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Abstract

In  this study, forest road construction techniques, environm ental damages, 
cross sections and productivity by using hydraulic excavator vvere investigated in 
forested lands in Antalya region of Turkey. Besides, cross sections of excavator 
vvere com pared according to gradient. Differences of fill-slope and cut-slope in the 
cross sections were determ ined. M axim um  length of fili slope for excavator was 
found to be 17 m on 80% slope gradient. The cost of excavator vvas calculated as 
$21.8 per meter. Productivity of excavator vvas found as 105.8 m3/h.

Keywords: H ydraulic  excavato r, forest road, road  construction , env ironm ental dam age

1. Introduction

T he forest roads are the base  in frastructure foundations w hich  p rov ide  access to 
forest lands fo r extraction , regeneration , p ro tec tion , and recrea tion  ac tiv ities (D em ir and 
H asdem ir, 2005). H ow ever, design ing  low -vo lüm e fo rest roads is a com plex  
eng ineering  p rob lem  involv ing  econom ic, env ironm enta l, and  social requirem ents. 
C onstruction  and m ain tenance  costs are the largest com ponen ts in the to tal cost o f  
p roducing  tim ber for industria l uses (A kay, 2006). B esides, road  construction  activ ities 
rem ove the forest vegeta tion  and disturb  soil structure , vvhich m ay  lead to num ber o f  
env ironm ental dam ages in forest ecosystem  (G race, 2002). F o r exam ple, sed im en t y ield 
delivered  from  forest roads to the stream s resu lt in d ram atic  effects on vvater q ııality  and 
aquatic life (A kay  et al., 2008). B esides, p lann ing  fo rest road  netvvorks depeııds on 
social requ irem en ts since they p rovide access to forest v illages, rural settlem ents, and
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recrea tional areas (A car and Eker, 2005). T herefo re , forest roads construction  activ ities 
m ust be careâ ılly  execu ted  by  considering  econom ical, env ironm ental, and social 
requ irem en ts (A kay  and  Sessions, 2005).

In  locating  forest roads, construction  m ethods and equ ipm en t se lec tion  d irectly  
affects the econom ical, functional, and eco log ica l effıc iency  o f  the fo rest roads. O n the 
terrains vvith gentle to m oderate  h ills ide slope, bu lldozers have been  stili com m only  
u sed  in riglıt-of-vvay, cu t-and  fiil slope, and subgrade activ ities. Hovvever, in steep and 
rocky  terrain  conditions, the effıc iency  o f  the b u lldozers  d im in ishes and excessive 
env ironm enta l dam ages m ay occur since it b ecom es troub lesom e to keep the excavated  
m ateria l a long the day -ligh t po in t o f  fiil slopes. In  o rd e r to reduce  the environm ental 
dam ages on forest ecosystem , especially  in steep  terrains, hydrau lic  excavators have 
rep laced  bu lldozers in forest road  construction  ac tiv ities (S tjem back , 1982). B esides, 
u sing  excavato r im proves the quality  o f  the fo rest roads, vvhich e.Ktends life o f  the roads, 
im proves the d river com forts, and reduces the frequency  o f  m ain tenance  activ ities. In 
fact, using  excavators can  be the only  op tion  to perfo rm  feasib le ro ad  construction  
ac tiv ities in  steep m ountainous terrains (FA O , 1998).

T he excavato r has the advantages o f  perfo rm ing  excava tion  ac tiv ity  vvith better 
con tro l and p lacing  the m ateria l effic ien tly  on  fiil slope. In  a study  conducted  by  E rdaş 
(1986), it vvas ind icated  that excavato r shou ld  be used  in construction  ac tiv ities on steep 
terrains to reduce  env ironm ental im pacts. B ayoğ lu  (1986) suggested  tha t bu lldozers 
shou ld  be used in the fo rested  areas vvith less than 40%  ground  slope, vvhile excavators 
shou ld  be p referred  vvhen the slope is g rea te r than 40% . A ccord ing  to S paeth  (1998), 
co m b ina tion  o f  bu lldozers and excavators can  be u sed  in road  construction  activ ities on 
terra in  vvith g reater than  50% .

W ink ler (1999) evaluated  the productiv ity  o f  excavato rs by  considering  various 
types o f  road  lengths and terrain  conditions. T he resu lts ind ica ted  that p rodue tion  rate o f  
excavato rs vvas sa tisfac to ry  in fo rest road  construction . T he perfo rm ance o f  a sk illed  
excava to r opera tö r can  p lay  im portan t ro le in reduc ing  opera tion  cost. T he excavators 
p e rfo rm  road  construction  activ ities in sta tionary  position  vvith lim ited  m ovem ents 
betvveen vvork sites. T hus, excavators can n o t m ove fu rther d istances to co llec t m aterial 
from  outside o f  the vvork zone (S tjernback , 1982).

