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8nil, he can easily fall into holes which he wes not able to see, We define the
different types of forest soil sccording to their mother rock,

with a verv hi-h nolding abi’i* and on the other hand becomes very slippery
when drentcred with water and its hold: 1 power often diminuishes by considerable
proportinne, It is therefore necessar_‘,,aith such soil to r~ :nize the harvest of
tinber durin: the dry season, and if it is wuseful tr wntk during the rainy
gegson, it is nesesssry to anticipate the need of devices which will ~>rmit the
vehicles to pass over t' -~ worst places, The most clsssic forectry artifice

is the autohauling winch plac~? ~n the front of the vehi le,

b, Humid soil: humid soil is most t: -ally forestrial, it i3 covered
with more or less decomposed humus, often mixed with - hed of leaves,lt is equally
the type of soil which one finds in marshy terrain, In order to pf~=s over these

types of terrain, it is necessary to use very l-rqe crawlers, which have a soil
pressure of 100 z/cm .
c, Sar’' - so1i: It often happens that massive forest regions sre arti-
ficislly developegréxn sardy soil regions, These terrains are often of very b’ -
*~1ding power but thev have insuffcient cohesion and when a vehicle atarts up it
very often becomes bogged down in the soil, Consequently, it is necessary, in
order to move about on this type of terrain, to use large tires at very low pressure
in such a way that this be done the least often possible, It is in fact scarcely
recommended to utilize the crawlers in sandy soil because the silica of the sand
is a powerful abrssive which will quickly wear down the steel joints of the crawler,
d. Rocky soil: rocky soil is that of which the auperficial humus has
disappeared either by erosion or by repstitive passings., It therefore lacks the
elastic slement, We can supply it in a certain measure by utilizing relatively
low pressurized tires, but in all cases it is rreom~ended that the engines which
move about on this soil be equipped with a joraping blade which permits it to
reestablish the regularity of the mother rock which, very often, has very irregular
forms making it quite difficult for classical engines, In order to define the
technical characterists of the diverse soils, we must take into account & certain
number of measures which are the following:

& - holding power: the holding power of the soil is measured with the help of an
apparatus called a penetrometer; it is the limit of resistence starting from which
the soil is deformed as soon as one exceres a given pressure on it, In general,
soild have a holding power which varies from some hundred grams to ten kilos per cm ,

p-breaiatnnco to movement: this can be defined as being the force per kilo parallel
tothe soil nacessary to deplace one ton of given vehicle, It is expressed by
this formula: R= K x W ,,, R is the resistence to movement of the vehicle per
kilo; K 1is the coefficient of resistence to movement expressed in kilos per ton;

snd W is the weight of the vehicle in tons, This coefficiant veries according




to the type of soil and equslly aeccording to the whell avstem used, whetrer i's

& question of iron wheels, wheels equipped with high or low pressurized tires,

or crawlers; the aﬂnexed table gives a certain number of coefficients of r-sistence
tn movement in diverse conditions,

Y -p rogigtonce to sliding: this resistence is the horizontal force necessary to
1isplace & body resting directly on the an1l, Thers i3 a coefficient of resistence
to movement which links this necessary force to the weight expressed in tons of
thae load to be displaced, The resistence varied ir function to the soil and the
form of the object to be cCisnlaced, It is a question of the occurence in logging
of logs of which tne variation of the diameter plays an important role and the
way the logs are dragged; if they are totally dragged on the groumd or if their
forward and is raised, also cause & variation of this resistence in great pro-
portions, The attached table gives according to the type of soil and th: {iameter
of the logs and the way that they are dragged on the ground or lightly raised,
the verir “* >  of this resistence, as we can see, varies from L.50 to 700-800 kilos
par ton ¢f displac~i logs,

6 ~» . ihiarance coefficient: this last coefficicnt can be dofined as the relation
exiating between available affort o the tractor end the weightresting on the motor
alements of this qure tractor, This relation is callad the adherance ::sefficient.
[t is peneraliy ax;ressed in kilos in ter~r of the weight of the tractor expressed
by the following formula: F = gg ; [ Leing the adherance coefficient in kilos per
ton; EC being the effort on the hook nf the tractor in kilos; W ' :ins the weight
of the motor elements of tha tractor expressed in tons, It ‘s th'a en>““cient which
determines the efficiency of traction of the tractor, It also depends on the given
soil and above all we see it predominately by its state of humidity., The following
wivas the variations of this adherance coefficient for tractors equipped with

pneunatics or crawlers, As we can see it varies from 170 kilos per ton to 560

kilos per ton for crawler tractors on dry black humus, for example,

1.4.,2.The Silvicultural Conditions

After having examined the physical sspect of the eoi1l, it ie fitting to con-

sider the forest that grows on this soil ard which is the real goal of logging,

1) Diameter _snd height of the trees: It goes without saying that
*he number one factor to consider is the diameter and height of the trees, in
other words, the unitary volume of the product to be handled,

2) Mode of forestry operstion: According to the type of forest thst
we are dealing with, is it a question of s virgin forest, a regularly harvested
forest or an und ‘rdeveioped forest, the conditions of loeging will be very different
tecause in the first case, as was previously stated |, it will be necesssry to
crrate sccess roads in order to penetrate the forest mass, in the second csse thece
are already roads but it 1a nocesssry to go looking for timber in the interior
of the sometimes dense growth 6 taecause the operation will tren be s silvicultural

agcr i, thet 1s to 88 A vt situation in ~cnie ot the tuy Tra, i8

ie




cases,

1.4.3 Economic Conditignas

It is obvicous that when one begins a study of the logeing conditions, 1t is
necesssry to take into account all the parameters and particularly the economic
parameters, The price of the finished product will be of course the result of all
the logging costs but will be under direc. deperdence of th> coat price of wood.
This cost price varies from the function of ownership of the forest; if its a
question of government or privata forests, or if it is a question of forests for
which we pay a simple royalty which is proportional to its surface without taking
into consideration the actuel forest productivity., A1l these elementa must be
congidered in order to calculate the coat price of the finished product,

It is also necessary to take into account the :conomic developement of
the given country, Because, as it was previously stated, if there {is absolutely
no sccesa road not only to the forest mass but alao to a port where the merchandise
can be dispatched or a road or railway sometimes situated at a great distance
away, the price of this firat investment ougsht to be taken into consideration in
the calculations of the cost price of ‘he raw material, It goes without saying
trat it would bte normal in the case of very great investments of this type, that
the community, country 6 state nr county take charge of all or part of the finan-

cing in order to establish these roads,

1+4.4 Psy:holosical Aspects

Besides these economic problems, one of the principle factors of succesa is
the cost of human problems, and above all else the problem of manpower,
atudy what the duration of the operation will be, and above all if the forest
manpower will be seasonal or permanent, ln the first case, we must forsee that
the aeasonal manpower will generally not be careful with the equipment and the
material will suffer accordirgly whereas the personnel sssigned in a permanent
fashion will be more cautious with the functioning and up keep of the machiresg,
It goes without saying that we ought to try, when organizing the yard, to utilize
personnel of the most permenant fashion possible,6 even if this necessates making
changes in the form of peraonnel utilization , making roads or reafforestring,
for example during one period of the year and executing felling amd skidding
during other periods, However, in certain countries, the climetic conditions;
rain in the tropica, snow in scandinavia, make it so that there isn't a possibilit,
nf employing workers all year long and it is necessary to utilize seasomal manpower,
Besides thia important question of use of sessonal manpower or not, it is fitting
to determnine the type of the existing available manpower,

a/ in over-populated countries: in these countries, we often have an

obundcnjhanpo-or foree, nften cteap, sometimes evan more econonical than machines,
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such a3 in the rar Eest, but in other regions, in spite of the large population,
frrestry manpowar i3 hard to find because it's a herd and relatively poorly paid
trade, In *his ca'%e‘; mecanization generally permita the revalustinn of the pro-
fession, [t is advisable to ed just the salaries to the obtained production, In
any case, we must not forget that the forestry workers are often rustic and brutal
with the machines,

competant manpower and the manpower which could come from the machines' constructor
conuntry would cost three or four tines the price that it would cost in the initial
cotntry, The local manpower that we could use would often only be aides, who

wo'ild be ablea mearmhile to be trainedlittle by little and co:ld occupy more and
mnre responsible positions, Certain constructors, such as Catapillar, hava done
tudies on the mafficiency loss in yards in terms of the work organi:ation, It

was found that with a very experienced team who are well payed and properly
suparvised . the loss per work hour is four minutes, whereas with a new team which
is not well co-ordinated and who are poorly paid, the hourly loss is about ten
ninates,

concerns logging management in narticular at the leval of relations be tween work
organizations, between the office and the enterprise, between the bosses and the
workera themselves, The same americsn constructor caused a variation in the loas
of minutes per work hour according to the quality of manssmment, from three to
seven minutes, We can even estimate that im certain Aeveloping natinnas these
noefficients can be doubled, In gereral  we estime that with a coefficient of .BS,
the afficiency of a yard can be considered exceptional. With a .60 to .7¢
efficiency, very good to acceptabla, An efficiency inferior to .50 means that

the organi-ation is defective,

1) go‘c_:igl_As_pﬂic_t: it is fitting, when one does a study on the eventual costs
of a logging operation, to take into account the laws and customs, besides the
convantiona of the countries where one is; the laws and customs and in particular
the social laws which can forbid a certain number of supplementary work hours  or
oblige the use of sometimes very high taxes, On the other hamd , the cost of social
charges ought to-be equally taken into consideration because it varies by great
proportions according to the eeuntry, The necessary accident imsurances, not
only for the work force but slso for the engines, are also a point which varies
considerably from country to country, Finally, the conventions, not only the
social ones but also the work habits ough* to be taken into consideration if
ws don't want to g0 way over our account and it is very often neesssary to consider
the work orsganization because if we establish a new work method, and it doesn't

produce the expected results,6 the workers will very quickly revert to thoLyéld




habits in re-eatablishing a routine which wili impose itself and will be very

difficult to thwart,

*
.

2+ lechnical description and mode of utilization of tools and machines used

in the foresat
- o e— e

241) Manuel tools

- 'I'hfeig;_'is one of the oldest to@ls which man has e.0r used;it
is an excellent striking instrument; a mess attached to a hardle which*..[. 1lds
the force of the individual hit,

-» Aro . her q‘-ri.k_i_n.g.tgpl. simul*anenusly uged with the ax is thoc.u.tgi.n.g.
billh~k | whose (or. varies according to the reginn, the mnst percct frm without

being ‘s italiar ona with a n:b {1 > hook foram which permits not only the

)
pruning and trimmiry but alsn ths hauiicg of timber and facilitates 1ts handling,

=5 Another mznuel tool that we cannot forget to merntion is the
w2 lze which serves to cleave the logs and is also usel at the moment of felling,
and its indispensable companion the maze, Along with the striking tools we can
mention the "debarker" 6 a sort of shovel which is pushed along the trunk,

=% [n the secord category of manual tools are all the scrapeing
instrumenta, These irstruments have practically disappesred since the arrival of
puo~ar saws which better replace! them, There 3+.:i11 erists on *the market ga
cn.all 3aw for detranching which is rountad at the +nd of a handle ard permits
the limbirs »f trees up to four, five ard evan six meters,

~» Aroiher seri=2s of tools :re #Tippors and hook:, used for the
manual "andling of wood,

