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INTRODUCTION

One shouldn®t be uverwhelmed by the numbers and typas of a specific plece of
equipment which has bsen designad to do a spsoific tamk, even though all or some may
do the work in a difforent manner usiag diffcront mechanical teohniquos, Thers are
reveral meihods you car taks to halp you mslact vhat you wend,

You cel take u guewn, buy from the most convincing salesman, copy from your
neighbour, analyss the merits of each system or plece of aquipment, 4f you are
qualified, or hire the sxperiime to help you make -he choice, Before you choose ycur
method you should take a rativnal loox at tho mituation, 1 hope that this talk will
asgist you in the ratiomalipation of your think!ng about your choies nr method of
choosing, I+ s "0t intended to go intu the mechanics of eatimating produotion and
codtr but to ontiine scme of the favtors which affect productivity, and thus costs,
in order that you know wuat you noed to v .. me that you can make a good affort at
seleciing the ocorrect sysiem or equipmanti for your vparstion,

For the mort part, squipment mmnmufucturere are responsible, reliable, well-
meaning people, trying to produvce a product whivh will fit « speoifin Job and produce
at the lowest .nit nost. Hany of these memufacturers will design, or wodify slightly,
their squipment to euit your partiocular needn, and again many offer sorvices which
will snmurs ihat you got the proper plece of aquipment, Por instance, many truck
mamufacturers ¥ill {nstall cartnin ccmponents such ag the drive train to it your
roads and loude, Thic may entail iravel and egpenses, but the resulis, especially
1f the cperatinn tr inrge, shuuld par off by dependablo service and savings,

Again, masy menafactuiers have baen i the buminnse long evough to provide reliable
and produstive aquivment for any job anywhors in th> world, They desig:: based on
experience and gat continusue fesaback “rom thed - deglers or sub-c{fices, The work
vhich haa beer put {nto a great -leal of esuipment should rot bw ignored, Whe~e mowe
nanufacturers fall dowr: t8 4+ not producing impartinl cage niudies of their cuipmant
in actual producine opore’!onm, cx if they uo, ihev confipe t.eir studivs te Mt the
exdnthig ble murksts «f the devotoyel countrler, Juch gtudlos J0 no, necssearily Mt
tho exiuting big mark« g of the deveiopau countrisa, Juch riludles do not necegrarily
fAt conditlons {n leveloping countries and ¢o 11ttla Lo he!p or venvince pecple such
ag yourgelves,

Joms manufu.iurerc provieo overnt.r training and sime rn mainienance courses for
mechanice, The nlxe f your updnr may Jutermine the cosmt »f those eervices tu you, Ir
apny cage you varn uvw Lt wumfactuarers genavally want to provide s producie to maet
your nesds, which in {urn wil’ banefit them in tte Jomg tarm, Still, nomeone may
inadvertentl - recommeni a poou, relizbie plece of uijuirnen’ or & aystem which is not
svitable for vour ok, whichover methoe yot ohoose, nopafally rot by svasrivg, you
rugt take 2 "legs look st the gitnation at :ith ence of your logging uprratisn, Thie
te ratfonub’dgatton we raist 2ot 1 dgnored, Aldiocugh we are talking rbout logeing
eguipment, 1 as vars you ar exaxdnioy, alecuscing, probing and even arguing about
tho other wiuipient m display, Tis tu goody and will ase{st you whon the time
comes to i1 loeging irta wour vveranl induntrial plan.
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I'or any indepsrdeny loggers hero, you amust aleo kxnow where your produot, the log,
is going to, You i<t alen know what logging equipment will produce & product to fit the
nseds of tha Ininatry youu w11l be nalling tos  Industry cannot be divorced from logging.
The forest industry ~terts with the iree, whethwr it be from a patural or planied forest,

FKow that we heve rutl tie logging sector into e hit of perspective, we should ocarry .
on ard ialk about how we go about rationalizing mur method of relection and logging
eTuipment.

Tho primary o.jeotive in salsating equipment should be an enmomic one, whioh earne
the moet money for you, alwiys bearing in mind and giving due consideration to the
environent and to goernaent pelisy. For snnlal remsms a governmant meoy wish to procesd
with a venturs even though it 14 no* finavcially feaniMle¢j} howevor the goal of economio
viebility throug™ effisiency sihould not hs {orgctton.

gorcatialiy, the problem ie (o welect an appropriate, or the most appropriatse,
logging syaton, Then the equipment pelection problem i almoat wolvad.

Gertnin preliminary ntepe must be taker before ome car start the seleoctiom of a
systam, For earn of detailing the process from stari io finish, the varioua stepn can
be broken down inte reciione, each with ai leart a major heading.

e TAE BASIC FRELIMINARY STEPS

Prior to embarking on any venture whether it be logging or a completely integrated
industry, the potential entreprersur must look att

= the forest renmroes and natural ocnditions;
- the market: and
- the financing t» marrv the two,

These three can he further bLroken down into numercus suh-factors, not all of which
oan be investignted by nne tvpe of expertise., The sub-faoctors will be listed and followed

by a short disnovrse on ths ponitive aspestis and the pitfalle which may ensue if not carried
mit, or carried out properly,

It rust be r¢. mberad that each siep _aumot be divorced .rom the other and although

the factore ars iimtuu in ecquence emoh nusi always he borne in mind when making an
evaluntion.

1,1 Inventory

i inventory of the forue' must be oarried out and this requires spacial
skili3.  in mout oountrles, foresat services are oapable of carrying out an
inventory. . However, they may not pmi the correot emphasis, from your point of
view, into their works For instance, many people mpend a great deal of time
gathering very preciss volumetric detail when the most important aspeot may be
species - for often that in where the money lies. Similarly, defeot and breakage
studies muat eocompany an inventory whioh will be used as the basis for planning a
forest industry. Romsmber even a simple logging/mawmill unit oan run into some
US$10 millinrn. A mudemi 150 000 m3 log/saw/ply unit oan run to US$ million.

Por guch produation, soms US$5 million may be needed for the logging oomponent alone .

The resulia of an inventory complete with volume, deomy, breakage and specics
detail may be ruffictent to stop a projmct if it is being analysed in finanocial
terms alone. And rightly no.
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Ths inventory iw the most important preliminary step, but this mus?
be acoompanied by a correot and detailed analysis. Again, more skills than
those of just an inventory man are generslly required,

The inventory rsaults must be analyssd for loggmble volumes; speocies,
which must also yield details of weight (green for loading, hauling or floating)
bark thickness, susosptibility to insect and fungus atiack, in addition to
markstability and the determination of market value. Much of this detail is
already avail=ble, such as green and dry weights, and susosptibility. However,
if these are ..ot svailable the inveniory required to gather this informtion
will be more oompiex.

The logger is interestsd in unit merchantable volumes which can be used
to eetimate logging ocosts and road density, among other things. The pulp mill
man will usually want to know the total recoverabls volumes down to a lower
diameter limit thah a sawmiller and he may want more details as to the oolour
of the wood and silica oontent.

Although planning and equipment purohases are normally oarried out on the
basis of a forest inventory, an operational cruise (enumeration) can be extremely
ueeful, and sinos it must eoon be exscuted, it can be very useful io oonduot the
first year’s oruiee prior to equipment selsotion.

Inventory orews and sxpertise are not alwxys available ~ however, the
expertiee may be readily hired from numerous ounsulting firme, although the
potential entrepreneur must know what he wants and what will be enough to suit
his needs, before he oan properly direct the psopls he hires,

In many ocanes FAO oould provide much of ths expertise needed through one or
more of its ssrvice programmes. Howsver, this assistance is normally limited to
governments cf Member Countries. Thus, state-run enterpriees may qualify through
requests made through their governments,

1,2 Matural conditions

The operational efficiency of moet logging equipment is heavily affeocted by
the natural oonditims and forces one finds in the foreet area. Thus, such faotore
as terrain, soil, availability of road surfacing material and precipitation must be
determined p. or to system and squip nt seleotion.

For instance, fragile soils liable to srosion in a high rainfall area, on
steep and broken terrein, may rule out ths use of & skidder/trector system and
similarly soils ir which compaoction may bs detrimental to growth of the next orop
may necessitate the use of low ground-pressurs equipment or cable systems.

In order to ge; this information further work must be carrisd out and
another set of speciaiists will be required.

Terrain oonditions can be obtained with reascnable accurscy from topographic
maps mads from aerial photographs. However, a dense tropical foreet ocanopy
normally hidee minor variations such as low steep-sided hille whioh often beoome
a oostly embarraswment when road oonstruotion is started. For such areas,
topographic maps construotsd from details gathsred by a topographical orew (which
oan operste with the opsrational oruise orews) is muoh bstter; howsver, this syste
is more sxpensive,

Regardless of oost, topographic maps, or terrain information, are usually
a necessiiy for proper planning and for equipment seleotion. For inetance, steep
terrain may neocsussitote ths use of a cable system,



Soil comditioons, ~Arne goil Typing can te a melabsvely low-coet venture,
provided only mechanical gualitiee are required, idowever, i growth capabilities
are also needed thz scsts wiil be much nigher, 3o:1=tearing tests provide
extremely ureful infomnatiom as o the amount ~f gravel required for a road, and
thus the number of tmck:s, loaders and gpreaders which will be required can e
entimated. The nsed for a large arount of gravel will influence the size of
the gravel aal lezging trucks an well ag “re rumher regui.red.

