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Int rod.' o ; i ou 
Or«   uhould not lie   overwhelmed by the numbers and types of a 

specific  piece  of cquinmert.  which hat* boon designed to do a specific 

tank, o ve l.. though nil or some may do the work  in n different mnnner 

using differ->vX  t.iechani .-al techr-iqurs.    There  are  several methods 

you can take to help you select what you need. 

You can take a guess,  buy from th- most  convincing salesman, 

copy from ¿ :>urneighbour,   analyse the merit n of each  system or 

piece of equipment,  if you are  qualified,   or hire the expertise to 

helf you nak^ the choice.    Before you choose your method you should 

take  a rational   look at  the  situation.     1  hopo thnt this talk will 

assist you  in a rationalisation of your thinking about your choice 

or method  of choosing.     1 - is "ot  intended to go into trie mechanics 

c.f esiiir"t:ng production --.nd corta but  to outline  some of the factors 

whic1   affect productivity,  and  thu3 costn,   in order that you know 

what you need to know so that  you can make  a good effort  at  selecting 

the correct  system or equipment  for your operation. 

For tin   r.jCRt part,  equipment manufacturers are  responsible, 

reliable,   veil-meaning people,  trying to produce a product which 

will lit   a specific job "nd produce  at the  lowest unit cost.    Many 

of the3e mrurifaci-urers will  design,  or modify slightly,  their equip- 

nent to  suit your particular needs,  and again many offer services 

''¿ich will  ensure that  you get the proper piece of equipment.    For 

inatanco,   many truck manufaaturtrr- will  instell  certain components 

euch as tiio drive train to  fit your roadu and  loads,      Thi a may entail 

travel  and expenses, but  the results, especially if the  operation 

is large,   should pay off by dependable  service *md  savings. 

Again, many manufacturers have been in the business long enough 

to provide reliable arid productivo equipment   tor any job anywhere 

in the tforld.    They d-jsign baced on experience and get continuous 

feedback from their dualem or sab-offices.    The work whioh has been 

put irto  a great deal of equipment  should not be  ignored.    Where some 

fc-anufpccurert) fai"  down ir  in not producing impartial case studier 

of their  equipment in actual  producing operations,  or if they do, 

they confine their studies to fit the exit ting big markets of the 

developed  countries.    Such studies do not necessarily fit conditions 

in developing countries. 



rióme manufacturers provi vir   op^stor   ura^ning and sorm» run 

maintenance courses for mechanic-;.    The ui ae  of /our order may 

determine the coet   of tht;se ssrvicps to you.    Ir any case you cnn 

are that manufacture re gwn'-.r- il;- want to provid« a product to meet 

your necdti, which  in turn «ill beti^f; . them in the  long term. 

Still,   Bonoone may inadvertently   reooramend   a good,   reliable  piece 

of equipment  or a  cy8terr¡ whtoh  iti not su it.ab Iß   for your job. 

Whichever met hod you ehooBo,  hope fu*, ly not  by euesaing, you must 

take a close  look  'it the situation at both ends of ,-our logging 

operation.    Thin i 3  rationalisation  md mupt  not V ignored. 

Por any independent logger,  y vu mu en.  also know wher« your 

product,  the  lo& i» ¿oir? to.    YOL. muât ni BO know what  logging 

equipment will   pÄduce e product  to fit the ne-da of the industry 

you '«ill h« selling to.    Industry cannot bo  divorced from logging. 

The  forest industry startn with the tree,  vhother it i>o from a 

natural or planted Lorest. 

Now that we have put the  logging sector into a hit of perspectiv», 

we should carry on and talk about how we go about rationalising our 

method of selection and logging equipment» 

The p^n.u-y  ob,1ectiv* in scioctin^ arruipment should be an econo- 

mic one, which earna l\v. most money for you,   always hearing in Mind 

and giving due consideration to the environment and to government 

policy.    Por íiocial raftsions o government may vi »h to proceed with a 

venture oven though it is not  financially feisihlo; however, the goal 

of economic viali Lity through efficiency shoulr* not he forgotten. 

Essentially,  the problem is to select  an appropriate,  or the 

moat appropriate,  logging aysten.    Then the cou i pros nt selection pro- 

blem iß filiroDt  Rclvad. 

Certain pre lini nsry steps n.uet ha taken Wore ore can start the 

selection of .1. 3V*t*m.    Por ease of detailing the proceaa from start 

to finishj the various steps can be broken down into sections, each 

with at lraat   a major heading. 



„    I 

*•    The basic pre J.iir.inar,/ fto^ 

Prior to *mb.irkir,g on any   venture vhether .it bt lodging or a 

completely integrated  inriut*. ry,   »h*?  potent, aî nnt re preneur must 

look rit : 

- the  forent rvnour<x»,-» ;i.r.l natural   conditions; 

- the mark»?»;   and 

- the  financing to mprry thf> two. 

These three can b<; furtner hrtken down irto numerous sub-factors, 

not all of *hich can be invest igiter" by r>ue typ*  of expertise. The 

BUb-factort! nill be li »tod and follows by a short  discourse on the 

positive aspects ani tho pitfalls which may ensue  if not  carried out, 

or carried out   properly. 

It must be  rememberod xhat each step cannot be divorced  from 

the other and  although the fpctorn  are listed in sequence each must 

Always, be borne in mind when making nn evaluation. 

1.1    Inventory 

An inventory of the **or<»t.t -mint be carried  out and this requires 

special  skills.    In moat count H.(?B,   forest  servi con am  capable of 

carrying out an inventory.    Hcwev* r, they may not put the correot 

emphasis,  from your point  of  view,   into their work.   For instance, 

many people spend n gre ft deal of time gathering wary precise volumetric 

detail  wh?n the moat  imposant  aspect icay be species      for often that 

is where the    money lies,    fimiiarly, defect and breakage studies 

must  accompany an inventory *-hich  will be used  an the basis for planning 

a forest  industry,    hemimbev even   ; simple loggiug/aawt¡ill unit can 

run into some US$ 10 million.    A ir.orlert 150 000 ni log/snw/ply unit 

can run to US?   }0 million.     Por auch product ion,   some US$ 5 million 

may be needed  for the- logging component  alone. 

The resulte of an ínrentory complete  with volume,   decay, breakage 

and species   !ctail may be  auf fichent  to stop a project  if it  i« being 

analysed in fmarcisi terms    alone.    And rightly RO. 

The inventory  iß the mort important  preliminary step, but this 

murrt be nccompr.mipd   :>y i correct   and detailed analysis.    Again, more 

skills than thorn of jufl an inventory ma» are generally required. 
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The inventory reBultr must V analysed for logeable  volumes; 

species, which must also yield details of weight   (green for 

loading, hauling or floatin«)   bark thickness,  susceptibility to 

inseot and fungus attack,   in  addition t> marketability *nd the 

determination of market value.    Much of this detail  iß already 

available,  such as green and  dry w«i£hta,   and susceptibility. 

However,  if these are not available the inventory required to 

gather this information will "be more complex. 

The logger is interested in unit merchantable volumes whioh 

can be used to estimate logging coste and road density,  among 

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 details as to 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 

(enumeration) can be extremely uueful, and since it must soon be 

•»anted,  it can be v*ry useful to conduct the first ye»r'« oral« 

prior to equipment selection. 

Inventory crews and expertise are not always available - however, 

the expertise may be readily hired from numerous consulting firas, 

although the potential entrepreneur must know «hat will be enough 

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

In many cases PAO oould provide much of the expertise needed 

through one or more of its service programmes.    However, this 

assistance is normally limited to ¿overamente of member countries. 

Thus, state-run enterprises may qualify through    requests made through 

their governments. 

