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Towcr yardcrs havc rec ¢ ntly  been introduccd to forcstr>' in Tui'ke}. Clarii]caLien ot' thc productivjt.s, and  cest  ol log.ving usit]g lhe

towcr  yardcr is oflen  requcsted  bccause thc cnst  for niachincry  is a si.ynifi/'anT i'aetor in all calcLjlations  concernlng  ]ncL'hanizcd  epcr-

ations.  pt(achines are  ofrcn  cxtremely  cxpensive  comparcd  wiTh  The  lo"' tost  ot' lahor in develeping. rc.gions.  [n Lhi.H stud}･, a nc",

loggtn.g. s},stcni  Lising  a  to",er  yarder "･'as  compai'cd  wiLh  a conxcntional  systcrn  usin.eL a slaTionary  >'ard¢ r in tcrnis ot' produotivity
and  cost, The  rescarch  "'as  conductcd  in the  northeast  of  Turke>,. in 19S9  and  1992. The preductivity of  the lo",cr yarder and  lhe

statienury  yarder was  found to bc S,655 m'ith  and  5,O02 rn'ith, rcspcctis'cly.  ]Iarvesting cest  was  analy7ed  hascd on  observed  pro-
ductiviLN. The harvesting costs  ef  the Lower  varder  and  thc statiotiai'x, i'ardei' ",crc  founcl ro be 47.41OTL.ttn" and  17,55. 3 TL/n".
rcspecti'vcly,  "Jith lhe  to･u,cr yardcr, thc  maciiine  cost  i'cached  93,1 `･'f' ;)flhe harvesting. cost  while  thc maehine  cosL  using  Lhe bta-

tionary yarder reached  71.] 9,.

Ke}' "'erds:  cest  anulysis.  productivity,staLionary yarder, te"'er }･ arclcr, Tui'kcv     '

  Rccently, to",cr  yarders have  been iniported and  intro-

duced tc) fc)restry in Turkcy. Thus far, in Turkey, mosl  har-
vesting  has been carried  out  by manpow'er  or  by a  sLationar),

yarder, A tower yarder is mobile  and  efficient and  requircs

less tiine and  1'cwer hands for sctup  and  rcTnoval  compared

with  a  stationary  yarder. Howcvcr,  a  tow'cr yardcr is rathcr

expensive  whcn  the Turkish economy  is taken into account.
Generalty, lhe assessment  ol' cost 1'or machinery  is a sig.ni(]cant

part of  a]1 calculations  conccrning  mechanized  opcrations.

This is particu]ar]y true in developing regions  where  machincs

are oftcn  cxtrenicly  expensiye  and,  due to low labor costs, the

machinc  cost  componcnt  "'ill bc very  high, sometimes  up  to

809k of  the total direct lo.o.eing cost  (FAO, 1974), Thcrcf'orc.
this study  was  donc to clarify rhc productivity and  cost  ol' a

tower  yarder operation.

  Tb obtain  information on  productivity, the rescarch  was  con-

ducted in I989 and  I992, The harvesting cost  was  calculatcd

hased on  observcd  productivity. and  a comparison  bctwccn thc
tower yarder ancl  the stationary  yarder operaLions  werc  tnade.

Methods
1 Studyarea

  The studied  areas for the productix,i'ty ofa  tower yurder and
a statienary  yarder were  in Borgka and  Kargkal, respectivcly,

These two  areas  belong te the Artvin province Iocated in

Northeast Turkey as shown  in Fig. 1. Z[lne total area  ot' iXrtvin

prox,ince is 7]2,882 ha, and  559E･ of this area  is eoyered  wilh

forests. The ma.ior  species  are Picea oi'ientatis  and  Fagtfs "i'i-

entatis. Annual produclion is abou,t 400,OOO rii' including

bark. and  t'orestry is thcma.jor industry. Forcst road  dcnsit>, is
6,78 mlha.

  In Borgka. the },arding arca  was  25 ha and  the ax'era.ge

slope  was  60%. Harvested trees were  90-year-o]d Fagus

T
 A  part oDlhis  papcT was  oral]y  presented at the3rd  Annual
 Meeting of  the Japan Forest Engineering Seciety C ]996).
!Con'espondingauthor,

of'ientalis  in a natural  ferest. In Ktu'gka[. thc yardin.g area  ",as

160 htt ai]d the uvera.gc  siope  was  3-i`,'}}･. Harx,cstcd trces

"ere  80-vear-old Pi{'aa oi'ieritaiis  in a naturaH'oresL.

