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Abstract — Nacrtak

Forest roads should be in a condition to bear traffic load at every moment. They can endure
traffic load only if their dimensions are within the limits prescribed. The dimensions of forest
roads depend on: the soil type, category of forest road, and vehicles that use them. In this paper,
forest roads constructed on two types of substrates (terrain category 3 and 4; Proti¢ 1970)
were observed, and dimensions of horizontal and vertical alignments of forest roads were de-
termined. According to the results of this research, it was concluded that the state of forest
roads is satisfactory in terms of traffic. However, it is necessary to pay attention to longitudi-
nal slope of forest road carriageway and cross slope of carriageway in the curves that depend
on the longitudinal slope of carriageway and radius of horizontal curve.

Keywords: forest roads, horizontal and vertical alignments, longitudinal slope, cross slope of

carriageway

1. Introduction — Uvod

Forest roads make forests permanently accessible,
and they change forests for a long time or forever. Con-
struction of forest roads is the biggest project in the
forest and allows for sustainable management of this
natural resource. Forest roads are arteries in a modern
forest, but also leave scars on the forest soil (land-
scape).

Forest roads are planned, designed, constructed
and maintained facilities in the forest. The forest road
is a formation in the forest, and it consists of:

= longitudinal profile or a vertical section in the
road centerline;

= cross profile or cross section perpendicular to
road centerline and;

= layout of forest road (Jelici¢ 1983).

The basic element of longitudinal profile is the
roadway longitudinal slope (%). It depends on many
factors: type of forest road, type of vehicle that will be
used, transport direction, soil on which a road is built,
allocation of forest road, traffic load, rainfall, etc. Cross
section is made in the station points of the forest road
center line. Cross section of forest roads consists of:
roadway, cut and fill slopes, shoulders, carriageway
and drainage ditch.

Roadway consists of the carriageway width and the
width of two shoulders. Forest roads are single-lane
roads with minimum carriageway width of 3 m (Jelic¢i¢
1983).The cross slope of forest roads carriageway is one
of the major elements of surface drainage, particularly
in the sections of forest roads with small longitudinal
slope. The value of the cross slope depends on: the for-
est road longitudinal slope, elements of forest road lay-
out, radius of horizontal curves, type of material a car-
riageway is constructed of, surface roughness, as well
as other factors. The type of drainage ditches depends
on the type of soil. The slope of cut and fill slopes de-
pends on the type of soil and height of slopes.

The elements of a forest road layout are lines and
curves. The line is a part of forest road in where a ve-
hicle does not change its driving direction. The curve is
a part of forest road where a vehicle changes its driving
direction for the central angle of a circular curve. Radius
is the main element of the curve. The curve radius (R)
should be larger from the perspective of driving safety
and higher driving speed; and however, the cost of the
road construction should also be taken into account.

Standard tree clearance width shall be a minimum
of 15 m. Formation (road foundation) is the area be-
tween the usable limits of earthworks. Formation
(roadway) width can be between 4 and 7 m. Carriage-
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Slika 1. Normalni poprecni profil

way width ranges from 3.4 to 4 m. Cross slope of the
carriageway should be from 4 to 6.7%. Longitudinal
slope of the forest road surface ranges from 1 to 10%
in the straight sections and 8.3% in the forest road
curves. The minimum radius of forest road curves is
20 m and naturally a larger radius should be used
where possible considering physical and economic
factors (Rayan et al. 2004).

The minimum longitudinal slope of forest road
surface is 2%, and maximum longitudinal slope is 12%
on compacted rock-surfaced roads. The minimum ra-
dius of horizontal curves is 50-60 feet (15-18 m) at the
lowest vehicle speeds. Roadway (subgrade) width
ranges from 14 to 16 feet (4-5 m), and carriageway
(road surface) width is 12 feet (3.7 m). Carriageway
widening (off-tracking) on curves is a function of the
curve radius, curve deflection angle, and vehicle con-
figuration. Log truck off-tracking on 60 foot (18 m)
horizontal curve radius depends on the deflection
angle (30-160 degrees) and can be 2-5 feet (0.6-1.5 m)
(Kramer 2001).