Mhe availability of zravel or other suitable road sorfacing material
(laterite, rc ', crral) ov ths iack ¢ ib, will mfluenc» the transport more
(road, river) and shovt~r ar lengthen akidding dietancesn.

Similarlv, a ccmplete ahgence of gravel inan igh rawnfall area, and %thus
exceps;ve rord cnns:trn_ctinrl/i'\ wlinge cnste, mey force tne lecision to use a cable
pystem with a minimal sumber ol roads, provided the silviculiural svstem will
tolerate ite usz. If i1ne silvicuitaral prereristiiom canrnot he changed then the
prohlem becu.e:: vociel .m-:l/or ave.ronmental ard mibsidies may be redquired or the
enterprise abandoneo,

So1l seriouely affected bv rain and the churnirg effect of epround working
equipment can snon h2 in sueh a stete that equipment cannot eemtinue io worke
Often long haltr are required with regultant lost productivity and high unit
production crstss Not only is the fixed cont of equipment which corntinues io
pile up the culprit, but the large overhead charpes usually also continue,
Similarly, if worker: are laid off, wocial damage resulis.

Another Fact which 1 often overlocked is the effect of rain (and enow) on
the productivity of the workers. In some couniries work ceases when rain starts.
Rain causesr slower work through reduced vision and resultant poor footing,
especially in steep Lerrain,

1.3 nvironmental considerations

Precipitation and the effects of runoff, espescially when forced into
unnatural shananslc by roades &nd akid trails, are well known %o

High precipitation eoupled with certain tvpee of loggng and road construction
equipmen® can prove disastrous to downsireas areas and habitais. Careful planning
and road layc+ and consiruetion methnds can often alleviate much or all of this
go called "l¢, ~ing wrohlem',

Hainfall data and atream flow data, along with a knowledge of downstream users
are as important for environmenial reasons as for svatem selection and as a matter
of fact the effect cn environment should have a bearing on svstem selsction, ‘The
entrepreneur should tezun to mather any add1tinnal data as scvon as the idea to
industrializ: .- onca1vada

Similarlv, the flora and faura mue. be considered, and this requires more
expertise if these ars Lo ve pragerved. Logging disturbs the animals, but depend: g
on ite intengity ‘hev mav return as iogging moves ONe However, some animals need
an undisturbed primary forest. A major factor is to determine what havoc logging
is plaving with the food source and its camacity to renew itnelf,

Environmental conpiderations may dictale that a forest im left untouched, as
has happoned in some countries. However, i1 vour particular circumstances
government policy will prevail and logging for social reasons may be justified,
in which case ‘hse loggor must fird the least damiging snlution. In some countries
logging by balloons and helicopters is dene fer precisely this reason. Similarly,
more costly road cowtruction “echniques are gometimes used to lessen the
environmental impuct.




-5 -

The logger should ensure, or take steps to ensure, that he leavee the
forest in a state in which it will produce another crop in addition to the other
benefits whioh may be gained from it, provided that it is intended that it remain

in forest, and is not being logged prior to clearanos for sgriculture or a dam
flood basin.

1,4 OJovernment polioy

The type and sise of an voeration will often he governed by Jovernment polioy.
In richer coun’ries the need to harves’ the foreasts may r 't be as great as in
poorer oountries whioh nesd the employment and ravemie. Similarly, countries weill
endowed with forests can better afford to harveet the standing wealth than one less
endowed.,

In any cams, most goverrments keep the contrnl of itheir forests in their
hands and will lay Aown the rales for their use. In order to change the rules,
entreprensure mist be able to show (prove) that their proposed type of operatimn
will be sdvantageous to the country as a whole. This requiresn knowhow and
knowledge of your proposed equipment =nd its produotivity.

l., Bilvicultural syetem

The system laid down by silivioulturalists to ensure a continuation of the
groving capaaity of a foreet is one of the most important faotors governing the
unit volume recoverable and thus the harvesting system and type of equipment to be.
uged,

For inetance, an inventory in & tropiocal rein forest might indicate volumes
ranging from 45 to 150 m3 per hectare of eines suitable for industry. However,
the eilvicultural presoription designed to ensure anothsr orop and the presence of
presently unwanted epecies, eingly or together, may lower tlls volume to 20 to
X m° per hectare, These lowered vclumee indicate a whole new ball game with
regards to operating ocosts and road spacing.

A oountry would have to be in dire ciroumstancee or be well endowed with
foreete to dieregard such a presoription. Until the silvioculturaliet can find
another solution or worke from a better data bame, the lngger will have to sdapt,
In order to adapt he muat be knowledgeable or he must hire trained personnel to
help pick the equipment whioh will do the jcb economically.

1% The industry to be fed

loggere make a product for use in industry, therefore they must know their
log market, Similarly the industry must know the market for its producte.

Por integrated enterprizes the indusmtirial planner basees his unit on the market
to be eerved. He sometimee overlooks the logging end, thus making the combinstion
of machinee required to produce the log input volumee uneven or mismatched, with sor»
squipment remaining idle and somd being overworked, This is particularly evident
in intermediate phaees such as loading and unloading where only one of few unita
are needed relative to the other items,

For too long planners have amssumed that anyone ocan log, simply because
“even our forefathere did it with their backs and with oxen", 'The real situation
ie quite the oontrary:t the industrial organiser must ensure that he hires or buys
the best expertise. In round figures, a log ham cost more than double that paid
for it in 00ld cash when it enters the mill because of the oonversion factor, to whit
must be added the milling cost whioch is normally lower thar the prioce of the log
bvefore convereion. The oost of the log is usually the single higgemt cost faotor
in a mechanical wood baeed industry,

1



1,7 Financirg

Without the nocemears funds neither the logger nor the integraied
enterprise can gel started. If they siart under-funded ari cash flows do not
materialise ag expecied, the enterprise will fold, or somevre ¢lse’s money will
have to oe pumped in to mave i%, If you are lurky (or unlucky, depending on
how you feel about government assiptance) public moneys mny be fed ir for social
reanonet .«

The los .er can only et financ..g by proving his ian, ideas and capability.
In order to do this ne .umasi nave ihe Knowhow to draw ap a4 pian, complete with
equipment lists and production cosis. Thege mat be worked out to determine the
feagibility of the propusal.  Jome enterpriees or governments have the expertise
to do this, but when they do not, ~cnsuliant Pirms or ind.viduals can be hared to
do the job.

However, special knowledge of logging systems, equipment and its produc
tivity and overail planning are a prerequigite to performing such studies. FAQ
through its programmee can provide assistance in this field, to the prefeapibility
level, to Member Countries. T4 can also act 23 a neutral monitor for these
governments when feasibility studies have beer completed by third parties.

A rule not to be forgotton ie not to go in under-funded, Thus, reasonably
acourate equipment prices musi be used in estimates. Similarly, equipment
operating costs mst be reasonably estimated, otherwise costs may be up and |
profits down, thus affecting the availability of cparetung funds, |

One pitfall tc avoid is buywng the lowest priced equipment when money is
in short supply, for sometimes the eiuipme..t 18 not smitable and you are goon
back in financial trouble.

Government policy with regarde to foreign exchunge is an extremely
important factor for some couniriem and in extreme cases, after ithe initial
purchase hazs been financed, there are no foreign funds availab!e when spare parts
are needed. This can be disasirous.

2. THE LOGGING SYLTEM

There are man— ways and many machines *hat can be uged t~ log a tract of timber
and many of theme cai. be grouned or 1inked together in the proceas of logging to form a
so-called logging system, Generally each machine performs a very specific function
within a system. However, iis purpose 18 tO 1t into the chain of events to produce
logs, at the lowest possible cost. There are ceriain machines which dn not readily match
up with others to form a system, and yet in certain circumstances they may be an aid to
the apparently incompatible sysiem. Simple examples of this latier are a tractor
cleaning out difficult corners for a cable syrtem, or being used as a mobile tailhold
for & skyline cable system, or feeding logse to a skyline system,

A "system", therefore, as the word 1mpiies, is a plarned method of logging, from
standing tree to final delivery point of the log. Since a system implies planning, the
role of pre-planning, inventories and engineering surveys ar¢ or should be a part of
the system. This paper will confine iteelf to the production equipmont portion of logging
systems, bearing in mind thai the preliminary steps enumerated earlier are a prerequisite s
to any system and eventually to equipment selectior.

Since the groupings required to form a system are very complex we will confine
ourselves to the major esystems of extraction and transport, hoth of which form the most
important eguipmont component of a sysiem, and follow up with the ancillary or auxillary
functions which are also sxiremely important but irn most cases fit into any major extractica
and transport syctem.




