times become quagmires when wei. In arcas cf high precipitation

a careful look must be taken at both these criteria and their possible
combination. Extremely wet condiiions nnn 2ither slow production per
day or can stop operations over days and periods of time, Limiting
the number of days a machinz works (or machines in combinat ‘Lon) raises
the fixed charges and machin: inventory carrying cosis, sometimes

to the point of making the operation unmprofitable.

A new skidding machine has recertly ccme on the market which
may help overcome the detrimental effects of wator on skié ways and
improve the adverse skidding capability of skidders while retaining
the adventage of tkidder speed, thus enharcing the chances of using
an ground skidding system. The machine 1s now in use in some places
in the tropics. Essentially, without going into great detail, the
machine is a high speed tracked wehicle capable of operating in
maddy conditions end on slopes to 35 %. It has an added advantage in

that it exerts relatively low unit pressure or the ground.
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Conventional ground skidding doss bear a lot of s0il and
can leed to sarious orosion problem:s, but careful layout and

training of operstorns can lessen ihins.

The effect of the silvicultural prescription on this system
is not as cerions &s for the high lend cable sysiem the machines
can maroceuvre amoasst the aianding trees. However, the use of
machines wkich sra tco cumbersome zlong with improper aupervision,

oan play havoo with the residual stand. ‘theuze prol iems can be over—

come with careful plauning and supervision.

Crz-,wler/skiddcr logging can be carried out profitably often
at low unit volumes, bui the high valae of many tropical trees
ie a great help. There are virgin forests now heing logged from
which only 15 m3 per neclare are bning harvested. Some rich
foroits of South Fast Asia yield over 100 m3 ner hectare. Generally
the minimye: -rolumes which can ve logged or the point at which one
takes anotl.er careful look at all the otaer factora to cee if they
will alleviate the poassibhle high costs, is in the order of 30 m3

per hectare.

The size of tree and/or log dictates which size of tractors/
skidders you should chonse hut not neceasarily the system, for

crewlors ard skidders coms in many sizes.

The ground ckidding system has been in use around the world
for a long time anc the use of crauler tractors is commen in other
fielde, therefora, the chancas are quite good that in most countries
thers are e:~ort crewler tracto: operators. They may, however, nave
to changy their outlook and methods to effectively skid logs.
Skicder operaiors will be rore rare and require special training

cven thouga they hzd previously operated crawlers.

2elelds §emi-nec}1a.ﬁc..tl/l'ij;ht mechanical systems

The heading for this secciion may appear io he wrong; however,

it ig iytanded tc convey the idea that there are many pieces of equip~

rent oihur than hipghly specialized and costly units which function
ver, we.l under specific circumstances. These systems have a dis-

tinct aivantage in that the comporenis are not too sophisticated,
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nor are they usually too expencive, plus the fact that they re~

quire more labour inpui which often meets a critical social need.

Normally these systems are not adequate to supply logs for
large operations since their relztivelv low productivity makes
the logistics problem cnormous. They can, however, often he an
arm of a large operation, producirg in special areas and at a

low cost.

Two systems which come to mind and are worth discus.ing are
the winch lorry system of South East Asia and the farm tractor ground
skidding adaptation.

The winch loiry system has been in use for some 30 years and
performed very effectively in the easier terrain types. However,
with the move o the mountrins which was required as the forests
receded, the system adapted and went along. Originally a tractor
was only used to build the crude roads, but in the stage and often
rugged terrain the tractor became the prime mover, bringing the log
to the winch lorry at the road. The ratio of winch lorries to
tractors is in the range of from 3 to 7T.l. The system is still in
usge in Malaysia amnd Indonesia. It is believed that the Philippine
version celled the "Bataan Logger" is still in use but to a limited
extent.

Terrain conditions are a limiting factor with normal winch
lorry roads being limited to 30 % grades, but I have seen them hanling

down slopes of 50 %. In one case the logger used logs as a drogue.

Adverse grades naturally also slow the lorry but since most
winch lorry roadc are crude the normal speed is slow. Adverse

grades of 35 7% have been measured. .

Soil and the eftect of water on it is important, but the 6~vwheel
drive feature permits the operation to start up soon after the rains
stop. Production is definitely a lot lower during the monsoon
months. The fact that the machines are operated on contract or through
a contractual system and since they are relatively cheap, down time )
is not as imporiant as for expensive machinery heing operated by

daily paid workers. )
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The systui. car farction on vary low aait volume:n, as low
as 8 m3 per lhiecta.e, and has been particularly effective in re=-
logging, as markei trarac for apacies change. Wiih a prebuilt
rudimentory road et work T have saen an operetor logging an

area (third time 9% &) caad sringsirg out less than 5 m3 per hectare.

