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Abstract: Forestry intensification requires the construction of new forest roads and quality maintenance of the existing forest-road 
system. The powerful modern equipment used for forestry processes mechanization puts new requirements on the pavement of the 
constructed roads but also on their maintenance in good technical condition. Therefore, new roadway requirements are imposed in 
terms of road pavement and maintenance, i.e. there are new requirements regarding the operational qualitative indicators. 
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1. Introduction 

Forestry efficiency depends to a large extent on the 

road network presence, density and state. Planned 

forestry works, forestry production moving deadlines, 

the timely supply of planting material, forestry 

processes mechanization and the timely delivery of 

the firefighting equipment depend largely on the 

existence of a sufficient forest roads network and their 

technical condition. Last, but not least, forest roads are 

of increasing importance for the development of 

tourism and the recreational function of the forest. 

No studies have been conducted over the last 15 

years, but the inconsistencies in the explorations 

conducted so far are clearly visible. This means that 

there are currently no reliable data on the volume and 

quality of forest roads in Bulgaria. 

In 2003, a “Forest Sector Development Project” 

was prepared, according to which, and based on an 

expert evaluation in 2003, there are 27,000-29,000 km 

of roads in the forest fund. Nine thousand km are 

paved (crushed stone or asphalt concrete), and 19,000 

are ground, with no pavement. Eleven thousand km of 

these roads are state or municipal and 17,000 km are 

owned by the forestry administrations. The forest-road 

network density is between 6.9 and 7.4 m./ha, with 7.9 

to 8.5 m./ha only with regard to the forested area [1]. 
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Data on the types of pavements are presented in   

Fig. 1. 

As seen in Fig. 1, two-thirds of the forest roads are 

unpaved [1], and one third are macadam. That is why; 

we will herein consider the maintenance and repair of 

these types of forest roads. 

2. Materials and Methods 

The main reason for the poor overall condition of 

the forest-road network is its improper operation and 

insufficient or no maintenance of forest roads. During 

the logging process, temporary storages are built 

along the forest roads. The trunks are being dragged to 

the road, trimmed, cut up and loaded on trucks. In the 

working process, the roadway is damaged, the ditches 

are filled and the water starts to run along the road. 

This, together with the mechanical damage done 

during the transport, seriously and permanently 

degrades the forest roads exploitation qualities. In 

order to reduce the adverse impacts on road operations, 

it is necessary to carry out year-round maintenance of 

forest roads. 

The target of this study is to propose a methodology 

for maintenance and repair of the existing road 

network and to examine some scientifically applied 

aspects in the forest roads management. 

2.1 Ground Road-Lane Repair 

The ground road-lane is the constructional structure 
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Fig. 1  Pavement of forest roads in Bulgaria. 
 

on the road, which consists of various elements, such 

as pavement, banquets, trenches and slopes. All these 

elements, in the process of road operation, are 

somewhat deformed and destroyed, and they must be 

repaired in a timely manner. 

The road lane repair consists in the removal of 

individual small damages and collapses, which occur 

in its elements mainly during the winter and spring 

periods. 

2.1.1 Road Sides 

In the process of operation, the road side is 

deformed and destroyed. Holes emerge in them, the 

tracks are growing. The surface waters retained in the 

holes dampen the earth lane. As a result, all negative 

phenomena appear in the pavement (Figs. 2a-2e). 

Tracks are more typical at the roadsides in locations 

with larger longitudinal slopes. Such tracks begin to 

function as trenches, that is, surface water flows 

through them, and if they are not repaired in time, they 

become even deeper. Road sides on some lower class 

roads sometimes increase, i.e. they become higher 

than the road surface, which prevents surface water 

from flowing in the transverse direction. This type of 

deformation occurs frequently in crushed-stone 

pavements made of weak stone materials. The relative 

increase in road sides relative to the road cover level is 

due to the accumulation of small mineral particles on 

them, carried from the road surface by the traffic and 

by the wind, which is why it is wearing very 

intensively. The road sides repair consists of cleaning 

and filling the holes and tracks with new earth, which 

is compacted accordingly. 

Once the road sides have grown, they are cut and 

profiled. The separate sections of the road side are 

planned with motor graders. In the course of the road 

operation during the overhaul the road side is 

stabilized. In intense traffic in settlements and where 

road sides are frequently deformed, they are covered 

with a lighter type of pavement. 

