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2. Executive Summary

Traffic noise in European cities is a major souafeannoyance and sleep disturbance.
A good approach to reduce the harmful effects affitr noise is to creatquiet facades
and quiet urban areasThe project QSIDE has provided strategies andstoo put this
approach in practice.

The main objective of the project QSIDE was to destiate how European cities can
effectively reduce harmful effects of traffic noi&@nnoyance and sleep disturbance) by
offeringrefugesto the inhabitants:

- quiet facades of dwellings,

- quiet urban areas such as parks and quiet residéateas

For example, a quiet fagade offers the possilititghoose a bedroom on the quiet side of
a house, thereby reducing the chances on sleaprlafisice by traffic noise. The refuges
can be created in new urban areas, but they canbalreated by modifying existing
urban areas, for example by modifying traffic floassby choosing specific orientations
of houses with respect to roads.

In the project the general terquiet placeswas introduced, which includes both quiet

facades and quiet urban areas. The figure belastilites the beneficial effects of quiet
places.

* o e e | quiet ( ; >quiet
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Quiet facades and quiet areas are good for inhatltga
The general term ‘quiet places’ is used for quaeiaides and quiet areas.

Three key deliverables of the project are:

1. A document with recommendations and guidelinegkfdrcities on quiet places,
2. An engineering method for calculating sound lewatlquiet places,

3. A method for estimating the beneficial effects afeq places.

These deliverables are briefly described below.

Key deliverable 1: document for EU cities

A document has been prepared with recommendatindsgaidelines for EU cities on

quiet places. The document was primarily prepar®d avebsite consisting of several

webpages, but a single pdf-version of the completiesite has also been prepared.

The website has the internet address www.gsidenduwaéll remain accessible after the

end of the project. The text describes various@sps quiet places, such as:

- indications of benefits of quiet places in termsexfuced annoyance,

- recommendations for (limiting) noise levels at géiagades and in quiet areas,

- descriptions of other qualities than low noise Is\a quiet places, such as vegetation
or nice architecture,



- examples of quiet places, with videos and pictures,

- traffic noise control and quiet places in relatiorsustainable urban planning,

- brief descriptions of scientific QSIDE work suppog the recommendations.

The intention is that cities will find material ame website that is helpful for the

implementation of quiet places in the noise poléythe city. In this way, the website

should be considered as a tool that supports thteqiron and creation of quiet places in
cities, which is an important element of Europeawirenmental noise policy as

formulated in the Environmental Noise Directive 20/EC.

In April 2013 a QSIDE workshop was held in Lyon, ex the website was presented to
representatives of cities and to researchers ¢égmsothat are related to QSIDE.

The screen dump below shows the top of the welcseneen of the website, including a
pull down menu with various items.

‘_'\;  QsIDE .

J Introduction ‘ ‘ Overview | ‘ What is a quiet place? ‘ ‘ How can cities create or protect quiet places? ‘ ‘ Scientific support ‘ | QSIDE ‘ | About ‘

Quiet places in cities
Download PDF document of the complete website

Quiet places improve the quality of a city, and improve the life of the inhabitants. At quiet
places the inhabitants can relax and recover from their daily life and work. This website
describes why and how cities should create or protect quiet places. First have a look at this
short introductory video (about 2 min).

traffic noise and quiet areas

Two types of quiet places in cities are considered:

aniet facades of dwelling

lllustration: top of the welcome screen of the wiebaww.qside.eu.

Key deliverable 2: engineering method for calculgttraffic noise levels at quiet places
The Environmental Noise Directive 2002/49/EC inthsathat cities should provide
information on quiet places, but quantitative methdor obtaining this information are
not specified. This is a problem, since it is knatlvat noise levels at quiet places are in
general underestimated by standard engineering Isvedmcluding the EU harmonised
engineering model Cnossos which is intended forngwet EU noise mapping round in
2017.

As a first step to solve this problem, QSIDE pamdnkave developed an engineering
model for calculating noise levels at quiet placéee model takes into account:

- effects of multiple reflections between buildingsai street

- scattering of sound waves by turbulence in the aprnere.

This is illustrated schematically in the figure d&|
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The QSIDE engineering model gives an accurate ptiedi for propagation of traffic
noise from a street to a different street. Effeftsiultiple reflections, rooftop shape, and
atmospheric turbulence are taken into account.

The QSIDE engineering model is artensionof standard engineering models such as
Cnossos. This means that one should first calcalateise maps with a standard method
and next add an improvement calculated with theDEShodel. Thus:

standard noise map + QSIDE correction = improvadenmap
This is illustrated in the figure below, showingstiard and improved noise maps for a
small area of the city of Gothenburg. It shouldnio¢ed that the practical implementation
of the QSIDE model for engineering noise mapping mat been addressed in QSIDE.

standard calculation improved calculation

low levels in shielded areas higher levels in shielded areas

lllustration of the effect of an improved calcutatimodel for shielded urban locations. The
noise map on the left was calculated with a stadaaodel and the noise map on the right
shows the improvement obtained the QSIDE modelh®roads and in nearby areas, the
noise levels are high (purple). In areas that aneekled by buildings (yellow), the standard

noise map shows low levels (green) while the imgaawise map shows higher levels
(orange).

Key deliverable 3: method for estimating the benafieffects of quiet places
Annoyance and sleep disturbance by traffic noise aity are conventionally estimated by
means of exposure-response relations. For exaraptajt 25% of all people living in



dwellings with a traffic noise level of 60 dB attimost-exposed facade of the dwelling
consider themselves asnoyedby the traffic noise. In QSIDE various possibletinogls
have been explored for refining this approachngknto account the beneficial effects of
quiet facades and quiet areas.

The figure below illustrates one of the possiblehnds explored in QSIDE. The idea is
that some houses in a city have a relatively qbitk side’ (blue) while other houses
have a relatively less quiet back side (red). Thethod yields a positive annoyance
correction for the red houses (higher annoyanced)aanegative annoyance correction for
the blue houses (lower annoyance). The correciateiio for houses (green) that have a
back side with an average noise level at the bialek s

mean annoyance

25% -

QSIDE: annoyance correction

0% ' Ldenmin high positive

40Ldenma§>? a3 Ldenmin average  zero

\ /\ Ldenmin low negative

lllustration of one of the methods explored in QSIidr estimating the effect of a quiet
facade on traffic noise annoyance. Mean annoyasigeddicted with an exposure-response
function from the noise level at the most-expoaedde of the dwelling (Ldenmax). The
QSIDE method yields an annoyance correction, whsgtositiveor negativef the noise level
at the least-exposed facade (Ldenmir)iggheror lowerthanaverage

The explorations in QSIDE of the various possibkthnds are based on extensive studies
of annoyance and sleep disturbance in severalscitensterdam, Antwerp, Ghent,
Gothenburg, and Stockholm. Results of surveys éndities have been related to noise
levels at the most and least exposed facades, land@aquiet or green areas near the
dwelling. Some of these analyses showed cleartsfte#fcquiet facades along the method
illustrated above, while other analyses showedigifscant effects. Swedish and Dutch
results indicated a significant effect of a questdde on traffic noise annoyance. Further,
Swedish and Belgian results indicated significdfagots of a quiet facade, and also of the
location of the bedroom on the quiet facade, oepstisturbance.

