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Abstract

The mainteniance of the forest roads includes constructing and
reconditioning thie pavenients, maintaiiing the stream Crossing structures along
the route, eleaning and improving the ditciies, and straiglitening the loles and
barrovvs on the roadvvay. In this study, pavement construction activities in a
sample forest road section, especially vvith lieavy trafilc loads, are examined in
various aspects. The research vvas performed in the forest of Sariyer Forest
Enterprises, located in the istanbul District Directorate of Forestry. The pavement
of a B type forest road vvith 02 code in Rumeli Feneri vvas examiied and various
field measurements vvere taken sucli as cross section, slope, and soil compaction
values. The deformation of the pavements in first year after construction wvvas
examined and the suitability of the pavement vvas also analyzed.

Key Words: Pavement, forest road, compaction, caished material

1. Introduction

I order to take the advantage of main forestry activities sucli as protection,
afforestation, management, recreation, and fire fighting, a wvvell constnicted and
maintained forest road netvvork should be established at first. There are Type A and
Type B forest roads in Turkey to provide access into the forested areas (GDF, 1984).
These forest roads are constructed by considering road types and sizes, intended usage,
and land conditions. After the construction, the forest roads should be maintained and
repaired at certain periods to preserve structural integrity and travel quality of the forest
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roads (Akay, 2006). If the maintenance and repair activities are not performed,
deformations formed on road surface may block the usage of the road. The pavement
construction activities on approximately 17% ofthe forest roads have been completed in
Turkey (Acar and Eker, 2001).

Wheel load and nominal ground pressure results in temporary deformations on
both pavement and substructure along the roadvvay (Bayog§lu, 1997). Due to the pressure
of the wheels on the ground, the substructure moves to the sidevvard, causing the
breakdowns. Additionally, after a certain period, the access of the road can be
completely closed due to the excessive amount of moisture, breakdovvns, and ruins
caused by heavy load and lack ofroad maintenance (Figlre 1).

(0] ight \vheel load
venveight \vheel loa Surface

material
punctiired
into the
subgrade

Surfacing

Figlre 1. Shear failure of a road surface because of ovenveight wheel load
Sekil 1.  Tekerlek yiki altinda yol yizeyinin bicim degisiklikleri
(Keller and Sherar, 2003)

According to FAO (1998), local factors such as the surfacing material, climate
and traffic mix, gradient, and vehicle speed influence the rate of surface deterioration.
For example, re-grading is suggested after 20000 vehicle passes as a typical interval.
The follo\ving indicates the average number of vehicle passes vvith respect to re-grading
intervals:

Vehicles per vear Re-grading interval
> 20000 less than one year
12000-20000 1 year

8000 - 12000 2 years

6000 - 8000 3 years
5000-6000 4 years

<5000 5 years

Surface maintenance can be also computed depending on the timber volime
transported dver the road such as 2.5 cm rock displacement for every 4500 m3 timber
haul (Akay and Sessiolls, 2003). ICramer (2001) stated that maintenance, road drainage,
pavement, and ditch improvement activities must be periodically scheduled in every
year.
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The type of surfacing material should be chosen by considering traffic load,
frequency of usage, grade ofroad, soil type in natural roadbed, available materials, cost,
and aesthetics. To ensure a good bond betvveen the soil and surfacing material and to
provide early protection against soil erosion, crushed rocks or gravel surfacing materials
should be placed on the surface instantly after road construction (Anonymous, 2005).
Road maintenance is also very important for vvater quality, considering drainage control
and streamside management (Turton et.al., 2005). After periodic forest operations have
been completed and major storm events has passed, forest roads must be maintained
during active use to ensure that the drainage structures are functioning properly. In
spreading pavement materials on the road surface, graders should be used (Skorseth and
Selim, 2000).

