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ABSTRACT. The production of asphalt rubber mixtures is limited in the Czech Republic due to
the strong competition of modified bitumen. The only market niche was found in open graded
mixtures production as in severe climate conditions the modified bitumens cannot ensure the
long-term durability of the mixture. Several new test sections with asphalt rubber hot
mixtures have been built in the Czech Republic. Seven of them are described in the article. A
new blending unit was developed and used for asphalt rubber production and the function of
this device is described. Noise measurements on the test sections according to ISO 11819-1
and ISO/CD 11819-2 methods are evaluated. Water drainability according to EN 12697-40
and skid resistance measurements of surfaces according to CEN/TS 15901-4 were also
carried out on the test sections. The measurement results are discussed and evaluated. The
benefit of porous asphalt with asphalt rubber for road surface noise reduction and road
safety increase is proved.

KEYWORDS: asphalt-rubber, European standards, blending unit, laboratory tests,
performance tests, noise measurement, water drainability, test sections
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1. Introduction

Recently, the level of motorization has increased due to the development of
social and industrial needs. It is closely related to the growth in fuels, materials and
products consumption including the automobile tyres. A lot of material that must be
later processed, used or stored is generated also at the manufacture of tyres. The
most environmentally advantageous approach is re-using of the end used product
for the same or for other purposes for which the original product was manufactured.
One of the possibilities of material recovery of used tyres is their addition into the
asphalt mixtures in the form of crumb rubber granulate. The resulting product is
called Asphalt Rubber (AR) in the world and Crumb Rubber Modified Bitumen
(CRmB) in the Czech Republic.

It is problematic to succeed with a new type of modified binder in the market of
the Czech Republic as the market is occupied by the polymer modified bitumen
manufacturers. The market niche has been opened in case of mixtures showing
generally low durability as in case of mixtures with high content of air voids.
Several test sections were performed to document the mixtures properties and
durability of layers with air voids from 7,0 % to 20 %. These layers such as porous
asphalt and very thin asphalt concrete with paving grade or polymer modified
bitumens generally cannot offer resistance to severe climate condition occurring in
the Central and Eastern Europe, but it looks very hopefully in case of using AR
binders.

2. Processes for incorporation of crumb rubber into asphalt mixtures used in
the Czech Republic

In the Czech Republic several processes for incorporation of waste tyre rubber
into the asphalt mixtures have been used:

i. Dry process (Plus Ride, Rubit) is the technology coming from Sweden.
Coarse-grained crumb rubber is added in the asphalt mixing plant mixer in the
same phase as the aggregate. It is necessary to extend the mixing time to achieve
a sufficient homogeneity of an asphalt mixture. The asphalt mixture must stay for at
least one hour in the bin to ensure the modification of the bitumen by added crumb
rubber. The usage of this technology was stopped after several failures in the Czech
Republic.

ii. Wet process (Crumb Rubber modified Bitumen, CRmB, common Asphalt
Rubber, AR) is the world-wide mostly used technology how to process crumb
rubber in asphalt mixtures. The technology of crumb rubber addition to the hot
paving grade bitumen can be divided into a continuous production of bitumen in
asphalt plant (continuous blend) and production of a binder in the refinery or
blending centre (terminal blend).
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The bitumen is produced in special blending unit mostly situated in asphalt
mixing plant in the case of continuous blend method. It is possible to produce
a common AR (a high-viscous asphalt rubber with 15 % to 25 % of crumb rubber
content) as well as a low-viscous asphalt rubber (5 % to 15 % of crumb rubber
content). The most sensitive binder property and the quality indicator is the
dynamic viscosity. The viscosity is changing during the mixing and stirring of the
crumb rubber with the paving grade bitumen at the temperature 170 °C to 190 °C in
a reaction tank of the equipment. After the reaction the modified bitumen (AR) is
pumped into the dosing equipment of the asphalt mixing plant.

Asphalt rubber terminal blend is commonly produced by mixing of the paving
grade bitumen with fine-grained crumb rubber in refinery (similar to polymer
modified bitumen). Usually a lower amount of fine crumb rubber (from 5 % to
15 %) is used and chemical additives temporarily keep the fine rubber particles
dispersed throughout the volume of a binder. It can be assumed that these binders
have suitable storage stability, but it is necessary to observe the prescribed period of
transportation and storage time before their using in asphalt mixing plant.