Consequently, a single method for estimating ttiecefof a quiet facade on annoyance
and sleep disturbance has not been formulated IlDRSHowever, the analyses and



surveys have been described in various articlexientific journals and at international
conferences, including theaternational Journal of Environmental Research Roblic Health
(2012), the Journal of the Acoustical Society ofekiba (2011), and the international conference
Internoise in New York (2012) and Innsbruck (201Bgople interested in these results can
consult the journals and proceedings of the contere



3. Introduction

An important element of European policy with redpéx environmental noise is the
protection of quiet areas in cities. This was folaied in the 1996 EU Green paper on future
noise policy, which has led to the EnvironmentaligdoDirective 2002/49/EC, by which
major EU cities are required to produce periodicatiise maps of the cities and action plans.
The Environmental Noise Directive indicates thatetjuareas should be protected (see
figure 3.1). However, an appropriate calculatiorthod for quiet facades and quiet areas is
not available at present. Moreover, current enginganethods tend to underestimate sound
levels at quiet facades, leading to an assessnfemibise annoyance that is often too
optimistic.

The noise maps produced by EU cities are used @ iior assessments of numbers on
inhabitants exposed to different traffic noise Isyand also numbers of inhabitants that are
annoyed and sleep-disturbed by the noise. The saesess are based on noise levels (Lden,
Lnight) at the most-exposed facades of dwellingsictv are derived from the noise maps.
Noise levels at least-exposed facades or in queetsaare ignored for the assessments.

An objective of QSIDE was improve the END noise piag and assessment of effects, by
taking into account also the noise levels on thstlexposed fagades and in quiet areas. This
means that improved calculation methods had todweldped for: i) noise levels at quiet
places, and ii) effects of noise levels at quiatps on annoyance and sleep disturbance.

In addition to these scientific developments, QSIHS also focused on practical issues that
cities deal with when they want to take into acddte effects of quiet places in their noise
policy. In particular, the following two basic quiesis have been addressed in QSIDE:

- what is a practical definition of a quiet facade?

- what is a practical definition of a quiet area?
The Environmental Noise Directive defines a quastaide as a fagade that has a noise level
that is at least 20 dB lower than the noise levéh@ most exposed facade.
A result of QSIDE is that a quiet fagcade is bettefined in terms of absolute noise levels
rather than level differences. Values of limitingise levels at quiet facades and in quiet
urban areas have been proposed in QSIDE. In additics recommended that quiet facades
and quiet areas should also hather qualities such as vegetation or nice architecture. A
quiet park is more attractive than a quiet indasite or a quiet parking lot!

Presently, some cities in Europe do take into aatcthe effects of quiet places in their policy,
while other cities don't take the effects into ameb In QSIDE an investigation has been
performed of current approaches in several Europdides with respect to quiet places.
Different approaches are employed in different esiti An intention of the QSIDE
recommendations mentioned above is to bring moitommty in the approaches of the
different cities, although cultural or local difeerces between cities will always remain. The
recommendations might be included in future versiointhe Environmental Noise Directive.
The recommendations in QSIDE include not only theting noise levels at quiet places, but
also good examples of quiet places. The examplespeesented as pictures and videos,
illustrating the importance of ‘other qualities’ gfiiet places than low noise levels.

The examples also illustrate that quiet urban asrasnot only parks and courtyards but
include also quiet residential quarters. In otherds, quiet-area protection by cities should
not be directed at parks and courtyards only, boull also consider residential areas. In



many cities, high traffic noise levels are concatad in narrow bands near busy roads, while
there are large residential quarters with low-istgnstreets between the busy roads. This is
illustrated in figure 3.2.

A consequence of this is that quiet-area protedtiotities is related to the broad concept of
sustainable urban planning. Many cities make plamsurban developments in the next
decades, in response to expectations or ambitibnecoeasing urban populations. These
plans take into account many elements that affeet quality of life of the inhabitants,
including economic, social, and environmental eletsieThe QSIDE recommendations for
quiet places have been put in perspective, byingldhem to sustainable urban planning.

http://ec.europa.eu/environment/noise/

END 2002/49/EC

L189/12 Official Journal of the European Communities 18.7.2002

DIRECTIVE 2002/49/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 25 June 2002
relating to the assessment and management of environmental noise

major EU cities: noise maps and action plans

ng regard to the Treaty establishing t opean Commu- 2 0
Having regad 1o the Treaty esablishing the Furopean Comma o e e s = gupprmimation of i

Quiet facades
“... dose-effect relations could be presented for dwellings with quiet facades.”
“ ... how many persons live in dwellings with quiet facade, meaning
Lden < Lden,max— 20 dB.”

Quiet areas

- “... preserve quiet areas in urban agglomerations.”

- “...in public parks or other quiet areas in an agglomeration...”

- “Action plans shall also aim to protect quiet areas against an increase in noise.”

a\]dr ssed noi ﬂ( in the environment a¢ one of the main
n E

quiet
courtyards
= \4
' L 2
/; AN busy
parks — streets

0

noisy quarter : ‘ / S
Figure 3.2. Schematic illustration of three typeseq areas in a city: parks, courtyards and
quiet residential quarters. The picture on the tigthows a quiet residential quarter in
Amsterdam.



4. Administrative part

4.1 Description of the management system

Coordinating beneficiary of QSIDE is TNO. Respofissiproject manager is TNO employee
Erik Salomons. He is primarily responsible for tbeerational project management,
communication between the partners, and reportinthé EC. For financial issues, he is
assisted by colleagues with knowledge on finanarad legal issues in the framework of

European research projects.

The seven partners are listed below, together thidir specific expertise brought into the

project.

partner

expertise

TNO Delft (TNO)

Ghent University (UGent)

Chalmers University of
Technology (CUT)

University of Gothenburg (UGot)
VTI Gothenburg (VTI)

City of Amsterdam (AMS)

City of Gothenburg (GOT)

calculation models of traffic noise and effectsofse
on people

calculation models of traffic noise and effects on
people of noise

calculation models of traffic noise

effects of noise on people
calculation models of traffic noise

practical aspects of traffic noise, urban noisecyol
and effects of noise on people

practical aspects of traffic noise, and urban noise
policy

Kick-off rﬁeeting in Delft.
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Actions
The QSIDE project is organized in seven Actions,iciwhare related as indicated
schematically below. Leaders of the Actions arecated.

