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THE FOREWORD

Traditionally, for the eighth time now, the International Conference “Civil
Engineering – Science and Practice”, GNP 2022 gathers us aiming at
considering various topics and exchanging ideas of contemporary trends in
civil engineering, once again in beautiful Kolašin.

The previous conference GNP 2020 had to be finished one day earlier
than planned, due to the outbreak of COVID­19 pandemia. It has been
followed by two­year period of slow investment activities, not only in the
domain of civil engineering, and rapid ICT development. One of the aims of
GNP 2022 is to contribute to the change of the current economic situation
and, consequently, to the evolution of construction sector, through innovation,
research, discussions and exchange of views.

GNP 2022 Proceedings collects 126 papers of 290 authors. Much higher
number of conference participants, from 26 countries of Europe and beyond, give
their precious contribution to GNP 2022, not only through writing, but also
through other forms of active participation, such as paper reviewing and
presentation, personal presence or online lecturing, significant support of sponsors
and friends from Montenegro and abroad. We are grateful to all these colleagues
and companies/institutions for enabling this GNP conference to be as it is.

Special thanks for all support and assistance in GNP 2022 realisation to
the co­organiser – Engineers Chamber of Montenegro, Chamber of Civil
Engineers.

We do hope discussions and presentations from GNP 2022 will be an
additional incentive to advance the future of construction, in function of peace
and progress of humanity. 

Podgorica, March 2022 GNP 2022 ORGANISING COMMITTEE
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PROCESS OF DESIGNING AN ACCESS ROAD AND A WINDMILL 

PLATEAU IN BOGDANCI 

Abstract  

Many countries invest heavily in wind energy to tackle climate change and secure energy 

supplies. It is a clean source and becomes more cost-effective with technological advancement 

and increased capacity per unit installed.  

Wind energy as a power source is an attractive alternative to fossil fuels. However, wind farms 

are typically constructed in undeveloped rural areas with challenging topography. In addition, 

the lack of a road network leading to the site and within the site itself poses significant 

challenges to the planning of wind farm construction. Therefore, selecting the most appropriate 

access road route is essential in the overall planning of wind farm construction.   

This paper presents a comprehensive view of the design process and will focus on selecting 

access road routes to optimize the general wind farm construction. An integrated framework 

for wind farm design is presented, and the problem of optimal access road selection is 

highlighted. Finally, a numeric example is shown, including conclusions, limitations, and 

suggestions for future research. 

Keywords 

Access road, windmill, construction process, basic design, road network, road design. 
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1.  INTRODUCTION 

Wind energy is one of the most relevant renewable energy systems. However, planning and 

constructing a wind farm becomes increasingly complicated. Regulation on distance, acoustic 

emission, shadow flicker, and bird strike prevention increases the degree of complexity. This 

results in fewer and less available locations.  

The optimization of wind farms deals with many different challenges and restrictions. One 

example is access to a wind turbine or wind farm. Access roads are determined to be 3 % of the 

initial investment costs [1, 2]. Those roads must be passable at all times.  In some cases, the access 

roads need to be constructed, especially for the wind farm, resulting in an increased investment cost. 

An optimal layout of a wind farm's access roads consists of straight roads connecting the 

turbines directly and an existing road network. Nonetheless, the curvature of the roads and 

construction sites of the wind turbine must be considered to use the access roads fully. This has 

been understood and researched.   

This paper aims to investigate the influence of access roads on a wind farm layout 

optimization with minimal Levelled Cost of Energy (LCOE). Placing the wind turbine closer to 

existing roads or closer to each other leads to reduced road investment cost while the Annual 

Energy Product (AEP) is reduced. Consequently, the access roads are introduced as an additional 

aspect during the optimization. Furthermore, the access roads are designed such that it is possible 

to construct the wind turbines simultaneously while no construction site obstructs another one. 

This paper is presented by developing a new road network while optimizing the layout. 