Road sides can be stabilized by adding mineral 

fractions to the earth (mechanical stabilization) or 

creating a lightweight layer of sand, 10-15 cm thick, 

ballast, slag, etc.. These fractions are normally spread 

across the width of the road side when the earth is 

damp. When the road is of a higher class, the road 

sides are also stabilized with organic binders, the last 

layer being surface treatment. On road sections where 

road sides do not need reinforcement, they are grassed 

with appropriate grasses in accordance with the climatic 

conditions of the area and the nature of the soil. 
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Fig. 2  Deformations of the road side under the action of water. 
a—levelling along the edge of the pavement; 
b—increase of road sides; 
c—tracks; 
d—general deformation. 
 

2.1.2 Trenches 

There are two types of trenches damage: backfill 

(silting) and digging out. The backfill is due to the 

surface water depositing mineral and other materials 

carried by them into the trenches. It is necessary that 

the trenches are periodically cleared. The earth 

removed from them is spread in a thin layer in the 

lower places and, if possible, further away from the 

road, to prevent it from slipping back into the trenches 

and creating conditions for the road being covered 

with snow. Normally, the road side repair must 

precede trench repair to avoid the collapsing of 

materials from the road side to the trenches. The 

cleared trenches must have a corresponding 

inclination of not less than 0.8%. 

When the trenches have large longitudinal slopes 

(4-7%) and are of loose soil, water can easily dig them 

and if adequate measures are not taken in a timely 

manner, the road can be destroyed. The following can 

be done against the destructive effect of water: to 

strengthen the slopes and the bottom of the trench and 

to reduce its longitudinal slope. 

In the case of trenches with smaller longitudinal 

slopes—up to 4-5%, their slope and bottom are 

grassed or lined with stone slabs, or concrete. Fig. 3 

demonstrates a lining of stone slabs laid on a ballast 

layer. 

In the case of trenches with longitudinal slopes 

greater than 4-5%, thresholds are built from various 

locally available building materials: masonry, concrete, 

etc.. The thresholds construction reduces the 

longitudinal slope by 2-4% depending on the nature of 

the soil (unbounded or bonded). 

In the trenched road sections where surface waters 

flow from the sloped terrain, the so-called protective 

trenches are made where this water is collected and 

through which they are taken to the nearest gulch or 

facility. In the case of intensive surface water running 

a 
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Fig. 3  Lining of trenches with stone slabs laid on a layer of ballast. 
 

 
Fig. 4  Sluices for water draining into road trenches. 
 

into protective trenches and, in the absence of a 

suitable gully or equipment for their transverse 

removal, they are taken to the road trenches. For this 

purpose, the lowest positions of the protective 

trenches are chosen and by the sluices in the slopes the 

waters are taken to the road trenches (Fig. 4) [2]. 

2.1.3 Slopes 

The maintenance of the slopes consists in the 

systematic mowing of the grasses, weeds, etc., grown 

on them. 

Their ongoing repairs consist of aligning and 

profiling the places damaged by surface water. 

The average repair includes work on road slopes 

strengthening, such as grassing, sodding, afforestation, 

slope stabilization with organic binders, lining with 

stone and other materials. 

The sowing of grass on the slopes is effective in 

excavations and embankments with a height of up to 5 

m and slopes inclination of up to 1:1.5. The grass 

must be with deep and dense roots, and the grass 

cover must be thick. It is chosen in view of local soil 

and climatic conditions. 

That is why slopes are usually reinforced with a 

particular type of low-stem shrubs, selected according 

to the local conditions and the type of soil; In this case, 

the bushes must meet the following two requirements: 

to stabilize the slopes and to be a decorative element 

of the road. For greater aesthetics and convenience, 
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they are cut out periodically in 2-3 years. 

When tall embankment slopes are washed away by 

running water, it is necessary to plant trees along with 

bushes, such as ailant, acacia, willow, poplar. 

High-grade trees dry the soil to a greater depth, 

therefore the resistance of the slopes under even other 

conditions increases more efficiently. The root system 

strengthens the soil. Therefore, this must be taken into 

account when selecting the vegetation to secure weak 

slopes. If the slopes are washed away by running 

water and there are suitable stone materials in the 

vicinity, they can be strengthened with the so-called 

stone lining. 

A very important condition is that the choice of tree 

species for afforestation is carefully tailored to the 

specific growth conditions. For example, eastern 

hornbeam (Carpinus orientalis) would be suitable for 

steep slopes formed on/from very dry and poor humus 

soils (including high limestone and large rock 

fractions). It is resistant to such extremely poor 

growth conditions, while at the same time it has strong 

anti-erosion and soil-conditioning functions [3]. In 

addition, it can be cut off periodically as it has an 

extraordinary ability to reproduce, but also endures 

trimming and decorative shaping [4]. 