Heavy rainstorms may cause cut slope failures that blocks ditches, directs water
flows to the road surface, and erodes the surface and fiil slope. Proper road surface is
usually desirable and, in many cases, necessary to add subgrade structural support by
improving the roadbed of native soil surface vvith materials sucl as gravel, coarse rocky
soil, crushed aggregate, cobblestone, concrete block, or some type of bituminous seal
coat or asphalt pavement (Bayoglu, 1969). Gravel materials are mostly used to ensure
stable pavement on forest surface.

The periodic maintenance of the roads should be completed before forest
transportation starts in spring or after the forest transportation ends in autumu. Besides,
a pavement should be constructed on the forest roads vvhere daily and annual vehicle
traffic volime is very high and that should be kept open during the year.

Pavement constnicted on a forest road limits the movement of the ground to
sidevvays and therefore it prevents a vertical deformation (GDF, 1984). Pavement of a
forest road is divided into tvvo layers including surface course and base course (Figlre
2).

Grounnd linic on
crosH section

Figlre 2. Road template elements
Sekil 2. Yol enkesit elemanlari
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Materials used in pavement construction activities are;
1) Natural stone materials (ingenious rock, sedimentary rock, metamorphic
rocks)
2) Natural aggregates (gravel, sand)
3) Artificial aggregates (cement)
4) Asphalt (Umar and Agar, 1985).

In the forest roads of Turkey, gravel and crushed rocks are generally used for
pavement materials. Asphalt is used for the forest roads located in national parks,
recreational areas, and some forest village roads. In last few years, industrial \vastes
such as lime mud have been aslo used in pavement construction activities (Eroglu,
2003; Machado et.al., 2004).The objective of this study is to examine the pavement
construction activities in a sample forest road section, especially \vith heavy traffic
loads. The study was conducted in forest of Sariyer Region Forest Enterprises, located
in the istanbul District Directorate of Forestry. A sample Type B forest road section
vvith 02 code vvas selected from Rumeli Feneri. Various field data vvere collected such
as cross section, slope, and soil compaction values. Deformation of the pavements after
the First year of construction vvas also e.\amined to evaluate the suitability of the
pavement.

2. Material and Methods
2.1. Pavement thickness

Strevv thickness of the surface materials is generally determined by “Group Index
(G1)” method, vvhich vvas developed by Steele (1945). There are Five categories in this
method and these categories are determined according to average daily traffic. The
pavement is calculated according to ground compaction, vvhich is measured based on
Group Index. Ground compaction varies vvith the follovving factors;

1) Moisture proportion of ground

2) Dry density of ground

3) Configuration of ground

Since the first and the second factors can be controlled by a good drainage and
compression of subgrade, ground compaction shall only be reflected by the third factor,
vvhich refers to the structure of ground. Group Index method vvas developed based on
this assumption.

Group Index of a ground can be calculated by the follovving equation (Umar and
Agar, 1985);

Gl =0.2 x (a) + 0.005 (axc) + 0.01 (b x d)
vvhere
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a= The amount of the ground sifted vvith the sieve no. 200 that is greater than
35 % and less than 75% (it is expressed as a Cardinal number betvveen 0 -
40)
b = The amount of the ground sifted vvith the sieve no. 200 that is greater than
15% and less than 55% (it is expressed as a Cardinal number betvveen 0 -
40)
c = The part of numerical liquidity limit of the ground that is greater than 40
and less than 60 (it is expressed as a Cardinal number betvveen 0 - 20)
d = The part of numerical plasticity indices of the ground that is greater than 10
and less than 30 (it is expressed as a Cardinal number betvveen 0 - 20)
After ali thiese values are obtained, the thickness of the pavement material can be
found. An abacus vvas developed to determine the pavement thickness required for the
forest road (Umar and Agar, 1985; Aykut, 1978).

2.2. Study area

The study area consists of Type B forest roads vvith 02 code, located in Sariyer
Region Forest Enterprises in istanbul. Total length of the sample road is about 2700 m
vvith the average road vvidth of 4 m. The soil type in the study area is sandy loamy. 02
code forest roads vvere constnicted as dirt roads about 15 year ago and pavement
construetion vvas not performed on this road .

