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Abstract

In this study, forest road construction techniques, environmental 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 compared according to gradient. Differences of fill-slope and cut-slope in the
cross sections were determined. Maximum length of fili slope for excavator was
found to be 17 m on 80% slope gradient. The cost of excavator wvas calculated as
$21.8 per meter. Productivity of excavator vvas found as 105.8 m3h.

Keywords: Hydraulic excavator, forest road, road construction, environmental damage

1. Introduction

The forest roads are the base infrastructure foundations which provide access to
forest lands for extraction, regeneration, protection, and recreation activities (Demir and
Hasdemir, 2005). However, designing low-volime forest roads is a complex
engineering problem involving economic, environmental, and social requirements.
Construction and maintenance costs are the largest components in the total cost of
producing timber for industrial uses (Akay, 2006). Besides, road construction activities
remove the forest vegetation and disturb soil structure, vvhich may lead to number of
environmental damages in forest ecosystem (Grace, 2002). For example, sediment yield
delivered from forest roads to the streams result in dramatic effects on vvater quality and
aquatic life (Akay et al.,, 2008). Besides, planning forest road netvvorks depelids on
social requirements since they provide access to forest villages, rural settlements, and

Rccevied: 01.09.2008, accepted: 07.11.2008



72 Tolga Oztirk

recreational areas (Acar and Eker, 2005). Therefore, forest roads construction activities
must be caredilly executed by considering economical, environmental, and social
requirements (Akay and Sessions, 2005).

In locating forest roads, construction methods and equipment selection directly
affects the economical, functional, and ecological efficiency of the forest roads. On the
terrains vvith gentle to moderate hillside slope, bulldozers have been stili commonly
used in right-of-vvay, cut-and fiil slope, and subgrade activities. Hovvever, in steep and
rocky terrain conditions, the efficiency of the bulldozers diminishes and excessive
environmental damages may occur since it becomes troublesome to keep the excavated
material along the day-light point of fiil slopes. In order to reduce the environmental
damages on forest ecosystem, especially in steep terrains, hydraulic excavators have
replaced bulldozers in forest road construction activities (Stjemback, 1982). Besides,
using excavator improves the quality of the forest roads, vvhich e.Ktends life of the roads,
improves the driver comforts, and reduces the frequency of maintenance activities. In
fact, using excavators can be the only option to perform feasible road construction
activities in steep mountainous terrains (FAO, 1998).

The excavator has the advantages of performing excavation activity vvith better
control and placing the material efficiently on fiil slope. In a study conducted by Erdas
(1986), it vvas indicated that excavator should be used in construction activities on steep
terrains to reduce environmental impacts. Bayoglu (1986) suggested that bulldozers
should be used in the forested areas vvith less than 40% ground slope, vvhile excavators
should be preferred vvhen the slope is greater than 40%. According to Spaeth (1998),
combination of bulldozers and excavators can be used in road construction activities on
terrain vvith greater than 50%.

Winkler (1999) evaluated the productivity of excavators by considering various
types of road lengths and terrain conditions. The results indicated that produetion rate of
excavators vvas satisfactory in forest road construction. The performance of a skilled
excavator operatdr can play important role in reducing operation cost. The excavators
perform road construction activities in stationary position vvith limited movements
betvveen vvork sites. Thus, excavators can not move further distances to collect material
from outside of the vvork zone (Stjernback, 1982).

The studies indicated that road construction activities using excavator has
advantages in long run due to reducing damages on forest ecosystem, biodiversity, and
forest soil (liaanshus, 1998 and Winkler, 1999). Heinrich (2001) indicated that
excavators have been commonly used in environmentally sensitive areas to reduce
impact on forest vegetation, provide adequate drainage system, protect stream erossings,
and improve stabilization of cut-and-fill slopes. Excavators vvork vvith narrovv right-of-
vvay to reduce disturbance of the forest cover and diminish open lands for erosion risk.
Besides, the ground pressure of the excavators on forest soil is less than that of
bulldozer (Stjernback, 1982). Due to lovver ground pressure, excavators can carry out
the operation in vvet areas, vvhile bulldozers are most likely stuck in mud.