There are inum:rable extraotion symtems whioh i tully disouesed ocould fill many
& booke We will therefors oonfine ourgelves t. the - until recenily - more standard
systems whioh for the most part will be appropriate for indigenous tropical rein forests.
However, some of these systemn ars also suitable for the tropioal and sub-tropiosl
plantations which aAre now remohing maturity end raedy for logging. The latest and moet
highly mophisticated systems now in use in the northern temperete caniierous foresins,
and aerial logging, will not be discussed. Bawioally long dimtance transport ims part
of & systsm, but sinoce it oan fit with any extraotion tystem it will be trested separately.

2,1 Major exirastion ~-atsms

Some people break their major systems dowmn to the length of log or tree
which ie o be produced, Howsver, we will atick t¢ the major sxtraction methods.
These are banioally: oable (off, or partly off the ground), trmotor/skiddsr (often
oalled ground slidding), semi-meshanioal light equirment (aueh as the winoh lorry
of South Eamt Asia, farm traotnro with or without Ccreetry atiuchments) end
wanual/aniral (swamp logging in mome oounirias),

At this point 1t must be remembersd thst the ertraction nystsm cannot be
divorocl from the transport system and the auxiliary funoctione such ae felling and
loading. Each oan or will have an effect on the extraction systom,

The basic problem of the plammer/investor who haw litile sxperience to fall
back on ie how to pick the sywtem which will provide logs at the lowest comst and
still be compatible with silvioultural and environmantsl needs as well as adhering t¢
government or company policies (employment, foreign exchange). The problem iw
amplifisd for those who have little or no experiencs to guide them. These three
basic pointe, jointly or singly, will or may force a decision into the uee of a
oerisin syetem or method and in any case they will, or ehould, provide some of the
answars to the handling of other oriteria (unit volumes, soil oconmiderations) which
mist then be brought into the selection wystem to form our guidelines.

Each of the systems mentioned above are affected by oertain baeic oriteria
which differentiates it from the cther. The sffects of mome of thess oriteria
show up on the balance eheet onoe the wrong system has been insted. Similarly, a

selsotion which eliminates their bad effecis or utilises them to advantage hae a
positive effeot on profite.

The vreliminary data, gathevwd in the initial stage, is where the conditionn
and/or numbers nsceerary for an svaluation are obtained,

The basic oriteris which will influonde the chnics of syatem arei

~ topographioal ocnditions

- veather (precipitation, heat)
- moils

~ ailvioultural systems

~ Volume per area

~ volume pe> log

and these are variables which muet be coneidered when sttempting o rationalire &
choice, for esch syetem iu sensitive to one or more of ths oritsria.

Other oriteria whioh entsr into the oalculation aret

- aveilability of manpower
~ mechanical capabiiity n~f psrsonnel

~ operational ocapability of personnel
- presont expsrience of persomnsl

~ animal power, aveilability/experience
~ accomeibility/infrastructure
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The lctior arz cesrntinlly oeli-explaratory. One would not mormally ohoose
the most sophirticnted {(and axpcisivi) equipment If the available people are not
mechanically insiirsd, unloss for soms policy reason the opsrator is willing to
forego immediete profitm wtil o training programme hae remedied the situatiion.
Kormally in cuoh orwda on® staria off with the less wephistioated system, where
feasible, &ni vorks upworde as expsrience iy gained and as original equiprent wears
out or wherc sproinl ciroumsianscis diotete, such ae & dwindling supply of workers.
Similarly, coosnuibility ic casily undevatood ss a concept but can beoome a major
problem in £it* ‘9z it ia am o facter affecting the eslection of & trensport eystem. .

The major oritorin asry a oimple system of evalumtion which will show the
relative effcot of oaoi 83 mryritn or demerits in or upon esch system; or between
systems: In orésr to chow thinm, the interlinkages and variations within oriteria
mist all bs definad Aand xould be thc subjeot of & special book, let alone this
paper. The delin-~tion 1% nct so ~yvere for cne piene of equipment or system,
but im excesiivs wiir hriding eyatemn,  Perhaps the best manmer in whioh to point
out the effeots of o:-iterir would hs {0 handls them system by syatem and then let
the reader drew liis o conclunicora for his particular ofrcumsianoces.

2M1 Cehlo oymtom(a)

Thers are mony osblo methods of logging. ‘The primary ones may be omlled
"high lead” snd "ukyline" nith inumerable variations, especia.ly in the
skyline msthed. This papsr is too short to demoribe them all, but suffioce
it to may that there rnre the hoavy duty systems in use in the West Coast of
North Amcricn, the Philippines and Horneo, and the lightar cable systems
used in curmpy ground in the southern U.S.A., as vell as the numerous
lighter " line mathodn ucnd predominanily in the mountainous rogions of
Buropy and in a [en daveloping oountries in Latin Amerioa, Asia and Africa.

Topographic c-ifitions much as steep slopes and broken terrain are not a
serioun footor in cable legging - let us may not as serious as in traoctor
logging. Tho r~jor problam whioh suoh ¢ mditicas impose on the systems
is mostly ‘o do with labour whioh muat bhe well trained and whioch can be
very unproduotive in difficult terrain.

Cable systems hive heen vaed on slopes which vary f om flat to steap,
Hovever. loaval ground, ospesiclly for the heavier systsms, is not always
the bes on whioh $o us? oabler. unlaess woil oond. i1ons dictate its use.
Beocause cable Pnymdiny AuumsSol vely WLl vimined and skilled operators it
should be Jimitnd, if pensible, ‘o forast areas where no other extrection
system can vork ratigfcotorily,

Rainfall end rmoufrll arn net excessively detrimental to the systems, but
the a® -~ . t'; loorers can urestiocally reduce production. Rainfall
and ite eflcots on soil are negligible with regard to movament of the log,
sinoe thy hevry meohinery is stationary. Improper planning in the high
lemd sysiem oon of ococurso load to serious erosiom.

Similarly, exoursive hoat oan havo an effect ¢m labour produotivity, but
this ig ocmamon to any myatem.

The silviculturnl eystem prescribed can be a limiting factor to the use of

oablos, If ee in many ‘ropical forests » diameter limit selection system

is imposed, not only will the volume possidly be lowered to the point where '
oable logping ocn t» unscoronical bui the attempt to try to selectively log

a few troas from emcng many standing onen without damaging or destroying

thas rocidunl uinad in ¢ difficult taske Some prosoription »s to damege

to rasidnle, € rigidly enforoed, oould preolude the use of high lead

oabloe lozring and aome rkyline systame.
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In some areas where the f:rests are rich and heav volumes are to be
removed and regeneration i acsured, the syatom(s car hne used effactively.

Essentially, cable logging 13 beet suitza Yo clear fell.ng operations.

The Bize of log dictates the size of the cable system. However, since in
many cases the fixed machine cosiy plus the fixed cost of lost time in
setting up arc very high, the size of the arca to be logged (satting) and
the unit volumee per unit area are very critical. T™e critical unit
voluri# varies with regions ard experience of the logging srews. The new,
larger and costlv {some now uver US$500 000) Weut Cnast USA portabie systems
have considerably reduced the moving and set-up time, but the volume over
which these items must be wriiten off is still a faoctor to be reckoned with.

The following ie presented to give some idea of the volumes some Companies
are logging with high lead systoms »n South East Asia on tropical hili
forests: One operator high-leads on volumes of some 130 md per hectare
and roughly 2 000 m3 per setting, while another wtopped high leading with
approximately the same unit volumes but smaller total volume per setting,
due to the broken terrain which reduced the area per setiing., He found he
could log cheaper with tractors. At another location one operator is high
leading in some %0 m3 per hectare of forest on terrain which is not too
stesp, with sn aversge volume in the order of 1 200 m3 per sotting.

Ons report frcm the early 1970's indicates that certain Philippine loggere
are high leading in stards which yield beiween 80 m3 to 100 m3 per hectare
and with average setting sires as small as 15 hectares. Some or many
operators use two or more systems and therefore can afford certain high cost
operations which are necessary due to the terrain conditions and still reach
an acceptable average delivered cost.

From the above you can see that the spread is wide, and it must be noted
that the tropical forests of South East Asia are the richest in the world,

The selling price of the log will determine how low & umt volume can be
logged, but if you can choose a laower cost systiem which is capable of
efficient logging in low volume forest, the higher your profits will be,

Manpower requires special training for use of the system, and experienced
supervision is very essentiia if the best tech: jJues (tricks of the irade)
are to be used effectively. Some ccmpanies have gone droke trying cables
in Asia.

For plantations, skyline systems can be very effective and the light
squipment of alpine Europe with their milti-epan skylines can assure
longer msei-ups and substantially reduce the amoun? of road required.

On gentle, easy terrain, however, a skidder/crawler system is likely to
prove to be a cheaper method.

For single span skylines the shape of the slopes to be logged is very
important and without the daflection obiained by a concave ghape the sysi.
cannot be used, which indicates the need for accurate topographical maps.

