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Preface

An important tool in improving environmental quality is the development of technical
measures. Knowledge about those measures, how to use them and e.g. how to check
their functionality when in operation is essential for the already mentioned development
but also for the implementation and use of such measures. Acceptance needs to be
organised.

In this pilot project of ERA-NET Road we have tried to combine an optimisation of
exchange of international knowledge on noise and infrastructure, with the inventory and
synthesis of all information which is necessary to increase acceptance of low noise
pavements.

Thanks to the professional and enthusiastic attitude of ERA-NET, the PEB-consortium
as well as the Contractor-consortium | think we achieved our goals by developing a
procedural methodology on joint international research programmes and by delivering a
decision support tool in order to increase acceptance of the low noise pavements.

| hope and expect that this report will contribute to an increase of use of low noise
pavements.

Marcel Koeleman, project manager
Also on behalf of the Project Execution Board,

Ingunn Milford (Statens Vegvesen, Norwegian Road Authority)

Pamela Lowery (UK, Road Authority)

Pereric Westergren (Vagverket, Swedish Road Authority)

Carlo Mariotta (Consultant representing Swiss Federal Road Authority FEDRO)
Nico Faber (Consultant, "Oranjewoud Consultancy" supporting DWW/RWS)
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1 Introduction

Reduction of traffic noise has become an increasing priority in the environmental policy
of European countries, not in the least by the European Noise Directive 2002/49/EC
imposing to EU member states to produce noise maps and actions plans regarding road
traffic noise. Improvement of human well being and reduction of noise related adverse
health effects being an important motivation, it should be clear that traffic noise reduction
represents an economical profit. The working group “Health and Socio-Economic
Aspects” of the EU estimated the value of 1 dB(A) reduction of the outdoor Lge, level to
be 25 €/household/year®.

Now, low noise pavement (LNP) applications represent the preferred solution to reduce
traffic noise, especially in urban context, where it is generally the most cost-effective
one. They have numerous advantages with respect to other noise abatement measures
(like noise screens or fagade insulation), among others:

In most cases, they appear to be by far the most cost-effective measure?.

Their noise reduction effect cannot be annihilated by weather conditions like wind
or temperature inversion, contrary to noise screens.

They are not intrusive, contrary to noise screens, which are in a lot of situations
even not applicable (often too little space in urban situations).

They are not vulnerable to vandalism (tagging, glass braking,...) like most types
of noise screens.

Porous LNP prevents an increase of noise during rainy weather due to droplet
projection, contrary to ordinary dense road surfaces.

During rainy weather, porous LNP increases safety by reducing splash and spray
and by avoiding aquaplaning.

During wet weather and darkness, an LNP avoids the formation of a water film on
the road surface, avoiding glare by the lights of approaching cars.

Low noise pavements are a powerful tool in the abatement of traffic noise, but
experiences with some types of LNP has not always led to satisfactory results. This has
led to reluctance to use LNP, which is not always based on objective figures and facts.

! “valuation of noise”, Position paper of the EU working group on Health and Socio-economic aspects
gDecember 2003). See: http://ec.europa.eu/environment/noise/pdf/valuatio_final_12_2003.pdf.
Lowest cost per dB(A) noise reduction.
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2 Project approach

2.1 Phase 1 : Performance Analysis

The present ERA-NET FTP2 project aims basically to list the risks when using a LNP, to
quantify in a neutral way and as precise as possible the probability and the impact of the
risks and to make recommendations on how to deal with the risks. The analysis is based
on the types of LNP used in the five ERA-NET ROAD countries participating in the
project. This will allow decision makers in these and other countries to decide on a
rational basis whether or not to use LNP for traffic noise abatement. The approach
consists of identifying critical factors in processes, activities and regulations that may
affect the acoustic performance of LNP, including identification of possible improvements
to manage and control these critical factors.

The project dealt with the procedures and techniques used in five selected ERA-NET
ROAD countries (the Netherlands, Switzerland, Norway, Sweden and the United
Kingdom). A board of experts of these five countries (PEB - the Program Executive
Board) supervised the research work carried out by the project team (PT), consisting of
research scientists from the Belgian Road Research Centre (BRRC) and the Danish
Road Institute (DRI).

The project started with an information gathering round, where each of the five countries
was visited by a member of the PT. The procedures and techniques for the realisation,
use and maintenance of LNP were described in detail. The low noise pavement types
encountered were single layer porous asphalt, two layer porous asphalt and thin layers
(porous and dense types).

