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1 Executive summary

The main purpose of this Technical Report is to make knowledge on noise-reducing pavements
from several CEDR member countries available to all the countries. The report primarily focuses
on the collection, dissemination, implementation and use of results from research and development
of noise-reducing pavements from recent innovative research projects undertaken within specific
CEDR member states. The report can be seen as a handbook presenting the European state of
the art in the mid-2010s. The target group for this report is road engineers, planners and decision
makers.

In 2013, the CEDR noise group highlighted that the most cost-effective tool for noise abatement in
relation to the society economy is reduction of the noise emissions from new vehicles and tyres [1].
This was closely followed by the use of noise-reducing pavements which also proved to be very
cost-effective for the societal economy. National road authorities (NRAs) generally have more
limited influence on which vehicles and tyres that are using the road network but NRAs make the
decisions on which pavements to use on new roads as well as when renewing the existing road
network. Therefore noise-reducing pavements can be used by NRAs as a tool of noise abatement.

The tyre road noise is generated by the contact of the tyres to the pavements. At speeds over
35 km/h the tyre road noise is the dominant noise source for passenger cars and for speeds over
60 km/h for heavy vehicles. Therefore, the pavements are important for the noise on both urban
roads with speeds around 50-60 km/h as well as on national roads and motorways with higher
speeds. The generation of noise when the tyres are rolling on a road surface is mainly determined
by tyre characteristics, vehicle speed as well as the surface texture and properties of the
pavement. According to the knowledge of the authors no precise models are currently available
that can be used to adequately predict tyre-road noise on the basis of detailed measurements of
the pavement surface texture and other surface related properties.

For an NRA, it is the pavement surface texture that essentially defines the level of tyre-road noise
emission from a trafficked road. This gives a series of possibilities and challenges for the pavement
design engineers. Noise is an important issue but there are also other pavement functions and
factors that should be taken into consideration when developing and using a new pavement type or
an improved version of an existing pavement type. A comprehensive and multidisciplinary
approach is needed. Relevant functionalities and factors are:

noise reduction, and lifetime of noise reduction;

rolling resistance (influence on energy consumption and CO» emissions);

friction (important for traffic safety);

drivers comfort (splash and spray), more silent inside vehicle;

traffic safety (aqua planning, wet grip, splash and spray and visibility of road markings);
cost of pavement;

lifetime of pavement;

maintenance operations if needed,;

winter maintenance;

0. restrictions on practical application on roads.

BOoNoOaMwWDNE

Throughout Europe, there can be national and regional variation in the accessibility of materials,
the tradition for pavement design and experiences in the contracting sector. Therefore, pavements
that are called the same might vary both in how they are constructed and how they perform in
relation to noise and other functionalities.

CEDR Technical Report 2017-01 Noise-reducing pavements
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3 Preface

This report from the CEDR Task Group on Road Noise primarily focuses on the collection,
dissemination, implementation and use of results from research and development of noise-
reducing pavements from recent innovative research projects undertaken within specific CEDR [2]
member states. The main purpose of the report is to make such results available and known to all
the CEDR member countries so they can be used for implementation when considered relevant.
The report can be seen as a handbook presenting the European state of the art in the mid-2010s.
The target group for this report is road engineers, planners and decision makers. It is not a report
written for specialists in pavement acoustics and pavement technology.

The report is produced in the framework of the third CEDR Task Group Road Noise, working from
2013 to 2016. A small subgroup have written the report on background material supplied by the
members of the third CEDR Task Group Road Noise as well as following discussions on relevance
and implementation potential within the noise group. The main authors are:

1 Hans Bendtsen, Danish Road Directorate
1 Klaus Gspan, Asfinag Austria

The authors would like to thank all the other members in the CEDR Task Group Road Noise for
their contributions, which have made it possible to produce this report.

CEDR Technical Report 2017-01 Noise-reducing pavements
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4 Definition of the issue of noise-reducing pavements

4.1 Goals, objectives and working method

In recent years, a wide range of innovative noise research projects addressing different aspects of
noise-reducing pavements has been undertaken by some CEDR member states. Results
generated may be of great interest to other CEDR member states. In many cases, these results
are only implemented in the member state that has undertaken the research.