232, Power saw
Techhical characteristics: the most common model of power saw is

the saw with direct drive where the drive pulley is directly fixed by the inter-
neliary of the centrifuge clutch on the crankshaft and the rogors in these
machinea turn 6,000 and 10 to 12,000 rev, per minute, Given the diameter of
the pulley wh.-h is around three to four cm,, the correspording speed in meters
per second i3 from ten to twenty metars per asecord. The necessary power for
a power saw depends on the effort with which ona panatrates the wood with the
blada, [t requires a ccwer of four to five HP, It is this power that one presently
finds in the majoritv of the existing machines on the market, During the rast few
years the powsr saw has witnessed the coming of accessoriea to improve -uafort;
a scardinavian constructor, in particular, has developed a method of naking
the burpad &us pass through the handle, so that in winter .tr~ logger can warm
his fingers while working, It is now required 1n many countries to have a manual
switch controlled by the worker which automatically triggers whem the worker

releases the machine,




263, 3unching
AR LR LS

bu

—g%bvi.th was next re-

placed by the mechanical saw, which was for nany years the cnly chain tool used

The moqt aimple saw used to be the mar

reqularly and in particular at sawmills, With the devalopment of the power saw,
it was the mechaniral chain saw which imposed itself little by little for use

in cutting timber, Mcanwhile 6 for the timber destined for grinding in partioular,
cutting machines were leveloped; some wares portable and could circulate in the
forest, they became very successful a few years eg0, and now there is a vertical
unity which cuta wood befnore stecking it for industriel use, Derived from these
small cutting units have appeared, particularly in economically planned countries
and countries with high levels eof forestry production auch as the southern United
States, veritgtle wood conditioning milla, In these mills, the trees are loaded
snd transported full length, passed by checkera who determine the quality of the
tree and putomatically orientate it to t he cutting ahop which generally t-s 2
'-=m number of saw which are operated automatically by the electroni brain of
the re~t elaborate machines which permita the cutting of the tree to the optimum

dimrersi~n according to ita intrinsic technical quslity,

244, The barking

The determiratic: -7 the beat place for the barking car be trerted

‘n s mathematieal fashion: by knowing the cost of the barking, the cost of bsrking
inthe forest or the coat of industrial barking in regard tc the transportation
expenaes in meving the ti''~r between the different :nints where the said barking
will take plsce, Studiea have been done on this problem and the conclusie-s are
that the best point i3 general’— in accordance witht he dimension of the ti~ er
and the employed technology,

=» Friction barkirg: the simplest machines which were destined, in the
begir~'ng to barking, were large bsrkir - irums in which the logs deatined for the
mill, in particular were introduced and the lo.8 211 on each other during a
certain number of rotations which depended on t“s «'amentary dimension of each
piece of wood, This technique seems to have been sbendonre?! to the more pro-
fitable scrapers,

- _Sg{'lp-e_b;n{k.ir.\g; ! acrapers are those machines which turn ar~ind the
tree while it 1; perpendicularlypenetrated in relstion to the plane on which
the tool ia placed, Thess machires actually reaebed a great level of perfection
and are certainly, on the world market, the machines which give the best results
for the lowest rast price, They permit, in particular, selectioning in the sorting
centers , ae was said above, and csn be adapted to each timber's dimensions
according to the number of bledes, the speed of the paesing of the loge

snd therefore work in optimum effciency conditions,

=» Other _models : Another friction machine ie the friction head, Yhile the
loze d23nrit e a spiral sovement under these heads , But the majori.y of
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thia type of machine has been discontinued snd replacei by blade hvals which
in fact 10 8 very high quality barking, but they have the disadvantage, in com-
perison to their predecessor, of comsuming part of the wood, which can reach
*hres or four and even five percent,

254 Combined Machines :

v

Role: The comparitive study of the different phasas o7 "o Sing
has quicklv shown that if $ome among them can be better done by hand, nthers, to
*w2 cantrary, were very slow, demarding a great part of tre manpower and were
raletively difficult to mecanize, [f we examine the totality of the phgses con-
cari- ! with the harva:ting of timher, we cnn rapidly rote that limbirg, for exsmple,
is an operatinn which requires up to 30% of the totsl harvesting time and seems
vary 4ifficult to mechanize, When barkine is necessary, it is equally wall-knoan
that berking is a fastidious end burdensnme operati~., because the effciercy of
tne worker with the barker is low and mechanization in the f .test, despite nurerous
pttempts, quickly seema trrational. The efforts of the searchers firstly spanred
th machanization of a like barking operation, It is thus that the first combina-
tion mechines that effectively functinned were the limber-Yvuncher, These two
ojar. tions regresaented up to AO¥ of the timber work-up time where as felling never
represents more than 5T of this time, the rost being handling, reygrouping,
transvorting, etc,

- },i_mP?x:—.b;ulcbe_ri We saw above that the most important harvesting
phase ia the l.imbing, The constructors and the resesrch institutes slsotried
in the beginning to mechanize this operation, which 1in the planting of conifers
wa3 rather simpla to resolve, Ve site notably the "Arbomatik™ machine and the
Swedish "Sund" machine, But the veritable operational machines ware the Swadish
"logna" and the Finnish "Pika", These last two machines took the trees that
we:e manually felled and passed them throngh s metal belt where cutting tools
limbed them by a hyc.ulique jack system which forced the trees through the mashine,
the felling and to attach to the machire a limber similar to the ones developed
on preceeding machines, The first feller-limber was the "Beloit-harvestar"
developed fifteen yesrs ago in the United States and Canada, But this machine
was monsterous and very costly, Other constructors put out other machines in
the following years such as "Beloit" which had > hydraulic prunner in the front
and s limber 3imilar to those along the lins of the machines siteu gbove,
that is to say simple bladeas which enclosel the tree while it was (13p.aced by
a hydreulic jJeck system, These diverse corv‘~..*7rs put these aachires on the
narksi; = @i*e "Timberja:k", "Cemet", "Velmet" o'  lowever cther .cnstructors
oraferrad to utilize s crana aquipped with @ F!ri.l. o rrunner and a head ‘hat

4id the limbing itself with wreaels equipped with atuds: *Fe *ree passed horszoo-




tally into the head and the branches are therefore cut oft but this machire is

temn=p]l’ rnt g barker, The principle constructor is the American firm Lrott
which has actually sold e large number of this type cf equipment, and 1in Europe,
theara jg the wall-known constructor Poclein,

-3 §t_|.mp_9r:f;el_}e_r_= We can compare these modern evolutionary technics
to the expreriments that were recently comducted in Finland 1n particular into
tre recuperation of the stocks of the trees in order to augment in the proportion
of 10 to 15% *re lineer production of the forest plentings, end at the srme time
lrave the s0il more able to reefforest,

?+6. The Forestry tractor:

?¢6e? Technicsl desceiption of the diverse typas of tractors

~ a) Four driving-whee] _tractor:

The classic tractor which was used in the fnrerst for

numerous years wss the tractor with four equal diameter driving wheels which were
of ten even of equal drive which permitted the vehicle to have a vary short braking
rarge, and to be able once it was caurht in a rut to easily get out thanks to the
combired action of the front amd back wheels,

b) Articulated steering tractor:

The advantage of this device is that it permits a relatively
long; engine to have a very short braking range, Also, if it falls into a pothole
by & forward and backward movement called s "duckwalk" it can easily get its two
front wheels out of the hole amt refind s sufficient enough adherance to
permit the vehicle to get out of the bad situation. The articulated steerirg
tractors were not developed very long sgo )for public worka constructions ard
equally eppesred in sgriculture a while ago., It literally conquered the entire
forestry market where it took the place of four driving-wheeled tractors in
addition to a grest number of erewlers, The articulated steering tractors are
Tenerally equipped with a rear winch and a forward leveling blade, The vehicle
can be losded with the help of a hydraulic crane called a forwarder, commonly used
now for losding cut wood and even small logs, In the Scandinavian and North
American forests this engine hae been subatituted for sll othar types of forestrial
transport equipment,

The crswler was treditiorally used for many years in
tropical or virgin forests where it was necsssary to make roedways in the mass
in order to tkae out the exploitable products. Theae tractors wsre generally "
equipped with a powerful rear winch and diverse forward accessoriss such as a
bulldozer blade,

d) Flexible crawler tractor:
The incenveniencs of what we call the claseic rigid

crewler {s that when it moves about the fores: the motor elements are not flexible
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anough to by-pass the obatacles it encounters, That ig‘hy a certain number of
specialized constructors ,thought it preferable to use flexible forestrial
crawlers, that is to say thoase which roll on oscillatirg tracks which permit it
to litrrelly est up Aany encountered obstecle, These tra:.crs were developad ebove
11l in R.saia and Cansds.

e) Articulated steerirg crawlers:

We have witnessed the appearance in the pest few years of engines
which hava *bn gdvantasges of hoth the articulated ateefing tractor and the crawler,
this especially in oil excevation in Northern Canada, Th~s~ deviees are ucerul in
foreat torrairs which have a particularly low holding power such a3 ~ershy zonnc
cr those which gre ‘ronlated a great nert of *he year,

2.642.Accamsories used in *the foreat :

a} losging pans : the unloading pens are an accessory whizh was util-
ized quite commonly long age in mountainoua repo’éns. Thev have unfortunately
terded to disappesr,

b) logging arches : the logging arch is formed of two wheels
end a sort of crane arm mounted on the wheels which is hooked onto the rear of
generally a crawler tractor, This accessory was utilized for many years to
execute loveing by lifting the end of the logs , avoiding in this way dragging
then on the ground and dgmageing them, The effort of the tractor was reduced
thanks to this device from 30 to LO% in ralation to tle direct dra’ging on the
ground ,

c) Two wheeled loading device: is another wheeled forestrial accessory
which is utilized behind relatively light tractors in order to transport heavy
logs in particular cutting timber, The log ia lifted off the ground and because
of thia the slidding traction effort is replaced by a rolling effort, that is to
say divided by 20 or 30, (In Ftench: Teique balle)
trailers were u;;i—d—uring many years arnd it is only in the past few years that
we have witnessed the sppearance of specifically forestrial power drive trailers,
They were equipped with a crane, ususlly hydraulic, permitting the loading of
the trailer and generally the wheels of the trailer were rendered power driven
to facilitete movement in particularly difficult areas, It was these trailers
equipped with cranes and power drive that were the originals of the first
"Forwarders" where we replsced the farm tractor with motor elements aituated at
the front by a genersl farm tractor equipped eimply with two wheels and reunited
to the trailer by a system of jack articulator, The first engime constructed
in this manner wes the Swedish "Brurnet" and "Robur" , soon followed by the Cansdian
"Treever”, Presently, the french firm Cemet produces this type of device derived
from farm trectors, ‘

is -~t simply limited to harvesting, 1% can sls> serve usefully to fre;sre tre
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801l before afforestation or to maintain afforeasted zones.

f) ?‘ibl‘,iﬁ works materipl: we previously sited the ground breaking
and leveling devices which are utilized in the forest generally on the crawler
engines and which permit the opening of roadways and maintainence of them, oper-
utions hich are generally necessary as we have said several times for harvesting ’
in virgin forests or unpenetrated forests,

2ealahe winch : winches are used inthe forest as we have seer princi-
pelly on the bhack of loading tractors and sometimes on the front vhen the winch
angumes the role of emergency repair, actually an autohauling winch on the front
of a tractor would permit it, if it were bogged down in the forest, to be able
to extract itself under all circomstances, It is this techrique which was used
in particular by the American military vehicles during World War II.