The ayetem i+ ursophisiizeled snd drivers and crew .oon learn
$0 repair all bul th- enginc «f ihe iorry; the tractor being as in
any other systum. It is latour-intersive and production costs are
umally louor traa the rajor systems. As old machines wear out and
higher rriced trucks ure needed, ilLe system may lose a bit of its
low price advaniare; nrevaver, it ie believed that costs of other
equiprient are accelrral nr a. the seme rate. The system works very
well wiih medivm rived to Tarpe logs and {3 used very effectively
in poms planiatiors ~7 Sauth australia,

N
21,4+ Nwal/a imad leyour cpecstions

'Thite ihis encticn may be of litile interast to some it must,
howevar, He manticaed hocnaee it covld he one of the choices avai-
lable to you, ~ad .4 may rinind you that you do not always have to
buy motor Ariven sgaipment ‘o nove logs from the stump to the carrier
or dump,

Ar esynellent oavple of ihin ie 1he Kuda~-Kuda system of Borneo,
wiasra i1 i3 vred 0 hervage the freshunter swemp forests. Until
recently aven the {tree e “alled Ly hend saws and axes. The sole
concacgion 10 po.=1. otha2r than hwman, is a miniature railroad with

skeleion cars pullinad or a small. used mine diesel locomotive,

Many puch/pull, aslide/=o011 logging operstions still exist
and proiuce logs cheaner then ire normally do with ocur high geared
machivei,y. Marulaciursrs weke eleds, chutas aprd pans pulled by
radic controlied »irsh>y ecnd the like, over and abcve axes, wedges,

levers and jacks.

Arimad p1lling vover has on'y recently left some of the tempe-~
1ate atiac and Yo~ liclowi is in the process of 4raining oxen for

log skiddinz. Fl.cpaentc erc etill uned very extensively in Asia.
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The mamual systems are nob dead ret, and you may yet find areas
where they fit the bill. The big prohlem is that as people get
more sophisticated they want change, and everyone likes to do
work which is less prysically demanding. The logistics of
supplying a large industrial compiex can be ~n &nOrmous headache

using these systems.

Now that we have reviewed the basic, but not all extraction
systems, you are probably as unsure ahout what system to use as you
were at the start. You really should not be, because the basic
limiting criteria have been pointed out. With a knowledge of
your forest and its environs you should at least be able to aeaess
the most probably suitable system to use. Tndividual pieces of
equipment within a system is esgentizlly only a matter of numbers,
sizes and configurations and thus will be covered in a general way

later on.

One thinz which should be evident from the above is that ground
and cable systems are not readily comparable because they are dif-
ferent systems designed to operate under different conditions.
Therefore, cne cannot say which is the bhest. Many loggers under
actual operating conditions soon determine which is the best as far
as they are concerned, hut they may be biased to their earlier
training, and governed by the particular circumstances or physical
criteria of their particular forest or the original forest they
started in. One thing is sure = training followed by experience,

is the surest way to find the right way for your operation.

2.2 Major transpori modes

The other very major phase of any logging system is transport.
Fach of the transport systems listed below can be used with any of
the extraction systems enumerated earlier. However, we must choose
the appropriate one. Sometimes we have no choice but one, and its

use is obviouse

Basicnlly there are three ways to move logs over long distances,
and these are: by truck, by rail end by water. The basic criteria
examined for extraciion methods also apply to transport, but as is
evident, accessibility and avei lability of infrastructure and water-

ways hecomes a key issue in transport.



One thinke twice hefore going in to log 2an area which is
very remote. If there are no public or private roads (or a rail-
road) within economic hauling distance Trom the forest then the
extra coet of construction of a lengthy access road often deters
the investor. The presence of 7ood, usabie puhlic roads often
changes the picture, for insiance logs arz being hauled from
3,000 $o 4,000 kn in Brazil, albrit they are of selected species
and at back haul rates. Wood hungry industries in paris of Asia
haul logs from 160 %o S0C kn.

Basic data collecticn therefore must include information on
public road, rail and waterways which may include coastal and
seagoing movement. Therefore, occasionally other information is
often required on nort capabilities, rules, shipping and handling

ratesn,

The major baeic method of transport has now hecome trucking,
for the acceassible forests liave almost compielely 4i sappeared from the
vicinity of coasts and wivers. Nccas.onally all three methods will
be used to move the same log. Some logs ~re trucked to rail, railed
to water and floated tou milis, generally, however, itwo systems in
combination is the morm for & combined system. In most parts of
the world where water tramsport 18 used, the logs must first be
trucked. Basic aatau yields the information required to tell what
other mathod can alco be weilizat to lowsr costs. Certain parts of
Amazonia are rtill prodvucing large quantiiies of logs without the

use of trucke,.

Railfoads are + cheap method of moving logs, hut the logging
railroad rlmost became extinct becruse of its inflexibility with
regards to terrain, 2nd public railroads do nol often go to or through

the forest. Wnere available, railroad haulage can be cost effective,

The problem with most forests, as said earlier, is that they
are no longer accessible to a wateruay. Therefore, the logs must
be trucked and once loaded it is a simple matter to hook on to a
public rvad and deliver directly from the forest to the mill yard
(mo~called door—to~door delivery) provided thne distance ie not

excessive. The movement is positive, logged today and at the mill
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today or tomorrow., Tackinz on another mode involves extra
handling and delays and the manager often loses some control

over his log for periods of time.

