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Executive summary

This report describes the results obtained from a survey on knowledge gaps in noise assessment
and abatement techniques as seen by the National Road Administrations (NRASs). The survey was
conducted in the winter of 2011-12. The status on the need for noise research within Europe was
investigated by sending a questionnaire to 16 CEDR Road Noise members. The questionnaire
aimed to elucidate priority noise research themes common to the European area, identify a shared
approach to the noise problems and to promote national and joint future research projects. The
guestionnaire included 10 main thematic domains. Each thematic domain comprised of a group of
issues. In order to identify the issues that need in-depth study, research and development, it was
asked to indicate the priority to be assigned to domains and issues.

The following top five thematic domains were found to meet member states interests:

rolling noise,

improved or new socio-economic instruments to promote efficient noise abatement,
advanced noise reduction technologies between source and receivers,

advanced computation and measurement methods for more accurate assessment of noise
exposure,

. active noise mitigation measures.

Themes related to systems and methods to abate noise are considered of primary importance. In
particular, the priority list reasserts the common opinion that noise must be reduced first at the
source and then using screens between source and receivers. The need for high quality input data
and more accuracy on the results provided by calculation models has been also highlighted and
reasserted in order to improve noise maps reliability.

In order to help identify the preferred approach to noise issues emerge from the survey, thematic
domains were also clustered in three main categories:

A. noise assessment and indicators,
B. policy and socio-economic actions,
C. techniques and technologies for noise abatement.

The results achieved by grouping the thematic domains, show that the cluster 'noise assessment
and indicators' has the highest score. The importance of improving the thematic domain related to
computation and measurement methods has been reasserted to encourage the development of
more reliable evaluations of noise perception. Less demanding are research themes on dose-effect
relationships and specific indicators.

Domains in the cluster 'techniques and technologies for noise abatement' maintain their high
ranking. As in the previous edition of the survey, the thematic domain related to rolling noise was
judged to be of primary importance. Common opinion is that passive mitigation systems must be
enhanced in order to abate noise effectively and efficiently, especially at the source.

Another filtering step was implemented to achieve a priority list of topics for future research. The
algorithm adopted for data filtering used information related to the state of the art of different
matters as input. Outcomes from this last step show that for the most interesting thematic domain
on rolling noise, just one topic survived to data filtering. A similar result was also achieved for
thematic domain on improved and socio-economic instrument to promote efficient noise
abatement. The main priority has been given to themes related to noise abatement, in particular to
the development of environmentally and economically sustainable mitigation measures.

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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Recommendations

The results of the questionnaire highlight the need for more research on road noise. High priority
was assigned to research themes related to noise abatement, in particular to the development of
environmentally and economically sustainable mitigation measures. Medium priority was given to
research themes related to noise mapping and cost-benefits assessment of noise impact and noise
abatement. So the CEDR Project Group Road Noise strongly recommends to focus attention on
topics regarding the design and development of effective and efficient solutions to abate noise,
including their environmental and economic assessment.

Based on this overall recommendation, CEDR Road Noise has two specific recommendations.

First, to use the information on noise research needs when defining, planning and prioritizing new
research and development activities in relation to:

national research programmes of individual National Road Administrations (NRAS),
regional and bi-lateral cooperation by NRAs of several EU member states,

CEDR transnational programme on research (ERA-NET Road and ERA-NET Transport),
FEHRL programme Forever Open Road,

EU research programmes such as FP8 and Horizon 2020.

This recommendation sounds simplistic, but in fact this will require a lot of effort and resources to
get it involved on noise research at a transnational level. To cope with these preconditions, one
has to focus on specific programmes. That's why the follow-up activities are concentrated on the
recent CEDR Call 2012 on noise: integrating strategic noise management into the operation and
maintenance of national road networks.

Second, to use the information on noise research needs in the scope of CEDR Road Noise 3,
whose mission, in the period 2013-17, will be focused on the collation, dispersion, implementation
and adoption of results from recent innovative noise research projects undertaken within CEDR
member states.

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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1 Introduction

In their CEDR Strategic Plan 2009-13 (SP2) [1] the Conference of European Directors of Roads
(CEDR [2]) defined a Thematic Domain (TD) Construction, focused on environmental and road
safety issues. Five main objectives were established for this thematic domain:

. contribute to the efforts deployed by standardization bodies to establish and update modern
standards in line with the objectives of the NRAs;

facilitate the individual use of new standards;

monitor the European law-making;

take appropriate action on EU directives;

develop and share knowledge on a sustainable infrastructure.

To meet this goal a CEDR Project Group Road Noise was established. Four subgroups were
composed to deal with as many topics:

noise mapping

EU action plans

tyre and vehicle noise

EU noise calculation model.

An additional survey was also added; to define the state of the art on road noise research and
identify research themes to be used as background information for the development of joint future
research projects supported by the national road administrations as well as other European
frameworks (such as ERA-NET-ROAD, EU framework programmes etc.).

This report presents the results of the questionnaire on knowledge gaps that was conducted in
2011-12. The basic idea of this report is to share information among the national road
administrations on knowledge gaps in noise abatement. It is hoped that this report will give
inspiration for further research on noise abatement in Europe and benefit people living as
neighbours to the national road networks in particular and to all roads in general.

The questionnaire on knowledge gaps was produced by Patrizia Bellucci from ANAS in Italy, who
also drafted this report with input from many road administrations in Europe. The CEDR Project
Group Road Noise would like to thank all the members from the national road administrations who
carried out substantial work in answering the questionnaire. The work and this report have
continuously been discussed at the meetings of CEDR Road Noise. Nico Faber, Vincent O'Malley
and Wiebe Alberts edited the report. The editors would like to express their warm thanks especially
to Mrs. Patrizia Bellucci and to the members of CEDR Road Noise for their dedicated work
producing this report.

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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2 The survey questionnaire

The survey questionnaire on knowledge gaps was developed to establish a range of research
themes on road noise that need further investigation. Research themes were identified based on
the trend outlined by the most reliable research programmes and projects, as those reported in the
bibliography (see paragraph 6). The survey questionnaire includes 10 main thematic domains that
are listed in Table 1:

Table 1 List of the thematic domains proposed in the survey questionnaire

ID | Thematic domain

1 Advanced computation and measurement methods for more accurate assessment of noise
exposure

2 Definition and identification of urban and rural high acoustic quality areas

3 Improvement in dose-effect relationships

4 Additional noise indicators considering specific effects

5 Advanced methods of cost-benefit assessment of noise impact and noise abatement

6 Information and public participation

7 Improved or new socio-economic instruments to promote efficient noise abatement

8 Rolling noise

9 Advanced noise reduction technologies between source and receivers

10 | Active noise mitigation measures

Each thematic domain comprises a group of issues connected to the particular domain (for details
on issues see Annex A). In order to identify the issues that need in-depth study, it was requested to
mark the domains that are considered worthy of further research with a number from 0 to 4,
indicating the priority to be assigned to domains and issues, as shown in Table 2.

Table 2 Scores to be assigned to thematic domains and issues

Score Thematic Domain Priority Items Interest Level
0 No priority Not interesting
1 Low priority Little interesting
2 Medium priority Interesting
3 High priority Rather interesting
4 Absolute priority Very interesting

For each issue the questionnaire also asked patrticipants to specify if:

the research on that issue has already been developed;

the research on that issue is still in progress;

the research on that issue is going to be developed at a future time;
the research on that issue has not been undertaken or planned.

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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The questionnaire also allowed participants to insert remarks and suggestion on each thematic
domain and to add references on reports, proceedings, articles on topics already developed or in
progress (see Annex B for the list of publications collected).

The survey questionnaire was sent to 16 CEDR member states and 14 of them responded to the

survey questionnaire, as shown in Table 3:

Table 3 List of participating countries

Austria The Netherlands
Belgium (Flanders) Ireland
Denmark Italy

Estonia Latvia

Finland Norway

France Poland
Germany Spain

Greece Sweden

The complete survey questionnaire is available in Annex A.

CEDR Project Group Road Noise: subgroup road traffic noise research needs
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3 Results

In this section the results of the survey are described. The results are analysed from two different
perspectives:

e  Dbytheme, and
. by country.

The first approach focuses on the interest expressed by each member state on the thematic
domains and issues. Aim of this analysis is to compare different views and provide results of the
research needs in Europe in relation to the proposed themes.

The second approach is aimed at pointing out research priorities on a country basis and issues
each member state is interested in progressing.
3.1 Results per thematic domain

The thematic domains proposed in the questionnaire were a collection of 10 subject matters based
on recent publications on research visions and scientific articles on specific subjects related to road
noise. The list of the thematic domains put in the questionnaire is shown in Table 1.

In the following figures a short description of each thematic domain is reported with the results of
the survey by theme.

For details on the issues suggested in the thematic domains, please refer to Annex A.

Score
THEMATIC DOMAIN 1 0 ! 2 3 4

Austria I
“ADVANCED COMPUTATION AND Belgium F_
MEASUREMENT METHODS FOR Denmark
MORE ACCURATE ASSESSMENT OF Estonia
NOlSE EXPOSURE" Gennany
) _ o > Greece

This thematic domain includes research €  Holland [

topics gonadered_ of interest fqr drawing 2 lreland
up noise mapping, in particular for © Italy
increasing the accuracy and Latvia
completeness of results and speeding up Norway
the assessment process. Poland
Spain

Sweden I

TOTAL SCORE 39

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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Score
0 1 2 4
THEMATIC DOMAIN 2 ) |
Austria
“DEFINITION AND IDENTIFICATION Belgium F.
OF URBAN AND RURAL HIGH Denmark
ACOUSTIC QUALITY AREAS” Estonia
Germany
This thematic domain refers to the need g Greece
of defining appropriate indicators and S Holland
limit values to delimit urban and rural 8 Ireland
quiet areas and to determine the public ltaly
response to noise exposure. Latvia
Norway
Poland
Spain
Sweden
TOTAL SCORE 26
Score
THEMATIC DOMAIN 3 A
“IMPROVEMENT IN DOSE-EFFECT Austria
RELATIONSHIPS” Belgium F.
Denmark
The effects induced by noise on the Estonia
population exposed to road traffic noise Germany
are  important to establish the 2 Greece
relationships between noise levels and €  Holland
annoyance. The items in this thematic 3 lreland
domain tackle some aspects of the © Italy
problems related to the development of Latvia
dose-effects relationships that allow Norway
improvement in their confidence level. Poland
Spain
Sweden
TOTAL SCORE 24
CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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THEMATIC DOMAIN 4 Score
“ADDITIONAL NOISE INDICATORS 4
CONSIDERING SPECIFIC EFFECTS” Austria
Belgium F.
This thematic domain addresses specific Denmark
properties that have significant influence Estonia
on noise perception, but are not Germany
sufficiently described and represented by 2  Greece
the common indicators Lgen and Lpghe € Holland
Research in these fields should focus on | 3 jreland
dose-effect relationships due to low © Italy
frequency components, impulsive noise, Lalvia
infrequent events and the occurrence of Norway
quiet periods. Poland
Spain
Sweden
TOTAL SCORE 25
THEMATIC DOMAIN 5
“ ADVANCED METHODS OF COST- Score
BENEFIT ASSESSMENT OF NOISE 4
IMPACT AND NOISE ABATEMENT”
Austria
Cost-benefit analysis is an important tool Belgium F.
to value the efficiency and effectiveness Denmark
of noise measures to be undertaken in Estonia
action plans. Further development of the Germany
stated preference method and the house g Creece
price  method is required to reduce S Holland
uncertainties and to provide more g Ireland
accurate estimates. A novel indicator italy
considering the influence of the initial Latvia
sound level, the health impacts and other Norway
factors related to noise reduction Poland
measures such as the effects on local air Spain
quality, the emission of greenhouse Sweden
gases, traffic safety, etc. is also required

to improve cost-benefit analysis.

TOTAL SCORE 27

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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THEMATIC DOMAIN 6

“INFORMATION AND PARTICIPATION
OF THE PUBLIC”

The Environmental Noise Directive states Score
that member states should ensure that

strategic noise maps and action plans 4
are made available and disseminated to Austria

the public. The information should be Belgium F.

clear, comprehensible and accessible. Denmark

Member states should also ensure that Estonia

the public is consulted about proposals Germany

for action plans, given early and effective > Greece

opportunities to  participate in the T  Holland

preparation and review of the action 3 lreland

plans, that the results of that participation © Italy

are taken into account and that the public Latvia

is informed on the decisions taken. A Norway

reasonable time-frame  should be Poland

provided to allow sufficient time for each Spain

stage of public participation. Results Sweden

related to the first round of the END

showed that poor participation of the

public was achieved and that research

on this field is necessary, in order to

outline suitable communication

languages and modes.