Then the procedures and techniques were investigated in detail and a list of critical
factors was made for each of the five countries. It concerns factors which could influence
the performance of the LNP related to several aspects: the initial acoustic performance,
average acoustic performance (over time), durability, social impact, financial impact and
legal consequences. It became already during the information gathering round clear that
there no experience of legal consequences in any of the five countries. Therefore, in the
subsequent steps of the project, this aspect was further left out of consideration. For
each country the PT attributed a score representing the importance of the probability of
occurrence, and a score representing the importance of the impact for the mentioned
aspects. These scores were attributed on a relative scale and based on expert
judgement. The product of probability and impact yielded an indication for the
importance of the factor. Together with the PEB, the PT selected a “short list” of
27 critical factors, broken down as follows:

Contracting:
1. Competence of contractor.

2. Monitoring acoustic performance (AP).
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Decision making:

3.
4,

6.

Application of LNP on spots with wringing traffic.

Decision making on acoustic reduction based on estimations, due to lack of
information noise reduction as a function of time.

No legal requirement for applying LNP, only political requirement and for part of
the network.

Replacement is safety and structural-maintenance-driven, not by AP.

Construction:

7.
8.

9.

10.
11.
12.
13.
14.

Conformity of production.

In mixture: balance between aggregates/type of stone and binder; small
aggregates reduce durability; use of deviating mixture by contractor in situ,
composition of the pavement.

Control of mixture (aggregate/binder/etc.).

Draining of porous asphalt.

Construction circumstances: application under unfavourable weather conditions.
Too low laying temp.

Too high mixing temp.

Stability of sub layers.

Road use:

15.

16.

17.

18.
19.
20.

21.

ERA-NET ROAD FTP2

Clogging due to insufficient traffic volume (no cleaning by traffic itself), less noise
reduction as result of clogging.

Clogging because of use of studded tyres and agricultural activity plus relation
with speed.

Low noise pavements and wear due to studded tyres; winter maintenance with
more salt.

Use of small aggregates/rutting and wear.
Initial skidding resistance.

Weather conditions, climate and functionality of porous asphalt; need for
drainage systems (application of PA on heights > 600 m).

Changing use of roads compared to previous use (more lorries e.g.).
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Maintenance:
22. Winter maintenance of LNP.
23. Cleaning porous asphalt: is it noise-effective?
24. Repaving in the case of replacing only the top layer for two-layer porous asphalt.
25. Patch repair: repairing and maintenance of LNP.

26. Cleaning/ravelling because of high pressure cleaning.

End of life:
27. Recycling possibilities.

In the first part of the report, the following information is summarized:

The documents gathered in the meetings with the relevant authorities in the
respective countries.

Per country, a summarizing description and one or more flow charts describing
the realization, use and maintenance of LNP.

Per country, a list of factors (the “long list”) that may influence the performance of
the LNP for the above mentioned aspects (performance analysis). The probability
column and the impact matrix are presented, together with the resulting risk
matrix. The values given for probabilities and impacts are briefly justified with
short comments. Those factors with the highest (sum of the) risks are candidates
for the short list, i.e. the factors which will be investigated in more detail and in a
guantitative way.

The “trans-national” short list of the 27 factors considered to be most relevant for
the performance of LNP by the project team and the PEB.

2.2 Phase 2 : Quantification

The next step consisted of the quantification of the probabilities of occurrence and the
impacts for the critical factors on the short list. Therefore, the PT has carried out a
thorough search, not only in all available literature, but also in research reports, some
very recent and still unpublished. The original mathematical approach for which a
“probability” and “impact” distribution was needed had to be adapted to the reality that
these data are hardly available for any of the considered factors. An alternative
approach was used, based on an estimate for the “average” probability and the
“average” impact. For each factor a “factor file” was made, yielding the available
knowledge and sources, a calculation/estimation of the probability and impacts and a list
of measures to reduce the probability and/or the impacts of the factor.

Based on this information the project team formulated a set of recommendations.
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3 Recommendations

The recommendations are given in different forms. First, a list of general
recommendations that are recurring and can be useful for the five studied ERA-NET
countries, as well as for other countries. Complying with these recommendations will
ensure that the quality and homogeneity of the LNP sections in a country is state of the
art. Next, for each factor, the countries that can offer some example of experience,
technical solutions, special procedures, etc. are highlighted. Finally, the results are given
of an investigation on how the five studied countries deal with the 27 factors of the short
list followed by recommendations tailored to their specific procedures are given.