T he studies ind icated  that road  construction  ac tiv ities using  excavato r has 
advantages in long run  due to reducing  dam ages on fo rest ecosystem , b iod iversity , and 
fo rest so il (I iaanshus , 1998 and W inkler, 1999). H ein rich  (2001) indicated  that 
excavato rs have been  com m only  used  in en v ironm en ta lly  sensitive areas to reduce 
im pact on forest vegeta tion , prov ide adequate  d ra inage  system , p ro tec t stream  erossings, 
and im prove stab iliza tion  o f  cut-and-fill slopes. E xcavato rs vvork vvith narrovv right-of- 
vvay to reduce  d istu rbance o f  the forest cover and d im in ish  open lands fo r erosion risk. 
B esides, the ground  p ressure o f  the excavato rs on fo rest soil is less than tha t o f  
b u lld o ze r (S tjernback , 1982). D ue to lovver g round  p ressu re, excavators can  carry  out 
the opera tion  in vvet areas, vvhile bu lldozers are  m ost like ly  stuck  in  m ud.

In  o rder to take advantages o f  using  excava to r in forest road  construction , the 
p erfo rm ances o f  the excavato r should  b e  evalua ted  considering  econom ical and 
env ironm enta l requirem ents. In this study, fo rest ro ad  construc tion  techniques by using 
hydrau lic  excavato r vvere investigated  based  on a sam ple road  construction  activ ity  
conducted  in forested  lands in A ntalya reg io n  o f  T urkey . T he construction  costs and the



env ironm enta l dam ages o f  hydrau lic  excava to r w ere evalua ted  and som e suggestions 
\vere prov ided .

2. Hydraulic Excavator

2.1. Hydraulic excavator operating techniques

In recen t decades, there has been  an increasing  in terest in using  the hydrau lic  
excavators in forest road  construction  activ ities. In  N orth  A m erica, excavato rs have 
been  used as a com plem en t to the bu lldozers and  in m ost cases they  successfıılly  
rep laced  the bu lldozers. E xcavators can  be u sed  to construc t roads, upgrade o ld  roads, 
load g ravel and  w oods, ex trac t hard  cu t m ateria l, b reak  rocks, shape h igh-sided  cut 
slopes, bu ild  the sub-g rade  and  side d itches, and  place cu lverts (FA O , 1998). T hey  have 
advantages o f  \vorking on sm aller sections in  the slopes from  20-50%  (F igüre 1). T here 
are m any  excava to r operating  techniques re lated  m ain ly  to terrain  types and 
env ironm enta l sensitiv ity  (S tjem back , 1982).
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Figüre 1. F orest road  construction  by  excavato r vs. bu lld o ze r (K ararizos, 2001).
Şekil 1. B u ldozer ve ekskava tö r ile o rm an  yol yapım ı.

T he excavators generally  take p lace in fo llow s ac tiv ities in  the forest road 
construction : (1) rem ov ing  logs and \vaste m ateria l, (2) constructing , leveling , and 
com pacting  subgrade, (3) constructing  d itches and  installiııg  culverts.
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2.2. Removing logs and waste material

T he excavators carry  the logs by  m oving  backvvard and p ile  them  at one side o f  
the road , leaving o ther side free to ob tain  fiil m ateria l and access to the forest 
(S tjernback , 1982). It is ra tlıe r d iffıcu lt and ineffic ien t to carry  out the logs ali the w ay 
to land ing  area due to low er travel speed  o f  the excava to rs (FA O , 1999). T lıen, the 
w aste m ateria l such  as unm erchantab le  trees, s tum ps, b ranches, and topso il is rem oved 
from  the roadbase. In vvet areas, excavato r can easily  rem ove the topso il vvithout 
d istıırb ing  the roo ts o r m ixing it vvith fiil m aterial.

2.3. Constructing, leveling, and compacting subgrade

T he hydrau lic  excavators are the m ost su itab le  for subgrade function  in forest 
road  construetion  since su ffic ien t fiil m aterial is genera lly  availab le  vvithin the reach  o f  
the excavators (i.e. 8 m  to 10 m) in m ost terrain  conditions (S tjernback , 1982). T here are 
three d ifferen t techniques in im plem enting  roadbase  excavation , based  on location  o f  
the excavato rs (S tjernback , 1982);

« The excavato r operates in the d iteh line  by  d igg ing  över the front o f  the 
undercarriage  In this case, the excavato r can  reach  furtlıer d istances from  the 
roadbase  to ob ta in  extra fiil m aterial.