Collection of information (Action 1, TN(

Guidelines for EU cities

A (Action 5, AMS)
Scientfic calculatior modes / / Vo
Noise levels Action 2, UGent (Action 7,

Noise mapping, demonstration TNO)
Human espons¢Action 2, TNO) «— | (Action 4, UGent)

[

4 4 \4

Dissemination, ebsit¢, workshoy (Action €, VTI)

Action 1

TNO was leader of Action 1. The objective of Actibrvas to collect information to be used
in subsequent Actions, both scientific informatand practical information on current
approaches in EU cities.

Action 2
UGent was leader of Action 2. The objective of Aot was to develop an engineering
model for calculating noise levels at quiet plaicesities.

Action 3
TNO was leader of Action 3. The objective of Acti®nvas to develop a method for
calculating effects of quiet places in cities affic noise annoyance and sleep disturbance.

Action 4

UGent was leader of Action 4. The objective of Aoté4 was: i) to develop noise levels for
the analyses performed in Action 3, and ii) to depelemonstration material for the Action 5
deliverable ‘Guidelines for EU cities’.

Action 5
AMS was leader of Action 5. The objective of Actibrwas to develop a document with
recommendations and guidelines for EU cities oetjoiaces.

Action 6
VTl was leader of Action 6. Objectives of Actiowgre to develop and maintain the QSIDE
website, and to organize a workshop for EU citiepractical QSIDE results.

Action 7
TNO was leader of Action 7. The objective of Actibrvas to coordinate the overall project.

11



Meetings and sub-meetings

The following meetings have been organized dutiegprojects.

Kick-off meeting 27 Sep 2010, Delft. Organized WyQ.

Consortium meeting, 8-9 Dec 2011, Gothenburg. Qrganby VTI and TNO.
Consortium meeting, 14 June 2012, Prague. OrgaigddNO.

Consortium meeting, 31 Jan — 1 Feb 2013, Amster@aganized by AMS and TNO.
Action 2 meeting, 7 March 2011, Ghent + video |Bkeden. Organized by UGent.
Action 2 meeting, 14 June 2011, Ghent + video #wkeden. Organized by UGent.
Action 3 meeting, July 2011, ICBEN London. Orgaxity TNO.

Workshop for EU cities, 24 April 2013, Lyon. Orgaed by VTI and TNO.

Management structure
The management structure of QSIDE is illustratedhieyfigure below.

European
Commission

)
Coordinator TNO

Decisions:
Steering Committee

!

Implementation: Executive Board
(Coordiniator and action leaders)
[ | | I T T |

Action 1 Action 2 Action 3 Action 4 Action 5 Action 6 Action 7
TNO UGent TNO UGent AMS VTI TNO

The Coordinatoris the legal entity acting as the intermediaryweetn the parties and the
European Commission. TNO acts as Coordinator ampdesents the consortium to the
European Commissio.he Steering Committae the ultimate decision making body of the
Consortium. The Steering Committee consists of m@esentative of each Beneficiary
including the CoordinatoiThe Executive boari the supervisory body for the execution of
the project, and consists of the Coordinator pluaaion leaders.

The tasks of the Coordinator, Steering Committad,Executive board are described in detail
in the grant contract.

Consortium agreement
A signed copy of the QSIDE Consortium Agreement §ages), dated 15/12/2011, was sent
around to the partners on 15 December 2011. Tigenatiis kept at TNO.

QSIDE

Consortium Agreement

Cover page of the QSIDE consortium agreement 2180110).

12



The Consortium Agreement is based on the DESCA mode
The following issues are covered.

- Definitions

- Purpose

- Entry into force, duration, and termination

- Responsibilities of parties

- Liability towards each other

- Governance structure

- Financial provisions

- Foreground

- Access rights

- Non-disclosure of information.
Background knowledge of partners CUT and UGotiated as an attachment of the
Agreement.

13



Planning

During the project the time planning was updatecess times. The planning was regularly
updated by TNO, and uploaded to the project welisiteommunication with the partners.
The Gantt chart below shows the planning versio20obecember 2012.

Time schedule QSIDE (20 December 2012)

= action leader
2
2010 201 2012 2013 = g
SOND|J FMAMJ JASOND|J FMAMJ JASOND|{J FMAMJ J A g"gggg‘q;
l 8 5 B I | = S
i setup n
m?\"mly document report 111011
[ I T T T e 1
Action 2 prelim models  final models
urban acoustics QF, QA QF, QA 640300
meetings Gent  Gent i
[ E h -\¥ I N e e [
Action 3 annoyance data
relim optim  final optim
human response Amsterdam, ... B QF, QE: QF, OA report 204000
meetings ICBEN \
N N :\F B [ ]
A(tj:tion4 i final
- demonstrations - calculations for Action 3 (Ams, Goth) report
- noise maps - demo calculations gesrlrb(.:g e e e
— - - -j- -
Action 5
P I¢ sety, -
- EU guidelines ar?daq}?srcaugs stmc?ture ggﬁonlftllJan It(II}&FS QA document
- implem. QSIDE ideas document - implementation i Epm 12232
- description QSID el ! ﬂ
: I I T [ N d : [
mﬂ?nahm website articles (conferences, journals, press) 211211
I T Y N N W [ ]
Action 7 SC, EB inception Life Life midterm 000000
management (\nrlual) meetings  report mon mon  repo
S
reports Action 1 Actions 2,3
noise resp. F = Quiet Facad
milestones website model moggl 8!\2 gﬂ:et;ea ©
I N e e e e
full meetings X Gothenburg: X F'ragtfe:)(
DN N e e e
sub meetings Gent Gent ICBEN Gothenburg Euronoise Internoise (Internoise, ICA)
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4.2 Evaluation of the management system

The management system set up for the project warkgédneral quite well. The organization
of the project into seven Actions made it clearthie partners what their roles were. The
annual consortium meetings were essential in thegss for various reasons:

- updates on progress achieved by partners,

- plenary discussions on various topics of broad eontor the project,

- subgroup discussion on technical aspects of th& imahe various Actions.
As an example we mention here a lively discussiorthe recommendations to EU cities, in
particular on the issue of the definitions of tle@epts of quiet facade and quiet urban area.
Different partners had different opinions on thaiting noise levels. Some partners were in
favour of recommending relatively high noise leyddased on the assumption that a limited
amount of traffic noise is an inevitable elementaddern city life. Other partners were in
favour of recommending lower levels, based on #ue that noise levels are already quite low
at quiet places in cities, and we should avoidvalig an increase of noise levels at these
places. The final outcome of this discussion iseoééd in the recommendations to EU cities
on limiting noise levels at quiet places, as désctiin the document/website for EU cities.