Longitudinal slope of forest road surface ranges
from 12% to 15%. Carriageway width is 3.5-4 m for
single-lane roads and 5-7 m for double-lane roads.
The minimum radius of horizontal curves is 15 m. The
inclination of cut slopes is 3/4:1 (0.75:1), and of fill
slopes 11/2:1 (1.5:1). Cross section slope of the carriage-
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way ranges from 3 to 5% for longitudinal slope of for-
est road surface (Keller and Sherar 2003).

When determining the road design standard, the
following factors are evaluated:

= volume of traffic that will use the road at any
given period of time and that will be expected
to use the road over its duration;

= type of vehicles that will use the road;

= topography and soils where the road will be lo-
cated;

= duration of use (permanent, temporary, season-
al, or year around);

= public use of the road;

= sensitive natural resources that may be affected
by the road;

= future road maintenance requirements.

Design Standards for Collectors are permanent
roads that access multiple logging units and may re-
ceive moderate use by the public during some parts of
the year. Roadway width is 16 to 20 feet (5-6 m), and
carriageway width should be 12-16 feet (3.5-5 m).
Road carriageway is made of crushed rock. The mini-
mum radius of the curve is 60 feet (18 m) plus curve
widening. The longitudinal slope of the forest road
surface is usually under 18% (12% max) (Forest Road
Design 2006).
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The studies done in 2009 in the Forest Management
unit Prosara, on the example of deep soils (terrain cat-
egory 3; Proti¢ 1970), in the hilly area, showed that the
average carriageway width was 3 m, average cross
slope of the carriageway was 2.7%, and the longitudi-
nal slope of the carriageway was 4.3% (Petkovi¢ 2010).

The research was intended to indicate the state of
forest roads from the aspect of dimensions of their
horizontal and vertical alignments. It should also point
to the problem of the lack of an official manual for
regulating this part of the forestry profession.

2. Aim of research - Cilj istraZivanja

This paper should determine the dimensions of
forest road elements in the chosen Forest Management
Units of »Prosara« and »Potoci-Resanovaca«. After
that, the obtained dimensions of forest roads should
be compared between the selected sections of the same
forest management unit and the two selected units.
These units have different types of geological origin
and soils. There are deep and soft soils in the Forest
Management unit »Prosara« (hilly area), and shallow
and hard soils in the Forest Management unit » Potoci-
Resanovaca« (mountainous area).The results of the
research will be compared to the dimensions of forest
roads determined by other authors.

3. Object of research — Objekt istraZivanja

3.1 Forest Management Unit »Prosara«
Gospodarska jedinica »Prosara«

This management unit is located in the mountain
»Prosara« in the north of the Republic of Srpska and
Bosnia and Herzegovina in the area of the municipal-
ity of Gradiska. It is managed by the Forest Adminis-
tration »GradiSka«. The average altitude of this man-
agement unit ranges from 103 to 357 m, and hence this
is a hilly area. Geological substrate is made of silicate
rocks. On this geological substrate, deep and acid soils
are developed and their depth is more than 70 cm (ter-
rain category 3; Proti¢ 1970). Forest and forest land
cover an area of 3 980 ha. High productive forests with
natural regeneration cover the biggest area of 3 449.4 ha.
Those are the forests of European beech and sessile
oak. Coppice forests cover an area of 169.6 ha, and
forest plantations cover an area of 279.9 ha. Areas suit-
able for forestation cover 74.4 ha, and areas unsuitable
for forestation cover 7.3 ha. The length of public roads
is 4 km, and the length of forest roads is 34.9 km. The
average road density is 7.8 m/ha (Javno preduzece
$umarstva »Sume Republike Srpske« a.d. Sokolac
2013).
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3.2 Forest Management Unit
»Potoci — Resanovaca«
Gospodarska jedinica »Potoci—-Resanovaca«

This management unit is managed by the Forest
Administration »Ribnik«. It is located in the northern
part of the Republic of Srpska in the area of the mu-
nicipality of Ribnik. The altitude of this management
unit ranges from 695 m to 1 620 m, and hence this is a
mountainous area. Geological substrate is made of
limestone or dolomite. On this foundation, shallow
and depth limestone soils are developed and their
depth ranges from 30 to 75 cm with stones and rocks
on the surface (terrain category 4; Proti¢ 1970). Total
forest area is 5 437.6 ha. High productive forests with
natural regeneration cover an area of 5 161.6 ha. Those
are the forests of European beech, Norway spruce and
European silver fir. Coppice forests cover an area of
56.9 ha, and forest plantations cover an area of 62.4 ha.
The total length of roads is 85.75 km. Forest road den-
sity is 13.9 m/ha (Javno preduzece Sumarstva »Sume
Republike Srpske« a.d. Sokolac 2000).