In order to take advantages of using excavator in forest road construction, the
performances of the excavator should be evaluated considering economical and
environmental requirements. In this study, forest road construction techniques by using
hydraulic excavator vvere investigated based on a sample road construction activity
conducted in forested lands in Antalya region of Turkey. The construction costs and the
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environmental damages of hydraulic excavator were evaluated and some suggestions
\vere provided.

2. Hydraulic Excavator

2.1. Hydraulic excavator operating techniques

In recent decades, there has been an increasing interest in using the hydraulic
excavators in forest road construction activities. In North America, excavators have
been used as a complement to the bulldozers and in most cases they successfilly
replaced the bulldozers. Excavators can be used to construct roads, upgrade old roads,
load gravel and woods, extract hard cut material, break rocks, shape high-sided cut
slopes, build the sub-grade and side ditches, and place culverts (FAO, 1998). They have
advantages of \vorking on smaller sections in the slopes from 20-50% (Figlire 1). There
are many excavator operating techniques related mainly to terrain types and
environmental sensitivity (Stjemback, 1982).

Figure 1. Forest road construction by excavator vs. bulldozer (Kararizos, 2001).
Sekil 1. Buldozer ve ekskavatdr ile orman yol yapimi.

The excavators generally take place in follows activities in the forest road
construction: (1) removing logs and \vaste material, (2) constructing, leveling, and
compacting subgrade, (3) constructing ditches and installitig culverts.
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2.2. Removing logs and waste material

The excavators carry the logs by moving backvvard and pile them at one side of
the road, leaving other side free to obtain fiil material and access to the forest
(Stjernback, 1982). It is rathier difficult and inefficient to carry out the logs ali the way
to landing area due to lower travel speed of the excavators (FAO, 1999). Then, the
waste material such as unmerchantable trees, stumps, branches, and topsoil is removed
from the roadbase. In vvet areas, excavator can easily remove the topsoil vvithout
distiirbing the roots or mixing it vvith fiil material.

2.3. Constructing, leveling, and compacting subgrade

The hydraulic excavators are the most suitable for subgrade function in forest
road construetion since sufficient fiil material is generally available vvithin the reach of
the excavators (i.e. 8 m to 10 m) in most terrain conditions (Stjernback, 1982). There are
three different techniques in implementing roadbase excavation, based on location of
the excavators (Stjernback, 1982);

« The excavator operates in the ditehline by digging 6ver the front of the
undercarriage In this case, the excavator can reach furthier distances from the
roadbase to obtain extra fiil material.

e The excavator operates betvveen the ditehline and the roadbase by digging
dver the side of the undercarriage. This provides a shoulder vvider than the
undercarriage, vvhich is an advantage from aspecl of road safety.

0 The excavator operates from the roadbase by digging Over the side of the
carriage. Hovvever, this position provides the operator vvith the best vievww of
the road alignment. If the fiil material is available at both sides of the road,
vvorking from the roadbase has advantages of obtaining extra fiil material
from both sides.

The bucket of the excavator can be also efficiently used in smoothing and

compacting activities. The material spread by the excavator is to be compacted after
several passes to build about 30 to 50 cm layer vvith coarse material (FAO, 1999).

2.4. Constructing ditehes and installing culvel ts

In order to reduce the potential soil disturbance due to subgrade construetion, an
adequate drainage system should be established by constructing ditehes and installing
culverts. Using excavator in establishing drainage system provides elean and wvvell-
groomed ditehes, vvhich reduces surface flovv and sub-surface flovv (Stjernback, 1982).
The hydraulic hammer can be used in constructing ditehes and then bucket of the
excavator performs eleaning up the ditehes (FAO, 1999).



The Usc ofExcavator in Forest Road Construction in Karst Rcgion of Turkey 75

3. Forest Roads in Turkey

In the forested lands of Turkey, there are tliree common forest road types; Type
A, Type B, and Skid Roads. The main factor that distinguishes these road types is road
gradient which is reflected by the performance of logging trucks and water drainage.
The road standards are listed in Table 1. In order to adequately carry out sustainable
management of forest resources, about 202000 km of forest road network is required
and about 68000 km of forest road is yet to be constructed (Demir, 2007).