A problem during the project was that the calcolatmodels to be developed in Actions 2
and 3 were delayed beyond the initial deadliness Tvas partly caused by the fact that
partners of Actions 2 and 3 were primarily partrfeosn universities, which have a tendency
to continue their research until the result is feef’. The QSIDE objective to develop
practicalengineeringmethods was sometimes a bit forgotten, and thggrooordinator had
to remind the partners about this. It was realieady in the project that the initial ideal
process of subsequently developing different ptajesults (Action 2 noise model => Action
4 improved noise maps => Action 3 calculation mdthe Action 5 recommendations to EU
cities) was not a feasible approach, so insteaslag decided that there would be partial
overlap between the research in the different Astio

Also within the sub-teams working on the Actionerthwas not always consensus among the
partners, in particular in Actions 2 and 3. In Acti2 the different opinions on the calculation
model for quiet places were discussed in varioustimgs, which ultimately led to a model
that satisfies the requirements for more accuregdigtion of noise levels in quiet places. In
Action 3 there were also different opinions on taéculation scheme for the effects of quiet
facades on traffic noise annoyance. Consequentlysingle final calculation scheme was
recommended here, but rather different possiblecgabes were described in the various
documents and scientific articles produced by AcBgartners.

Project results have been disseminated in variaswDissemination through presentations
and papers at scientific conferences has beeneftagtive. The workshop for EU cities and
other interested people in Lyon on 24 April 2013was0 successful, although the attendance
was lower than expected. However, the materialgmtesl at the workshop largely coincides
with the material presented on the QSIDE websiteEHO cities, and this website can be
accessed by all EU cities at all times, also dfterproject. We have already received various
reactions on the website. As described in the -diferplan for QSIDE, the website ensures
that EU cities will have access to the QSIDE resultthe future.

15



5. Technical part

5.1. Task by task - description

In this section the technical activities and ouspaftthe Actions of the project are described.

Action 1: collection of information

The Action 1 report has been completed in July 2@l partners have contributed to this.

The report consists of information collected inethirelevant areas: i) Urban Acoustics, ii)
Human Response, and iii) Current approaches infgeano cities with respect to quiet facades
and quiet areas.

i) Urban Acoustics
For Urban Acoustics, information has been colleded described on current engineering
models, and also information and data on sounddeatequiet facades and in quiet areas.
As an example, we reproduce below a graphical septation of the sound field near an
urban street and closed courtyard, as calculatéd am advanced numerical calculation
method. These types of calculations have beenlas&dn the project for the development of
the practical engineering model for sound leveksha&lded locations (Action 2).

Geometry of an urban street canyaﬁ'énd closedtgard (Left).
Snapshot of the sound field, generated by an inyeusource (indicated by the
red dot) in the street canyon, computed by the P&€&hod (Right).

16



i) Human Response
For Human Response, the partners have describéddganformation and survey data on
the effects of quiet facades and quiet areas diictrenise annoyance and sleep disturbance.
As an example we reproduce below a figure that sh@sults from the Swedish Soundscape
for Health study. The graphs illustrate that thecpetage of people that is annoyed or
highly-annoyed by traffic noise is lower if one hecess to a quiet facade of the dwelling.
For details the reader is referred to the Actiorort.

o
=3

| Quiet side: 6071 Quiet side:

Hyes Myes
HENo 507 Hno

o
hid

-
2

% annoyed (>5 of 0-11)
n w
? 9

=
1

o
|

]
43-47 48-52 53-57 58-62 63-68

LAeq,24h most exposed side (dB)

% higly annoyed (>7 of 0-11)

4347 48-52 53-57 5862 63-68

LAeq,24h most exposed side (dB)

Graphs illustrating the effect of access to a quiet side on traffic noise annoyance, from the
Swedish Soundscape for Health project. For details, see the Action 1 report.

iii) Current approaches in European cities with respiecjuiet facades and quiet areas.
For the third element of Action 1, partner Amstendaas organized a consultation of fifteen
European cities about current approaches in thesaiith respect to quiet facades and quiet
areas. The results of the consultation were re@artehe Action 1 report, and provided a
starting point for the work in Action 5, such as tiefinitions of quiet facades and quiet areas.
The Action 1 report has been sent by Amsterdamhwo fifteen cities involved in the
consultation.

In the period May-July 2011 the consultation oftein European cities into current
approaches of the cities to quiet fagcades and questis was completed. Fifteen European
cities have participated in the consultation.

The cities have been contacted via personal cantant via the Working Group Noise of the
EUROCITIES network (http://workinggroupnoise.welgtlol). The fifteen cities are:
Amsterdam, Bilbao, Bristol, Brussels, Florence aPGothenburg, Hamburg, Helsinki, Oslo,
Paris, Utrecht, Zagreb, Zaragoza, and Zurich.

The following questions have been answered by atigwof the cities.

1) Do quiet fagades and/or quiet areas play a roliennoise policy and development
plans of your city?

2) Do you have a practical definition of quiet facadesl/or quiet areas as employed in
your city?

3) Does traffic noise play a role in the managemendrgbolicy on usually quiet urban
areas such as parks and courtyards?

4) Do you think that non-acoustic parameters are itanorin the appreciation of quiet
areas? Do you have any ideas what parameters sbeuised and how?

5) What approach did your city follow for quiet fagcadend quiet areas in the first round
of noise mapping and action plans for the Enviromt@eNoise Directive? Do you
expect this will be different in the next round?

The answers provided by the cities are summarizéthnex A of the Action 1 report.

17



From the answers to question 1 it was found thaeiren of the fifteen cities quiet facades do
play a role in noise policy and/or urban planniAtso quiet areas are part of noise policy, or
will be in the future, in several cities.

From the answers to question 2 it was found thagfanition of quiet facades is employed in
eight cities. Three cities currently use the rathewealistic definition given in the
Environmental Noise Directive (quiet facade mustabéast 20 decibel lower than the noisy
facade), so here QSIDE may be useful for improvirggdefinition. Five cities have reported
a definition of a quiet area, some of which includ&-acoustical criteria.

For more details, see the Action 1 report.

Action 2: engineering model for noise levels at qat places

Partner UGent was leader of Action 2. Together vp#rtners CUT, VTI, and TNO an
engineering model has been developed for calcglatiise levels at quiet places in cities.

A preliminary version of the model was described iversion of the Action 2 report that was
completed on 28 September 2012. In August 2013fitred version of the report was
delivered, and uploaded on the project website SIDE.

The structure of the report is as follows. The miart of the report describes the final
formulation of the model. The appendices contagntéxts of scientific articles that have been
submitted to an international journal — Acta Accstinited with Acustica.

Below we present an outline of the model. For detidie reader is referred to the Action 2
report.

