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INTlr.>DUCTION 

Forestry exploitation covers the felling and logging of wood directly in 

the forests. Exploitation of these resources auat take place so aa not to 

disturb the forest environment balance. One speaks of forest ~.xploitatioo 

whether it be for the final felling of trees having reached their -turity, 

thinning cuts, or when felling for improvement of plantation standards. These 

operations can be carried out in forests whose function is of a protective 

nature or ~n forests which aupply aocial aervicea. Forest exploitation i• 

carried out either 98Dually or wechanically. Till the advent of 

mechanization, 11811 with a great spirit of adaptability were needed, as they 

had to live far froa home or towns for many 110Dtha, and they also had to 

possess considerable phyaical strength. Today, thanks to the help of 

•chines, the s8N)'er-lmberjack'• job baa become less tiring, and becauae of 

the high wages paid, it baa come to be considered an interesting job, even by 

the younger generations. Access to the forest is a very i11P01tant factor for 

rational exploitation. Logging paths and roads .... t be accessible to heavy 

trucks and be connected with the country's road network, thus enablina easy 

transport of timber to induatry, railway stations, sea and river ports. 

Another point to take into consideration is the need to have specialized 

lahour for efficient use of the 118chines, and this requires the creation of 

special schools and professional training courses. 

PHASES IN FORBST BXPLOITATION 

By phase, we intend a particular operation which is carried out with the 

s&me equipment. Forest exploitation is subdivided into the following phases: 

f!!!!gg_gf_!r!!!: This phase consists in detachin1 the trunk frOll the 

tree at-.mp. It is still ca•·ried out, in certain countries, by using an ax and 

• a two-11&D saw. In t~e majority of cases, it is carried out with an 

engine--powerec! saw (see fi1. 1) or with accessories equipped with hydraulic 

• shears, or with tractor-driven disc or chain s8W8 (see fi1. 2). 
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Fig. 1: Fellinf with an enfine-powered saw. 

Fig. 2: Tree felJed with hydraulic shears. 

1i~ini_!n~-~!!in•_2.L!r!!:!221: Thi• phaee consist• in lillbinf and 

cuttinf tree-tops troa the felled trunk. It can be carried out by uainf an ax 

or engine-powered •aw, in which case the latter au.t be le•• heavy and 

• 
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cumbersOlle than the saw used for felling. In certain cases, this phaae alao 

includes bucking and/or stacking of branches, depending on whether these are 

to serve as fuelwood or pulpwood. 

~y£ki!!g: Thia phase consists in cross-cutting the felled trunk into 

several parts. The length of these parts depends on market requirement• and 

on the timber cutting systea used, as well as on transport liaitationa. This 

phase can also be carried out at road sides. 

!r!!!!~rt: This phase is split up into three sub-phases, na11ely 

loading, the actual transport and unloading, which is the last phase of the 

exploitation, unless tranaahipaent occurs at a railway station, river or sea 

port. 

~~!£king: Takes place at the road sides or at clearings, and includes 

possible bucking operations. 

l!~!rk!!!i= Is carried out with 118Jlual equipaent, such aa hatchet•, or 

with machines such as the one shown in fig. 3 • 

Fig. 3: Mobile ring debarker 

Mechanical debarking ia practically only carried out on softwood lo ... 

Whereas the felling ia al• ~Y• the tirat phaao of exploitation, and muat take 
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place. the other phases of utilization eometiaee do not all take place or elee 

take place in a different sequence to the one listed above. Thus. in the caae 

of sm.11-sized trees felled during thinning cuts. and which will all be used 

for production of chips. the limbing and sectioning phases will be avoided. 

and will be replaced by the chipping process. that is to say. the reducing of 

the tree into chips. 

TYPES or HIPLOITATION 

Work characteristica vary according to the type of forest exploitation 

and should be closely related to the type of"forestry regeneration aethods 

applied. 

Selective felling implies the existence of a large concentration of wood 

on the area being exploited. This type of felling is characterized by the 

selection of a few trees, and, when these are big, one aust operate in such a 

way as not to daaage the surrounding trees, as well as the seedlings. Thia ia 

not always possible, especially if the forests are serviced by few roads. In 

the case of thinning cuts. a s .. 11 percentage of the growing stock is felled 

and the trees are often ... 11 in size. This creates ,real technical 

difficulties in exploitation. which are often solved to the detriaent of the 

econoaic considerations of the operations. 