2 Harvesting

  For the study  in Borgka. 19 trecs "'erc  harx'esled, wilh  a

totul vo]umc  of20.9  ]n:'. The tc)wer vardcr  u.sed was  URUS

pt,IIII. whose  spccitictuions  are shown  in Table 1. Thc  span

was  400 m  and  the yarding distancc ",as  2)eO ni. Fi.gure 2

sho",s  the yarcSing s.s'stem  using  URLJS N'IIII. Thc cah]c  sys-

len] "'as  a grayity systeni,  ",hich  w'as  used  1'or the uphill

yardinL,. The carriage  used  was  n]ade  bv Kollcr and  Iiad a.L.  L J
se[ILIeckin.u  inechnnisin,  Thc total nun]ber  of  "'orkers  oper-

atinci thc system  was  six; one  te operELte the tower  yarder. threc

t'or Ioading and  Lhe rcinainin.g two  for unloadin.g..

  In Karckal. 39 trces wcrc  harvcsLed. with  a volume  o['

67.0 ini  The yarder  used  herc ",as  Gantner USW  60D.

which  is statioriu'y. Specifications arc  shown  in Ttiblc 1,

Both span  and  yarding distance ",erc  900 iTi, Fi.gurc 3 shows
the yarding systeni  using. Gantner USW  60D. The cable

systcrn  uscd  hcrc was  a 
.graviLy

 s.vstem  and  yardin-g. was

doxvnbi]]. The caiTiage  used  was  thc samc  as in URUS  )vllll.                 .
This system  required  fivc v,'orkcrsl  onc  was  thc yarder opeT-

ator, two  did the loadin.o. and  two  the un]oading.  In Turkey.

thesc two  yarding systcms  are very  pepular and  typical,
3 Productivitv ancl  cost

  fo utaril'y pruduuLivity. wc  carricd  out  a  time  stud},  o[' boLh

systcms,  Harvcs{ing cost  was  calculated  based on  obscrved

pi'ocluctivity. Vv"e considcred  thc harvLsLin.v c{)sl as thc suin  o['

machine.  1[iber antl  matcrial  cosrs.

  Pv'lachine cost  was  ca]culatcd  rcfcrring  to thc methed  of                                  L

FAO  (1974) using  thc l'ol]owin.g cquaLjons:

    DrA  × (1- S/lOO)1Y  (1 .)
    I==A × O,60× Rif1OO  (2)
    iV 

r-
 A × R2l]OO  (3)

    M=Mi+M2  (4)
whcre  D  is depreciation CTLI>,ear); ,Xt  is the acquisition  cost  ot'

thc inachinc  (TL): S is the salvage  value  allewancc  of thc
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Fig. 1 Study areu  (Artivin province, Tu]'key)

Fig. 2 Httrvesling systein  usin,c,. to"'cr lr'arder CURUS pt'tlll).

Fig. 360D).

 
 

Hiu'vcstin.v syslem  usin.u .sLationar>, yarder (Gantncr U'SW'

machine  CCi ); Y is thc lifc span  of  lhe machine  {ycar); l is the
interest cost  (TLX>,ear): N  is thc insurance cost  (;1'L!ycar): R]
is Lhe intercsl ratc(91/); R! is lhe insuranee rate (9.). TL  is the
unit of  Turkish currency  and  2,600 TL  is equiva]ent  to l
IJS. $ in 1990. Jn Eq.(2>, the annual  intcrcst cost  is calcu]atcd
h.v considering  609t of  thc acquisition  cost  to be lhe avera.gc

cupila]  tied up. In Eq,(4), ,-f is thc rcpair and  rnaintenance  cost

(TLIyear), In this equation,  Mi and  M2  are  expregsed  by the
ibllowin.a equatiensi

    Mi 
=P × O.40 (5)

    iW2. =O.03  × D × VVItOO  (6)
where  is IT4i is the fixed part of  the repair  and  maintenancc

costs  (TLIycar): tW]. is thc utilization-dependcnt  part ot' sucli
cost<TIYyear):  and  LV is thc hours of  operation  (hLycar), iAL

certain  portion ()f this cost  is more  or  lcss una(Tectcd  by  the

cle.uree ot' utitization, and  this portion is cstimatcd  at 40{/'7 ot'

thc annua]  depreciacion. Thc  remaining  p(}rtion depcnds on
thc  degree of  uti[ization  and  is assumed  to be 391 of  the

Tahle1S-p.c.
 
ciiicLltiolls

 
ot'

 y;11'del's, -..

j, For.Res.1(4)1997i

LJRUS  MIII

  Bahe muchinc

  "'ei.ght (kgb

  Rnte output(PS)

  Hcigrht et' tewer  tm}

  Maximum  numher  ol' druin s.