To optimise the performance management of low noise pavements (valid for all types of
LNP), it is advisable to implement the following recommendations bearing on
organisation/ procedures (Managerial aspects). Moreover, recommendations for
improving practices (Technical aspects) are given with a view to increasing acceptance
by reducing technical risks for porous LNP’s (valid for single layer, two layer, thin porous
layer).

The general recommendations _ may be subdivided in procedure-related measures and
technical measures. They may be summarized as:

Managerial aspects:

Introduce a Type approval testing (TAT) and a Conformity of production
(COP) procedure . One should set up a system of TAT with respect to the
acoustic properties of LNP (not to be confused with the already widely used type
testing of the asphalt mixture) which should assign to each LNP product® a noise
reduction with respect to a well defined reference surface. This TAT system could
be set up by individual countries, but it would be a great advantage if this could
be done according to EU standards. Countries should then accept type approval
testing performed in other EU countries, making it easier and cheaper for
contractors to compete abroad, leading to cheaper and better quality LNP. In
addition, it is crucial to introduce a systematic conformity of production (COP)
testing procedure in order to check for each individual, newly built LNP section if
the initial acoustic performance complies with the minimal AP established in the
TAT procedure. Implementing these coupled TAT & COP procedures will
automatically prevent any risk related to the possible incompetence of the
contractor and to possible deviations in the mixture. It will ensure the expected
acoustic performance, at least initially.

Introduce a lifetime acoustic performance specification and mon itoring : as
the acoustic performance of LNP generally changes during its lifetime, one
should make sure that during the whole lifetime it complies with a minimum AP.
Therefore, it is recommendable that:

A specific combination of mix design and application method by a given producer.
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o Countries which have already a large experience with LNP and dispose of
sufficient time series of measurements of AP establish requirements for
the minimum AP during the lifetime of each type of LNP that is used

o Countries without this experience take measures to gain such information
with a view to being able to rationally set up such requirements

Then, AP should become an important parameter integrated in any proper
pavement management system (PMS), which exists already in most if not all
countries for other road parameters like rutting, cracking, evenness etc. If AP
drops below a prefixed intervention level, action shall be taken (like replacing the
top layer). The actual value to assign to the intervention level is a political
decision, among others taking into account the budget.

Set up a knowledge centre : in order to ensure and possibly improve the
competence of contractors and, consequently, the quality of LNP’s, each country
(or group of countries) should set up a knowledge centre, collecting and providing
up-to-date technical information about the specific technology of building and
maintaining LNP. This knowledge centre should be easily accessible to
contractors and road administrations and should publish manuals, organize
trainings and provide specialists with assistance in case of problems. Examples
of institutions that could play that role already exist like CROW in Netherlands as
well as some of the FEHRL Institutes.

Provide a legal framework for the systematic application of LNP, considering the
application of a LNP as the preferred solution to reduce traffic noise since it is
generally the most cost-effective one.

Technical aspects: research needs:

Winter maintenance : there is no fundamental inconsistency between the use of
LNP (including porous types) and safety under winter conditions, but LNP, more
in particular the porous types, require adapted winter maintenance. It is
recommendable to do more research on how winter maintenance can be
optimally adapted for each type of LNP to the local geographical and climatic
conditions.

Cleaning : the gradual loss of the AP of the porous LNP types due to clogging is
a known problem and it appears that the present methods for cleaning with water
under high pressure have not proven effective. Research is needed on the
development of new cost-effective cleaning methods porous LNP and/or porous
LNP types that clog less or not at all. Until a cleaning technique has convincingly
proven effective, it should not be applied on a routine basis.

Repair and rejuvenation : further research is needed for new and better patch
repair and rejuvenation techniques, leaving functional qualities of the LNP as
much as possible intact after repair.

Durability : do further research to make the present porous LNP types more
durable.

Next generation LNP’s:  stimulate research on the next generation LNP, e.g. the
ultra silent, poro-elastic road surfaces.
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Furthermore, based on recent findings, it can be st  ated that:

LNP is not dangerously slippery after construction. The very temporary and
limited reduction of skidding resistance can easily be coped with by temporary
warning signs or completely avoided by gritting the surface slightly just after
construction.

Porous asphalt can be used in turns on highways (hence with wringing traffic)
provided an adapted mixture is used.

Two-layer PA or thin porous layers can be used on spots with wringing traffic,
provided they are given a special treatment. Alternatively, a dense pavement with
similar texture may be used on these spots.

4 Benefits and management tool

In order to provide managers and decision makers with a quick overview of the situation
before and after implementing the recommendations, the following table summarizes the
factors, the related recommendations and the benefits of following them.