Besides the utilization of winchea on tractors, they also serve

14
to encite cableways of either one or two cylinders, these enginea permit the
trensportation of loads to sometimes considereble distances,

248, Hardling engines in the forest : The handling of small timber

rarticularlly in tre forest has made considerable progress during the past ten
years and we have literally substituted the loading worker by total mechariza-
tion, by the use of cranes and in particular hydraulic cranes mounted directly
on the loading engine, We madg‘ofarenco to these engines when we desc:.ted
tractors and their traileir,

2.8.1,Forwarders : we descrited abhov>, when we spoke of
articuleted eand farm trailors, the device ctlled the forwarder, which is in
fact an auto motor engine carrying a crane which permits self-loading and un-
loading. It is important to point out that crane unloading is often used because
it permits the foreman to preselect the timber,

2.0+2. Conveyor Belts : instead of uaing cranes, we have de~

veloped, in the last few years, small corvayvor belts which are directly mountad

on the trailers and permit the workers, when we asre handling timber of small

diwensions such as wood destined for charcoaling or for paper or board industry, to gather
at ground level the heaps of wood that the workers can directly throw on the

conveyor baltg,

2.8,3Hydraulic lifter and winch devices: for many yearas, the

moat common engine used for loading the trucks wes the cable lifter,

2.9, Transport truckes : y

2.9.1 Description of the different types of existing trucks :

We distinguish the diffsrent modela of trucks by their number
of wheels or the number of axels,The nultiplication of the carrying axels permits
tha diminuization-of the uni*ary pressure nnth> ground and consequently to augment
the lcad which can be transported,

2.9:2:0iffare-* 1+ . of lowging trsilers: th. lozging trailer
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is a type of trailer whiech is behind the route trailer inthe tranaport of full
length logs, It is p special engine equipped with one or two axels which can be
put empty on the tr;lctor itself,

2.9.3 Braking and slowing down: it goea without saying that the braking

of wood transport vehicles ought to be very firm, We will call our attastion now
to slowing down because when a loaded vehicle must descend long slopes, the normal
iron brakes will heat up and loose, with this heating, their btraking power, It is
tharfore necessary inthis csse that ths vehicle be equipped with an emergency
brake near the gearbox,

3. Telepheriques:

We class the different utilization techniques of the cables depending
on the very complex methoda described below:

3e1. Loat log cables: .>nsist of e cable which is r*=1-~ hatween two

unlevel points such that one is on a cliff and one in e valley., The 1n-~1 of

wood which ie limited to sbout 10 kilos is fixed tothe rope by a wooden Fon-
>lipped directly to the billhook, When the losd arrives at the base of ‘the valley,
the hook Jjumps and is broken by a sort of clive attached to the eame cable end
the load is eutometically unhooks!,

3.2. Continuous Cables : are made up of one unique cable circulating

on pulliee which support it and the loeds are hooked, ia this case, directly to
the cable which plays the role of both the carrying ca'l: and the tractor cable.
Thie typr of ceble ie generally only used for unitary end relatively -vaak loads,
such ae unitary logs or small fegots,

3e3.Go-and-back catl~ : consista of two parallel cables on which
circulat=s two cabin hooks joined by e cord passing on e high pulley and , in
order tn =vnid elternative movemente, on another low pulley, This is the aystem
currently ueed for people to aecend —nuntains,with a lerge cabin capacity, This
type of device is relatively little used -t thie time in the forest because it
calle for a relatively great instellstion end it Was e very limited output,

3.4.Tre_.ceble: derived fror = preceeding cableweys, it ie e
very common forest model in southern Europe, in perticuler, called the tre -
cableear, It is made up two carrying cables, one principle onesof a 20 to 25 mm,
section and one auxiliary ome having a 12 to 16 mm, section; these cables eare
mounted aa those of industrial telepheriques on poles or supports generelly mads
ef wood and sre made up of a certein number of ¢ars .espaced a calculated distsnce
apart according to the longest spen of the csble, The cars ar» rejoined below
on a veritable braking ground generelly situated at the highest station. These
cables work in s discontinued fashion and are ebove all designed for the descent
of logs in rough terrain regions,

3.5.Cable cranes/ Blondin: exist under numerous forms. The siamplest

was the one developed by Wyssen in Switzerland which c¢~/3!-'s of a sinple car

circulating on a sl-nt and hald 11 pi: > by s cord wound aro.- & wialh wt the
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o3t at~tion, hen one cats the baok ta jescend S0 eir, 1t npoeed mly
atop 1t, mek= it in %" > invars: movean-nt 5o that it automatically hlaocks
it -21f rn th> rrinciple cable, It unhocks ~t the same ti-: A Jary mhinh
fraaa the nwanb ~nd it, if thera ia suffici-nt comnter.3irht, can desc-ni
to ground leval wher: 2nottzr '521 can he harnass:l, Tle Ploslin, on the « ther
hind, ia m~7  » ~f 531y i oa2 oarryinc cable and one simple e°r ig dis-
rlaced on thke cohle Jhith is s2t ia%s notion by 7 sord shisk ragses he Sthe c1r,
¢rscenic by a2 ~lley-block asystem t» the hook 1ind remyints to tha car -ad
Joes on ther petarn clley to the c4lar axtremity of the cablae, This vay the
car can be displesaed ~11 1lon: tha carrying rable and it can therefar»
>ventuilly b2 mounted horvzontally., The ascent -nd 4:acent of tr> hoox ia {eao
bs - blockirge car whick ig more or less ingenionus. Th: moat prim‘tiva
method ~snsirts »~f rivins 1 second cable vhieck li=nlicas tha car ~n! *.:.r:for:
peraits it3 mo-iliz~tion to any noint on th2 carrying cabls, wher-as
the second cord permi’ts tke execution of the ascent and deacent of “F» crone
ook, Fin:lly, certzin ~Hantrustors b ve tri=? puttin: 1 telerommindad
*lectric or combustion mntor in the car itself rarmitting the ascont or
dascent of a load from anywsher2 along %-2 route »f tt= 2~rrying c-r.

3.,6,Cablas which 39 b2llongs: in rough terriin regions “hi~h h ve

1 convox nrofile, such as old mountains (Black Forest, Vosges, =t ,), the
138 of t~1-nharijues is renderad difficult becaus: thay always rave ~ concave
form. Also, cartain r2searchers have tried for some time to nse *th3 ascent
force of the ballonz to rermit tr2 hanAlinz of the ahove ground load and from
this fact permit the transportition over long distiances ~=hitaver b2 the
nrnfile »f t+» t-rriin. Thise miteari~la were 2s-necially dsvelozed in tha
United 5tates ind a little in Russia, but 40 not seem to have passed the
exyerimental stnge.
By cable

3.7.Helicop§3£3_: we can also attach to timber harvisting 1&9
contrivancs »hich csinsists nf using krlicortsrs to load ths timber, <x~-
nerim:nts wers done quite a few years agc n t™2 use of anginea of gr-at

1s=entional powar. A-taally, cirtiin nilitary d-vsiceq can caryy loadas f

up to forty tons, ..1b is largaly Luffi~ient for l1ifting the larseat trees

. ‘.\"‘




in the forest,

4¢ Other 10des of tranirort:

4.1, Floa%ing : The floating of wood is a technique ~vhich is still u =1

In t=2 Northern " “iisnhere, In f-ct in *“sze  laip~ re*ions, %he tr nsrort
of vHod by flontiag ir triditi mally one Hf t8 314 st mathads whi~- ixi-ta,
¥ 31te in Yorway, for exam~le, th> floating 13snziation +hnse baginain, s
date bhac'e to t-: XIT century, Tha traditional matbn? i~ c1lleaf 4ba 1o44 lag
mothods that 1~ to 5y that liring the iatar the tir>s>= ig ~%5c'- outo
the 1o of the 14 nd whon th2 iec2 is broken up later -t lats th locs

ntirie down the river, they irs collactad 1t its mouth whars the trons-
formition indwstry is asually situar @, It is this very wiy thit in C-nnaia
ini 1lso quite often in th2 Seandinavian countries, the f rastrr fronehises
coarrestond to the river bassin and tha totality of the timber of the basiin
can b dispatshed by natural gravity %o th» paremill or sawmill in the
valley below. ‘hen *“ir> r1- miry important rivers an' “agsins »1d “han
arver 1 com: ints the cwrs hassin, vhith 13 fr2nontlv the sage in 3can-
dinavi~, a small n:tillic planie or siomia remmits tha wood sortary to
oriont ts tke timbar tcrards ea-h utilization = 2tHar. Tris oraration is
no* simplifi~d by v ritable sorting centers of which cert-iin on:s in Russia
ara cleztronis .3 jqucsi-iutomatic ind which permit the ~lagsifieation of
timbar not only by oricin but alsne by nli*: 2nd utilization,

4e2¢ Jatsr transrort : cat-er tranaport must nnt be confusel wyith flo~t-

ing. Tt consist: of tran--~rtiig timber on liskt barges in crnals which
are made for the transr-rt of 1nduatrial matzri-1s.

4.3, Railway t »rivat> trac':s for the transport ~f timber ‘vere vary
fr:quaent in the XIX rentury and the basinninge ~f ths XX ~intury, e<necislly
in d»veloring nountries ~h2re a railway tr~:k zenerclly cnasts lags thn a poad
and permits the exit of great tonniga of vond with excessively ~dio.r:
tarriin zonditi-n,

o2e f2thed of calculatinz the ~-~3t pri-~» of foreaat jobs

~

5ele Slcidatinz ¢ toqb mp o F papl =t apial:

In 1Y ~9gat “rieco ~aleul »tiong, ! N Cctnay e thraey

i o0 e eiqaes Pl soata, 0 tta mig 0 Ly 1 aqepr ca S
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prorortional %o.t¢3: 'vhich ara proportion-l to th» - >rk of the machin: ond
coriyuzntly to the h.urly rroduction: costs that ~r» ~anarallr r-lative
to th: riven erttar ‘rice and vhi-h vory;s ncecording to the worv ~reanivotinon
orl tre state of davelorrnt ~f tha country whera tha loag-ipe i~ toking nl-n-,
5elele Pix:d nogts :

srr oA mntdre 2111 1oo7: its velua., It is therzfore fitting, +vhen it be-
comes unus2hl~-, th~t tr. ovmer refind t'.- ~opitcl from t-: Fir,' ey to
r:~1r:2 the matariial which has bacome deficient, It is alae fitting to
detern're durines what neriod of time to r:dasm t:: =achin-. This 2atim-~tion
is vary imrortant becaude the hourly cost pric> of the m~~“ire depinia
<r1ntly cn the number of rnnu1lly used amirs. Th3z nunb:r of smplryed hveurs
of the machine i3 prorortional to its rroductivity and its conditicns of
use, Usually, thia reriod i3 det:rmined by thz momant when th» r2p:.ir cnsts
bacnm> ~r2eter than the returm costs. The simplest method is to consider
th» "~mortizement dir:ctly prorortional to tha time, which is callad the
linear method, Tks opposita a3t+nd i3 2 = r: rational »m: vhich ronainsts
of taking each year ths actual valus of the usad materi'l on th: mark:t,
#iving us ~ curve whirch movas >1t stringly to the right bacaus: it is n
svceptional ty-e, In the calculation »f cost nricas, it is praf:radl: tn
tize the hour as the unity and ~3 vill therafore heve the ~mortizement, which
will be calculated by the buying value less the eventual used matarial valua
4ivid>d by the totil number of hours during which the machine is amortizsad.

It is fitting to remember that for certain machines, such
as crailer tractors in particular, {4 is im-ortant, if +v» vant to 3:2e the
problem more clnsely, to amortize separitelt the crawlzr tracks ~1d the
tractor itself; the tracks being used up mors gquickly than the tractor.
The same goes for the tires of graat dimensirn which are actually used on
rublic works enginas. It is adviseble to note that-, in ths amortizemant
of ma hines, it 1s nacessary to take into account in all cases the agse of
t*> said machine, becauss even if it is used very 12ttle and th2refore has
a 1i~it~d 2mploysd '19> hcur, 1t ie necess~ry t~ ¢:vs {nto onnaideration

¢+ nt, % ¢he and of -~ ~ertain nmbar of yairs, this mnchine may have
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totally lost 1ts intrincie value, in spite »f th: little work it has dor-.
=» 2. Ong of the other factor which it is advisable to in-
corrorate in th; fixed costs are @hg_gppgﬁq}_}q}esegtg necesasary to buy -~
mrchin», ahich normilly ought to b3 rnrlcul-~ted in the ram-tnin- v-lue »f
thye capit-l provr- raivaly in sccordanee vith the ~morti-zemcnt of the m~ hine.

After-.rds th~ iniur-nces, taxes, e¢arage coats, etc. must be incnr-orated.

5¢1¢2 Proporticn-~l coats : Thons eraats conci-t of tha miintanance and

fanctioning costs, “hon e 3pei’s of vehicles, the maint->nance const of t- »
r~1ling tracks ciar. bh: tal.an jerrrotaly from that of the vilircle, Tha mninton-
ancy ~n5t of th vehicl: ttgelf ~rre thos? that we know w31! ‘n antomnbile
mat=2rials: repcir of machenicel parts, brakes, clutch, etc. Thase repairs

‘re of equally imnortant proportion to th: machin-s: the t2lepherinues,

th 7>-ding machines, ets.