    ctluiplicd

  pt'1 aximum  cable  specd  CnVs}

  Skyline (o mm  × ri]1)

  Maintinc(emm × m)

  Hau]buuk  line fo  mm  ×  m}

    .gu),Iine  (e nitn  ×  ni)

C'ianTner US"･' 60D

  Oyera]1 1ength {mm)  

'
 

-

  C}veral["idlhcmTn}

  Overall hcTght t,min)

  Wci.vht [kg)

  RaLe  f)utput  (PS)
  Nuniberofdrurns

  Maximum  cablc  speed  l rnJs)

  
Dl'Llm.

 tlllpacity "1 mm  
×

 m)

Mercedes lso6'T
    S.h-OO

   75-1t6
     S, 7,

      3

   621
×

1: ×

11×

 16 ×

6)FO6.b'O1300)'.o

  /t')t'oO 

'

  1900

  1 2･ OO
  16 r, e

   6C)
   1

  8.5.I2･
 × 2000

anriual  dcpreciativn per 100 workin..v. hours, Conscqucntly, Lhe
mavhine  cest  per yeaT X (TLI},ear) is ohtaincd  as t'orlews/

    X=  I) -H  +N+  ,VI  (7)
Fina]]}', machine  cost per volume  C (IL/mi) i's obtained  as  fol-
lows]

    C-XAV1P  (g.)
",hcre  P  is lhe observcd  producLivil>･ tm';/h },

  Laber ce.st  is calculatcd  as the tuLu] wages  ot' a  varder

opcrator  and  lo.g. 
.aing.

 workers  ",ho  arc a]so`encuay.ed'in  thc

setup  and  ]'cmova[  of the cable  systcm,  Lahor  cosl  L ('ILImi)
is exprcssed  as  l'olloxvs:

    L=Li+L!+1.,  (9)
whcre  L] indicates wa.gcs  of  lo.u.uing vL'orkcrs  (TLIm3): l,!
indicates wag.es  ot' workers  for lhe setup  (TI./m'i ): Lr, indicates
wa.gcs  ot' workers  for thc rcmoval  (11Yni3}. At f'irst. Li is ual-
eu]atcd  as  i'ello",h:

    Ll -. 7VEIP  ae)
whcrc  Ti is (he total wa.ges  of  ]o.g.gin.g workers  per da>,
c'ILIda}･ ,): E is work  hours t'or 1oy.oin.o per day ch/day). Next.
Li is calculatcd  as t'ollows/

    L.=7VF  (11)
whci'e  T] ig thc total za,a.oes ol' setup  "･ oi'kers  p¢ r  da.v (TL!day):
F is lhe letal production pcr setup  {m'ifsctup), Il is known that

ene  sixth  et' the tabor cost  for thc sctup  is needed  l'or rernova]

in Turkc.y (iXcar. 1990), Thus, L3 is ca]eulated  as follc)wsi

    L.i =.  L!/6  {12)

  MuLeria] cost  is calcutated  as thc tetul cost  oH'uc],  oil and

cab]es. Maleria[ cost G  (TLIm]) is expresseti  as  fol]ows/

    G-GL+G:+G,  (13)
where  GT indicatcs fuc] cost  (TL/mi): Gi indicatcs oil  cost

(TL/m3):  G.i indicates cable  cos.1 (TLImS). At first, Gi is ca'-
culatcd  as  follows/

    (]]-H!P  (14)
whcre  H  is fue] cost  per hour (TIYh), It is a]so  kno",n lhat
23C/'2 ot' i'ue[ cost  uon'csponds  t() oil cests  in Turkey  (Aca:
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1990). 
'I'hus,

 G2 is ca]cu[aled  as i'o]iows:

    G=･:i- Gi× O,23 (15)
Ncxt, G3 is ca]cuiated  as fc)]lows:

    G.i'iQi/J]+C2fJ2+e31Jr, (]6)
where  e], Q? and  e3 are the prices of sky]ine,  main  1inc and

.g.uylinc,  respectively  (TL); J], J? and  J.3 are lifc spans  et'

skylinc,  main  line and 
.a..uyline,

 respectively  (m3),
  FinalLy, che harvestin.e cost  K  (TLhnr') is obtaincd  as  fol-

1{)ws:

    K=C+L+G  (17}

  The method  employed  is a siinplified method.  which  ls.