The Action 2 noise model is an extension of coneeal noise-mapping models. This means
that a two-stage approach should be followed:
- first a conventional noise-mapping model is usadchdculating ‘basic’ noise levels
representing only direct and reflected sound waves,
- next the new QSIDE model is used for calculatings&@devel contributionsLp)
representing complex effects from multiple canyeftections, intermediate canyons,
rooftop shape, and turbulent scattering (see figetew).

atmospheric turbulence

RS

source receiver
canyon — canyon
reflections rooftop reflections
/\ /\ O ™/ \ /\
intermediate
canyons

=

lllustration of the elements of the QSIDE noise eldor shielded urban locations.

The mathematical procedure for calculating the en¢éésel contributionsL(y) in the second
stage is as follows.
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First the noise level at the shielded location —almsence of turbulent scattering — is
calculated:

I—pbd = I—W - Afree— Abar - A:an - Aoof— A’nter
Next the effect of turbulence is included by logamic addition of a scattering term:

Lpb = I—pbd D Lp,scat
Here we have the following quantities.
Loba = the “background” sound level excluding the follogrsound paths: direct, reflected,
diffracted around vertical edges.
Lw = sound power level per octave band of a point@tepresenting part of the road, no
directivity is taken into account since multipleustes will contribute to the shielded level as
well as multiple reflections from various directson
Aree = 3D free field divergence. This term should alsolude the atmospheric attenuation
outside the canyon.
Apar = the attenuation of the barrier, including theseffof the ground.
Acan = additional attenuation caused by multiple reftats in the source and receiver canyon
(normally negative). Atmospheric attenuation in tb@nyon, facade absorption, facade
scattering, etc. are included implicitly in thisrte
Aroor = effect of non-flat roof.
Ainter = additional attenuation caused by the diffractido intermediate canyons.
Lp.scat= turbulence scattered noise level.

Suitable approximate formulas for the attenuatidnbave been derived by fitting to an
extensive database of detailed sound propagatioualaiions, performed with the numerical
finite-difference FDTD method.

Action 3: effects of quiet fagcades and quiet areasn traffic noise annoyance and sleep
disturbance

Partner TNO was leader of Action 3. Together wisintipers UGot and UGent analyses have
been performed of results of studies and surveysloan populations in NL, BE, and SE.

A preliminary version of the report describing tlesults of the analyses was completed on 28
September 2012. In August 2013 the final versiothefreport was delivered.

Human-response studies that were analyzed in A&iarcluded two Swedish studies, two
studies in Belgium, and one study in the Nethedandhus, this not only allowed comparison
between studies in different EU cities and cousfribut in addition between studies
complementary in design. Study populations weratkext in five different European cities:

Stockholm, Gothenburg, Antwerp, Gent and Amsterdemthe table below an overview of

the different types and size of included studiescbyntry and city is presented. The main
focus was on road traffic noise annoyance, but sstmgéies offered the possibility to further

investigate effects of least exposed side exposirgeep disturbance. In addition, a study in
Sweden allowed investigation of the impact of thggical environmental quality of the least
exposed facade and perceived accessibility of gaesas.
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Overview of studies and analyses carried out wi@8BIDE

. Number of
Country City Type participants
Stockholm, Cross-sectional
Sweden Gothenburg (Focused study) 956
132
Sweden Gothenburg Intervention (55 before,
77 after)
Belgium Antwerp Cross-sectional 675
. Cross-sectional
Belgium Gent (Focused study) 100
Netherlands Amsterdam Cross-sectional 1967

(Population based)

The influence of noise exposure at the least expésgade was explored in different ways,
including:
1. A cut-off value for exposure at the least exposed & genmin;
2. A cut-off value for a relatively small versus aatdlely large difference between most
and least exposed facade (Dligenmax Ldenmin);
3. The least exposed side exposlg{minin dB, as a continuous variable).

The different analyses performed correspond taecfit potential models for the ‘quiet side
effect’. Two of those, are inspired by the ideat i@ possibility to ‘escape’ from the noise
reduces noise annoyance. The first one, usinglzsofate’ value as cut-off to define a quiet
side, explores the hypothesis that this requiresda with a maximal disturbance by road
traffic noise of exposure at the least exposeddag@xplored in QSIDELg4epmin< 50 dB
versusLgenmin>= 50 dB). The second one, using a relatively ladgéerence in exposure
between most and least exposed facade as indiohtwelative quietness’, assumes that
noticeable less disturbance will influence the @fegexplored in QSIDE: DIF < 10 versus
DIF >= 10 dB). The third evaluation is groundedchiisomewhat different model assuming that
both most and least exposed facade exposure aatettito noise annoyance.

It was investigated how the different indicators lEast exposed side exposure, in addition to
exposure at the most exposed facade, affected #am mnnoyance score (linear regression
models: main analyses). In addition, it was exmlofethe least exposed facade affects the
probability of having an annoyance score aboverticecut-off value for at least annoyed
(A) (in addition to the exposure at the most expofecade) (logistic regression models:
exploratory, note that the aim here was not toveefiocal) exposure response curves). In
one study, this was additionally done separately fg A and HA to test whether the effect
of least exposed facade exposure, differed foretkgerent outcome variables.

Results of the different studies carried out iniéwet3 provided further support for the
influence of exposure at the least exposed fac¢gigmificant effects were found for different
indicators of road traffic noise exposure at theesteexposed facade in most studies, with the
exception of the Antwerp study. The effectd @f.minseemed independent l0fenmax

If expressed in terms dfgenmaxthe magnitude of the effect on predicted annoyasomee
ranged (between studies) from 3 to about 5 B fbd dB change ithgenmin. This means that a
10 dB change irn_genmin COrresponded to approximately a 3 to 5 dB changkgdfinax A
similar range in effect estimates was found for BIEO dB versus DIF < 10 dB.

Further, Swedish and Belgian results indicatediogmt effects of a quiet facade, and also
of the location of the bedroom on the quiet facadesleep disturbance.
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The analyses and surveys have been describediousarticles in scientific journals and at
international conferences, which are listed bel®gople interested in these results can
consult the journals and proceedings of the contee

- De Kluizenaar et al. Urban road traffic noise amtha@yance: The effect of a quiet
facade. Journal of the Acoustical Society of Ame2011; 130(4): 1936—-1942.

- De Kluizenaar et al. Traffic noise and annoyande &ffect of quiet facades and quiet
areas. Euronoise 2012, Prague, 10 — 13 June, 2012.

- De Kluizenaar et al. Road traffic noise and anncga\ quantification of the effect
of quiet side exposure at dwellings. Internatiadalirnal of Environmental Research
and Public Health 2013.

- De Kluizenaar et al. Annoyance and disturbed skbep to road traffic noise: The
importance of the least exposed side —QSIDE. loteen2013, Innsbruck, 15 — 18
September 2013.