This report primarily focuses on the collection, dispersion, implementation and use of results on
noise-reducing pavements from recent innovative noise research projects undertaken within
specific CEDR member states. Results and recommendations from the first and second CEDR
Task Group Road Noise will be included where relevant. The report also considers how nhoise-
reducing pavements can be used as a mitigation measure for noise abatement implemented during
the planning, construction and maintenance stages for new and existing road infrastructure. The
focus is on how to manage road traffic noise in a cost-effective manner and how to improve
environmental noise quality along national roads. The main goal of the report is to collect and
disseminate information on results of recent innovative noise research within CEDR member
states.

A comprehensive review of recent research projects on noise-reducing pavements in the various
CEDR member states have been performed by the members of the third CEDR Task Group Road
Noise. The results are presented in this report, together with relevant and needed background
information. The report can be used as a handbook presenting the latest information on noise-
reducing pavements in Europe. The limitation of the report is that it is based on the information that
the CEDR Task Group Road Noise was able to collect in the period of 2013 to 2016. There may be
other projects and results that the task group has not encountered.

4.2 Background

In June 2002, Directive 2002/49 relating to the assessment and management of environmental

noise (called END) was adopted by the European Parliament and the Council (EC, 2002) [10]. The

END aims to Adefine a common approach intended t
basis the harmful effects, including annoyance, due totheexposur e t o environment al
of the underlying principles of the END is to monitor the environmental noise problem, by requiring
competent authorities in member states to prepare strategic noise maps for major roads, railways,

airports and agglomerations. These maps also give information on the number of people exposed

to (road traffic) noise throughout Europe. In 2007, the EU countries made their first END noise

maps and in 2012 their second END noise maps.

According to the report dNoise in Europe 2014 6 from t he European Environm
pollution is a growing environmental concern. The report summarises the general impact of noise:
NRnThe adverse effects of 4beng sf exposed humbnepopbilations,hthe n t he
health and distribution of wildlife on the land and in the sea, in the abilities of our children to learn

properly at school and in the high economic pric
[29]. Some of the key messagesof No i se i n Eur opfdlowh@®[2986 are t he

1 noise pollution is a major environmental health problem in Europe;

T road traffic is the most dominant source of environmental noise;

1 environmental noise causes at least 10 000 cases of premature death in Europe each year;

1 almost 20 million adults are annoyed and a further 8 million suffer sleep disturbance due to

environmental noise;

CEDR Technical Report 2017-01 Noise-reducing pavements
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1 over 900 000 cases of hypertension are caused by environmental noise each year;
1 noise pollution causes 43 000 hospital admissions in Europe per year;
1 effects of noise upon the wider soundscape including wildlife and quiet areas need further

assessment.
So, handling road traffic noise is a challenge for the European road administrations.

The END noise maps provided data on noise exposure. For (major) roads, they provided data
about noise exposure for 30 European countries in 2012:

1 from traffic on roads in agglomerations (see Table 4.1);
1 from traffic on major roads outside agglomerations (see Table 4.2).

According to [3] there are in total about 76 million people living inside END agglomerations
exposed to road traffic noise levels of 55 dB Lgen Or more (see Table 4.1). So, 43 % of the people
living in these agglomerations are exposed to road traffic noise levels of 55 dB Lgen Or more.

Table 4.1: People inside and outside END agglomerations in 30 European countries exposed to
(major) road traffic noise levels of 55 dB Lgen Or more in 2012 [3].

number of people exposed by road traffic noise in 2012 total inhabitants:
in noise bands Ly, (in million) : . 3
@ = 9= o =
o = O =
- - 25 Zn 25
road traffic on: 55-59 60-64 65-69 70-74 O75dB 055 dB 2 5 > D 2 0
= @© o © w o
all roads inside EU-30 agglomerations 29 22 16 8 1 76 178
all roads outside EU-30 agglomerations 28 23 9 1 64 337
all roads in EU-30 countries 57 45 25 10 2 140 515
major roads inside EU-30 agglomerations 12 9 1 30 178
major roads outside EU-30 agglomerations 12 8 1 28 337
major roads in EU-30 countries 24 17 11 1 58 515

About 58 million people are living along major roads inside and outside END agglomerations
exposed to traffic noise levels of 55 dB Lgen Or more (see Table 4.1). In total, some 140 million
people in Europe are exposed to road traffic noise levels of 55 dB Lqgen Or more. So, one out of four
people in Europe are exposed to high road traffic noise levels.