Of the three modes, especially for long distance movement,
it can be said that the cost per unit of log, runs in the ratio
of approximately 1 ¢ 1.5 to 2.5 ¢ 3.5 to 5, for water, rail
and truck respectively, naturnally with great variations for effi-
ciency and ratio of fixed time (loading, unloading, terminal
costs), to hauling time which is essentially a function of dead
time to haul time, plus load factors affected by regulations and
road conditions, stowage and service. Hauling costs are sometimes
higher on inefficient railways than by truck. Road, spur and

loading facility cosis are extra in all cases.

The various factors which affect costs are time, distance,
terrain and weight {volume). One can re~dily see the interplay
between these items. For instance, ~ road with poor alignment and
a low carrying capacity due to difficult terrain conditions and lack
of surfacing material will require low speeds (time) and less will

be carried per trip (weight/volume).

Similarly, on a winding serpentine river, barges will travel

slower and costs will be higher than on a straight river.

However, these factors need not affect cach transport mode
to the same degrce provided one kmows the relationships of each,
For instance on a twisting road or river you may be ~ble to in=-
crease the load rize, partially lowering the increased unit costs

due to time.

If one were to calculate the unit cost per m3 of transport
for the three modes over varying distances, he would be able to
plot a graph of these which would look somewhat similar to the one
shown in Figure. 1. One must remember that there can be great

variations.,.

Truck hauling is very sensitive to soils and water, and thus
to the availability of surfacing material in order to allow for
all-we~ther haulage. The truck is much more versatile th~n rail
in difficult terrrin conditions. Thus to hauling costs, the cost
of forest roads and cheir mointenance must be added. In most cases,

however, roads are necessary for a first move.




LON TRANSPORT COST RELATIONSHIPS




Trucks .om> in many sizes and c.nfigurations. The system
is sn prevalent that many fiirms manufacture trucks and trailers
just for logging., These are meverally in the heavy duty range
and cost of one unit can run to USPH 100,000, 'Prucks in the medium
and light duty range are usually 2ssembly line units with perhaps
some special features such as heefed-up frames, heavier suspen-

gions and axies,

A careful lool). must be trken ot the units to be purchased
for trucking, once it is decided trucking is necessary and/or
desirable. The size of the operations and the operational periods
and shifts are basic to any celculation; however, load size,
affected by the green weight of logs, (and bark), and load limits
on public roads (and on some private) are equa=lly important in the
final selection. Some trucks, without load, weigh as much as per-
missible gross vehicle weights on the lower standard roads, which
are often found out near forest areas. Some manufacturers use
light weight materials to increase the payload. FMarthermore, a
system of trailers. cne or two pips, can increase the payload,

but a careful looir mnst be token hefore this i~ adopted.

The dri ing capnability of the c. 2w will oftan gow.m the
accessories (antomatic, power shif't, and power steering) and size
since huge itrucks are difficult {0 manoeuvre for some inexperienced
personnel. Similarly, low foresi rcad standards may indicate the
need for front-wheel drive and lc~d limits are usually higher for

more aXxles.

The loading and unloading methods can also be critical. A small
operation cannot always afford to employ or buy a fast mechanical
loader, therefore, loading can take up *o 4 or 5 hours. It is rather
pointless or costly to have a huge expensive truck standing around
waiting to be loaded. Another example is the use of a pole trailer
which is norrally 1lnaded for the return trip, which cannot be loeded
or unloaded for lack »f a sufficiently strong loader. In many parts
of the developing worla logs are lnaded manually or semi-manually, or

at least withoui the herefit of separate special loaders. Many systems

are in use, but the truck should be bought to fit into the system.




Truck hauling .6 ofien the hignesi cost phase of logg1ng.
Thus it seems only na‘ural that specinl aitention iz taken in
the selection of itrucks and their configurnation. One should
remember that expertise is availabie, not only for the initial
salection hut also for the effectiv~ operation of haulinge.
Some companies employ full-time transvori superintendants.  As
stated earlier most truck manufacturers will provide the experiise
40 supply the truck to do your jow, hul remember you must know your

besic requirements and have the *asic dnta at hand.

You must know the terrain to Jetermine %he type of road you
will build; sharp curves and steep grades will require certain
specific equipment including trailoy=. The size of log required
by industry and the size of your trees w#ill perhaps require special
features capahle of handling nay, long logs, and here the gize of
truck and the exiractiocn equipmeat rmusi be well matched for the

beat overnll performance.

Highway hauls recuire thal you know 11 the regulations, not
only those pertaining to speed and gross weights but also as to
size, such as overall leacth, widt’ and height. Qui*- often you
will find antiquateca rules whics no suoger [iv the sibuailoi. By
presenting a well outlined and calculated case you may he ahle {o
assist the authorities in up=dating their regulations or get special

hauling permits that will save you mwoney.