The best advioce one c~~ give on cgole logging is to bring in experienced
loggers and forest enginesrs as assessors. They can be obtained from

the Philippines, where high lead logging in tropical forests has been goin;
on for a long time, and from temperate oountries for logging plantations.
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2,12 Tractor/akidder eystom

A term often applied to thin mystem is "ground skidding”. The faot that the
skidding machine rune over the ground, dregging one end of the logs, gives
one the pioiure of the offents of mome of the mgjor criteria cn the system.

Tractors (crawler tractore) oan be umed alonk or they can be umed in
combination with ancthar machine, the artioulated four-wheel drive skidder.
As a m “ter of fact they make - effecvtive combir 'tion and in most cases the
skidder cannot be 'tred without tha meeictsrcs £ a ~rawler tractor. The
ratio of crawlers to skidlers gensrally varies with ihe tarrein and log
sise, these vary from i1l 4 112 am a rules A 1 t0 2 retio logging unit
oan now coat in the crder of USEXDC 000 o wven more.

Both machines(snd thersfors ine sysiem) are very senwitive tc terrain
conditions. The erawler iz limiied ito slopes of 40% io $0% but the upper
limit should not e oonsidered a norm, and the advares grades must be
limited to mom» 15% tr~ 0% and only for mhort distances whloch do not osour
too frequertly. I havs soen large orawlers working on steap elopas
skidding loga up ekid ireils in the order of 404 but produotior was low.

The skidder is ncrmally only effeciive on slopes to X% - 40% with the

upper limit being considered only cocseicnally. Thim machine which is
intended for fast hauliing is very mensitive to adverse grades sinoe ihe lost
time {(or smaller lomd) trying to skid or winch a turn up the adverse grades
defeatm the purpcse of the machine {high productivity through its speed);
thus broken terrein beoomss an important oonsideration for its use.
Similarly the advantage io be gained hy fast skidding ovor long distances

is lost in adverss terreuin and & consequence is that more high-class truck
roads will be required. e iniroduction of the skidder to the ground
skidding system did lower the amcunt of iruck road required per ares logged.
These machine limits have besn presented here to indicate the sffect of
terrain on the ground skidéing syster.

Soil types and the effeci of water or them ia equally as werious to

effioient skidding. Goud, apperently rirm soils, sormstimes bLecome quagmires
when wet. In areas cf high preoipitation a careful look must be taken at
both thame criteria and thair rossible combinatirm. Extremely wet
conditaons oan either mlov procuotiom per day or uan stop operations over
days and periods of time. Limiting the number of days a machine works

(or machines in combination) raimes the fixed oharges and machine inventory
ocarrying costs, sometimes to ths point of meking the operation unprofitable.

A new skidding machine his recently coms on the markei whioh may help
overcome the detrimentail offects of water on skid ways and improve the
adverse skidding napability of skidders while retaining the advantage of
skidder mpeed; thus enhansing the chances of using a ground skidding system.
The machine is now in uss {n wome places in the tropics. Essentially,
without going into great detail, the machine is a high speed tracked vehicle
capable of operating in muddy conditions and on slopes to 39%. It has an
added advantage in that it exerts relatively low unit pressure on the ground

Conventiional ground skidding does bmre a lot of moil and oan lead to serious

arosion problems, but osreful layout and training of opsrators can lessen
thie,

The effect of the silvioculturel presoription on this system is not as
wsrioue as for the hiigh lead cable system since the machines can manosuvre
amangst the standing trees. However, the use of machines which are too
oumbersome along with improper supsrvision, can play havoo with the

residual stand. These probleme oan be overcome with careful plaming and
supsrvieion.
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Orawler/skidder logging can be carrisd out profitably often at low unit
volumes, but the high valus of many tropiocsl trees is a t holp. There
are virgin forests now being logged from which only 15 m’ per heotars are
being harvested. Some rich foresis of Scuth East Ania yisld over 100 m3
per heotare. Genorally the minimum volumes which can bs logged or the
point at whioh one takes another careful look at all ths othsr faotors to
wee if they will alleviats the possidble high oosts, is in the order of

X m’ per heotare.

The siss of tres and/or log diotates which siss of tractors/skidders you
vhould choose tu%t not necsesarily the system, for orawlers and skidders
oome in rany sises. ‘

The ground skidding systert has been in uss around the world for & long time
and the uss of cxawler tractors is common in other fields, thereforc ths
chances are quite gocd that in most ocountries there are expert orawler
tractor operators. They may, howsver, have to change their outlook and
mthods to effectively skid logs. Skidder operators will bs more rare
and require aspecial training even though they had previously operated
orewlers,

203 Seni-mechanicsl/light mechanical sygtems

The heading for this ssotion may appsar to be wrong} however it 1s intends .
‘o oonvey ths idee ihat theére are many pieces of squipment other than
highly specialised and costly units whioh funotion very well under npecific
oircumstances. These systems have a distinot advantage in that the
ocomponents are not too sophistiocatod, nor are they usually too expensive,
plus the faot that thsy require more labour input which often mrets m
oritiocal social need.

Normally these systems are not adequate %o supply logs for large opercticnr
sinoe their relatively low produotivity makes the logistics probism
onormous. They oan however oftien be an arm of a large operation, produeir
in special areas and at a low oost.

™wo sysisms which eome 1o mind and are worth diwoussing are the winoh lorry
systea of SBouth Baet Asia and the farm tractor yround skidding sdaptation.

The winoh lorry systex has bsen in use for yome X years and parformsd very
effectively in the easier terrain typss. Howsver, with ths move %o tha
sountsins whish war roquired as the foresis roooded, the syote: adapted

and went along., Origirally a tractor was only used to tuild the orude
roads, but in the stesp and often rugged terrain the tractor beosms the
prime mover, bringing the log to ths winoh lorry at ths road. The ratio
of winoh lorries to treoctors is in the range of from 3 to Ttl, The cystem
is still in uss in Malaysia and Indonesia. It is belisved that the
Philippine version oallsd ths "Bataan Logger” is still in use but to a
limited sxtent.,

Terrain oonditions are a limiting factor with normal winoh lorry roads
being limited to 30% gredes, but I have sesn them hauling down slopes of
+ In one cass ths logger used logs as a drogus.

Adverse grades naturnlly also slow ths lorry but sinoe mwost winoh lorry
roads are orude ths nurmal speed is slow. Adverse grades of 35% have baen
measured.

8o0il and the effect of wnter om it is important, but ths 6-vhesl drive
feature permits the opsretion to start nwp scan after the reins stop.
Produotion ir definitely a lot lownr during the mcnsoon months., Ths faot
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that the machines are operated on contract or through a contractual system
and since they are relatively cheap, down time is not as important as for

expensive machinery being operated by daily paid workers.

The system can function on very low unit volumes, as low as 8 m3 per hectare,
and has been particularly effective in relogging, as market trends for
speciss change. With a prebuilt rudimentary road network I have seen an
operator logging an area {third time over) and bringing out less than

5 m3 per heclare,

The gystem is unscphisticated and drivers and ¢rew soon learn to repair all
but the engine cf the lorryj the tractor being as in any other gystem. It
is labour-intensive and production costs are ueunally lower than the major
systems. As old machines wear out and higher priced trucks are nceded,
the system may lose a bit of its low price advantage; however, it is
believed that costs of other equipment are accelerating at the same rate.
The system works very well with medium sized to large loge and is used very
effectively in some plantations of South Australia.

Farm tractors adapted for skidding form another system which fills a need
for low cost equipment and a high labour input. Manufacturers have made
many accessories such as winchee and towers (to form a cadle unit) to fit
farm tractors and they have become quite common in the United Kingdom, and
parts of Burcpe. They are limited to small trees and do very well in
logging plantations on moderate slopes, to say 30 percent, Eassentially,
the same limitations apply for thess as for the winch lorry.

2,14 |Manual/animal labour operations

This section does not readily fit into the theme of this Seminar. However,
it must be mentioned because it could be one of the choioces available to
you, and it may remind you that you don't alwaye have to buy motor driven
equipment to move logs from the stump to the carrier or dump.

An excellent example of this is the Kuda-Kuda systiem of Borneo, where it
is used to harvest the freshwater swamp forests. Until recently even
the tree wans felled by hand saws and axes. The sole concession to power,
other than human, is a miniature railroad with skeleton care pulled by a
small, used mine diesel locomot:.ve.

Many push/pull, slide/roll logging operations still mxist and produce logs
cheaper than we normally do with our high geared machinery. Manufacturers
make sleds, chutes and pans pulled by radio controlled winches and the like,
over and above axes, wedges, levers and jacks.

Animal pulling powsr has only recently left some of the temperate areas and
today Malawi is in the process of training oxen for log skidding. Elephants
are stiil used very extensively wn Asia. The manual systems are not dead
yet, and you may yet find areas where they fit the bill., The big problem

is that as people get more sophirticated they want change, and everyone

likes to do work which im less physically demanding. The logistics of
supplying a large industrial complex can be an enormous headache using

these systems.

Now that we have reviewed the basic, but not all extraction systems, you
are probably as unsure about what system to use as you were at the start. You
really shouldn't 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
agssess the mcat probably suitable sysiem to use, Individual pieces of equipment
within a system is essentially only a matter of numbers, sizes and configurations
and thus will he covered in a general way later on.