It should be noted that evaluations like the one mentioned above, do not consider exceedance of
road noise limit values. That is because road noise limits values vary in the different European
countries. Evaluations like [2] and [29] focus on road noise exposure levels.

The main part of the European road noise problem is concentrated along motorways, regional and
municipal roads in urbanised areas. For example in Denmark around 700 000 dwellings are
exposed to noise levels exceeding the national Danish guideline of 58 dB Lgen and 120 000 of
these dwellings are located in close proximity to the state road network. The yearly society
economical cost of the Danish road noise problem is estimated to be around EUR 500 million for a
country with a population of 5.5 million inhabitants.

CEDR Technical Report 2017-01 Noise-reducing pavements
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Figure 4.1: National motorway passing through densely populated urban area, causing
noise exposure to the inhabitants.

The first CEDR Task Group Road Noise, active from 2006 to 2008, performed an investigation on

how noise was handled within the National Road Administrations (NRAs) of Europe. The results

were reported in the CEDR report dNoise Managementand Abat ement 6 publ]iTeished i1
report proposed fourteen recommendations for good governance regarding noise management

and abatement for NRAs. The following four highlighted different aspects of using noise-reducing
pavements:

1. The use of noise-reducing pavements should be considered when selecting noise
mitigation measures, because such pavements are purported to provide a cost-effective
tool in noise abatement. When upgrading existing roads, the use of noise-reducing
pavements is sometimes a low cost measure of noise abatement.

2. Integration of noise as an active component in pavement management systems can
increase the optimal use of noise-reducing pavements in the ongoing road pavement
renewal process.

3. To enhance the current market for noise-reducing pavements, the development and use of
a noise labelling system in member states should be considered. Standards for such a
system should be developed.

4. There is a need for further research and development into improved and long-time durable
measures of noise abatement like optimized noise-reducing pavements, tyres, vehicles etc.
There is also a need for better knowledge about health effects of noise.

The second CEDR Task Group Road Noise, active from 2009 to 2012, performed economical
evaluations of di fferent tools of noi se abat emen

CEDR Technical Report 2017-01 Noise-reducing pavements
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Noise Directive and NRAs: Final Summary Report CEDR Road Noise 2009-2 01306 [ 4] .
highlighted that the most cost-effective tool for noise abatement in relation to the society economy
is reduction of the noise emissions from new vehicles and tyres. This was closely followed by the
use of noise-reducing pavements which also proved to be very cost-effective for society. NRAs can
generally not influence which vehicles and tyres are using the road network, but NRAs make
decisions on which pavements to use on new roads as well as when renewing the existing road
network. Therefore noise-reducing pavements can be used by NRAs as a tool of noise abatement.

4.3 Tyre road noise generation

There are two main sources of noise emitted by vehicles when driving on a road:
1. The engine and transmission system;

2. The interaction between tyres and road pavement.

Noise from aerodynamic effects does not normally play a role for road traffic.
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Figure 4.2: Engine noise (Prop), tyre road noise (Roll) and total noise (Tot) at different
speeds for passenger cars (P) and heavy vehicles (F) [5]. Based on the Nord2000 road
noise prediction method [6].

Figure 4.2 shows the contribution from the tyre road noise and the engine noise as well as the total
noise at different speeds. It can be seen that at speeds over 35 km/h the tyre road noise is the
dominant noise source for passenger cars and for heavy vehicles the tyre road noise is the
dominant source over 60 km/h. Therefore the pavements are important for the noise at both urban
roads with speeds around 50-60 km/h as well as on national roads and motorways with higher
speeds.

The generation of noise from the tyres rolling on a road surface is mainly determined by the
following mechanisms [11]:

CEDR Technical Report 2017-01 Noise-reducing pavements
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1 Vibrations in the tyres: The vibrations are generated by the contact between the surface of
the pavement and the rubber blocks of the tread pattern of the tyre. Tyre vibrations
generate noise in the frequencies from 500 to 1 500 Hz. The noise increases as the road
surface gets rougher. Therefore, a decrease in the maximum aggregate size generally
leads to a decrease in the noise.

i The air pumping effect: When the rubber blocks on the tread pattern of the tyre hit the road
surface, air is pressed out of the cavities between the rubber blocks. When the rubber
blocks leave the road surface air is sucked back into the cavities. This air pumping to the
surroundings generates noise at high frequencies over 1 000 Hz. If the road surface is open
or porous the air will instead be pumped down into the pavement structure and the noise
will be reduced.