Oth:r maintenance costs are thnse of accessories which are attnched

for exaompls to the tractor. If on one hand we must pronoartiontlly amorti-ze
the fun~tionine of t-> tractor itself, we must also .rite a section for the
cables, loading archas, etc.j;that is t» say all th2 ~ccessnriax that work
on the tractor.

5¢1¢3 Functionnl Costs:

this sner 7 can aith:r ba in motor fuel or in alectric kilovatts, in th> case
of machines driven by elactric motors. In order to caloulate the consumption
of motor fuel of a tr:ctor fcr ex-npla, = con 12 a theoretic motor curve,
tich pivie a motor fuel consumption curve. But we must remember that with
consumption in g/CVh. ne must take minoration coefficient of 40 to 75%,
accordiny to the actual sefficiency with which the sneine rreforms, In
accesanries for fuel motors, ve crnnot forgat tha lubricnnts, greoase, 11
the commnnly used materinls whi~h are often propartisnil costs tc L3 of the
fual motors ttemselves. Th~ prorortion i1 ~bcut 209 and somstiues descends
to 4 or 56 t1 tocl machines.

- 2. S7l-rinas: tha slaaries - e thoss of th: worker vhino
drivy: ths 9n<z.ne but -lao »f tr- avudilary se vi.» ~uch as tha or> ear, the

coro v sort o ly oand RTINS S ST A R (S T A R BECRCR o
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trireca of th: given aichine. It goas witheout s"vinyg that thers is a ropair
shn ~nd that this shop eventuilly actually does repiirs, this ousht to be
indluded in thd crlculations.

c .
e 2. Usa of cost prices

Theoretic dat:rminati'n of the Yeoqt mods nof work:

“a

“henevar x2 ~ut into equation form th: cost prica of each rhase .
of the les-ing aperation that s re-lize. it is possi™ly tn 2 mi-re them by
W grophic or aleckrai - otrod. In foct, the majority of the cost prirces
Ar» t°~n as a firat degree 3cuation. This wvay we can give an accounting tn
the arigins of ti.e fixad costa and - propasrticnal part whicn «re th: nronortion-
al costs non which the 2ngul-r nn2fficiant variss actording te thair relative
importance to the given production, Tn ~m.rsl we *xrress the ~ne4 rrine

"2rording to the productinn in m3

y according to the parameter., whatever
be the loading distan~e, the thickness nf the timber, etc. and rccordinglv

the costs 2re prasented in the form of a rizht which e can "t inte a

grathic sy~t'n of reference. In comparing a certain nmber of work methods
for a given logging operation, we -~re gning t»n digenv-r th-t ~re meth-? i~
b2at frem a certain point on and enother method becomes more economical

from a different point onj; and we will find ourselves enclosed by a certain
nunbar of curves which finish by encircling the problem, and we cin find th»
ortim~l conditicrs possible to crganiz2 2 loe~ing or2ratin in order t»

*t th: bist economic results. Such ~ study c-n, of dourse, actually ba
dona by a~mputers to which it is necessary to give linear compnnents of
rach given case. In this fashion ws can determine the best theoretic methnd
of work ayitem in » given case.

This analyss cen, for example, determine th2: implantaticn of a
natwork of roads or a telepheriqu~ system in a for2st mass -~nd permits in
particular the datermination in adv~nce of what will be the incén"éniences
and advantag's of the two forseen methods from the viawpoint of simply
rroductivity, It is fitting to remember, meanwhils, that it is necessary
to always keep in mind the social rroblems thst can %3 praesented by the

uize of mechanicel materials,
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& CONCLUSIONS

The choice of material and of harvesting methods to be used for
logzing operat{ons can h: determined as we have just seen by calculatin
drne with the help nf computera. But this ~1vinc:d 7 thod ought to be pr--
pired and =nalysad by technicicns “ni1 ~n~ineers who ought to have thz
necessary knowledee in nrder to b~ 2bla te nrernse the haat = thodr -n7
michines and bovs 21l the sicial and psycholorical conditions of the
population concarned by these projections.

In effect, these human problems ~re not incorroratable in the cal-
culatiuvns and it is the jualities of common nens: /nd individu~l sensitivity
~hich often 111 Aet-mini th. success or failure nf the project.

Ve hope that all of you ho have taken this course knew how to
extract the essentials of the doctrinal teachings which were dispensed to

them ~nd that it has been avplied in such # fashion that it is a useful

generator giving satisfaction to th: greatest possible number of individuerls.
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1. Generalities

1.1, Defini'tion of the Logging

In numerous countries of the world, logging is situated
betwaen industry and agriculture, We don't quite know to which section it
should be connected, Indeed, it is a question of mobilizing a vegetable product
snd of passsing it from the forest stece, essentially en sgriculturail *tage,
to that of industrial transformstion, which is the sawmill or chenical util-
izetion mill, This smbiguity makes tha defini*tion of logeing rat’ar complax, It
18 & question of successive operstions which range from the fmlling of the tree
to the final s.ep at the point of industrial utilizati~n, Tirse operations re-
quire ths use of often rustic manpower, who mist often accapt to live in precar-
ious ~onditions in the riddle of =nisive and sometimes impo.tant woodlands,
in of ten inﬁahpitable rexicns su.h 48 high mountains, und-r working conditions
that ressemble those of Public Works, and are often intamitely mixed with them,
particulerly in virgin forest regions, In this case, it is often in fact necessary
to execute the lay-out and realization of roadways that permit the exit of fourest
prodacts,

It is equally frequent in the ve:: rough terrain regions,
that the loggers have recourse to cableways or telapheriques, which requiras
very particular knowledge,

The following pheses of logging consist of transporting a
material which is relatively difficult to handle and of progressing it sometimes
over very long distances to the point of industrisl utilization, [t is essentially
a8 question of functions which are integrated with those of the transporters,

Finelly, at any given place of load rupture, frequently the
good productivity organization requires the classification of products with
their more or less automatic transformation, The large, modern lumberyards are
also part of the logging operation,

Whereas only a few years ago the trade of a lumberjack was
considered a difficult, end particularly pitiful one, for some time now an in-
cesaant revolution towards the complete macanization of foreastry operations has
made it so that there is little by little a mutation towards the utilization of
more and more specielized manpower and consequently towards a more and mcre
elevated standard of living, Tnis consideration is an important one, necsuse in
s trade that wea considered outcast just a few decades ago, the logeing trade

and the logger have become more and more attractive to the yoinger generations,

1.2. The different pheses of logging

Definition: We cell a phase sny operation which consists

of executing a job without the need of chenging tools; for example, the falling
of a8 tree encompssses s first phase: the actual job a felling is done in using




a power saw and once the tree is felled, the operation of limbing, requiring the
use of another generally manual tool or lighter power saw, is considered a
41ifferont phase fro; the first one, Bunching the wood is the third phese and
s«<1i1ling is the fourth. Thegt-cvin~ of the wood end the bunching of timber in
orier to execute this operation is an auxillisry phase, After the skidding, the
tiuber is stacked slong the roaiside: this is @ null phase, It ig the stopping
point in the forestry operations; on the othe: nand, the loesding of the logs

onto the trucks is considered e phase and afterwnrds the tranaport of the logs
another phase; the u~loeding at the arrival point is often the finel phase unless
there is to be retransportatinn by snother mnde such as railway or barge,

1.3, Operational analyse of the time distributinn

The diffarent phases, as they have just teen described ahova
#are the objec’s, by many specinlized institutions, of sysi2:matic studies of
their respective tima, Without gning into detail on these studies, wa can retain
trat the felling operation generally only rapresents a small percentage of the
total logeing time, whereas the bLurning, for axe-p 2, of the small 1imbs end
tranches, can represent up to 15F of this total time,

To this analyse, it is fitting to apply a cost coefficiant
vhich depends on the material used during each given phes~, For example, the classic
felling operetion with a power sew costs the salary of the worker who executes
the Job plus the ressonable amortizaticn of the machine end its hourly utilization
cost, that is ite hourly consumption of fuel oil and the cost of required repairs
per hourly use,

¥hen we speak of the skidding operation, the unitary cost per
work hour is evidently much higher, because ir addition to the salary of the
driver and possibly his sseistant, it is advisabl~ to take into account the amor-
ttzation of the skidder plus its functioning cost, which of course can be up to
10 or 20 timee the cost of the driver': salary,
in taking aasch phaese, by multiplyin the time apent for a
given operation bty the hourly cost of =ach t-chnical process usad, we can determine
the total cost of the operation from the forest to the mill, And a comparison
of the different phases can be done by linear programmimg or better yet by computer,
The conclusione of such an analyse permit the projector to
determine the best methodto employ in order to exploit e given forest, But, in
addition to these theoretic celculations, it is fitting to take into consideration
the restraints which encompasa the problem of logging and ere generally resulting
from the technology used for the proposed job,
159, Definiton of restrainte

There are four types of restraints: physical, eilvicul-

tural end economic and it is advisable to not neglec: the pasychological eepact,
Alme ohysical conditions:




‘.41 the phy.icai cenditions

1) e weneral lay-out >f_ the reaica:

a, Mountains® I[n mountanreous regions, the slope of the terrain

{s the dtermining factor for the choice of materials to te used, For clopes under
atout 20-251, it is not raasonable to utilize autopropulsing vehicules which
circulate on the ground, crawlers can work on 310 and even 35% slopes,Wheel skidders
ghoull generally not be used for slopes above ?N% in oder not to risk % rupture

of atahility, In the case where wa have to work on greater slopes, » +» 14

R P

raturally reaort to the utilization of cable syatens or teleyberiy o1, nar

’
a bit v ta: 1 oar helicoptarg, ln the cpge stero we e gttt vhieles

the 3)ope o0 - ‘ oot tha wvehicl  , wo et amingt o0f ity senter

of w oot b wee seqaired te ake fbe yeniels < oh tha slope will
ot te: : i W - : P Coac ezl . 1t g s 0 e
disjeratia iy o8 oy - L e e reet o owl(h, “arpo ba s’ Joe o
'imh o the slopes in the best peed and ediersnce condition: A wo.lo rnaturally

‘v to use gravity for skidding the loads and as of.en as poss ible we woult try

*~ ryani e the yards in suth o fashion that the ergirsa move in* he diresti n

of *ho g'ope rather than climb then, However it is fitting to obuerve that or

tre e ol utilization of cable systems, ar in particu’sr cable craneg, it is
easjer *o werk in ascerdirg the loady catrer than 'r,ire to lescend them, broesuse
In the case of pulling the Yogs Lowards o 'ap 0 90 rave a tondarc, of .eliy
pellet froe tre gorl, whereas in the irvers. ey 9lip and risk floundering 'n the
ao1l, It i3 a'so advissble to t'ink »' ) the aotitude, the motors have an inter-
inr effecioncy to thet which they; kave .t 4sa level t@cause of the rarefi-

catinn of oxygen v the (i, Tha loss ot ,ower w, -h ia 10 - 1% between 80 and
1130 zats o reaches INF when the engines gre at sn saltitude of ICO0 metery above

sea lavel,

rn relatively flat terrainard whare the probleas of alope are ro lornger prepon-
derant, {* 19 the stete of the 30il which beonres the deternining element for the
choice of trarsport vehtcle, in fact, 1t on tve 4ry terrains the problems of
edherar e are rardly of prime inprrtarce o opy oycan as we st work on maraby
terraina, very humid or stayire humid@ most nf t he vear, these trntle.s are so
important that in certain cases, and it's the case in certa:n fla* ceontins of
Fussia, the technicians prefere %o utilize traction cables at ground l= = rathner
than to adventure vehiclas which must almost be amphitious, By the au : ' k- ,
in these reginra whi-h equally exist in the south of the United States, in rl-rida
or tropical regions, the railway waa for a long time the moat rational a~de of
peretration, cnatin in fact less than the :stablis*ed routes and "aving a pro-
provis: ral chars *ter that well served the 9pisoc.cal exploitations of the furests,