Beyond a certain distance hauling by -ajil i3 usually cheaper
than truck hauling, however, ‘n mony cases the roil haul involves
a truck haul at both ends, therefore, 2 carefu) look must be taken

into these added costs which must 1aclude rehandling.

In some countries rail haul:ng on public sysiems is not as
efficient as truck hauling, and private vailroads into the tforest
area are usually not on hecause of the difficult tecrain found in
most remaining foreste, Because of this it is doubtful that anyone
gtill extracte directly to a railroad, nn exception being the mini~-
railways of the swamp foreste of 3,F. Asia, which are the only ground
haul methods suitable and which usunlly cnly kanl short distances

10 the nearest river.
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With thi mow increaused and cont 1mally increasing rice of
fucr it is pussipie vnae moive companies will look into the possi-
bility of putting in rail for their long hauls, Similarly, remote
areas far in the hinter! wnis will probhably best be served by rail
which is put in for another purpose, say for mining. In all
public rail hauls the logger is at the mercy of the railroad and
generally railroaders have not given much time or effort to help
solve the loggers!' transport problems. Railroaders often claim
the logger is inconsistent. Perhnps it is the loggers own fault
for his inconeislency, or perhaps he is inconsistent as » result

of the government's forest licencing policy.

The rate structure on public railroads is usually very complex,

Railways play a prominent part in the overall economic policy of

some countries and often these policies are reflected in the rates
for certain goods or commodities. Of course, the same can apply

10 internal water transport, and to some extent trucking on public
roads, where rates are applied to meet » specific need or encourage/
discourage certain activities, oftten ~s a market regulatory tool.
B2fore investing in equipment, a logger who must rely on rail for his
loug haul, should ensure that he has a long-term agreement with pro-

cedures laid aown on how to handle any reote alter-tions,

Rail transport reouires very special expertise if one is to
operate a private road. On pudlic roads the numbers can readily
be obtained but during preliminary discussions one must ask all
the questiona., Railways people tend to assume that you know as
much as they do. OSome wmentioned items can be costly and are
the public railways willing to put into service special cars
(wagons) vhich will handle logs most effectively? Often, they will
poses One skeleton car can cost in the order of US$ 20,000 and they
=it idle for a good part of the time in addition to which you may
have to pay dead heading charges.

Publicrailuays (as publicroads ) have set load limits which
must be carefully looked into when calculating. OGreen weights and

bark can make a haul expensive, especially if the wrong cars are N

used and load coafiguration (pyramid) is regulated.




Until cecently at least, read transpurt hac cul into the
railway businests so badly (other commodities) thot many were
unprofitable, However, where rail service is nvailable a care-
ful look should bhe taken into its use, especially for long hauls,
Siailarly, if n logwer rmust build private roads over great dis-
tances served by 2 railrcad the rail }aul will win out unless

service 13 too unrelinble.

Water trensport has »~lwnys heen the most economical method
of moving logs, but the water system is not always available

in the forest and trucking must be resorted to.

Ocean transport is a specialized “usiness snd implies moving
logs out for manufacture in another country, therefore, it will
not be coverrd here; however, one should mention that Indonesia,
the Philippines and Brazil, for inetance, hnve vasi distances
which can be covered within their territorial waters. A lcok into

these would be the subject of a complete tronsport study.

Traditional water transport normally entails floating the logs
in conmtrolled groupe on rivers withcut use of ecquipment or towing

log rafts 1d/or bundles and barge with tugs.

The former is gradually disappenring ~long with the river
drives of the northern coniferous forests. Rafting and barging
are still quite common though mostly restricted to countries well
endowed with rivere to tidewnrirr ncean shipping points or mills,
Similarly, mcst logs in Amazonian Brazil move on the Amazon or

its tributaries,

For obvious rensons a logger must ¥now the green weights of
his timbers and the conditicns of hie rivers or the sen. Remote
forest areas ¢an appear accessible until one observes the river
flows dur:ng the often prolonged dry season. Fast river flows can

preclude towing upstream or raise costs considerably.

Tugs used for towing or pushing must be enpecially designed for
a particular application. Although one sees "any old boat" towing
log rafts and barges in many countries, they are not often the most
efficient. The main advantage is that they are already owned or that
the owner who has a lot of itime will charter out at low rate.
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Tugs us 4 for moving logs come .. ali cizes, and ; wer

sources range f{rom less tharn 100 hp to big harge puller/prushers

of over 1,500 hp, depending on the appliceiion. Costs can run
over US$ 1 million,. Initizl capital outlay for A barge/tug system
can un into a sizeable amount, for instance the cost of a tug
(towing/pushing) and two 2,000 ton cepacily barges con run one
into an expenditure of US$ 1.5 mililioa, depending on the country
of construction. A between—decks or welled barge will not usually
handle as many logs in volume as say & flai decked deck-loaded

gscow, and loading is simpler on an open deck.