•  T he excavato r operates betvveen the d iteh line  and  the roadbase  by  d igging 
över the side o f  the undercarriage. T h is p rov ides a shou lder vvider than the 
undercarriage, vvhich is an  advantage from  aspecl o f  road  safety.

o T he excavato r operates from  the roadbase  by  d igg ing  över the side o f  the 
carriage. Hovvever, this position  prov ides the opera to r vvith the best vievv o f  
the road  alignm ent. I f  the fiil m ateria l is availab le  a t bo th  sides o f  the road, 
vvorking from  the roadbase  has advan tages o f  ob ta in ing  ex tra  fiil m aterial 
from  both  sides.

T he bucket o f  the excavato r can be also effic ien tly  used  in sm ooth ing  and 
com pac ting  activities. T he m ateria l spread  by  the excava to r is to be com pac ted  after 
several passes to bu ild  abou t 30 to 50 cm  layer vvith coarse m aterial (FA O , 1999).

2.4. Constructing ditehes and installing culveı ts

In  order to reduce  the po ten tial soil d is tu rbance  due to subgrade construetion , an 
adequate  drainage system  should  be estab lished  b y  constructing  d itehes and installing  
cu lverts. U sing  excavato r in estab lish ing  drainage system  prov ides elean  and vvell- 
g room ed  ditehes, vvhich reduces surface flovv and sub -su rface  flovv (S tjernback , 1982). 
T he hydrau lic  ham m er can be used in construc ting  d itehes and then bucket o f  the 
excava to r perfo rm s e lean ing  up the d itehes (FA O , 1999).



3. Forest Roads in Turkey

In the forested  lands o f  T urkey , there are tlıree com m on forest road  types; T ype 
A, T ype B, and Skid R oads. T he m ain  fac to r that d is tingu ishes these road  types is road 
g rad ien t w h ich  is reflected  by  the perfo rm ance  o f  logg ing  trucks and w ater drainage. 
T he road standards are listed  in T able 1. In  o rder to adequately  carry  ou t sustainab le  
m anagem ent o f  forest resources, about 202000  km  o f  fo rest road ne tw ork  is required  
and abou t 68000  km  o f  forest road  is yet to be constructed  (D em ir, 2007).
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T ab le  1. T he technical standards o f  forest road  types in T u rkey  
T ab lo  1. T iirk iyedeki o rm an yol tip lerin in  tekn ik  özellik leri

T ech n ica l sp c c ifica tio n s R oad  T y p es (Y ol T ip le ri)

T e k n ik  Ö ze llik le r T yp e  A T y p e  B S kid  R oads

R oad vvidth (m ) 6.0 4 .0 3.5

Y ol G en iş liğ i (m )

M ax. R oad  G rade (% ) , 10.0 9 .0 -1 2 .0 18.0

M ak. Y ol E ğ im i (% )

M in. C u rv c  rad iu s (m ) 3 5 .0 10 .0-12.0 8.0

M in. K urp  Y arıçap ı (m )

N u m b er o f  L ines 1.0 1.0 1.0

Ş erit Say ısı

T rav eh v a y  vvidth (m ) 5 .0 3 .0 3.0

P la tfo rm  G en iş liğ i (m )

S h o u ld e r w id th  (m ) 0.5 0.5 -

B anket G en iş liğ i (m )

D iteli vvidth (m ) 1.0 1.0 -

H en d ek  G en iş liğ i (m )

T he various types o f  bu lldozers had been  trad itionally  u sed  by  p rivate  contractors 
in forest road  construction  activ ities till last decade  in T urkey . A fter the E igh t F ive-year 
N ational D evelopm ent P lan  o f  T urkey  in 2001 , G eneral D irec to ra te  o f  F orestry  has 
encouraged  the use o f  excavators in construction  o f  n ew  fo rest roads, due to excessive 
dam age o f  bu lldozers on  forest ecosystem  (A car and E ker, 2003).

4. Material and Methods

4.1. Study area

Tlıe study area is se lected  from  the m anagem en t zone o f  A yk ırıçay  F orest 
E n terp rise  in F in ike Forest M anagem ent (F igüre 2).
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Figtıre 2. T he location  o f  the study  area in A n ta lya  reg ion  
Şekil 2. A ntalya bö lgesindek i çalışm a a lan ın ın  konum u

In this enterprise , dom inant com m ercia l tree species include Pinus bvutia Ten., 
Cedrııs libaııi A .R ich., Jıınipevus sp. and Oıtercııs sp. T he e leva tion  ranges from  700 m  
to 900 m  vvith the g round  slopes o f  20%  to 100% . T he study  area consists o f  T ype B 
fo rest roads vvith the density  o f  14 m /ha. T o ta l leng th  o f  the sam ple road  exam ined  in 
this study  vvas about 1640 m  vvith the average road  vvidth o f  5 m. T he study  area is 
located  on the T aurus M ountains, vvhich is the largest and  m ost im portan t karst reg ion  in 
T urkey . A ccord ing  to B oydak  (2003), this reg ion  has one o f  the m ost com plex  karst 
c ircu la tion  system  and  ro ugh  terrain  characteristics such  as sharp peaks, deep  valleys, 
and narrovv gorges. D ue to im m ediate pene tra tion  o f  ra in fa ll and snovv m elt into the rock 
crack  system , surface soil fo rm ation  very  slovvly occurs along the cracks and 
stra tifica tion  surfaces o f  the lim estone (B oydak , 2003).