- Gidlof-Gunnarsson et al. The effect of creatingugetjside on annoyance and sleep
disturbances due to road traffic noise. Intern@8&2, New York, 19 — 22 August
2012.

- Van Renterghem and Botteldooren. Focused StudyhenQuiet Side Effect in
Dwellings Highly Exposed to Road Traffic Noise. dmational Journal of
Environmental Research and Public Health 2012;)9@292-4310

Action 4: noise level calculations, demonstrationand scenarios

Partner UGent was leader of Action 4. The work ictidn 4 was strongly linked with the

work performed in Actions 2, 3, and 5, and therefall other partners contributed more or
less to Action 4. A study on traffic noise in rébat to sustainable urban planning was
performed by TNO. The report describing the workiggened in Action 4 was completed in

August 2013.

The two general objectives of Action 4 were:
i) To provide calculated noise levels in cities toused for the analyses performed in
Actions 2 and 3.
i) To provide demonstrations material and to condidierre scenarios, serving as input
for Action 5.

The first objective has been achieved. This work warformed in close connection with the
work performed in Actions 2 and 3. An example o$ thork is the calculation of noise levels
in the city of Amsterdam, at the facades of the ltimgs. These noise levels have been used
for the analysis performed in Action 3 of the hurnasponse survey in Amsterdam.

The figure below shows the noise levels at a fiketght of 4 m. For the actual Action 3
analysis, the noise levels have been calculatéldeaactual heights of the respondents of the
survey.
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Road traffic noise map of Amsterdam. The coloresents the noise level igehcalculated on an area-covering
grid at height 4 m.

UGent has performed an analysis of traffic noisele in the city of Ghent, which clearly
demonstrates the improvement obtained with the @Siiwdel for noise levels at shielded
locations. Measurements of noise levels have beeformed at nine locations, which are
indicated in the map below. The locations inclutelsled areas with relatively low traffic
noise levels. The graph below the map comparesatleeage measured noise levels with
calculated levels. The blue bars represent the une@dsoise levels, the red bars represent
levels calculated with a standard noise model, toed green bars represent noise levels
calculated with the improved QSIDE model. The fegatearly shows that the QSIDE model
yields a major improvement compared with the steshdzodel.
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Measurement positions

Comparison of predicted and measured noise levddy | Blue: measurement. Red: standard
calculation performed in the framework of the Enmiment Noise Directive of Europe (END).
Green: prediction of the noise model developed $10E, calculated by summing the ‘basic’
END level and the background level accounting faitiple reflections (MR) and turbulence
scattering (T).

TNO has performed a study in Action 4 into the tiela between traffic noise control,
including the protection of quiet places, and theald concept of sustainable urban planning.
This study is of interest for EU cities, since edtiin general have a broad agenda, so traffic
noise control should not be considered as an ewladpic. The study focused on long-term
future scenarios of cities, including traffic sceaa. The effects of shapes of building blocks
on noise levels at quiet facades were also coresiderhe figure below illustrates these
effects. The left picture shows closed buildingdilg with low traffic noise levels at the inner
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courtyards shielded from the streets. The rightupgcshows ‘tower-like’ buildings without
inner courtyards. The gray-scale bar representsdise level at the facades of the buildings.
Part of this study has been published in the iat®wnal journal Landscape and Urban
Planning E.M. Salomons and M.Y. Berghauser Pont, Landscageliban Plannind.08 (2012) 2-
16). People interested in these results can consujotiieal.

dB

70

60

50

Two examples of urban fabrics with a rectangulaidgof streets between building blocks,
and traffic noise facade levels represented byay gicale. The left picture shows blocks with

sides of 5 building units and 3 floors. The righttpre shows blocks with sides of 2 building
units and 15 floors.
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Action 5: recommendations for EU cities on quiet @ces

Partner AMS was leader of Action 5. Together witartpers VTI, GOT, and TNO a
website/document has been developed with recomrtiendand guidelines for EU cities on
quiet places in cities. A preliminary version oktlwebsite was prepared in March 2013,
which served as a basis for the QSIDE workshopdoA@il 2013 in Lyon. In August 2013
the final version of the website / document wasveedd.

The screen dump below shows the top of the welcsereen of the website, including a pull
down menu with various items.

‘_'\; QSIDE‘

J Introeduction ‘ ‘ Qverview | ‘ What is a quiet place? ‘ ‘ How can cities create or protect quiet places? ‘ ‘ Scientific support ‘ | QSIDE ‘ | About ‘

Quiet places in cities
Download PDF document of the complete website

Quiet places improve the quality of a city, and improve the life of the inhabitants. At quiet
places the inhabitants can relax and recover from their daily life and work. This website
describes why and how cities should create or protect quiet places. First have a lock at this
short introductory video (about 2 min).

traffic noise and quiet areas

Two types of quiet places in cities are considered:

auiet facades of dwellina

lllustration: top of the welcome screen of the wiebaww.qgside.eu.

As described in the project proposal, the initd¢a was to prepare a single document in
Action 5. During the project the idea came up tespnt the document also as a website. This
dual presentation has several advantages. Figdloivs easier access for interested people
from EU cities. Second it also allows including eod showing examples of noisy and quiet
places in cities. Third, it is an easy way to easthrat the QSIDE results will remain
accessible after the project.

The originally planned single document is now alErpdf-version of the complete website.
This document can be downloaded from the websgesh@mwn in the screen dump of the
welcome screen shown above.

The website has the internet address www.gsidee@wvdl remain accessible after the end of
the project. The text describes various aspeatsiiet places, such as:

- indications of benefits of quiet places in termsexfuced annoyance,

- recommendations for (limiting) noise levels at géiagades and in quiet areas,

- descriptions of other qualities than low noise Is\a quiet places, such as vegetation

or nice architecture,
- examples of quiet places, with videos and pictures,
- traffic noise control and quiet places in relatiorsustainable urban planning,
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- brief descriptions of scientific QSIDE work suppog the recommendations.

The intention is that cities will find material othe website that is helpful for the
implementation of quiet places in the noise pobfyhe city. In this way, the website should
be considered as a tool that supports the protecia creation of quiet places in cities,
which is an important element of European enviramiadenoise policy as formulated in the
Environmental Noise Directive 2002/49/EC.

In April 2013 a QSIDE workshop was held in Lyon, exa the website was presented to
representatives of cities and to researchers gégmothat are related to QSIDE. For more
information, see Action 6 below.

The recommendations for (limiting) noise levelsqaiet facades and in quiet areas are in
terms of average (equivalent) noise levels, Ldahlamght. Setting limiting values for these

average levels may not be sufficient to protectppe@gainst sleep disturbance by traffic
noise. Sleep disturbance may be caused by a fese nmaks caused by a few vehicle
passages. Therefore the following additional recemhation has been included on the
website.