)
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One thing which shculd 3 ovident from the above is that ground and oable
systems are not readily comparabls boonuss they are different systems denigned to
operate under difisroni ccaditicna. Therefore ons cannot say vhioh is the bhest.
Many loggers under aotual cperaving conditions soun determine whish is the best
as far as they are conoerred, but thoy may be binsed to their earlisr training,
and gow.ned by the jariiculer cirenintances or physioal oriteria of their
partisular forsst or 4he ariginal forest they storted in. Ous thing is sure -
training followed br ezpsricnay, is thy —urost wiy to £ 1d ths right way for your
opsraticn.

2,2 Nator tracapert cadae

Tho olkar veiy rajor phoen of tny logging systom is trensport. Each of
the transyory myntoms limted Ytriou ¢ W0 woed with eny of tho extraotion aystems
euncratod celice, However, ws miot olioeas the sppropriate one, Sometimes we
hevd no croice gt onny wnd itu uce i obrious,

Brateally thore cra thren v2yd to ove logn over lomg dictanoss, end these
are1 by truok, by sail, wad by weters  The hanic oritoria emnined for extreotion
methods alro cpuly to wranrport, mt as is evident, acocessibility end availability
of infrasir ciurs and welorays dbecomse n kny iseus in transport.

Cns thin:s tmico bHofoms going in to log #1 sarea whioh is very romote. If
thers aro n> putlic or private rocds (or & railrond) within econonic heuling
distance freo: the fares* then ths extrm cost of oconstruction of a lrngthy acoess
road ofiex daters ™o tvvimtor. Tae presonos of good, neable publio roads often
changes ths pioturs, Lo {rmtoice loga axe teing haulsd from J 000 to 4 000 m
in Brasil, altai% thry ore cf molacted opeoics end at back kil mien. Wood
hungry inhisiricy 10 parte of faia heul losn frem 160 40 500 ion.

Eanio @nto oollaotimm therofors munt inoluds informstion .on publioe road,
rail end vatormyo widol ney inolucy ocastal and neagoing moversnt. Tharofore,
scoamionelly othor inforraticn i ofton raquired on port capebilities, Tules,
shirpirz sa@ hanilin~ prinag.

T major borio 113201 of trinaport bag now bsso~e tmucking, for the
acoasoible Joiemii noy plront compiste’y dicerpvarced fro. the vicinity of
coasts rnd rive. v, Gonnioually all ti7ea mathed: v hLa mtd e move the same
loge Horn lc~3 4. dovua wo r3ily railed to 1—~ter and flecatsd to mills,
gensrally, ho~ev-s, %o meouary iy ceomiinniicen 19 the norm for & combined system,
In most prrie ol tMa rerls wham weter tronepert is vead, tro lons gt first be
truckeds Inio nia yirlda the irfermticn reqiired to tell vhat other rethod
oan almo by t4ilirod b0 levm > oeutr, Ccrtain parto of Amaronia aro atill produoing
large quant'ticp ~f lezn vishout tio wae of trcks.

Rajlroacds &7 ¢ choap mothod of moving lozsw, tut the logzging railroad
almost beoz:y nxtinct Lecavss o° i Infloxibility with regards te terrain, and
publio ratlroacs do not offrm €0 %o or throwsh the foroest. thore evailable,
reilrocd hatlere non By soot €7 feotivs,

Tus problom viih mont foriots, es said earlier, is tha’ they are no longer
acoossidbls to o water -y, Thorsfora, the lozs ruet be $rucied nnd once locded
it 18 a oimple metto- to hook on to & miblio rocd and delivor directly from the
forest to the mill yard (so-c~1led doomto-doop delivery) providad tlie dimtance
is not exosooive. Lo mavemeat ia positire, logwod todmy ond at the mill today
or tomorrow. Teaking on aiother nods inrolvan axtra handling and dolays end the
managor ofton lerow acta cantrol ovsr hig lcz for periocde of tiru.

0f thn threo modon, ceneaially fer long distance movement, it oan be said

that ths oont par wnit * log, rmo in the retio of approxzimatoly 11 1.5 ¢o
2:51 35 %0 5, for wmdcr, r;il end truok respeatively, naturally with great




- 14 -

variations for effioiency and ratio of fixed time (loading, unloading, terminal
oosts), to hauling time which is emsentially a funotion of dead time to heul time,
“lus load faotors affeoted by regulations and road oonditions, stowsge and
service. Hauling costis are sometimee higher on ineffiscient railways than by
iruok. Road, spur and loading facility oomts are ex‘re in all oAReSs.

The various faotorm which affeot costs are time, distanoce, terrain and
waight (volume). One oan readily rse the interplay hstween thess items. For
instance, a road with poor alignment sand a low carrying capmsoity due to diffiovlt
terrain oonditions and laok of surfaning material will require low speeds {time)
and less vill be carried per trip (weight/volume).

Bimilarly, on a winding serpentine river, barges will travel slower and
ooste will be higher than on a straight river,

However, these faotors need not affect wach transport mode to the same
degree provided one knows the relationshipe of each. For instance on a twisting
road or river you msy be able to inoreass the load sise, partially lowsring the
inoreased unit costa due to time.

If one were to caloculate the unit oost 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 i. One must remember
that there oan be great variations.

Truok hauling i{s very sensitive to soils and water, and thus to the
availability of surfacing material in order io aliow for all-weather haulage,
The truck is muoh more versatile than rail in diffiocult terrain oonditions.
Thus to hauling costs the cost of forest roads and their maintenance must be
addeds In most oases, however, roads are necessary for a first move.

Trucks oome in many sizes and oonfigurations. The system is so prevalent
that many firms manufacture tricks and treilers Just for loggings These are
gonerally in the heavy duty renge and oost of one unit oan run to US$100 000,
Trubks in the medium and 1ight duiy range are usually assembly line units with
perhaps some special features such as besfed-up frames, heavier suspensions and °
axles.

A oareful look must be taken at the units to be purchased for truoking,
onoe it is decided trucking is necessary and/or desirable. The site of the
operations and the operational periods and shifts are vasic to any oaloulationy
however, load sise, affected by the green weight of logs, (and bark), and load
limits on publio roads {and on some private) are equally important in the final
seleotion. Some trucks, without load, weigh as muoh as permissible gross
vehicle weights on the lower standard roads, which are often found out near
forest areas. Some manufacturers ume light weight materials to inorease the
payload. Mirthermore, a wystem of trailers, one or two pups, can inorsase the
payload, but a oareful lock must be taken before this is adopted.

The driving capability of the orew will often guvern the accessories
(sutomstic, power shift, and power steering) and sise sinoe huge truoks are
diffioult to manoeuvre for some inexperisnced personnel. Similarly, low forest
road standards may indicate the need for front-whesl drive and load limits are
usually higher for more axles.

The loading and unloading methods oan also be oritical. A small operation
cannot always afford to employ or buy a fast mechanioal loader, therefore
loading oan take up to 4 or 5 hours. It is rather pointless or oostly to have
& huge expensive truck standing around waiting to be loaded. Another esample
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is the use of a pole trailer which is normally loadad for the return trip, which
cannot be loaded or unloaded for lack of a sufficiently strong loader, In manv
parts of the developing world logs are loaded manually or semi-manually, or at
least without the henefit of separate sapecial loadersa. Many svstems are in use,
but the truck should he bought in fit into the system,

Truck hauling 18 often the highest cont phase nf logging. Thur 1t seems
only natural that special attention i1s taken ir the selection of trucks and their
configuration. One should remember that expertise 15 available, not only for the
init1al selercti - tut also for the effe tive operation of hauling. Some companies
emplovy full-time trenauort vupertimtendontae, Ar o 120 eariior st track
manufacturers will provide the expertise to supply the truck to do your job, but
remamber you tust know vour hagsic requirements and have the basic data at hand.

You must know the ierrain to determine the tvpe of road you will build;
sharp curves and steep grades will require certain specific equipment including
trailers. The size of log required by industry and the size of your trees will
perhaps require special features capable of handling sav, long logs, and here the
pite of truck and the extraction equipment must Le well matched .o>r the best

overall performance.

Highway hauls require that vou know all the regulations, not only those
pertaining to speed and gross weights but aleo as to size, such as overall length,
width and height, <Quite often you will find antiquated rules which no longer fit
the situation, By presenti.g a well outlined and calculated case you mav he able
to assist the authorities in updating their regulations or get special hauling
permits that will save you money,

Above a certain distance hauling by rail is usually chnaper than truck hauling,
however in many cases the rail haul involves a truck haul at both ends, therefore
a careful look must bte taken into these added costs which must include rehandling.

In gome countries rail hauling on puhlic systems 18 not as efficient as ‘ruck
hauling, and private railroads into the forest area are usually not on because of
the difficult terrain found in mout remaining foresis. Becauge of this it is
doubtful that anyone still extracts directly to a railroad, an exception being the
mini-railways of the swamp forests of S.E. Asia, which are the only ground haul
methods suitable and which usually only haul short distances to the nearest river.