The choice of a working syatea and exploitBtion costs are influenced by 

various para11eters which llU8t be kept in aind, especially by the person 

planning syste11a for aoving the timber felled froa the forest. 

GROUND TOPOGRAPHY 

The choice of 1011in1 -thod to be used depends, aaon1at other tbin1a, 

on the terrain'• 1radient or slope and it• irre,ularitiea. 

The terrain'• 1radient ia a deteraininl factor for the choice of the 

logginl aethod. fl)r t.'lrrain with a gradient of leas Uum 20 to 25* all typea 

of tractors hauling a load (includinl far11 tractor•) can be uaed, whether 

going uphill or downhill (see fig. 4). 

• 
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Fig. 4: Two-drua winch applied onto a far11 tractor. 

Thi• gradient (20 to 25 percent) i• the aini .. liait for worldDC a 

cable-way ayatea. Terrain-with a 4~ iradient can, aa loni aa the iround i• 

dry, be logged uaing four-vheel drive foreat tractors (•kidders), not hauling 

a load. Caterpillar-track tractor• can be ueed on 1radient9 of up to 5~, u 

long aa they 10 alonl the linea of aaxillua gradient. Lo"ing by tractore 

along these 1radient• can only take place downhill. Thi• 1radient ie the 

ainillua lillit for collecting all the wood by ~ravity uaing hand-operated 

tool•. Ground with a 40 to ~ 1radient all,,.,. \011in1 both uphill and 

downhill with cable-way ayete1111 (•ee fil. 5). 
In thi• particular cue, uphill 101gin1 i• preferable, u lONer linee 

are needed than in the cue of downhill logiin~. Such facilitiea u • ., 

horaea can be lower or diapeneed with u it i• eufficient to lilt the 101 

heada clear of the 1round. Up to tbeae 1radienta it i• euy to create proper 
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Fii. 5: Cable crane with se11i-aut011atic carriage. 

road conditions for loiiini and for .. terial haulage without having to build 

any special supporting walls and bridges. On steeper ground with, say, a 

iradient of 60-~. woods are generally of a protective nature and eventual 

utilization is made through cable-way syate.a, helicopters or balloons. 

!rr!ftlari!!: By this, we •an the presence of obstacles which binder 

work on the iround. Tbeae obstacles can be stones, holes, rock ledges, etc. 

Irregular iround 118kes logiini and road construction difficult: with tbe same 

1radient
1 

a more expensive lo.,ing system .. Y be required than that suitable 

for even iround. 

§2!l-~2922!!!i2D 
Unlike farm soil, forest soil i• very superficial and the rock stratum 

i• covered with leaves which often hide traps for the foreat operator, such as 

holes or crack• which are ext1·e11ely dan1eroua for •chine• paHing. 

• 



• 

- 7 -

~!y_rich_!oi!.:.. Thia type of soil has low water permeability, ia very 

hard when dry and very slippery when wet. The high unit load for the -terial 

transportation aust be exploited to the 118Xiaua when the soil is dry. With 

this soil it is essential to plan logging and transport during the dry season. 

D~ or fresh soil: This is the type of soil one c011es across ll08t of 

the time. Above the aineral layer of soil, one finds a layer of leaves which 

encourages wheels to sink in. For this reason, it is advisable to use 

machines with wide caterpillar-tracks or to equip tractors with wheels, with 

special chains or special caterpillar-tracks, allowing a ground pressure of 

100 g/ca2. 

§!!!~~!!: On this type of soil, machines with wide tyres and low 

pressure aust be used. Caterpillar-tracks are very quickly worn down by the 

silica. 

Hoc~_!2il: Thia type of soil results froa the heavy passage of 

vehicles or can be due to soil erosion. It is not advisable to use 

caterpillar-track tractors, in view of the low grip this type of soil offers. 

It would be a good thing to use low pressure tyres. 

~!!2!£it1: This is the resistance liait above which soil beco.ea 

deformed when loaded wilh a given force. This resistance varies froa a few 

grBllS to a few dozens of kg/c:a2. It can be measured with a special instruaent 

which is inserted in the soil. 

M!£b!u!_r2!!i~g_fri£!!2U_!!!:_f!ed r!!!!!!!!£! 
Wide diaaeter tyres with high pressures aeet with less feed resistance 

but also reduce soil grip. 