2.  GENERAL PROJECTS DETAILS  

The research subject is the technical documentation for an access road for heavy goods 

vehicles that will enable connection from the existing local road Stojakovo - Bogdanci with the 

locations where the windmills will be installed. 

 

Figure 1. Location of the access road 



GNP 2022 

 

629 

During the preparation of the basic design, topographic maps in scale R = 1:25 000 and a 

base obtained by the tachymetric recording of the existing condition were used as design bases. 

The recorded geodetic base is made on a scale of R = 1: 1000, on which the actual field condition 

is defined. During the field shooting, a wider band is covered concerning the foreseen contents, 

which will enable possible changes during the design. 

Objects of this character as objects with application in various and specific conditions do 

not have strict regulations regarding the border elements. Instead, the geometric characteristics of 

the route are defined according to the needs and requirements determined by the Investor. The 

minimal applied radius of the curves on the access road is Rmin = 55m. The longitudinal inclination 

of the levels is in the range of 0.5% to 13.0%. 

Typical cross-sections of the road have fixed width, and they are with the following 

dimensions: 

- Road lane……………………………2 х 2.5 = 5.0 m 

- Shoulder……………………………. 2 x 0.5 = 1.0 m 

 Total:                                                                 6.0 m 

 

Figure 2. Typical cross – section in side cut 

The embankment is planned to be constructed with a slope of 1:2. On steep slopes of 12%, 

the shaping of the hull would be performed with an auxiliary embankment (next to the scissors of 

the main one) with a crown width of 3.0 m (sufficient for the initial installation of the 

mechanization). The embankment would usually take place on the side of the main hull. After 

obtaining the width for filling in the main embankment greater than 3.0 m, the auxiliary 

embankment would be removed. The material from it would be used for the primary embankment. 

The applied road structure will mainly serve only for securing the hull of the road during 

the delivery of the equipment for the construction of the windmills. 

The adopted road construction is as follows: 

- Base course from stone crushed material……………. d = 35 cm  

2.1. LAYOUT PLAN AND LONGITUDINAL PROFILE OF THE ROAD 

For a definite horizontal and vertical shaping of the route, geodetic surveys were done on 

an updated geodetic base M 1: 1000, which provides accurate data on the micro-location of the 

route. Therefore, the immediate withdrawal and construction of the road axis is a function of the 

limitations and conditions offered by the terrain in which it is traced. 

During the design process of the layout plan, the recommendations of the equipment 

supplier are taken into consideration, as follows: 
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1. Dead-end roads are constructed or locations where loaded transports must turn around 

prior to delivery to the Installation Area. Turning Areas are required to avoid reverse 

driving. The turning areas for cranes and unloaded trucks are also considered. 

2. Roads and junctions are designed to allow component deliveries from one direction; 

however, they also allow for access from both directions for crane relocation purposes. 

Therefore, Crane relocation vehicles can travel directly between each Hardstand. If not, 

mitigation methods must be mutually agreed upon.  

3. Offloading the nacelle with self-offloading transport equipment may require that the Site 

Road be extended 35 m beyond the end of the Hardstand.The route is guided towards the 

zeroterrain line, ensuring that it at least enters the private plots. 

During the levelling, fixed points are accepted as beginning parameters, such as the local 

road Stojakovo - Bogdanci and the endpoints of the location, the plateau of the windmills. 

When choosing the elements of the layout plan, it is considered that the route is maximally 

integrated into the terrain configuration along its entire length. 

The selected radii of the horizontal curves were made by the Investor's recommendations 

and the catalogue for specific terrain conditions. 

 

Figure 3. Layout plan with horizontal curves 

Four crossroads have been organized on the entire wind farm for the roads, which are also 

turning points for blade delivery trucks. In addition, at a minimum distance of about 2 km, niches 

have been designed to allow the pass of heavy trucks for uninterrupted traffic. 

 

Figure 4. Layout plan of plateau 
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The plateau formation is designed according to the Contractor's needs and the construction 

organization. Four auxiliary cranes should be installed for installing the leading crane and storage 

space for the windmill blades. 