The observations of the sample road prior to the pavement activity indicated that
ditehes vvere fdled and some parts of the road surface vvere deformed. Based on the field
investigation, no passage could be provided, die to excessive deformation on some
parts of the road. The further investigation indicated that damages have occurred on
head vvall parts of drainage struetures and on culvert aprons (Figlre 3).

Figure 3. The conditions of 02 code forest road, diteli, and roadbed prior to pavement
activities (Photo: T.Ozturk)
Sekil 3. 02 Kod nolu orman yolunun ustyapidan énceki durumu
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2.3. Pavement activity

First, the deformation on Type B forest road and the general condition \vas
examined and photographed. It vvas observed that almost ali road pavements vvere in
poor condition, filled vvith eroded soil, siltation, trees, trunks, and branch residues. It
vvas also inspected that some of them vvere broken and eroded partially. On the other
hand, it vvas seen that beneath the head and sidevvays of some culverts have been
eroded.

Along the roadvvay, cross sections vvere taken at every 50 meters and soil
compaction value vvas measured from 5 different points on each cross section by using a
Eijelkamp pocket penetrometer; one point on cut slope, one point on fiil slope, and three
points on travelvvay of the road template (Figire 4). The average measurements vvere
computed for tvvo stages of the sample road vvhere the first stage is from cross section 1
to 20 and the second stage is from cross section 21 to 50.

Mcasure points witli pcncirometer

Rnad Surfhee ( 3 points) MeaSl,re Poin« of P»vement ma,urials I,ui8h*

Figlire 4. a) Measurement points vvhere soil compactions vvere taken by penetrometer
b) Measurement points vvhere thicknesses of the pavement materials vvere taken

Sekil 4. a) Penetrometre ile toprak sikismasinin dlgildigu noktalar

b) Ustyap! materyalinin kalinhi§ginin 6lgiildigi noktalar

The road gradient vwas measured betvveen each cross section point. For each cross
section, road template data such as lengths and ratios of cut slope and fiil slope, vvidth of
ditch, and road vvidth vvere measured. Then, the cross section data vvere stored into the
Computer using AutoCad 2005 softvvare. It vvas also marked that there vvere size 8
culverts and size 2 concrete pipes along the roadvvay. In the second part of field study,
pavement activity vvas conducted. In this part, the construction machines vvorking on the
pavement activity vvere examined, and the thickness of material spread on the road
surface vvas measured from three different points on the cross sections (Figire 4).
Besides, the vvidth of the pavement material vvas determined at each measurement point.

It has been observed that three different sizes of materials vvere used along the
roadvvay. Thick material has been used on the vvet and marshy road surfaces and
normal-size and smaller material has been used on sound road surfaces. The materials
vvere transported by double-shafted BMC and Mercedes branded trucks and spread on
the road surface by a Caterpillar loader. After the pavement material vvas spread on the
road, the pavement vvas compacted by a Dynapa type cylinder. Figiire 5 indicates the
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final status of pavement. After the pavement activity, harvesting operation \vas
conducted in the forest around sample road and trees \vere extracted by using the
tractors through the sample road. Total timber volime transported was approximately
600 m3

Figure 5. A view from the forest road after pavement activity (Photo: T.Ozturk)
Sekil 5. Ustyapi calismasindan sonra orman yolundan bir gériinus

3. Results and Discussion

W ithin the boundary of the Sariyer Regional Forest Enterprises, pavement
construction of 02 code road was planned in 2005, and got bid by the forest directorate,
and tlien built by a contractor. The determination of material quantity, computation of
construction costs, and other necessary activities vvere carried out by technicians in the
Branch of the Machine Maintenance Directorate vvithin istanbul Regional Forestry
District. The total road length and the amount of pavement material vvere calculated as
2700 meters and 2310 m3, respectively. The distance betvveen the road and material
storage vvas 14.1 kilometers. Throughout the road, six crossfields vvere determined and
the construction costs of tlhiose crossfields vvere added onto the total costs of the project.
W ithin the first 800 meters of the road, the estimated material height vvas determined as
20 cm, vvhereas it vvas determined as 30 cm in the rest of the road. Table 1 shovvs the
average values of pavement thickness and pavement vvidths for tvvo road stages.