With the now increared and comtimually increasing rrice of fuel it s
possible that more companies will look into the possibility of putting in rail for
their long hauls. Similarly, remote areas far in the hinterlands will probably
best be served by rail which is put in [or another purpose, say for mining. In
all publio 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. Perhaps it ig the
loggers own fault for his inconsistency, or psrhapo he is inconsistent as a rusult
of the government's forest licencing policy.

The rate structure on publioc railroads is usually verv complex. Railwaya
play a prominent part in the overall economic policy of mome oountries and often
these policies are reflected in the rates for certain guods or commodities., Of
course, the same can apply to internal water transport, and to some extent trucking
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on public roads. where rates are applicd to ieet a npeorfic naed or Onooumge/
disoourage corte'n activitiae, often am n market reagulatory tool, Refors
investing In aquipment, e logper win must rely on rail for his long haui, whould
ensure that he has n long term agreement with procedures laid dewm on how to
handle any rate alterations,

Rafl traneport requiren verv apecinal e¢xpartiae if one is 1o opermte a private
road. Or pur iz rcade the numbers o-n readily be obta!+ed but during preliminary
discuesions o.. nust ask all the quem..cne, Anilwayr psople tend to asmume that
Yo know as much as they do. Some unmentisned iteme can be costly and are the
publio railuayn willing to it into ssrvioe apecinl oars (wagms) whioh will handle
loga mort sffectively? Often, they «ilL not. (ma sksletun c-r can ocost in the
order of US$20 000 and they uit tdie for a good part of the time in addition to
whioch you may bave to ey dead head ing ohargea,

Public railways (as public romds) have set load Limita whioh must be
carefuily looked into when caloulating., (reen weightes and bark can make a haul
expensive, eypecially :f ths wrmg care are used and load oonfiguration (pymmld)
is regulated.

Until recently at leasi, road ‘ransport has out into the railway business so
badly (other commodities) that manv were unprofitable., Howsver, where rail servioce
is svatlable a careful look should be isken into its uze, sspscially for long hauls,
Similarly, {f a logger must bulld private roads over great dimtances served by a
railroad, the rail haul will win sut unless service is too unreliable.

Water transport has always been the most economionl method of moving loge,
but the water aymtem ia not always available in the forest and truoking must be
rescrted to.

Oosan transport is a specialized buminess and implies moving logs out for
manufacture in anotner country, therefors it will not he covered hers; howsver, one
should mention that Indonseia, the Pnilippines and Brasil, for instanoce, have vast
distances which can be covered within their territorial waters. A look into these
would be the subject of a complete tranaport study.

Traditional water transport normally entails floating the logs in controlled
groups on rive 3 without use of equip. .nt or towing Ing .afts and/or bundles and
barges with tv.a,

The former ie gradually dinappearing aiong with the river drives of the
northern oonifercus forists, fnfi ing and harging are still quite oommon though
mostly restricted tc ocouniries wel' endowed with rivers and/or a sea. In Indonesia
vast amounte of logs move down the rivers to tidewater coesan shipping pointe or
milles  Similarly, most 'oge in Amasonian Brasil meve on the Amagon or its
tributariea,-

For obvious reasons a logger must lmow the green weighte of his timbers and
the oonditions of his rivers or the ses, Remote forest areas ocan appear accessible
until one obeerves the river flows during the often prolonged dry wesson. Fast
river flows can preclude towing upstream or raire costs cmsiderably.,

Tugs used for towing or purh ing runt no especially designed for a partioular
application. Although ona cees "any old boat" towing log rafts and barges in many
oountries, they are not often the most efficient, The main advantage is that they
are already owned or that the cwner who ham a lot of time will oharter out at low rats,
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Tugs used for moving logs come in all sizes, and power sources range from
less than 100 hp to big barge puller/pushors of over 1 500 hp, depending on the
application., Costs ocan run over US$ 1 million. Initial capitel outlay for a
barce/tug system can run into a sizeable amount, for instance the cost of a tug
(towing/pushing) and two 2 000 ton ocapaciiy barges can run one into an expenditure
of US$ 1.5 million, “epending on the country of consiruction. When locking into log
barging a ocareful look must be taken at the stowage factor. L between-decks or
welled barge will not usually handle as many logs in volume as say a flat decked
deck~loaded soow, snd loading is aimpler cn an open deck.

Thus, it ocan be seen that it is important to have a tug with the correct
featurcas, one 2f which is the power source and the correct barge. Regardless of
thes? high figures quoted, if you have a floatable/navigable river it is essential
that you investigais its use. But while you are investigating, be sure to check
on boat orew staffing and manning regulations. The rules sometimes force an
operator into more ocapital (a.nd operating) outlay than he envisaged and thus higher
oconts, For coastal or deep sea shipping, & person is forced to use water tut
sometimes he can negotiate or force lower rates.

In areas with good rivers and ococastal waters along with a forest which
supplies floater—type loge, simple refiing systems are most often the answer,
The surest sud fastest method is to tow the flat or bundled rafts of logs,and
again, specinlly designed tow boats are the most efficient.

Forest roads form an important part of the truck transport system, and in
gencral it can be said that the factors whioch affect cost of extraction by ocrawler
will have & similar effect on road subgrade construction equipment, where crawlers
predominate., A tendenoy which has oome in of late is the use of power shovels
and btack hoes for subgrade construction in some temperate countries. This method
could well be the answer in some prnblematic soils in the tropiocs and could also
help to alleviate environmental problems associated with or caused by the orawler
riethod of construotion, '

Surfaoing and grading equipment arc basically standard. However, the sigze
of rravel trucks mav cause & minor selection problem in order to balance out the
loading., If gravel .s only applied lightly .nd over a short ;:riocd of time, the
trucks might stand idle unless they can be turnmed io vihur usse. In suoh
circuzstances an operator might be better to hire (or contreot) his trucks and loadsr for
the roquisite poriod, if he can,

Road construction is & specialired task requiring a lot of supervision so
r.zh 80 that moot large, well run oompanies ¢mploy a road foreman.

3e ANCILLARY PRODUCTION FUNCTIONS

Although these items have been listed as being subordinate in this paper
they are by no means insignificant, and if not properly ocarried ocut can disrupt
an operation to the point where production is lowered drastically or costs are
raised unnecessarily.

The same basic oriteria affects these funotions as for the major phases., We
can discuss these in the order in whioch they normally take place in an operation,
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3ol Felling and crosgoutting

Today most of the world's indusirial timber is felled by means of chain
(power) eaws, These are simple (relatively low—cost) 1iitle machines thich
are easily servioed by the operator cr owner. However, they are a high produotion
machine and have inoreased a workers output many times over the memual axe/saw
methods.

Becauss they are fast they can also causme a worker io perform his task in an
unsafe manner. In addition to ploking the correct saw (horsepower, Llade length
and safety festures) fellers should be given oareful trazining on their use and
proper felling techniques.

In addition to safety, the mamner in which the trees are felled can make
the extraction easier, thus lowering extracticn cyole time, thus the importance
of training, Similarly, it doesn't take many broken trees of a valuable specins
before you vish your fellers were trained.

Hand felling and sawing is still used in some oouniries, especially for
fuelwood ani cmall tree felling. Axes are wasteful and this becomes a seriocus
matter in weod deficit areas,

Productivity in felling is almo affected by terrain and weather, The size
of the i{ree may cause a feller to work longer on one tree but if the height is
good he will make up in volume.

One oculd not begin to name all the brands of chainsaws on the market, but
suffice it to say that the market is big and competitior amongst manufacturers
enmures that they put out s good product snd most have a large reseerch and
development staff to ensure that they put out betier products in the future.

Associated with felling are the supposedly still more minor items such as
clothing (helmets), hand tools, files and repair toole and jacks to name a few,
These may seem ninor but they are essentisl.

b) Del. cing

Debarking is still done manually in the foreat in most developing countries
where logs are generally barked before entering the mill or where logs are
exported. A logger must decide wneiher to do this in “he field, menually, or let
the miller do it either mamwslly or mechanically at the mill. The logger's mein
ooncern is labour availability and whether or not the weight of the bark will
affect the load sise which he can haul and of course he must be reimbursed for
his work, Tools are simple and readily availabdle.