Thus, it can be seen that it is important to have a tug with
the correct features, one of which is the power source and the
correct barge. Regardless of these high figures cucted, if you
have a floatable/naviga,ble river it is essertinl thai you in-
vestigate its use. But while you are investigating, he sure to
cheok on boat crew ctaffing and mamning regulations. The rules
gometimes force an operator ainto more capital (and opemting)
outlay than he envisagad and thus higher costs. For coastal or
deep sea shipping, n person is forced to use water hut sometimes

he can negot- ~te or force lower rate.

In areas with good rivers and coastal waters along with a
forest which supplies florter-type lozs, simpla rafting systems are
most often the answer. The surest and fastest method is to tow the
flat or bundled rafts of logs, ard agnin. specially designed tow

voats are the most efficient.

Forest roads form an important part of the truck transport system,
and in general it can be said that the factors which affect cost of
extraction by crawler will have A gimilar effect on road suhgrade con-
struction equipment, where orawlers predoninate. A tendency which
has come in of late is the use of power shovels and back hoes for
subgrade oconstruction in some temperate countries. This method could
well be the answer in some problematic soiis in the tropics and
could also help to alleviate environmanial prohlems associated with

or caused by the crowler method of construction.
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Surfacing and grading equipment are basically standard,
However, the size of gravel trucks may cause 2 minor selection
problem in order to balance ouw the lending. If gravel ie only
applied lightly eni cver = 3hoit perizd of time, the trucks might
stand idle unlass they 2an be turned to other use, in such cir—
oumstances an operatcr~ might be beiter to hire (or contract) his

trucka and loader for ths requirvite period, if he can,

Road coustruction ic n specialized task remuiiding a lot of
supervision so much sc that most larpe. well run companies employ
a road foraman.

3. Ancillary produciion functions
Although these items have heen listed as being subordinate

in thie paper they are by no means insignificant, and if not pro-
perly carriad out can disrupt an overation to the point where pro-

duction is lowered drasticalily or coste are raised unnecessarily.

The Bame basic criteria affects these functions as for the
major phaces. e cun discues these in the crder in which they
normally t. e place in an operatiol

3.l Felling and crosscui®ing

Today most of the world's industrial timber is fellad by means
of chain (power) saws, These e simple (relatively low—cost)
little machines which are easily serviced by the operator or owner.
However, they are a high production machine and have increased a

workers output many times over the mamal axe/saw methodsa.

Because they are fagt they can also cause a worker to perform
his task in an unsafe manner. In addition to picking the correct
saw (horsepower, blade langth and safety festures) fellers should be

fiven careful training on their use and proper felling techniques.

In additiou to s2fety, the manner in which the trees are felled
can nake tlhie extrection easiers, thus lowering extraction cycls time,
thus the iwportance of training. Similarly. it does not take many

broken trees of a valuable specier hefore you wish your fellers were

trained.
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Hand fe. .ing and cawing is stil. used in some coun.ries,
especially for fuelwood and small tree felling. Axes are waste-

ful and this becomes a serious matter in wood deficit are~s,

Productivity in elling i¢ also affected by terrain and
weather. The size of the tree may cause = feller tc work longer

on one tree but if the height i good he will make up in volume.

One could not begin to name all the brands of chainsaws on
the market, hut suffice it to say that the market is hig and compe-
tition amongst manufacturers ensures that they put out a good product
and most have a large research and development staff to ensure that

they put out better products in the future,

Associsted with felling nre the supposedly still more minor
items such as clothing (helmets), hand tools, files and repair tools

and jecks to name a few. These may seem minor but they are esgsential,

3.2 Debarking
Debarking is sti1ll done manually in the forest in most developing

countries where logs are genernlly harked before entering the mill
or where logs are exported. A logger must decide whether to do thia
in the field, manuallv, or let the miller Ao it either manually or
mechanically at the mill., The logger's main concern is labour
availability and whether or nct the weight of the bark will affect
the load size which he can haul and of course he must be reimbursed

for his work, Tools are simple and readily available.

3.3 Loading
Loading normally entails the loading of logs at a forest landing

on to a truck but can also be recquired for rail and barge hauls and
can be carried out at the stump for pulpwood. Rail and barge loading
does not normally have the same urgency to mesh in with other functions
such as extraction and havling, since these two transport modes are
normally fed from a stockpile as and when the wagons and barges

are re~dy. When, however, bargrs and wagons are available, the loading

process must he fast and efficient.