Before starting pavement construction activities, the average values of soil
compaction at cut slope, fiil slope, and road surface vvas 1.75 kg/cm2, 1.55 kg/cm?2, and
4.00 kg/cm?”, respectively. After constructing the pavement, the penetrometer values
over the road vvere measured as larger than 5 kg/cm2 This proved that after the
maintenance activity, the road became iriore enduring, stronger, and more suitable for
transportation than that of prior to maintenance. Table 2 indicates the average
compaction values and road grades for tvvo road stages. Total construction cost of the
road is calculated as $24000 vvith the unit cost of $8890 per km.

Table 1. The average values of pavement thicknesses and vvidths for the road section
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Tablo 1. Yol bélumleri icin Gstyapr kalinligr ve genisliginin ortalama degerleri

Road Stages Road Average soil compaction (kg/cnY)
Yol Kisinilan gradient Ortalama toprak sikismasi
v I(%')' i Cut slope Road Surface Fiil slope
ol egimi Kazi sevi Yol yiizeyi Dolgu sevi
1 -6 1.70 4.50 1.10
2 + 3 1.80 3.50 2.00
Average 1.75 4.00 1.55
Ortalama

Table 2. The average values of soil compaction and gradient data for the unpaved road
Tablo 2. Ustyapisiz yolda ortalama toprak sikisma degerleri

Road stages Average pavement thickness (cm) Average pavement vvidth
Yol Kisimlari Ortalama tstyapi kalinlig (m)
Ortalama
Left Middle Right . .
Ustyapi genisligi
Sol 'O rta Sag
1 19 18 20 3.80
2 21 20 21 3.90
Average
20 19 20.5 3.85
Ortalama

During the pavement construction activities, material thickness was measured
periodically in each 50 meters. For the first 1000 meters, average material thickness was
measured as 19 cm, vvhereas it vas measured as 21 cm for the rest of the road. After 800
m section of the road, material scattering thickness vvas planned as 30 cm, but it vvas
measured less tlhian that of planned thickness. The vvidth of material scattering through
the road vvas planned as 3 meters and it vvas measured as it vvas.

After completing pavement activity, the vvidth of scattered materials vvas
measured as 3.90 meters as an average for the first 1000 meters of the road, vvhile it vvas
measured 3.80 meters as an average for the rest of the road (Figure 6). The reason for
sucli a difference is because of using loader vvlien scattering the materials, instead of
grader. Simply, loader cannot scatter the materials evenly and homogenously, therefore,
the material thickness became different in different parts of the road. In contrast, grader
may take the overflovved materials back to the middle of the road and scatters the
materials more homogenous than that of loader.

The quantity of the materials used for pavement, ineluding crossfields, vvas
calculated as 2310 m 3. The planned material thickness vvas similar to the thickness of
the pavement material used in the application. The reason for that the material scattering
vvidth vvas vvider than 3 meters (3.80 m and 3.90 m).
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Figtire 6. Thickness and width ofplanned and applied pavement materials
Sekil 6. Planlanan ve uygulanan tstyapi kalinhigr ve genisligi