1 The horn effect: The curved tread pattern of the tyres and the road surface acts as an
acoustical horn which amplifies the road noise generated around the contact point between
the tyre and the road surface. If the road surface is porous (and therefore sound absorbing)
the amplification effect will be reduced.

1 Absorption _during propagation: The engine and tyre-road noise is propagated from the
vehicles to the receivers. Under this propagation, the noise might be reflected on the road
surface. If the road surface is porous and therefore sound absorbing the noise at some
frequency bands will be reduced under the propagation.

1 The effect of stiffness: The stiffness of the pavement is important for the determination of
the noise generated by the contact between the surface of the pavement and the rubber
blocks of the tread pattern of the tyre. If the pavement is elastic, the noise generated will be
reduced.

Other mechanisms might also play minor a role in the generation of tyre/road noise [11]. On the
background of the current knowledge, it is the general judgment by the authors, that the
mechanisms mentioned above are the most important for the determination of the tyre road noise.
According to the knowledge of the authors no precise models are available that can be used to
predict the tyre-road noise based on detailed measurements of the pavement surface texture and
other surface related properties. There is a need for further research into such relations.

As it can be seen from the above, the surface texture of pavements is very important for the
generation of tyre road noise. The mechanisms for generation of tyre road noise are not fully
understood today.

4.4 Noise optimization of pavements

Table 4.3 shows which properties of a pavement can be optimized in order to reduce the effect of
the different noise generating mechanisms.

The noise-reducing effect of both single layer and two layer porous pavements comes primarily
from a reduction of the noise generation by the air pumping effect. But the porous pavement
structure also reduces the horn effect and reduces noise by absorbing noise under propagation
from the vehicle to the receiver along the road. When fine graded porous pavements with a smooth
and even surface are used, this also reduces the noise generated by the vibrations of the tyres. In
Europe porous pavements with maximum aggregate size of 4, 5, 8 11 and 16 mm have been used.

CEDR Technical Report 2017-01 Noise-reducing pavements
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Table 4.3: Relations between the physical structure of road pavements and the five different noise

generation mechanisms.

Noise generation mechanism Surface Build in air Pavement Elasticity
texture void thickness

Vibrations in the tyres X X

The air pumping effect X X

The horn effect X X

Absorption under propagation X X

The effect of stiffness X

Porous pavements are open in the whole thickness of the layer with connected cavities. Porous
pavements can be constructed with one or two layers of porous asphalt. Figure 4.3 shows an
example of a two-layer porous pavement with small aggregates in the top layer and larger
aggregates in the bottom layer. If the built in air void of a porous pavement and/or the layer
thickness is increased, this will normally reduce the noise.

Figure 4.3: Two layer porous pavement [12].

As a contrast to this, open pavements are open only at the upper part of the pavement with cavities
having a depth less than the maximum size of the aggregates used for the pavement. The basic
concept of using open pavements for noise reduction is to create a pavement structure, with as big
cavities at the surface of the pavement as possible in order to reduce to some extend the noise
generated from the air pumping effect, and at the same time ensuring a smooth and even surface,
so the noise generated by the vibrations of the tyres will not be increased. Such a noise-reducing
open pavement can be thin, as the mechanisms determining the noise generation are only
dependent on the surface structure of the pavement. Open but not porous noise-reducing
pavements can be developed on the background of Open Graded Asphalt Concrete, SMA mixes
(Split Mastics Asphalt) and other pavement types.

APositive s AfNegative s

Figure 4. 4: Principal sketch of

texture [39].
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Figure 4.4 illustrates two types of pavements with open surfaces texture. The pavement with a
Aipositiveodo structure wild.l increase the noise gene
with a fAnegativedo structure wild.l reduce the noi
compaction and cubic aggregate shape can be used to create a pavement surface with a
inegativeodo texture.

Generally there is not a good correlation between tyre road noise and the Mean Profile Depth
(MPD). In [13] an empirical framework for the description of the tyre/road noise has been
suggested (see Figure 4.5). A special measure for unevenness (X) has been developed in order to
describe the difference in height between the highest points on a road surface profile measured by
laser over a length of 1 meter. Another measure (H) was also introduced to describe the average
distance between the highest points in the road profile. Both parameters X and H are indicators for
the smoothness of a pavement surface. The Mean Profile Depth (MPD) is also included in the
description, as an indicator for the openness of a pavement surface.