In drock haiing e 00l abtiicuit piece of equipment to
fit into the over~ll scheme i3 usually the loader. This 1is
especially s0 i small operations where quite often the logs are
big but n big piece o equivment needed to load big logs on trucks
is over—precductive and thus would he under-utilized. Many small
operators do without, and devisze makeshift systems or use self-
loading trucks, all of which =re usually slow comparsd to mechanised
loaders, and tie up the %yuck for long pericds, thus high priced
powerful trucks also hecorr redundant. Similarly, under-prodc tion

loaders hold up trucks thus raising heuling coste,

Mostly, nll losders are now mobile. WRoom loading in cable
operation is stili practised but .is use ic declining. Especially
mobile loaders can he snid to be front-end loaders, mounted on
wheels (ruhber) or tracks, heel hoom hydraulic losders also on
wheels or “racks and the hydreulic kanuckle boom grepples used for
loading =zmalier trens or logs are and usually to he wher: the logs

are they must he mohile,

The decision ns to size of loader Jepends on the asize of logs,
which bhas *een decided in the extrrstion -nd/or transrort phase or
by milY reddrvemert s The lecliLicn e e v lher Yo usc wheel or
track mounted machiner depends on how mobile it must be, which is
esgentially the dietrnce 1o he trave.led hetween loading points and
the noil and water conditions. For some gpecial loaders the adapta-
tion to rubber wheeled mount cen raisve “he 303t consideranly, even in
the order of 40 per cent over 2nd above the cost of a track mounted
model, Front-end locaders mounted un rubher cannot always function
on wel, soft landirgs ~ they soon slip and slide and hog down.
Track mounted machines move s.ower and their weight is hetter dis-
trivuted, thus they do not churn up the loading so much and are not

80 vilneratle to soil and rain conditions.

Thus, for certain soil conditicns a track mounted (rubber if
the road surface is wiie enou;;h) hael boom londer, loading from logs
piled (windrowed) peside the road ‘¢ sometimes the best solution.
This of course enta:ls being ~hle to place the extracted logs in wind=-
rows., Clear felled forests heing logged with ~ portable skyline
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system lends .tself very well to thii loading unit. Gr and
skidding in » selection system could nlso nse this method and
thue prevent the clearing of large areas for l=sndings with re= !

sultant extreme disturt-nce =nd cempaction of the soil.

On some big oper:tions where loading time 18 n significant
part of a truck's totnl svailahlc time, some operators preload
trailers and thus the truck (trmxtor) which is the expensive part
of the unit is more or less moving continuously. The preloading of
courge must be foreseeen to be much fa:ter than normal loading in
order to make the extra investment pay offe. Preloading 2lsgo re-—
quires more space and better landings than those required for direct

loading.

Rail »nd harge loading usually require special loading points
and depending on the facilrties provided, the loading equipment
or method is chosen. A key factor is to e ahle to manoeuvre the
logs so that they take the leasi space in the iyarge or wagon.
Some railway compinics charge by “be wegon with weight limits, and
naturally according to dis? ance, ihus a logger must ensure that he

lo2ds the maximum 2llowables The same principie applies to barges.

Because loading is such 2 critical function to sei.ct ecquipment
for, spare capacity in marginal situations should be nllowed for.
This covuld entail the cost of another machine stnnding idle for
possibly most of the time. One sclution is tc try to order log
unloading and gravel loading eauipment which can be hrought into

play a8 raguired.

304 Unloa.dlggg
As for loading, the object is to get the truck back on the road

as fast as possible, Often the mill takes over this function and
the logger loses control of his truck, which, if the mill employees

are not conscientious, can be costly.

Logs are unloaded bty a myriad of methods and systems, and a
logger has to find the chenpest method which will also ensure that

his truck is not held up unduly. Essentially tne same mechanioal \




methods as loading are availahle but the fromt end rubber

mounted loader appears to be the favourite. One must remember
that log yards are surfaced and/or compacted and soil conditions
do not affect this operation as is the case for loading in the
forest.,

An integrated operation can bhuy unloading equipment which
will unload trucks, sort the logs for size and species, atockpile
them »nd feed the mill. Thus the cost of the machine to the logging
operation can be minimal. Big yard machines, which can often 1lif%
a whole load are costly and one capable of lifting 20 tons costs
in the order of US$ 225,000.

Loggers delivering to water can employ "A" frame unloaders
which are cheap and efficient, provided the truck is suited, but
sinkers, which are common in tropical forests, may prevent this.
Some operators use "A" frames or parbuckle their logs on to the
ground, get the truck back on the road and move the deposited logs
with a smaller front-end loader.

3.5 Overhe 4 equipment

This heading covers ali the non-producing items, although
listed with the production functions, and is so important that it
has been included here. The numbers and pieces of this equipment
are large and their prices are usually relatively smaller than pro=-
duction items, however, nc operation can function without some or

all of them. They form a psrt of any system.

For instance, an operation cannot he supervised properly
without a supervisor and he must hava transport. Similarly, the
crews must get to and from the job. The state of the roads and the
Job to bve done dictate the type of truck required. An example of

this is four—vwheel drive vermus two-wheel Arive,

On scattered operations and long truck hauls a radio dispatch
system can pay for itself in no time. A mobhile workshop will reduce
machine down time on any operation,
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We know that wo -a3t easure thal cquipmenti suppliers pro=-
| vide good maintenance and spare parts service. Similarly we
must have a good repair depot. OChop ecuipment is a must and
can run into a considerable sum when you add up the cost of all
the bits and pieces. We must also stock the essential, most

often needed, spare parts,

And since we want cost control on our operation, and each
niece of equipment and its major components (tyres, wire rope),
<& nead an office and the equipment to go with it. like power
(plant), telephone, and cffice equipment. Housing and other

such infrrstructure can add up to a lot of money.