In order to minimize chances of sleep disturbanceight-time traffic noise,
it is recommended that cases difect traffic-noise exposure at the quiet
facade are avoided.

This recommendation is based on a computationdlystéimaximum noise levels at facades
of dwellings, which is described in the Action $oet. The recommendation is illustrated
below.

Case 1: direct exposure at quiet side Casarl2an background noise at quiet side

/ﬁ//—\ s d

(1 (\ra AN ﬁa N e

sound level at quiet side sound level at quiet side
time time

lllustration of two cases of night-time traffic seiexposure at the quiet side. It is recommended
that situations of case 1 (left) are avoided, idarto minimize chances of sleep disturbance by
night-time traffic noise.
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Action 6: dissemination, website, and workshop

VTI was leader of Action 6. All partners have camtited to the dissemination of the results
of the project. The project website has been settupe beginning of the project, and served
as a platform for dissemination of project resahs for exchange of information between the
partners via the internal website. The website B cities (see Action 5) was also
coordinated by VTI. This website was set up end26i2, and the final version was
completed in August 2013. The website was preseatede QSIDE workshop on 24 April
2013 in Lyon.

The address of the project website is www.qgsidprey/ The address of the website for EU
cities is www.gside.eu. The project website camdaehed through a link on the EU website.
On the project website, the reports of Actions dré collected for downloading. In addition,
abstracts of QSIDE papers at conferences are tailemcluding Internoise and Euronoise.
The full papers cannot be included because of ogipyg. The conference papers can be
obtained only through the proceedings of the camiess.

Below we give a list of the articles about QSIDErkyoincluding both articles in peer-
reviewed scientific journals and conference papegsented at international conferences.
Acknowledgements to the QSIDE projeatere included.

1. T.Van Renterghem and D. Botteldooren, “Pilot stodythe presence of quiet sides in
Flanders” Internoise 2011, Osaka, Japan

2. Y. de Kluizenaar, E.M. Salomons, S.A. Janssen, Fad Lenthe, H. Vos, H. Zhou, H.M.E.
Miedema, J.P. MackenbaghUrban road traffic noise and annoyance: the céffd a
quiet facade”, J. Acoust. Soc. Am. 130 (2011).

3. W. Wei, T. Van Renterghem, D. Botteldooren, M. HkxnJ. Forssén, E. Salomons,
M. Ogren “An efficient model for background nois@pping.” Euronoise 2012,
Prague

4. Y. de Kluizenaar, E. Salomons, S. Janssen, “Traffise and annoyance: the effect of
quiet facades and quiet areas” Euronoise 2012 uerag

5. F.van den Berg, C. Schoonebeek, M. Hillebregt, tlandefinitions of quiets facades
and quiet areas.” Euronoise 2012, Prague

6. M. Hornikx, J. Forssén, M. Ogren, D. Botteldoor&nyan Renterghem, W. Wei, E.
Salomons “On the improved point-to-point calculaidor noise mapping in shielded
urban areas.” Internoise 2012, New York

7. A. Gidlof-Gunnarsson, E. Ohrstrom, J. Forssén, “@tfiect of creating a quiet side on
annoyance and sleep disturbances due to roactctrafise” Internoise 2012, New
York

8. F.van den Berg, “Quiet zones and traffic policyAimsterdam.” Internoise 2012, New
York

9. E. Salomons: “Measurements and calculations agenoi the streets of Amsterdam,
Rotterdam, and Paris.” Internoise 2012, New York

10.E.M. Salomons, M. Berghauser Pont, “Urban traffezse and the relation to urban
density, form, and traffic elasticityl’landscape and Urban Planning 108 (2012) 2-
16.

11.Van Renterghem and Botteldooren. “Focused Studyhemuiet Side Effect in
Dwellings Highly Exposed to Road Traffic Noise.ténnational Journal of
Environmental Research and Public Health 2012;)9¢d292-4310

! The acknowledgement is: “Part of this work wasificially supported by the Life+ program of the agan
Community (project QSIDE, LIFE0O9 ENV/NL/000423).”
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12.Y. De Kluizenaar, S.A. Janssen, H. Vos, E.M. Salespdi. Zhou, F. Van den Berg,
“Road traffic noise and annoyance: A quantificatidrihe effect of quiet side
exposure at dwellings.” International Journal of/EEopnmental Research and Public
Health 2013.

13.Y. De Kluizenaar, A. Gidlof-Gunnarsson, D. Bottedden, A. Bockstael, S.A.
Janssen, H. Vos, F. Van den Berg, E.M. Salomonsit¥ance and disturbed sleep
due to road traffic noise: The importance of tresteexposed side —QSIDE. Internoise
2013, Innsbruck.

In addition, the work performed in Action 2 will lpeiblished

14.M. Hornikx, J. Forssén, D. Botteldooren, T. Van Reghem, W. Wei, M. Ogren, E.
Salomons, “Urban background noise mapping: theipledteflection correction
term”, accepted for publication in Acta Acustica.

15.W. Wei, D. Botteldooren, T. Van Renterghem, M. HkxnJ. Forssén, E. Salomons,
M. Ogren, “Urban background noise mapping: the gamaodel”, submitted for
publication in Acta Acustica

16.J. Forssén, M. Hornikx, D. Botteldooren, W. WeiV&n Renterghem, M. Ogren,
“Urban background noise mapping: the turbulencétescag model”, submitted for
publication in Acta Acustica.

The QSIDE workshop for EU cities took place on 2driA2013 in Lyon. The title of the
workshop was:

Quiet facades and quiet urban areas
Benefits for people
Implementation in urban noise policy

The invitation for the QSIDE workshop is shown beld'he invitation was sent to a large
number of potential attendants, including aboup&finers of the working group Noise of the
Eurocities network, and to about 40 other releymmsons. In addition the invitation was sent
to representatives of five French cities near Ly@renoble, Saint-Etienne, Nice, Montpellier,
and Aix-en-Provence.

The QSIDE workshop preceded a meeting of the wgrkiroup Noise of Eurocities (25-26
April). The idea was that in this way we would atr more participants. However, the
number of participants was a bit disappointing,sgag because of limited financial resources
of cities in this period of financial crisis.

The total number of persons attending the workshap 13. Three cities were represented at
the workshop: Berlin, The Hague, and Lyon. In addithe QSIDE partners Amsterdam and
Gothenburg were present.

Further, three partners of the related Europeanegso HARMONICA, HUSH, and
QUADMAP attended the workshop. This gave us the odppity to have valuable
discussions on the relations between the three@sand QSIDE.

The program of the workshop was as follows.

