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Abstract
In forestry , \vood ex tractin g  activ ities \vhich İS a m ain stage bet\veen  forest 

lıarvestin g  and tran sportation  activ ities are very  expensive, d ifficu lt and tim e  
con su m in g  activ ities. Sk idd in g  o f  Iıeavy and large-d iam eter  logs on tlıe ground  
from  stu m p  to the roadside landings is a com plicated  p rocess. B esides, tlıis activ ity  
brings up som e en v iron m en ta l, econom ic and ergon om ic p rob lem s. In this study, it 
is su ggested  to apply  a new  system  w h ich  prov id es contro lled  slid ing  o f  logs 
tlırouglı p lastic  ch u tes to overcom e these p rob lem s. T his system  \vorks both  by  
yard in g  the Iıeavy logs uphill using a drum m ed en g in e and by slid ing  them  
doıvnhill w ith  contro lled  brake system  in p lastic  or fib erg lass chutes Iocated on  
forest ground. Suclı a system  can be used \vith in  300 m  yard in g  d istan ces by a 
portative  drum m ed engine m echan ism  or by a drum m ed  forest tractor operating  
from  a roadside. In  case o f  the necessity , the yard in g  d istance o f the system  can be  
in creased  by in sta llin g  ad d itional con secu tive  chu tes. It is expected  som e  
ad vaııtages from  this system  w ith  respect to its econ om ical v iab ility , applicab ility , 
and effîc ien cy  in forestry  activ ities. F u rtlıerm ore, the system  m iglıt decrease  
d am ages on residu al trees and seed lings, and ensure \vork ers’ safety  and enable to 
lıarvest forest p roducts in the logging  sites w h ere  in sta lla tion  o f  m odern  lıarvestin g  
eq u ip m en t is not econ om ica lly  feasib le . Q u ality  and q u an tity  dam ages to carried  
logs and en v ironm enta l dam ages to forest ecosystem  can  be m in im ized  by using  
th is sem i-m ech an ica l system . T his system  has also som e op erational advantages by  
estab lis lıin g  on any terrain  con d ition s, by yard in g  u phill and dovvnhill, and by  
decreasin g  ıvork accidents.

K ey Woı*ds: Forest ground, log yarding, p lastic  chutes, con tro lled  slid ing  system , 
forestry  activ ities in  T urkey
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1. Introduction

Ovving to increasing  o f  public dem and on the conserva tion  o f  env ironm ent, the 
im portance  g iven to the env ironm enta lly  friend ly  fo restry  ac tiv ities have increased  in 
recen t years. T h is has b rough t env ironm enta l and e rgonom ic  as w ell as econom icai 
issues into the agenda o f  to d ay ’s fo restry  ac tiv ities. T herefo re , fo rest harvesting  
activ ities, w hich  are the m ost im portan t source  o f  dam ages onto  the forest ecosystem , 
can  be perfo rm ed  w ith  a m in im um  quality  and  quan tity  loss on  fo rest p roducts and \vith 
a m in im um  dam age to the environm ent.

In  the w orld , the to tal annual p roduc tion  o f  large size round  w ood  \v ithout bark  is 
abou t 3.5 b illion  m 3, in vvhich the h ighes t am ouııt o f  industria l fo rest p ro d u c t are logs, 
w h ich  are follovved by  fiber chips and  pu lp  vvoods (FA O , 2007). In  T urkey, 
approx im ate ly  10 m illion  m 3 industrial w ood and  15 m illion  stere , p iled  cııbic m eter and 
fuel w ood  have been  p roduced  each year. T he am oun t o f  65 %  o f  industria l \vood 
dem and  is sa tisfied  by  G eneral D irectorate  o f  F o res try  (G D F). T his am oun t is the 90 %  
o f  the incom e o f  the fo rest industry. A pprox im ate ly  50-55 %  o f  annual w ood  p roduction  
o f  G D F is industria l w ood p roduction  and 48 %  o f  it is logs (D P T , 2001).