[t is u vissghle tinall; to site the verticular cuses of arti-

*tcial piastotian 9! ‘rees in rows whirh requires, wter we wan' L0 preserve
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the reserved trees, g meteriel specially adepted to this specific cartesian

exploitetinn,

2) The climate

The first criteria on the subject of climate is the veriation

of temperature, It is fitting to remember 6 as was for the eltitude,

that sccording
tr the temperetureof the surrnunding air, the etfici:ncy of the motors veries in
»roat proportiong, due to the rareficetion of oxygen in the warm air, We estimate
that between 11 anrd SO.C, therr is a veriation of about 257 in thn efficiency of
*he motors, [n addition, it is often torgotten that the climate has a mora
spectacular influence on the stete of t he soilwhich is in direct reletion to
‘re instantanious climatic conditions, In cold regions such es Siberie, the
cendinavian countries or Northern Canads, snow becomes an side in axploiting
the timber because it permits the forming of routes on compressed or even frozen
snow on which we can either directly pull *he losdys or use a sled, and considerable
quantities of timber can be moved with an excessively wegk coefficient of friction,
In temperate climetes the possibility is null snd the action of the climate slows
up work during the rainy period but ebove all trarsforms the soil, which ususlly
has a sufficlent holding ebility, into s particularly unfevorable ground for the
transpert or pessage of vehicles and reduces, because of this fact 6 the period of
time when exploitation, or rather the skidding of wood, is profitable, One other
si~ilar observation should be made for the countries in a tropical climate region,
because in fact, in these regions the rainy season forbids, generally for a long
pariod of time, the penetratin of the forest by mechanical engines and the total-
ity of transport must be concentrated on the dry season when the holding ability
of the soil permits the passege of heavy engines, Finally, one last point pertains
to the climatic conditions in the wind factor. In fsct, this last factor csn
bd ,in certain rough terrain regions or along the sea a preponderant element to
the prohibition or slow-up of the exploitation of the timber, On the other hand,
the foreast operations planner ought to, in almost all cages, take into account
the presence of the wind factom when he orientates cuttings amd particularly
clear cuttings, in order to avoid that by unexpected wind storms the yard doesn't
become entangled with windfall timber,
3) The soil

Forest soil, contrsry to agricultural soil, is generally formed
from the decomposition of leaves of needles which forms a more or less thick
humus layer which lies directly on the mother rock, whereas in agriculture,
there is on the surface a layer of cultivated plant roots which form an excellent
support for the adherance of the tr nsport engines, In other terms, the forest
e~il is presented to the driver as being a surface cluttered with destroyed vege-

Yoton which mgsks the real conditions of the under soil, and if the driver doesn't
have s good knowledge and s certain experience with driving on this type of
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b) Humid 80il: humid soil 1s most typically forest trail which is
covered with more or less decomposed humus, often mixed with a bed of
leaves., It is similar to the type of 3011 which one finds in marshy
ground. In order to pass over this type of terrain, it 18 necessary
to use very large crawlers tractor which have a soil pressure of 100 g/cm.

c) Sandy soils It often happens that massive forest regions are
artifically developed in sandy soi1l areas. This type of ground quite
often has good holding power but insufficient cohesion and when a wvehicle
starts in motion it suddently becomes bogged down in the soil. Conse~
quently, it is necessary, in order to move about on th:is type of terrain,
to use large tires with very low pressure. It 1s also not recommended
to utilize the crawlers tractor in sandy soil because the silica of
the sand is a strong abrassive which will quickly damage the steel joints
of the equipment.

d) Rocky soil: rocky soil is that of which the superficial humus
has disappeared either by erosion or by repetitive travel, It, therefore,
lacks the elastic element. This can be utilized to some extent by using
relatively low pressurized tires, but in all cases it 15 recommended that
the engines which move about on this soil be equipped with a scraping
blade to allow for the smoothing out of the ground surface which develops
some irregular forms., In order to def 1e the technical ¢ aracteristics
of the diverse soils, it 18 necessary to take into account number of
measures which are as follows:
= o «i1vw covoer the holding power of the soil is measured with the

help of an apparatus called a penetrometer; it 1s the Iimit of re-
sistence starting from which the soi1l is deformed =8 soon as one
exerts a given pressure on it, In general, scils have a holding

power which varies from some hundred grams to ten kilos per cm.

- resistance to movement: thiec can be defined as being the for:ce per
kilo parallel to the soil necessary to deplace one ton of given
vehicle., It is expressed by this formula: R = K x W ... R is the
resistance to movement expressed i1n kilos per ton; and W 1s the
weight of the vehicle in tons. This coefficient varies according to
the type of soil and equally according to the wheel system used,
whether it is a question of 1ron wheels, wheels equipped with high or
low pressurized tires, or crawlers; the annexed table gives a certain

number of coefficients of resistance to movement in diverse conditions.
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= resistence to sliding: this resistence is the horizontal force

necessnry to displace a body resting directly on the soil. There

i8 a coefficient of resistence to movement which links this necessary
force to the weight expressed in tons of the load to be d:splaced.
The resistence varies in function to the soil and the form of the
object to ba displaced., It in » question of the oocurence in logging
of material of which the variation of the diameter plays an important
role and the way the logs are dragged; i:f they are tot lly dragged

on the ground or lightly raised, the variation of this resistence,
which a8 we can sce, varies from 450 to 700 - 800 kilos per ton of

displaced logs.

= ndherance coefficient: this lagt coefficient can be defined as the
relation existing between avnilable effort of the tractor and the weight
resting on the motor elemente of this same tractor. This relastion is
called the adherance coefficient. It is generally expressed in kilos
in terms of the weight of the tractor expressed by the following
formula: P o EE i F being the adherance coefficient in kilos per
ton; EC being the affort on the hook of the tractor in kilos; W being
the weight of the motor elements of the tractor expressed in tons.
It is this coefficient which determines the efficiency of traction of
the tractor. It a2lso depende o the given soil a1 . above all we see
it predominantly by its state of humidity. The following gives the
variations of th.e adherence coefficient for tractors ecquipped with
pneumatics or crawlers, As we can see, it varies from 170 kilos per
ton to 560 kilos per ton for crawler tractors on dry black humus, ns

an example,

le342 The silvioultural conditions

After having examined the physical nspect of the sorl, 1t is necessAry
to consider the forest that prows on this soil and which is the real goal
of logging.

(1) Diameter and height of the treest It goes without saying that

the number one factor to consider is the diameter and height of the trees,
in other words, the unitary volume of the product to be handled.

(?) Mode of forestry operationt According to the type of forest

that we are dealing with, it is a question of A virgin forest, a regular—
ly harvested forest or an underdeveloped forest, the oonditions of logging

will be necessnry to creatr nccess rords in order to penetrate th  forest

g
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mass, in the seconu caic %there nre already roads but it 18 necessary
to go looking for timber in the 1nterior of the sometimes dense growth,
because tha omeraticn will then be a - 'lvicultural operr*ion, that is

to say a mixed situacion in comparisci to the w2 previous cases,

1.3.3 The economic comuitions

It is olvious that vhon one bogins a study of the logging conditions,
it is receseary to t2b- ifuto account all the parameters and particularly
the economic parai.~rs. Tl.c price of the finished product will be of
course the resull of =11 the logging costs but will under direct dependence
of the cost price of wcod. 7Tais cost price varies from the function of
ownership of the fornst; if il 13 a question of government or private
forests, or if it is a question of forests for which we pay a simple
royalty which is proportional to its surface without taking into consi-
deration the cctual forest productivity. All these elements must be
examined in order to calculate the cost price of the finished product.

It is also necrssary to tnke into account the economic development
of the given country. EPEechuse, as it was previously stated, :f there
is absolutely no access ro~d not only to the forest mass but also to a
port where th= rarchrndife con be dispatched or a road or railway some-
times situated at n great dictancz away, the price of this first invest-
ment must be taken intn considaration in the calculations of the cost
price of the rew raterial. Tt goes without saying that it would be normal
in the oase ot very largse investmonte of this type, that the community,
oountry, ctate or county take charge of all or part of the financing

in order to establish thesa roads.

ledod Eng_ggxgpglgglgal aspeetn

Bagides t.ect ¢ 37uomic proklierns, one of the principle factors of
success i3 the cost of human problems, and above all else the problem
of manpower,

(1) Manpowrr problems: It is neoessary to determine right from
the start of the study what the duration of the operation will be, and

above all if the forest manpower will be seasonal or permanent. In the
first case, we rust assume that the seasonal manpower will gemerally

not be carcful with *he emipment and it will suffer accordingly, whereas

the peresonnel assigned on a permanent basis will be more oautious with




the functioning and up-kce: o¢f :he e '1:;ment., It :8 alwave best 1f at
12li feasible when organlzing ire yz 1, to utilize per nnel of the more
permanent type, ~ven 1 this naecessitates making changes in the form of
personnel utilization, mking roadr cr engnging them 1n reforegstations
for example, during one perind «f the year and involving them in felling
and skidding during other veriods. ‘owever, :n certain countries, the
climat:ic conditions: rain in the tro;:i:s, snow in scandinavia, make it
80 that there 15 no such possibility of »mpioying workers all year long
and 1t 1s, therefore, necess:ry to utii.ze sea2sonal manpower. Besides this
important question of use of seasona] manpower or not, i1t 1s necessary
to determine the type of the existing 1vailable manpower.

a) In over-populated nountries! :n these countries, we often have an

abundant man power force, often cheap, sometimeus even more economical than
machines, such as i1n the ¥ar East, but 1n other regrons, in spite ¢f the
large population, forestry man,ower is nard to find because it is a hard
and relatively poorly ;=14 trade. Tn thie case, mechanization generally
allow: for the revaluation of the profession. [t 13 advisable to ad just
the salaries to the product on output 1n any c ce, we muat not forget that
the forestry workers 2re nclined to be rough with machines and ecuipment.

b) Developing ccuntriess 1n these countries we cannot normally find

competent manpowe: and the manpower which might come from the country in
which the macnine was minufacturel wo .ld cogt three or .our times the
price that 1t would cout in the ymitial country. The lcoccal manpower that
we could uve would omly %e in the caracity of nelpers whe would meanwhile
be able to be trrined l:ttie hy little rn? could accept more and more
reuvponsibile pocitysns,  Zertaa man Twture o Love Jone sLudies on the
efficiency loss in yards 1n terms ¢ work argnanizotion. It was found
that with a very exuveri;enced tewm #ho are well paid and properly suver-
vised, the loss per work hcur ts four mmutes, <hereas with a new tenm
which 15 not wel:i co-ordinated and who are po.rly pard, the time loss is
about ten minutes per hour.

(2) Management of tne narvestingt we can form a like reasoning in

what concerns leggins minagement in rarticular at the level of relationc
between work organizations, beiween the off.ce and the enterprise, between
tie bosses and the workers tremselves. The same American m-nufacturer
developed a variat.on in the loss of minutes per work hour according to
the aquality of management, from three to seven minutce. We can even esti-
mate that 1n certa.n develosin~ nations tresc coefficients can be doubled.
In general, we estimate that w.th r coefficient of .t5, the efficiency of

a yard can be considered exceptional., With 2 60 to .75 eff.ciency, very




good to acceptable. An officiercy inferior to +50 means that the

orgnnization 18 vnproluctive,

(1) Louinal ropectt it is eraent!:l, when one does o study on :

the overall costs of n logging operntion, to take intc account the laws

and customs, bLesides thi conventions of the countries where one is; the *
lawn and customs and .n particular the social lawg which can forbid a
certoin nurber of -upplsmentary work hours, o~ the impoesition use of
sometimes very high taxation. «¢n the other hand, the cost of social
charges ought to be aqunlly tnken into consideration because it varies

by large proportions according to the country. The necessary acoident in-
surances, not only for the work force but also for the machinsry, are

also a point which varies congiderably from country to country., PFinally,
the conventions, not only the social ones but also the work habits need

to be taken into account if we 4o not want to g0 AWay over our aocount,
besides which, it is often necessary to considsr the work organization,
because if we establish a new work system, and it does not produce the
expectcd results, the workers will wvery quickly revert to their old habits
in re—establishing n routine which will impose itself and be very difficult
to change,

2. Technical descr.ption and method of utilization of machines and tools

used in the frrestry operations

e Manual tools

The axe is cne of the oldeut tocls which man has ever used, it is an
excellent otriking instrument; = sharp bladed mrge attached to a handle
which tenfolds the force of the i1ndividual hit,

Another strikig tool iimuiiAanecunly used with the axe ir the
cutting billhook, ithe form of which varies nccording to the region, the
most perfect form witnout being one with a nid in a hook form which per—
mits not only the pruning and trimming but 2lsoc the hauling of timber
and facilitnaten its handling,

Another manual tool that we cannot overlook mentioning is the wedge
which serves to cle~ve the logs and is also used during felling operations,
and its indispennable companion the adze. Along with the striking tools '
we cnan mention the "debarier", a sort of shovel which in pushed along the

tree trunk,




In the second ca*cgoery of manual tools are all the scraping in-
strumentn. These instrument: have practically dicarpeared since the
arrival of ower saws which replace them., There stil exists, however,
on the market a small saw for devranching which 1s mounted at the end
of a handle and permits the limbing of trees up to four, five and
even six metera.