Table 1. The technical standards of forest road types in Turkey
Tablo 1. Tiirkiyedeki orman yol tiplerinin teknik dzellikleri

Technical spccifications Road Types (Yol Tipleri)

Teknik Ozellikler Type A Type B Skid Roads
Road vvidth (m) 6.0 4.0 3.5
Yol Genisligi (m)

Max. Road Grade (%) , 10.0 9.0-12.0 18.0
Mak. Yol Egimi (%)

Min. Curvc radius (m) 35.0 10.0-12.0 8.0
Min. Kurp Yaricapit (m)

Number of Lines 1.0 1.0 1.0
Serit Sayisi

Travehvay vvidth (m) 5.0 3.0 3.0
Platform Genisligi (m)

Shoulder width (m) 0.5 0.5 -
Banket Genisligi (m)

Diteli vvidth (m) 1.0 1.0 -

Hendek Genisligi (m)

The various types of bulldozers had been traditionally used by private contractors
in forest road construction activities till last decade in Turkey. After the Eight Five-year
National Development Plan of Turkey in 2001, General Directorate of Forestry has
encouraged the use of excavators in construction of new forest roads, due to excessive
damage of bulldozers on forest ecosystem (Acar and Eker, 2003).

4, Material and Methods

4.1. Study area

The study area is selected from the management zone of Aykiricay Forest
Enterprise in Finike Forest Management (Figure 2).
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Figtire 2. The location of the study area in Antalya region
Sekil 2. Antalya bdélgesindeki ¢alisma alaninin konumu

In this enterprise, dominant commercial tree species include Pinus bvutia Ten.,
Cedrus libani A.Rich., Jinipevus sp. and Oiterciis sp. The elevation ranges from 700 m
to 900 m vvith the ground slopes of 20% to 100%. The study area consists of Type B
forest roads vvith the density of 14 m/ha. Total length of the sample road examined in
this study vvas about 1640 m vvith the average road vvidth of 5 m. The study area is
located on the Taurus Mountains, vvhich is the largest and most important karst region in
Turkey. According to Boydak (2003), this region has one of the most complex karst
circulation system and rough terrain characteristics such as sharp peaks, deep valleys,
and narrovv gorges. Due to immediate penetration of rainfall and snovv melt into the rock
crack system, surface soil formation very slovvly occurs along the cracks and
stratification surfaces ofthe limestone (Boydak, 2003).

4.2. The equipment specifications

Daevvoo Solar 220 LC-V type hydraulic excavator and Soosan SB 81 TS type
hydraulic hammer vvere used in forest road construction activity. The undercarriage of
the excavator wvas equipped vvith full-length track guards and had a protective plate. The
technical specifications of the excavator and hammer are shovvn in Table 2.
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Table 2.

(Anonymous, 2007)

Tablo 2.

Specifications
Ozellikler

Weigth - Agirhik
Capacity of bucket
Kepge kapasitesi
Engine type
Motor tipi
Engine povver
Motor gici
Speed - Hiz
Max. force
Mak. gug
Max. Excavation
depth - Mak. Kazma
derinligi
Max.unloading

height- Mak. bosalma
yuksekligi

4.3. Field study

Values
Degerler

21500 kg
0.93-1.17 m3

DB58TIS

148-1950 PS/rpm

5 km/hir
13100 kgf

6630 mm

6810 mm

Specifications
Ozellikler

Boom turn speed
Kule donts hizi
Fuel tank
Yakit deposu
Hydraulic hammer
Hidrolik kirici
Working vveigth
Calisma agirhigi
W orking pressure
Calisma basinci
Number of stroke
Piston sayisi
Hammer diameter
Kirici gapi
Excavator types