4.2. The equipment specifications

Daevvoo S o la r 220 LC -V  type hydrau lic  excava to r and  Soosan  SB 81 TS type 
hydrau lic  ham m er vvere used  in forest road  construc tion  activ ity . T he undercarriage o f  
the excava to r vvas equ ipped  vvith fu ll-leng th  track  guards and had  a p ro tec tive  plate. T he 
technical specifica tions o f  the excavator and h am m er are shovvn in T ab le  2.
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T ab le  2. T echn ica l features o f  the Daevvoo S olar 220-L C -V  and hydrau lic  ham m er 
(A nonym ous, 2007)

T ablo  2. D ae\voo S o lar 220-L C -V  ve h id ro lik  k ırıc ın ın  tekn ik  özellik leri

S p ec if ica tio n s V alues S p ec if ica tio n s V alu es
Ö zellik le r D eğerler Ö ze llik le r D eğ erle r

W eig th  - A ğ ırlık 2 1 5 0 0  kg B oom  turn  speed 10.9 d /m in

C a p ac ity  o f  bucket 0 .9 3 -1 .1 7  m 3 K ule d ö n ü ş  hızı
K epçe  kapasitesi Fuel tank 3 7 0  liters
E n g in e  type D B 58T IS Y ak ıt d e p o su
M o to r tipi H yd rau lic  h am m er S oosan  S B 81T S
E n g in e  povver 148-1950  P S /rp m H id ro lik  kırıc ı
M o to r gücü W o rk in g  vveigth 1721 kg
S peed  - H ız 5 km /lır Ç a lışm a  ağ ırlığ ı
M ax. force 13100 k g f

W o rk in g  p ressu re 160-180 k g /c n r
M ak. güç Ç a lışm a basıncı
M ax. E xcavation 6 6 3 0  m m N u m b e r  o f  s tro k e 4 0 0 -4 9 0  bpm
deptlı -  M ak. K azm a P iston  sayısı
d erin liğ i

6 810  m m
H am m er d ia m e te r 140 m m

M a x .u n lo ad in g K ırıcı çapı
h e ig h t -  M ak. boşa lm a  
y ük sek liğ i

E x cav a to r  types 

E k sk av a tö r tip leri

18-34 ton

4.3. Field study

T he w hole con stm ctio n  ac tiv ity  o f  the sam ple fo rest road  w as observed  in the 
field and data co llec tion  \vas perfo rm ed  during  and after the road  construction . T he 
construction  activ ity  took  p lace  in A ugust 2006 . T o characterize  the fo rest road  sections, 
n ine dec is ion  variab les \vere m easured  from  each  cross sec tion  a long  the roadw ay. 
T hese variab les inelude cu t-slope heigh t (C h), cu t-slope  w id th  (C w ), diteli vvidth (D \v), 
road  vvidth (Rvv), fıll-slope vvidth (Fvv), fıll-slope leng th  (Fİ), road  construction  zone 
vvidth (L), length  o f  the im pact zone beyond  the fıll-slope  (P), and ground  slope (S) 
(F igüre 3).
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Figüre 3. T he decis ion  variab les m easured  fro m  each  c ıo ss  sec tion  along  the road  
Şeldl 3. Y o l boyunca her enkesit için ö lçü len  değerle r

T he survey ing  inslrum ents such  as c linom eters, steel tape, m easuring  batten, 
altim eter, and com pass w ere used in the fıe ld  study. A long  the 1640 m  o f  sam ple road  
section , decis ion  variab les w ere co llected  from  32  cross sections, vvhich vvere 50 m  
apart. T hen , the data vvere entered  into a sp read -sh ee t p ro g ram  (M icroso ft E xcel) to 
com pute  sim ple sta tistics such  as arithm etic  average and Standard deviation .