The way of production and distribution between these two possibilities is
continuous blending and transportation of AR in bitumen tank equipped with
mixing and heating device.

iii. Asphalt rubber concentrate (pre-mix, in German literature known as RMB G)
is a combination of the dry process and terminal blend process. Fine crumb rubber
with paving grade bitumen is mixed and at the end of the production process the
asphalt rubber is transformed using additional crumb rubber and special additives
to the loose material that could contain 30 % to 50 % of rubber.

This method combines the advantages of both previous methods. It is possible
to dose this concentrate easily as in case of the Plus Ride technology together with
the aggregate into the mixer of the mixing plant. The higher proportion of the
crumb rubber has already reacted during the concentrate production (as the
technology terminal blend). The advantage is the high variability of the product
because it is possible to dose various contents of the concentrate into the bitumen.
Binders with various properties can by produced using this approach. The asphalt
rubber concentrate is mixed with asphalt in recommended ratio in the laboratory
mixer to verify the laboratory properties.

The tests of all these laboratory-made binders were carried out so that these
binders could be used in all bituminous mixture types with the exception of porous
asphalt using only a high viscous AR (continuous blend).

3. Asphalt rubber blending unit

Currently, two types of blending units for AR production are in use in the Czech
Republic. The first of them was delivered to the Czech Republic in September 2007.
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It was a device by Phoenix Environment Ltd. manufactured in Poland. The
blending unit was connected with asphalt mixing plant AMMAN 160. AR test
sections 1 and 2 described in the paper were performed using this blending unit.
Binder in the test section 3 was produced using the same blending unit that was
borrowed from Poland.

The Czech manufacturer of asphalt mixing plants ASKOM manufactured the
second blending unit in the Czech Republic in the first half of 2011 and this device
is shown in Figure 1. The blending unit is transportable on one low-deck trailer. AR
production is 15 tons per hour and AR storage capacity is 18 tons. Binders in the
test sections 4 to 7 were produced during the first testing of the blending unit.

The new blending unit consists of a frame, a heating device, a dosing hopper, a
mixing tank and a reaction tank with two chambers separated by a partition wall.
The mixing tank is located inside the reaction tank to avoid thermal losses and for
simple function. The device is fully controlled by a control unit. Paving grade
bitumen and crumb rubber is initially stirred in the mixing tank, short-time
maximum of crumb rubber dosing into AR is 33 %. AR is mixed by means of a
horizontally mounted auger and a gear pump to prevent the sedimentation of rubber
particles. The gear pump is connected with a three-way valve controlled by asphalt
mixing plant. If necessary, the reversible branch from gear pump is closed and the
AR is dosed to the mixer of mixing plant.

Figure 1. The Czech blending unit for AR production
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4. Asphalt mixtures with asphalt rubber binders

It is possible to adapt bitumen properties for asphalt mixtures to suit the
composition of the mixture. It is effective to use the low-viscous asphalt rubber for
asphalt mixtures with low air voids content and the high-viscous asphalt rubber for
open graded asphalt mixtures.

Only a few gaps more in the aggregate for placement of higher bitumen content
with a lot of swollen rubber particles are necessary. Open graded mixtures are
suitable for incorporation of the high content of binder with the high content of
crumb rubber that provides mixtures durability and these mixtures are still opened
for rainwater, i.e. porous asphalts.

The experience with the use of porous asphalt containing asphalt rubber in the
Czech Republic has started in 2003. The porous asphalt layer with aggregate
gradation up to 16 mm was performed on the four line highway near Brno. The
asphalt rubber binder was delivered from Germany. The present condition is
without any failure.

The technology of asphalt rubber wet processing (continuous blend) with
mentioned AR blending units has been used since 2007. Several test sections with
Porous Asphalts (PA) and asphalt concrete for very thin layers (abbreviation
according to EN 13108-2 is BBTM) with AR have been performed since 2008. The
structural durability of these mixtures seems to be satisfactory and it will be
evaluated on the performed test sections.