Ekskavator tipleri

Dae\lvoo Solar 220-LC-V ve hidrolik kiricinin teknik 6zellikleri

Values
Degerler

10.9 d/min

370 liters

Soosan SB81TS

1721 kg

160-180 kg/cnr

400-490 bpm

140 mm

18-34 ton

7

Technical features of the Daevvoo Solar 220-LC-V and hydraulic hammer

The whole constmction activity of the sample forest road was observed in the
field and data collection \vas performed during and after the road construction. The
construction activity took place in August 2006. To characterize the forest road sections,
nine decision variables \vere measured from each cross section along the roadway.
These variables inelude cut-slope height (Ch), cut-slope width (Cw), diteli vvidth (D\v),
road vvidth (Rvv), fill-slope vvidth (Fvv), fill-slope length (Fi), road construction zone
vvidth (L), length of the impact zone beyond the fill-slope (P), and ground slope (S)

(Figure 3).
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Figlire 3. The decision variables measured from each cioss section along the road
Seldl 3. Yol boyunca her enkesit icin dlgulen degerler

The surveying inslruments such as clinometers, steel tape, measuring batten,
altimeter, and compass were used in the field study. Along the 1640 m of sample road
section, decision variables were collected from 32 cross sections, vvhich vvere 50 m
apart. Then, the data vvere entered into a spread-sheet program (Microsoft Excel) to
compute simple statistics such as arithmetic average and Standard deviation.

5. Results

In the First stage of road construetion, 354 m3 of logs vvere extracted by felling
345 trees along the road construetion zone of sample road. The trees fallen vvere mostly
Pinus brutia and Cedrus libcini. The logging residuals vvere placed on the fill-slope as a
barrier that keeps material falling dovvn to fill-slope. The results indicated that total
material excavated along the roadvvay vvas 12480 m3 in vvhich the percentages of soil,
loose rock, and rock vvere 24.88%, 25.19%, and 49.93%, respeetively. In road
construetion activities, explosives vvere not used for crushing roeks. The average
operation time of the hydraulic excavator vvas 8 hours per day (Figlre 4).

Since it is very hot in Antalya in summer season, the excavator operated from
7:00 to 11:00 AM in the moming, and from 14:00 to 18:00 PM in the afternoon. The
values of the specific variables measured on the cross sections vvere listed on Table 3.
The average construetion zone vvidth vvas 7.47 m, therefore, sample road section
impacted approximately 1.23 ha of forested area (7.47 m x 1640 m) during the road
construetion aetivity.
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Figlire 4. Constructing the subgrade by an excavator (Photo: T.Ozturk)

Sekil 4. Bir ekskavator ile yol temelinin yapilmasi

Table 3. The values of decision variables measured on the cross sections

Tablo 3. Enkesitlerde élgilmis degiskenlerin degerleri

Variables Symbol
Degiskenler Sembol
Ground slope (%) S
Arazi egimi
Cut-slope ileight (m) Ch
Kazi sevi yuksekligi
Cui-slope vvidth (m) Cw
Kazi sevi genisligi
Ditch wvidth (m) Dw
Hendek genisligi
Road vvidth (m) Rw
Yol genisligi
Fill-slope vvidth (m) Fw

Dolgu sevi genisligi
Fili-slope lenght (m) Fi
Dolgu sevi uzunlugu

Irnpact zone length (m) P
Etkilenen alan uzunlugu

Construction zone vvidth (m) L
insaat alani genisligi

Average
Ortalama

59.38

3.46

1.14

0.78

4.10

4.94

7.47

Standard
Deviation
Std. Sapma

28.39

2.15

0.75

3.13

2.31

Maximum
Values
Mak. Deger

110.0
7.2
2.5

1.0

4.3

10.0

14.0

Minimum

Values

Min.deger

5.0

0.5

0.2

0.7

4.0

1.2

0.2

0.5

5.0

The total road construction cost was found to be $35800, with the unit cost of $
21.8 per meter. The produetion rate of the excavator is generally compiited as the length
of constructed road per hour. In this study, the average produetion rate of the excavator
was found to be 8.0 m hr. The excavator excavated 36 m3 of material per hour and
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cleared them away from the roadway. This high productivity indicated that hydraulic
excavators combined with hydraulic hammers can perform excavation operations
quickly and effectively in karstic regions.