This resistance value is: R = K x P; where K = rolling friction 

coefficient; P = vehicle's weight. 

K's value varies according to the type of route and to whether the 

aachines are equipped with tyres, caterpillar-tracks or steel whee la. 

Type of route Low presaure Caterpillar- Steel 

tyre• tracks whee la 

Dry road 0.03-0.04 0.03-0.04 0.02 

Dry, clay rich soil 0.05-0.08 0.05-0.06 0.06 

Sandy, loose soil 0.08-0.15 0.06··0.10 0.09 

Muddy soil 0.10-0.20 0.08-0.12 0.15 
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~li!!!n& friction: Thia is the force needed to lleke an object or body 

slide along the soil. It depends on the type of soil and the shape of the 

object or body. In the case of logs, it is very important that the latter 

have their tops lifted clear, off the soil as this reduces the dra« friction 

coefficient. 

The friction value for trunks whose topa touch the soil and, therefore, 

11eet with obstacles, can be higher than 1. When these tops are kept clear of 

the soil, the coefficient is eq::al to 0.2-0.3. 

Max!!Ull tractive force of a machine: Tractive force is given by: F = I 
x P. 

Adherence or grip coefficient is given by: 
F I= -
p 

where F = uxi•ua tractive force of the uchine at the hook expressed in If, P 

= Total weight of the •chine expressed iu tons. This coefficient depends on 

the nature and huaidity of the soil, but also on the use of either 

rubber-tyred or caterpillar-track 11&chines. 

Gravel, road dry or wet 
Coapacted dry path, clay-rich soil 
CQ11Pacted wet path, compact soil 
Louse, wet soil 
Loose, dry soil 
frozen or snow-covered soil 
Metallic wheels on sandy soil 
Metallic wheels on roads 

g!i!!!!= 

0.1 
0.5 
0.4 
0.2 
0.4 
0.1 

0.4 
0.5 

1.2 
0.9 
0.7 
0.5 
0.3 
0.1 

Cli ... te is a very important factor and llU8t be taken into couideration 

when choosinl equipment to be used and work systems to be adopted. 

Thus, in northern countries, with a very lon• winter, it is important to 

plan the first phases of exploitation durin' sUllller, whereas the lo,,ini can 

be carried out in winter, by slidin1 logs alon1 snow-·covered pnt.ha (see Iii· 

6). In tropical countries, it is i11P09sible to carry out this type of work 

during the monsoon season, therefore this phase will lu.ve to be planned for 

when the soil is dry. 

.. 

I 

• 
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Fig. 6: Logging on snowy paths. Loge are joined together by chains 

and the hooks are towed by a fara tractor. 

There 11&y be problem for the reaaining trees due to wind. One •uat plar. 

work with great care so as to avoid da9ages as far as possible. 

I22_!!r~r_2f_!2il 

Another point to be considered is the type of wood which has to be 

extracted that is to aay, tree size (di1111eter and height). The exploitation 

system changes, depending on whether we are faced with: 

1) a virgin forest, in which caae, a rations! road network muat be 

studied; 

2) a forest where exploitation haa already taken place in c011pliance 

with a 98na1ement plant in which caae we should only fell .marked 

trees and find excellent road conditions; 
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3) a forest wbic!l baa been exploited without a 1181lagement plan and 

where. generally speaking. one finds conditions which are sa.ewbere 

between the ebove-11entioned two conditions. 

BCOfOIIC ASPICT 

The economic aspect is extn!llely illportldlt for the preparation of a 

forestry exploitation plan. 11ie price of standing trees will be aore or lesa 

high, depending on whether the owner of the forest is an adainistrative body 

or a private ,.erson. and on economic cooditiona in the country. 11iis price 

also depends on t~ ease of extraction and trao.11port of the timber to the 

industry, sea ports or railway stations. 

Should there be no roads in the forest, heavy capital invest11enta will be 

needed for their construction. and this aust be taken into account by the fina 

concerned. 

Someti.aes, t~is work is carried out directly by the State or other 

adainistrative bodies. as it is of interest to the whole community. To 

evaluate exploitation cc .ta, the company 11UBt add all coats which it will have 

to sustain duril•I the various work phaaes to the price of the standir.1 trees. 