4. Methods — Metode rada

4.1 Collecting data on the field — Prikupljanje
terenskih podataka

Forest road network was recorded by GPS GAR-
MIN GPSMAP 62st. It was divided in sections of 300 m.
By the method of random selection, 5 sections of forest
roads were selected in the Forest Management Unit
»Prosara« and »Potoci—-Resanovaca«. Then, the select-
ed sections were found on the field by GPS. These sec-
tions were marked on the field and points were set up
for each 10 m, and three points were selected in the
curves, the beginning of the curve (PK), the middle
of the curve (SK) and the end of the curve (KK). The
following parameters were measured in each point:
roadway width B, carriageway width b, cross slope of
carriageway i, (%), slope of cut and fill slopes 1:u and
1:n, ditch depth and width, and distance between tree
crowns (clearing width). Longitudinal slope of the
road I (%) was measured between each point. Width
and distance between the points were measured by the
measuring tape. The slope was measured by the incli-
nometer.

In each curve, the beginning of the curve (PK) was
measured as well as the middle of the curve (SK) and
the end of the curve (KK). Then the distance was mea-
sured from the beginning of the curve (PK) to the end
of the curve (KK). Half of this distance was the value
x, and the distance from this point to the middle of the
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Fig. 2 Measurements of x and y value
Slika 2. Postupak izmjere veli¢ina x i y na terenu

curve (SK) was the value y (Fig. 2). The radius of the
curve is calculated by the formula:

R=x2/2y
Legend:
R —radius of the curve m,

x —value m, half of the distance from the be-
ginning to the end of a curve,

y — value m.

In 5 selected sections of forest roads, 107 cross sec-
tions were set up in Forest Management Unit »Prosa-
ra«, and 83 cross sections in Forest Management Unit
»Potoci-Resanovaca«, where the above mentioned
measurements were carried out.

4.2 Processing of collected data — Obrada
prikupljenih podataka

The collected data were processed by Microsoft
Excel, and maximum, average and minimum values
of horizontal and vertical alignments of forest roads
were obtained. The results are presented in figures
below. These results are compared to domestic and
international regulations concerning forest roads.
Hence, some conclusions should be made about the
current state of forest roads, and measures should be
recommended for improving the state of forest roads.

5. Results — Rezultati

The average roadway width of forest roads in »Pro-
sara« is 4.3 m and the carriageway width is 2.7 m. The
average cross slope of the carriageway i, is 3.3%, and
the road longitudinal slope is 6.2%. The road longitu-
dinal slope of some sections of forest roads is 14%. The
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Fig. 3 Average width of roadway and carriageway of forest roads
Slika 3. Prosjecna Sirina planuma i kolnika Sumskih cesta

maximum allowed longitudinal slope on deep soils of
a road is 8% (10%) and it should be in the transport
direction (Jeli¢i¢ 1983).The average cut slope is 1:1.4
and fill slope is 1:2.2. The selected sections of forest
roads are divided into curves and lines and 21 curves
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Fig. 4 Cross and longitudinal slope of forest road carriageway
Slika 4. Poprecni nagib kolnika i uzduZni nagib nivelete Sumskih
cesta
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are located. The average radius R is 110 m, and mini-
mum radius of a curve is 15 m. Six curves of forest
roads have the radius less than 60 m, and the carriage-
way widening on the curve (off tracking) should be
calculated.

The average width of roadway and width of car-
riageway is larger on the curves than on the lines of
forest roads. This is normal because of carriageway
widening on the curves whose radius is less than 60 m
(Fig. 3).

Longitudinal slope of forest road carriageway is
higher on the lines than on the curves. The cross slope
of the carriageway is higher on the curves than on the
lines of forest roads (Fig. 4). Longitudinal road slope
and cross slope of the road carriageway are inverse;
the higher the road longitudinal slope, the lower the
carriageway cross slope. On the curves, the carriage-
way cross slope depends on the radius and road lon-
gitudinal slope. The radius and cross slope of the car-
riageway on the curves are inverse. However, on the
curves of forest roads in Forest Management Unit
»Prosarac, the carriageway cross slope increases with
the increase of the radius of the curve (Fig. 5).