In road construction activity, the optimum excavator operating techniques were
tried to be implemented to minimize residual stand damage and overall environmental
impacts. For example, after rocks vvere crushed by the hydraulic hammer and then they
are carefully placed on the fiil slope by using the bucket. Besides, cut slope rate of 5/1
vvas maintained along the roadvvay to ensure slope-stability in terrains vvith steep
hillside gradient. In fact, cut slope rate of 5/1 is the most appropriate rate for karstic
areas, especially for steep terrains. The trail areas vvere designated betvveen appointed
cross sections for every road. The numbers of damaged trees and non damaged trees in
every cross section vvere counted to every road aligment. The resultant damages at trees
are three types. These types are bending of tree, crushing of tree and vvounding of tree
stem. The number and rate of damaged trees in study areas are shovved Table 4.

Table 4. Number and rate of damaged trees in study areas
Tablo 4. Calisma alaninda zarar gérmis agaclarin sayisi ve orani

Average Number  Number Types of damages Number Damage
terrain of of non Zarar tipleri of rate
slope damage damage Bending Crushing VVounding total (%)

%) trees trees Egilme  Kirllma  Yaralanma trees
0
Zarar Zarar
Ort.arazi dren érmeyen TO?Iam Zarar
egimi g B g . y agag orani
agag agac sayisl
saylsl saylsi
20-45 12 90 1 2 9 102 12
46-90 20 68 1 4 20 8 -

The amount of damaged trees on steep terrain are found further to forest road
constructing by bulldozer. In the 46-90% slope areas, the total number of damaged tree
on forest roads constnicting by using excavator is counted 25. The damage rate of
excavator is 23%. On the terrain less than 45%, number of total damages is 9.
Wounding damages are prevail among in this area.

6. Discussion

In road constnictions activities, environmental damages vvere not shovved in this
study. The previous studies indicated that impacted forested area due to road
construction by using the bulldozer is much more than that of using the hydraulic
excavator. Besides, visual quality of the forest roads constructed by the hydraulic
excavator is much better that of constructed by the bulldozer, considering technical and
environmental aspects (Bayoglu, 1989).
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The average construction zone vvidth was found as 7.47 m in this study. A study
conducted in Antalya region (Tunay and Melemez, 2004) reported that a road
construction activity on a terrain vvith 36-50% ground slope resulted in 9.40 m and
12.18 m vvide road construction zones by using excavator and bulldozer, respectively.
This suggested that the impacted forested area by using the bulldozer wvas
approximately 29.58% greater than that of using the excavator. Tunay and Melemez
(2004) also indicated that the bulldozer results in about 26.16% of rnore impacted
forested area than the excavator in road construction activity.

In this study, the total road construction cost vvas found to be $35800, vvith the
unit cost of $21.8 per meter. Besides, the average product rate of the excavator vvas
found to be 8 m lir' . In a study conducted by Winkler (1999) in Himalaya (Bliutan), the
unit cost of construction by excavator vvas $ 9.38 per meter vvith the produetion rate of
6.91 m/hr. Acar and Eker (2001) conducted a similar study in Eastern Black Sea Region
of Turkey vvhere 4341 m of forest road vvas constructed by an excavator on a steep
terrain vvith 70% ground slope. In that study, the unit cost of road construction and
average produetion rate vvas $ 5.87 per meter and 8.67 m lir'l, respectively. Another
study conducted by Filipsson and Eriksson (2004) in Svveden indicated that the average
produetivity of using excavator in road construction vvas 12.7 metres per hour.

In this study, the unit cost of road construction ($ 21.8 per meter) vvas greater
than the unit costs reported by the previous studies. This vvas because the study area vvas
located on a karstic region vvith rough terrain characteristics and large amount of rocks
(6232 m3 to be excavated along the roadvvay. Besides, ground slope, soil
characteristics, and operator factor might affect the cost of road construction. Cut slope
rate for karstic steep terrains in this study vvas determined 5/1. Another study conducted
by Kramer (2001) indicated that cut slope rate of 5/1 is the most appropriate rate for
especially for steep terrains (Kramer, 2001).