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 factors as terrain, soil, availability of 

road surfacing material and precipitation must be determined prior to 

system and equipment selection. 
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For inetr-nae, fragile  3oiii l.nble  to erosion in a high 

rainfall area,   c, rteej. and broken  terrain, may rule  out the use 

of a skiddor/tractor eynrtem *nd  similarly soile in which compaction 

may be detrimental to growth of the next  crop may necessitate the 

use of low ground-pressure  eouipiT3T,t  ov nable  systems. 

In order to get this informât:or  further work must fee carried 

out  *nd another Eet of npeciaiists will  be required. 

Terrain conditions can bo obtained with reasonable accuracy 

from topographic maps made   from aerial  photographe.    However,  a dense 

tropical  forest  canopy normally hites minor variations euch as low 

steep-sided hills which   >ften become a corrtly embarrassment when 

road construction is started.    Por auch areao,  topographic maps con- 

structed from details gathered by a topographical 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 necessity for proper planning and for enuipment  selection. 

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

Soil condition*? and  noil typing can bo a relatively low-cost 

venture, provided only mechanic*:   qualities are required.    However, 

if growth capabilities am  also needed the cost3 will be much 

higher.    Soil-hearing tests provide extremely useful  information as 

to  ¿he amount  of gravel  re qui red for ^  rord, and thus the number of 

trucks,  loaders  and spreaders which will be required can be 

esiimpted.    The need for a largp amount  of gravel will   influence the 

sise of the gravel and losging trucks as well as the number required. 

The availability of gravel or other suitable road surfacing 

material  (laterite, rock,  ooral) or the   lack of it,  will influence 

the transport mode (road,  river)  and shorten or lengthen skidding 
distances. 

Similarly, a complot* absence of gravel in a high rainfall area, 

and thus o;:cee^ive road construction/hauling costs, may force the de- 

cision to use a cable pyetem with e mininal number of roads, provided 

the siivi cultural system will tolerate its use. If the silvicultural 

prescription cannot be changed then the problem becomes social and/or 

environmental  and subsidie*   nay be required or the enterprise abandoned. 
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Soil  soriously affected by rain and the churning effect  of 

ground working e qui puent  con ooon be in euch -> state  that equipment 

cannot continue to work.    Often long halts arv- required with resultant 

lost productivity and high unit production GOü¿3.    Noi only its the 

fixed cost of equipment which continues to pile up  ¿he culprit, 

but the largo overhead charts usually also continue.    Similarly, 

if workers are  laid off,   social damage   resulti-. 

Another fact which is often overlooked is the effect of rain 

(and anow) on the productivity of the workers.    In come countries 

work ceaBen when rain starts.    Rain couses Blower work through re- 

duced vision and résultant poor footing,  especially in Bteep terrain. 

1*3   Environmental considerations 

Precipitation and the effects of runoff, especially when forced 

into unnatural channels by roade and skid trails, an already well 

known. 

High precipitation coupled with certain types of logging and 

re    construction equipment  can prove disastrous to  downstream areas 

am, habitats.    Careful planning vad road layout and  construction 

methods can often alleviate much or all  of this so called "logging 

probi «m**. 

Hainfall data and   rire"1 m flow data,   r»long with  a knowledge of 

downstream usera ara as important for environmental  reasons ns for 

system selection end as a matter of fact the affect   on environment 

should have a bearing on system selection.    The entrepreneur should 

begin to gather any audit i on al .lata as  cocn ar the  idea to industrialise 

is conoeived. 

Similarly,   the flora ano fauna must be considered, and this re- 

quires more expertise  if these are to he  preserved.     Logging disturbs 

the animals, but depending on its intensity they may return as logging 

movoe on.    However,  some animals need an undisturbed primary forest. 

A major factor is to detsmine what havoc logging iß playing with the 

food source and its capacity to renew itaelf. 



Environmental considerations may dictate that  a forent is 

left untouched,  as has happened in some countries.    However, 

in your particular circumstances government  policy will prevail 

and logging for social reasons may 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.    Similarly, more costly read 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 gained 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 be governed by Govern- 

ment policy.    In richer countries the need to harvest the forests may 

not be as great as in poorer countries which need the employment and 

revenue.    Similarly, countries well endowed with forests can better 

afford to harvest the standing wealth than one less endowed. 

In any case,  moat governments keep the  control of their forests 

in their hands and will lay down the  rules for their 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 and knowledge  of your proposed 

equipment and its productivity. 

1.5    Si Ivi cultural system 

The system laid down by si Ivi cultural i 3t s to ensure a continua- 

tion of the growing capacity of a forest is one    of the most im- 

portant factors governing the unit volume recoverable ana thus the 

harvesting 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, 
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singly or together,  may '. ower this volume  to  20 to  30 m3 per 

hectare.    These lowered volumes indicate a whole new ball game 

with regarde to operating coste ana  roid apacing. 

A country would Lave to be  in dire circumstances or be well 

endowed with forest» to disregard such a prescription.    Until the 

si? vi cultural ist  can find another solution or works from a better 

data base, the  logger will have to adapt.    In order to adapt he 

must be knowledgeable or he must hire trained personnel to help pick 

the equipment which will do the  job economically. 

1*6    The industry to be  fed 

Logger» make  a product  for use in industry, therefore, they must 

know their log market.    Similarly the industry must know the market 

for its product3. 

Por integrated enterprises the  industrial planner bases 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 equipment  remaining 

idle and some being overworked.    This if» particularly evident  in 

intermediate phases auch as loading and unloading where only one 

of few units are needed relative to the other items. 

Por too long planners have aßsumed 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 mdtstrial organizer must 

ensure that he hires or buys the b«st expertise,     in round figures, 

a log has cost more than double that paid for it  in cold cash when 

it enters the mill because 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 wood based industry. 

1.7    Financing 

Without the necessary funds neither the logger nor the integrated 

enterprise can get  started.    If they start under-funded and cash 

flows do not materialise as expected, th* enterprise will  fold,  or some- 

one else's money will have to be pumped in to save it.    If you are lucky, 
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(or unlucky,  depending on how you feel about government  assistance) 

public moneys may be fed in for social res30ns. 

The logger can only grt  financing bv proving his plan,  ideas 

and capability.    In ord«r to do this he must have the know-how to 

draw up a plan,  cc mplete with equipment  lists and production costs. 

Some enterprises or governments have the  expertise to do this,  but 

when they do not,  consultant  firms or individuals can be hired to 

do the  job. 

However,  special knowledge of logging systems, oquipment  and its 

productivity and overall planning are a prerequisite to performing 

«uch studies.    PAO through its programmes can provide assistance 

in this field, to the prefeasibility level,  to Member Countries. 

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

bility studies have been completed by third parties. 

A rule not to be  forgotten is not to go in under-funded.    Thus, 

reasonably accurate equipment pieces must be used in estimates. 

Similarly,  equipment operating costs must be reasonably estimated, 

otherwise costs may be up and profits down, thus affecting the  availa- 

bility of operating funds. 

One pitfall   to avoid is buying the lowest  priced equipment when 

money is in short  supply,  for sometimes the equipment is not  suitable 

and you are  soon back in financial trouble. 

Government  policy with regard    to foreign exchange is an extremely 

important  factor for some countries and in extreme cases,  after the 

initial purchase has been financed, thore  ar» no foreign funds 

available wien snare parts are needed.    This can be disastrous. 

2.    The logging system 

There are many ways and many machines that can be used to log a 

tract of timber 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 F. system, and yet in 

oertain circumstances they may be an aid to the apparently in- 

compatible 3yBtôm. Simple examples o*" thia latter ars a tractor 

cleaning out difficult corners for e cable system, or being used 

as a mobile tailhold for a skyime cable 3ystem, or feeding logs 

to a skyline synterr.. 

A "system",  therefore,  as the word implies,  is  a planned method 

of logging,  from standing tree to final delivery point of the log. 