The longitudinal slopes are within the allowed limits according to the valid regulations for 

road design, i.e., from 0.5% minimum for drainage to a maximum of 13.0%. 

The radiuses of the vertical curves along the whole section are within allowed limits 

according to the catalogue for specific terrain conditions for road design and range from Rmin = 

600m to Rmax = 25,000m. 

Special consideration has been taken to avoid supporting structures when defining the 

longitudinal slopes. 

2.2. RELEVANT DESIGN VEHICLES 

The geometric elements in the design are made depending on the dimensions of the relevant 

vehicles that will deliver the equipment: 

- Heavy freight vehicle with trailer and dimensions 78.0 x 2.5 m and a turning radius R = 

55.0 m 

- Heavy freight vehicles with a trailer and dimensions 18.0 x 2.5 m and a turning radius R 

= 12.0 m. 

 

 
 

 

Figure 5. Overall length of vehicle 

2.2.1. Passability check for relevant design vehicles 

Due to the significant length of the relevant vehicles, it was necessary to check the 

passability of the vehicle along the designed access road and plateau. 

The analysis was made by applying a track curve, which established that the defined design 

elements in a layout plan and longitudinal profile provide adequate passability of the vehicle. 

The pictures below show the locations along the route with border elements in a layout plan 

with the position of the relevant vehicle in motion. 

In the place where the vehicle gauge exits from the road, the slopes must be racked in the 

scope so that there is no gap between the stomach of the vehicle and the existing ground. 
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Figure 6. Maps satellite image for passability check with tire tracks of tractor and trailer 

 

Figure 7. Maps satellite image for passability check with area covered by vehicle combination 

2.3. DRAINAGE 

A hydrological analysis was made for the planned location according to the current location 

precipitation, and the types and positions of the culverts were defined from it. 

For the most part, the road's route is guided along the ridge of the hill. For that reason, there 

are no large catchment areas, which results in the need for pipe culverts with a diameter of Ø300 to 

Ø600. 

Due to the culverts' easier maintenance (cleaning), they are all standardized on diameter 

Ø1000. 

The small number of vehicles planned to move on the road allows pouring surface water into the 

excavation and discharging it when the profile is in the embankment. This overflow of water along 

the road is allowed on sections with a maximum length of 50 m. In places where longer sections of 

50 appear in the excavation, the application of trapezoidal ditches with a bottom width of 35 cm is 

mandatory. 
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Figure 8. Pipe culvert Ø1000 in vertical section and base 

2.3. QUANTITIES 

The quantities determined for the roads are calculated with a standard procedure using the 

Trapezoidal Method, which is based on the assumption that the mid area of a pyramid is half the 

average area of the ends. The determination of the volumes in the part of the plateau is made by 

subtracting the benchmark area (terrain) concerning the projected area (bed and slopes). By 

calculating the volumes for the plateau, as the most significant quantities to be calculated, the areas 

for excavation or embankment in layers can be defined. This way of presenting the surfaces 

enables a more precise construction organization. It can be specified in layers as far as it 

corresponds to the available mechanization of the contractor. 

 

Figure 9. Graphic representation of volumes for plateau 2 
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3.  CONCLUSION 

We go beyond the standard tracing method by designing this type of road. Instead, the road 

elements are conditioned by the defined relevant vehicle, the terrain configuration, and the 

construction organization. 

This way of designing and organizing a construction site can be applied for a significantly 

lower volume of construction activities and a significantly lower traffic volume. Although the 

relevant traffic here is minimal, it still significantly influences the choice of structural elements. 

This proves that even the seemingly easy macadam road should be designed at the highest level. 

When designing and constructing access roads to a wind farm, the cost of the distributed 

equipment should also be considered as it significantly complicates the project. Any mistake made 

by the route designer can result in significant distribution problems, which may eventually cause 

millions of unforeseen costs (an impossibility for free maneuvers of the vehicle, damage to the 

equipment - blades, windmill body, turbine, etc.). 
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