TOTAL SCORE 31
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THEMATIC DOMAIN 7

“IMPROVED OR NEW SOCIO-
ECONOMIC INSTRUMENTS TO
PROMOTE EFFICIENT NOISE
ABATEMENT”

Efficient instruments are required to
direct consumers towards quieter
products and quieter behaviour based on
positive or negative incentives and
regulations related to the use of noisy
devices, to the extent of noise nuisance
or to the cost caused by the noise impact
to the society. At the same time, efforts
should be focused on providing reliable
vehicle noise assessment methods,
representative of the typical conditions in
real traffic situations, to make noise
emission limitation a more effective and
efficient noise reduction tool. Noise
emission is also dependent on driving
styles, therefore systems supporting and
promoting low-noise driving styles by
engine management, intelligent
transmissions and electronic  driver
assistance are necessary. In the specific
field of powered two-wheelers (PTWSs),
the driving style and the manipulation of
the engine and exhaust system have a
big impact on the noise emission so that
investigations towards efficient training
and control programmes for quieter
driving of PTWs are needed.

TOTAL SCORE 41

Country

Score

Austria |
Belgium F. |
Denmark |

Estonia |
Germany |

Greece |

Holland |

Iretand |

faly |

Lawvia |

Norway |

Poland |

Spain |

Sweden |
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THEMATIC DOMAIN 8
Score

“ROLLING NOISE”
Rolling noise is the main factor Ausiria
contributing to noise level in many traffic Belgium F.
situations. Improvement in understanding Denmark
the interaction between tyre and road Estonia
surface is necessary to progress noise Germany
reduction techniques and modelling. New > Greece
concepts for low noise tyres and road T Holland
surfaces have to be developed and 3 lreland
implemented on models with increased = © Italy
accuracy. For road surfaces, new Latvia
production technologies, cleaning and Norway
maintenance techniques for porous Poland
asphalts are needed to achieve Spain
sustainable noise reduction. Sweden
TOTAL SCORE 42

THEMATIC DOMAIN 9

Score
“ADVANCED NOISE REDUCTION

TECHNOLOGIES BETWEEN SOURCE 0 1 2 3 4

AND RECEIVERS” Austria

Belgium F.

Sound pressure levels in residential Denmark
areas can also be reduced by hindering Estonia
noise propagation from road to receivers Germany
with measures such as noise barriers > Greece
around acoustic "hot" spots. The noise €  Holland
protection effect of barriers is considered 3 Ireland
to be not yet fully exploited so that further © ltaly
research on noise barriers is needed, Lalvia
especially for top end design Norway
optimization. Research is also required to Poland
develop new and sustainable types of Spain
panels to allow for active noise control, Sweden
the production of renewable energy, etc.

TOTAL SCORE g5
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THEMATIC DOMAIN 10

“ACTIVE NOISE MITIGATION
MEASURES”

Noise in large residential areas provides
a complex system that can be treated
only with a holistic approach. Solutions
limited to single sources could be
insufficient to abate noise levels at
receivers, so combined solutions should
be investigated in order to guarantee the
required noise reduction. Combined
solutions include active mitigation
measures, such as traffic management
(speed and volume control) and city
planning. Cities with short distances to
be covered help to reduce traffic and
noise. Thus, it is important to understand
the forces that favour the long distance in
a city and to develop instruments to
counteract  such  forces. Further
knowledge is needed about the best city
layout for noise and about efficient
integration of noise related city planning
into mobility planning or planning of
sustainable urban transport.

TOTAL SCORE 34

Country

Score

Austria
Belgium F.
Denmark
Estonia
Germany
Greece
Holland
Ireland
Italy
Latvia
Norway
Poland
Spain
Sweden
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3.2 Global results

Table 4 shows the scores given to the priority level associated to the thematic domains proposed
in the questionnaire.

Table 4 Thematic domains and priority level

Priority | TD | Thematic Domain Score
1 8 | Rolling noise 42
2 7 | Improved or new socio-economic instruments to promote efficient noise 41

abatement
3 1 | Advanced computation and measurement methods for more accurate 39
assessment of noise exposure
4 9 | Advanced noise reduction technologies between source and receivers 35
5 10 | Active noise mitigation measures 34
6 Information and public participation 31
7 Advanced methods of cost-benefit assessment of noise impact and noise 27
abatement
Definition and identification of urban and rural high acoustic quality areas 26
Additional noise indicators considering specific effects 25
10 3 | Improvement in dose-effect relationships 24

As it can be seen in Table 4, the themes considered of primary importance to be developed are
those related to systems and methods to abate noise. In particular, the priority list reasserts the
common opinion that noise must be reduced first at the source and then using screens between
source and receivers.

The way noise can be reduced is another important matter to be investigated. The experience
gained in the last decade shows that solutions limited to single noise sources could be insufficient
to abate noise levels at receivers, so combined solutions should be investigated in order to
guarantee the required noise abatement. Policies and strategies are necessary to ensure an
efficient and effective solution to the problem.

The development of additional and innovative noise abatement techniques, such as traffic
management, speed reduction, electric or non-motorized transport solutions, photovoltaics
integration in noise barriers, as well as managerial and financial tools to reduce the cost of noise
mitigation measures, are also required.

On completion of the first round of the END, the need for high quality input data and more accuracy
on the results provided by calculation models was again highlighted in order to improve noise
maps reliability. Methods to check the veracity of results are also required to guarantee noise maps
outcomes.

In Tables 5 to 9, the first five thematic domains are expanded to show the most relevant issues to
emerge from the survey.

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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Table 5 Scores related to issues proposed in the thematic domain 8

Thematic Domain 8

1 ROLLING NOISE
ID | Issue Score

8.3 | New concepts for low-noise road surfaces (design, material, production technologies) 41

8.6 | Development of optimised noise reducing pavements 40

8.11 | Procedures for the acoustic labelling and conformity checking of road surface products or 38
techniques

8.2 | New concept for low-noise tyres (geometry, design, material, matching to road surfaces) 37

8.7 | Life cycle assessment of PERS 36

8.4 | Cleaning and maintenance techniques for low-noise road surfaces (cleaning techniques, 35
winter maintenance, renewal techniques)

8.10 | Development of reliable methods for static and dynamic characterization of the acoustic 35
performance of low noise pavements (emission and absorption).

8.1 | Better understanding of road-tyre interaction for improved simulation tools with increased 34
accuracy

8.12 | Benefits and drawbacks from low rolling noise systems (tyres and pavement) such as 34
reduced rolling resistance, fuel consumption, etc.

8.5 | Testing of existing model for tyre/road noise with data from several countries and types of 33
tyres and surfaces (testing models)

8.8 | Investigations and improvement of acoustic and structural durability of noise reducing 33
pavements

8.9 | Durable silent expansion joints and their acoustic characterization 31

Table 6 Scores related to issues proposed in the thematic domain 7

Thematic Domain 7

2 IMPROVED OR NEW SOCIO-ECONOMIC INSTRUMENTS TO PROMOTE EFFICIENT NOISE
ABATEMENT

ID Issue Score

7.4 | Development of noise requirements and regulations for road surfaces based on reliable 41
data

7.9 | Development of national demonstrative programmes for testing novel noise abating 36
measures and technologies.

7.3 | New noise emission testing for road vehicles that better represent typical conditions in real 35
traffic situations

7.6 | Tax incentives for low noise vehicles and tyres (requires appropriate noise emission 35
indicators and customer information)

7.10 | Development of a classification system for road surfaces, including acceptance testing and 35
ageing effect.

7.1 | Incentives (positive or negative) related to the use of noise reducing devices (silent tires, 34
mufflers, etc.)

7.2 | Development of regulations and tools for sharing and contributing to noise abatement 29
measures in complex environments where many noise sources are present.

7.5 | Checks of powered two-wheelers to prevent the use of illegal exhaust systems and 26
manipulations of engine

7.8 | Improve knowledge of the relations between the road geometry and the driving behaviour 25

7.7 | Efficient training programmes for quieter driving styles 20

7.11 | Development of a classification system for barrier tops, including test and calculation rules 3
in traffic noise models

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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Table 7 Scores related to issues proposed in the thematic domain 1

Thematic Domain 1

3 ADVANCED COMPUTATION AND MEASUREMENT METHODS FOR MORE ACCURATE
ASSESSMENT OF NOISE EXPOSURE
ID Issue Score
1.2 | Quality system for noise mapping input data 37
1.3 | Methods using noise mapping data to estimate population exposure to environmental noise 32
(linking noise mapping data with population location data i.e. number and location of
exposed people).
1.7 | Development of methods and indicators to check noise mapping results 32
1.8 | Development of a shared noise mapping process for road networks 31
1.1 | Fast and low cost solutions for updating noise maps, including web-based sensors 30
networks.
1.5 | Meteorological conditions influence on noise levels 29
1.6 | Procedures and criteria for calculating uncertainty connected to noise mapping results 29
1.10 | Development of tools for locating and characterizing noise sources in complex 25
environments where many different sources are present (roads, railways, etc.)
1.9 | Development of traffic congestion calculation models 19
1.11 | Development of algorithms for assessing noise levels based on adaptive calculation grids 19
as a function of population density and morphology of the area to be noise mapped for
speeding up the calculation process
1.4 | Temporal and spatial sampling techniques for long term noise level assessment 17
1.12 | Development of procedures to integrate special noise barrier constructions (e.g. curved 3
noise barriers) in noise mapping calculations
Table 8 Scores related to issues proposed in the thematic domain 9
4 Thematic Domain 9
ADVANCED NOISE REDUCTION TECHNOLOGIES BETWEEN SOURCE AND RECEIVERS
ID | Issue Score
9.5 | Further research on noise mitigation including road screening that is effective and cost- 42
efficient, reflective buildings, new design concepts and noise absorbing materials.
9.3 | Improved noise barriers (beautiful design, better absorption behaviour, combination with 41
other benefits like photovoltaics, use of recycled materials, etc.)
9.1 | Improve the reliability and flexibility of simulation software for the design of acoustic 38
mitigation measures.
9.6 | Improvement of in-situ acoustic characterization of noise barriers and development of 35
correlation figures between laboratory tests results and in-situ values to be applied for
quality check.
9.2 | Development of calculation models and indicators for assessing the durability of noise 31
barriers and other mitigation measures.
9.7 | Overall sustainability of ground transport noise reducing devices (materials, construction 30
technology, carbon footprint, maintenance and decommissioning). Development of criteria
and tools for product sustainability assessment of noise mitigation technologies.
9.4 | Active noise control (noise barriers panels, windows, virtual noise barriers, electroacoustic 24
systems).
9.8 | Development of a new barrier top (reflective type). 4
CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013
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Table 9 Scores related to issues proposed in the thematic domain 10

Thematic Domain 10

5 ACTIVE NOISE MITIGATION MEASURES
ID Item Score

10.3 | Explore telematics solutions for better traffic management and smoother traffic flow to 36
reduce emissions and noise, and contribute to more efficient road use.

10.6 | Action planning: development of tools for choosing the right strategy and planning the 35
measures to be applied, based on an objective prioritization index.

10.1 | Development of sophisticated models and network systems that enable the prediction and 32
control of traffic flow to achieve environmental target.

10.2 | Improvement of existing traffic management systems to smooth traffic and thus reduce 32
noise and vibration.

10.5 | Electronic support of the driver e.g. by intelligent transmission or engine management. 30

10.7 | Development of economically sustainable tools to support noise mitigation measures 29
(photovoltaic, project financing, integration with maintenance plans etc.).

10.4 | Environmental and safety investigations on low speed and non-motorized transport 26
solutions.

10.9 | Techniques to assess and optimize the effectiveness of combinations of highway and land- 26
use noise control measures (highway alignment, road surface design, land-use and
topographical considerations, screening techniques, etc).

10.8 | Advanced simulation tools for better understanding the benefits resulting from different 21
urban and traffic planning strategies with all its elements considered in a holistic way.

To determine the preferred approach to the management of road traffic noise, thematic domains
were gathered in groups corresponding to three main categories:

A. noise assessment and indicators,
B. policy and socio-economic actions,
C. techniques and technologies for noise abatement.

Table 10 shows the thematic domains that were included in each group and the colour code
assigned to the clusters.
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Table 10 Thematic domains clustering
TG TD Thematic domain
A. Noise 1 Advanced computation and measurement methods for more
Assessment and accurate assessment of noise exposure
(B 2 Definition and identification of urban and rural high acoustic quality
areas

Improvement in dose-effect relationships

Additional noise indicators considering specific effects

B. PO and socio 5 Advanced methods of cost-benefit assessment of noise impact
econo actio and noise abatement

Information and public participation

Improved or new socio-economic instruments to promote efficient
noise abatement

C. Techniques and 8 Rolling noise

technologies for

: Advanced noise reduction technologies between source and
noise abatement Y u ogies between sou

receivers

10 Active noise mitigation measures

The preferred approach to the noise issue can be evaluated by adding the normalized scores
related to the domains included in the clusters and then calculating their percentage with respect to
the total score. The highest percentage should reveal the kind of action considered most
convenient or worthy of further analysis to solve the noise problem.

Figure 1 shows the global result representing the European perspective on subjects to be
developed to reach a better understanding of the noise problem and improve techniques to abate
sound levels.