5. Test sections

Seven test sections with AR mixtures were chosen for documentation of their
service life, skid resistance and noise properties. Date of production, thicknesses,
AR content, Rubber content in AR, air-voids content, volume of production and
traffic characteristics are documented in Table 1. Test sections are as follows:

1. Michelska street in Prague – direction Krc with AR porous asphalt wearing
course PA 8 (section 1-A) and Stone Mastic Asphalt SMA 11 in opposite
direction (section 1-B) represent the first test section. The laying of the wearing
course on section 1-A was performed in partial sections during 9 days due to
traffic limitation. The loss of particles from the surface of the layer can be
observed due to the laying of the layer under adverse climatic conditions. There
is also the problem with rainwater drainage into the sewerage on the section.
The steel frame does not allow the flow of water from the drainage layer. Cracks
occurred around a few sewers because of the frozen water captured in the
wearing course in winter.

2. Interchange on the highway R4 km 22 – branch to Kytin village with PA 8, AR
(section 2). The laying of asphalt concrete binder course with a thickness 70 mm
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and PA 8 was performed. A good PA drainage as combination of a longitudinal
and a transverse slope to the verge of the pavement without curbs exists and
section is in a perfect condition.

3. Otakar Sevcik street in Brno with PA 8, AR (section 3-A) replaced 22 years old
AC 16 (section 3B). The laying of asphalt concrete binder course AC 16 with a
thickness 70 mm and PA 8 was performed on the test section 3-A. The
realization of wearing course PA 8 was problematic in terms of binder
production, the blending unit that usually products AR with 11 % of crumb
rubber content was used and the viscosity of AR was on the lower limit
(1,5 Pa.s). After milling of asphalt layers it was found that the thickness of
asphalt layers was changing and all layers were removed locally on the surface
of Portland cement bounded base layer. The salted water can flow through the
asphalt layers and damages base course in some places. Similarly to the section
1-A, there were no arrangements for drain of water from PA and similar
behavior of both sections can be expected.

4. Road I/49 Zadverice – PA 8, AR (section 4-A) with thickness 30 mm is
surrounded by Asphalt concrete AC 11 (section 4-B) and SMA 11 (section 4-C),
both mixtures contain PmB. Water from PA 8 is drained through the shoulder.

5. The porous asphalt mixture PA 11, AR (section 5) was laid on road II/398 in
Vranov nad Dyje village. It is relatively narrow street with longitudinal slope up
to 8 % and unevenness on sewer covers.

6. The very thin asphalt concrete BBTM A 5 with AR in the thickness 30 mm was
laid in Veslarska street, Brno (section 6), after milling of 16 years old AC 16.

7. Stone mastic asphalt SMA 8 with AR on the road I/53 – km 19 to 20 near
Lechovice towards to Brno. The opposite direction (Znojmo) was performed
with the PmB (section 7-A and 7-B).

Asphalt rubbers contained in sections 1 to 3 were continuous blended and 4 to 7
were prepared in the blending unit, but AR was transported by common bitumen
transportation tank without mixing and heating device.

Test sections were evaluated by skid resistance, permeability and noise
measurements.

6. Skid resistance

A test of the skid resistance of chosen test sections was performed according to
CEN/TS 15901-4 [5] using Tatra Runway Tester device (TRT). The skid resistance
of pavements by measurement of the longitudinal friction coefficient LFCT (in the
Czech Republic called Fp) was measured. The method uses smooth test wheel with
a slip ratio of 25 % that is dragged over a pre-wetted pavement under controlled
load and constant speed conditions.
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The evaluation of pavement surface skid resistance is performed in five-degree
classification scale of friction coefficient Fp at the speed 60 km per an hour from 1
to 5 as is documented in Table 2.