X ~ 0
—f B

MPD

Figure 4.5: Sketch to describe the relation between road surface texture parameters and
noise generating mechanisms [13].

The following has to be achieved in order to obtain as little tyre road noise as possible:

1. The highest points of a road surface should have the same height (reduce X) in order to
secure a smooth pavement surface and by this reduce the noise generated from vibrations
in the tyre. This can be achieved by using cubic aggregates and a good compaction of the
newly laid pavement.

2. The distance between these high points should be as small as possible (reduce H) also in
order to secure a smooth pavement surface and by this reduce the noise generated from
vibrations in the tyre. This can be achieved by using a small maximum aggregate size

3. The cavities between the top points of the pavement surface should be as deep and big as
possible (increase MPD) in order to reduce the noise generated by air pumping. This can
be achieved by using a high built in air void.

CEDR Technical Report 2017-01 Noise-reducing pavements
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Figure 4.6: Close-up photo of a newly laid SMA pavement with a very smooth and even
surface texture that reduces vibration generated noise. Open cavities in the pavement
surface can also be observed. These are helping to reduce the noise generated from air

pumping.

Generally the noise is reduced when the maximum aggregate size is reduced. A rule of thumb is
that a decrease in aggregate size of 1 mm reduces the tyre-road noise by around 0.25 dB for
dense asphalt concrete and SMA anything else equal. This highlights that a noise reduction can be
achieved by reducing the maximum aggregate size.

If a pavement is elastic this can also reduce the vibration generated noise. In the EU project
PERSUADE so called poroelastic pavements (PERS) have developed and tested [14]. This was
done by using a porous pavement with a small maximum aggregate size where a large percentage
of the stone aggregates are substituted by rubber aggregates from scrapped tyres.

4.5 Tyres and noise

Together with the pavement type the tyres has an important influence on the generation of the tyre
road noise. Figure 4.7 shows an example where noise has been measured on six different
pavements by the use of seven different tyres. It can be seen that the range of noise for the same
pavement is 6 to 8 dB, depending on the tyre. That is quite a big difference between the tyres. But
it can also be seen that these different tyres generally range the six pavements in the same way in
relation to noise.

CEDR Technical Report 2017-01 Noise-reducing pavements
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Figure 4.7: Noise measured on six different pavements using seven different tyres.
Measurements performed on a Danish demonstration section with noise-reducing thin
layers at 80 km/h [8].

4.6 Noise reduction for passenger cars and heavy vehicles

The tyres as well as the engines and the transmission systems are very different for passenger
cars and heavy vehicles (trucks and buses). As can be seen from Figure 4.2, the noise emission
for a heavy vehicle is generally around 10 dB higher than for passenger cars at the same speed.
Due to the very different tyre types and tread pattern textures, noise-reducing pavements might
have a different effect on these two vehicle categories. The following are a few examples for
illustration.

Table 4.4 show the lifetime noise reduction for two types of single layer porous asphalt in relation
to a dense asphalt concrete pavement (AC 11) on a motorway. It can be seen that the lifetime
noise reduction for the heavy vehicles is slightly less than for passenger cars.

Table 4.4: Lifetime noise reduction for two types of single layer porous asphalt in relation to
a dense asphalt concrete pavement (AC 11) on a motorway with a speed limit of 80 km/h

[23].
Pavement Passenger cars Heavy vehicles
[dB] [dB]
PA 8 type A 3.6 3.4
PA 8 type B 3.9 3.7

Table 4.5 shows an example of the lifetime noise reduction of three types of two layer porous
asphalt on an urban road in relation to a dense asphalt concrete pavement (AC 8) [12]. The noise
reduction is on average generally 0.6 dB less for the heavy vehicles in this example.

CEDR Technical Report 2017-01 Noise-reducing pavements
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Table 4.5: Lifetime noise reduction for three types of two layer porous asphalt in relation to
a dense asphalt concrete pavement (AC 8) on an urban road with a speed limit of 50 km/h

[23].
Pavement Passenger Two-axle heavy
cars vehicles
[dB] [dB]
PA 8-70 2.8 2.3
PA 5-55 2.8 1.3
PA 5-90 2.0 2.0

Finally, Table 4.6 shows the noise reduction over six years of five different types of thin layer
pavements on a motorway. It can be seen that for some of the pavements the passenger cars
have the highest noise reduction and for others it is the heavy vehicles. In [24] there is no
explanation why this could be the case!