1. Individual considerations

Once 2 choice has been made as to which system to use the
rquipment choice has almost been made. 'The only problem confronting
she operator now is which individual machine fits his particular
werrain, weather and forest conditions, In other words if he has
chosen a crawler/skidder combination he must determine the ratio
>{ one to the other and the size or pulling power of each. The
previous sect. on has covered much of waat could bhe said ..ere dut
a8 said earlier ome cannot divorce one part from another in a good

opaeration and it is just as difficult here in a short paper.

Skiddersgenerally come in three sizes within narrow limits
and crawler tractors, snitable for logging, in avout five. The
selection of individuals entails a productivity analysis based on
draw-bar pull and relevant speed of esch machine as given by the
nanufacturers, and the load you expect to pull, It will he obvious
in some cases that certain machines are not suitable, for instance
a 75 hp tractor would not be much use in logging the large tropical

“rees whereas a 300 hp tractor would be out of place in a same range.

“n tropical forestsscme loggers maintain that a 140 hp tractor will

4o the job while another claims he needs a 180 to 200 hp machine.

Different soil and terrain conditions pluas the length of log, .
plus the philosophy of logging, high speed or low speed, are generally

the critical factors. {




In t' e case of cable systems she analysis is b ed on cycle

time or turn time, related to productivity the same as for ground
skidding methods. In cable logging, non=productive time such

as changing ro~ds and settings iv A major productivity (non)
factor which must of course be included in prnductivity/unit

cost calculations.

In your operation, however, y u will be in one forest,
therefore, you can make direct comparisons hetween machines manu=
factured by the same company, since the foresi condition inputs
will be the same. Productivity is not enough - this must be merged
with machine operating cost to give a unit cost. When estimating,
the lowest unit cost machine should be the winner, but if we overwork
the smaller machines their down time might be higher than we put
into the estimates or it might wear out faster than we allowed for,

therefore, marginal unit cosi differences can be mislending »t times.

Comparison of two machines of the same aporoximate size and
power brings a different input into 2 cnlculation, "reliability",
and this generally can only be found out by experience and compari-

gon with other operators.

Comp..risons of two different machines designed .o do the same
job is also a problem when we have no cperating experience behind
us. We can only take the word or advice of the dealer or we oan
try to search out research and study papers, (especially on new
units), but getting around and talking to other operator~s and
owners is one of the better methods. If an operator continues to
use a certain type of machine and is still in business he must be
satisfied with his equipment, A word of caution, some peonle buy
on price alone because of their particular financial circumstances
and do not always buy the most suitable equipment. Similarly
operating philosophy may be different than yours i.e. high speed-~
low speed, longer write off periods and the like.

A similar process can be carried out to determine the ratio of

skidders to orawlers, once the basic size selection has been made.
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For this Byiam it cnn be snid *hat roetors are slowes toan
shidders, therafore, the crawler skovll 1ag the cleser areas and
the skidders thr furthest. Productivity c¢ficulstions oon give
you the distence ~i which the aroduct:wity of each mochine o

spproximately aquai,.

Wnen it comes to stze and configuration of trucks and extraction
emuipment, the size or iength of log become:s very important in the
selection process, over and ~bhove trrrain 2nd road conditions =2nd
other restrictions. For instance a peeler log is usually of much
higher value than a saw log nnd usunlly rarer in the forest. Logs
for plywood, and for sawing for that matter, requirs to he out to
a specific length, with irim, to meet mill srecifications. We know
that it is difficult to train the i‘eller/bucker to huck (crosscut)
his logs to the correct length and still get the most value out of
a high quality tree, Sometimes the lie of the tree prevents bucking
for quality. Tn order to overcome thws, some operators extract
tree length »nd oven haul tree length to the mill, so that the
tree can hecrosscut under very close supervision. You oan see
what effect this factor has on your choice of size and configuration.
Perhaps you n ed the 300 hp tractor s 1 perhaps you nee =n nole type

trailer truck with extendivle reach (pole}.

Nothing beats actusl productivity and coet figures. Fach ~nd
every new operator should, if his operation is large enough, hire
hoth a cost nccountant and a mechanicsl suparintendent, These two
should set up » cost accounting sy=tem, complete with individual
machine costing. The foremen should be trained to understand
coste and be able to pinpoint what is raising costs. With a set
up such as this you should he able to come up with a hetter picture
before your old equipment wears ~ut, and before it is time to re-—
place it, possibly with something else. A problem in many cnses is
the ability to keep the key mew, tou often the incentive is not
there and they leave for other work. bSalaries from a key part of
any economic machkine calculation, mnd if = man is doing his joh and
worth it, pay him, Similarly, younger men should be in the training

pipeline so that the enterprise has continuity.