As it can be seen from Figure 1, the three clusters are quite balanced. The highest score has been
reached by cluster A including thematic domains related to noise assessment and indicators.
Within this group, great emphasis was placed on the thematic domain on computation and
measurement methods revealing the need for more reliable noise exposure assessment
techniques. Less demanding research theses were found to be those related to dose-effect
relationships and specific indicators.

Themes included in cluster C, techniques and technologies for noise abatement, also got a high
rank. As in the previous edition of the survey, the thematic domain related to rolling noise was
judged to be of primary importance. Common opinion is that passive mitigation systems must be
enhanced in order to abate noise effectively and efficiently, especially at the source.

Thematic domains of cluster B, policy and socio-economic action, are considered worthy to be
developed as well, especially those related to regulations on noise emission, including test
methods and socio-economic effects. Improvement of cost-benefit analysis and public information
and participation is also considered of great interest.
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EUROPE

Score

TD1
TD2
TD3
TD4
TD5
TD6
TD7
TD8

TD9
OA BB OC TD10

Figure 1 Clustered global results

3.3 Results on a country basis

In this section the outcomes on a country basis are reported. For each country the scores given to
the investigated domains are shown. The following graphs illustrate the results provided by
processing individual data.

AUSTRIA

Sczore

D1
D2
D3 A
TD4
D5
D6
TD7
D8
DY C
DA BB OC D10

Austria seems mainly focused on themes related to techniques and technologies for noise
abatement. The highest score was given to thematic domain 8 on rolling noise. High priority was
also given to thematic domains 1 and 7 on computation and measurement methods and socio-
economic instruments to abate noise.
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BELGIUM (Flanders)

Score

TD1
TD2 A
TD3
TD4
TD5
TD6
TD7
TD8

TD9
OA BB OC TD10

Interest in Belgium seems to be uniformly distributed. High priority is given to thematic domains 1,
8 and 9.

Belgium's preference is focused on abatement strategies, especially on passive systems, together
with noise computation and measurement techniques. Themes of group B on policy and economic
actions are also considered to be worthy of further development. Less weighty is the need for new
noise indicators or sophisticated relationships, as well as for active noise mitigation measures.

DENMARK

Score

TD1
TD2 A
TD3
TD4
TD5
TD6
TD7
TD8

OAmEB OC TD10

Denmark's approach seems to be quite comprehensive. For each group at least one thematic
domain was recommended. In particular interest is focused in thematic domain 2, 3, 7, and 8.
Improvement in dose-effect relationships is required, together with effective and efficient
techniques to abate sound levels. Noise emission regulations, including test methods, are also
very interesting matters. Research on rolling noise was judged of primary importance.
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ESTONIA

TD1
TD2 A
D3 |
50,00% D4

TD5
TD6 r B
TD7

TD8

TD9
OA BB OC TD10 |

25,00%

Estonia gives primary importance to thematic domains belonging to group A on noise assessment
and indicators, especially on advanced computation and measurement methods. Information and
public participation, as well as active noise mitigation measures are also considered worthy of
further knowledge.

GERMANY

TD1
TD2
TD3
TD4
TD5
TD6
TD7
TD8
TD9
TD10

OA BB OC

Germany shows a strong interest in thematic domains of group A on noise assessment and
indicators, especially on advanced computation and measurement methods and additional noise
indicators considering specific effects, revealing the need for improved accuracy in noise exposure
assessment. Worthy of attention are also themes 7 and 8 on improved or new socio-economic
instruments to promote efficient noise abatement and rolling noise, confirming the priority of
reducing noise at the source. On the contrary, absence of interest is shown for thematic domains 9
and 10 on noise barriers and active noise mitigation measures.
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GREECE

OA BB OC

TD1
TD2
TD3
TD4
TD5
TD6
TD7
TD8
TD9
TD10

[N

Score

For Greece all thematic domains have more or less the same high priority. For each thematic
domain at least one preferred theme was pointed out. In group A, the need for improvement in
dose-effect relationships was highlighted, while in group B the preference to improved or new
socio-economic instruments to promote efficient noise abatement was given. In group C attention
was focused on advanced noise reduction technologies between source and receivers and active
noise mitigation measures, revealing Greece interest in innovative approach to noise abatement.

THE NETHERLANDS

29,6%

OA BB OC

TD1
TD2
TD3
TD4
TD5
TD6
TD7
TD8
TD9
TD10

Score

The Netherlands' interest is mainly focused on themes of group C, like many other countries.
Absolute priority is given to all thematic domains concerning mitigation systems, both passive and
active. Socio-economic instruments to promote efficient noise abatement are also of primary
importance, as well as information and public participation. Less worthy of further research seems

the thematic group A, especially the theme related to dose effect relationships.
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IRELAND

Score

D1
D2 A
TD3
D4
D5
D6
D7
TD8

TD9
OA BB OC TD10

30,8%

The graphs show that Ireland is mainly interested in developing efficient and effective mitigation
systems (group C), both passive and active. Themes included in groups A and B are also worthy to
be developed, especially those related to advanced computation and measurement methods for
more accurate assessment of noise exposure and improved regulations on noise emission. Less
interest is shown in dose-effect relationships, cost benefit analysis and additional noise indicators.

ITALY

Score

TD1
TD2 A
TD3
TD4
TD5
TD6
TD7
TD8

TD9
OA BB OC TD10

Italy's main interest is focused on thematic groups B and C, related to policy and technologies to
abate noise. After the first round of the END and the large number of critical areas emerged from
noise mapping the road network, Italy's concern is now addressed on sustainable methods to
abate noise. Less required are themes of group A, with the only exception for theme 1 on
advanced computation and measurement methods for more accurate assessment of noise
exposure, still judged worthy of further research.
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LATVIA

Score

TD1
TD2 A
TD3
TD4
TD5
TD6 B
-

TD8

TD9
OA BB OC TD10

60,0%

Latvian interest for research is limited to themes of group B and C on policy and economic actions,
and techniques and technologies for noise abatement. Equal priority has been given to all themes,
with the only exception of TD5 on cost-benefit assessment of noise impact and abatement.

NORWAY

Score

TD1
TD2 A
TD3
™4
D5
D6
D7
TD8

TDO
OA BB OC TD10

Norway seems particularly interested in the thematic group B related to policy and economic
actions. High priority is given to methods for cost-benefit analysis and socio-economic instruments
to promote efficient noise abatement, revealing a strong concern on themes focused on the
sustainability of noise mitigation measures and the possibility of reducing their economic and
financial burden, through actions directly affecting noise levels at the source. Also for Norway the
thematic domain 8 on rolling noise still continue to be attractive as a valid measure to abate noise
at the source.
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POLAND

Score

TD1
TD2 A
TD3
TD4
TD5
TD6
TD7
TD8

TD9
OA BB OC TD10

Poland's data reveal particular interest in groups B and C, especially in thematic domains 7 and 9
on socio-economic instruments and noise barriers, exhibiting their preference on measures acting
at the source or based on screening between source and receivers, while low noise pavements
and their associated research themes noise are judged of minor importance. More or less equal
interest is turned to the remaining thematic domains, showing a comprehensive approach to the
noise issue.

SPAIN

Score

D1
D2 A
D3
40,0% 46,7% D4
D5
TD6
TD7
TD8

TD9
OA BB OC TD10

Spain exhibits a strong interest on thematic domain 1, on advanced computation and
measurement methods for more accurate assessment of noise exposure, revealing the need for
methods and standard improving the reliability of noise maps. As many other states, Spain also
seems to prefer an approach based on low noise pavements to abate noise and consequently high
priority is also given to thematic domain 8 on rolling noise.
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SWEDEN

Score

DL
TD2 A
TD3
D4
D5
TD6
TD7
TD8

TD9
OA BB OC TD10

Sweden shows a comprehensive approach to the noise issue. All the thematic domains are judged
of the same relevance, with the only exception for thematic domain 9 on advanced mitigation
measures between source and receivers, revealing a preference towards different noise
abatement interventions, such as low noise pavements and socio-economic instruments to reduce
noise emissions directly at the source.

3.4 Research priorities

As highlighted at the beginning of this report, the questionnaire intended to collect information on
research themes considered of interest for NRAs and to find the priority to be assigned to each
matter in order to arrange a list of topics to be taken into account for future research. With this
perspective in mind, each topic in the questionnaire also included further details to determine if:

the research on that topic has already been developed (B);

the research on that topic is still in progress (C);

the research on that topic is going to be developed at a future time (D);
the research on that topic has not done or planned (E).

To let research priorities emerge from the survey, another filtering step was added to the results.

3.4.1 Description of the algorithm used

The algorithm used to extrapolate research priorities takes into account information related to the
state of the art on research. It is visually represented as a flow chart in Figure 2. Particular
attention was paid to themes already developed (B) or in progress (C), in order to avoid subjects
not worthy of further research. To that end, it seemed reasonable to exclude research themes
financed by at least three countries, regardless of the interest level assigned by NRAs. In that
case, no research on that topic should be done and information related to that subject should be
retrieved from countries participating in the research.

Differently, if the number of countries that have already developed a particular theme or are still
working on it is less than three, then the interest shown by NRAs is taken into account. To be put
into the priority research list, the algorithm requires that an issue should be reported as planned at
a future time by at least two countries, otherwise the priority is set to zero.
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Finally, the ranking list of future noise research topics is achieved by multiplying the score
assigned to the filtered topics by a weighting factor. The weighting factor positively depends on the
percentage of countries willing to develop a topic at a future time and negatively depends on the
countries that have already developed the same topic or that are still working on it. The weighting
factor used to weight the resulting scores is:

F,=2-P,—P.-P,

where:
Pp is the percentage of countries that have planned to develop the research topic at a future
time;
Pc is the percentage of countries that are still working on the same research topic;
Pg is the percentage of countries that have already developed the same research topic.

The final score (priority) assigned to topics included in the ranking list comes from the following
formula:

Priority = F, - Score
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Mez= number of countries that
have already developed a
topic;

MN-= number of countries that
are still working on the same
topic.

Priority = 0

Ng= number of countries that
have planned to develop a
topic at a future time;

Priority = 0

Fo=27"PFPp-Pz-Psg;

Priority = F,, * Score

Figure 2 Flow chart of the algorithm used for data filtering and to extrapolate research priorities
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3.4.2 Results achieved after the filtering step

Table 11 reports the priorities calculated for research themes after the last filtering step. The table
excludes issues with zero priority (completed research or ongoing projects). As evident from this
table, few topics included in the most interesting thematic domains, such as rolling noise (TD 8)
and improved or new socio-economic instrument to promote efficient noise abatement (TD 7),
survived the processing procedure. The main priority seems, instead, to converge on themes
related to the thematic domain on advanced noise reduction between source and receivers. This
last filtering step also shows that thematic domains and issues with high interest scores do not
necessarily correspond to those suitable for future research, as reported in Table 11, where topics
with lower ranks, previously discarded, are now present.

Table 11 Road Noise Research list after the last filtering step

ROAD NOISE RESEARCH LIST

ID | Topic Priority

9.5 | Further research on noise mitigation including road screening that is effective and cost- 25.3
efficient, reflective buildings, new design concepts and noise absorbing materials.

9.1 | Improve the reliability and flexibility of simulation software for the design of acoustic 14.6
mitigation measures.

7.3 | New noise emission testing for road vehicles that better represent typical conditions in real 12.0
traffic situations

1.8 | Development of a common procedure to map traffic noise. 9.7

1.1 | Fast and low cost solutions for updating noise maps, including web-based sensors 9.5
networks.

1.10 | Development of tools for locating and characterizing noise sources in complex 8.4
environments where many different sources are present (roads, railways, etc.)

5.2 | Improved benefit estimates based on HP method (hedonic price, i.e. house price method) 8.4

9.7 | Overall sustainability of ground transport noise reducing devices (materials, construction 7.6

technology, carbon footprint, maintenance and decommissioning). Development of criteria
and tools for product sustainability assessment of noise mitigation technologies.

5.1 | Improvement of benefit estimation based on SP (stated preference) method including 6.8
valuation for quiet and undisturbed sleep

3.8 | Development of dose-effect relationships for Lyay, Levening @Nd Lyight. 6.6

5.6 | Methods for the valuation of health impacts and other impacts of noise reduction 6.3

10.4 | Environmental and safety investigations on low speed and non-motorized transport 6.3
solutions.

3.7 | Annoyance perception on private outdoor areas 6.0

10.6 | Action planning: development of tools for choosing the right strategy and planning the 5.8
measures to be applied, based on an objective prioritization index.

8.2 | New concept for low-noise tyres (geometry, design, material, matching to road surfaces). 5.7

7.2 | Development of regulations and tools for sharing and contributing to noise abatement 5.4
measures in complex environments where many noise sources are present.

1.9 | Development of traffic congestion calculation models 5.2

6.1 | Development of advanced communication techniques, like virtual reality, to stimulate 5.2
public awareness and participation in noise issues.

5.4 | Influence on noise annoyance valuation of different noise levels during day, evening and 4.7
night periods.