T ranspo rta tion  o f  the w ood products consists  o f  tw o stages; the first one is the 
p rim ary  transporta tion  vvhich consists o f  felling, buck ing , de lim bing , and  transporting  to 
the land ing  and the second  one is the secondary  tran spo rta tion  vvhich consists  o f  lıauling 
by  logging  trucks. T he p rim ary  transporta tion  is the m ost d iffıcu lt and expensive stage 
vvhich is a lso  m ajö r cause o f  the env ironm ent dam ages in  fo rest ecosystem .

T he usage o f  cab le  logging m ethods and m echan ized  harvesting  system s is 
lim ited  in T urkey . B ecause  o f  the fact tha t the m ajo rity  o f  fo rest is located  in 
m oun ta inous areas, it is very  d iffıcu lt to ex trac t tim ber by  using  trad itional m ethods, 
vvhich m ain ly  include sk idd ing  by  an im al povver and  manpovver, and partia lly  vvinching 
by  fo rest tractors. Skidd ing  o f  logs on steep  m oun ta inous terrains causes serious 
dam ages on  transported  w ood p roducts, residual stands, and fo rest soil. T he  skidded 
logs can  knock  the rem ain ing  trees and then  cracked , rup tu red , and vvithered. In T urkey, 
since vvood supp ly  to m arket dem and is inadequate  and 9 %  o f  industria l vvood dem and 
has been  im ported . T herefo re , quality  and quan tity  losses on  tran spo rted  vvood m aterial 
are very  im portan t p rob lem s (Ü nver and  A car, 2006). F o r th is reason, novvadays using 
advanced  ex trac tion  system s is inevitable to p reven t losses on the quality  o f  the 
ex trac ted  vvood in  m oun ta inous forests.

D ue to vvounds vvhich take p lace on the residual trees du ring  ground  skidding, 
trees b ecom e vu lnerab le  to insect and  fungus attacks, vvhich negative ly  affec t the 
susta inab ility  o f  forest. A lso , soil com paction  m ay  o ccu r during  sk idd ing  based  on the 
am oun t and  vveight o f  transported  vvood m ateria l. A s a resu lt o f  soil com paction , 
physica l and  Chemical features o f  so il can be  in fluenced  negatively , vvhich leads to 
reduction  in forest p roductiv ity .

M urpy  et al. (1985) sta ted  tha t dam ages to vvood m ateria l during  harvesting  
activ ities decreased  the productiv ity  by  am o u n t o f  40  % . S im ilarly , G ürtan  (1975) 
rep o rted  tha t 15 %  to 17 %  o f  vvood p roduc tion  loosed  after harvesting  ac tiv ities in 
A rtv in  and  T rabzon  reg ions in T urkey. A lso , it vvas estim ated  tha t 10 %  value loss m ay 
occur b ecause  o f  the quality  reduction  on the tran spo rted  vvood (G ürtan , 1975). F jeld  
and G ranhus (1998) detem ıined  that the average  in ju ry  rate vvas 11.4 %  after app ly ing



single tree selec tion  harvesting  m ethod  in N or\vay  spruce (Picea cıbies). It w as found 
that a ltlıough  on ly  less than  2 % o f  trees in harvesting  un it w ere cut, 26  %  o f  residual 
trees d ied  or got dam aged. B ettinger and K ellogg  (1993) found that 39 .8  %  o f  total 
stand w ere dam aged  after harvesting  in a m ixed con ife r stand. S im ilarly , P inard  and 
Putz (1996) reported  that uncon tro lled  logging dam aged  m ore than 50 %  o f  the original 
stand.

In last few  years, the p rob lem  o f  transporting  sm all-d iam eter w ood  m aterials 
from  stand  to the landing  in m oun ta inous reg ions has been  so lved  by  using p lastic  chute 
system  (A car et al., 2005). H o\vever, ex trac tion  o f  la rge-d iam eter w ood  m ateria l is very  
d ifficu lt because o f  the d iffıcu lties in w ork  cond itions, tim e consum ption , safety  risks 
and higlı costs, as w ell as ergonom ic and  env ironm enta l d iffıculties.