Test section 1-A 2 3-A 4-A 5 6 7

Mixture PA 8 PA 8 PA 8 PA 8 PA 11 BBTM 5 SMA 8

Location
Michelska

street
R4 I/42 I/49 III/398

Veslarska
street

I/53

Date 10.2008 10.2009 8.2010 10.201

1
9.2011 6.2012 11.2011

Thickness, mm 30 30 25 30 40 30 30

Mixture weight,

t
850 800 560 152 233 320 300

Rubber content

in AR, %
20,0 20,0 15,3 16,5 16,4 15,0 16,5

AR content, % 8,7 8,5 8,0 8,5 8,0 8,5 8,5

Air voids, %
Marshall
specimen

Layer

15,6
13 - 17

15,3
14 -16

15,5
16 - 22

15,0
17 - 20

17,5
11 - 12

10,0
9,7 - 10,2

5,8
7,9

A
gg

re
ga

te
 g

ra
da

tio
n

16 100 100 100 100 100 100 100

11 100 100 100 100 96 100 100

8 97 97 88 93 34 100 95

4 25 25 20 23 22 95 41

2 14 14 13 15 16 32 26

1 9 9 10 11 11 20 19

0,5 7 7 9 8 8 15 15

0,063 3,3 3,3 3,2 3,3 3,6 7,1 8,5

Used aggregate Slate Spilite Greywacke Gneiss Greywacke Granit

Traffic loading
in one direction,

vehicles/24 h
15 700 1 200 20 600 6 400 1 200 3 800 3 800

Table 1. A description of test sections

The results of friction coefficient Fp measurements are summarized for analysis
of pavement surfaces skid resistance durability of the first three test sections. The
results are shown in Figure 2.

Friction

classification

1

Excellent

2

Good

3

Acceptable

4

Unacceptable

5

Hazardous

Fp ≥ 0,60 0,59 – 0,52 0,51 – 0,44 0,43 – 0,36 ≤ 0,35

Table 2. Czech skid resistance classification expressed as a friction coefficient at
the speed 60 km per an hour



8 Asphalt-Rubber 2012

Skid resistance of the test section 1-A was measured six times in the fast and the
slow lane. The skid resistance value after the first measurement increased from
classification degree 3 to 2 (average value). The friction coefficient of an old
wearing course before its repair was in classification 4 and 5. The measured local
decreases of friction coefficient were influenced by horizontal traffic signs and
crossing over sewer covers. Initial skid resistance is influenced by bitumen film on
the surface of aggregate. This film is more than twice thicker compared to common
asphalt mixtures but AR has a higher adhesion to car tyres than paving grade
bitumen and polymer modified bitumen. A greater increase in the third
measurement of the friction coefficient is connected with surface particles loss of
PA and a further long time decrease is caused by polishing of the aggregate due to
longitudinal slope up to 5 %, four crossings controlled by traffic lights and two bus
stops of Prague transport system.

The skid resistance of the test section 2 was measured four times. The
evaluation of the skid resistance of interchange ramps is in classification 1. The
easily polished aggregate (spilite) was used on this section and up to now the
aggregate polishing influences the skid resistance only in sections with curve radius
lower than 40 m as there is a medium traffic loading.

Figure 2. The friction coefficients Fp of test sections at the speed 60 km per an
hour

The skid resistance of the test section 3-A is also in classification 1. The friction
coefficient was measured three times. The suitable aggregate with a low polished
stone value (greywacke) was used on this section. A fast removal of the asphalt film
could be observed in the slow lane together with the influence of a longitudinal
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slope +5 % in south direction. The main influence friction coefficient decrease is
connected with a decrease of water drainage that is discussed in the following
chapter.

The friction coefficient dependence on the measurement velocity on test
sections 1-A, 2 and 3-A is compared with the friction coefficient of test section 1-B
(common stone mastic asphalt with aggregate gradation up to 11 mm, SMA 11 in
an opposite direction) in Figure 3. The friction coefficient results depend on the
polished stone value of the aggregate used. The friction measurement results on the
section 1-A and 1-B document influence of surface macro texture. Under the low
velocity the PA and SMA has the same value of friction as the same aggregate was
used but good surface macro texture (drainability was low, following chapter)
caused lower decrease of PA friction coefficient with increasing measurement
velocity.

Conclusions obtained by evaluation of the skid resistance of monitored sections:

- The first measurement documents the influence of the AR film thickness on the
friction coefficient Fp, the worst classification shortly after layer finishing is 3.

- The asphalt film is removed from the surface of the aggregate at heavy traffic
and the friction coefficient depends on the polished stone value of the aggregate
used.

- The high macrotexture value (mean profile depth) of the layer surface and its
drainability help to increase the friction coefficient of porous layers with AR.

- Despite the use of aggregate with low resistance to polishing the skid resistance
is good especially at high speeds.

Figure 3. Friction coefficient dependence on the measurement vehicle velocity
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7. Water drainability of porous asphalt test sections

The in situ drainability as the ability of high air voids content layer to drain the
water away from the surface through the layer expressed by a relative hydraulic
conductivity was determined according to EN 12697-40. The relative hydraulic
conductivity is the reciprocal of the outflow time minus the series resistance time of
the permeameter. The series resistance time is the outflow time that is determined
when the permeameter is located so the outlet is clear of any surfacing that could
impede the exit of out-flowing water. The permeameter determines the outflow
time of four liters of water through the circular surface area with a diameter of 100
mm. The permeameter has cylindrical shape with internal diameter 125 mm.