1.6 | Procedures and criteria for calculating uncertainty associated with noise mapping results. 4.5
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Results depicted in Table 11 show that high priority was given to research themes related to noise
abatement, in particular to the development of environmentally and economically sustainable
mitigation measures. To guarantee the result expected from their implementation, the improvement
of reliable and flexible simulation software for the design of acoustic mitigation measures is also
required. The interest toward noise reduction is also strengthened by the need of finding solutions
to contain noise at the source. To that end, new noise emission testing for road vehicles and tyres
that better represent typical conditions in real traffic situations, as well as new material and
techniques to mitigate the noise produced by road joints and potholes were highlighted by the
guestionnaire respondents as important issues to improve the environmental performance of
infrastructures.

Medium priority was reserved to research themes related to noise mapping and the thematic
domain on advanced methods of cost-benefits assessment of noise impact and noise abatement.
Research themes related to dose-effect relationships and noise perception, as well as themes on
health impacts are included in this context.

Low priority was given to matters that can be considered as support tools for assessing noise
pollution and preparing strategic action plans, as well as themes related to the reliability of
calculation models.

3.4.3 Results on ongoing or finished projects

Themes related to ongoing or finished projects are also important for the scope of CEDR Road
Noise 3, as in the period 2013-17 the attention will be focused on the collation, dispersion,
implementation and use of results from recent innovative noise research projects undertaken within
specific CEDR member states, including results and recommendations from CEDR Road Noise 1
and 2.

The five most interesting examples of recent finished or ongoing noise research deal with the
following subjects:

. development of optimised noise reducing pavements,

. development of noise requirements and regulations for road surfaces based on reliable data,

. procedures for the acoustic labelling and conformity checking of road surface products or
techniques,

. improved noise barriers (beautiful design, better absorption behaviour, combination with other
benefits like photovoltaics, use of recycled materials, etc.),

. quality system for noise mapping input data.
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4 Conclusions

A questionnaire on road noise research needs was developed with the aim to elucidate priority
noise research themes common to the European area. The questionnaire was sent to all member
states of CEDR Road Noise.

The questionnaire responses were analysed from two perspectives, by thematic domain and by
country.

The top five thematic domains meeting CEDR member states interest are:

1. rolling noise,

2. improved or new socio-economic instruments to promote efficient noise abatement,

3. advanced computation and measurement methods for more accurate assessment of noise
exposure,

4. advanced noise reduction technologies between source and receivers,

5.  active noise mitigation measures.

Themes related to systems and methods to abate noise are considered of primary importance. In
particular, the list of the thematic domains with the highest priority reasserts the common opinion
that noise must be reduced first at the source and then using screens between source and
receivers.

The way noise can be reduced is another important matter to be investigated. The experience
gained in the last decade shows that solutions limited to single noise sources could be insufficient
to abate noise levels at receivers, so combined solutions should be investigated in order to
guarantee the required noise abatement. Policies and strategies are necessary to ensure an
efficient and effective solution to the problem.

The development of additional and innovative noise abating techniques, such as traffic
management, speed reduction, electric or non-motorized transport solutions, photovoltaics
integration in noise barriers, as well as managerial and financial tools to reduce the cost of noise
mitigation measures, are also required.

On completion of the first round of END, the need for high quality input data and more accuracy on
the results provided by calculation models was also highlighted in order to improve noise maps
reliability. Also methods to check the veracity of results are required to guarantee noise maps
outcomes.

In order to help identify the preferred approach to the noise issue emerge from the survey,
thematic domains were also clustered in three main categories:

A. noise assessment and indicators,
B. policy and socio-economic actions,
C. techniques and technologies for noise abatement.
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The results achieved by grouping the thematic domains show that the cluster 'noise assessment
and indicators' has the highest score. The importance of improving the thematic domain related to
computation and measurement methods has been reasserted to encourage the development of
more reliable evaluation of noise exposure. Less demanding are research themes on dose-effect
relationships and specific indicators.

Domains in the cluster 'techniques and technologies for noise abatement' maintain their high
ranking. As in the previous edition of the survey, the thematic domain related to rolling noise was
judged to be of primary importance. Common opinion is that passive mitigation systems must be
enhanced in order to abate noise effectively and efficiently, especially at the source.

Thematic domains in the cluster 'policy and socio-economic actions' are considered worthy to be
developed as well, especially those related to regulations on noise emission and socio-economic
effects. Improvement on cost-benefit analysis and public information and participation is also
considered of great interest.

Another filtering step was used to achieve a priority list of topics for future research. The algorithm
adopted used information related to the state of the art on different matters as input. Outcomes
from this last step show that for the most interesting thematic domain on rolling noise, just one
topic survived to data filtering. A similar result was also achieved for thematic domain on improved
and socio-economic instrument to promote efficient noise abatement. The main priority has been
given to themes related to noise abatement, in particular to the development of environmentally
and economically sustainable mitigation measures.

These results prove that in general themes with high ranks do not necessarily correspond to those
suitable for future research and that the interest shown in the questionnaire is often focused on
topics under development.
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5 Recommendations

The results of the questionnaire highlight the need for more research on road noise. High priority
was assigned to research themes related to noise abatement, in particular to the development of
environmentally and economically sustainable mitigation measures. Medium priority was given to
research themes related to noise mapping and cost-benefits assessment of noise impact and noise
abatement. So the CEDR Project Group Road Noise strongly recommends focusing attention on
topics regarding the design and development of effective and efficient solutions to abate noise,
including their environmental and economic assessment.

Based on this overall recommendation, CEDR Road Noise has two specific recommendations.

First, to use the information on noise research needs when defining, planning and prioritizing new
research and development activities in relation to:

national research programmes of individual National Road Administrations (NRAS),

regional and bi-lateral cooperation by NRAs of several EU member states,

CEDR transnational programme on research (ERA-NET Road [3] and ERA-NET Transport),
FEHRL programme Forever Open Road [4] [9],

EU research programmes like FP8 and Horizon 2020.

This recommendation sounds simplistic, but in fact this will require a lot of effort and resources to
get it involved on noise research at a transnational level. To cope with these preconditions, one
has to focus on specific programmes. That's why the follow-up activities are concentrated on the
recent CEDR Call 2012 on noise: integrating strategic noise management into the operation and
maintenance of national road networks.

Second, to use the information on noise research needs in the scope of CEDR Road Noise 3,
whose mission, in the period 2013-17, will be focused on the collation, dispersion, implementation
and adoption of results from recent innovative noise research projects undertaken within CEDR
member states.
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ETSC ShLOW — Reducing excessive and inappropriate speed now — October 2008
HUSH Project - http://www.hush-project.eu/it

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013


http://www.cedr.fr/
http://www.road-era.net/
http://www.quiesst.eu/
http://tyrosafe.fehrl.org/
http://www.silentroads.nl/
http://persuade.fehrl.org/
http://www.inmar.info/
http://www.qcity.org/
http://www.rotranomo.com/
http://www.silence-ip.org/
http://www.hush-project.eu/it

Page 37/54

‘patnreld 10 AUOP 10T SEY] WAl JBL U0 YIFEasal i) -

2um gy & 18 padojaAap aq 01 SWoE S7 WAl JeLR U0 YITEISAT ) -
ssarSord W s 51 U 1RUR U0 YITEISaL A -

Anunos mof w padopasp u2ag APEANE SEY WL IBLY U0 IIE3SaT 3T -

JApoads 01 paySE OSE ST WA YDER 10

Fmsa1aIUr Ada Auoud aInjosqy ¥
EUnEaRIm RIEY Auond Y=g c
Fumsalau Auond ummpagy Fa
Sumsar:m apuT Zmond w07 1
ETMSaI20LH 10)] Auoud o )
(ot 30U]) [ (Usotn] 10U} TN N

[242] I52a2JU] SW)] MR 21005

¥ i s B 8

{Jamsue (M) woung A, ¥ ¥on2 2sea]d 2100s B USISSE JUED NOA J] “M0]3q 2[R U1 0 UAMOUS SE “Siuall PUE SUTEWOP 0] PauSisse ag oy Auoud

211 SUMENPIA ‘§ 01 () WO JAGUMT B [T [IIEISAT ISUNT JO AUMom MU} NoA SUTBWOP 311 YFew 0] pasanbal Apur| ae noA “Apmus yidap-wn paau B SWwall 2y AJUSPI 03 JapIo U]

{1 "By 29s) wEwop JEYNOad Ay 0] PA1dAULI0d swal jo dnosE g sasudnod

UIEWOP JNEW21 OB “SUTEWOP INEWAL) UIEW ()] SaPTjour aneunonsanb ay] -aSpapuotn] Iayimy paat 1By} 510U PEOI WO SIWAL) [2Ieasas PUl 01 51 aneutonsanb Eumopoy s Jo wry

Road Traffic Noise Research Needs

UOTITPoIIU]
g
'© — Em-
c i
c IESAPPY _ AmEN]
o
w _ SIODESTUESLQ
Q .
S _ iAoy
o
X
— TUDTENLIOYU] [E13U35)
o
o o]
e
w.m m.ﬁ _m SAITAN HOMISVIE ASION ¥ OH NO THI¥NNOLLSIN0
g2 £t J S
5 ds _ a 4a3d
\*J

A

-
Cc

Annex A

[
\

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



<
w
% 10 2T} Y1 AAES UED WOA 2531 "SUTEWNOP JHEWAY] 0] PauSIssE Sa1005 A1) Yooy UED Nod atags  voday eung, 21 0] saaow ameunonsanb sy °, podar ey o1, wo1ng 211 SURon? Baty,
) ~,§80URIR)RY, UONNY 213 SUMaY2 papes
[&)) aq U2 ssaisoxd wn ro padofaAep ApEadE sway uo saprue ‘sSwpeacord ‘spodar vo saouareiay FBg mofRA o 2a0qo dn vanM 3q UBED SUORSAEENS PUE SRRy 0BG, YOUD THEWOR
Dnm OREWAY] SNokaald 217 01 YOEG W02 0 e TWoA JT ~23do] 1¥au 21 yika paadord 01  PrEslo . YOI PUE WIBWOP JNEWST] 217 0] [2as) Ajuoud e uSisse asead ‘a8ed sp Jo puwa s 1w
‘paquasap
Asnotassd SE °f 01 () WO 2[EDS B U [2.42] 1SJ9ITH 211 PUE UORUSNE Jo ATutom 37 JEW s1oedse tayio “Aessecau g “Sudpoeds 1518w Jo qump rioA STIe)T oTeesal U1 YIEW 35Ea]
—
WEIEOPD JHEWAE 347 JO 3A3]
Ayuoud 3yl 123135 015U0NNYG YD
STHEOP JNEWAL]
0] premic] pUE NOBY,, SA0IY sasuazaga suoysaSEns pue
PPE 01U0NNG SR §210) SHIEWRAITOA 233 Wasu]
\l ardurexg ;] “Sig
odai [Ew g, 012A0]Y |¢._ ooy peag o], _ 4 _ > F _ R
& 7 \\l _ﬂﬂ_.ul_l_ju.ql# WIPWOp SFEWaY) 3] 0] [ana] n-_..u_..r_ﬂ ubisse aseajd |1 gL
o -
(5 \ _t
pd 12aa] Apoud pa1oafas aup moyg " sucaldng 3 oy
c I e ] et -
e E [Flef= ]y
] — e o e
o i [EreE s
= e — $S80010 VORENEs S0 an DUIpasas 107 pr i ;
% __.. _IFrEE ] ubjie|ndod o Ustioun; & S Spub UOKE|NOES SAIJEDE UD paseq Sjns| s5iou BuisEasse 10) Swiobie 1o juswdoanag | FF
; = 9 Fhempel Spec]) WasaId 21 Sa0IN0s|
% ﬂ i _ﬂ_q_..l_l_ _l_d. TP BB 803158 SIUSWUORALS 1a(dur0D W S0 asiou Burziagoe ey pue Buneao) 10y 55001 10 Jusudonag ol 4
2 f
o pavueld 0 JUOP 10U .+ = [Flefz [ [« stapow ucniepopea uonsaBucs wypen jo uswdopnad | g F
m mE@mHEENwNquOMMMMDMM ” ™ ”_.n _ﬂ_ﬂﬂ_l_j_..l SyIoRauU pEol o) 55a000d Burddew asi0u pareys e jo uswdopae| o
— T v — 4
w padofaasp APEaIE. _.ﬁu _ﬂ_ﬂﬂ_l_ _l_d. Syns ) Busddeiy 200 §0aU0 00 SI0IEDIp PUE Spowfel jo Jusesdalana | #
o F 4
|_m “tomoajes AL MOy __H qqﬂjjj =ynsal burddew 510U 0f paoauucs huiesoun Bunehoges 10 BRI pUE Sampasold| g} p
m _T. _ﬁqﬂ _l_._|—4 S[EnE] 510U UD SDURNRIE SUCIpL0S [ExBooioaaiy | g ’
nd _. _ﬂ_|ﬂ_|_-_|_| WHUSEFTTE |23 #3100 Wi Buo] Jog sanbiuyoa Bundwes pasds pus Eodwsy | 4
(AR 1S PRIDATas AT MOYS ......_I..q s Taidoad pasoda 10 BOREDT| PUE 195N 3 TRIER UONEID] O [T “
e - _ 2 b ~ L e Bunddews aniou Burg) #2100 [RABULCIAMES D) Sinaodie uoiEndod airwings ) kiEp Suiddew s2i0u Buisn SpouyiEly o
T. S i v = jnfs]s eyep ndu) Busddew asiou jog wansks Rifenn | 2y :
. _T. : EH_J_l_.l SYIOM SI0SURS pased-qam Buipn|al sdeil ssiou Bune pdn 10) SUCIINIOE 1500 Ko pUR 1SR4 | 1) i
g 5 [2as] WE YL JO ARG | |9A9] 15ai0au] | waj ol
g< & R
gy _m 3 ERETRRMH LRE a4 ‘es0id Juswssasse s dn Bupaads pue synsal jo S5eunadwios put horinooe ay) Burseanu
i F-un 30j padojenap fusiusuosd &4 pnod 2)qe Busno|ioy st peiiodas sway ] Buddew sspou dn Busneip 10 15203101 10 PRRPIS UG S0id0) Y2IRas ) SRR UISLIGH SHE WA S|
g2 go
58 58
8 M B m =JHNS04XI ISION 40 LNIWNSSISSY L YHNIDY JHOW HOS SO0HL1IW INIWIHNSYIN ONY NOILY LNdWOD 03INYADY =
M S &8 | HIYOT JILVIHIHL
\E
{o