Another seriec of tools ~re zrinpers and hooks, used for the manual
handling of wood.

2.2 Power saws

Technical characteristics: +he most common model of power saw is
the saw with direct drive where the drive pulley :s directly fixed by
the intermediary of the centrifuge clutch on the cr-nkshaft and the motors
in these machines tuim %,C0C and 10 to 12,000 rev. per minute, Given the
diameter of the pulley which is around three to four cm., the corresponding
speed in meters per second is from ten to twenty meters per second. The
necessary power for 1 nower saw depends on the effuort with which one
penetrates the wood with the blade. It requiras a power of four to five
HP. It is th:s power that one presently finds in the majority of the
existing machines on the market. During the past few years the power
saw has been the subject of numerous accessories to improve comfort ;

a scandtnavian menufacturer, in particular, has developed a method of
making the burnea gas pass through the handle, so that :n winter the

logger cam wirm his fingers while wce ~king. It is now .equired in many
countries to have a manual switch controlled by the worker which auto=-

matically triggers when the workaer releases the machine.

2.3 Bunching

The most rirole caw uced to be wne manually vperated cross cut saw
was next replaced by the mechanical saw, which was for many years the only
chain type tool used regularly and in particular at sawmills. With the
development of the power 3aw, it was the mechanical chain saw which has
grown very popular for use in cutting logs and timber. Meanwhile, for
the timber destined for grinding in particular, cutting machines were
developed; some were portable and could function throughout the forest,
they became very sucoessful a few years ago, and now there is a vertical
unit which cuts wood before stacking it for industrial use. Derived from
these small cutting units have appeared, particularlv in economically

planned countries and countries with high levels of rorestry production
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such as the southern United 3tates, veritzble wood conditioning mills,
For these mill~, the trees nre loaded -nd transported fu!’ length,
passed by checvers who d2teiiine vheir quiality and automatically direct
it to the cutting shop which 15 required with a large number of SAWS,
operated automatically by an electronic br-oin with the most elaborate
designad machines which allows the cuttinz of the tree to the ontimum

dimens:on according to its intrinsic technical miality.

2.4. The barking

The determination of the best place for rerforming the barking can
be treated in a mathematical fashion: by knowing the cost of the barking,
the cost of barking in the forest or the cost of industrial barking in
regard to the transportation expenses in moving the timber between the
different points where the said bark.ng will take place. Studies have
been done on this situation and the conclusions are that the best point
is generally in accordance with the dimension of the timber and the
employed technology.

Friction barking: the simplest machines which were :ntroduced in the
beginning of log barking, werc large barking drums in which the logs des-
tined for the mill, were fed and the logs fell on each other during a cer-
tain number of rotations which depended on the elamentary dimension of
each piece of wood., This tecunicue seems to have been abandoned in
favour of the rore vrofitable scrapers.

Scrape barking: scrapers are those machines which operate around the
tree Whﬂ.e 1t 1o _hc.r'pondicu".nrly prnetrated 1in relntion to the plane on
which the tool 15 placed. These machines actually reached a great level
of perfection and are zertainly, on the world market, the machines which
give the best results for the lnowest cost price. They nlilow selectioning
in the sorting centers, as indicated above, and can be adapted to various
dimensions of timber, iccording to the number of blades, the speed of
the passing of the logs and operate with optimum efficiency.

Other models: =another friction machine is the friction head, where
the logs arc subject to a spirnl movement under the heads. Unfortunately
the majority of this type of mnchine has been discontinued and replaced
Oronlace ke LWk b et e e o e iy J0h e oul they
have a disadvantace, n ccrperisen to their nredetessor, of concuming
part of the wood, which c-n conceiva“ly reach three or four and even

five per cert,.
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2.5 Combined machines

Rolst The comparative study of the different phasse of logging
has quickly indicate tha! if scme among them can be better done by
hand, others, on the cortrary, were very slow, demanaing a great part
of the manpower and were relatively difficult tc mechanize., If we examine
4he totality o? the phases ooncerned with the harvesting of timber, we
can readily note that limbing, for example, is an operaticn which re-
quires up to 30 per cent of the total hrrvesting time and seems very
diffioult to meohanise. When barking is recessary, it is equally
well=known that btarking ie a fastidiocus and burdemsome cperation, be-
cause the efficiency of the worker with the barker is low and mechanisa-
tion in the forest, despite numercus attempts, quickly seems irrational.
Te ¢fforte of the researchers initially spanned the mechanisation of
2 like barking operation. It ie thus that the first combination machine
that sffectively functicned were the limber-buncher. These two operations
represented up to sixty per cent of the timber work-up time vhareas
felling never represents more than five per cent of this time, the rest
being handling, regrouping, transporting, etc.

Limber-buncher: We have noted above that the most important harvesting
phase is the limbing. The manufacturers and the ressarch institutee also
tried in the beginning to mechanize this cperation, which in the planting
of oomifers was rether simple to resclve. We memtion particularly the
"Arbomatik” machine and the Swedish "Sund"” machine. But the veritable
operational machines were the Swedish "Logma" and the Finnish "Pika",
These last two machines took the trees that were manually felled and
passed them through a metal belt where cutting tools limbed them by a
hydrsulic jack system whioh forced the trees through the machine.

Poeller-limbers: The next phase was to try and mechanize the felling
and to attach tc the machine a limber similar tc the cnes deweloped on
precesding machines. The first feller-limber was the "Beloit~-harvester"
developed fifteen years 8o in the United States and Canada. But thie
machine was monsterous and very oostly. Other mamufacturers put out other
machines in the yeare following such as "Belcit" which had a hydraulio
Pruner in the front and a limber similar to those along the line of the
machines sited above, that is to say simple blades which enclcsed the tree
whils it was dispalced by a hydraulio jack system. These diverse manu~-

le




-4 -

facturers preferred to util:2e a nrane eaquipned with a hydraulic
Pruner and a head that d4id the Yimb.ng itself with whealr equipped
with studs: the ireo pamses horizer aliy into the hea and the
branches are removed but this machine 13 actually not a barker. The
principal manufacturer is the American firm Drott which has actually
sold a large number of this type of equipment, while in Furope, there

is the well-known manufacturer named "cclain,

Stumper—-feller: We can comnare thease modern svolutionary techniques
to the experiments that were recently conducted in Pinland, into the re-
cuperation of the mtocks of the trees in order to recover in the pro-
portion of ten to fifteen per cent the linear production of the forest

plantings, and at the came time lenave the ooil more able to reafforest.

2.6 The forestry tractor:

2,6.1 Technionl description of the diverse types of tractors

a) Four driving-wheel tractor:

The popular tractor which was used in the forest for numerous years
was the tractor with four ~qual diameter driving wheels which were often
even of equal drive thereby pemmittiing the wvehicle to have a very short
braking range, and to be able once it vas caught in a rut to ensily get
out thanko to the combined action of the front and back wheels.

b) Articulatnd steering tractor:

The adv.ntage of this device is that it permits a relatively long
engine to have n very nhort braking range. Almo, if it falls into a
pot-hole by n forward and backward movement cnlled a "duckwalk" it can
easily get ito two front whesls out of the hole and securc sufficient
enough adherance to permit the vehicle to get out of the bad situation.
The articulated steering tractors were only developed n short time ago
for public works construction and later appeared in the agriculture
field shortly thereafter. It literally concuered ths entire forestry
market whére it took the place of four driving-wheeled tractors, in
addition to n great number of crawlers tractors. The articulated steering
tractors nre equipped with a rea~ winch aAnd a forward levelling blade.
The vahicle can be loadad with the help of » hydraulic crane called a
forwarded, commonly used now for loading cut wood and even small logs.
In the icandin vian and NHorth American forests this machine hns been

substituted for all other types of forestry transport equipment,
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o) Rigid crawler tractor:

The ciawler tractor was originally used for many years in tropical
or virgin forests where it was necessary to develop roadways in order
to remove the exploitable producis. These machines were equipped with
a powerful rear winch and diverse forward accessories suoh as a bull=-
doger blade.

d) PFlexible crawle= tractor:

The drawback of what we call the rigid crawler ie that when it
moves about the forest the motor elements are not flexible enough to
by-pass the obstacles it encounters. That is why a certain number of
speoialized manufacturers thought - it best to use flexible type crawlers,
that is to say those which roll on oscillating tracks which permits
the machine to literally eai up any encountered obstacle. These tractors
were developed only in Cananda and Russia.

@) Articulated steering crawlers:

We have witnessed the appearance in the past few years of machines whioh
have the advantages of both the articulated steering tractor and the orawler,
this especially in o0il excavation in Northern Canada. These devices are
useful in forest terrains which have a particularly low holding power
euch as mershy zones, or those which are inundated 2 great portion of
the year.

2.6.2 Accessorics used in the foreat:

a) Logging pans: the unloading pans are an acoessory whioh was
utilized quite commonly long age in mounteineous regions. They have
unfortunately tended to disappear,

b) Lom‘r_x_g arches: the logging arch is comprised of two wheels
and a sort of crane arm mounted on the wheels which is hooked usually on
to the rear of generzlly a crawler tractor. This accessory was utilized
for many years to execute logging by lifting the end of the logs, avoiding
in this wey dragging them on the ground and damaging them. The effort of
ths tractor was reduced thanks to this device from 30 to 40 per oent in
relation to the direot dragging on the ground.

c) Two wheeled loading devicet is another wheeled accessory which

is utilized Yebini ~datively Light troeciors in order to traasport heavy
loge. The lcg is lifted off ine grourd :ind because of this the slidding
traction affort is replaced by a rolling eZfort, that is to say divided
by twenty or thiriy. {(In “ronch: Teiqueballe).

i 9
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d) Trailer with power drive: in order to tramsport cut up timber,

farm trailers were used during many years and it is only in the past few
years that we have witnessed the appearance of specifically power drive
trailers. TL:y were equipped with a crane, usually hydiaulic, permitting
the loading of the trailer and generally the wheels of the trailer were
rendersd power driven to facilitate movement in particularly difficult
areas, It was these trailers equipped with cranes and power drive

that were the originale of the first "Forwnrders" where ws replaced the
farm tractor with molor elements situatsd at the front by a regular farm
tractor equipped simply with two wheels and rsunited to the trailer by a
system of jack articulator. The first engine constructed in this manner
was the Swaedish "Brunet" and "Robur", soou followed by the Canadian
"Treever"., Prssently, the french firm Cemet produces this type of

device derived from farm tractors.

(s) Afforestation materialt the use of a farm tractor in the

forest is not simply limited to harvesting. It can also serve usefully
to prepare the soil before afforestation or to maintain afforested zones.

(£) Public works material: we previously sited the ground breaking

and levelling devices which are utilized in the forest on the crawlsr
machines and which permits the opening of roadways and maintenance of them,
operations which are necessary in connection with ths h~rrvesting of

virgin or unpenetrated forests,

2.7 The winch

Winohes are used in the forest principally on the rear of loading
tractors and sometimes on the front in the case of emergency repairs.
Actually, an autohauling winch on the front of a tractor would permit
it, if it were boggsd down in the forest, to be able to extract itself
under most circumstances. Besides their utilization on tractors, winches
alesoc serve in conjunction with cableways of either one or two cylinders,
this equipment psrmits the transportation of materials for considerable

distances.