7. Conclusions

In this study, the forest road construction tecliniques by using hydraulic
excavator vvere evaluated by considering economical, technical and environmental
requirements. The follovving suggestions are made in the light of the previous studies
and the results derived from the sample road construction activity:

The use of excavator in forest road construction activities should be encouraged
and even mandatory in mountainous regions vvith steep terrains.

In order to reduce road construction costs and environmental impacts, the
excavators should replace bulldozers, especially in Antalya region vvhere explosives are
used in karstic lands vvith great danger to forest ecosystem.

The excavator operators should be vvell trained to improve the efficiency of
construction activity, regarding economical and environmental aspeets.

In the planning phase of the forest roads, the methods and equipment seleetion
should be predetermined not only considering by economical issues but also
environmental requirement.

The drainage ditches should be adequately located by using excavators and
should be maintained properly, especially at Southern Mediterranean Region.

The culverts vvith adequate size and lengths should be installed by using the
excavators. Besides, crovvned slopes, pipes, and drain dips should be constructed along
the roadvvay vvhere they are necessary.
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Ozet

Bu calismada, Tirkiye’nin Akdeniz bélgesinde kullanilan bir hidrolik
ekskavatérin orman yol yapim teknikleri, cevresel zararlari, enkesitleri ve
verimliligi incelenmistir. Calismanin sonuclarinda, ekskavatdrin arazi egimine
gore yol enkesitleri karsilastirilmistir. Enkesitlerde dolgu ve kazi sevi farkliliklari
belirlenmistir. Ekskavator icin dolgu sevinin maksimum uzunlugu %80 egimde 17
m olarak hesaplanmistir. Ekskavatdrin maliyeti 21.8 S/m ve verimi 105.8 m3sa
olarak bulunmustur.

Anahtar Kelimeler: Hidrolik ekskavator, orman yolu, yol yapimi, gevresel zararlar

1. Giris

Orman vyollart bdélmeden c¢ikarma, agaglandirma, koruma ve rekreasyonel
aktiviteler gibi ormancilik calismalarinin yerine getirilebilmesi icin orman alanina girisi
saglayan temel yapilardir. Orman yollarinin yapimi ekonomik, cevresel ve sosyal
ihtiyaclara cevap verebilecek sekilde olmalidir. Yollarin yapim calismalarinda en
énemli husus makina segimidir. Ozellikle daglik alanlarda ekskavatorlerin kullanimi
cevresel acidan daha uygundur. Bu tip alanlarda dozerlerin kullanimi cevreye ve
6zellikle yol altinda kalan mescgerelere buylk zararlar verebilmektedir. Ayni zamanda,
bu alanlarda ileride dogabilecek erozyon riskini de arttirmaktadir. Bu c¢alismada,
Antalya bdlgesindeki karstik alanlarda ekskavatdrle yol yapim calismalari takip
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edilmistir. Ekskavatdrlerin degisen egimlerde enkesit sekilleri, verimlilikleri, kazi
hizlari, maliyetleri ve cevreye verdikleri zararlar incelenmistir.

2. Materyal ve Metod

Calisma alani olarak, Antalya Orman Bélge Midirligu binyesinde bulunan
Finike Orman isletme Miidirligi’ne bagh Aykirigay Orman isletme Sefligi’nde bir
orman yol yapim alani segilmistir. Alanin secilmesinde g6z 6niinde bulundurulan en
onemli 6zellik alanin karstik bir yapiya sahip olmasidir. Orman alani icerisinde 1640 m
uzunlugunda, B tipi tali orman yolu insa edilmistir. Yolun genisligi 4 m ve hendek
genisligi 1 m olarak projelendirilmistir. Alanin edimi %20-100 arasinda degisiklikler
gostermektedir. Yol yapiminda kullanilan makine Daewoo Solar 220 LC-V tipi hidrolik
ekskavatordur.