Social welf11re co.ta, cost& for accident insurance, sah.ries, wagea and 

possible overtime work, are also extremely iaportant factors. 

SOCIAL ASPECT 

Type of labour, ita qualification, and the possibility of uainl the same 

11e11 on the job for uny years, allow a higher degree of accuracy to be 

achieved and better 11&chine aaintenance. Unfortunately, it is not always 

possible to have regular labour, as for exaaple, clill8te often doea not pe ... it 

continuous work; eg. rain in the tropics and prolonged winters in Northern 

countries. There are coWllriea with high population density, where labour i• 

cheap and even ce>11petitive with 11achines. In other countries, labour is badly 

paid and a lumberjack'• job is very har::I. 

In this case, mechanization can contribute towartis qualifyinf personnel. 

even if training cour•e• 118Y be necea•ary and even if years of experience may 

also be nece••ary to obtain food .. chine driver• and qualified .. intenance 

personnel. 

• 
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In many ca.sea, it ia .ore expedier.t to pay people according to the 

production they supply. When a tea ia well organized and highly 

professional, one has less than four •inutes down-tiae per hour. Thia figures 

goes up to ten ainutes with badly organized teams. 

Insofar as work 118D&gement ia concerned, three to seven •inutea per hour 

of work nust be calculated for industrialized countries, and six to fourteen 

•inutes for developing countries. Generally speaking, when a yard's 

efficiency is over 0.85, it can be considered excellent; it is acceptable, if 

between 0.85 and 0.60, and should efficiency be below these values, the yard 

bas an inadequate organization. 

It is important to bear in aind each country's usages and cuat~. How 

for exB11Ple people are uaed to workinf in a particular country, aa the 

introduction of a new ayate11 does not always five the anticipated results. 

i.~UIPMINT AND MACHINES USID IN FORBSTS 

Manual !9!!!1!!!!!! 
Axe: It is, without doubt, the .,.t ancient cutting tool. It ia used 

for limbing, debarking and wood cleaving. 

B~~2i!!i=l!2ok.a_!icklf_!!!: bi!!-h«>!!J!: Thia tool has different shapes, 

depending on the country or region where it is used. Among the best, (because 

of its beak) is the one made in Italy. Beaides cutting, it can also be used 

for limbing, and for pruning standing trees. 

~!~i!_!!!4-ale4iLba er: The wedge is very useful, as it facilitates 

felling of trees during the cutting phase, and is also very useful for 

cleaving wood. ThP. wedfe is hit by the aledfe t.-er. 

Of late, iron or wood wedgea have been substituted by a pad which 

inflates by means of the exhaust gas froa the enfine-powered saw. 

~~!r~![!: The debarker can be knife-shaped, with twu handle• on the 

aides, used by pulling, or shovel-shaped, used by pushing. 

§~!!_!!~!: These are mounted on an alU11iniU11 handle end allow the 

cutting of branches 4 to 6 .. ter• froa the soil. 
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lngine powered a~: Wood cutting takes place by means of a chain with 

sharp teeth. The chain, activated by a pinion, runs along the fissure of the 

guide bar. Engine power varies from 2 to over 5 kW, and the length of the 

guide bar can vary froa 32 to 92 ca. Thet.e parameters vary according to the 

type of wood to be cut, to its diaaeter, and to whether felling and limbin1 

operationa have to be carried out. 

To sefeguard the health of the person operating the en1ine-powered • ., it 

is advisable that engine-powered saws be equipped with vibration dallpin& 

systemis, a chain brake, a security accelerator, and, for better comfort, 

especially for those people working in northern countries, with heated handles. 

Cutti!!l_and rigging Jl!chin~: These are -chines which can be used for 

softwood trees located on soil with a gradient not exceeding 20 to 25 

percent. The cutting tool is 11ade with hydraulic shears or with a 

sharp-toothed chain. They are equipped with a special part that dir~cta the 

tree's fall. There are aachines which also load trees, once felled, directly 

onto their rear train for logging (see fig. 7). 

Fig. 7: Felling with hydraulic shear• and loadi11g of the tree, 

complete with foliage. 

• 
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Other ucbinea, besidea felling, carry out limbi~ and bucki ... of the 

logs into pieces of the desired lengths. Finally, in Scandinavian countries 

and the United States of Allerica, where mechanization is very advanced and 

planning rational, 11&cbines which carry out sorting besides limbing can be 

used. This sortina; is for quality, dimmeter and length, and is carried out by 

lle8l1S of electronic instru11eDts. 