Randomly selected sections are 14, 29, 36 and 50
years old, and on each section the distance between
the crown of the trees above the forest roads or clear-
ing width is determined. The average distance be-

N < 8% longitudinal slopel of carriageway (current)
< 8 % nagib nivelete (postojeci)

[ < 8% longitudinal slopel (prescribed)
< 8 % nagib nivelete (propisani)

Cross slope of carriageway, % - Poprecni nagib kolnika, %

40-60 20-40 <20
Radius of the curves, m — Radijus krivina, m

Fig. 5 Dependence of the carriageway cross slope on radius and
carriageway longitudinal slope of the curve

Slika 5. Utjecaj poprecnoga nagiba kolnika na radijus horizontalnih
krivina i uzduzni nagib nivelete

V. Petkovic¢ et al.

Clearing distance, m — Sirina svijetlog profila, m

14 29 36 50
Age, years — Starost, godine

Fig. 6 Dependence of clearing width on the age of forest roads
Slika 6. Ovisnost Sirine svijetloga profila o starosti Sumskih cesta

tween crowns is 5.6 m. This width should be reduced
over time, but this is not the case with forest roads in
Forest Management Unit »Prosara«. However, the cur-
rent distance between the crowns is a result of forest
roads maintenance, more precisely of removal of the
fallen trees over the road due to bad weather condi-
tions and trees fallen by the roadside (Fig. 6).

Forest roads are constructed on terrain category 4
(Proti¢ 1970) in Forest Management Unit »Potoci—
Resanovaca«. The average roadway width is 4.5 m,
and carriageway width is 3 m. The average forest road
longitudinal slope is 2.8%, and the carriageway cross
slope is 3%. The maximum measured longitudinal
slope of a forest road is 8%. The maximum allowed
longitudinal slope of a forest road is 14% in this terrain
category. The average slope of the cut slope is 1:1.7,
and of fill slope 1:0.9. The selected sections of forest
roads are divided into the curves and lines, and 21
curves are located. The average radius (R) of curves is
140 m, and minimum radius is 20 m. The roadway
width and the carriageway width of forest roads are
larger on the curves than on the lines because of the
carriageway widening on the curves, whose radius is
less than 60 m (Fig. 7).

The forest road longitudinal slope and cross slope
of the carriageway are higher on the curves than on
the lines. They are higher than the average value of
road longitudinal slope and cross slope of the carriage-
way (Fig. 8).
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Fig. 7 Width of the forest road roadway and carriageway
Slika 7. Sirina planuma i kolnika Sumskih cesta
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Fig. 8 Cross and longitudinal slope of the forest road carriageway

Slika 8. Poprecni nagib kolnika i uzduzni nagib nivelete Sumskih
cesta

The carriageway cross slope and radius are not in-
verse on the curves of forest roads of »Potoci—-Resano-
vaca«. The value of the cross slope is lower than the
one prescribed by Jelic¢i¢ (1983) (Fig. 9). The carriage-
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I < 8% longitudinal slopel of carriageway (current)
< 8 % nagib nivelete (postojeci)

[0 < 8% longitudinal slopel (prescribed)
< 8 % nagib nivelete (propisani)

Cross slope of carriageway, % — Poprecni nagib kolnika, %
S

40-60 20-40 <20
Radius of the curves, m — Radijus krivina, m

Fig. 9 Dependence of the cross slope of curve carriageway on the
radius and longitudinal slope of the curve

Slika 9. Utjecaj popre¢noga nagiba kolnika u krivinama na radijus
harizontalnih krivina i uzduZni nagib

way cross slope is 3.1% on the curves whose radius is
larger than 60 m.

The ditches are full with stones, earth, leaves and
other parts of trees and they cannot absorb the rainfall
from the road. There is no clear border between the
surface of forest roads and ditches.

Data on the age of forest roads in »Potoci-Resano-
vaca« are unknown, and therefore no conclusion can
be made about the influence of the age on the clearing
width. According to information obtained by the Fo-
rest Administration of »Ribnik, in this area most fo-
rest roads were built in the 70s and 80s of the last cen-
tury. The average clearing width of these forest roads
is 4.3 m. Apart from the age, clearing width above fo-
rest roads also depends on: terrain and site conditions,
frequency of maintenance of forest roads, distance
between forest road sections and public road, and traf-
ficload. According to Fig. 10, the distance between tree
crowns above forest roads is smaller in the sections
that are further away from the public roads.