As aforesaid, for each factor, the report gives recommendations in order to reduce the
probability/occurrence and/or the impact of the factor. In the table one indicated the
nature of the measure(s): technical or managerial. In three columns, referring to the
three main factors, initial and average acoustic performance and durability, the risk
(probability times impact) is presented for each factor BEFORE the implementation of
the proposed measures. For the convenience of comparison, colour codes have been
used (see key below). Red for an important risk, yellow for a medium risk and green for a
low, negligible risk. In case it was impossible to quantify the risk a blue code is used.
Wherever necessary, the factor (row) is subdivided to make distinction between the
different LNP types.

The table gives further the expected risks for the factors and the three mentioned
aspects AFTER implementation of the recommended measures. One can see clearly
that the majority of the risks are reduced to the status “low”; the only risks which remain
high are the clogging problem when there’'s not enough traffic volume and/or speed and
the risk for quick wear in case studded tyres are used. The clogging problem is of course
only relevant for porous LNP types, hence not for dense thin layers.

In the last column one can find those countries which have developed a specific know
how/solution to reduce the risk of the specific factor.
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Key to the table:

Importance of factor

. high risk NL' : local road procedure (stimulation regulation)
medium risk NL? : main road network procedure (agreement)
low risk
none
no expert judgment possible
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Initial Average Initial Average Best
Factor Specification Technical Procedure Acoustic Acoustic Durability Acoustic Acoustic Durability practice
Performance | Performance Performance | Performance available
Factor 1 Competence of contractor. X NLY, N, UK
Single layer PA. X NL', CH, N
Factor 2 Monitoring A.P. Two layer PA. X NL®. CH
Thin layer. X NLT
Single layer PA. X X - NL, (,:\IH’ S,
Factor 3 Wringing traffic. Two layer PA. X X _ NL CH.S
Thin layer. X X _ NL, CH
Single layer PA. X - NL, N
Lack of info of noise
Factor 4 reduction over time. Two layer PA. X NL
Thin layer. X _ NL
No legal requirements for
Factor 5 applying LNP. X - NL
Factor 6 Replacement not driven by M (none)
AP.
Single layer PA. X - (none)
Factor 7 Conformity of production. Two layer PA. X (none)
Thin layer. X (none)
Factor 8 Deviating mixture. X CH, N
Factor 9 Control of mixture. X CH, N

ERA-NET ROAD FTP2
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Initial Average Initial Average Best
Factor Specification Technical Procedure Acoustic Acoustic Durability Acoustic Acoustic Durability practice
Performance | Performance Performance | Performance available
Factor 10 Draining of PA. X
Single layer PA. X X
Application  under  bad
Factor 11 weather conditions. Two layer PA. X X
Thin layer. X X
Applying LNP with too low
Factor 12 temperature. X X
Too high mixing
Factor 13 temperature. X X
Factor 14 Stability of sub layers. X
Single layer PA. - -
Clogging-insufficient traffic
Factor 15 volume. Two layer PA. - -
Thin layer. - -
Factor 16
(studded Clogging-studded tyres. - - (none)
tyres)
Single layer PA
(nordic). X S
Factor 16
(studded Clogging-studded tyres. Two Iaygr PA X (none)
tyres) (nordic).
Thin layer (nordic). X 4 (none)

* Only for porous thin layers. Code is green for dense thin layer types.
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Best
Factor Specification practice
available
Factor 16 Clogging-agricultural
(agricultural 99INg-ag (none)
activities.
act.)
Single layer PA. NL
Factor 16 :
- Two layer PA. NL
(speed) Clogging-speed. y
Thin layer. NL
Factor 17 Wear by studded tyres. (none)
Factor 17 Wear by studded tyres. Nordic. N, S
Factor 18 Wear problem with small NL, S
aggregates.
Factor 19 Initial sklddlng_r_esstance - NL, N
wet & dry conditions.
Weather, climate  and
Factor 20 functionality of PA. S
Factor 21 Changing use of roads. NL
Factor 22 Winter maintenance. NL, %H’ N,
Single layer PA. NL, CH
Cleaning of PA not
Factor 23 effective. Two layer PA. (none)
Thin layer. (none)
° Only for porous thin layers. Code is green for dense thin layer types.
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Single layer PA. - -
Repaving top layer of
Factor 24 TLIEA. 9 by Two layer PA. X X
Thin layer. - -
Local repair of damaged
Factor 25 Zones. X
Single layer PA. X
Ravelling by high pressure
Factor 26 cIeaningg.; y hign p Two layer PA. X
Thin layer . X
Factor 27 Recycling possibilities. X
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