5. Results

In the First stage o f  road  construetion , 354 m 3 o f  logs vvere ex trac ted  by  felling 
345 trees a long the road  construetion  zone o f  sam ple road. T he trees fallen vvere m ostly  
Pinus brutia  and Cedrus libcıni. T he logging  res idua ls  vvere p laced  on the fıll-slope as a 
barrie r that keeps m ateria l falling dovvn to fıll-slope. T he results ind ica ted  that total 
m ateria l excavated  along the roadvvay vvas 12480 m 3 in vvhich the percen tages o f  soil, 
loose rock , and ro ck  vvere 24 .88% , 25 .19% , and 49 .93% , respeetively . In road  
con strue tion  activ ities, explosives vvere n o t used  for crush ing  roeks. T he average 
opera tion  tim e o f  the hydrau lic  excavato r vvas 8 hours p e r day  (F igüre 4).

S ince it is very  h o t in  A n ta lya  in  sum m er season , the excava to r opera ted  from  
7 :00  to 11:00 A M  in the m om ing , and  from  14:00 to 18:00 P M  in the afternoon . T he 
values o f  the specifıc  variab les m easured  on the cross sec tions vvere listed  on T ab le  3. 
T he average construetion  zone vvidth vvas 7 .47  m, therefo re , sam ple road  section  
im pacted  approx im ate ly  1.23 ha o f  fo rested  area (7 .47  m  x 1640 m) during  the road  
con strue tion  aetivity .
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Figüre 4. C onstructing  the subgrade  by  an  excavato r (Photo: T .O zturk) 
Şekil 4. B ir ekskavatö r ile yol tem elin in  yap ılm ası

T ab le  3. T he values o f  decis ion  variab les m easured  on the cross sections 
T ab lo  3. E nkesitlerde ö lçü lm üş değ işken lerin  değerleri

Variables
Değişkenler

Symbol
Sembol

Average
Ortalama

Standard 
Deviation  

Std. Sapma

M aximum  
Values 

Mak. Değer

Minimum
Values

M in.değer

Ground slope (%) 
Arazi eğim i

S 59.38 28.39 110.0 5.0

Cııt-slope iıeight (m) 
Kazı şevi yüksekliği

Ch 3.46 2.15 7.2 0.5

Cui-slope vvidth (m) 
Kazı şevi genişliği

Cvv 1.14 0.75 2.5 0.2

Ditch vvidth (m) 
Hendek genişliği

Dvv 0.78 0.08 1.0 0.7

Road vvidth (m ) 
Yol genişliği

Rw 4.10 0.09 4.3 4.0

Fi 11-slope vvidth (m) 
Dolgu şevi genişliği

Fw 4.94 2.70 10.8 1.2

Fili-slope lenght (m) 
Dolgu şevi uzunluğu

Fİ 3.67 3.47 12.0 0.2

Irnpact zone length (m) 
Etkilenen alan uzunluğu

P 4.29 3.13 10.0 0.5

Construction zone vvidth (m ) 
İnşaat alanı genişliği

L 7.47 2.31 14.0 5.0

T he to tal road  construction  cost w as found  to be $35800 , w ith  the un it cost o f  $ 
21.8  p e r m eter. T he p rod u e tio n  rate o f  the excavato r is genera lly  com pııted  as the length  
o f  constructed  road  p e r hour. In  this study, the average  p rodue tion  rate o f  the excavato r 
w as found  to be 8.0 m  hr. T he excavato r excavated  36 m 3 o f  m aterial p e r hour and
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cleared  them  aw ay from  the roadw ay. T his h igh p ro d u c tiv ity  ind ica ted  that hydraulic 
excavators com bined  w ith  hydraulic ham m ers can  p e rfo rm  excavation  operations 
qu ick ly  and effec tive ly  in karstic  regions.

In  road  construction  activ ity , the op tim um  excav a to r operating  techn iques w ere 
tried  to be im plem en ted  to m in im ize residual stand d am age and  overall env ironm ental 
im pacts. F o r exam ple, a fter rocks vvere crushed  b y  the hydrau lic  ham m er and then they  
are carefu lly  p laced  on the fiil slope by  using  the bucket. B esides, cu t slope rate o f  5/1 
vvas m ain ta ined  along the roadvvay to ensure s lo p e-stab ility  in te rrains vvith steep 
h ills ide grad ien t. In  fact, cu t slope rate o f  5/1 is the m ost appropria te  rate for karstic 
areas, especia lly  for steep terrains. T he trail areas vvere designated  betvveen appoin ted  
cross sec tions fo r every  road. T he num bers o f  dam aged  trees and non dam aged  trees in 
every  cross section  vvere coun ted  to every  road  aligm ent. T he resu ltan t dam ages at trees 
are three types. T hese types are bending  o f  tree, crush ing  o f  tree and  vvounding o f  tree 
stem . T he num ber and rate o f  dam aged  trees in  study  areas are shovved T ab le  4.