In the last part of the pavement, scattered material was tightened by a road roller.
Due to insufficiently tightening and unevenly distributing the materials, the materials
have been scattered throughout the road after passing a winter season (Figire 7). On the
other hand, since the side ditehes could not be opened enotigh when locating pavement,
the ditehes could not funetion well and the materials have caused damage to the surface
of the road, follovving winter and spring rainfalls. Suitable materials have been used for
pavement, vvhich means that, in the svvamps, large materials vvere used, vvhereas, in the
regular road strueture, small materials vvere preferred. In Table 3, the results from the
sieve analyses of pavement materials vvere listed, considering thick, normal, and thin
materials.
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Figure 7. The condition of a part of paved road - one year later (Photo: T.Ozturk)
Sekil 7. Bir yil sonra ustyapi yapilmis yolun bir béliminin durumu

During the road construction vvork, culverts and concert pipes were needed
vvithin nine different points of the forest road vvith 02 code. Then, it vvas contemplated
that this problem wvvas solved by constructing culverts and concert pipes in a particular
size. Due to constructing insufficient number of culverts and concert pipes in necessary
places, vvater from rainfall and cut slopes have been accumulated in side ditches and
could not be transferred across the road, and thus, the road and its coat vvere alvvays left
humid and damped.

As a result, vvhen heavy vehicles and truclcs vvere driven, the road has been
seriously deformed and damaged. On the other hand, the scattered materials vvere sunk
into the ground and could not function vvell.

The trees, trunks, soil, and other materials vvere filled in the entrance and exit of
the culverts and concert pipes, and blocking overflovv vvere cleared by a small
excavator. Therefore, the constructions have been functioned again. Then, throughout
the road, it vvas investigated that parts of the some culverts and concert pipes vvere
broken and dropped into the creeks. As a solution, it vvas recommended that the
structures should be repaired and their maintenance vvork should be carried out
regularly. Deformation at ditches and lost of pavement materials are shovved in Figire 8.
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Table 3. The summary ofsieve analyses for the pavement material
Tablo 3. Ustyap! materyali i¢in elek analizinin 6zeti

Normal Pavement Material Samples (Bag vveight 3.10 gr)
Normal istyapr materyalinin Ornekleri (Torba agirhgr)
Screen diameter Bag number Sample \veight (gr) Percent (%)
Elek yaricapi Torba Numarasi Ornek agirhg: Yizde
(mm)
38.1 1 197.90 8.14
25.4 2 453.76 18.66
19.0 3 691.59 28.44
9.51 4 706.64 29.06
4.75 5 254.88 10.48
Binder 6 127.15 5.22
2431.92 100
Thick Pavement Material Samples (Bag weight 3.10 gr)
ince Ustyapi Materyalinin Ornekleri
Screen diameter Bag Sample \veight Percent
(mm) number (gr) (%)
50.8 1 914.69 35.77
38.1 2 400.93 15.68
25.4 3 622.73 24.35
19.0 4 316.84 12.39
9.51 5 228.03 8.92
4.75 6 53.77 2.10
Binder 7 20.16 0.79
2557.15 100
Thin Pavement Material Samples (Bag vveight 3.10 gr)
Kalin Gstyapi materyalinin Ornekleri
Screen diameter Bag Sample vveight Percent
(mm) number (gr) (%)
38.1 1 122.80 8.40
25.4 2 143.39 9.80
19.0 3 113.54 7.76
9.51 4 263.07 17.99
4.75 5 381.09 26.05
Binder 6 438.81 30.00

1462.70 100
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Figlre 8. Deformation at ditches and lost of pavement materials (Photo: T.Ozturk)
Sekil 8. Ustyapi materyalinin kaybi ve hendeklerdeki deformasyon

4. Conclusions

In this study, the challenges in pavement activity on forest roads are presented
and some suggestions are provided in the light of the results from a sample pavement
construction activity on a forest road section from Sariyer region in Turkey. Before
starting pavement on a forest road, the crashed and pressed areas on the distorted parts
of the road should be prepared for pavement vvork and the coat part of the road should
be smoothed by means of bulldozer. At this preparation stage of the road, to properly
spread material, sufficiently vvide area should be seraped at least 10 cm deep by
bulldozer, vvhich wvill yield a good result. Therefore, the risk of the sliding material to
right and left of the road wvill be also reduced, and the borders of the vvork places wvill be
kept elear.