hewcx,er. acuurate  enough  te comparc  thc harvesting cost

and  its structure  betwecn  a  towcr  yardcr and  a  statienary

varder,J

Resutts1
 Productivitv

  The result oi  the time study  is shown  in Fig. 4. According

to this figure, un]oadin.v  and  running  thc carriage  downward

in thc URUS  MIII takes much  less time than with  the  Gantner

USW  6eD. This result  illustrales thc advantage  o{' a towcr

yarder eperation  which  employs  a  gravity system,  t]iat is, a

yery  simp[e  cable  systcm,  Actua]ly. thc downward cablc
spccds  of  IJRUS MHI  and  Gantncr USW  60D  arc 5,O mfs  and

2,6 mfs.  respectively,  However, running  thc  carria.ye  upward

with  URUS  )vllLI cakes comparative]y  morc  tirnc, 
'1'hat

 is

because the averagc  vo]ume  per load was  1 . 1(}2 m3.  which  is

rather targe, Therc is actually  a relationship  belween volumc

tmd  time  as shown  in Fig. 5, It takcs 222 min  to harvcst logs

of 21 m-i  in Borcka whilc  it takes 804 min  to harvest logs of 67

m-" in Karckal, Fina[ly, it was  found that productivity Lis'in.g the

  400

  350

  300-o'X

 25oX

 20oE
 lsoe
 loo

   50

    o

            Loading Running  Unloadimg Runn;ng
                     carriage  carriage

                      upward  downward

Fig. 4 Comparison of  time  elenient  betwcen URUS  MIIi and Gantncr

USWCOD.  O. I;RUS MIII: Z. Gantner LJSW  6eD.
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tewei' x,ardcr and  the stutionary  yardcr  was  5,6SS mr'fh and

5.002 ln31h, respeclivcly,  with`d{c  i'ormcr bcin.g just a  litt]e

L,reater than  that xvith  the  cenN,entional  methc)d.  Howcver,

ihcse productivity values  do nc)t includc eiLher  setup  or

remc)val  and  the conditions  of  the harvesLed sitcs  and  the

cable  distances are  not  considcred  for siinplMcation,  Actually,

onc  day is sufficicnt  te set up  a te-,cr yarder, atthou.uh  the

setup  timc  for a stationary  >･arder is about  20 da>'s.
2 Cost

  The prercquisite conditions  for the machinc  cost  calcu[ation

arc  sho"'n  in 1lable 2, In this tablc, the acquisition  cost  of

LJRI.JS. N'TIII is i'our times  as  high as  lhat  oi' Gantncr USNV

6(}D, 1'roductivity shown  in lhis tab]c is Lhe value  obtained  fc)r

this studv.  
'I'he

 other  conditions  arc thc same  beLwccn URUS
)v,lf[1 and  Gantner  USW  60D'. rv,laehine costs  wcrc  calculated

for URUS  ryCIII and  Gantner LJSW  60D  bascd on  these  eon-

ditions, thbles 3 and  4 show  the prerequisile conditions  for

Titble 2 Prerequisite conditioni  for mechinc cost  calcy.lation.  .
             

"-'-'
 URUS  MIII Gantner tJSW  60D

                                                '

  Acguisition cost  (TL)
  Lit'e span  Cycar)
              '
  ProdueLivilx･ (m'lh)

  Production hn"/sctup)

  Du>'s c}t' epcration  [claylyear)

  HoL]rsofopcrution(]]lduy}

  Heurs oi' operation  {hl}'car)
  [ntel'esL Ct,,",
  [ii ,turanec  ( L,'1 )
  S"[vage value  a]lo",nncc [`/'l )

  Repail' and  maintunance  rtLte c ff )

    ]. Fixcd

    ;.. 
U'
 
tilizaLion-dcpendent

Table i .. e.rtte-quisite uenditioni'  !oi

400,OOO.OOO
    5
  5,665.
   1000
   1oe
    6
   c,oo
    10
    :-･
    lo

   O.40
   e,c)/l

100.000.000
    5.
  s. .oe ].
   4(}O
   1OO
    6
   600
    10
    rt
    10

   0,40
   O.03

   labor

URCJS  N･{I]ICOST

  "'a.U,es of  "n  eperat{}rrm'-

    [TLIday)

  LVng/,es c)i' ot[iei' "･e]'kets

    LTIIda}･lworker)

  Nuinber {)t' u,orkers  in

    uddition  to  operator

  Nun]bcr oi'davs  needed  for

    setup

  Number  c}i' "'erkevs  nccclcd

    1'er setup  and  rernova]

Tahle4  PrerequisiteconditionstoT

calculation.