¢) Loading

loading normally entails the loading cf logs at a forest landing on to a
truck but oan also be required 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 hauling, Bince
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these tvo iransport moces are normelly fed from & stcckpile as and when the wagons
and barges are ready. When, however, barges and wagons are avai’able, the loading
process muat bo fast and efficient,

In truck hauling the most difficult pleoe of equipment to fit into the
ovarall mohcr2 is . ually the loader. Thi is especially #so .n small operaticns
whero quito often Lle logs are Lig, but a Lig pisve ot wquipmeni needed to
load big logn on truocks is overeproductive and thus wovld be undar-utilized, Many emall
opcrators do without, and devise makeshift systems or use ssif-loading ‘ruoks,
all of whioh cre uvunlly glow compared io mechanised loadera, and tie up the truok
for long pericdn, thus high prioced powerful t{ruoks alsc hecome redundant,
8irilerly, unisr~productive loaders bold vp trucks thus reining heuling costs.

iostly, all losders are now mobile. Boom loading in oable operations is
still prectiscd tut its use indeslinirg. Dasionlly mobile loaders can be said
to bs fromt-ord loaderr, mounted on wheels (rubber) or tracks, heel boom hydrsulio
loalero aled ol vheelm or trecks and the hydreulie knuckle beom grapples used
for losdinz casller trces or logs and pulpwood which can be mounted on anything
from ths hauling truck to s farm trsotor,

A1l loaderx oome in varying degrees of sophistication and ths large-log loaders
are oostly. Big heol boom hydrsulio loaders run into the UBSICO 00D figure, sc one
can #93 that they tmet he productive, and to be productive they sust te whers the
logs are and usumily to be whers the logs are ‘{hesy must te mobile,

The deoicion as to wize of loader depends ¢n the sise of logs, whioh has been
deoided in the extraction ami/or tramsport phase or by mill rijuirements. The
dcoision an to vhether to use whsel or treck mounted mechines depends on how mobile
it munt be, whioh im ossentially the distance to be travalled between loading points
and the soil and water conditions, For some special loaders tho sdaptation to rubber
wheeled mount can raise the ocst vonsiderably, even in the order of 40% over and
above the oost of a traock mounted model. Front-end loaders mounied on rubber
sanuot clweys funotion on wet, soft landings — they soon slip and slide and bog down,
Treok rmounted xyohines move slower and their weight is better dimtributed, thus they do
not churn up the 1 ding co muoh and are n = su vulnersble t. soil and rmin oonditions.

Thus, for oertain soil oonditions & treock mounted (rubber if the rosd
eurface is vide euough) hesl boom loadsr,loading from logs piled (windrowed) beside
the road ims conictimes the best solution. This of oourse sniaile being ablae to plsoce
the extrnoted loge in windrows. Clear felled forests being logged with a portable
slyline syatca lends iimelf very well to thim loeling unit. Oround skidding in a
seloction eyctus could also use this method and thus jrevent the clearing of iarge
areas for landings with resultant extreme disturbenoce and compaotion of the soil.

On some big operetions whers loading time is a significant part of a truok's
total available {ime, some operetors preload trailers and thus the truok (treotor)
whioh is the expsnsive part of the unit is more or lems mcving contimuously. The
preloading of oourse must be foreseen to be much faster than normal loading in order
to make the aztra investment pay off, Preloading salsc requires more space and
better landings than those required for direct lcading.




Rail and varge 1-ading usually require speoisi loading points and depending
on the facilities provided, the loxding equipment or method is chossen. A key faotor
is to bo able to menoeuvre the logs mo that they take the least spads in ihe barge or
wagon, Bome railway companies charge by the wagon with weight 1imits, and naturelly
acoording to distenoce, thums e logger must ensure that he loads the maxisum allowable.
The sams principle applies to barges.

Byoauss loading is such a oritiosi funoiion to select equipment for, spare
oapacity in marginal situations shoald be allowed for. This could enteil the cost
of snothar machine stending idle for posmibly meat of the time, One solutiom {s to
try to order log unloading and gravel loading equipment whih can be brought into play
a8 required,

3 Unloading

As for loading, the object is Lo get ithe truux hack on the rosd am fasi ar
porsidles  Oftean the mill takem over this function and the logger loses oontrol of
his truok, whioh, {I the mill smployses are not sonsoientious, oan be oostly.

Logs ars valoaded by a myriad of methods and systems, and & logger has to find
the choapest me'hed which will aleoc snsure that his truck is not held up unduly.
Essentialiy the sam» mechanioal methods aw loading are available tait the front end
rubbir mounted loader appsars to he the favourits. One must remember that log vards
are surfaced and/or compected and soil conditions do not affeot this operation as is
the oase for loading in the forest.

An integqrnted operation oan tuy unloading equipment whioh will unload trucke,
sort the logs for sise and specles, stoockpile them and fesd the mill, Thur the oont
of the mmohine to the logging operation can e minimal., Big yard rmohines, which san
often 1ift a whole load are costly and on: capable of lifting 20 tonm comts in ths order
of US3225 000,

Loggers delivaring o wa'er oan employ "A" {reans unloaders which axe cheayp and
offiolent, provided the truck is muited, tut sinkers, whiok are somnon in *ropioal
foreatn, may preveni thie. Bome opsrat:rs use "A" fremss or parbuckle their logs on to
the ground, get the iruck baok on the voad and movs the depoeited loge with a smaller
front-end loador.

3.5, Crsrhend squipment,

Thin asading vovers sll the nom-produsing {teme, althouwgh 1licted with ths
productiaon funoticng, and is 2o imvortant that it hae hees inocluded hire, The numbeiy
and pilecsa of this equipmen’ are large ané thalr prioces are vevslly relatively smaller
than produaticn ileme} Fowever, no oparalion oan funetion withous some or &ll of them.
They form a ~art of eny avsianm,

For in-iancs, an operetion saunat bs supsrviced properly without & wipervisor and
he muet have .rensporc, Bumilarly, ti» crews muct gat to end “rom the job,  The
state of ‘ha rode snd the fob it Le dena Jisiate ‘ho tvpe of track rsquired, An
sxanple of thle 43 four wheal drive versun two-whsel drive,

On scatisred oparetliona and lemg tiknk nau.s & redly dispaioch system oun pay for
1t83lf in no tires A moebils workshop will raduce machine down time = ouy operatiorn.

Yo Jmov tha' ws muet ensurs that syniprent suprlisrs previde good naintenance an.
ars prrls sarrioe, Similacly we muet have n good vapair depos, oo sguipment -
st an? ean cun into « corslderable sum vshen youu add up the 2ost of all the Lite ard
piaces, wo rust aleo 802 the esmential, most ~{ten nended. apar> parte.




Ard nince we want coat contrnl on cur operation, and each niece of aquipment and
.18 mujor components {tyrec, wire rope), we need an office and the equiorent ic go with
.4, like power {plant), telephone, and office equipment. Housing and «iher guch
nfrastructure can add up to a let of monev,

As vou leok arcund the Fair, T am sure you will mee manv items which are a mi3t
on 2 well run logging operatinr. Again vour particular comditi-ms miut be uxam ned
afore vyou choose,

INDIVIDGAL CONSTDERATIONS

Once a choice nas heen made as to which svstiem to use the eguipment chaice has
aimost been made. The only problam confronting the operator now is which individunl
nachine fits hin particular terrain, weather and fargat conlations, T other worde
if he has chosen n crawler/skidder combination he rust jetermine the rutic of ~ne 1o
the other and the wize or pulling nower of each, The previoue Lechion has covered
much of what could be caid here btut az said sarl er one rarnet divorce onc part from
ancther in a good operatior and 1t is Jus. at Aifficuld here in a shert naper,

skidders gererall; come n three mizes W.ihin narrow limits and crawler tractors,
guitable for logping, 1n about ve, e celection of individuals entails a productivity
anzlysic baced on dvawt.r rull and relevant tneed of each machine as given bty tha
manufacturers, and the 1load vou expect t pull, Tt will he obvious in some capec thal
certain machines are r-t suitaple, for nsiance a 75 hy tractor would rot he much usge
in logging the large tropical trees whereac a X0 hp tractor would be out of place 1n o
pulpwocd stand. A careful 1onk must De Laken however, when iractore are in or rnear the
GAMe Tange. In tropical forests some loggers maintain that a 140 ro tractor will do the
job while annther claims he needs a 180 tn 700 hp machine. Different soil and terrain
conditions plus the lengih of log, plus the philesnphy of logging, high speed or low
apeed, are generally tho oritical factors.

In the case of cable systems the analisis 1d hunad o gyele Lime or turn time,
related to productivity the wame as for prountd rskiddiog rethade, Tn cable logging,
non~-productive iime such ag¢ changing roads and settings 12 A mmJor productivity (rirm)

1 1

factor which mupt of cenirse be included in wroducstivity/unit coet calcatariors,
/

In vour operatien, however, vou will he n one forewst, therefeore @ en moike
direct commarisong peiween machines mumufactuped b the mame compaty, oot the forent
comdit ern nmits will e the wamo, Emeptund o4y 10 noh enough - Lo ausi te merged Woth
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machine operating cont Lo give a urat aort. When sotimetine, the lowent anot caot
~1chine should be the w.nner, but 1f we mresqork 4@ smaller machinen sheir down ime
misht e Figher than we pu' into the esbimates ~v 14 moght wear our Magter Lhen we allowed
{rv, therefore, marsinal urmt cont Aiffercnons onn be moalend ne Al L imes,

Comparison of two machines Af the same anpeoxamate eize and poWwer brimts a
Aifferant 1oput into oA caloulation treliattlity, and thaa genaratly can nl s ve found
oul by esperiepce and comvarison with other onervatols,

Y

Crmpariaons of twe different macnnee dogiened to by tne same b i also a

problem when we Yave no arerat ing eXpeTLencC Dok il e We e, only taxe tra aord or
advise of the dealer .r we ton tro b gearch oot regearch and otudy paners,
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(empecially on new unita), but gotting around and talking to other operetors and
ownere is one of the better methods. If sn cperator continues to use a ocertain type
of meciting and is still in businese ha must be ratisfied with his equipment,

A word of caution, mome people buy on prics alone because of their partiocular
finanoial circvastanocss and do nct always tuy the mont suitable equipment.