Since a system implies planning, the role of pre-planning,  invento- 

ries and engineering surveyß are  or should be a 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 earlier are a prerequisite to any system and eventually 

to equipment selection. 

Since the grouping?, required to form a system are very complex 

we will   confine ourselves to the major systems of extraction and 

transport, both of which form the most important •tniipaefit component 

of ft system,  and follow up with the   ancillary   or auxiliary functions 

which are also extremely important but  in most cases fit into any 

major extraction and transport  system. 

There are i numerable extraction ayrteras which if fully discussed 

oould fill many a book. We will, therefore,  confine ourselves to the 

- until recently - more standard systems which for the most part will 

be appropriate for indigenous tropical rain forests.   However,  some of 

these systems are  also suitable  for the tropical  and sub-tropical 

plantations which are now reaching maturity and ready for logging. 

The latest and most highly sophisticated systems now in use in the 

northern temperate coniferous forests,  and aerial  logging, will not 

be discussed.    Basically long distance transport is part of a system, 

but since it can fit with any extraction system it will be treated 

separately. 

2.1    Major extraction Systems 

Some people break their major syßtems down to 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 

the ground), tract or/skidd er (often called ground skidding),  s«mi- 
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mechciDical.  light ^uipmem.   {-uch  as ihn -./inch lorry ox" South East 

Asia,   farm tractors with  or i.'ithou- forestry attachments) and 

manual/animal  (swamp logging in som« countries). 

At this point  it r.iFt  "be, remembered that the extraction system 

cannot be divorced from trie transport   system and the  auxiliary 

functions such as falling  and loading.     Flach can or will have an 

effect on the extraction  system. 

The basic problem of tne -planner/investor who has little ex- 

perience to  fall back on is how to pick the  system which will provide 

logs at the  lowest  cost  ~nd etili  bo compatible with silvicultural  and 

environmental needs as well as adhering to government  or company 

policies femployment, foreign  exchange).    The problem is amplified 

for those who have  little   or no experience to guide them.    These 

three basic points,   jointly or singly,  will or may force a decision 

into the use of a certain  system or method and in any case they 

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

other criteri? (unit volume.3, soil considerations) which must then 

b« brought  into tie  selection system to  form our guidelines. 

Each of  the systems mentioned above are affected by certain basic 

criteria which differentiates it   from the other.    The  effects of some 

of these criterif  show up  on the bale nee  sheet  once the wrong system 

has been tested.    Similarly, a selection which eliminates their bad 

effects or utilize? them to advantage  has a positive  effect  on profita. 

Tha preliminary dat-i,   gathered in the initial   stage,  is where 

the conditions and/or numborf: necessary  for an evaluation are obtained. 

The basic criteria which will  influence the choice of systems 

are: 

- topographical conditions; 

- weather (precipitation,  heat); 

- soils; 

- silvicultural systems 

- volume par area; 

- volume per log. 

and thene are vari ablas which must be considered when attempting to 

rationalize a choice, for each system is sensitive to one or more of 

the criteria. 



Other criteria which  enter  into the  calculation are: 

- availabiliiy of manpower; 

- mechanical  capabili+y oí' personnel; 

- operational  capability of personnel; 

- present experience of personneL; 

- animal power,  ava 'labi lity/experi erice; 

- accessbili ty/mfrast rue ture. 

The latter are  essentially  self-explanatory.    One would normally 

choose  the most sophisticated ^and expensive)   equipment  if the 

available people are not  mechanically inclined,   unless  for some 

policy reason the  operator is willing to  forego immediate profits 

until  a training programme has remedied the situation.    Normally, 

in such cases one starts  off with  the less sophisticated system, where 

feasible, and works upwards as experience    is gained and as original 

equipment wears out   or where  specir.l c rr.n m-'.axiccs dictate,   such as 

a dwindling supply of workers.     Similarly, accessibility is easily 

understood ars a concept but can become a major problem in fitting 

*t in as a factor affecting the   selection of a transport system. 

The major criteria defy a  simple system of evaluation which 

will  show the relative effect of each as merits or demerits m or 

upon each system,   or between systems.     In order te nhow this,  the 

interlinkuges and variations within entena must all  be defined and 

would be the subject of a  special book,   let alone this paper.    The 

delineation  is not  BO severe for one piece of equipment or system,  but 

is excessive when briding systems.    Perhaps the best   manner in which 

to point out the effects  of criteria would be  to handle them system 

by system and then let the reader draw his own conclussions for his 

particular circumstances. 

2.1.1.    Cable system(s) 

There are many cable  methods of logging.     The primary ones 

nay be called "high lead" and "skyline1» with inumerable variations, 

especially in the skyline method.    This paper is too  short to 

describe them all,   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 

southern U.S.A.,  as well  as the numerous lighter skyline methods 
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used predorr infinti y in tie rrounT.aiaoui ragione of Europe and in 

c few developing count ri a» in Latin America-   Aeia and Africa. 

Topographic conditions puch n~ nrteap slopes and broken 

terrain art  not  a soriou& factor in cable  "> ogging - let us say- 

not as Borious as in tractor logging.    The major problem which 

puoh conditions impôt»« on the ay etemo ic mostly to do with 

labour which rr.urt bo well trained and which can he very impro- 

ductivo in difficult tttrrain. 

Cable   systems have been used on slopen which vary from flat 

to steep.     However, level ground, especially for the heavier 

systems,,  is  not  plwayn the best on wv.ich to use cablen, unless 

soil conditions dicta+e  its use.    Because cable losing requires 

vary well train«*«! and skilled operators it  should he  limited,  if 

po3 3il)lt.,  to  forest areas where;  no other extraction eyatem can 

work eatisfactorily. 

Rainfall and snowfc.ll are not, excessively detrimental to th« 

syst a.m. but the effect on the loggers can drastically reduce 

production,     Rainfall »*.n.d its effectn on ooil are negligible with 

regard to no virent of the log,  sine« the heavy machinery is sta- 

tionary.     Improper planning in the hi«çh lead  3ystem can of cours« 

lead to ?oricus erosion. 

Similarly,  excessive heat  can have  an effect on labom* producti- 

vity, b"t thíe Í3 comon to any system. 

Ino  *i2\ieultural  aystam prescribed can be a limiting factor 

to the as«  of cablet.    If as in many tropical foreste a diameter 

limit  .?-leotior  system i" imposed, not  only will the volume 

poseibly bs   low^r^d to the point where  cable logging can be un- 

economical  but the attempt to try to nelactiveiy log a few trees 

from P7iio:.g many standing ones withcut damaging or destroying the 

residual  et mid is a difficult taek.    Some pretcription ae to damnas 

to r^nidunls,  if rigidly enforced, "-ould preclude the use of high 

lead cabl«3  logging and some skyline systems. 

In crorrs ureas where  the foresófi  are rich And h«avy volume» 

are  «o be raiov^d and regeneration -s assured, the  systèmes) can 

be useJ rffectivcly. Essentially, oflble logging • :s beat  suited to 

clear i'ellii'g operations. 



The size of log dictates the size of the  cable system». 

However,  since in many cases the fixed machine  co¿tj plus the 

fixed cost  of lost time in  setting up are very hi¿>i.  t/n size 

of the area to be logged  (setting)  and the u.iit  voluimr per unit 

area are very  critical.     The critica!!  unit volume varios with 

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

and costly (some now over USÍ 5COr0G0) West  Coast IJoà portable 

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

the volume over which these itemp ijutt be vrltlon off is itili 

a factor to be reckoned with. 