Oeb~rking_ucbine§: Debarking can be carried out in the foreat or in the 

•ill, depending on the type of 11&cbinery selected and the types of aaaortllent 

obtained. Debarking in forests is carried out with llObile debarkera whoae 

power is obtained froa tractors, whereas in the aills, these debarkena work 

with electrical motors. 

Ring debarkera are .-t c~ly used, with knives fitted onto the 

rotor. The log is fed axially through the ring and the knives remove the bark 

by working spiral-wise. 

These knives can reach a debarking speed of 40 meters per •inute and 

strip bark off logs of up to 80 ca in dia11eter. 

A second type of debarking aachine is the cutter debarker. The log 90Vea 

forward and rotates, so that the cutter can reaove the bark. Theae uchinea 

s<>11eti•es also remove part of the wood. Debarking speed with these 1111cbinea 

can reach 6 •eters per •inute; the diameter of the logs can be over 100 ca. 

Lately, the cutter bead has been substituted with a •ulti-knived bead, these 

knives being of a small size. These latter have the advantage of giving a 

cylindrical shape to the log, but they also partly reaove the 1&1Jt growth 

rings (see fig. 8 below). 

A last type of debarking 11&chine is one with knives assembled radially on 

a disc. This is used for white debarking, as it is called, because it removes 

part of the wood. This type of aachine is naed for billets for paper •ills 

and also, because of its li•ited size, 'or operating along forest roads. 
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Fig. 8: Logs debarked with ring debarker: observe the removal 

of part of the laat growth rings. 

~hipping_.chint!!: These machines (see fig. 9 below) are either mobile 

or fixed, with either a disc or dn111 which chips the material introduced 

through a feed hatch. 

The cutting plane is slanted with respect to the axis of the •terial 

introduced By passing through a bottleneck, these chips are then blown into 

the trailer-truck tanks or into containers on the soil. With the chipping 

process, 20 to 25 percent of the crown's bio-..aa ia recuperated. These chips 

can be used in the production of particle boards. 
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Fig. 9: Chip~iog .. chine with direct loading of chips 

into tt.e truck's tanks. 

~~!!!~!LP-~bi!!g: These are uchinee of considerable size, which carry 

out 11811Y exploitation phases. 

The 110St important research effort. in the conceytion of the theae 

machines have been towarda limbing, which represents up to 30 percent of 

cutting and rigging work. An operation which also weigha heavily i• 

debarking, it represent• 50 to 70 percent of the total time; whereas felling 

only represent• 5 to 10 percent. 

Fr<>11 the above mentioned values, one can realize how much limbing a 

collbined 118chine •ust take care of, aa debarking ia generally carried out in 

the •ill. 
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Over the last few years cuttiq mecbinea are seen 110re and more in 

Scandinavi&l and American foreata; these also load the tree with all i ta 

bnmchee onto their rear traina 1 and take these to lo• yards (see fi1. 7 

above). At this point. a limbinf bucking -chines completes the log 

preparation (aee fi1. 10). DuriDI this operation the trees are lifted by 

their atea by a hydraulic crane. 

Fi,. 10: Lillbin' and bucking ll&Chine 

Thie ate11 i• equeezed between two roller• which. by their rotatinl 

110tion. allow the at• to alide alon1. 

Four to six bow-9baped lmivea prea• the atea, and cut the brancbea they 

come acroaa. A diac •aw or a chain motor • .., lowers itaelf at the operator•• 

~. and co.pletea buckin1. If neceaaary, it also carries out aortin1 

into various asaortllenta. A very aophiaticated type of combined ll&Chine, 

which abould only be uaed on soil with a •lope no hi1her than 20 to 25 

percent, carrie• out all pha8ea, from fellinl to limbing and •orting directly 

in the toreat (aee fif. 11). 
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Fie. 11: Sophiaticated type of combined .. chine. 

All these 118Cbinea Br"e operated by one aintle peraon end have •iven 

excellent results in coniferoua forest•. 