Sky]ineC]n)
Lit'e span  ot' sk>']ine  fmX)

(]ost el' skyline  CTLhn)
)v'lainlinc(ml)
Li fc spun  oi' main  line [m] 

')

Cost ot' ninin  line CTLhn}
Gui,line(m)
Lirespanofguylinccrn-")
Nuinbcr ot' guylinc
Cost ot' gu},1inc (.TLtm)

C{]sL of  t'ucl tTLIO

Fuc] consumptien  (Jth)

  S320

  7SOO

   5

   1

   4

  matcrial

Y.RVS 
MII]

   65{}
  l6000
  60UO
   6)'.o
  45  0. 0

  3. 000
   .g,o
  4 5. 00
    4
  4eoe

   9()O
    ).

  Gantncr kJSVt'r 60D

        gr,2･o

        7500

         4

         20

         6

cesttalculation.

-..G-antncr 
UEVvi

 
60D..

        ]seo

        16000
        6000

        1 5. 00
        4soe

        poo
         3
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Table5  Suinmarv ofeost  analvsis,             t tURUS
 MIII Gantner LiSxv 6ob"

)v'Tachinccost(TLIm3)
Labor cost  {TLtm')
Matevia] cost  (.TLtrn])

4=413S{93.1%}

 i43E (3,O%)

 1 834 (3.9%)

]247)T c71.t C･E )
:S5.2(]6,2C･F)
1226(12JC･2}

Total harvcstinLg. cost  (TL/mr'} 474lOc1O091)t7S53  c1OOL,O

labor cost  and  rnateriai  cost. respectively.  In the case  of'

URUS  MIII, a haulback ]ine was  not  included in the uost
analysis  bccause this linc is unneccssary  for uphill yardin.g.,
Lif'e spnns  of cablcs  in Tlilble 4 wcre  determined according  te
Umeda(1984).

  As  a rcsult, the harvesting cost  of  URUS  MIII and  Gantner
USW  60D was  47,41O TL/m3 and  17.553 TLIm3, rcspcctive[},,
as shown  in 

FIlable
 5. According to this tah]c, the machine  cost

using  URUS  MIII reachcd  93.19 ef  the harvesting cost whi]e

thc machine  cost  using  Gantner USW  60D  rcached  7] .1 gZ･ ot'                  L

that.

Conclusions

  In this study,  the conditions  of  thc  studied  sitc  ditT'cred

between thosc oi' the toweryarder  and  thc stationa]tyr  },arder. In
additic)n. thc cab]e  distances and  thc cost of censtructing  t'or-

est roads  were  not  considered  in this study, 11iercfore, lheL esti-

matcs  or  lhe output  are subjcct  to considerable  unccrtaint>,.

However, the rcsults  will  fall withln  thc range  of  an  acccptable

error,  in which  we  can  compare  thc harvestin.u cost  and  its
structurc  between a towcr  yarder and  a stationary  yarder.

  Thc productivily ol' both a tower yardcr and  a sLationar.x,

yarder was  obtained  based on  thc resu]ts  ofa  timc studv, As
a result, the productivity of  URUS  MIII was  found to bc' a lit-

J. Fc}r. Res, 2 (4) 19C.,7

tle hi.ghcr than  that of  Gantncr US"'  60D, Thc rcsulls of  cost

anallr'sis  sho"'ed  Lhe harvcstin.u cest  "'ith  a to",er >,tm'der ard

a stationary  .yarder was  47.410  lt'L/m3 and  17.55r, TLfmi
rcspcctivel>,.  It ",as  also  noted  that the n]achine  cosl  usiEg

UR[JS rv{III rcachcci  93.1 9. ofthc  total harvesling cost  whi  e                                        L.

thc cost  usiiig  Ganlner US"i  60D  rcached  7 ] .I %･ el' the tot,nl

harvcstin.ff cost.  1'he harvestin.-o cost  ot' Ul<US rs/IIII is high-

er lhan that of  Gantnci' US"J  6{}D because the acquisition cost

of' URUS  ),･IIII is four timcs that of  Gantner I/J･S"T 60D.
H[.)wever, setup  and  reTnoN'a[ et' a  statit)narx,  vardei'  is ycrv  hard
wc)rk, ]asting for many  duys, In order' ll) inTroducc'tnore
Cowei' yardcrs to Turkey it is necessar>,  to improve thc pro-
ductivit>,' ol' thc to"'er yarder and  to reducc  tlie hurx,esting cost

to thc saTne  teN･e] as  that of' a  sLationary  yarder. At the saTi'e
Lin]e. niorc  t'orcst roads  arc  nccded  1'oi' lo"'e]' vardc]'s tc) access

as  n]any  productive 1'orcst areas  as possib]e.

  The  auThors  thank Dr. K. Numata and  Dr. Y. Suzuki ib' r Lhcir valuah/e
udviue.
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