A t p resen t, it is though t tha t cab le  yarding, balloon  logging, and  helicop ter 
loggings are the m ost su itab le  m ethods in ex trac tion  o f  large-d iam eter w ood m aterials. 
C able yard ing  Systems are  p rac ticed  in specific  co rridors w ith  the yard ing  d istance o f  
300 - 2000m . B ecause these system s are expensive  and estab lished  in the areas \vhere 
there are less than  300  mVha m ateria ls, they  are no t p re fe rred  in T urkey . O n  the o ther 
lıand, ba lloon  logging and helicop ter logging  are very  expensive (B lakeney , 1992).. 
B ecause o f  this fact, they are no t uşed  in  T u rkey

T he am oun l o f  the dam age to residual stand  after harvesting  activ ities is 
im portan t because it can  affec t susta inab ility  o f  fo rest ecosystem s and the w ood m aterial 
w hich  can be ob ta ined  from  forest in the future (A car and Ü nver, 2006). T herefore , new  
system s m ust be developed  to ex tract the la rge-d iam eter w ood m aterial in such  a w ay 
that bo th  fo rest su sta inab ility  and con tribu tion  to the co u n try ’s econom y can be ensured. 
In  this study, it is aim ed to im prove a new  sem i-m echan ic  system  o f  p lastic  chute to 
perfo rm  an econom ic, env ironm enta lly  friendly , and ergonom ic w ood  extraction  
process.

2. Controlled Log Sliding in Plastic Chutes System

T he system  o f  con tro lled  log slid ing p lastic  chute is com posed  o f  tw o m ain  parts, 
one is the artific ia l route m ade in p lastic  chutes and the o ther one is m oto r m echan ism  
perfo m ıin g  slid ing  o r pu lling . S ubparts o f  the system  are  10 H P m otor, b rake drum , 
Steel bearing  cab le  w h ich  has 6 - 8  m m  d iam eter, at least tw o holds, d irection  
m echanism , b reak  device, ham ess, con tro l handle , and a redactor. T he m otor w hich  
perfo rm s con tro lled  slid ing  o r pulling  can be elec trica lly  operated . T he pow er o f  the 
m o to r has to be 120 vo lt and the d im ensions o f  it m ust be at least 40x40  cm . A  redacto r 
is in sta lled  on the m oto r to im prove elec tric  and  g rav ita tional pow er. T he total 
m echan ism  is approx im ate ly  the am o u n t o f  80 kg and  it can  be  separa ted  into tw o parts 
and carried  by  tw o \vorkers to be re insta lled  in the forest. T he redacto r w hich  decreases 
the cycling  o f  the m oto r from  1200 to 30 in a m inute  is in stalled  on the system . 
C onstruction  o f  m o to r m echan ism  is very  im portan t because  the average w eigh t o f  the 
p rod uc t to be  carried  by  this sy s tem  is abou t 600kg. F ix ing  o f  the m echan ism  on the 
fo rest area  should  be carefu lly  p lanned  and  done. T he m echan ism  shou ld  be rep laced  on 
a flat g round  w ith  its feet as strong ly  stand ing  on the floor. T hen, to p reven t the
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m ovem en t o f  the m echan ism  during transporta tion , it slıould  be stro ııg ly  tied  to trees 
w ith  secu rity  ropes.

W lıile  estab lish ing  an artifıcial rou te  consisting  o f  chutes, it is no t necessary  to 
open  any corridor. T he chute route can  be easily  estab lished  vertica lly  in the slopes 
be tw een  10 % and 70 % , w hereas the rou te  can  be estab lished  in the w ay tha t the route 
is ang led  to the con tour lines m ore than  70 %  slopes. Inveııto ry  param eters re la ting  to 
sy s tem  are p resen ted  in T ab le  1.