During pavement vvork, the recommended spreading vvidth of the material should
be complied. The material that spread vvider than it vvas necessary flovvs to ditches or
dovvnvvards from the fiil slope and lost. As a result, the material thickness wvill be lovver
and more material wvill be vvasted. The materials should be spread on the road by a
bulldozer. Bulldozer can distribute the material on the road homogeneously and can
better adjust the thickness of the spread material.

One of the rnost important matters that should be noted is that the pavement
material that flovvs to ditches or road sides should not be taken from the area that exists
and should not be re-used as mixed vvith soil. Pavement material mixed vvith forest soil
can reduce the resistance of road surface. The other important task in a pavement
activity of a forest road is opening the ditches and performing the maintenance of the
ditches. Lacking or elosing of the ditches along the road sides enables the rain vvater
frequently moves on the road that damages the road and the pavement material. Besides,
bevel should be banked on both sides of road axis on flat places, and the material should
be spread in pavement activity by considering these bevels.
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Ozet

Orman yollarinin balam calismalari, kenar hendeklerinin dizeltilmesi ve
acilmasi, yol Ust yapisinin insasi veya yenilenmesi, yol giizergahinda yer alan sanat
yaptlarinin  bakimlarinin  yapilmasi, yol (Uzerindeki c¢ukur ve timseklerin
dizeltilmesini icermektedir. Bu calismada, orman yollari i¢cin ¢cok 6nemli olan ve
Ozellikle trafik yukl fazla olan orman yollarinda gerekli olan Ust yapi ¢alismalari
tim yénleriyle incelenmistir. Bu arastirma istanbul Orman Bélge Mudurligi
binyesinde bulunan Sariyer Orman isletme Sefli§i ormanlarinda yapilmistir.
Calismada, Rumeli feneri mevkiinde yer alan 02 kod nolu B tipi orman yolunun
Gst yapi calismalari incelenerek, ¢esitli dlgmeler yapilmis (enkesit, edim, zemin
stkisma degerleri vb.) ve ust yapi calismalarinin bitirilmesinden sonraki bir yil
icerisinde yol Ust yapisinda meydana gelen deformasyonlar arastirilmistir ve insa
edilen yol ust yapisinin uygun olup olmadigi ortaya konmustur.

Anahtar Sozcikler: Ust yapi, orman yolu, sikisma, kiriimis malzeme

1. Giris

Orman yollarinin yapim c¢alismalarindan sonra belirli periyodlarda bakim ve
onarim calismalarinin yapilmasi gerekmektedir. Uretim calismalari sirasinda orman
yollarinda tasima yapan agir kamyonlar nedeniyle yol st tabakasi blyik zarar
gormektedir. Uretim calismalari bitirilip Gretim alanindan ayrildiktan ve kis sezonu
bittikten sonra yeni Uretim sezonundan 6nce mutlaka yolun bakimi yaptimahdir. Bakim

Yayin Komisyonuna sunuldugu tarih: 01.09.2008
Yayina kabul edildigi tarili: 07.11.2008


mailto:tozturk@istanbul.edu.tr

68 Tolga Oztiirk and Necmettin Sentiirk

ve onarim calismalarinin dizenli ve planli olarak yapilmasi yolun kullanim 6émrini
uzatmaktadir.

Bu calismada, Marmara Bdlgesinde yer alan bir orman yolunun st yapi
c¢alismalari incelenmistir. Calisma alaninda st yapi kalinhiklari, Gst yapi malzemesinin
serilisi, dagitilisi ve sikistiritimasindaki kullanilan teknikler ve st yapi yapildiktan
sonraki bir yil icerisindeki durumu incelenmis ve sonuclar ¢ikariimistir.