The following is presented to give some idea of Sha volumes 

some companies are  logging with high lead syst';..'it; ir; S ont h "last 

Asia on tropical hill forests:    One operator   d/M-l&c/'f" on volumes 

of Borne 130 m 3 per hectare  and roughly 2,COO mj, per ¿attui»,   vhila 

another stopped high leading with approximately the ujr.e ur.r-i; 

volumes but  smaller total volume  per setting,  e".^ vo the bro'ton 

terrain which reduced the  area per setting.    Hi four"  he could lor; 

cheaper with tractors.    At  another location on.; ooorr.tor is? high 

leading in some 5° ">3 per hectare of forait on terrain    ni oh  is 

not too steep, with an average volume in the ordrr of 1, '3 per 

setting. 

One report from the early 197C's indicates that  evíai:-- 

Philippine loggers are high leading i,i stands which yield bstvrae:; 

80 m3 to IOC m3 per hectare and with awraga  rattiiijf "i-res rs   small 

as 15 hectares.    Some  or many operators une two ">r mere  systems anc! 

therefore can afford certain high cos, opération? vai eh are  ne- 

cessary due  to the terrain condition and still  reach en acceptable 

average delivered cobt. 

Prom the above,  you can see that tho  spread is wide,  ar.d it 

must be noted that the tropical  forests o~  South ¿¡art  Asia are 

the richest  in the world. 

The selling price of the log will detenni re hov: low a unit volume 

can be logged, but  if you can choose n lower cost fys'en vhich is 

capable of efficient  logging in low volume forest, the higher your 

profits will be. 



Manpower reroiires speci ni training for use of the  system,  and 

experienceó  supervision is very essential if the best techniques 

(tricks of the  trade) are to te used effectively.    Some companies 

have gone broke trying cableo in Asia. 

Por 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 substantially reduce the amount of 

road required.    On gentle,  easy terrain,  however,  a skidder/crawler 

pystem is likely to prove to be a cheaper method. 

Por single  span skylines the   shape of the  3lopes to be  logged 

is 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 bebt advice one can give on cable logging is to bring in 

experienced loggers and forest engineers as assessors.    They can 

be obtained from the Philippines,  where high lead logging in tropical 

forests has been going on for a long time,  and from temperate coun- 

tries for lodging pl.-ntations. 

2.1«?.    Tract or/ski ddp r system 

A term often, applied to this system is "ground skidding".    The 

fact that the skidding machine runs ov*»r the ground, dragging one 

end of the logs, gives one the pictur« of the effects    of some 

of the major criteria on the system. 

Tractors (crawler tractors) can be uBed alone or they can be 

used in combination with another machine, the articulated four-wheel 

drive skidder.    Ar? a matter of fact they make an effective combina- 

tion and in most caseB the skidder cannot be used without the 

assistance of a crawler tractor.    The ratio of crawlers to skidders 

generally varies with the terrain and log size, these vary from ltl 

to 1  :  3 as a rulo.    A 1 to 2 ratio logging unit can now cost in 

i,he order of US$ 300,000 or even more. 

£oth machines (and therefore the system) are very sensitive to 

terrain conditions.    The crawler is limited to slopes of 40 fa to 60 # 

but the upper limit  should not be considered a norm,  and the adverse 
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grades must be limited tc   -soire 3 5 °h to 20 f. and only for short 

distances which do not occur too frequently.    I have  seen large 

crawlers working on  steep  slopes skidding logs up skid trails in 

the  order of 40 $ hut  production was low. 

The  skidder is normally only effective on slopes to  30 % - 40 f» 

with the upper limit being considered only occasionally.    This 

machine which is intended for faut  hauling in very sensitive to 

adverse grades since the  lo3t time  (or smaller load) trying to 

skid or winch a turn up the  adverse graces defeats the purpose 

of the machine (high productivity through itr speed);  thus broken 

terrain becomes an important  consideration for its UB«.    Similarly 

the  advantage to be gained by fast  skidding over long distances is 

lost  in adverse terrain and a consequence is that more high-class 

truck roads will be required.    The introduction of the  skidder 

to the ground   kidding system did lower the amount  of truck road 

required per area logged.     These machine limits have been presented 

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

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

serious to efficient skidding.    Good,  apparently firm soils,   some- 

times become quagmiros when wet.    In arrms of high precipitation 

a careful look must be taken at both those criteria and their possible 

combination.    Extremely viet  condition? can either slow production per 

day or can stop oporationn over days and periods of time.    Limiting 

the  number of days a maohinz- works (ur machines in combination) raises 

the  fixed charges and machino inventory carrying costs,  sometimes 

to the point of making the  operation unprofitable. 

A new skidding machine has recently cerne on the market which 

may help overcome the detrimental effects of wat^r on skid ways and 

improve the adverse skidding capability of ski-lders while retaining 

the  advantage of skidder speed,  thus enhancing the chances of using 

a ground skidding system.    The machine  is now in use in nome 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 35 %• I& ha-s «a added advantage in 

that  it exerts relatively low unit pressure or the ground. 
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Conventional ground skidding doe* 'bear a lot of soil and 

can leed to serious orosion problems,  but careful layout and 

»raining: of operators cai. lessen thin. 

The effect oí  the ai Ivi cui turai prescription on this system 

is not aa serious  as for the high lead cable  syetem the machines 

oan mar.oeuvw amongst "íhe  standing trees.    However, the use of 

machines v.hioh ara ten cumbersome along with improper supervision, 

can. ploy hnvoo with the residual   stand.     These oro1, lems can be over- 

cose with careful  planning and supervision, 

Crt.wler/skidd er logging can be  carried out profitably often 

at low unit volumes, but the high value  of many tropical trees 

ie a great help.    There are virgin foreste now being logged from 

which only 15 m3 per hectare are being harvested.    Some rich 

foroiits of South East Asia yield ov*r  100 m3 ner hectare.    Generally 

the mininur.: volareP which can be logged or the point at which one 

takes anot\er careful look at all the  other factors to see if they 

will all» viate the possible high cosrte,   is in the order of 30 m3 

por hectare. 

The sine of tree and/or log dictates which sise of tractors/ 

skidders you  should choose hut not neor.ar.arily the system,  for 

crawlers and akidders como m many sizes. 

The grovnd nkiddirg system has beer, in us><« around the world 

for a long- time  anc" the une of crawler tractors is common in other 

fieldt, therefore, the chancis pre  quite good that in most countries 

tbere aro eroort  crawler tractor opera-tors.    They may, however, nave 

to chango their outlook and methods to effectixtsly skid logs. 

3kidder operators will be rcore rare  and require Bpecial training 

even though they hed previously operated crawlers. 

2.1.3.   Seaii-cechaniCAl/light mechanical  systems 

The heading, for thin section may appear to be wrong; however, 

it ie intended te  convey the idea that there are many pieces of equip- 

ment o-th^-r than hichly specialized and costly units which function 

very well under specific circumstances.    These systems have a dis- 

tinct advantage in that the components are not too sophisticated, 
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nor are they usually too expensive,  plus the fact that they re- 

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

Normally these  system are not  adequate to  supply logs for 

large operations since their relatively low productivity makes 

the  logistics problem enormous.    They can,  however, often he an 

arm of a large operation,  producing in special areas and  at  a 

low cost. 

Two systems which come to mind and are worth discus-ing axe 

the winch lorry system of South East Asia and the farm tractor ground 

skidding adaptation. 

The winch loi ry system has been in use for some  30 years and 

performed very effectively in the easier terrain types.    However, 

with the move   fco the mountains which was recfuired 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 7.1.    The  system is still in 

use  in Malaysia and Indonesia.    It  is believed that the Philippine 

version called the "Bataan Logger" is still in use but to a limited 

extent. 

Terrain conditions aro  a limiting factor with normal winch 

lorry roads being limited to 30 % grades, but  I have eeen them hauling 

down slopes of 50 %    In one case the logger u;ed logs as a drogue. 

Adverse grades naturally also slow the lorry but  since most 

winch lorry roads are crude the normal  speed is slow.    Adverse 

grades of 35 fo have been measured. 