Table 4.6: Noise reduction measured over six years for five types of thin layer asphalt in
relation to a dense asphalt concrete pavement (AC 11) on a motorway with a speed limit of
110 km/h [24].

Pavement Passenger cars | Multi-axle heavy
vehicles

[dB] [dB]

AC 8 open 2.0 2.7

SMAG+ 1.2 0.4

SMA8 0.6 1.0

SMA8+ 1.7 1.2

Special 8 0.9 1.6

From the above it can be seen that noise-reducing pavements have a positive effect on the noise
for both passenger cars and heavy vehicles. There is a slight tendency that the noise reduction is
less for heavy vehicles than for passenger cars.

4.7 Effect on noise of pavement aging

The tyre road noise generally increases as the pavements gets older. Figure 4.8 shows an
example of the development of noise for five pavements over a ten year period based on yearly
performed road side SPB noise measurements for passenger cars (see Section 4.8). It is obvious
that there is an ongoing increase of noise as the pavements gets older.
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Figure 4.8: Results of road side SPB noise measurements for passenger cars over ten
years on five pavements on an urban road in Copenhagen [24].

It can be discussed if the noise increase follows a linear regression or an exponential or logarithmic
curve. A Danish investigation from 2014 [9] showed that the three different regressions gives
approximately the same good description of the noise increase for measurement series over up to
ten years with a slight tendency that an inverse exponential function gave the best description of
the noise development. However, there is a lack of end of lifetime measurement series of the
lifetime development of noise for different pavement types.

SUPSIL was a joint Dutch Danish project, where one of the objectives was to analyse the
development of noise over time [15]. Long-time measurement series from five countries in Europe
were collected and analysed. There was generally a large spread in the results. The analysis
indicated that the pavement age is a good descriptor for the development of noise. The results
show that the noise increase per year is higher for pavements with smaller aggregate size than for
same type of pavement with larger aggregate size.

Table 4.7 presents the general average trends of noise increase that was the result of the project
for mixed traffic (passenger cars and heavy vehicles) for different pavement types. The increase
for dense asphalt concrete is less than for the other noise-reducing types. The QUESTIM project
also investigated the development of noise over time for pavements in Europe [30].
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Table 4.7 Average yearly noise increase for different pavement types based on results for
mixed traffic (light and heavy vehicles) from five countries in Europe [15]. The thin layer
pavement type includes pavements based on open graded asphalt concrete.

Pavement type Max. Aggregate size Noise increase
[mm] [dBlyear]
High speed Low speed
(O 80 K (50i 60km/h)
Dense asphalt concrete 16 0.1 -
O 11 037104 0371 04
Thin layer 10 0.2 -
O 8 0471 0.6 0.4
One layer porous 16 0.3 -
O 8 0.3 -
Two layer porous O 8 - 1.0
4.8 Reference noise level for pavements

When new road infrastructure projects are planned, impacts associated with road traffic noise are
normally one of the environmental factors that are analysed and evaluated. A noise prediction
method is used for noise calculations and noise mapping. Noise measurements are normally not
used in most countries in the process of planning new roads [22].

Various noise prediction methods are used in the different European countries [3, 22]. For example
the Nord2000 method is used in some of the Scandinavian countries [6]. Noise prediction methods
have an emission part that is normally developed on the background of a large amount of noise
measurements on real roads. For example in the Danish version of Nord2000 method, it has been
decided to use a dense asphalt concrete with 11 mm maximum aggregate size (AC 11) with an
average age of eight years as the noise reference level, because the AC 11 pavement was
commonly used around year 2000 when the method was developed. This reflects the noise in the
middle of the typical lifetime of an AC11 pavement. In this way, the results of the prediction method
reflects the average noise over the lifetime of a pavement. For planning and administrative
purposes, this is considered a fair way of predicting noise [6] and it reflects the average level of
noise exposure on the neighbours to the roads.

As can be seen in Figure 4.8, and according to Table 4.7, the noise levels will be around 2 to 3 dB
less in a situation with a new AC11 pavement and a few dB higher than the predicted level at the
end of lifetime of the pavement. This means that by replacing an old pavement with a new
pavement of the same type a noise reduction of up to 3 - 4 dB may be achieved. However, this
cannot be regarded as a tool of noise abatement, as the noise from the new pavement will
continue to increase with time.