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



Page 39/54

LUVIS

aareuuonsanh A 1AvIS PUE WOING N HID 0N

“B[QE[FEAE 34 [ AJY) SE U00S SE A3AMS SHL WO PAEIaws sIMsal 3U) U0 PN 3q [k N0 Y, "Honmadeed snewasd snod sof ssyumiy |

Twpnoselueig@ueqqeoyg ran] veqqeoy [Frjeny pue [ 7 seveapensEinongaq d] 1onag eRE] 01 31 243 PUSS PUE I PUE 2AES,, UONNG U1 B0 J2M2 PAUSI ULy
‘PAIDALIT 50 SO400W  pun sandes el we TFPIG] D U1 paans s1a1Y Fi3 2415 ayvw aspad ‘aneruonsanb sy Sunpes 2r03ag

poday Eurg ;TS

Wy aaeg

Road Traffic Noise Research Needs

amemuonsank \Mquﬁ.lj ETANS WAV HOLLVELLIN BSI00 TAIL0Y] 01
a1 3mb puE 2721 2AES TICTE R AEA QIR 00T N 138 SAR TONHOA L ROLLO N30 35108 CaORVATY] &
L Ny WONOITTICE|  #
TR THAVELVEY 350N LNAIAAE A10POEE DL SLHAR R L5 SIMOACOACI00S MEN 0 CEA0NAT| L
FniCE AR SAL 30 NOU VIS Y GHY ROWVRmOa| ¥
& L INTNELVAEY SS100 AN Lo VANl 2510 90 LHENGess v LSanad 1900 40 SO0RLIN QHIHvATY| ¥
_m..-.E...E LT R DR ER0D EHOLVINN SRI0H TYRCGILITAY] ¥
Cpareymy SAIRSROILY T9s Lo8443 2900 Wi ANGMEhCEAE|  §
THElO ] SNEWaY ] rapmymy VARV ALTTYOD SLASTICOW HOLH T 8T8 ANY NWIAD A0 BOILV-AALLNAM ONY NOLINEA]|  ©
UmHuamm AA 01 IEQ BAQJY L e kd.! TANROECE SR 20 LIEReassy AL VAl0Y T4001 B0d PUOHLIM LMERTAIS Y I GHY ROLLY LOdn00 GaoN Y Ad Y| i
geodoy poaigg
STIATT ALMEOMEd SNIVINOO JILVIWNAHL
" [pas)fapond pajos)as s soyg
0 ot
£ ¢
328,
€ 2R
SnSs
wg Sx
g8 8%
ey c 5
EE £s
2o .wﬂ.m
=7 E
e 3s 88
~0
[
o

'
LY

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



Conférence Européenne
des Directeurs des Routes

7

-
Cc

[
\

Conference of European

Directors of Roads

Page 40/54

Road Traffic Noise Research Needs

yaoday] emy o 7 e | _ | 3 saoualgay
| _ ¥ _ & _ 7 _ 1 _ 0 _ N UIewop JnemaN} A 03 [2a9] Aymond v uSisse aseajd| [ (L
T SHOISAZEENS P DNy 7
;
- ~(gpedg) o | 11
L
= ~(goedg) o | 111
e 5520034 UOREINIED 217 dn Swpesds Jo3 paddews 210U 2 01 BRIE BU JO ASojoudsow|
= puE Arsusp wonemdod Jo UORIUN] B SE SpIS UONEINOMED SAndEDE U0 POSEQ S[eAS] SsroU Sunssasse 107 sunuosE jo juswdopas nt
e s e | (215 ‘sAEBsTED “spEOI) Juosand|
E _l__ _ _ _ _ _ : 2IE $22JN08 JURISINIP AURWH 239U SIUSWHONATR ¥a[diuod W $20I00s 25100 SUFLISIOEIEYD PUE SumEd0] 10] §]007 Jo Jumswdajeas oL
;
[« = |__ ¥ _ 4 _ i _ 1 _ 0 _ N S[PPOLU UOREINOED UoRs2du0d ougen 10 wwewdopaad| 61
L
f
& == _l__ v _ ¥ _ 3 _ 1 _ 0 _ 5 “asion 2uJen dews o) ampaaoid uowwod & Jo juamdopasd| 81
[« AR EDE -s3nsa; Sddew 2stou Jo Q1DEIRA 9171 §OSU2 03 SIOJEMIPUI PUE SPOTIeW [onuod Aenb Jo mewdopasg| £T
7 Z= _]__ ¥ _ £ _ T _ 1 _ 0 _ N rsynsa Surddew 25101 [k PIIBIDOSSE AELIE0UN SUNENIED 0] EURILD PUE S3INPadold| O
7] = |__ ¥ _ 4 _ 7 _ 1 _ 0 _ N S[2AS] SSI0U U0 20TSM[JUT SUONIPUEOD [EANF0[0309197Y| €1
[« = | l__ r _ 3 _ 2 _ 1 _ 0 _ N JUSIISSASSE [2AS] 95100 WiIs) Su0] 107 senbrmyoe) Sundures eneds pue Erodwal| 7
_ I
e T 3 U e e e “(adoed pesodxa Jo WONEDO] PUE J2qIUnU 271 EIED uonedo] vongndod|
= m = i Ejep Sunddet aston SUDI) 45100 [BIUMUBORAUS o) arnsodxs wogemnded cjeumss o viep Swddew sstou Smen spotiay El
7l 2 _l__ v _ ¥ _ T _ 1 _ 0 _ 5 eiep indur Smddetu ssion 107 weisAs AmEND| 7T
[ i H|__ ¥ _ t _ i _ 1 _ [} _ P ‘SYI0MIST SIOSTRS PasEq-qasm Smpniom “sdew aswou Sunepdn Jo sUOMNIOS 1500 MO] PUE 1SES| 1T
ueom joaiely | 1943] 1521930 _ w21y at

-ssadoad Justussasse a3 dn Swpeads pue synses Jo ssaualsdirod PUE AJEINDOE 213 SWSEaIom
307 pado[aasp AQUUISATOD 24 PNOJ 8]qel SWMOT0] ot W pasodas stay oty], “Swddetw aston J15eiens dn SULMEID J0J 1S212]W SO JO PaJapisuod s21do] [DIeasal Sopnjoul WEIHOP JNELISI ST

<JHNSOdXT ISTON 40 ININSSISSY ITVINIDV THONW YOI STOHLIN INTINIINSYIN ONY NOLLVIAdINOD TIDNVAAY-

T NIVINOT DILVINAHL

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



Page 41/54

yioday] femLy o ﬁ « — > _ sIUM Y

WIETHOP N EIHaT]) 3T} 0} [a43] Ayuionid ® nSisse asvajg| 7 (1

 SUOUSSEENS P SHLTHEY 7

[« B EE ...@U&muwvﬁo_ﬂ.m

~(gpadg myo || 21T

[« i R R E ...@U&@EEO_S.N

~(gpadg) g0 [ 01

~(goadg) o | 6T

~(@nedy) 290 || 87

~(gpedg) 30 || LT

~(goodg o | 9

~(goedg) g0 | $T

SE2JE Jomb WEIWELS 0] S2inpadoid [oAu0D EIAWnonAug| +T

seaze J9mb Jo wondaozad s onqnd Swovengw simewerd| 7

Road Traffic Noise Research Needs

SEQIE 32inD UEQIN DUE [EINI JOJ SeNJEA M pUE siojedipu ejeudosdde jsow et Swpracid soangeay a1y Jo uonedynuapl| 7T

seafe Jamb ueqIn PUE B STIAINURDT JOF SPOIIN( 1T

uEamoaEg | [2A2] 52193 [ w3l @
wp.m Wr_ N -amsodxs astou 0] esuodsar aqgnd SUI SULNISISD 0] PUE SESTE J9Mmb [EIN PUE UEGI JIUTEp DUE SUSD 01 Popesl oI SareA Iy pue sojedrpur arepdorddy
,m m m mm SSYIMY ALTTIVAO DIISN02V HOTH TVINY NV NVENQ 40 NOLLYDOLALINIAI NV NOLLINLIIC.
EE BE
o si it T NTVINO DTTVINAHT
\ a
(1]
Jo

[
\

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



Conférence Européenne
des Directeurs des Routes

7

-
Cc

[
\

Conference of European

Directors of Roads

Page 42/54

Road Traffic Noise Research Needs

j10day] [euLy oL

7 « 7 B * saduaIae Y

TIETHOP. T3 A} 0F [2Aa] Anionad v udisse asvald| ¢ (1

" SUOISBEENS B LOWEY —

M

< ~(gpadg) o | €16

Ol

~(gpedg) mug | TrE

a

< ~(gpedg) o | 116

~(gpads) muo | 0T

g

“S12832 FEINOSEAOIDIED J0J dMISUONE[RS 1021J8-250(T| 67

v

WS pue SuwueasT “AEpT J0F sAmSUONERI 102]j2-2s0p Jo Juswdopalg| 8%

3

SE2FE J00pIt0 seand uo uondsosad souelouy| [f

seprus EdiBojonuapidy| 9'g

“MOMAEYR]
Eos Jo susped JUeleip Jo S102jje AU SWPMDW SMIMUNOD SUOWE SIOURISHIP TEMUMND U0 20UBAOUUE 2SI0U WO 20USNQUL

-aanzodye wonnyod IE PUE 2S10T 01 20p S103112 IESY pamgmon|

(suwonenus amsodxs Jo seSueyd uo wonoess) wondsarad s ajdoad vo seINSESLN JURSIURSEUELY S5I0U JO SI0R1IA| ¢

el |1]o|x] uvondsored 2s10U U0 SWPING 217 JO 2pIs b B JO PUEB UONEINSE SPBIE] JO 223F0p o1 JO SI01IE| %

dmysuongaI 1921J2-250p PUE SIOIEJIPUT JUEAS[SY - JIJEN PEOI 01 2np (Stmayeme) soueqrmsip daejs Jo s1097 UNESH| 1€

LI anl Jo AITIg

[243] 15313 U] T waly a1

-dnJSUONER] §129]J2-250p FIEINIIE 230 J0 Juaudolaasp 217 01 paJEfel wiziqoad ou JO S10adSE 2100S [HIE

St2)l SWAL0)0] 2] "SOUBAOUUE PUE S[2As] 25I0U Ueealsq sdMSUORERD 21 YsTqEISS 01 2ouElsodun 18218 JO SIE 9510U JYJED peol 0] pesodxs wonejndod i wo asiou Aq peonpu s10eyje SYLL

«SATHSNOLLVTI 1231433500 NI INIINIAOHAIVE-:

£ NIVINOQ DIIVIVIHL

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



<
[Lg)
—~
o
MJ podaygemyo] _ - _ 3 — LR TESE) LY
o
| ﬁ F _ I3 _ ¢ _ 1 _. u _ N UTEMIOP JNEWAY) A1) 0} [3sa] rrorad v uSrsse asvajg| + Q1
 SHOIISAEENE W ENEIUEY
_...I
HaUEDEOE ~(fgoadg) mao || €17
[« m]..z ¥ _ £ _ ¢ _ L ﬁ U _ N “(Apoadg) 30y ﬁ ar
_...| !
— o
& s _F:ﬂ_n_n_ﬁq.;z ...m@«uw@mvuﬂﬁ_@ﬁ o
Q T
2|k 3 2 ey o | 61
< = T : - .
S| EEEOEDE gm0 | 51
@ 5z
A 1 2 i ey o | o1
&)
@ _”... f "|..= ¥ _ £ _ ¢ _ L ﬂ v % N “s103120304d ayoueEAe pue sSumado fauury Jo 12209| ot
@ _
m = wlm ¥ _. 3 _ ¢ _ L ﬁ U ﬁ N | {aum wyEns 18 apdurers 0] ‘sTEAsaI aum mpoads Sunmp Sunfiom 10T 23M0S) S[aA3] 25100 ual-Suo] uo spowad 1amb Jo mega| of
z _ _ .
O __.... zr m]..z ¥ _ £ _ ¢ _ L ﬁ u _ N SUOREIQRL 3O 13309 | +1
wm [ L g y
© _m..p. “]um ¥ _. £ _ 73 _ L _ v ﬁ N [Fas] amsseaad pUTOS [[EFRA0 A1} U0 SJUsA2 astou juanbaimn Jo souwanpuy| ¢
- | :
w __ i _|= ¥ _ £ _ 3 _ i q u _ N {-m@ “saqoypod “2Spuq B 10 Jonpers B uo suwol 4q paonposd astou aqdurexa 103) 2stou aasmdun o 102gg| Tt
o i
x & _.|= ¥ _ £ ﬁ ¢ _ l _ v ﬂ N astou Aousnbayy mopJomeng| 14
[ wEempamg | 23] Jsaaan] [ W a
“sponad
12mb Jo 2ousrmozo sy pue siueae Wwenbain “astou aasmdun ‘sjusnodwos Louanbaig mof 01 snp sdnySUONERT 1081E-250P U0 STIO0] PINOYS SPIRY 9531 U1 Y2IEasay WYEW] PUE Usp ]
.8 SIOYEIPLA UOURIOD 31 Aq paiusazdal pue paquasap AQUSIHPMS 10U NG ‘passauppe a5 wondanad 25100 B0 20USNIR JUBMIIETS J4By 18 sarpadord mpoads ‘tEWOp JNBWAL) ST U
_.m.m mm « 23123137 JLAIDALS INCIIAISNOD SHOLVIIAN ISION TV NOLLITQY .
&5 23 ¥ NIVINOM DILVIVIEL
e ss 88
=
A
(o
N S

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



Conférence Européenne
des Directeurs des Routes

7

-
Cc

[
\

Conference of European

Directors of Roads

Page 44/54

Road Traffic Noise Research Needs

moday ey op i <4 _ | 2 V ETAIAY

| _ ¥ _ t ﬁ « ﬁ 1 _ u _ N WEMOP JPEW1 21 01 [242] rtotad e uSisse a5va]d| § (1L

RO ISREENS 3P SN Uy

AR UERNLE i | 15

S UCCDEE (s o | 11

- |- Jriefsfajels ~Gaoads) mo || 1%

SN EOOREE T

o Il i a0 | 6%

B ...@u&mtﬁo_m_m

o TR = x| Tt e {7012 "20ELR] UIPIEE] SEAIE

_.|= _ _ ﬁ _ _ 100pINe FUTAY PUE UONEMSUT 9PBIE] ST Yons “SOnNSHIIIRIEYD Siaarddl Eqnoad Jo UONEN[EA S0UBAOUUE 3S1OU U0 20UaNQUf| -~ ¢

o ﬁl_ﬂ F _ £ _ ¢ _ 1 _ u _ N UOTOTPas A510T Jo s30edun 2o pue syoedus YIEeY JO BORNEN[EA 311 10 SPOaly| o

N ﬁl.= ¥ _ £ # ¢ ﬁ L — u _ N UONOTPas 25101 JO BOHENEA 21} U0 [2A3] PUTIOS [RRIT 3y3 JO 30Uanquy| ¢'¢

= ﬁl_— ¥ _‘ 3 _ ¢ _ 1 _ u _ N “spouad yEw pue SumaAs “Aep SMp S[2A2] 35100 JURIAIAP JO UONEN[EA 3OUBAOUNE 3STOT U0 30UN] | ¢

= ﬂl__ ¥ _ £ # c — 1 _ u _ N {Sumodo oy podsuen mea 103 '5-2) wds-fepow wr s25UEYD 01 aNp sAIPWMsa Igeuag pascsdur| ¢

¥ _]__ ¥ _ £ _ c _ 1 _ u _z {potpaw 20md asnoty 271 “a0wd Swopay) pouEaw JE] U PASEQ SAIEWNSE Igavag pasosduy| TC
.._Lv_n_n__—_h_.z = aazje e

paguusipun pue lemb Jjoj uonenes Swpnpur poypew (aouasejerd palels) J§ U0 PISEQ UOREWMSA 1geURg Jo wewaaosdu
ueapgoamy | [242] I5233u] _ | MR al

“SISATEUE 1aUaq-15 00 asosdun

01 pasmbal os[E 517032 “A12JES JIPEN “S35ES snoyuals Jo uolssno: “Aenb I E30] U0 510209 213 SE OTlS SRMSEST UORINPaT 351011 01 PRIE[2] S1010E] Je1ji0 puUE sioedul (afesy] Jaas]
PUTNOS ENNA 311 J0 23UaNA 211 SULapIsuod I01BEMPW [2A0U T S3IEWMSa 21BMO0E 2101 apLosd 0] PUE SaNWELAIUN adnpal o] pamnbal stpopaw asud asnoy pues poyiai sauatagasd
Pa1Els a1 Jo Juawdojasap Taim g “suejd HOTIOR I UAYEUAPUN a4 0] SAINSEall SUNESNNI 3510T JO SSaUaAnlalja PUe A0UTHJa 1] A1EN[EAS 0] [00] JUeLodi UE 51 SISATEUE IJatiaq-1507)

<INTWILVHY ISTON ANV LIV ISTON 0 SISATVAY ILTINIF 1502 Y01 SAOHLIN TIDNVAOY ..

§ NIVINO(I DILYIVIHL

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



<
0
o
<
n%q podaygpem ol — e | _ | 2 ﬁ SA0WATAFIY
@©
o
| _ ¥ _ € _ 1 _ 1 _ u _ N UTEMOP INEM1Y 31 0F [242] Anrorad e uSisse aseajg| o QL
" SHEIISEEENS R SHAIUEY 7
_. .
E T T et | 15
[ a2 e DS EE ~{Agoads) =0 i (4%
= = - .
- AEEOEOE (ggosdg) sago || 119
el ST i mpo | 0
) e - T :
g BEEOEEE T
; =3 .
m __.. _,r__ﬂﬂ.n_nﬁ,_.__z ...ﬁﬁmmmuuﬂﬂ@i 89
S
@ (= : P
% = _F:ﬂ_.__n—_____z ...ﬁ@u&mugﬁrﬁ
&) e o - ~ ]
g - B EEERDE (o) =50 | 99
Q r
2 - i 12 o I ~(oads) g0 || €9
f
m f .. ”|.= ¥ _ £ _ c _ t _ u _ N -uoneumons Jqqnd poddns 03 YoAJeU SIUAIAMSEAN 35100 | 2um (a3, Jo wawdofsacg| +9
r— |
I
ﬁ s .. w,|= 3 _ € _ ¢ ﬁ 1 _ u _ N -wonedionred suqnd eoueyue pue uwoyw 03 safendue] uopEXUTIIUAOS Al 3o wewdopsag| o
S _.
= [
- [= = m..ll__ ¥ _ £ _ c q L # u _ N “SHI0MIAU [ETD0S UD PAsEq ‘Tonsesaiur aqqnd Jo seEenSue] UonBNUMUALOD [3A0U U0 Aaamg| g
% _ — “SeTlsst esion|
o e _]: i _ 5 _ ‘ _ : _ ol _ £ w uonediyied pUE SSauafEME qnd 2IBMUMS 01 “AIEal [ENINA 391 ‘sanb 3] TONEMUMUNLOY PAJUEADPE Jo luamdopaas 9
h 3 IR P i} e e [ETOIA 331 Sl & HE P PEJ B3
HEIpoaEsg | 43 35232301 _ W] i
"S3P Ol PUE S2EENSUE] HOREDTUTIUNLOD 3[qEIMS JUAANC 0] J9PI0 UT ATESS3I3U ST PJalf SH U0 YXMEasas Jewy pue ogqnd a1 Aq vonedoned
sood SEM 22 JBL] Paaoys (INF 313 JO PUMOT 1SAY 211 01 palejs synsay wonedioned oggnd Jo 28e1s yoea 10] aum Juatgms Sunwope papriosd aq PNOYS SR AU A[qEU0SERY TAYE]
v SUOISIIRP 21 U0 pauroqn s1oqqnd AU 1BYI pUE JUTLoS0E 03 URNE] 23 uonedinmed 181 Jo symsal 2y 38 “suefd wonoe Aty Jo mataaa pue vonerdard s w ayedionred o) sapmumuoddo
g 5 anage pue Apes usaE “sueld uonoe sog sesodord inogqe paymsuod stoqqnd aU 1B UMSUR 0S[E PIIOYS S21E1S JRUWERY "2]qIssadoe pue afqisuayardued Tee2 2q PINOYS UORBULOI
2y By a1 “ofgqnd 2y 0] pAIEIHIRSSIP PUE A[qENEAE SPEW 278 SuEd wonae pue sdew asiou 2IE21EAS JBY] AMSU PINOYS Sa)E1g JAqUa[A] 181 521815 3ARD 2SION] [EIVAURFONATIT 3
sg 54 L qqna 2y o3 pajer P PR SIEEAR B TRERE: O L BT} pRoty; § JaquiafA] 18 HOAIT A1 B LATAn T,
mm mlm « NOILVJIDILEYJ JI'TE0d ONV NOLLVIVIOINL.
M o= o8 9 NI¥INOO DILYINTHL
A
(o
~ o

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



5.2.2013

<
v
(o]
< odaygemy o SDUAATY
o poday ey of -4 |
(o))
@©
o | _ ¥ _ £ _ ¢ _ L * u _ N UEMOp JNEMAT] 11 03 2497 Artotad v uSisse asvafg| L L
T SUMITAEERT P INOWEY 7
I
—[-J=] ele] i) a0 | v
= B OEEEEE ~(agoads) sapo | T
T
=L [ Jele] el i) smgo || 1T
= _.|= F _ € _ ¢ ﬁ 1 _ u ﬁ N ‘Jeape SwaSe pue Sunsey soueidacor Swpnjow ‘sa0Epms prROII0F WRISAS HORESSSER B Jo JuawdopRas| o1 L
n
I
" oo (B I T "53120]0U0Y22] PUE SIMSESW SUREQE 25100 [2.400 Sumsal Jof seunnesford sanensuowsp [EUoREY Jo uawdofaia| &/
m : ISeou0y2al p SuREqE 310U [2A00 SUT 3 1203d 31 P [EUOREU] dey
| i
I
z b= e frlele] o] MOTABY2G ETHALD 2 ue AnamoasE prol 2] Uusamiaq dujsuone[as a1l Jo aEpapaoty aaord
- TARGSG PEAALD S D P n G AMEUOREEE I 10 APl wy) gL
| J
O I
] 2 —|= F _ I _ C _ 1 _ u _ N saias Suraup Jejemb o3 sawnmerSord Sunnen ey )
o5} i
f
@ - S (o [ R R e T UONEULOFLT I2H0ISTD PUE SI0IENPWE wotssnos astou a1eudosdde sarmmbar) sa1iy pue sa 4 3STOTE ALOT JOF S3ATLIADLT ¥E
[0} : o P e A ST i 3 . P |5 etk 15T el PXEL| 9L
@ “
() - o BN B A B awEus J0 suoneNdIE PUE SWRISAS 1STIELXR [ESa Jo 250 213 Ju2aasd 0] sifpaym-om paresmod Jo syoeyny| o)
a ! 15U 7 RENG P
[
‘B I
m Z _I..__ F _ £ _ ¢ ﬁ L _ U _ N EIED S[qENaI U0 Paseq SA0EPNS PEOI 10] suonemEal pus sjuswasmbaz astou Jo juawdopang| 1
i
3} f
= = ~|.= F _ € _ ¢ _ 1 _ u _ N SUOHENYS JIEM [B2F 11 suonpuod [EardA1 wwesardar repaq 181 S20Mf2.4 PEOS 10 SUNS3] UOISSANR 35100 MaN| €/
m “. - Tuasaid 7€ SAMO0S 35100 AUEW aiaym|
= b _|= E _ > _ i _ 5 _ ! _ ¥ | sueumonaus xedwod W SamsEAm JUBWRAEGE 510U 03 Sunngumues pue Sueys Jof S[00) pUE suonemIar jo wawdopasg| -
ko] i . I T
f
@ f< - TrTEle] 0] u]N (212 ‘SI3[IMI ‘520 JUANS) SA01Aap SWONpPal 25100 JO 35T 243 01 paiefal (aaneEau o aamisod) saanuan I
o L L SR L 145D, AULTH Lol 3 0} PRIET - L Reao | LA
| ; ;
o [ mEspgeams | P42 Js2iau] _ W[ al
"PRPRAL AIE S T4 Jo Sumanp seyemb so7 seunmeiSord jonuwos pue SURNERD ULTYR SPIEAD] SUONESENSAAUT JEY] OF TIOISSTNR 25101
atpy uo yeedun S1q B 2ABY WR1SAS ISTIEUXS PUE AtHEU 213 Jo uonemdme o) pue 21415 Swmanp a3 (s A0 14} siafeaya-oa) patasmod Jo plag supoads o) uf ATBSSI031F 2J8 20UEBISISSE JAAUD
IHONTE]E PUE SUDISSNOSUEN SN2 1Uewe U awsua Aq sepls Swmanp astou-wo] Sugoursd pue Sumroddns swaisds azojaseip “sapias Swanp vo wwepuadap 0S[E ST UOISSHDR
- 3SI0N] ‘[00) UOROTIPal 3ST0U JUSINEA PUE 2400313 23010 B WORENWA] TFOTSSINS 5100 2B 0 ‘SUORENYIS MIER (21 Wl suonipuod [2ard4] ayg so7 aaneussaadas 'Spollaw JUSISSISSE 35100
mm mﬁ a[amjas ajqEas Swplaosd Wo pasniog aq PIOYS SUOTR ‘31N 3WES AUl 1% 4121205 01 10edun 25100 31 Aq PASNED 1500 1)1 0130 FDUE ST 2STOT J0 JUKS 31 0] Sa01aap ASTOU JO 25T 2L
Ehuosg 01 p2IERF SUOREMSal PUE S2ARU0W 2ARREau 30 aamsod U0 PasEq MOTAEYaq Jojemb pue sionposd rajemb sprEsmol SIAUMST0D 10 0] parmbaz aIE SIULUMISTE BONBULOJ [343] YE
3858 PRIE] HETLS3 P z 3L o POERG MOTARY 30 Iojami p p L S0} pam L RS R [aAR] YSTH
i E5 2 3 INAWALVEY ISTON INTIDIILT ATONO0Ed OL SINTNNHLSNI DINONODT-0I208 MIN HO TIAOHIN
8u 88
\W L NI¥TNO@ DILYINIHL
(o
~ o