Soil and the effect of water on it   is important, but the 6-wheel 

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 important as for expensive machinery being operated by 

daily paid workers. 
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The syst<j¿„ car  first Lor, on vary low u.iit volume::,  as low 

as 8 m3 per hectare,  and han been particularly effective in re- 

logging,  as market trova" for apscies chang«.    With a prebuilt 

rudimentary road  let work 7 h&vu saon an operator logging an 

area (third tima o*, e.-)  ¿Jid "brin^irg out less than 5 m3 per hectare. 

The syrtero is ur.sopJiisi j.^etrd and drivers and crew ooon learn 

to repair all bu't tb'  en^iüc ff the lorry; the tractor being as in 

any other systuBU    It is labour-inter s i ve and production costa are 

usually lo.ior than the raj or ¿systems.    As old machines wear out and 

higb*r priced, truck« ais r4eedod? the system may  lose a bit of its 

low price advantare;  brvïver,  it if believed that costs of other 

equipment are accelerava;? a   th«i SK.T<U rate.    The system works very 

well Kith medr.r.m r././tìd to \PTCQ legs ind ii used very effectively 

in nom pi ant a+i'jr.c; ef South Australia» 

2 • 1.4 •   ^*?;M£j- /a-JJp^^g-b our_ operations 

'fhiie this emotion may oe of little interest to some it must, 

however, je manticaed b^or^iF» it could be one of the choices avai- 

lable to you,  ,uid xt may rinind you that you do not always have to 

buy motor driven ^quipim nt to r.ove logs from the stump to the carrier 

or dump. 

Ar e valient c    ;yle of thin 1P the Kuda-Kuda system of Borneo, 

Klirre •}% i i vreá t:> h-rvìs'c the freshwater swamp forests.    Until 

recently oven the  tree \r.z "allod by hand  saws anù axe3.    The sole 

concession io po.or.  othsr vlian hupan,  is a miniature railroad with 

skeleton cars pulIod by a srcall. used mine diesel locomotive. 

Many purh/pull,   aiide/roll  logging operations still exLet 

and produce logn cheaper than .re normally do with our high geared 

machi i1«**/.    Merufactursrs ¡npke  sleds, chutie and pans pulled by 

rodio controlled >;_4rolv»y cni the like,  over and above axps,  wedge», 

levers and jacks». 

Aniña1, pul linfe' v>ow3r hau on1 y recently left some of the tempe- 

rate a-na^ and ior'rv Hrlrwi is in the process of training oxen for 

log skidding.    Flcpia-vtc ave rtill uned very   extensively in Asia* 
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The manual  systems are not  dead yet.  and you may yet  find areas 

where they fit the "bill.    The biff prohleir. i-5 that  as people get 

more  sophisticated they want change,  and everyone likes to do 

work which  is less physically demanding.    The logistics of 

supplying a large industrial complex can be an enormous headache 

using these systems. 

Now that we have raviewed 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 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 assess 

the most probably suitable system to use.    Individual pieces of 

equipment within a system is essentially only a matter of numbers, 

sises and configurations and thus will be covered in a general way 

later on. 

One thins 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,  cue cannot say which is the best.    Many loggers under 

actual  operating conditions soon determine which is the best  as far 

as they are concerned, but 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 transport modes 
The other very major phase of any logging system is transport. 

Each 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 obvious. 

Basicr.lly there are three ways to move logs over long distances, 

and these are: by truck, by rail and by water.    The basic criteria 

examined for extraction methods also apply to transport, but as is 

evident,  accessibility and avp.ilability of infrastructure and water- 

ways becomes a key issue in transport. 
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One thinks twice before goin*r In to  '0g in area which is 

very remote.    If there are no public or private roads (or a rail- 

road) within economic hauling distance   from the forest then the 

extra coet of construction of a Lengthy access road often deters 

the investor.    The  presence of ~ood,  usable  public roads often 

changea the picture,  for instance logs are being hauled from 

3,000 to 4,000 kas in Brazil,  albeit they are  of selected species 

and at bacìe haul rateB.    Wood hungry industries in pares of Asia 

haul logs from 160 to 5^0 to»« 

Basic data collection therefore must include information on 

public road, rail and waterways which ray include coastal and 

seagoing movement.    Therefore, occasionally other information is 

often required on port  capabilities,  rules,   shipping and handling 

rates. 

The major bacie method of trnnapoH has now beoome trucking, 

for the accessible  foreste haw almost completely disappeared from the 

vicinity of coasts and "ivera.    Occasionally all three methods will 

be used to move  the name log.    Some logs ^re trucked to rail,  railed 

to water and floated to mills, generally, however, two BystemB in 

combination, is the nom for s combined  system.    In most parts of 

the world where water transport in used, the logs must  first be 

trucked.    Baaic data yields the infornati on required to tell what 

other method cm airo be utilized to low«r costs.    Certain parts of 

Amaaonia are ftill producing large quantities of logs without the 

use of trucks• 

Railroadn are  -i cheap method of moving logs, but the logging 

railroad f.lmost became  extinct because of its inflexibility with 

regards to terrain,  and public rsilroads do not often go to or through 

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

The problem with most forests,  as said earlier, is that they 

are no longer accessible to a water-ray.    Therefore, the logs must 

be trucked and ores loaded it is a simple matter to hook on to a 

public road and deliver directly from the forest to the mill yard 

(so-called door-to-<ioor delivery) provided the distanoe is not 

excessive.   The movement is positive,  logged today and at the mill 
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today or tomorrow.    Tacking 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 *°  2.5  :   3.5 to 5,   for   water,   rail 

and truck respectively,  naturally 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, pluj load factors affected by regulations and 

road conditions,  stowage and  service.    Hauling costa are  sometimes 

higher on inefficient railways than by truck.    Road, Bpur and 

loading facility cosis are extra in all cases. 

The various factors which affect costs are time,  distance, 

terrain and weight  (volume).    One can readily see the interplay 

between these items.    For instance,  a 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  each transport  mode 

to the  same degree provided  one  knows the relationships of each. 

Por instance on a twisting road or river you may be "ble to in- 

crease the load size,  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-weather haulage.    The truck is much more versatile th?»n rail 

in difficult terrain conditions.    Thus to hauling costs,  the cost 

of forest  roads and cheir maintenance must be added. In most cases, 

however,  roads are necessary for a first move. 
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Trucks    omo  in many si^ep arid configurations.    Tht system 

is so prevalent that many firms manufacture trucks and trailers 

just  for logging,    These are  generally in the heavy duty range 

and cost of one unit  can run to Ub?. 100,000.    Trucks in the medium 

and light duty range  are usually  assembly line units with perhaps 

some  special   features such as be«fed-up frames,  heavier suspen- 

sions and arles, 

A careful   look must be tcken at 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 calculation; however, load sise, 

affected by the green weight   oí   logs,  (and bark),  and load limits 

on public roads (and on sone  private) are equally important  in th<? 

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  ar^as.    Some manufacturers use 

light weight material.:* to increat-e the payload.    Furthermore,   a 

system of trailers,  one ur two paps,  can increase the payload, 

but  a careful   looi: n"st be taken before this ir, adopted. 

The dri   mg capability of the caw will  often gov. n the 

accessories (automatic, power shift, and power steering)  and size 

since huge trucks RTO difficult  to manoeuvre for some inexperienced 

personnel.    Similarly, low foivst   read standards may indicate the 

need for front-wheel drive and lead limits ai-e usually higher for 

more  axles. 

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 normally  loaded for the  return trip, which cannot be  loaded 

or unloaded for lack of a  sufficiently strong loader.    In many parts 

of the developing world logs are  loaded manually or semi-manually, or 

at  least without the benefit  of separate  special loaders. Many systems 

aro in use, but the truck should be bought to fit into the system. 
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Truck hauling .6 oíten the hignest cost  phase  of logging. 