Ir~!2C!-~!!h aelf::!!~jn« ~: Tbeae are aachinea which have all 
wheels with the aame dim1eter and all are power-driv~n. Their turnin• circle 

is •11&ller than that of far11 tractor•. 
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Articulated tractors: 1'be front and rear traina are held toceth..v by a 

hinaed pivot. Thia allow these machines to have a very -11 tumi,.. circle, 

and, therefore, they prove to be very -....eeble in foreata. They have four 

wheel drive, the wheel• are of equal di-ter. Niicb alla.. a cuoaidenble 

stability and pe111ita their ..e OD alopea witb a 30 to 35 percent ~ient. 

These characteriatica have contributed to the videapreed uae of thi• type of 

tractors. 

Usually. these .addaea have a winch with one or two can-, or h)'di-.ulic 

fraba aaellbled OD their rear train (aee fif. 12 below). 

fi&. 12: Articulated wheeled tractor with winch. 

At the front, they are equipped with a bulldozer blade, which i• alao 

uaed to 110ve stones. to level loQinf.patba end i• uaed for the preli•inary 

stackinf of lo,.. 

~1rritr_!r1ct2r!_wit1Lt!wi::J:r1il!r!: The rear train i• fol'lled by • 
platform provided with a crane with hydraulic grabs for loadint and unloadinf 

101• (see fif. 13 below). These .. chines are very easy to handle and tbi• i• 

why they are widely uaed throulhout the world for the tranaporl of both lo .. 

and by-product• to be uaed for ener!Y purpoaea. 

• 
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Fig. 13: Carrier tractor with aeai-trailer 

Cr!!!ler tr~lof!: These are rigid machinea wbicb were, and atill are, 

used for opening roads in virfin foreata. They can alao be used for loain1. 

In this case, they are provided with a winch. 

~r~!!r_!r~!2f!_witb_!!!cil!!!in& ~la: Unlike the previoua tractors, 

the oscillating wheel• allow theae .. chines to overc08e obataclea 80re 

1ently. These aachines can be found especially in the Soviet Union and in 

Canada. 

~rawler_tr~to[L!fith •!9i:trai!!r!: They couple the advantaie of havinl 

a trailer with that offered by the crawler track. They aire very useful 

.. chines on aarahy or •now-covered land • 

~!!£b!!: Theae are usually placed on the rear trailer and can be with 

one or two drum. With winches of this type, the tractor can be uaed u an 
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engine power-station for a ..all cable aerial. It is useful to aaaellble a 

s.'!1111 w:inch onto the front part of the tractor, to help the machines fet out 

of arah~· land. 

Inlet batch for louini: Thia is formed by four rollers placed on the 

sides of a rectangle. The wi-nch rope passes tbrouch the hatch. The hatch 

allows tops of trunks to be kept clear of the aoil with the advantage of not 

spoilinf the wood or ct.aging the roads. Less friction allows machine 

operation with less powerful engines and, therefore, saving on energy 

consmption. This lofting hatcl~ reduces engine effort by 25 lo 40 percent. 

Semi=!railers: Thae are cooatituted by a two-wheel axle. Trunk tops, 

as well as tops of whole trees, are placed along the axle-bar. 

Trailer!: These are used for loadinf lop. They can be with a ainile or 

double axle. 

It is very :i8portant that an axle-bar be power-driven as, besides .Uing 

it easier to overca11e strong gradients uphill, this llakes going downhill safer 

as the trailer, within certain liaita, holds back the tractor. 

Forest trailers are provided with a crane with hydraulic grabs for 

loading and unloading materials. When they are equipped with a double axle, 

on a pivot pin ayatea, they allow the load to overcome obstacles gently. 

Angle dQll[!: These blades are applied onto the front of tractor• and 

are used to level soil which i• to be re-forested or lo open roada in viriin 

forests. 

H!rr2!!..e!2Yllhs: Theae tools are used to till the soil for 

reforestation. They can be attached to far11 tractors. 

~!Y!2!r!: These are accessories shaped like shears, for cuttinf, with 

two over-riders to enable uprooting of the tree stUllP. They are applied onto 

big tractor• and excavators. 

Thi• sysl• is very widespread in Scandinavian cowitriH. Jt allow. 

increasint yield or the wood .... by 15 to 20 percent. Thi• wood, after 

having been w88hed, i• then chipped and •ixed in a ratio of 10 lo 15 percent 

with other wood aaterial. It ia used by the paper industry. 