Yapilan bu calismada, Oncelikle yol glizergahi boyunca belirli araliklarla
enkesitler alinmistir. Bu enkesitler géz 6nline alinarak, kazi ve dolgu miktarlari,
makinenin kazi hizi ve verimliligi hesaplanmistir. Ayrica, yol yapimi esnasinda yolun
altinda kalan mescerlerdeki zararlar olgilmaustir. Belirli araliklardaki enkesitlerden,
yine belirli sayidaki enkesit deneme alani olarak secilmis ve bu enkesitler arasinda kalan
alanlardaki zarar goren agaclar tesbit edilmistir. Cevresel zararlari tespit etmek icin
toplam 10 adet deneme alani segilmistir. Alanda bulunan agac sayisina gdre zarar orani
hesaplanmaya calisiimistir. Bunlarin yaninda, ekskavatérin yol yapim maliyeti
bulunmustur.

3. Sonuclar

Yol gizergaht boyunca toplam 354 m3agac kesilerek glizergah olusturulmustur.
Yol guzergahi boyunca toplam 12480 m3 kazi yapilmistir. Bu kazinin %24.88’ini
toprak, %25.19°unu kuskiiliik ve %49.93’unii kaya olusturmustur. Enkesitlerden alinan
degerlerin MS Excel Programinda degerlendirilmesi ile, ortalama yolun kazi genisligi
7.47 m olarak bulunmustur. Bu yolun 7.47 m kazi genisligi ve 1640 m yol uzunlugu ile
toplam 1.23 ha orman alaninin kayba ugradigi hesap edilmistir. Yolun toplam maliyeti
35800 $ olup, yolun metre olarak yapim maliyeti 21.8 $/m olarak bulunmustur.
Ekskavatdrin ortalama kazi hizi 8 m/saat olarak hesaplanmistir. Makine kiskuliik bir
alanda ortalama 36 m3 kazi materyalini yol Uzerinden uzaklastirmaktadir. Alinan
enkesitler, ekskavatdrin yol yapim teknigi ve alanin egimi gz oénlne alindiginda,
dzellikle %50°nin lzerindeki egimli alanlarda kazi sevi ediminin 5/1 olarak alinmasi
uygun bulunmustur. Daha disik egimlerde kazi sevi egimi 3/1 olarak da
alinabilmektedir.

Bu calismada, ekskavatdrle yol yapimi sirasinda %20-45 arasi egimli alanlarda
cevreye verilen zarar dusuktir. Cevresel zararlari tespit ederken agaclar uzerinde
meydana gelen zararlar Olcilmiustir. Bu zararlar, kabugun yaralanmasi, egilme ve
kirilma seklinde siniflandirilmistir. Alman enkesit alanlarinda toplam 9 adacta zarar
gorilmustir. Egimin %46-90 arasinda oldugu alanlarda ise zarar 25’e yikselmistir.
Zararlar igerisinde en fazla gdrileni aga¢c goévdelerinin yaralanmasidir. Toplam zarar
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gorme orani %45’ kadar egimli olan arazilerde %12, edimin daha yiksek oldugu
arazilerde ise %23 olarak belirlenmistir.

4. Oneriler

Bu calismanin sonuclarindan yola ¢ikilarak asagidaki dneriler getirilmistir:
Ekskavatorler 6zellikle daghk alanlarda ve egimin %50’yi asmasi durumda yol
yapim calismalarinda tercih edilmelidir.

Ekskavatdrlerin orman yolu yapiminda tercih edilmesi ile patlayici maddelerin
kullanilmasi en aza indirilebilecek ve bu durumda cevreye verilecek zararlar
minimumda tutulabilecektir.

Ekskavator operatdrlerinin orman yolu yapimi hakkinda mutlaka deneyimli
olmasi gerekmektedir. Yol yapim ihalelerinde idare tarafindan mutlaka bu sart
aranmali ve kontrol edilmelidir.

Ekskavatorlerin kazi materyalini kontrolli bir sekilde yamaca yerlestirmesi
veya dagitmasi nedeniyle cevresel zararlar az olmakta ve bu alanlarda meydana
gelecek erozyon riski de ortadan kalkabilmektedir.
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