T ab le  4 . N um ber and rate o f  dam aged trees in study  areas 
T ablo  4. Ç alışm a alan ında zara r görm üş ağaçların  say ısı ve oran ı
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T he am oun t o f  dam aged  trees on steep terrain  are found  fu rther to forest road 
constructing  by  bu lldozer. In  the 46 -90%  slope areas, the to tal num ber o f  dam aged  tree 
on fo rest roads constn ıc ting  by using excava to r is coun ted  25. T he dam age rate o f  
excavato r is 23% . O n the terrain  less than  45% , nu m b er o f  to tal dam ages is 9. 
W ound ing  dam ages are p revail am ong in this area.

6. Discussion

In  road  constn ıc tions activ ities, env ironm enta l dam ages vvere no t shovved in  this 
study. T he p rev ious studies ind icated  tha t im pacted  fo rested  area due to road 
construction  by using  the bu lldozer is m uch  m ore than th a t o f  using  the hydraulic 
excavator. B esides, v isual quality  o f  the fo rest roads constructed  by  the hydrau lic  
excava to r is m uch  be tte r that o f  constructed  b y  the b u lldozer, considering  techn ica l and 
env ironm enta l aspects (B ayoglu , 1989).



T he average construction  zone vvidth w as found  as 7.47 m  in this study. A  study 
conducted  in A n talya reg ion  (T unay  and M elem ez, 2004) reported  tha t a road 
construction  ac tiv ity  on a terrain  vvith 36 -50%  g round  slope resu lted  in 9 .40 m  and 
12.18 m  vvide road  construction  zones by  using  excavato r and bu lldozer, respectively . 
T his suggested  tha t the im pacted  fo rested  area by  using the bu lld o zer vvas 
app rox im ate ly  29 .58%  g rea te r than tha t o f  using  the  excavato r. T u n ay  and  M elem ez 
(2004) also ind icated  that the bu lldozer results in  abou t 26 .16%  o f  rnore im pacted  
forested  area  than the excavato r in road  construction  activity .

In  this study, the total road construction  cost vvas found  to be  $35800 , vvith the 
un it cost o f  $21.8  per m eter. B esides, the average p ro d u c t rate o f  the excavato r vvas 
found to be  8 m  lir' . In  a study conducted  by  W ink ler (1999) in H im alaya (B lıutan), the 
un it co st o f  construction  b y  excavato r vvas $ 9.38 p e r m eter vvith the p roduetion  rate o f  
6.91 m/lır. A car and  E ker (2001) conducted  a sim ilar study  in  E astern  B lack  Sea R egion 
o f  T u rkey  vvhere 4341 m  o f  forest road  vvas constructed  b y  an  ex cav a to r on a steep 
terrain  vvith 70%  ground  slope. In that study, the un it co st o f  road  construction  and 
average p rod u e tio n  rate vvas $ 5.87 per m eter and 8.67 m  li r '1, respectively . A nother 
study  conducted  by  F ilip sson  and E riksson  (2004) in Svveden ind icated  that the average 
p rodue tiv ity  o f  using  excava to r in road construction  vvas 12.7 m etres p e r hour.

In this study, the un it cost o f  road  construction  ($ 21.8 per m eter) vvas greater 
than  the un it costs reported  by  the p rev ious studies. T h is vvas b ecause  the study  area vvas 
located  on a karstic  reg ion  vvith rough  terrain  characteristics and large am oun t o f  rocks 
(6232 m 3) to be excavated  aloııg the roadvvay. B esides, g round  slope, soil 
characteristics, and  opera to r factor m igh t affec t the cost o f  road  construction . C u t slope 
rate for karstic  steep  terrains in this study  vvas d eterm ined  5/1. A no ther stu d y  conducted  
by  K ram er (2001) ind icated  that cu t slope ra te  o f  5/1 is the m ost appropriate  rate fo r 
especia lly  for steep terrains (K ram er, 2001).

7. Conclusions

In  this study, the forest ro ad  construction  teclın iques by  using  hydraulic 
excavato r vvere evalua ted  b y  considering  econom ical, technical and environm ental 
requ irem en ts. The follovving suggestions are m ade in the liglıt o f  the p rev ious studies 
and the results derived  from  the sam ple road  construction  activ ity :

T he use o f  excavato r in fo rest road  construction  ac tiv ities should  be encouraged  
and even  m anda to ry  in m oun ta inous reg ions vvith steep  terrains.

In  o rder to reduce road construction  costs and env ironm enta l im pacts, the 
excavators shou ld  rep lace bu lldozers, especia lly  in A n talya reg ion  vvhere explosives are 
used in karstic  lands vvith g rea t danger to fo rest ecosystem .

T he excavato r operators should  be vvell tra ined  to im prove the effıc iency  o f  
construction  activ ity , regard ing  econom ical and env ironm enta l aspeets.