Thus it  seemB only natural that special attention i. ¿ taker, in 

the  selection of trucks find their configuration.    One should 

remember that expertise is available,  not  only for the initial 

selection but  also for the. affectiv  operation of hauling. 

Some companies employ full-time transport   superintendants.    As 

rtated earlier most track manufacturero will provide the expertise 

to supply the truck to do your job,  but  remember you must know your 

basic requirements and have the >,asic data  at hand. 

You must  know the terrain to determine the type of road you 

will buxld;   sharp curves find  steep grades will  require certain 

specific equipment  including trailoi';.    The  site of lo*? required 

by industry and the  siso of your trees will  perhaps require special 

features capable of handling nay,   long logs, and here the  size of 

truck and the extraction equipment must be well matched  for the 

beat  overall  performance. 

Highway hauls require that you know  all the regulation, not 

only those pertaining to  ipeed and gross weights but also as to 

size,  such ae overall length, widt'   and height.    Qui* - often you 

will  find antiquato «A ru^. whic;i UJ  ¿oager  i'¿»  the  ¿situation.    3y 

presenting a well outlined  and calculated  case you may be  able to 

assist the authorities in up-dating their regulations or get special 

hauling permits that  will  save you money. 

Beyond a certain distance hauling by -ail is usually choaper 

than truck hauling, however,   ::.n n.any  cases the r'il haul  involves 

a truck haul at both ends, therefore,  a careful, look rmiBt be taken 

into these  added costs which must  include rehandling. 

In some  countries rail hauling on public systems is not as 

efficient  as truck hauling,   and private railroads into the forest 

area are usually not  on because of tho difficult terrain found in 

most remaining foreste..    Because of this it is doubtful that anyone 

still extracts directly to a railroad,  an exception being the mini- 

railwayß of the swamp forest? of 3.K. Asia, which are the only ground 

haul methods suitable and which usually cnly haul  short  distances 

to the nearest river. 
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With th    now increased and cont   lually increasing   rice of 

fuoi it  io poiiüXDie   bim* uiüi\j companies will look into the possi- 

bility of putting in rail for their   long hauls.    Similarly,  remote 

areas far in the hinter 1 uvìs will  probably best be  served by rail 

v.'hich 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.    Railroader? often claim 

the logger is inconsistent.    Perhaps  it is the loggers own fault 

for his inconsistency,  or perhaps he is inconsistent as a result 

of tho 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, xhe  same can apply 

to internal warmer transport, and to  some extent trucking on public 

roads, where rates are applied to meet  a. specific need or encourage/ 

discourage certain activities, ofton as a market regulatory tool. 

Bofore investing in equipment, a logger who must rely on rail for his 

long haul,  should ensure that he has a long-term agreement with pro- 

C3dures laid uown on how to handle   any rr>te altor^tIOîTî. 

Rail transport  recoures very special expertise if one is to 

operate  a private  road.    On public  roads the numbers can readily 

be obtained but  during preliminary discussions one must ask all 

the questions.    Railways people tend to assume that you know as 

much as they do.    Some unmentioned items can be costly and are 

the public railways willing to put   into service   special cars 

(wagons) which will handle logs most  effectively?    Often, they will 

nob.    One skeleton car can cost in the order of Ü3S PO,000 and they 

':it  idle for a good part of the time in addition to which you may 

havo to pay dead heading charges. 

Public railways    (as public roads ) have set  load limits which 

trust be carefully looked into when calculating.    Green weights and 

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

used and load configuration (pyramid) is regulated. 
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Until .'ecently at   leaat,  rcai transport   ha:, cut  into the 

railway business so badly (other commodities)  that many were 

unprofitable.    However,   where rail  sor vi ce  ia  .available  a care- 

ful look should be taken into its use, especially for long hauls. 

Similarly,   if a logger met  build private   roada over great   dis- 

tances served by a rail^iad    the nil l.aul   will win out unless 

service i3 too unreliable. 

Water transport has  alwayn been the most  economical  method 

of moving logs,  but the water system in not   always available 

in the forest and trucking must be resorted to. 

Ocean transport  is   a specialized business and implies moving 

logs out  for manufacture  in another country,   therefore,  it  will 

not be covered here;  however, one should mention that  Indonesia, 

the Philippines and Brazil,   for instance,   have vast distances 

which can be covered within their territorial waters.    A look into 

these would be the  subject  of a complete transport study. 

Traditional water transport normally entails floating the logs 

in controlled groups on rivers without use  of equipment  or towing 

log rafts    id/or bundles and bargt    with tugs. 

The former is gradually disappearing "-long with the river 

drives of the northern coniferous foretrts.     Rafting and barging 

are still quite common though mostly restricted to countries well 

endowed with rivers to tidewater ocean shipping points or mills. 

Similarly, mcrrt  logs in Amazonian Brazil  move on the Amazon or 

its tributaries. 

Pur obvious reasons a logger mu3t know the green weights of 

his timbers and the conditions of his rivers or the nea.    Remote 

forest areas can appear accessible until  one  observes the river 

flows during the often prolonged dry season.    Past river flows can 

preclude towing upstream or raise coats considerably. 

Tugs used for towing or pushing must be  especially designed for 

a particular application.    Although one  nees "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 time will charter out at low rate. 
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Tugs üB  i for moving logs come .a all sizes,   and i  wer 

sources range  from less than 100 hp to big barge puller/pushers 

of over 1,500 hp, dependine on the application.     Costs can run 

over US$ 1 million.    Initial  capitnl outlay for a "barge/tug system 

can run into a sizeable amount,  for instance the cost of a tug 

(towing/pushing) and two 2,000 ton opacity barges can run one 

into an expenditure of US* 1.5 million, depending on the country 

of construction.    A between-decks or welled barge will not usually 

handle as many logs in volume  as say a flau docked deck-loaded 

scow, 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 quoted,  if you 

have a floatable/navigable  river it i s esserti-! that you in- 

vestigate its use.    But while you arc investigating, he  sure to 

check on boat   crew staffine and manning regulations.    The rules 

sometimes force an operator  into more capital   (and operating) 

outlay than he envinad  and thus higher costs.    Por coastal or 

deep sea shipping, a person is forced to use water but sometimes 

he can negoV ate or force  lower rate". 

In areas with good rivers and coastal waters along with a 

forest which supplies floater-type logs,  «impla 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 

fcoats 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 similar effect  on road subgrade con- 

struction equipment, where crawlers predominate.    A tendency which 

has come in of late is the use of power shovels and back hoes for 

subgrade construction in some temperate countries.    This method could 

well be the answer in some  problematic soils in the tropics and 

oould also help to alleviate environmental problems associated with 

or caused by the crawler method of construct i or. 
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Surfacing and grading equipment are basically  Ttandard. 

However, the  size of gravel trucks may oause  a minor selection 

problem in order to balança  ou-» th<j  ]tn.din¿-.    If gravel iE only 

applied lightly ani over '*.   ahoit  period of time,   the trucks might 

Btand idle unless thoy san "be turned to other use.     in such cir- 

cumstances an operato" might  be better to hire (or contract) his 

trucks end loader for tho requisite period,   Li he can. 

Road construction ir ;i   3peciali r¡ed task rerruii*ing s lot of 

supervision so much ao th.rt most lar^e» well run companies employ 

a road foraman, 

3.    Ancillary production functions 

Although these items have been listed an being subordinate 

in thix paper they are by no means insignificant,  ond if not pro- 

perly carried out oan disrupt an operation to the point where pro- 

duction ie lowered drastically or coste are raised unnecessarily. 

The Bame basic criteria affects th«se functions as for the 

major phases.    Ue c-¿n ìIBCUES these in the order in which they 

normally t;   e place in an opcrstioi 

3.1.    Felling ani crosscut "ting 

Today most of the world's industrial timber i 3 felled by means 

of chain (power) ßav/3.    These  a~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 timet? over the manual axe/saw methods. 