CEDR Project Group Road Noise: subgroup road traffic noise research needs



5.2.2013

<
o
-~
~
<
Q
(o))
] poday femy o _ -4 _ b 7 S3UAAPAY
o
| _ ¥ _ ¥ _ ¢ _ L _ u _ N UIEWOP IPEWT) 31 03 [24a] Antorad v uSisse asea[J| 8 QL
" SHOHSEEENT B YWY
I
[ _.“1=1_mﬁn_ ;.__.a “iAgoads) ;g || €18
- 017 UoRdUMSuoD
e s s , ;
! [#TY ‘Bouelsisas Sumior paonper se yons (Juewesed pue serll) sweysds estou Sumjor mo] WOL SYIEQMEID PUE SIHRURg
f
= _|.= F _ £ — ¢ _ L _ u _ N sanbryzay o syonposd 2083ms pros Jo Sunireys ANWOIUoD PUE SUNRqE] SNSTO2E 21 J0F SAMpPasoid| 1178
% _p _|= = ﬁ = _ = _ : _ = _ = ] uondIosqe puUE UDIsENR) s10aaAEd i
% 3stou mof Jo acusumopsd ONSNOIE Ayl JO TONEIUMOEIEYD. JMUEUAD PUE ONEIS IO SPOIam AqeRar Jo juswdoprisg
I
Z < ﬁl__ F _ £ _ ¢ _ L _ u _ N UONEZLRAIDEIEYD JUST00E Bl puE sitrol vomsueda Juaps ajqemyT| &3
< “
m Iz _]__ F _ £ _ ¢ _ L _ u _ N swewaaed Swonpai 250U Jo AVPQEMP [EMULLAS PUE [EDNSTODE Jo Ju2wRAnidul pue suonesnsaauy| g3
[
Q I =
% = _||__ F _ £ _ ¢ _ L _ u _ N (g9 ) saoEpms PEOY JNSE[T 030 JO JUSHSSaSSE (240 3P| '8
x I 5
% 2 3 ﬁl__ F _ £ _ 3 _ L _ u _ N syuawased Swonpas aswou pasmmdo Jo wawdopaag| og
2L I -
o = ..._.W..__w_nﬁn_;e_.r: .. . - % Mﬂuﬁoﬁ c8
Z y umse)) seoEpNs pue saadl Jo sadi) PUE S2IMUMOD [EIARS WHOIY EIEP [lkw 25100 pEOaidl Jo s[epow Supsme Jo Eumsay|
I ; b
Q = ..._V.__q;n_n_ﬁ_:_z : ’ o _“.mmm__d&umu +8
ﬂ ; ! [EMAUS “2DUEURILIEW JaIUim ‘sanbmmjoal Suiues[s) S20EpMS PEOF 2SI0U-MO] J0J senbmAyDe) 20URURIWEW PUE SutEa])
I
_” i= _|.= F _ £ — ¢ _ L ﬁ u _ N (sa18ojotnyae) wononp oxd ‘euaiEw ‘UESap) sa0BLMS pROS astou-mo] of sidaouod man| ©F
I
© I 5 -
% [ _|= F ﬁ £ _ 3 _ L _ u * N ‘(saoepms pro: 0y Etmyoiew Teusiew ‘uSisap ‘AnswoaE) saxdy sstou-sof soy ydesuon man| T8
I
x < ﬁ|= F _ £ # ¢ _ L _ u _ N -A2BM20E PR SERIOUT Yk S[00) UOREUNS paaoidun 10 Honoeialw a1-peos Jo Supuelsiepun 1anag| 1§
i
1IE 21 Jo g _ 2431 15aa2u] _ may Fiil
‘TOHINPal 25100 [QEWIEISTLS AAN2E 01 Papasti I syEydsE
v snozod 103 sanbrnyael soveusymew pue Sumweaps ‘safojounyaey uonanpoid MaU 'SI0BIMS PEOS 30 ADEMI0E PASEAFIUT YlkM S]Ap ot w payuswaidior pue padofasap 2q 01 2ARY S20EpMS
£t s peos pue saidl astow so] Jof sydaouod map “sanbrooel SuNEpow paouEYUR 2501 01 PEA] 0 PUE SUMISEAW HORESUAT STIOUEA WO S[2A3] 25100 UT STONOTIPal 121818 24308 01 Fapio
tgts U S30EQTLS PEOI PUE Sardl Taaadeq HOTIORIAIUT 21j J0 SUMpUEISIaPUTL NG 30UEYUS 01 2ol € 5T 2Jal]] "SUORNETUIS JHER AR U [243] 25100 01 SURNGIAWOD JO10E] UIEW U3 T 25100 Sumog
BH5E «ISION ONITTON.
POl B 1
a o= o8 8 NI¥INOI DILVINTHL
A
(o
~ o

CEDR Project Group Road Noise: subgroup road traffic noise research needs



<
e}
Y
@
MJ yodsy remy o _ L | _ | 3 7 S3IMRIAPY
o
| _ ¥ ﬁ 3 _ 3 _ T _ 0 _ I TIETOp MEWA) ) 0} (23] A1tonid v udisse asealg|IT L
© SHOTISAZINS P S ADWET *
I
_> _Lw_m_H_H_a_z .:oﬁnuamueuﬁDimﬁm.
[ - fr]E]efr]e]x ~(geod9) w0 | 76
[ il ) 2 R ~(gpadg) 230 | 116
n
gl [P e TEl o] ~(goods) o | ot
) I .
Ok SN EEEEE g euo | 66
C = ~ - ¥ - o
3 Z |- Jrfefe]e]o]x “(goedg 2o | §6
% = i e = “S3150]0UT[2] UONESHNU 25100 JO JUSTISSasSE AJQRWTEISNS 10npoid 10] S]00] PUE EU=)D Jo Juandojsss(] (SUUOISSITHOISp pUE|
% = _].__ _ _ _ : _ 0 _ i 2oueusjmEn “yurdioo] wogied “AS0j0UTIs] UORINNSUND “S[EUSBII) SadiA2p SWonpeal astou podsuen punois Jo AMQEUWEISAS TEI2AQD L's )
T - “¥22y2 AmEenD 0] pandde 2q 01 SITUEA TUIS-TF PUE SJNS2I
@ = ﬁLw_r_w_H_a_m : o6
K% 51521 AJOJEIOQE] U2amI2q S2INSY UONERII0D J0 Juwdo[2asp PUE SINITEQ 2S10U JO UONEZLIA]OEIEYI JNSNODE NIIS-W JO Juatussordwy )
®) = : F:f SQE 28 51020102
> — _.l..__ - _ . _ - _ - _ . _ .a " " ] S[EWRIELL BWGI0SQE 2510 DUE -
o USISSp MU “SEWPMNG JANISYAT TJUADIA-1S00 PUE 2ARNISIIR §1 IEMR SUTUIRIDS PEOI SWPMOW UONESTIT 250U U0 YIJEISAI JULINT 4
ﬁ F ﬁ|= v _ £ _ i _ 1 _ 0 _ N “(s2[gqnq 19mnb ‘sISLITRQ SSIOU [EALIA ‘SMOpULY ‘sppued SISLLIEQ 9SI10U) [0NUOD 98I0U 3A00Y | +°6
S |
— "215 “S[EUIELE PI[DADS]
= . TP TETE 2015 o aen ] " " [ s
.qlw J0 250 “sDEjoacioyd oMy S)OuSq JATI0 UGN UONEWIQIUOD “INOIAEY2q uondiosge 12112q ‘USIEID [IUNNERq) SI9UIEQ 250U peaocidwy 4
S o B A I A "S2INSES UONESTI J3I0 PUE SIAITEQ 350U JO AJMGEIN 213 SUISS2ssE 10] SIOJEDIPUT PUE S[3POT UONEINIMED Jo juawdopasd| 76
R 4
e - | ].__ ¥ _ [5 _ i _ 1 _ [ _ I "SIINSEA UONESHIY DRSNOIE 10 USISap 217 JOJ SAIEANI0S UOTEININS J0 AIMGrkay pUE AImaen=1 21 saoxdwy| 176
e 3l JO 21T _ [2A3] 153423HU] _ waiy aa
o g E -03% “ASI18U2 SJgEMAUST J0 wondnpord Tonuod 250U 2ANSE 107 “sppued Jo odA) sjqewelsns pue aau dojzasp
5€ 2 01 pannbai os[e st yoIEasey “uonezmumdo uSisep pus-do] o] AfEroadse “pepesu ST SIMILIEQ SS10U U0 [IIERS2I I2UAINT IBI 0s panojdxe AQNg o4 10U 29 0] PRISpISUOD ST SIMLIEQ J0 108]]e nondsjord
£y 2y pan [Esty Y “wOREZIUN 1sep P 2
3 m mnmu astou 21 “sjods 01, [EJNSNODE PUNOIE SIILTEQ 2510U SE [INS SSINSEST TILM SI2A13031 01 peol wogy woneSedord asiou Sumapuny Aq paonpal aq OSE UED SE2JE [EQUSPIS2] T Sj2a3] ainssaid punog
o mm £% <SHIATION ANV IDMN0S NITMIIE SITDOTONHIIL NOILDNATE ISTON TIDNYAAY-
Se 88
\W 6 NIVINO@ JLLYINIHL
(o
~ o