2.2 Technical Maintenance and Repair of Crushed 

Stone Pavements 

In the case of crushed stone pavements under 

intense traffic, especially in dry weather, many of the 

unbound mineral particles are pushed under the action 

of transport to the road side. As a result of the road 

traffic demolishing effect, stone beads are dug out 

from the road pavement and holes are formed on the 

surface. In order to avoid premature destruction of the 

road surface, it is necessary to systematically carry out 

repairs and the model of the TM (Technical 

Maintenance) and repair (R) system shown in Figs. 5 

and 6. 

The reliability indicators of sites are maintained by 

performing simple repairing actions (TOs). At the 

input of the process, material and labor resources 'Q


,  

 
Fig. 5  Model of the TM and R system (STOP): iX



—vector-function of the input controllable factors (subject 
of repair service, means for TM and R, 
engineering-technical staff, program for TM and R 
(periodicity of diagnosis and TM, admissible values of 
diagnostic parameters, repairs periodicity, operational life, 
stock of spare parts, distribution and management of 

stocks)); iY


—vector-function of the parameters of the site 

quality and reliability; iZ


—vector-function of input 

unmanageable factors (temperature, soil-climatic 
conditions, etc.). 
 

v  
Fig. 6  Scheme of the model for the sites’ technical 
condition management by conducting the repair-servicing 
impacts: SRS—subject of the repair service; CRI—complex 
repair impacts (MR); NCRI—non-complex repair impacts 
(TM). 
 

manageable 'X


 and unmanageable random 'Z


 

factors come into play. The output of the process is 

the 'Y


 indicator which characterizes the quality of 
the non-complex repair impacts and represents a 

number of the management strategies of the repair 
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services for the site (periodicity of the repair impacts, 

volume of the repair impacts, quality of the repair 

impacts, etc.). 

The process of repair service objects technical 

condition modifying when in use occurs under the 

influence of the vectors: ' ",Y Y
 

, the controlling X


 

and non-controlling random factors Z


. As a result of 
these processes, the quality and reliability of the 

object .R  is formed. 

The main manageable factors X


, which most 
substantially influence the quality and reliability of the 

site R


 are the periodicity and the structure of the 

repair service impacts, the periodicity of the repair and 

the provision of spare parts to maintain their working 

capacity. 

3. Results and Discussion 

3.1 Technical Service/Maintenance 

The care for the crushed stone pavements starts 

immediately after it has been made. It is necessary to 

continuously dust it with sand until it is fully 

compacted and formed as it is being changed by the 

movement of motor vehicles and atmospheric agents. 

Stone fractions vehicle-driven to the road side must be 

systematically removed, and a new fraction of sand 

must be added to prevent them from moving on the 

pavement when exposed to the surface. These 

damages are characteristic for macadam pavements of 

hard stone materials and occur usually during the 

summer dry period (July, August), since the 

cementing bondage between the macadam and sand 

beads is the smallest. Good stabilization is achieved 

by systemic de-dusting of the road surface with 

organic binders. A positive effect occurs also when 

the surface is sprayed with 20-30% solution of 

calcium chloride or possibly with sea water. 

From the operation practice in Bulgaria, it is 

established that the macadam pavements best 

protected against the destructive action of the 

intensive traffic when made of solid materials, 

covered with organic binders and systematically 

sanded, i.e. covered with coarse sand in an amount of 

about 1 t3 per area of 100 m2. Maintenance work also 

covers the clearing of the dust and mud cover caused 

by cars coming from the black roads. With the mud 

adhering to the wheels of the vehicle, the small 

fraction of the pavement is extracted and its premature 

destruction is induced. 

3.2 Current Repairs 

These are current repairs of macadam pavements, 

intended to restore their flatness and to prevent their 

deformation, such as removing individual holes, 

tracks, fixing broken edges, and the like. 

When repaired, the holes are cleaned of dust and 

mud, dug, then the material is removed, sifted and 

re-placed, respectively being sealed and new material 

being added into them. The designated repair site is 

cleaned of dust and mud. Typically, an area larger 

than the hole is cleaned. In many holes, cleaning is 

done with mechanical brushes, and with a small 

number—manually. 