6. Discussion and conclusions — Rasprava
i zakljucci
The results of this research show that the average

width of the roadway and carriageway is larger on
harder than on softer soil. The roadway width should
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Fig. 10 Dependence of clearing width on the serial number of se-
lected section, i.e. its distance from the starting point of forest road
Slika 10. Utjecaj Sirine svijetloga profila na redni broj odabrane
dionice, odnosno na udaljenost dionice od pocetka Sumske ceste

be 4 to 6 m, and it means that the average width of 4.3
to 4.5 m in »Prosara« and »Potoci—-Resanovaca« meets
the set standards. According to Pi¢man (2007), road-
way width of forest roads should be 5 to 7 m. Roadway
width can be 4 to 7 m, according to Ryan et al. (2004),
or 4 to 5 m (Kramer 2001), and 5 to 6 m (Forest Road
Design 2006). Roadway width of forest roads should
be larger on deep than shallow soils, due to smaller
capacity of deep soils.

The average carriageway width of forest roads is
2.7 m on deep soils, and 3 m on shallow soils. The car-
riageway width of forest roads should range from 2.8
to 3.4 m (Potocnik, 2004). Butulija (2000) recommend-
ed the carriageway width of 3 m. According to Picman,
the carriageway width of forest roads should be 3.5 to
5 m (Pi¢man 2007), and according to Rynet 3.4 to 4 m
(Ryanet al. 2004), 3.7 m according to Kramer (2001), 3.5
to 7 m according to Keller and Sherar (2003) and 3.5 to
5 m (Forest Road Design 2006). Therefore, the average
carriageway width of the selected sections of forest
road is acceptable, but again it should be stressed that
it should be larger on deep soils in order to distribute
the traffic load over a larger area.

From the point of maintenance, the ideal forest
road longitudinal slope is from 2 to 4%. The maximum
allowed downhill slope in the transport direction is
from 8 to 12%, maximum 14%. The maximum allowed

V. Petkovic¢ et al.

uphill slope in the transport direction ranges from 3 to
5%, maximum 7%. The maximum longitudinal slope
of forest roads on deep soils is 8%, maximum 10%. The
maximum allowed longitudinal slope of forest roads
can range up to 12%, maximum 14% on shallow and
hard substrates (Poto¢nik 2004). The maximum longi-
tudinal slope of forest roads ranges from 8% to 10%,
maximum 12% in extreme cases (Pi¢man 2007). Lon-
gitudinal slope of forest road surface should be from
1 to 10% on straight sections and 8.3% on the curves
of forest roads (Ryan et al. 2004). The maximum lon-
gitudinal slope of road surface is 12% according to
Kramer (2001). Keller and Sherar (2003) recommended
the longitudinal slope of forest road surface from 12%
to maximum 15%. The maximum longitudinal slope
of forest road surface should be 12% for collector roads
(Forest Road Design 2006). The average longitudinal
slope of forest roads in Forest Management Unit »Pro-
sara« is 6% on deep soils, while the maximum mea-
sured amounts to 14%. These longitudinal slopes are
problematic because of the erosion risk on forest road
surface. In Forest Management Unit »Potoci—
Resanovaca« the average longitudinal slope of forest
roads surface is 3% on shallow soils, and the highest
measured is 8%. This longitudinal slope is in accor-
dance with the applicable standards and can be con-
sidered as ideal from the point of maintenance of for-
est roads.