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



<
0
3
M podaygpemy o — | 2 _ SaMIATIA N
&
o | _ ¥ _ £ _ c _ L _ u _ N UTETHOP ITEWSL 313 01 [242] Aprzotad e uBS1sse asea{ |0 L
- SHOTISSESNE I By LI UEY —
I
__.r ﬁ|.=ﬂ_ n_ n_ 1 T;z ~{Apsadg) spn _m:ﬁ
= = ﬂLﬁ_n_n___—;z ...m@u&mfuﬁ@_ﬁ.ﬂ
[
__n WL..|__1_».__“._ __¢_z ...m@@w&mw.ﬁ.ﬂ@_:.g
- - [T o] ~(goads) 30 | 0101
% r 1= e | O T /912 sanDIAy2e] EURaI05 TSUOREIZPISUDD [EoRjdeIZ0d0] PUE 350-PUE] USSP 20EHMIS PEOS JURUIETE ARagoiowr)|
% __; m.l|= _ _ _ _ * S3MSEAW [ONU0D 35100 AST-PUE] PUE ABAJOIOW JO SUOHEAGQIOD JO SSauaAndapa 2y asmumdo pue ssasse o) sanbmmpoa g
= I o R (=g e | B e "AEM DNSNOY E UT Palaplsuos SIUatuala 53 e qia|
c _..r m..l|= _ _ _ __ * saigaiens Swmmepd omEn UBqmM JuRsAIpp woil SuRMmsar sigeuaq 21 SWPUEISISPUN Jallaq JOJ S[O0) UOREMUAS PIoUBADY g0
o _.. TR i e e B T B {7212 suEpd 20URURIUNEL U1y UONEIE 21T
@ 2 m]1= _ ﬁ _ _ # “Furoueuy 12efosd “omyoacioyd) samsesw uopeZpno astou woddns o) sjool qEWEISNs AEonnouols Jo wRwdoliag Lot
% “" : - X . . . — . . .wm.vc._ wonezpond aapdalgol
% _.p #l___ L ~ s _ £ _ : q # W ¥ ewo paseq ‘paqdde aq 01 samseaw sy Sunmeld pue ASa1ens WS ol Swsooys 107 51007 Jo undojassp ‘Sunnreid wonoy, gor
I
D) E3 = ﬂ|.__ F _ £ _ 3 _ L q :ﬁ N WwewaSEUE AINEUR J0 TOTS SRUSUER R SR Aq £'2 Jeaup a1p Jo voddns smuonserg| ol
0 I
= f
m 7 = ﬁ]_d F _ £ _ 3 _ L # u ﬁ N ‘suonnjos podsuen pasuclow-ucy pue paads ol uo suoneSnsaaw Qafes PUE BIUSWLIONAUT | +01
o = “35TL PEOS JURI0TJe 230U 01 aInquInos
= = 2 N &
ﬂ v ﬁ]__ J _ ¥ _ ¢ _ : _ 5 _ 2 PUE ‘25100 PUE SUOISSTUR 2INPaF 01 MO]] JIJER IAJI00WS PUT JUWRSeUEW JIJes Ja1jaq JoJ SUHONNJOS sonEewayl asopdeg| = o
[
= e P PRl el efow]n UOREIGLL PUE 25100 20TIPaJ STILR PUE 2IJEN I00WS 03 swelsis juaweSeurw ogen Sunsma Jo juamaaosd b
— | ReIqLL P . P 3 pUE JgeD 13 e RsHR g Wy TO01
o f e
3 T : e el 18
DOu I SABMIIE 01 MO[J JLER JO JoNU0D PUE uonampaid A1 Aqeus 18l swelsds jroaleu pue s[ppow paiesnsaydos Jo uewdopasg
MEapjO g | 1P42] 152230 _ 2 . a
“podsuen UEQM 2jqeUERLSTS Jo Summreld so Summerd Amqow o Stauwrerd A10 PalE[ad 25101 JO THOREIS A
1U2T0IR INOGE PUE ASTOU 10 IN0AR] AJ2 1534 311 INOGE papadu ST aEpamoty Jaym ] "S22J0] (NS 10EIRIUMoY 0 SJUWNASH dojaiap 0 PUE ALS E 1 30UE)STp SUo] 2y) MOAE] 1B
S2270] 311 PLUEISIAPTM 01 JUEBCdIT 111 SN ] “2510U PUE JIJER 20npar 03 d[ay PaisA0d a4 01 S30UEISTP Woys yua sangr) Sumwerd Ao pue (joRuos sumjos pue paads) Juswa Sewew Jigen
.8 SE {2115 “SSMSE3W UONESNAN 34008 SpT2TH SUOAN]OS PUIqUio;) "UORINpal #510U pasmbal 211 231URIENS 0] J3PI0 W1 PAIEENSIATE 30 PINOYS SUORN[OS PRULGIHOD 0F “SIRATR081 I S[aA8]
R ASTOT 2JEGE 01 JUSIDTIIST 3 03 S30MOS A[EWS 0] PN Suounjog yrrordde ousyoy UE ipke AU0 PRlEaR a4 WED 1B WaysAs xajdwo  sapraosd SEasE [ERUSpISas 2Emep t astop]
35 &, _ 4 INSTE 3 P [Ets 03 pairun suounog ‘Yaeordde snsRoy UE iRk Ao p q e 1d prao:d [ERUapIsas 35 5E] U 3sION
mm mlm. «STHNSVIN NOILVOLLIN I5TON IAILDV..
i
M SoliEe 0T NIVTNOMT DILYINTHL
A
(o
~ o

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



Page 50/54

nngy sy

Road Traffic Noise Research Needs

Conférence Européenne
des Directeurs des Routes
Conference of European

Directors of Roads

A

=
CEDR

[
\

0T L o yoeg STANSVAN NOLLYDILDN I5I0N HALLDY| 01
6 (11 03 q2eg SEAATEIEE ONY 23005 NTIAMTIE SHID0TONHIEL NOLLINME TEI0N TIINYATY &
8 (1 M Mg FSION DNITTOH 8
L (L 9 yaeg INFWNALYHY F5I0N INAIATT A10M0A O SINTMTALSNT JTNONOSE 0ID08 MAN 0 @IA0EaNT L
0 (L o Yoeg NOILVdIDIAYd DT TENd ONY NOLLVINICANT 9
& (11 03 {oEg INAWALYEY 510N NV LIVON 510N 40 INIWESISSY LIIEANTE LS00 40 STGOHLIIN JEONVAOY &
+ 0L M q2eg SLYELTS JHI0EdS DNIEAIENOD SE0LVIIANT 510N Ty NOLLIaaY ¥
£ (11 ™ qaeg SAHSNOLLY THd LOFAIT-3800 NI INTNIAOELNT €
T L o3 ¥oeg SYIEY ALITYO JIISNO0JY HOMH TViNd NV NY N J0 NOLLVILINIAI ONY NOLLINLIIA T
I (1 03 {aeg TANSOLE 510N J0- INAWNEEIREY ALVANDOY TAON 04 SAOHLIN LNAWTANS VAN NV NOLLY LOJNOD JEONVAOY I

[pa9 SyLioug wemoy JyEmay ar

Hoday wuly
STAATT ALRIORI SNIVINOJ DILVINAHL

5.2.2013

CEDR Project Group Road Noise: subgroup road traffic noise research needs



{f a)
CEDR
\-’ Conférence Européenne
des Directeurs des Routes
Conference of European

Directors of Raads Road Traffic Noise Research Needs Page 51/54

§

11

CEDR Project Group Road Noise: subgroup road traffic noise research needs 5.2.2013



4

CE

\ - ’ Conférence Européenne
des Directeurs des Routes
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Annex B List of publications
TD | ID Title Authors Issues details Year
1 1.4 Temporal sampling P. Bellucci, 5° European Conference on Noise Control 2003
techniques of non urban G. Brambila,
road traffic noise A. Corvaja
15 Influenza delle condizioni P. Bellucci Convegno AIA - Proceedings 2007
meteorologiche sul
rumore da traffico stradale
- Influence of
meteorological conditions
on road traffic noise
1.5 User's Guide Nord2000 Kragh, Jargen Delta, SINTEF, SP and VTT.
Road. et. al.
1.6 UNI/TR 11326:2009 Italian Standard 2009
1.12 Road noise prediction: 1 — | Sétra Sétra, reference 0957-1A. Bagneaux, France 2009
Calculating sound
emissions from road
traffic
1.12 Road noise prediction: 2 — | Sétra Sétra, reference 0957-2A. Bagneaux, France 2009
Noise propagation
computation method
2 2.1 Stiltegebieden in Vlaamse http://www.Ine.be/themas/hinder-en- 2006
Vlaanderen Overheid, risicos/stiltegebieden/meer-
Departement informatie/stiltegebieden_in_vlaanderen.pdf
LNE
3 3.3 Noise Annoyance from Emine Celik Danish Road Directorate, Technical note 79 2010
Motorway 3. A pre and Christensen
post-study
3.6 Road traffic noise and Mette Sgrensen | European Heart Journal Advance Access, 2011
stroke: a prospective etal. published 25 January 2011
cohort study
3.X Health effects of noise on | Marie Louise Danish National Institute Public health 2001
children Bistrup
3.3/3.8 | Befolkningsreaktioner pa Torben Holm Danish Road Directorate, report 2012 to be 2012
stgjreducerende Pedersen, published
vejbelaegninger / Public Guillaume Le
reaction on noise Ray
reducing pavements
3.8 Traffic noise annoyance. Larsen, L.E., Danish Transport Research Institute 2002
A survey in Aarhus, Bendtsen, H.
Odense and Randers and Mikkelsen,
B.
3.3 Beboernes opfattelse af Bendtsen, H.; Danish Road Directorate, report 187 2010
stgjen ved Christensen E.
Ringmotorvejen. C
Undersggelse far og efter
udvidelsen af M3.
Sammenfatningsrapport.
4 4.1 Road traffic noise of Willem Jan Van Paper Internoise 2011 2011
expansion joints - Vliet, Ronald
assessment method and Van Loon
results
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TD | ID Title Authors Issues details Year
4.2 Bouwdienstnorm NBD R.C.L.van Loon | http://www.pvo-nl.eu/main.asp?id=195 2010
00401 Geluideisen and W.J.A. van
Voegovergangen Vliet
4.2 Railway crossings. Road Sigurd N. Danish Road Directorate. Technical note 49 2007
traffic noise Thomsen, Hans
measurements Bendtsen,
Jargen Kragh
4.2 Traffic noise at rumble Jorgen Kragh, Danish Road Directorate, Report 156 2007
strips. Inter-noise paper Bent Andersen,
2007 Sigurd N.
Thomsen
5 5.2 Veerdisaetning af COwI Danish Ministry of transport, Report 2010
transportens eksterne
omkostninger. Pricing of
the external costs of
transport
5.2 The price of noise - Camilla Danish Environmental Protection Agency, 2003
evaluation of road noise Damgard Environmental project 795
using the house price
method
7 7.9 Demonstration af Hans Bendtsen Danish Road Directorate, Report to be 2012
stgjreducerende SRS and Jens published
belsegninger ved Oddershede
Igelsg/demonstration of
noise reducing SRS
pavements at Igelsoe
7.11 Circulaire Bouwlawaai Ministerie van Circulaire Bouwlawaai. Den Haag, Nederland 2010
Infrastructuur en
Milieu
8 8.3 Optimized thin layers - Sigurd N. Danish Road Directorate. Technical Note 66 2008
urban roads. The Thomsen, Hans
Kastrupvej experiment. Bendtsen,
8.3 Two-layer porous asphalt | Lars Ellebjerg, Danish Road Directorate. Report 165 2008
- lifecycle Hans Bendtsen
The Jster Sggade
experiment
8.6 DRI-DWW Thin Layer Hans Bendtsen Danish Road Directorate. Report 159 2008
Project. Final report. et. Al.
8.6 Noise reducing thin Hans Bendtsen Danish Road Directorate. Report 149 2006
pavements. Urban roads. | etal.
8.8 Stgjreducerende Bendtsen. H, Danish Road Directorate. Report 2012. To be 2012
tyndlagsbelsegninger. Andersen. B, published
Statusrapport 2010 (Noise | Oddershede,
reduction over a long time | Jens
period. Noise reducing
thin layers. Status report
2010
8.8 Acoustic Aging of Hans Bendtsen Danish Road Directorate. Report 171 2009
pavements. A Californian
Danish Comparison
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8.12 Rolling resistance - Jorgen Kragh Danish Road Directorate ,Technical note 77
Copenhagen 2009.
Guide NordFoU project
"Road surface texture-
low noise and low rolling
resistance” 2010
9 9.3 On photovoltaics tunnel P. Bellucci, 28th IEEE Photovoltaic Specialists 2000
shaped sound barriers L. Schirone Conference - Proceedings
9.3 A structured approach to L. Schirone, Eurosun 2002 - Proceedings 2002
the development of P. Bellucci
photovoltaic-sound
barriers
9.3 A project to promote L. Schirone, PV in Europe (Conference) - Proceedings 2002
widespread diffusion of P. Bellucci
photovoltaic sound
barriers in Italy
9.3 Assessment of the P. Bellucci, Euronoise - Proceedings 2003
potential of PV noise S. La Monica,
barriers technology along | L. Schirone
national roads in Italy
9.3 On the quality of L. Schirone, Euronoise - Proceedings 2003
photovoltaic sound P. Bellucci
barriers
9.3 Assessment of the P. Bellucci, 30th IEEE PVSC Conference - Proceedings 2003
photovoltaic potential on S. La Monica,
noise barriers along L. Schirone
national roads in Italy
9.3 Quality issues for L. Schirone, 30th IEEE PVSC Conference - Proceedings 2003
photovoltaic sound P. Bellucci,
barriers U. Grasselli
9.3 A test site for Photovoltaic | P. Bellucci, 20th European Photovoltaic Solar Energy 2005
Noise Barriers F. Dardano, Conference - Proceedings
M. Gagliarducci,
U. Grasselli,
L. Mancini,
L. Schirone
9.3 Infrastructures integration | U. Grasselli, IEEE 2007 2007
of photovoltaic power L. Schirone,
P. Bellucci
10 10.4 Effect of electric cars on Verheijen, E.N.G | RIVM, letter report 680300009/2010. 2010
traffic noise and safety & J. Jabben Bilthoven, the Netherlands
104 Elektrisch rijden in 2050: Nijland, H., Planbureau voor de Leefomgeving, nr. 2012
gevolgen voor de Hoen, A., 500226002. Den Haag, Nederland.
leefomgeving. Snellen, D. & B.
Zondag
10.10 dBvision (2011) - dBvision PRV014-01-08ew. Utrecht, Nederland 2011
Handleiding spreadsheet
doelmatigheidscriterium
voor geluidsmaatregelen
langs provinciale wegen
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