2.8 Handling machines in the fcrest

The hendlirg of small timbsr particularly in the forest has made
consideratle progrens during the past tsn years as the result of which
the loading worker has been replaced by mechanization, by the use of cranes
and in particular hydraulic cranes mounted directly on the loading
machine, Refer~nce to these machinss has nlready besn made when describing

tractors and their trailers.

g
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2.8.1 Forwarderss Tiese wcre vreviosuly referred to when discuesing
articulated and farm trailere., The device called the forwarder, whioh
is an auto motor ~ng v~ ~ar-ying - ~rane which permits self-loading

and unloading. It is woll to mention that crane unlonding is often used
beoAuse it perm.ta tl'e praselaction of timber.

2.8.2 Conveyor balis: Instend of using cranes, there has been developed,

in the last fev years, :mall convayor belts whioh are directly mounted
on trailers and permites the workers, when handling timber of small di=-
mensions, such as materinal for mnking charcoal or for the paper or board
industry, to gather it at ground lovel, piles and throw it directly on

the conveyor helts.

2.8.) Hydraulic lifter nnd vinch devicess for many years, the most

common piece of equipment nsed for londing trucks was the cable lifter,

2.9 Transport trucks

2.9,1 Description of {he different typee of existing trucks:

We dintinguislh the ¢ifferent types of trucks by their number of
wheels or number of n®ls. The multiplication of the carrying axels mssists

in reducing the uritary pressure on th» ground and consequently to increase
the load which 1s to be transported,

24942 Different typec »f logg.ng trrilerst the logging tralleris a type
of trailer #hich operates behin? t.a route trailer i1 the transport of

logs, particularly fuil lensth lops. Thirs equipment which operates on

one or two axels can b: carried empty on the tractor itself,

209+3 Braking: It i{o moet escontial that the braking system on wood trane-
port vehicles be very firm “eciuse when a londed vehicle must descend long
slopes, the normal brakes will neat up and because of this situation will
loose their hrakirg power. It ir, therefor~, necessary at all times that the

vehicle be equipped witl an emergency brake near the gearbox,

3o Telegheriques
We clansify the different utilization techniques of cables in rela=-
tion to the deecribved below.

3.1 lLost lon__o_,:z_u_l_e.u vounrct of oo oeahle which {s strung betwsen two
points 70 thal while on> 2nl 16 on A c)iff the nther is in a valley.

The load of wood which t® linitcd to 'bout ten kiloo io fixed to the rope
by a wooden hoov clipue d rentiy Lo the billhogk. “When the load arrives
at the hasn of tnc valley, the neoll junpe and ic broken by means of an

attachment to thn s cable and the lond 1s automntically unhooked.,
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3.2 Comtinuous cables: Thusu are made 4f 7t voe unimie cable travelling

on pulieys which support . sud ‘he .oads are hooked, ia tins case, directly
to the cable which plave +hs wala 5 hotb tha ramm 0 aupls pa sho
tractor cable. This type of crbie o nocmlly only used for trang-

porting single loge or light 1< 3~

3.3 Go=-and-~back cabla: consisis of Lwo par~liel cablee on which travels

two cabin hooks joined by a cord faLsing ¢n 1 hagh melley and, in order
to avoid alternative movnmrents, on aucther 1l pullev, This is the
system currently used for people to ascend rountalas, with a large cabin
capacity. This type of device is vel tively litile used 2t this time
in the forest because it ca!ls for a m.jor installation and it has a

very liidted output.

3.4 Tre-cable: derived from the preceeaing cableways, it is a very common
forest model in southern Furope, in particular, ceiled the tre—cavlecar.

It is madeup of two carryingcables, one main cablz of » 20 to 25 mm

section and one auxiliary cable having a 12 %0 16 section; these cables
are mounted as those of jindustrial telepherique on poles or supports
usually made of wood and are made up of a certain number of cars spaced

a caloulated distance apart according to the longest span of the cable.
The cars are re joined below on a veritable braking ground which 1s normally
located at the highest station., Thece cableg nre chiefly designed for

the descent of logs in roveh terrain reg. on-

3.5 Cable crames/Blondint exist in a variety of forms. The simplest was

the one developed by Wyssen in Switzerland wh.ch conristy of 2 nimple car
travelling on a slant and held in place by a cord wound around a winch

at the highest station. When one wants the hook o descend the car, it
need only stop it, make 1t do the inverse movement -o that it automatically
blocks itsclf on the main cable., At the same time it unhooks a jaw, which
frees the hook and it, if there is sufficiont counterweight, can descend
to ground level where another load can be harnassed. The Blondin model
on the other hand, comsists of one carry’ng table and one simple car is
displaced on the cable which 1: set into motion by a cord which passes by
the car, descends by a pulliey-block gsystem to the hook and remounts to
the car and goes on the return pulley to the other extremity of the cable.
This way the car can be displaced all along the carrying cable and it can,
therefore, eventually be mounted horizonta’ly. The ascent and descent of
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the hook is done Uy & blscknre car which ie more or less ingenious.

The most primitive metil.oi consists of naving o second cable which dis-
places the car ar! allois iis nobilization to any point on the carrying
cable, whereas th2 sec..d cuiu puiiats liuw e..cutiou of the ascent

and descent of the crans hook. Finally, some mamufaotursrs experimented
by putting a telecommended eiectric or combuction motor im the oar it-
self permitting the acoent or deszant of a load from anywhere along

the route of the carrving car.

3.6. Cables which use ballcus: in rough terrain regions whioh have

a oonvax profile, such as old mountains (Black Forest, Vosges, etce)

the uso of telepr.riquns is rendered difficult because they normally
have a ooncav: "~rm. Also, certain recearchers have tried to uee the
ascent force of “he bnlicms to parmit the handling of the above ground
load and from this f7ce¢ p r. it ib2 transportation over long distances
whatever be tiie pro’ile of the “errain., These materials were espeoially
developed in the Urites Sintey, with some in Pussia, but do no seem to
havs passed the exprrimortal s.age.

3.7 BRelicopterss we can also include in timber hartisting by cable the
method whioh .ongirts of using helicopters to 1nad the timber., Experi=-
merts were dors quite a f:w years ago on the use of nachines of

exceptional aecanding powor, Actually, certein military machines oan oarry
loads of 1 ) to forty tc=3, which ' largely cufficic t for lifting the

largest treea ia ta: fo:i:vee

4, Other rethcdn for tronsporting timber

4.1 Ploating: Thy floaling of vod is a techniquc which is still used

in the Northern Horisphere. In tact in thesa plains rogions, the trans-
port of wood by floatin~ ie iraditicnally ona of %F2 oldest methods whioh
exists, we site in Norw-y, for exemple, the floating association whose
beginninge date beck :o *he XII centvry. The traditional method is oalled
the lost log method; th.t is to say that during tho winter the timber is
stocked onto the ice of the lake and when the ice is broken up later and

lets the logs oontinue ’‘own the river, they are colleoted at its mouth

where the transfornation industry is nsually situated. It is this very
way that in Canada an? also quite often in the Soardinavian countries,
the forestry fanchisescorrospond to the river bassin and the totaility of
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the timber of the bassin can be diaprtched 'y natural gravity to the
paper mill or sawmill in the valley b low. When there - e many im—
portant rivers and ovano... 4 wars. dovers. come into the same bassin,
which is frequently the case in Scandinavia, » small meta.lic placque or
signia permitc the wood sorters to orienitste the timber tow-rds each
utilization s~.lor. This operation i now simplified by veritable
sorting centers of which certain ones in Russir are electronio and
fquagi-nutomatic and which permit the classification of timber not only

by origin but also by quality and utilization.

4.2 Water tramsport: water iransport musi not be confused with floating.

It consiats of transporting timher on light barges in canals which are
made for the transport of industrial materinls. Likewise there is 2
oimilar system existing in Canada and no doubt other countries, where
steel harges are used in the troneport of timber products and in the

cape of lofsn they arn of the self-unloading type.

4.3 Ratlway: private tracke for the transport of timber were vary
popular in the XIX century and beginning of the XX century, especially
in developing countries where a railway mny be constructed much cheaper
than » road and rermits the movement of large tonnase of wood where

reasonnble terrnin conditions exist.

5« Method for calcula diby v osl price of forest jobs

5¢1 Calculnting the cost price of work mrterial:

In all cost price calcuations, we must consider three tyres of cosats
which are?

- fixed coste
- proportionnl conts

- functionnl costs.

5ele] PFived costr

1. Depreciation or amortization of mnterinlt Year after Year a machine

will loose 1ts value, It im, therefore, nececonry when it becomes un~
usenble, that the owner be in possession »f the required capital to re-
place the equipment which has become inefficient. It is also important
to determine what period of time to redeem the machine. This estimation
l8 very necess ry hecause the hourly cost price of the machine depends
larsely on the number of hours used annualiy., The number of hours during
which the machine wngs utilized, is proportional to its productivity and

its condition. Usually, this period is determined at the time when repair

i g
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coeis become greaster than the return costs. 7The gimplest method is to
consider amortizatior directly proportional to the time, which is known
as the lin ar method. The opposit method is & more ‘ational one which
oonsists of taking eaca year vne actuai value of the used equipment on the
market, giving uc a curve which moves osut ¢trongly to tho right because

it is an exceptianal type. In the calculation df cost prices, it 1s
preferable to take the nour as the univ to arrive at an amortized figure,
which will be calculated by the ouying velue less the eventual uged value

divided by the total number of hours over which the machine is amortized.

It is fitting to remember that for certa.n machines, such as crawler
tractors in particular, it i: important, if we want to see the problem
more closely, to amortizc separately the crawler tracks and the
tractor itse'f; the tracks being used up more quickly than the tractor.
The same goes for the tires of large dimencion which are used on public
works machines. It is advisable %o note that, in amortizing machiner,
it is always necessary to take into account, the age of the machine,
because even if it is used very little and still may have a goodly
number of usable hours, it is necessary to take into considerat.on that,
at the end of a certain number of years, thi; machinery may have totally

lost its intrinsic value, in spite of +he little work it has done.

2, Another item which is desirable to incorporate in fixed costs is the
interest ¢ capital required to b a machine, which 1ormally should be
included in the remaining value of the capital progressively in accordance
with the amortization o the machire., Pinally, the insurance, taxes, etc. must
be incorporated.

5¢1.2 Proportional costs: These costs comsist of the maintenance and

functional costs. When we refer to vehicles, the maintenance cost of
the rolling tracks can be taken separately from that of the vehicle.
The maintenance costs of the vehicl: itself are those that we are quite
familiar with in the operation of an automobile, such as repair of me=
chanical parts, brakes, clutch, etc. These repairs are also of equally

important proportion to the other machines such ag the loading machines,

Other maintenance costs are those of accessories which are attached,
for example, tc the tractor, If on one haud we rmust proportionally
amortize the functioning of the iracior itself, we must also include a
section for the cables, loading arches, etc.; that is to say all the

accessories that work in conjunction with the tractor.

¥



5.1.3 PFunctional costs

ls« The energy used by a machine during its operation: this energy can
aither be in the form of motor fhiel o1 electric kilowatts in the case

of machines driven by electric motors. In order to calculate the con-
sumption of motor fuel of a tractor we can use a theoretic motor

curve, which gives -~ motor fuel consumption curve. DBut we must remember
that with consumption in g/CVh. we must take minoration coefficient of
40 to 79 per cent, according to the actual efficiency with which the
engine preformes., In accessories for fuel motors, we must not overlook
the lubricants, grease, 211 the noramlly used materials which are often
proportional costc to those of the fuel motors themselves. The proportion
is about 20 per cent and sometimes drops to four to five per cent for

tocl machines.

2. Salaries: the sal-ries are ithose of the people who operates the
machines as well as the auxillary services such as the greaser, the
workers who are involved in seeing that the equipment functions properly

through appropriate scheduling of maintenance and repair.