The profiles for drainability measurements (after layer finishing and during its
service life) were designed on test sections 1, 2, 3 and 5. Relative hydraulic
conductivities were measured on ten measuring points within each profile. Three
profiles were established on the section 1-A, one profile was established on the
section 2, two profiles were established on the section 3-A and one profile was
situated on the section 5. The average relative hydraulic conductivity results of
monitored profiles are shown in Figure 4 depending on the service life, the
drainability of new built test section 5 was determined only once in September
2011.

The permeability of porous asphalt layers without any cleaning decreased after
some time. It is related to a gradual increase of noise emissions at higher
frequencies (see following chapter). Section 3-A with the highest layer air voids
showed the highest values of initial permeability that rapidly decreased during the
service life. This decrease of the drainability could be slowed down by using
cleaning machines ensuring the dust and sand removal from mixture air voids.

Figure 4. The relative hydraulic conductivity dependence on the service life of test
sections
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8. Noise measurements

The two methods of noise measurement were used:

1. The Close Proximity Method (CPX) according to ISO/CD 11819-2 [3], the noise
is measured by microphones near the contact of tyre and pavement surface, the
results are valid only for the used car, tyre and car velocity, i.e. measured noise
is influenced only by pavement surface, but it is not valid for other cars and
tyres. Two measurement devices were used: in the year 2008 to 2010 open
measuring trailer with 5 microphones around the tyre and in the years 2011 and
2012 the car equipped by 2 microphones. The presented noise measurement of
section 2 and 4 to 7 were done in June 2012.

2. The statistical pass-by method (SPB) according to ISO 11819-1 [4], the noise is
measured by microphones situated 7,5 m from the centre of traffic line, the
different noise have to be measured in case of the same car and his velocity, or
in the same traffic intensity with the same car types and their velocity.

Figure 5 documents the dependence of measured CPX noise levels L [dB(A)]
on frequency f [Hz]. A comparison of these curves shows that the noise of the
section 1-A with PA 8 (7-month old and 17-month old) increased (the difference of
the equivalent noise level is 2 dB(A)). It can be explained by several ways.

The first reason is that the laying of the layer was performed in short sections
during nine days, which resulted in several working joints exhibiting unevenness.
The second reason is a presence of many sewer covers that were consequently
repaired using a different type of asphalt mixtures. The vibration of the car tyre
occurs during the ride across this unevenness and the low frequency noise (315 Hz
to 1 000 Hz) is produced. The increase of the noise at frequencies higher than
1 000 Hz are influenced by clogging of the pores of a layer with sand and dust.
However, this test section showed positive results as the equivalent noise level of
stone mastic asphalt wearing course SMA 11 (section 1-B) performed in the
opposite direction was 2 dB(A) higher in both measured periods.

The new PA 8 on the section 3-A shows a reduction of CPX equivalent noise
levels being compared to former AC 16. Focusing on the zone of higher frequencies
than 1 000 Hz, the reduction of the noise level in this range 6 dB(A) to 9 dB(A) can
be found out. This value is easily detectable by the human ear (as “whispering”
pavement) but the evaluation is carried out using equivalent noise levels values and
this reduction is only 5 dB(A).
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Figure 5. The comparison of CPX noise level dependence on frequency at
a speed 50 km per an hour

Figure 6 documents the detailed CPX measurements of test section 4 at
different measuring car speeds. The minimum 7 measurements were done in both
direction of section and regression curve was calculated, the regression coefficient
R2 is shown. The same methology and evaluations were used on other test sections
and the results are show in Figure 7.

Figure 6. The dependence of CPX noise level on measuring car velocity on the
section 4
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Figure 7. The dependence of CPX noise level on measuring car velocity on all
measured sections

Figure 8. The diagram of CPX noise levels L [dB(A)] under measuring car
velocity 50 km/h of all measured sections

Figure 8 shows the diagram of CPX noise levels L [dB(A)] under measuring car
velocity 50 km/h. The use of asphalt rubber BBTM A 4 (5) can be preferred in city
street without cleaning the air-voids.
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The noise level determination using SPB method was applied on sections 1 and
3 under determined traffic flow that was characterized by number of passenger and
heavy vehicles and motorcycles in several 15 minutes intervals. The comparison of
measurement results of PA 8 and other surfaces is not accurate as the vehicle
velocities were not determined. The SPB measurements of section 4 were done
with using of two microphones situated on neighbouring section under the same
and controlled traffic flow characterized by car composition and velocity by radar
device.