Simi ar estimates can be mad for the other sy: ems.

Productivity and operating costs.

Just imagine the job you have as you work yoir way through
each machine. You find you need a lot of data, to name a few
we have not mentioned: fuel, lubricants, tires, spare parts
(the amount to be used of each and the cost), lahour rates and
fringe benefits, depreciation periods, insurance, interest, re-

sale value and on and on.

A new venture in a developing country should not try untested,
undeveloped systems or equipment unless it has no other choice. And
it should also be poinited out that what works in a developed oountry,
probably in temperate forests with different criteria than those
mentioncd in Section 2, may not work in your case. Too many factors
are involved to pick more or less blindly from a large assoriment

and risk having your venture fail.,

Mechanized logging has been going on in the tropical forests
for a long time and there are many proven systems and pieces of
equipment readily available. In your particular case you should
be sure that good service and spare parts are available. A case in
point is +hich manufacturer or de ler has the most ichines out
working in the forest. I have seen an area where almost every
skidder that is manufactured was in use and many were lying idle.
When a dealer_sells only one machine he cannot afford to have much
service and 2 big stock of spare parts. In another area one machine

dominated all the others and the dealers service was excellent.

It does not take very long of having a machine sitting around
jdle for lack of spare parts before you wish you had chosen the other
machine. The mechanical capability of your personnel or the people
in your area may influence your choice of high, medium or low
mechanization. Similarly, your expertise in all the preparatory
phases such as road layout and construction, to name one, must be

considered when selecting systems or equipment.
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Pixed couts have » dicuod el -tiowsb i +o *Yr amount of
time worked and thus productivity. Some mechinee are very
cunceptible o poor soil cond-tions and therefore, may sit idle,
eating away the fixed deollars. When rou hawve such a situation
you either have to fino anotiier type f machine which may extend
your working period or modi®y what you have (chains, low ground
pressure trackaj. If 211 eise f1i'¢ wnd vou still want to operate
you can resort to double shifting in srder t9o bring your operational
hours up to your first expectations. From this latter comes the
alternative of double shifting anyway. Many operations now load
and truck on two shifts, thus cutiing criginal capital layout and
lowering fixed coste. As a mntter of fact in some temperate areas
they even log under flcodiights just to keep those high priced

machines producing.

Werr snd tear iz s factor to he thoughtof when ordering
aquipment. This can come about throush misuse and/or through the
s80il and other vicaiber conditions prevalent in area, FPFor instance,
crawler tracks normally need turning at about 2,500 hours and a
complete rebuild i3 needed at some 4,00C hours, This could change
dragtically i1or the worse if you are orking in s°ndy ¢ ils. Similar-
ly truck tires will wear out a lot faster on laterite and crushed
hard rock than on sand or clry and overloading of trucks can sericusly
shorten their useful 1ifas,

In concluding thiz section lel it he secognized that "cervice"
is one of the most important f{-ctors to be considered when selecting

equipment .

We have now taken a quick tour through the basic principles
or factors which any prudent operator must take into account when
selecting his logging equipment. We have by no means covered
everything, but we have gone over the basics,

You may have noted that "kncw—how" and "training” were mentioned
throughout the paper. 7Tn the event that these points were not
stressed sufficiently or correctly, they are again being emphasized

as follows.
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A sy tem implies a vlunned r Shod of logging. Therefore,
planning an operabion is tile Kkey GO 1vs success or failure.
In order to have the best chances of success you must have
trained, qualified peorle doing your planning from the first, not
helf way through the exercise when correckiwve action will come too
late. People becom. "qualified" through treaining, whether it be
from exparience or on--the-joh training, »r formal training supple=-

mented by experience.

If training is not available an cffort must be made to get
a training programme started as soon as possible for there is 2
lag between the start =nd completion of training and making the
training of some use thiough experience. Training covers the whole
range from the simplest to have the upper levels of academia and
should be recognized as heing a must or even a part of your overall
operation ac well as a must fov individual phases or machine opera-

tion and operating iechniques \i.e. felling).

An operatuiun which starts off from poor or improper planning
through to selection of equipment, followed hy the use of untrained
operational persomnei, will have less chances of becoming profitable
than a we'l plamned cne, and ofts it cannot be tur»d around, due
to0 built in problems uuub cainos b2 elculowl.l, wiilout closing
{the operation.

Above all ono rast remember that logging is only one phase
of the forest industry. which covers the field from seedling to
market . Do not do as somz have done: build a mill, then ask if

there are any trees and what will they cost at the mill gate.

Many countries do not have the necessary logging experiise nor
do they have facilities to train people in the requisite gkills.
Thie i= one area where FAO have a considerable amount of expertise
%o draw upon, its primary tack being to help Member Nations to the
maximum. If you qualify for such assistance, contact may be made with
the appropriate Division in thc Forestry Department of FAO in Rome,
especially the Forest Industries Division.