On the lines and curves with the radius exceeding
60 m, the cross slope of macadam carriageway is about
3 to 4% (Jelici¢ 1983, Ac¢imovski 1997, Butulija 2000).
One-sided cross slope of macadam carriageway
should range from 2 to 4%. Depending on the longi-
tudinal slope of the forest road, the cross slope of roads
with macadam carriageway can be between 3 and 6%
(Potocnik 2004). The cross slope of the carriageway is
constructed as one-sided and two-sided. On the lines,
the carriageway is constructed with two-side cross
slope, while on the curves the carriageway is con-
structed with one-side cross slope directed to the
middle of the curves. It is applied on the lines to fa-
cilitate the maintenance of the road carriageway. On
the curves of radius less than 60 m, the value of the
cross slope ranges from 3 to 6% (Jelici¢ 1983, A¢imovski,
1997, Butulija, 2000). The cross slope of the carriage-
way on the curves should range from 5 to 7% (Poto¢nik
2004). The carriageway cross slope should be between
2 and 3% according to FAO (1998). The cross slope on
the lines of forest road carriageway should be from 3
to 4%. Cross slope on the curves of forest road car-
riageway depends on the radius and ranges from 3 to
6% (Pi¢man 2007). The carriageway cross slope should
range between 3 and 5% on longitudinal slope of forest
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road surface or less than 10% (Keller and Sherar 2003).
The average cross slope of the forest road carriageway
in Forest Management Units »Prosara« and »Potoci—
Resanovaca« is about 3%. The carriageway cross slope
on the curves of radius less than 60 m is not inversely
related to the radius. On average, the carriageway
cross slope on curves is about 3% in Forest Manage-
ment Unit »Potoci-Resanovaca«, and 4% in Forest
Management Unit »Prosara«. The cross slope of forest
road carriageway in these two Forest Management
Units is in accordance with standards, and in the
curves it should be aligned with the radius of the
curve.

The average radius of horizontal curves of forest
roads is from 110 to 140 m in Forest Management
Units »Prosara« and »Potoci—-Resanovaca«. The mini-
mum radiuses range from 15 m in Forest Management
Unit »Prosara« to 20 m in Forest Management Unit
»Potoci—-Resanovaca«. The minimum radius of the
curves is 8 m for 12 m long trucks and 12 m for 18 m
long tracks (Ac¢imovski 1997). The minimum radius of
horizontal curves is 20 m (Butulija 2000). The mini-
mum radius of horizontal curves depending on the
possibility of turning of typical vehicles (truck, trailer,
etc.) should be 15 m (Potoc¢nik 2004). The minimum
radius of horizontal curves is 20 m according to Ryan
et al. (2004). Kramer (2001) recommended the mini-
mum radius of horizontal curves of 50 to 60 feet or 15
to 18 m. According to Keller and Sherar (2003), the
minimum radius of horizontal curves should be 15 m.
The minimum radius of curves is 60 feet (18 m) accord-
ing to Forest Road Design (2006). Thus, the minimum
radiuses of curves of forest roads are in accordance
with the recommendations of the above mentioned
authors.

The slope of cut and fill slopes depends on: catego-
ry of soils, material used to build levees, slope height,
terrain cross slope and other factors. The average slope
of cut slopes is 1:1.4, and of fill slope 1:2.2 on deep soils
of Forest Management Unit »Prosara«. The average
slope of cut slopes is 1:1.7, and of fill slope 1:0.9 on
shallow soils of Forest Management Unit »Potoci—
Resanovaca«. The slope of cut and fill slopes for an
ordinary ground should be 1:10r1:1.5, and for com-
pacted soils with stones 2:1, 1:1.3 and 1:1.5, respec-
tively (Jelici¢ 1983). According to Ac¢imovski (1997),
the slope of cut and fill slopes for ordinary and sandy
soils are 1:1 and 1:1.5. The slope of cut slopes of rocky
substrates should be 1:0, 1:0.2, 1:0.5 or 1:0.75, and of fill
slopes 1:1 or 1:1.25. The slope of cut slopes is 3/4:1
(0.75:1), and of fill slopes 11/2:1 (1.5:1) (Keller and
Sherar 2003). According to this, the slope of cut and fill
slopes in the observed sections of forest roads are

Horizontal and Vertical Alignments of Forest Roads (79-87)

milder than prescribed except the slope of fill slopes
on shallow soil in Forest Management Unit »Potoci-
Resanovacax.

Finally, it can be concluded that the dimensions of
horizontal and vertical alignments of forest roads are
in accordance with the standards for forest roads, and
that they are able to carry the traffic load. Further re-
search should be focused on the synchronization be-
tween the cross slope of the carriageway on the curves
and the radius of the curves. Then attention should be
directed to the prevention of erosion of the forest road
carriageway in Forest Management Unit »Prosara« as
much too often the forest road surface has an extreme-
ly high longitudinal slope. The roadway and carriage-
way width of forest roads on deep soils should be
larger than on shallow soils in order to distribute traf-
fic load over a larger area. However, the construction
of such forest roads and greater care for the environ-
ment require more financial resources.

These results show the state of technical character-
istics of forest roads in these two management units
as well as in the whole Republic of Srpska. There are
no significant differences between standards for forest
roads in the mentioned references. These recommend-
ed standards must be used for making the Manual for
planning, design, construction and maintenance of
forest roads at the national level.