' 
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TIMBER LOADING AND MEANS OF TRANSPORTATION 

!imber loading: Loading wood 1181lually is disappearing in favour of 

loading with hydraulic cranes. We have already 11e11tioned this earlier, when 

speaking of articulated carriers and forest trailers. Filling containers, 

directly in the forest, with chips and amall loge for the paper-ailla, baa 

proved to be the beat solution. The loading of these sull loge can be 

carried out with conveyor belts which can also be used to feed chippinl 

.. chines. Trailer tractors provided with big hydraulic grabs have proven very 

useful for the loading and unloading of trailer-trucks. 

Land transport: For tmer transportation, trucks with or without 

trailers, tractor semi-trailers, and trucks with semi-trailers are used (see 

fig. 14 below). When transport takes place on sandy roads, it is advisable 

that the vehicles have aore than one rear axle, so that Wt"ight is aore evenly 

distributed on the soil • 

Fig. 14: Truck• and trailers uaed for transport 
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These vehicles 11USt be equipped with low •ears and extra bnJc:em, abould 

they have to go down steep gradients with a full load. Besides hydraulic 

cranes, they can be equipped with special devices, known as the aultilift 

systea, for loading containers (see fig. 15 hereunder). 

Fig. 15: Multilift ayatea 

~rial tr!J!spgrt: This tranaportation aethod can be cerried out aa 

follows: 
with a cable crane and/or cable-cara. 

These can be: 
with one single aobile cable, a "laaso" or fixed cable, or cable 

with overhanging wire; 

with two cables, one carrying and one towing; 

with three cables, two carrying and one towina, fona.na a cl08ed 

ring. 
These cables, when three, can have one carrying, one towing and a recall 

cable, allowina the platfora to also work horizontally {see fig. 16 below). 

• 
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Fig. 16: Mobile extendable 118St with three cables. 

H~!i£22!~r!: These are very useful when there are no access routea into 

the forest. Their carrying capacity varies according to altitude, on whether 

the •aterial is seasoned or not, and on whether transportation i• to be 

carried out going up or downhill, beaidea obvioualy dependinl on engine power. 

@!!!~n!_!!!~_!!r!hip1: The uae of theae 11ean• of timber transportation 

is currently at the experimental phase. They are particularly used in the 

United States. 

~!!~r_!r!n!P2r!: Floating of timber. Thia i• the •oat ancient to ... of 

tranaportation in countries aboundinl in rivers or liikes (see fig. 17). 
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Fis. 17: Sorting of rafts. 

Owners of the 11&terial (c0llp08ed of single logs or logs hcund together to 

fora huge rafts, are singled out by means of a a11&ll plate, affixed to these 

single logs. When they reach the aill dowoatreaa, one can single tbea out, 

either aanually or electronically, and also single out timber 

characteristics. Often, this 11aterial is stored on frozen lake surfaces and 

it is only when thawinf sets in that the loge will start their journey. It is 

nonutl that a certain nuaber of logs do not arrive at their destination, 

because they reaain entangled or trapped along the way and cannot always be 

recovered. 

~2!!_![!!!!1?2r!: Wood aaterial, lof• or chips, is transported by boat• 

with larger or s1111ller capacities. These boats, uaually aade of steel, are 

equipped with all acceasoriea for the loading and unloading of the aaterial. 

H!i!~!X_!r!!!!22r!: This fora of transporation was particularly uaed till 

the aiddle of this century. In certain countries it is still the ao•t 

comonly used fora of transportation. With the construction of a·oads, open to 

heavy traffic, railway lines have been greatly reduced. 

J 

• 
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To calculate the cost of -chines. one 11USt take fixed an variable coets 

into account. 

fixed costs: These are costs which exist whether the -chine ia 

operating or not. 

It is very iJIP()rtant to define depreciation costs. thereby allONing 

an owner to find the necessary capital for replacing the machine when it 

becOlleS unserviceable. The calculation is aade by dividing the coat of 

the 11acbine by the presuaed number of working houra. This applies if one 

has not foreseen any proceeds frOll the sale of the second-hand -chine. 

Otherwise these aust be subtracted frOll the original cost of the 

-chine. In practice. it is advisable to follow the first procedure. 