In Nord2000 [6], as well as in other European prediction methods, it is possible to correct the
predicted noise levels according to which of some predefined pavement types that are used.
Figure 4.9 shows an example of the pavements included in the Danish version of Nord2000. The
red dots shows the noise levels in year 8 that are included in the prediction method and the lines
show the expected development over time of the actual noise levels [19]. It can be seen that the
noise increase over time for the noise-reducing thin layer pavement (SRS) is higher than for the
AC11 reference pavement and the split mastics asphalt pavements (SMA).

CEDR Technical Report 2017-01 Noise-reducing pavements



 2edr
Page 18 /57 \ , Conférence Européenne
g des Directeurs des Routes
Conference of European
Directors of Roads

18: g ——SMAT11

102 // —SMAS8

101 ——AC11
@ 100 ——SRS
= 99 - ¢ Nord2000 AC11
g 98 - m Nord2000 SMA11
% 97 4 Nord2000 SMA8
& 96 e Nord2000 SRS

95

94 : : :

0 5 10 15 20

Age [year]

Figure 4.9: Noise emission levels in the Danish version of Nord2000 prediction method [19],
at a speed of 80 km/h measured by the CPX method (see Section 4.9). The red dots show
the noise levels in year 8 that are included in the prediction method.

When talking about the noise reduction of a pavement, it is very important to be precise in defining
what reference pavement type (and which age) the noise reduction is defined in relation to. The
reference pavement used can have a big influence on the level of the actual noise reduction that is
stated. Therefore it is always important to ask which reference pavement with what age that is
used as well as what is the age of the noise reducing pavement!

Due to differences in climate, traffic and traditions etc. there is a variation in what pavement type
that can be considered the standard pavement in different European countries. In Sweden a SMA
16 pavement with 16 mm maximum aggregate size is normally used as a reference pavement,
where as in Denmark today a SMA 11 pavement with 11 mm maximum aggregate is commonly
used at the motorway network. Examples of AC 11 and SMA 16 reference pavements are shown
in Figure 4.10. It can be seen that the SMA 16 has a rougher surface texture than the AC 11.
When new, the SMA 16 will normally have a noise level around 2 dB higher than the AC 11
pavement.
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Figure 4.10: Close up photo of a SMA16 pavement normally used as a reference in
Sweden (top) and a dense asphalt concrete with 11 mm aggregates (AC 11) used as a
reference in Nord2000 in Denmark (bottom). The size of the black and white squares is 10
X 10 mm.

The noise reduction of the same specific pavement can vary in different European countries,
depending on how the reference pavement is defined in each country.

Measurements of the noise from noise-reducing pavements are often performed when the
pavements are new. It must be recommended to wait one to two months after the construction of
the pavement before measurements are performed. Doing so, the bitumen film on the newly laid
pavements will be removed by the traffic passing the pavement.

In order to evaluate the noise reduction, it is recommended to compare the measured noise levels

with the noise from a typical reference pavement used in the relevant country with the same age as

the noise-reducing pavement. In this way the noise reduction will more or less reflect the average

noise reduction over the years. Even though it must be remarked that the increase of noise over

time for noise-reducingpavements is normally higher than the
pavements (see Table 4.7 and Figure 4.9). In an ideal world this should also be taken into
consideration. But in order to do this precisely, it is necessary to perform yearly noise
measurements over the whole lifetime of pavements before being able to establish the exact noise

reduction.

Based on comprehensive noise measurements on standard SMA 11 pavements and noise-
reducing thin layer pavements of the SMA 6 type, Figure 4.11 shows an example of the
development of noise over time for such two pavements. In this case with an expected lifetime of
17 years for the SMA 11 and an expected lifetime of 12 years for the noise-reducing SMA 6. The
example covers a period of 51 years, equal to 3 lifecycles of the SMA 11. In this example, the
average noise reduction for the noise-reducing thin layer SMA 6 is 2.2 dB in relation to the SMA
11.

The figure illustrates that for planning purposes it makes good sense to use the average noise
levels over time as well as the average noise reduction over time for a specific pavement. Such
average noise emission levels for pavements are often built in to the emission part of the national
noise prediction methods.
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