Because they are fast they can altjo cauBe a worker to perform 

hi» task in an unsafe manner.    In addition to picking the correct 

saw (horsepower, bifide length ,*>nd safety features)  fellers should be 

given careful training on their use and proper felling techniques. 

In addition to safety,  the manner in which the trees are felled 

can make tl:u extraction easier,  thus lowering extraction cycle time, 

thus the importance of training.    Similarly,  it does not take many 

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

trained. 
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Hand fe. -ing and sawing is stilx 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  areas. 

Productivity in  Telling íF^  aleo  affected by terrain and 

weather.    The  tú ze of  the tree may cause  a feller to work longer 

on one tree bat   if the height  is good he will make up in volume. 

One could not begin to name all  the brands of chainsaws on 

the market, but   suffice it to  say that the market  is big 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. 

AssociPted with felling ire the   supposedly still more minor 

items  such as clothing (helmets),  hand tools,   files and repair tools 

and j^cks to name  a few.   These may seem minor but they are essential. 

3«2 Debarking 

Debarking is still done manually in the  forest  in most developing 

countries where  logs are generally 'barked before entering the mill 

or where logs are exported.    A logger must decide whether to do this 

in the  field, manually, or let the miller do  it either manually or 

mechanically at   the mill.    The logger's mr-in concern is labour 

availability and. whether or net  the weight  of the bark will affect 

the load size wi ich 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  reauired 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,   since these two transport modes are 

normally fed from a stockpile as and when the wagons and barges 

are re"dy.    When,  however, bargos and wagons are available, the loading 

process must be  fast  and efficient. 
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In txv.jK hci..'-^..0   -i»~ .a*)~\ uif.icuit  piece  of equipment to 

fit into the overall scheme is usually the loader.    This is 

especially  so i ¡a small operations where  quite often the  logs  are 

big hut   a big piece oí" equipment  needed  to load "big logs on trucks 

is over-productive and thus would be under-utilized.    Many small 

operators do without, and  devise makeshift  systems or use self- 

loading trucks,  all of which «ire usuili,1,   slow compared to mechanised 

loaders,   and tie up the truck for long periods,  thus high priced 

powerful trucks also becorro  redundant.     Similarly, under-prodk-   tion 

loaderu hold up trucks thus raising hralin/r cost?. 

Mostly,  all  loaders  are now mobile.     Boom  loading in cable 

operation is still  prieta sed but   ^ta use   ic declining.    Especially 

mobile  loaders oan be said to be   front-end  loaders, mounted on 

wheels (rubber)  or tracks,  heel boom hydraulic  loaders also on 

wheels or bracks and the hydraulic knuckle boom grapples used  for 

loading smaller treoB or lo<;s are  and usually to be where the logs 

are they must be mobile. 

The decision as to  size of loader depends on the  aizf of logs, 

which has Visen decided in the ext ration  "nd/or transport phase or 

by mi: r*' .•"» rome .ei-..i ••/.'.' „r.er ' o ¿hee 1   or 

track mounted machiner depends on how mobile it must be, which is 

•ssentially the  distance  to  he  travelled between loading points and 

the  soil  and water conditions.    Por some   special loaders the adapta- 

tion to rubber wheeled mount CRII raiae the   iost considerably,   «ven in 

the order of 40 per cent  over <-?nd above  the cost of a track mounted 

model.    Front-end loaders mount e Lì un rubber cannot always function 

on wet,   soft landings - they noon slip and  slide and bog down. 

Track mounted machines move slower and their weight is better dis- 

tributed,  thu3 they do not  churn up the   loading so much and are not 

so vulnerable to íJOü  and rain conditions. 

Thus,   for certain soil conditions  a track mounted (rubber if 

the road surface  is wide onough) heel boom loader, loading from logs 

piled (windrowed)  DP si de the road \v sometimes the best   solution. 

This of course entails being able to place the extracted logs in wind- 

rows.    Olear felled forests being logged with a portable skyline 



system lends    tself very well  to thii  loading unit.    &  and 

skidding in a selection system could ileo use this method and 

thus prevent the clearing of large areas for lsnding« with re- 

sultant extreme diRturr-.nce  <ind compaction of the   soil. 

On some "big operations wher»   loading time te n significant 

part  of a truck's total  cvailnhlc timo,   some operators preload 

trailers and thus the track,  (tractor) which is the expensive  part 

of the unit  is more or less moving continuously.     The preloading of 

course must be foreseen to be much fa:ter    than normal loading in 

order to make the extra investment pay off.    Preloading also re- 

quires more  space and better landings than those  required  for direct 

loading. 

Rail  *nd barge  loading usually require  special loading points 

and depending on the facilities provided,  the loading equipment 

or method is chosen.     A key  fictor ia to l:e  ahi o  to manoeuvre  the 

logs so that they take the  leasL  apace  in the  oarge or wagon. 

Some railway comp.-mias charge by J he wagon with weight limits,   and 

naturally according to dis-ance,  thus a lugger must ensure that he 

loads the maximum allowable.    The  smr principle  applies to barges. 

Because  ioadi.ig is  such  a critical   func+ion to select  equipment 

for,   spare  capacity in marginal  situiti onn should  be allowed   for. 

This could entail the cost  of another machine  standing idle  for 

possibly most of the time.    One  solution is tc   try to order log 

unloading and gravel  loading eouipment which can be brought into 

play as required. 

3.4    Unloading 
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 by a myriad of methods and systems,  and a 

logger has to find the cheapest method which will   also ensure that 

his truck is not held up unduly o    Essenti ally the came mechanical 
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methods as loading are available but the front  end rubber 

mounted loader appears to be the favourite.    One must remember 

that log yard« are surfaced and/or compacted and soil conditions 

do not effect this operation aa ia tho case  for loading in the 

forest. 

An integrated operation can buy unloading equipment which 

will unload trucks,  sort the logs for size  and species,  stockpile 

them and feed the mill.    Thu3 the cost of the machine to the logging 

operation can be minimal.    Big yard machines, which can often lift 

a whole load are costly and one capable of lifting 20 tons costs 

in the order of USt 225,000. 

Loggers delivering to water can employ MA" 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 thoir 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   Ovçrhf  d equipment 

This heading covers sii 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, no operation can function without  some or 

all of them.    They form a p»rt of any system. 

Por instance, an operation cannot be supervised properly 

without a supervisor and he must have transport.    Similarly,  the 

crews must get to and from the job.    The state of the roads and the 

job to be done dictate the type of truck recfuired.    An example of 

this is four-*rheel drive versus two-wheel drive. 

On    scattered operations and long truck hauls a radio dispatch 

system can pay for itself in no time.    A mobile workshop will reduce 

maohine down time on any operation. 
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We know that wc   risi ensure thai  oquipmem.   suppliers pro- 

vide good maintenance and spare parts service.    Similarly we 

must have a good repair depot,    ühop equipment  is ?, must and 

can run into a consideratile  sum when you add up the cost  of all 

the hits and pieces.    We must also  stock the essential,  most 

often needed,   spare parts. 

And since we want cost control on our operation,  and each 

pieoe of equipment and its major components (tyres, wire rope), 

rfe need an office and the equipment to go with it,  like power 

(plant), telephone,  and office equipment.    Housing and other 

such infrastructure can add up to a lot of money. 

I.    Individual considerations 

Once a choice has been made as to which system to use the 

equipment choice has almost been made.    The only problem confronting 

ihe operator now is which individual machine fits his particular 

terrain, weather and forest conditions.    In other words if he has 

chosen a orawler/skidder combination he must determine the ratio 

->f one to the other and the size or pulling power of each.    The 

previous sectun has covered much of v.aat could be said ..ere but 

as  said earlier one cannot divorce one part from another in a good 

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

Ski ddere generally come in three sizes within narrow limits 

and crawler tractors,  suitable for logging,  in about five.    The 

-election of individuale entails a productivity analysis baaed on 

draw-bar pull and relevant speed of each machine an given by the 

manufacturers,  and the load you expect to pull.    It will be 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 
4;rees whereas a 300 hp tractor would be out of place in a same range. 