The nuaber of hours varies according to the type of the 11achine and the 

work required froa it. If the nuaber of hours is liaited, one may find 

that after a few year• - even if the 11&cbine is still in working order -

new, aore efficient. and higher yield aachines are available. In thi• 

si(uation, the aachine therefore depreciates, and one has the phen011enon 

of obsolescence. 

The depreciatio~ period foreseen for th2 aforesaid situation, 

practically never corresponds to the technical endurance of the 11&cbine, 

which is always longer, as the 11&chine can be profitably used for 

secondary types of work. For exaaple, a forest tractor can be used to 

~perate a debarking or chipping aachine or can be used for ahiflin• 

timber in logya~ds. Technical endurance i• worked oul by the nuaber of 

hours a machine can work before wear and teBr results ir. repair coat• 

becoaing very high. That is to say, that particular nuaber of hours 

which allow• reducing he 8110unt between fixed covls per hour and repair 

cost• per hour~, to a ainiaua. 

It can be aore profitable to calculate depreciation coal• 

aeparately, with regard to part• of the 11&chine, as, for ex .. ple, in th8 

case of crawler-tracks, as they hear out rapidly. 
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(b) Interest on £1eital 

This rate vari• geatly accordini to whether the capital waa 

supplied by banks or by local develoP119Dt boards. 

Generally •peakin1, theae ratea have an incidence rangini froa 0.5 

to l percent on the -chine's price. 

Variable coeta: These vary accordina to tbe number of the •chine's 

working hours: 

Ca> B~ffira 

To make this calculation, the accessories the aachine is equip~d 

with aust also be takell into account such as the winches, logging archea, 

blades, etc. 

Repair costs: 

Ma£bi!!L£!!!!: 
Technical endurance period (hours between repairs) x real daily working 

hours x K. 

K = repair coefficient. Thia becOll88 higher with a machine that breaks 

down and baa a high repair cost. Thia coefficient usually varies froa 

0.4 to 1.2. 

Actual working hour• Machines are never under constant workinl 

preaaure all day long. Tractors, for ex11111>le, in 

the ca.e of logging actually work 5-6 hours out 

of every 8; cable car• 4-5 1 and motor saws, 5-6. 

, I 



! 

• 

- 27 -

It ia obvious that, in the befinninc of the technical endunmce 

period, repair costs will be liaited and that at the end of thia period 

these repair costs will be equivalent to double the calculated value. 

Thia 11USt be kept in aind when depreciation hours provided for do not 

correspond with those relative to technical endu&""11Dce, but are lower. 

because of obsolescence • 

(b) ru~lubricating oils, electrici~ 

The calculation for fuel comnmption i• aade on the buia of 

consuaptioo diagram supplied by the eDCine builders. Data obtained ... t 

be correct in relation to actual working hours. Precise consWiption ia 

in the region of 200 to 240 l(/HPh (petrol), for gas engines; 160 to 210 

g/HPh (fuel oil), for Diesel engines. One -...t also consider lubricatin& 

oils and other lubricants necessary for good 11achine operation. The 

costs can be evaluated at JO to 20 percent of fuel cost. 

(c) Parts subject to r@Pid wear 

These include cables tor winches; tyres; limbing; cie;,arkin& and 

chipping knives, etc. ThP~e costs are calculated by dividing purcbaae 

cost by hours of use. 

By adding fixed costs to variable coata, one obtains the hourly coat of 

the uchine. 

EXPLOITATION COSTS 

Froa machine costs, u seen above, one can proceed to coat per cubic 

aeter of aaterial used. Various coats can be represented graphically tbU8 

penaitting an evaluation of which ayate11 is more suitable theoretically; the 

construction of roads, or logging by helicopter; bucking the tree in the 

forest itself, or in 101 yards. All the various data can be inserted into a 

COllJ>uter which will rapidly give the desired anawera. Nevertheless, one auat 

always consider the labour force which will be uaini the 11&chine 

(availability, qualifications, coat, etc.). 
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CONCLUSIONS 

11ie choice and purchase of a •chine can be accQ11Plished in a few day. 1 

whereas years of training are needed to obtain a good tractor or cable-car 

driver. 

Evaluation errors are often at the basis of an exploitation project'• 

failure. Men are not .. chines and traditions cannot be wiped out by turning a 

key. Jn spite of this. mecbanization along with adequate training can solve 

118DY social and economic problem in clevel~ing countries. 

• 

• 