Different equivalent noise levels LAeq of old and new surface in dependence on
the longitudinal slope were found on section 3; measurements up to the slope 5 %
show the average decrease in comparison with the former wearing course AC 16
and a new PA 8 only 2,2 dB and in the slope down was the difference 4,6 dB under
the same traffic flow. The difference is caused by a slower traffic additionally
influenced by traffic lights on pedestrian crossings and bus stops of the city public
transport. The noise decrease using SPB method measured with one passenger car
movement at the speed 90 km/h was more than 10 dB(A).

Similar SPB measurements were done on section 1-A and 1-B; the difference of
noise levels (PA 8 – SMA 11) after one year of service was -2,2 dB(A).

The most detailed measurements were done on sections 4-A, 4-B and 4-C. The
SPB measurements were carried out in real traffic conditions but all vehicle types
and velocities were evaluated. The results are presented in Table 3.

The decrease of noise on PA 8 in comparison with AC 11 in value 5,6 dB is the
same as decreasing of traffic average velocity on AC 11 from 82 km/h to 62 km/h
(with the help of results in the Figure 7) or 72 % decreasing of the traffic intensity.
Similar figures are valid in case of comparison of SMA 11 and PA 8; 3,8 dB is the
same as decreasing traffic velocity on SMA 11 from 82 km/h to 67 km/h or 58 %
traffic intensity decreasing.

Section
SBP equivalent noise level Difference

dB(A)
vehicles

per an hour
average
velocity

of noise,
dB(A)

of traffic
velocity intensity

4-B, AC 11 76,3 991 82,3 AC/PA
-5,6

AC -20 km/h
= PA

AC -72 %
= PA

4-A, PA 8
70,7 991 82,3

72,5 905 85,2 SMA/PA
-3,8

SMA -15 km/h
= PA

SMA -58 %
= PA4-C, SMA 11 76,3 905 85,2

Table 3. SPB equivalent noise levels LAeq measured on test section 4 (AC 11, PA 8
with AR and SMA 11)
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9. Conclusions

The production of the asphalt rubber utilising the continuous blend, terminal
blend technology and asphalt rubber concentrate has begun to be used in the Czech
Republic recently. Only the high viscous asphalt rubber (continuous blend) was
used in porous asphalt wearing course with the air voids content greater than 15 %.

Three types of AR blending units were tested in the Czech Republic. The new
blender complying the European construction standards equipped with fully
automatic control system, enabling variable and flexible AR production with
sufficient hour production and enabling to produce AR and its direct transport to
the client was constructed.

Regarding the competition with polymer modified bitumens the market niche
has been found in production of the porous asphalt with asphalt rubber that can
contribute to the increase of road safety as well as to the reduction of traffic noise.
The positive results of the open graded wearing course start the using of asphalt
rubber concretes for very thin layers, especially type BBTM A (air-voids up to
10 %) with granularity 4 (5) mm and 8 mm in thickness 20 mm to 30 mm in the
year 2012.

The measurements of skid resistance and determination of its long term
dependence on traffic loading found that using the aggregate with high resistance to
polishing offer very good and safe surface. In case of aggregate with lower polished
stone value the skid resistance is being lower but still it is better than in case of
usually used wearing course of stone mastic asphalt especially at high vehicle
velocities.

In addition the noise study offers very interesting results. It was found that all
types of asphalt rubber mixtures with aggregate gradation up to 8 mm or 5 mm
enable the same noise reduction equal to the reduction of the traffic intensity on the
half or reduction of vehicle velocity of 10 km/h. The noise levels determined in
dependence on noise frequency showed high reduction of noise in frequencies
higher than 1 000 Hz and noise is perceived as “whispering”.

During the construction of test sections a lot of construction details and
procedures were found and their respecting enables to produce porous asphalt
wearing courses and asphalt concretes for very thin layers with mentioned benefits
and with promising durability in severe weather conditions occurring in the Central
and Eastern Europe.
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