;.n tropical forests some loggers maintain that a 140 hp tractor will 

do the job while  another claims he needB a 180 to 200 hp machine. 

Different soil and terrain conditions plus the length of log, 

plus the philosophy of logging, high speed or low speed, are generally 

the critical factors. 
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In V e caso of cable  systems  ;he  analysis is b   -ed on cycle 

time or turn time,   related to productivity the  same as for ground 

skidding methods.    In cable lodging,   non-productive time  such 

as changing ro-ds and settings if a major productivity (non) 

factor which must  of course be  included in product<vity/unit 

cost calculations. 

In your operation,  however, j<->u will be  in one forest, 

therefore, you can make direct comparisons between machines manu- 

factured by the  same company,   since the forest 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  oout differences can be misleading at times. 

Comparison of two machines of the same  approximate  size and 

power brings a different input into a calculation,   "reliability", 

and this generally can only be found out by experience and compari- 

son with other operators. 

Comparisons of two different machines designed  ,o do the same 

job is also a problem when we hfvr no operating experience behind 

us.    We can only talee the word or advice of the dealer or we can 

try to search out research and ptudy papers,   (especially on new 

units), but getting around and talking to other operators 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 people 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 crawlers,  once the basic size selection has been mad«. 
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Por this Bytam it  can be   .vid  ^hnt  "r-'Vr-   *?,„  .,w>- t^ar 

aVidderr.,  therefore,  the  crawler shoald 3 og the  closer areas and 

the  akidders thn   furthest.    Pro-tuctxvi.'.y cr "¡.¿ul-vtionj cm. givf 

you the dip.tft.nce  nt which the  productivity of each machine  i.' 

approximately e (funi. 

When it  comes to  sia» and confi juration of trucke an') extraction 

enuipment, the   size or  Length of log become > very important in the 

selection procese,  over and  above terrain and road conditions  and 

other restrictions.    Por instance a  peeler  log is usually of much 

higher value than a saw log and usually rarer in the  forest.     Logs 

for plywood,  and for sawing for that matter,   require to be out to 

a specific length, with trim,  to meet mill   specifications.    We know 

that it is difficult to train the feller/bucker to buck (crosscut) 

hie logs to the  correct  length and still get the mo3t value out  of 

a high quality tree.    Sometimes the   lie of the tree prevents bucking 

for quality.    In order to overcome   this,  some operators extract 

tree length and  oven haul tree length to the mill,   3o that the 

tree can be ero ss out    under very clone supervision.    You oan see 

what effect this factor haß on your choice  of size and configuration. 

Perhaps you n ed the  300 hp tractor s  i perhaps you nee    a ^ole type 

trailer truck with extendible reach  (pole). 

Nothing beata actual,  productivity and o ont   figures.    Each and 

every new operator should,   if his opération is large enough, hire 

both a cost accountant  and a mechanic-il  superintendent.    These two 

should set up  a  cost  accounting system,  complete with individual 

machine costing.    The   foremen should be trained to understand 

costs and be able to pinpoint what   is raising coats.    With a set 

up such as thie you should be able  to come up with a better picture 

before your old equipment wears out,  and before it  is time to re- 

place it,  possibly with something else.    A problem in many casce is 

the ability to keep the key men, to.,- often the incentive is not 

there and they leave  for other work.    Salaries from a key part of 

any economic machine calculation,  and if ? man is doing his job and 

worth it, pay him.    Similarly, younger men should be in the training 

pipeline  so that tho enterprise has  continuity. 



37 

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

Productivity and operating costs. 

Just imagine the  job you haw as you work voir way through 

each machine.    You find you need a lot of data, to name a fev; 

we have not mentioned:   fuel,  lubricants, tirer,   spare parts 

(the amount    to be used of each and the c.ont),   labour 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 pointed out that what works in a developed oountry, 

probably in temperate forests with different criteria than those 

mentioned in Section 2,  may not work in your case.    Too many factors 

are involved to pick more or less blindly from a large assortment 

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 dt  1er 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 a big stock of spnre 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 

idle 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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Fixed cojts have  ?. áxC^c-A,   -ni- i iov,:;l".-' "' + o  "-"'"•••- amount  <:.f 

time worked and thus productivity.    Some  machines are very 

auncept ible to  poor  soil oond-tionis  and therefore, may  nit  idle, 

eating  away the   fixed  dollars.    When you have  rjuch a situation 

you either have to fin;,; another typ«.-, (f 'nackme which may extend 

your working peri «id or mo^i-'y what  you have  (chains, low ground 

pressure tracks).     If all e'se f^L'r   mu you etili want to operate 

you c*n  report to double shifting  in order to 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  ohifts, thu3 cutting original  capital  layout   and 

lowering fixed cost E .    As a matter of fact   in 3ome temperate  areas 

they even log under floodlights just to keep those high priced 

machines producing. 

Wear and tear is a factor to he thought of when ordering 

equipment.    Thin can come about through misuse and/or through the 

soil and other weather conditions prevalent in area.    Por instance, 

crawler tracks normally need turning at  about  2,500 hour« and a 

complete rebuild is needed at  some 4,000 hours.    This could change 

drastically i jr the worse if you are    orktng in  sandy e   ila.     Similar- 

ly truck tires will wear out  a lot  faster on laterite and crushed 

hard rock than on sand or cl°y and overloading of trucks can seriously 

shorten their usefu]   life. 

In  concluding this lection let  it be   recognized that "service" 

ìB one  of the mo3t  important  factors to "be  considered when selecting 

equipment. 

We  have now taken a quick tour through the basic principles 

or fact ore which any prudent  ope rat or 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  "know-how" and "training" werf; mentioned 

throughout the paper.    Tn the event that  these points were not 

stressed sufficiently or correctly, they are again being emphasized 

as follows. 
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A sy tern implies a ulanned IT  :hod of logging,    therefore, 

planning an operation is the   wy "uo  ut. .iuccess or failure. 

In order to have the best chances of success you must have 

trained,  qualified people doia& your planning from the  first,  not 

half way through the exercise  when corrective notion will come too 

late.    People  become  "qufJ.i ¡Tied" thiough training, whether it be 

from experience or on-the-job training, or-  formai  training supple- 

mented by experience. 

If training is not  available an effort  must be made to get 

a training programme started as uoon as possible for there is a 

lag between the start  and completion of training and making the 

training of  some use through experience.    Training covers the whole 

range from the  simplest to h^ve the upper lévela of academia and 

should be recognized as beiug a must  or evon n part of your overall 

operation ar well n.a a must   for individual   phases or machine opera- 

tion and operating techniqueF ^i.e-,  felling). 

An operation which start? off from poor or improper planning 

through to selection of equipment,   followed hy the use of untrained 

operational personnel, will have less chances of becoming profitable 

than a we'l planned one, and oft«    it cannot be tur id around,  due 

to built in problems»  ul^'* ca.vnoi 1)3 üí-C-._^^'....".,   ..vlaout  closing 

the operation. 

Above all one r.ust remember that logging is only one phase 

of the forest industry whirh covers the field from seedling to 

market. Do not do as soma have dona: 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 expertise nor 

do they have  facilities to train people in the requisite skills. 

This íF one area where PAO have a considerable amount of expertise 

to draw upon,   its primary title being to help Member Nations to the 

maximum. If you qualify for  such assistance, contact may be made with 

the appropriate Division in the Forestry Department of PAO in Roms, 

especially the Forest  Industries Division. 
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