When digging the holes, respectively, the tracks, 

8-12 cm is dug also from the undamaged 

pavement—outside their contours [2]. The hole is 

dug—in the form of a rectangle with sides parallel and 

perpendicular to the road axis with correctly cut 

vertical walls (Fig. 7) at the hole’s depth but not less 

than 3-5 cm. Small single holes are dug with 

pneumatic tools, and with several holes concentrated 

in one place—with mechanical demolition hammers. 

The excavated material is sieved and fractions up to 

20 mm are removed, and the larger ones are re-packed 

into the cleared hole. 

Over the old material, new one is filled, but without 

mixing. It should have approximately the same 

properties as the old material, but be smaller in size, 

namely: at the hole depth of 8 cm: 25-50 mm in 

diameter and at a depth of 5 mm: a diameter of 25-35 

mm. It is packed by ramming, or with motor-driven 

rollers from the end to the centre of the hole, while 

being sprinkled with water and, if possible, with 30% 



Forest Roads Maintenance and Repair 

 

272

 
Fig. 7  Principle scheme of holes repair: 
Plan and section of the hole before the repair; 
Preparation for the repair: a—the place to be excavated; 
b—material to be removed; 
The hole to be filled with material; а—new material. 
 

aqueous solution of potassium chloride. On the 

packed gravel layer is spread fraction of 15-25 mm, 

which is packed by spraying with water, then stone 

fraction of 5-15 mm is spread which is compacted by 

roller or is rammed. Finally, a stone shredding with a 

grain size of 0 to 5 mm is spread on the repaired place, 

which is compacted by rolling once or twice, or is 

rammed, with profound water spraying. 

In case of larger area holes, a bigger number of 

holes or holes situated close to each other, the 

contours of each hole are excavated to a depth of 6-8 

cm on parallel grooves perpendicular to the road axis. 

Then, the inside of the hole is ribbed through 30-40 

cm. Grooved contours are filled with stone fractions in 

the same way as described above for the holes’ repair. 

In the case of local breakdown and failure of the 

road pavement, the entire material within the range of 

the damage is excavated and removed. Then the earth 

foundation is repaired, with poor soil being replaced if 

necessary with sand at a depth of 20-40 cm. After the 

soil packing while watering it to optimum humidity, 

the pavement is made with the excavated old material 

being put in its lower layer. Afterwards, the repaired 

areas are sealed in the same way as at the repair of the 

pavement with holes. 

It is recommended the road to be repaired through 

the wet autumn and spring days, as compaction is 

most effective then and the process of artificial 

humidification is eliminated. 

It is necessary to systematically take care of the 

repaired area by spreading slurry or coarse sand onto 

the exposed areas of the road, as well as watering the 

pavement on dry, warm days. 

The holes and tracks can also be filled with a cold 

asphalt mixture. This is the case when it is 

economically appropriate to carry out an accelerated 

repair. This manner of repairs is described in detail in 

the section on pavements repair with organic 

substances. 

3.3 Medium Repair 

Intense traffic and climatic factors accelerate the 

formation of unevennesses on the macadam pavement. 

A large number of roughnesses are characteristic of 

pavements made of hard stone materials where the 

bondage between the stone and the water is 

unsatisfactory, as well as the pavements made of 

different strengths of stone fractions. The smaller and 

weaker stone fractions wear out very quickly, and the 

larger and harder remain to protrude by about 1/3 of 

their height above the general level of the road 
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pavement in the form of “teeth” [5]. Such pavements 

are repaired laying a stone fraction of 5 to 15 mm, (2 

to 3 m3 per 100 m2 in average), which is rolled with a 

heavy (from 6 to 8), KN motor roller, thoroughly 

sprayed with water and passing 5-6 times over the 

same point. Particularly, good effect is obtained by 

laying macadam pavement made of harder materials 

with a stone fraction of softer porous rocks possessing 

good cementitious properties. 

A more modern way to recover a worn macadam 

pavement is the surface treatment. Double processing 

is usually done. For double surface treatment the 

following operating cycles are distinguished. 