T ab le  1. Inveııto ry  T ab les o f  the C hute System .

Features o f Chute

The number

Type and model

Diameter

Thickness

Length

Length of route

Route slope

Boundary of transportation

Features o f Mechanism (Motor)

Type

Povver

Weight

Width o f drum

Cycle o f redactor

Weight o f redactor

Features o f the chute system

Total vveight o f system

The number o f pieces in system

The number of laborers

Productivity o f system

W hile  dovvnhill transportation  o f  logs in  p lastic  chu tes is perfo rm ed  by  
con tro lled  brake  system  w ithou t using  m otor, uph ill tran spo rta tion  o f  logs is perfo rm ed  
by  a po rta tive  drum m ed  m oto r m echan ism  o r a fo rest trac to r vvith d ram . P lastic  chutes 
are connected  to each  o ther b y  using tips vvith screvvs. T he tips o f  the up p er chute vvhich 
w e ca lled  as m ale m ust be installed  in the lovver chute during  dovvnhill slid ing, so the 
obstructing  o f  slid ing  logs in the chutes is p reven ted . O n the o ther hand, vvhen pu lling  
the logs uphill, the lovver chute vvhich vve ca lled  fem ale is located  on  the upper chute 
(F igüre 1).
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(a) C on tro lled  slid ing  to dow nhill (b) P u lling  by  m oto r pow er to uphill 

F igüre 1. P osition  o f  chu tes in setting  o f  tran spo rta tion  d irection .

A fte r con ııecting  the chu tes, slid ing  o f  logs tied  to a steel cab le  is perfo rm ed  by  a 
con tro l handle w ithou t starting  the m otor du ring  con tro lled  slid ing to dow nhill. 
E stab lish ing  o f  the route, carry ing  and installing  o f  the chu te  system  are generally  done 
by tw o laborers, and the sy s tem  runs by  an opera to r and  one or tw o laborers. T he slid ing 
d istance shou ld  be ideally  about 300m , b u t it can  be expanded  to the fla t areas. S lid ing  
o f  logs trough  dovvnhill can only  be done a fte r d ischarg ing  the re trog rade  cab le  in a 
con tro lled  w ay w hen  the m o to r is off. A fte r that, the m oto r is started  to d raw  an em pty  
re trog rade cable and to roll on  the d rum  (F igüre 2).

I f  there is a fo rest road  near the lıarvesting  area, the sy s tem  can  be installed  to a 
fo rest trac to r to pu ll logs uphill. I f  there is no fo rest road , a d rum m ed m ech an ism  having  
a m oto r is in sta lled  in  the lıarvesting  area. T he logs are p u lled  trough  uphill vvith the 
povver o f  this m oto r on  a fla t o r a s lopped  rou te  (F igüre 3).
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Figüre 2. C ontro lled  slid ing o f  logs to dovvnhill d irec lion  in p lastic  chute roııte.