In  the p lann ing  phase  o f  the forest roads, the m ethods and equ ipm ent seleetion  
should  be p redeterm ined  no t on ly  considering  by  econom ical issues b u t also 
env ironm ental requ irem ent.

T he drainage d itches should  be adequate ly  located  b y  using excavato rs and 
should  be  m ain ta ined  p roperly , especia lly  at S ou thern  M editerranean  R egion.

T he culverts vvith adequate  size and leng ths shou ld  be  installed  by  using  the 
excavators. B esides, crovvned slopes, p ipes, and drain  d ips should  be constructed  along 
the roadvvay vvhere they  are necessary .
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Türkiye’nin Karstik Bölgelerinde Orman Yol Yapımında 
Ekskavatörün Kullanımı
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Özet

Bu çalışm ada, T ürk iye’nin Akdeniz bölgesinde kullanılan b ir hidrolik 
ekskavatörün orm an yol yapım  teknikleri, çevresel za ra rları, enkesitleri ve 
verimliliği incelenm iştir. Çalışm anın sonuçlarında, ekskavatörün arazi eğimine 
göre yol enkesitleri karşılaştırılm ıştır. Enkesitlerde dolgu ve kazı şevi farklılıkları 
belirlenm iştir. E kskavatör için dolgu şevinin m aksim um  uzunluğu %80 eğimde 17 
m o larak  hesaplanm ıştır. Ekskavatörün maliyeti 21.8 S /m  ve verim i 105.8 m3/sa 
o larak  bulunm uştur.

A nah tar Kelimeler: H id ro lik  ekskavatör, o rm an yolu , yo l yap ım ı, çevresel zararlar

1. Giriş

O rm an yo lları bö lm eden  çıkarm a, ağaçland ırm a, korum a ve rekreasyonel 
ak tiv ite le r g ibi o rm ancılık  çalışm aların ın  yerine getirileb ilm esi için  orm an alan ına girişi 
sağ layan  tem el yapılardır. O rm an yo lların ın  yap ım ı ekonom ik , çevresel ve sosyal 
ih tiyaçlara  cevap vereb ilecek  şekilde olm alıd ır. Y o lların  yap ım  çalışm alarında  en 
önem li husus m akina seçim id ir. Ö zellik le d ağ lık  a lan larda  ekskavatö rlerin  kullanım ı 
çevresel açıdan  daha uygundur. B u  tip a lan larda  dozerlerin  ku llan ım ı çev reye ve 
özellik le  yol a ltında kalan  m eşçerelere  büyük  zara rla r vereb ilm ek ted ir. A ynı zam anda, 
bu  a lan la rda  ileride doğab ilecek  erozyon  risk in i de arttırm ak tad ır. B u  çalışm ada, 
A ntalya bö lgesindek i karstik  alan larda ekskavatö rle  yol yap ım  çalışm aları takip
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edilm iştir. E kskavatö rlerin  değ işen  eğ im lerde  enkesit şekilleri, verim lilik leri, kazı 
h ızları, m aliyetleri ve çev reye verd ik leri za rarlar incelenm iştir.

2. Materyal ve Metod

Ç alışm a alan ı o larak , A n ta lya  O rm an B ölge M üdürlüğü  bünyesinde  bu lunan  
F inike O rm an İşletm e M iidü rlüğü ’ne bağlı A yk ırıçay  O rm an  İşletm e Ş e fliğ i’nde b ir 
o rm an yol yap ım  alan ı seç ilm iştir . A lan ın  seç ilm esinde  göz  önünde bu lundu ru lan  en 
önem li özellik  a lan ın  karstik  b ir yap ıya sahip o lm asıd ır. O rm an alanı içerisinde 1640 m  
uzun luğunda, B tipi tali o rm an  yolu  inşa ed ilm iştir. Y o lun  gen işliğ i 4 m  ve hendek  
genişliğ i 1 m  olarak  pro je lend irilm iştir. A lan ın  eğim i % 20-100  arasında değ iş ik lik ler 
gösterm ek ted ir. Y ol yap ım ında ku llan ılan  m akine D aew oo S olar 220 LC -V  tip i h id ro lik  
ekskavatördür.

Y ap ılan  bu çalışm ada, öncelik le yol güzergah ı boyunca  belirli aralık larla  
enkesitle r alınm ıştır. B u enkesitle r göz önüne alınarak , kazı ve dolgu m iktarları, 
m ak inen in  kazı h ızı ve verim liliğ i hesap lanm ıştır. A yrıca , yol yapım ı esnasında yolun 
altında kalan  m eşçerlerdek i za rarlar ö lçü lm üştür. B elirli aralık lardak i enkesitlerden , 
yine belirli sayıdaki enkesit denem e alanı o larak  seçilm iş ve bu  enkesitle r a rasında kalan  
a lan lardaki zarar gören  ağaç la r tesb it ed ilm iştir. Ç evresel zararları tesp it e tm ek  için 
top lam  10 adet denem e alan ı seçilm iştir. A landa bu lunan  ağaç sayısına göre zara r oranı 
hesap lanm aya çalışılm ıştır. B un ların  yan ında, ek skava tö rün  yol yap ım  m aliyeti 
bu lunm uştur.