5.2 Use of cost prices

Theoretis determination of the best mode of work:

Whenever we put into ecquation form the cost price of each phase of the
logging operation that we realize,it is possible to compare them by a
graphic or algebra method, Tn fact, “ne majority of the cost prices are
seen a8 a first degree equation. This way Wwe can proviae an accounting
to the origins of the fixed costs and a proportional part which are the
proportional costs on which the angular coefficient varies according to
their relative importance to the given production. In general .e express
the cost price ~ccording to the production in m3, according to the para~
meter, whatever be the loading distance, the thickness of the timber,
etc. and accordingly the costs are presented in such form that we can put
them intc a graphic systems of reference. In comparinga certain number
of work methods for a given logging operation, we discover that one method
is best from a certain roint on while another method becomes more econo-
mical from a different point on; consequently, we will find ourselves
enclosed by a certain number of curves which finish by encircling the pro-
blem, and we can then find the optimum conditions possible to organize
a logging operation in order to achieve the best possible ecornomic results.
Such a study can, of course, actunlly be done by computers to which it is

nececsary to give linear components of each given case. In this fashion

¥ )
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we oan determine the best theoretic method of work system in a given
case,

N

This analysic cr oo 2 0 the +30 moatation of a network of
roads or n telepherique system in » forest mase and allows for the
determination in advance of W#hat wil. be 1he advantagen a.nd/or
disrdvantages of the two methods “rom the view point of productivity.
It i well to remamber, meanwhile, that it is necessn» to always keep
in mind the social problems that can develop by the use of mechanicnl

materials,

CONCLUSIONS

The choioe of material, equipment and harvesting methods to be used
for logging operations onn be determined, as just indicnted by calculation
done with the help of oomputers. But thie advanced method should be pre-
pared nnd annlysed by technicians and engineers who are sufficiently
qualified nnd possess the necessary knowledge 1n order to be able to
recommend the best methods ~nd machines, as well as being capable of
analyeing the social and nuychological conditions of the population

affocted by their 1rojactions.

In effect, the human problems while not being considered in the cal-
culations must neverthelessbe relied upon to contribute to the success
or failure of a nroiect, oconmserue, tly it is moat nec.2a8:nry that common
sense and good judgement prevails nt all times, ecpecially in the aren of

management-cmployee relatians.

9
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l. Iatroduction

The dsfinition of logging refers to the selecting of trees in the
forests, fslling, limbing, bucking, skidding, decking and then loading
them in log- lengths on to truoks or railroad cars for transport to a
market or prooessing area. In other words it reprssents the extraction
of a raw product from the forest, It is true that there exists in this
operation a number of successive functions all of which require the
need for a rathsr tough or rustio type of man=power which is agreeable
t0 living under rather crude conditions and which invariably are looatsd
eomewhers in far flung areas of the forest wilderness. Nevertheless, it
is beooming more and more » civilized occupation as due to continued
pressure from government bodiss the foresis throughout the world are
being bettsr controllsd and managed while the timber is being selected
and extracted as for instanoce, industry is now required tc lay out aad
oonstruot theair logging roads so that eventually thase rcadways will
sither tis in with or form part of the national rcad system of a ocoumtry.

Whereas only a fsw ysarsago the job of a lumberjack was oconsidered
a diffioult, dangerous and low paying one, for some tims ncw 2 steady
move towards the oomplete mechanisrtion of forestry operaticns has
made it o0 that there is a trend towards the utilization cf more and
more specialissd manpower and oonsequently towards a more and more
elevated standa:. of living. This situation oan be oonsidsred as a step
forward beosuse in a business that was oncs considered as being unthinkable
to be inwlved in, the logging business and that of the logger have beoome
more and mors attraotive to the younger generation and sooiety in
general.,

le1 Different phases cf logging
Definition: We call a phase any opsration whioh oconsists of

exsouting a job without the need of ohanging tools; for sxampls, the
felling of a tree enoompasses a first phase:t ths actual job of felling

is done by using a power saw and onoe the tree is fslled, the operation
of limbing, requiring the use of a manual tool or lightsr power sam,

is oonsidered a different phase from the first one. Bunching the timber
is the third phase and skidding is the fourth. The stacking of the logs
and the bunohing of timber in order to execute this operaticn is an
aurxilliary phase., After the skidding, the logs are stacked along the




roadsids. It is the stopping point in the forestry operations; on
the other hand, the loading of the lcge onto the trucks is considered
a phase and afterwards the hauling of the logs another Lhass; the
unloading at the arrival point 15 normally ths final phase unless ths
material is to be subject to further transport by other means such as

railway or barge,

1.2 Operational analysis of time distribution

Ths diffsrent phases, as they have just been dsscribed above,
were the objeot, by many speciclized institutions, of systematic studies
of thsir reepectivs time, Without going into detail on these studies, ws
oan assume that the felling operation represents only a small percentage
of the total logging time, whereas the burning of small limbs and
branchss (slash), could represent up to fitteen per oent of this total
time,

To thie analysis it is in order to apply a cost coefficient whioh
depende on the matsrial used during sach given phase. FFor example,
the felling opsration with a powsr saw costs the salary of ths worker who
sxsoutee ths joo plus the reasonrble amortization of the machine and its
hourly utilization cost, that is its hourly consumption of fusl oil and

the ooet of required maintenance per hour of operation.

When we refer to the skidding operation, the unit cost per work
hour is evidently much higher, becau::, in addition to he salary of the
operator and possibly an assistant, it is advisabls to taks into account
the amortisation of the skiddsr plus its operating cost, whioh of course
oan be up to ten or twsnty times the cost of the operators salary.

In taking each phase, > — 'y 1~ -7 -2 tin2 cpent for a given
operation by the hourly cost of each technical process used, we oan de-
termine ths total cost of the opsration from the forest to ths mill,
Purthsrmors, a comparison of the differsnt phases can be done by linear
programming or better yet by computer.

The conclusion of suoh an analysis permits ths planner to determine
the best method to smploy in order to exploit a given forest area. But,
in addition to thess thsoretic calculations, it is necessary to take
imto acoount the restraints which snoompass the problem of logging which
genarally result from the technology ussd for the propossd job.
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le3 Definition of restrainte

There are four types of restraints:  pnys:cnl, silvicultural and
economic i1n ndd:tiun to which it 1s advisable not to neglect the

psychological =5pect.

l.3.1 The physical conditions

(1) The genernl lny-out of the rerion:

a) Mountains: In mountaineous regions, the slope of the terrain
18 the determining factor \n the cho.ce of equipment to be used. For
slopes under 2 - 24 per cent, it 15 not feasible to utilize auto-
propelled vehicles which manouver on the sround, however, crawlers tractor
can work on IC and even 35 per cent slopes. Wheel skidders should nor-
mally not be used for tlopes above 2t ner cent in order not to risk the
rupture of stability. In the c~se where we have to work on hLignher slopes,
we would naturally resort to the utliization of cible systems or tele-
phericues, assisted somewhnt vy krloons or helicopters. In the case where
we use futomotive veh.cles, the slope dictates the choice of the vehicle
by the determinat.on of 1ts center of gravity, in ~ddition to which the
power remuired to make the vehicle climb the 5lone will often bhe a
determining criteria for the choice of sn engine. it 1s in fact esvent1al
in A rough terrain region that tne tractor, without cargo bhe able to
climb the slupes at an appropriate s ced and careful aac.erance to condi-
tions. We would naturnlly try to use gravity for sk.dding: the loads
and as often as po.cible would try to orgsnize the are~s 1n such a
fashion th~t the machines move :imn the direction of the slopa rather
than climb them. However, 1t .5 interesting to obuerve that o the
case of utilization of cnble systems, or in part:cul~r cAble-cranes, it
15 easier to work 1n ascending the loads rather than tryins to descend
them, because 1n the crse or pulling tre logs towards the top, they
have a tendancy of being pulled from the to1l, whercns 1 the inverse
they slip and risk flounaering in the ~o1l. It 15 also adiviunble to thionk
about the »ltitude -s engines have an i1nferior effeciency to that which
they have at sea lewvel bechuse of the rarefication of oxygen in the ~ir,.
The loss of power which 15 ten to fifteen per cent between 00 and 150C
meters reaches . U per cent when the engines re 2t an ~ltitude of

3JO0C meters sbove sen level.

¥



b) Plainst ‘icn we find ourselwes in oonditions f exploitation
on relatively flat terrain and where the prohlems of slope are no longer
preponderant, it is the state of the soil which beoomes the determining
element for the choice of tramsport vehioles. In fact, if on dry
terrain the problems of adherance are of minor importanoe, as soon as
we encounter marshy terrain, very humid or staying humid most of the year,
these problems are so important that in certain oases, the technioians
prefer to utilize traction oables at ground level in prefarence to
vehicles which are invariably amphibious. By the same token, in regions
such as in the southern United States, or tropioal regions, the railway
was for & long time the most rational mode of penetration, oosting in
faot less than the esiablished routes and having a particular oharaoter
that well sarved the early axploitation of the forests.

Pinally it is advisable to note the particular oases of artificiml
plantation of trees in rows which requires, when we want to preserve
the reserved trees, n material specially adaptable as a replacement for
this method of exploitation,

2. The climate

The first oriteria on the subject of olimate is the variation of tem-
perature. It is necessary to remember, ns was for the altitude, that
according to .he temperature of the s.rrounding air, th. efficiency of a
motor vAaries in great proportions, due toc the rarefication of oxygen in
the warm air, This is estimated to be betwaen 30 and SOOC. while there
18 a variation of about 25 per cent in the efficiency of a motor,
In nddition, it is often overlook~d t:»+ thr climate has a greater
influence on the state of the soil which is in direct relation to the
changing climatic conditions, In cold regions suoh am Siberis, the
Scrndinavian oountries or Northern Canada, snow becomes an aide in ex-
ploiting the timber because it permits the forming of routes on compressed
or even frozen snow on which we can either directly haul the loads or use
a sled. Actually considerable quantities of timber oan be moved with an
excessively wemk ooefficient of friction under these oconditions. In tsm=
perate climateu this appromoh is not applioable as the condition of the
climate slows Lp work during the rainy period but aboveall transforms
the soil, which usually has » sufficient holding ability, into a parti-

oularly unsuitable ground for the transport or travel of vehicles and

g




reduces, because of this fact, the period of time when exploitation,

or rather the skidding of wood, is profitable. A similar observation
can be made for the countries in a tropical climate region, because

in fact, in these regions the rainy season forbids, generally for

a long period of time, the penetration of the forest by mechanical
means, resulting in the maximum usage of transport throughout the dry
gseason when the hold:ng ability of the soil permits the passage of
heavy equipment. Finally, one last point pertains to the climatic
conditions in the wind factor. In fact, this last factor can be in
certain rough terrain regions or along the sea, a preponderant element
to the prohibition or slow=up of the exploitation of the timber.
Therefore, the forest operations planner should, in all instances, take
into account the presence of the wind factor when he schedules cuttings
and in particular clear cuttings, in order to avoid that by unexpected
wind storms the area does not suffer unnecessary timber damage due to ex~-

cessive material having been blown down.

3« The so0il

Forest 80il is generally formed from the decomposition of leaves
of needles whioh forms a more or less thick humus layer that lies
directly on the mother rock, whereas in agriculture soil the surface
contains a layer of cultivated plnant roots which form an excellent
support for the adherance of the transport machines. In other words,
the forest soil is a surface cluttered with destroyed vegetation which
makes the real conditions of the under socil, and if the operator does
not have a fair knowledge and a certain amount of experience with driving
on this type of soil, he can quite easily encounter some problems when
movirg his machine over the area. The following is a definition of the

different types of forest soil according to their mother rock.,

a) Clay soil: this is a particularly resistent soil when it ie
dry with 2 very high holding ability but on the other hand becomes very
slippery when saturated with water and ite holding power often diminishes
quite euddenly. It ie, therefore, necessary with such soil to plan the
harvesting of timber during the dry season, Aalthough emergencies do
arise to work during the rainy season. In thelatter case, 1t is ne-
cessary to anticipate the need for equipment which will permit the vehicles
to pase over the weak places, The moet suitable forestry artifice is the auto-
hauling winch which is attached to the front of the wvehicle.