Sisilarly opereting philosophy may bo different than yours i.e. high speed-low speacd,
longer write off periods and the 1ike.

A similar prooess Sen be carried ocut +n determine i)e ratio o nkidders to
oruwlers, once the tamic site seluotion lLss been mads. For this system it oan be
said tbat orevlers ars slower than akidders, < arefer: 1ne ocrewler should log
the oclomer srean and the ariddare the rurtiest. Produntivity valoulations ocan
give you ithe distence at which tl¢ rrodactivity of each maochine {a appreximately
oqUAL .

When it comer to wire und oconfiguretion of truoks and extraction equipment,
the mige or lengih «f log beoumes very important in the selection prooesa, over
and sbove terrein ard road sonditionm and nther restrictionn, For instence s
pesler log iw “sually of mueh higher value than a sewlog and usually rerer in
the foresi. loge for plywood, snd for wawing for that matter, require to be out
1o & speoifio leagth, with irim, to west miil specifioations, We lmow that it ie
diffiowt to trein the feller/buoksr to tuck (oromsout) him logs to the correct
length and st1l) get the most value out of & high quality tree. 3ometimes the
1ie of the ires prevents bucking for yuality, In order to overoome thie, some
operators extrust tres lsagtl: and even haul ivee length tu the will, so that the
iree can be orosscut under verr olowe vupervision, You oan ses what effsot this
factor has on your choice of aize and oonfiguration, Perbaps you need the 30U hp
treaotor and parhaps jou need a pole type trailesr tmok with extendible reach (polo).

Fothing baate actual productizity and comt tigures, Baoh and every new
operator should, if 'iin apersticn i iarge sndnuwh, hire Lolh a cost scoountant
and @ mechanioa! supsriniendent. T.eme “wo should set up a oowt ascounting systiem,
aomplete wiih individusi machine ousting, The formmen sherld be vrained to
underetand paas:: cust: enl te able .o pinpcint what e re.sing sosti, With a
set up suok ar iiils you suould be sbtle e come up with 4 hetisr ploturs hefore
your ¢ld equliment wewrs cui, and befora $4 1o Lime to replaoe 1, possibly with
somsthing eluc. A problea i many oamsn im the aki]ity ‘o kemp “Le \er men, toc
often ths iaceniive in not there gnd they Teave for otner werk, Jalar.es foem
& key purt ot zny ogonomic ranhiiae ca:Guintior, vnd if » man ie dodng * v job
and worth it pay hia,  fhatisrly, Yuungar mern ahouls be in the trsiniig pipsline
#o that the erterpriue nas continulty,

Siwiler o joetes oan he vale fue ‘lim othes systome, Fivdwtivity aand
(’pﬁutiw ’:':Y'.t¢

Rugh tuwwioe s R oou e L Jonoetk yrua wey ‘acouzh saet. machine,
Tou find you wee? « Mot o1 dotar be wmin 8 [ew we umee ur mertioneds Miel,
iubrisanta. iyoet, pouve parta (dhe arowid Lo bo used of emoh &nc Shs coat ),
labour invew uud Teinge wanefite, deorauiating peciods, insusencas, Lalerest,
resale viius urd on ard au.
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A new venture in a developing oountry should not try untested, undeveloped
systems or equipment wiless it has no other ohoioce. And it should aAlso be pointed
out that what works in a developed ocurtry, probabdly in temperate foresis with
different oriteria than those mentioned in Beotion 7, may not work in your oase.
Too many faotors ars involved to pick more or less blindly fiom a large assoriment
and risk having your veniure faii,

Meohanised logging has beep going on in the tvopioal forests for % lrng
tims and there are many proven systems und pieces of equipmeril readilry avmilalle,
In your partioular osss you should he surs that good service and spare parts sre
available, A oase in point is which menufacturs: or <escler has the most rachines
out working in the foremt. 1 have mesn an ares whese simost avery skidder th=i is
manufactured was in use and many were i,ing 1dle, When a dealer sells only one
machine he oammot afford te hive smoh marvics and a big stock of spare paits., In
another area one maochinas dominated 13! the oihere and the dealers servioce wam
exvellent,

It does moi takae very long of having a machine sitting around idle for laok
of spare parts before you wish you had chosen the oiher maohine, The meahariocal
oapability of your personnel or thes people in your ares may influence your ochoioe
of high, mediwm or low mechanimsatior. 3Jimilarly, your sxpertise ir all the
preparatory phases such as road layout and oconstruciion, to nsme one, must he
oonsidered when selecting systems or equipment,

Pixed ocosts have a direct relationship to the amowt of time worked and thus
produotivity. Some machines sre very ousosptible to poor eoil oonditions and
therefore may sit idle, eating away %he fixed dollarw. Whep you have puch a
situation you either have to find another type of machine whinh may exisnd your
working period or modify what you have (ohains, iov grouni pressure tyacks), If
all elme fails and you still want ic operute you oan resort te deuble ehifting
in order to bring your opsrstional hours up to your flret expectations. From
this latter oomes the altermative of double shifting anymmy. Neny cpermtions row
load and truck on twe ehifis, thus ou’iing crisinal oapital layout and lowerirg
fixed ocets. As & mmiter o° frot in scme ‘empernte creae thuy even log under
floodlights jumt %o keep ihowa kigl ;riced machiner poodising.

Wear and tear is & frolor to be thought of when ordering equijment. 7Tris osn
oome about through mimsuse wnd/or ilxougsn the soil and vta:r veaiher oonditions
prevalent in ap arsa, For iisisnue, orswlier tranks norem)ly reed Luriln, st abeui -
2 500 hours and a complete yabuijd ‘s needsd st romy & 0 hours, Trie ocould changs
irastioally fer the wnrse if yosu are vwavking in wandy sovi.e. Sigdlarly “ruok 4yrem
will wear out @ lot faster or latarite wud opushed hard yool twr o5 eard or tlay
and overloading of i{rucks casn mericualy shorten ttair veefu: Tifo,

In nlomirg this suation et me 1aliereie that “gerviae® im ¢ne u¥ the mowt
impoitunt Ffaotors 1o va oonzilered whon seladting oquiimen’,
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We have now taken a quick tour throwsh the bagic princinles or tastors which
any prudent operator must take into account when selecting his logying equipment.
We bave hyv ne maans covered avervthing, nut we have gone over the basice.

You ma: have noted that "knowrow! and "training" were ment 1oned throughout the
pATET . in the event *hat these noirtn were not stressed pufficiently or correctly we
skould point them out again,

A system implieu n jlanned meth»d of lugging. Therefore olanning an operation
. the kev t~ 1te su.cees or failure. In c.der o have the t« st chancee of succens you
ruct have trained, qualified psople duing your pianning from the {irst, not half wayr
through the exercise when worractiva acticr will come touo late, Pecple becorne "qualifiel”
through training, whether i1t be from exper:ence or tp-tne=-30b training, or {roal
training supplemsnted by experience.

If trainirg s not avaitable an etlert maut Foomnce Lo 0. A tratriing programme
gtarted ag socn as poetible $op there 16 1 .80 nwivefy wane gLart and compliati-rn f training
and making the iraining of rone age TN au cxperience. Training covera the whole range
from the simplest to the uprer levels of asndeniz and should be recognized ac heing a
must or ever a part 57 vooo orerall operation s well as 2 must for wndavidual phasen
or machine oparation ani cvercziing hechnijues (e, telling).

fin oreration which starts off from poor »r mproper planning through t~ aselectiom
of equipment, fclluwad by the use of wnirained operational pergemnel, wiil have lens
chances of becoming proiitahle than a well planned one, and cften il cannot be turne:d
around, due t» bhuilt in vroblams that cannct he aradicated, withcut c.oeing the overation.

Above all vou rmusl remember that logging is mly one phase of the forest industr,
which covers the f.eld from ceedling tc market. Don't do as :ome have dcone: bui’d a
mill, then ask 1f there are any trees ani whai wil) threy cust at ihe rill gnte,

Manv cecuntries 4o rnt have the necesser: logg g gxreriiac ror do thoy have
facilities to train puople in the reqaision g1l in, 1 would 2ike to ‘nform o thal we
at FAO have a conaiderable amuni of experiice to “oaw upeny arc Lhas our orima™y bask
is to help Member Naiirns in the mervria, 1f wer manlafy Jor our assictancs, do raob
hesitate to contact the appropriate Davisirn -n the Porestry Deparemens Hf FAC {n ome,
ecpecially the Forest Industries Divisior,