3. Evaluation of the System

E xtrac tion  w ith  p lastic  chute has rnore advan tages than  o ther yard ing  m ethods in 
term s o f  env ironm ental, ergonom ic, and  econom ical issues. Its dam ages on 
env ironm ent, stand ing  and young  trees, and quality  and q ııantity  o f  vvoods are in a 
m in im um  level (A car, 2005). Installa tion  process can  be  carried  out at m ost one day 
\v ithout using  any equipm ent. T he rou te  can  b e  insta lled  bo th  vertica lly  and a defıned  
angle to the area. T he fric tion  coeffıc ien t be tw een  the logs and  chutes is less than tha t o f  
betvveen the log  and soil, so the applied  povver to logs w ill be  less than  that to g round 
b ased  skidding. C hutes should  be installed  to the area tak ing  the transporta tion  d irection  
into consideration . O thenv ise , logs can be b lo ck ed  at the com ıection  po in ts o f  the 
chutes.
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T he system  o f  con tro lied  slid ing  in the chute saves tim e and w ork  p ow er and 
needs less labor w hen  com pared  w ith o ther ex trac ting  m ethods. In T urkey , harvesting  
ac tiv ities are perfo rm ed  by  forest v illagers or logg ing  cre\v assigned  by forest 
coopera tives . A lso , the d ifference  betvveen this system  and the o ther ex tracting  system s 
is that qualifıed  laborers are only  requ ired  in the estab lish ing  stage. E stab lish ing  the 
route w hich  consists o f  chutes can be done w ithou t g iv ing  any dam ages to the forest. 
T hus, any  dam ages to the residual trees and the vvood m ateria l in the fu ture can be 
m in im ized . T he dam ages on  the transported  vvoods, residual stands, sap ling  and soil 
during  logging  vvith p lastic  log  chutes are less than those o f  the o ther logging techniques 
(A car et al., 2005).

B ecause laborers do no t pull or push  the logs during  the operation , the 
transporting  d istance in the con tro lied  sk idd ing  and pu lling  technique vvill no t be 
im portan t (A car e t al., 2005). I-Iovvever, they  vvork on ly  vvhere the m otor m echan ism  and 
b rak ing  m echan ism  is established. W hen  it is necessary , they  contro l the system  in the 
molorvvay near the forest vvithout vvalking in the forest, so any vvork acciden ts m ight be 
avoided.

T he cost o f  this chute system  is approx im ate ly  10 tlıousand  dollars. T his portab le  
system  is less expensive and m ore productive  than the o ther m echan ized  ex tracting  
techniques.

T he logs avvay from  the fo rest roads are genera lly  le ft in the area because  they 
canno t be  reached  and carried  to the roadside. T hese abandoned  m aterials vvill be  able to 
be co ııtribu ted  to the econom y by  using chute system . F urtherm ore, sm all-d iam eter 
vvood m aterial can be carried  on the chute route by  manpovver, vvithout using  any  m otor 
m echanism .

4. Conclusions and Recommendations

Im proving  cu rren t ex traction  m ethods o f  la rge-d iam eter vvood m ateria l is one o f  
the m ost im portan t subjects in the forest m anagem ent. 143 565 000 T R L  vvas spent on 
ex trac tion  o f  vvood m aterial in 2006, vvhich vvas approx im ate ly  % 36 o f  the vvhole 
bu d g e t decla red  by  the G D F (O G M , 2006).

C on tro lied  slid ing  o f  logs by m oto r m echan ism  decrease the am ount and severity  
o f  vvounds on the residual trees, vvhich is im portan t to d im in ish  the natural hab ita t for 
bark  insect and fungus. S em i-m echanic  system  m in im izing  the residual stand  dam age 
should  be considered  fo r the forest areas as im portan t risks o f  insects and fungus. For 
exam ple, the E ast B lack  Sea R egion  in the N orth  E ast o f  T urkey  is at risk  o f  bark  insect 
such as Dentroctanııs micans and İps sexdemlatııs (A lkan et al, 2005).

C onsequently , this above m entioned  system , used  for the fırst tim e in T urk ish  
fo restry  to ex trac t vvood m aterial, is a practical, econom ical, p roductive, and sim ple 
system . It can  be seen  tha t the system  is po rtab le  and sensitive to the env ironm ent, and it 
g ives also m in im um  dam age to the ecosystem  and tran spo rted  products. T herefore , it 
can  be  an a ltem ative  to the expensive system s such  as aerial system s. T he system  is 
sem i- m echan ized  fo rm  o f  the chute system  vvhich g ives successfu l resu lts  in carry ing 
sm all-d iam eter vvood m ateria ls and m ost p referab le  in the future in term s o f
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E nvironm enta l Im pact A ssessm en t (E IA ). T hus, m ore stud ies should  be conducted  on  
this system  for fu ture im provem ents.
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