If there are holes and tracks on the surface of the 

macadam pavement, they should be filled in a timely 

manner. The surface of the pavement is then cleaned 

of mud and dust, so that the holes between the pebbles 

are revealed without the pebbled being stirred, i.e., to 

obtain a mosaic surface. If mud has accumulated on 

the pavement, it must be removed and the surface 

should be washed with water. In this case, the surface 

treatment is done after the pavement has dried. It is 

only possible to make the surface treatment on a damp 

surface when an emulsion is used for an organic 

binder. On a clean dry surface, a pre-mixed liquid 

organic matter such as tar K1, liquid bitumen A1, B1 or 

emulsion is spread on an average of 0.8-1 kg/m2. After 

the liquid substance is absorbed by the pavement, 

which usually occurs after 2-3 hours, the main hot 

bitumen BN91/120, BN 121/200 or tar K5, K6 of 

1.2-1.5 kg/m3 is spread, heated to their working 

temperature. Organic substances are spread with 

auto-bitumen sprayers. Over the spread organic 

material, a stone fraction of 15 to 25 mm is spread 

manually or mechanically on an average of 1-1.2 m3 

per 100 m2. After rolling the fraction with a light 

roller, passing it 4-5 times along the same point, it is 

re-poured mainly with an organic substance, on 

average from 1.2 to 18 kg/m2. Then a fraction of 5 to 

15 mm, averaging from 1 to 1.2 m3 per 100 m2 is 

immediately spread, which is rolled, passing 3-4 times 

over the same point with a roller. After these 

operations, the worn macadam pavement has been 

restored with a double surface treatment and can be 

used for traffic. Single surface treatment is allowed in 

cases where the surface of the macadam pavement is 

not very rough and the traffic is not very intense. 

Typically, macadam pavements require double surface 

treatment. Surface treatment is performed in dry and 

warm weather at an air temperature above +10 °C. 

When an emulsion is used for surface treatment 

instead of bitumen or tar, the pavement is recovered in 

approximately the same way. There is a difference 

only in the following: no preliminary spreading of 

liquid organic substance is done, and the major 

spreading is done with quantities 50-75% larger than 

the other binders since the emulsion contains about 50% 

of water on average. The work is done in damp 

weather and at a lower temperature but above 1 °C. In 

surface treatment, the pavement is formed and packed 

further in the process of operation and under the 

influence of atmospheric conditions for 20-30 days. 

During this period, it is necessary to take systematic 

care, the traffic must be controlled along the entire 

length of the road pavement, the sweaty and exposed 

areas should be covered with the material removed to 

the road sides, the lean places on the pavement should 

be spread with an organic binder and immediately 

covered with a small stone fraction. 

3.4 Overhaul 

The overhaul of macadam pavements means the 

overall restoration of the worn road elements, the 

increase of the pavement strength, pavement 

expansion, taking into account the forecasted traffic 

intensity for the next 10 years, laying of a higher-class 

pavement and in some cases complete reconstruction 

of the road surface. 

Most often in practice it is necessary to expand the 

macadam pavement. This is natural because it is one 

of the most common types of pavements made on 

roads of lower classes and when they move to a higher 
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class it is necessary to expand them. 

The pavement is expanded in accordance with all 

the basic rules for the construction of macadam 

pavements. Particular attention should be paid to the 

expansions’ packing, especially when the asphalt-concrete 

or cement-concrete layer will be laid over the crushed 

stone. In these cases, the expansions should be 

completed 1-2 months before the new pavement is 

applied to stabilize them to the complex impact of the 

traffic and atmospheric factors. Once the expansion 

works have been completed, the crushed stone 

pavement is laid again, respecting all technological 

processes valid for new pavement making. 

The modern tendency in our country with macadam 

pavements, when they are situationally and 

horizontally suitable for the transition to a higher type 

of pavement and have sufficient bearing capacity, is 

the overhaul to consist of a more perfect type of 

pavement over the existing one, which in this case 

serves as the foundation. The existing pavement is 

dimensioned, and depending on the traffic intensity, is 

additionally reinforced with the correspondingly thick 

layer of ordinary asphalt concrete or other pavement 

with organic binders. Naturally, asphalt concrete 

layers are most effective because their thickness can 

easily vary according to the road intensity. For this 

purpose, all types of pavements with organic binders 

such as porous asphalt concrete, incompact mixtures, 

bitumen-impregnated, etc. may be applied. 

4. Main Conclusions 

Forestry intensification requires the development of 

a model of a maintenance and repair system for 

quality maintenance of the built-up system of forest 

roads. 

In the long run, we must strive to turn all earth 

roads, which are situationally and horizontally suitable 

for transformation, into macadam paved roads. 

The modern tendency for macadam pavements, 

when they are situationally and horizontally suitable 

for the transformation into a higher type of pavement 

and have sufficient bearing capacity, is upon their 

overhaul to make a more perfect type of pavement 

over the existing one, with ordinary asphalt concrete 

or other coating with organic binders. 
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