7. References — Literatura

Aéimovski, R., 1997: Sumska transportna sredstva. Mini-
starstvo za prosvetu Vlade Republike Srbije, Beograd.

Anon., 2009: Pravilnik o izradi projekta za Sumske komuni-
kacije. Sluzbeni glasnik Republike Srpske, br. 60/09.

Anon., 2000: Javno preduzece Sumarstva SUME REPUB-
LIKE SRPSKE. Sumsko privredna osnova za Klju¢ko Sumsko
privredno podrudje Sokolac.

Anon., 2012: Javno preduzece Sumarstva SUME REPUB-
LIKE SRPSKE. Sumsko privredna osnova za Posavsko
sumsko privredno podrudje. Sokolac.

Butulija, S., 2000: Projektovanje Sumskih puteva direktnom
metodom (praktikum). Srbija Sume — Institut za Sumarstvo,
Beograd.

FAQ, 1998: Manual for the Planning. Design and Construc-
tion of Forest Roads in Steep Terrain.

Forest Road Design, 2006. Available on <http://www.oregon.
gov/odf/state_forests/docs/management/roads_manual/
rmsec3-design.pdf> (Pristupljeno 17. 3. 2014.)

Jelici¢, V., 1983: Sumske ceste i putevi. Samoupravna interes-
na zajednica odgoja i usmjerenog obrazovanja Sumarstva i
drvne industrije SR Hrvatska, Zagreb.

86

Nova meh. Sumar. 35(2014)



Horizontal and Vertical Alignments of Forest Roads (79-87)

Keller, G., Sherar, J., 2003: Low-volume roads engineering.
Best management practices field guide, US Agency for In-
ternational Development (USA ID).

Kramer, W. B., 2001: Forest road contracting, construction,
and maintenance for small forest woodland owners. Re-
search contribution 35, Oregon State University, College of
Forestry, Corvallis.

Petkovi¢, V., 2010: Ostecenja i sanacija Sumskih puteva na
podrudju Gazdinske jedinice »Prosara«. Sumska uprava
»Podgradci«, Master rad, Univerzitet u Beogradu, Sumarski
fakultet, Beograd.

Sazetak

V. Petkovic¢ et al.

Pi¢man, D., 2007: Sumske prometnice. Sumarski fakultet
Sveucilista u Zagrebu.

Potocnik, 1., 2004: éurrlske komunikacije. Predavanja, Uni-
verzitet u Banjoj Luci, Sumarski fakultet, Banja Luka.

Proti¢, B., 1970: Prosecne gradevinske masinske norme, Ni-
skogradnja, GN 200. Gradevinska knjiga, Beograd.

Ryan, T., Phillips, H., Ramsay, J., Dempsey, J., 2004: Forest
Road Manual. COFORD, Ireland.

Horizontalni i vertikalni konstruktioni elementi sumskih cesta

Sumske ceste trebaju biti u takou stanju da u svakom trenutku mogu prilvatiti prometno opterecenje vozila koja
se njima krecu. Da bi izdrZale prometno opterecenje, dimenzije sumskih cesta moraju biti u granicama propisa. Di-
menzije konstruktivnih elemenata Sumskih cesta ovise o brojnim Cimbenicima, a neki od najznacajnijih jesu: kate-
gorija terena (gradevinska kategorija materijala) na kojem su sumske ceste izgradene, primarna funkcija Sumske ceste,
odgovarajuce vozilo koje ée Sumskom cestom prometovatiisl. U radu su istraZene Sumske ceste izgradene na razlicitim
kategorijama terena (IIL. i IV. kategorija materijala prema Proti¢u 1970) te su utvrdene dimenzije konstruktionih
elemenata sumskih cesta u horizontalnom i u vertikalnom pogledu. Zakljucuje se da istrazene Sumske ceste mogu
prihvatiti prometno opterecenje, ali u buducnosti treba usmjeriti pozornost na najvece nagibe nivelete te na poprecni
nagib kolnika u horizontalnim krivinama (koji ovisi o nagibu nivelete i radijusu horizontalne krivine).

Kljucne rijeci: sumske ceste, horizontalni i vertikalni konstruktivni elementi, uzduzni nagib nivelete, poprecni

nagib kolnika
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