2. Materyal ve Metod

Calisma alani olarak, istanbul Orman Bélge Mudirligi biinyesinde bulunan
Bahcekdéy Orman isletme Midirligiu’ne bagl Sariyer Orman isletme Sefligi’nde bir
orman yolu secilmistir. Alanin secilmesinde g6z ©6nunde bulundurulan en 6nemli
Ozellik, yolun 15 yil once yapilmis ve hi¢c bakim gdérmemis ham bir orman yolu
olmasidir. Orman alani igerisinde 2700 m uzunlugunda, B tipi bir orman yolunun ist
yapisi yapilmistir.  Yolun genisligi 4 m ve hendek genisligi 1 m olarak
projelendirilmistir. Bélgenin edimi % 10-70 arasinda degisiklikler gostermektedir. Ust
yap! calismasinda Caterpillar marka bir kepge, Dynapa marka bir silindir ve cesitli
markalardaki kamyonlar kullantimistir.

Yapilan bu calismada, Oncelikle Ust yapi calismasi yapiimadan &nce yolun
mevcut durumu fotograflanmis ve incelenmistir. Yol gizergahindaki deforme olmus
alanlar, sanat yapilarindaki eksiklikler, dst yapi calismalari sirasinda dikkat edilecek
noktalar isaretlenmistir. Enkesitler alinarak bu enkesit noktalarinda yolun ti¢ béliminde
topragin sikisma orani 6lgiilmiustir. ikinci olarak, enkesit alman noktalarda bu kez,
serilen malzemenin kalinliklari 6lculmiustir. Malzeme kalinhiklari yaninda, malzemenin
serilme genislikleri de belirlenmistir. Uciincii ve son olarak, (st yapi calismalar
bitirildikten bir yil sonra ayni alana gidilerek yolun son durumu incelenmis ve (st
yapinin basari orani ortaya konmaya ¢alisiimistir.

3. Sonugclar

Yol tdzerinde alman enkesitler (lzerinde vyapilan penetrometre o&lgimleri
sonucunda tim yol boyunca yol yiizeyinin sikisma degerleri 5 kg/cm"’nin altinda
bulunmustur. Ust yapi calismasi yapildiktan sonra yapilan tim olgimler sonucunda
stkisma degderleri 5 kg/cnf’nin tzerinde ¢ikmistir. Yani orman yolunun dayanikliligi
Ustyapi ile arttirtimistir.

B tipi bu orman yolunda serilecek malzeme kalinligi ilk 800 metre igin 20 cm ve
geriye kalan 1900 metre icin 30 cm olarak planlanmistir . Malzeme serme genisligi 3 m
olarak belirlenmistir. Bu hesaplara gore serilecek malzeme miktari 2310 m3 olarak
bulunmustur. Yapilan dlgcimlerde, serilen malzeme kalinliklari ilk 800 metre igin
ortalama 19 cm, yolun geri kalan 1900 metresi icin ise ortalama 21 cm olarak
hesaplanmistir. Malzeme serme genisligi ise ortalama 3.85 m olarak ol¢ilmustir.
Ozellikle yolun ikinci kisminda serilen malzeme kalinhigi planlanandan yari yariya az
olmustur. Ustyapi malzemesinin serim isinin bir yikleyici ile yapilmasi nedeniyle,
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malzemenin serim kalinliklarinda ve genisliklerinde buyik farklar ortaya ¢ikmistir. Bu
durumda, malzemenin kaybi, yani ekonomik kayip anlamina gelmektedir.

4. Tesekkur

Bu calismaya yaptiklari yardimlarindan dolayr Orman Muhendisi Mahmut
FERHATOGLU’na, Orman Yik. Mihendisi Mustafa AKGUL’e, Orman Mihendisi
Feyza KARATAS’a, Dog. Dr. Abdullah E. AKAY’a ve Dog. Dr. Murat DEMIiR’e
tesekkir ederim.
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