3. Sonuçlar

Y ol güzergah ı boyunca  top lam  354 m 3 ağaç kesilerek  güzergah  o luşturu lm uştur. 
Y ol güzergah ı boyunca top lam  12480 m 3 kazı yap ılm ıştır. B u kazın ın  % 2 4 .8 8 ’ini 
toprak , % 2 5 .1 9 ’unu küskiiliik  ve % 4 9 .9 3 ’ünii kaya o luştu rm uştu r. E nkesitle rden  alınan  
değerlerin  M S E xcel P rogram ında değerlend irilm esi ile, o rta lam a yo lun  kazı genişliğ i 
7.47 m o larak  bu lunm uştur. B u yo lun  7.47 m  kazı gen işliğ i ve 1640 m yol uzun luğu  ile 
top lam  1.23 ha orm an a lan ın ın  kayba uğrad ığ ı hesap ed ilm iştir. Y o lun  top lam  m aliyeti 
35800 $ o lup, yolun m etre o larak  yap ım  m aliyeti 21 .8  $ /m  o larak  bu lunm uştur. 
E kskava tö rün  ortalam a kazı hızı 8 m /saat o larak  hesap lanm ıştır. M akine küsküliik  b ir 
alanda orta lam a 36 m 3 kazı m ateryalin i yol üzerinden  uzak laştırm ak tad ır. A lınan  
enkesitler, ekskavatö rün  yol yapım  tekn iğ i ve alan ın  eğ im i göz önüne alındığ ında, 
özellik le % 5 0 ’nin  üzerindek i eğim li a lan larda kazı şevi eğ im in in  5/1 o larak  alınm ası 
uygun  bu lunm uştu r. D aha düşük  eğ im lerde  kazı şevi eğ im i 3/1 o larak  da 
alınab ilm ekted ir.

B u çalışm ada, ek skavatö rle  yol yapım ı sırasında  % 20-45 arası eğ im li alan larda 
çevreye verilen  zarar düşüktür. Ç evresel zararları te sp it ederken  ağaç la r üzerinde 
m eydana ge len  zararlar ö lçü lm üştür. B u zararlar, kabuğun  yaralanm ası, eğilm e ve 
kırılm a şek linde sın ıfland ırılm ıştır. A lm an  enkesit a lan larında  top lam  9 ağaçta  zarar 
görü lm üştür. E ğ im in  % 46-90  arasında o lduğu  alan larda  ise zara r 2 5 ’e yükselm iştir. 
Z ararlar içerisinde en fazla görüleni ağaç gövdelerin in  yaralanm asıd ır. T o p lam  zarar

The Use o fE x cav ato r in Forest Road Construction in Karst Region o f Turkey 83



84 Tolga Özlürk

görm e oran ı % 4 5 ’e k ad ar eğ im li o lan  araz ile rde  % 12, eğ im in  daha yüksek  olduğu 
arazilerde ise % 23 o larak  belirlenm iştir.

4. Öneriler

B u çalışm anın  sonuçlarından  yola ç ık ılarak  aşağ ıdak i ö n erile r getirilm iştir:
E kskavatö rler özellik le dağ lık  a lan larda  ve eğ im in  % 5 0 ’yi aşm ası durum da yol 
yap ım  çalışm alarında  tercih  ed ilm elid ir.
E kskavatö rlerin  o rm an  yolu yap ım ında tercih  ed ilm esi ile p a tlay ıc ı m addelerin  
ku llan ılm ası en  aza ind irileb ilecek  ve bu durum da çevreye  verilecek  zararlar 
m in im um da tu tu labilecektir.
E kskavatö r opera törlerin in  orm an yo lu  yap ım ı hakk ında m utlaka deneyim li 
olm ası gerekm ekted ir. Y ol yap ım  ihale lerinde  idare tarafından  m utlaka bu şart 
a ranm alı ve kontro l edilm elid ir.
E kskavatö rlerin  kazı m ateryalin i kon tro llü  b ir  şek ilde yam aca yerleştirm esi 
veya dağ ıtm ası nedeniy le  çevresel za ra rla r az o lm ak ta  ve bu  a lan larda m eydana 
gelecek  e rozyon  risk i de ortadan  kalkab ilm ek ted ir.
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