1. Presentation of QSIDE — by Erik Salomons, Frits dan Berg, Carlo Schoonebeek,
Martin Knape, and Mikael Ogren

2. Presentation of HARMONICA — by Vincent Gissinger

3. Presentation of HUSH and QUADMAP — by FrancescacBoor

4. Discussions.
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Since the group was small, discussions were helmhglthe presentations rather than at the
end of the workshop. The presentation of QSIDEofedd the structure of the QSIDE website
www.qgside.eu. The HARMONICA project was presentgdviincent Gissinger of Acoucité
Lyon. The HUSH and HARMONICA projects were presenty Francesco Borchi of the
University of Florence. The sheets of the presemtatare reproduced in the appendices of
the Action 6 report.
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Workshop 24 April 2013

Quiet facades and quiet urban areas

benefits for peaple
implementation in urban noise policy

arganisation

QSIDE Who should attend?
EU project (2010-2013) interested officials from cities
funded by the Life+ program
Where and when?

partners e Lyon

TN Delft _—— = ' y
Ghent University 24 April 2013, 13:30-16:30

Gothenburg University
Chalmers . I More information?

vm www.qside.eu/nweb
city of Amsterdam Y]
city of Gothenburg ]

QSIDE

QSIDE workshop 24 April 2013, 13:30 — 16:30h, QSIDE workshop
25 and 26 April 2013, Eurocities WG Noise
Quiet facades and quiet urban areas Participants of the QSIDE workshop are also invited to attend
benefits for people and implementation in urban noise policy the Eurocities WG Noise meeting.
Information on Euroctties WG Noise can be found at
On Wednesday 24 April 2013, the QSIDE project team will organize a workshop http://workinggroupnoise web-log.nl.

in Lyon preceding the Eurocities WG Noise spring meeting.
The workshop is mtended for officials from local authonties who are interested m

the benefits of quiet facades and quiet areas. Regismation
The workshop will focus on the following questions: To attend the QSIDE workshop, please send an email to

What are the characteristics of quiet fagades and quiet areas? How can Enk Salom_._cms (enk salomons(@tno.nl)

they be defined? or Mikael Ogren (nukael ogren/@vt se).

- How can cities implement quiet facades and quiet areas in ther traffic
noise policies?
Location

A summary of results of the QSIDE project will also be presented at the The QSIDE workshop and the Eurocities WG Noise meeting
workshop, mncluding: will be held at the following address:

Grand Lyon, Hotel de communauté_ 20 rue du Lac, Lyon

the caleulation of traffic noise levels in shielded urban locations,
- the reduction of traffic noise annoyance and sleep disturbance due to quiet
facades and quiet areas.

About QSIDE

The main objective of the project QSIDE is to demonstrate how
European cities can effectively reduce harmful effects of traffic noise
{annoyance and sleep disturbance) by protecting and creating quiet
fogades and quiet areas. The protection of quiet fagades and quiet
areas is supported by the European Noise Directive 2002/49/EC.
QSIDE will deliver a new method for calculating noise levels at
shielded locations, and a new method for assessing the positive

The QSIDE team welcomes feedback from cities including experience with urban
planning and building policies. The feedback will be used in the final
recommendations of QSIDE.

Program 24 Apnil 2013, 13:30-16:30h

1. QSIDE results ; :
. ; effects of quiet fagades and guiet areas on people. QSIDE results
‘;" Related projects, QUADN ¥ ONICA, HUSH provide support for taking into account quiet facades and areas in
. Dascussion

urban environmental policy. The QSIDE project is partially funded by

y the European Life+ program.
A preview of QSIDE results 1s available at www.gside euw/nweb

Front and back side of the invitation for the QSI@&rkshop in Lyon.
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5.2 Evaluation

In general the objectives of the QSIDE project hiaen partly achieved. This is summarized
below. For more details, see section 5.1.

Actionl: objectives have been achieved. Informatmmnother Actions has been collected, as
well as information about current approached indiigs.

Action 2: objectives have been achieved. The neuD@Smodel for noise levels at quiet
places has been developed.

Action 3: objectives have been partly achieved.uRe®n benefits of quiet places have been
analysed for cities in NL, BE, and SE. This ledlifferent results in different cities. A single
common approach for predicting benefits of quieicps has not emerged from the analyses,
partly owing to the deviations between the redoltglifferent cities.

Action 4: objectives have been partly achieved.sedevels for analyses in Action 3 have
been calculated. Demonstration material for Acttdrhas been generated. The relation
between traffic noise control and quiet placesli®en analysed and described. Initially more
extensive calculations for future scenarios weredeen, but these could not be performed
because the final Action 2 model was completedr Itan planned. Lesson learnt: apply
deadlines in the project more strictly.

Action 5: objectives have been achieved. The doocumeith recommendations and
guidelines for EU cities has been prepared, anccovar has also been prepared as a website.
Action 6: objectives been partly achieved. QSIDEkvbas been presented extensively in
journals and at conferences. The project websitkadbwell. The website for EU cities has
been prepared. The workshop for EU cities tookeplad_yon. The number of attendants was
lower than foreseen, possibly because of limitexdliing in cities for this type of events.

5.3 Analysis of long-term benefits

The work performed in QSIDE should be taken int@oant in future updates of the
Environmental Noise Directive 2002/49/EC. The pcojdas produced new results and
insights about quiet facades and quiet urban amgbhsh are important elements of the
Environmental Noise Directive. The current versmithe Environmental Noise Directive
does not provide sufficient guidance concerningrtteghods how these elements should be
addressed by the cities. Advantage should be ta&enof the QSIDE results.

Further, the QSIDE results should be taken intmactin the harmonised European noise
model Cnossos, which is currently being developethb EU.

Partners of QSIDE are well-known researchers infitdd of environmental noise control in
Europe, and as such the partners will continuaampte the QSIDE results, also in relation
to the Environmental Noise Directive and the caltioh model Cnhossos.

5.4 Dissemination issues

In Section 5.1 (under Action 6), we have givens 6f the articles about QSIDE work,
including both articles in peer-reviewed scientjbarnals and conference papers presented at
international conferences.

The QSIDE website for EU cities is an importantfolam for future dissemination of QSIDE
results. The QSIDE workshop in Lyon was successifthough the number of attendants was
lower than foreseen, possibly because of limitedliing in cities for this type of events. We
have tried to compensate for this by developingAkBon 5 document for EU cities as a
website, so that relevant persons in cities camlabout the QSIDE results from behind their
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desks. The Life logo is included on the websitej &ias also been included in sheets of
presentations of QSIDE work. Funding by Life wasoahcknowledged in published scientific
articles and in conference papers about QSIDE work.

5.4.1 Dissemination: overview per activity
See Section 5.1.

5.4.2 Layman's report
See next pages.
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The project QSIDE: positive effects of quiet fagcadeand quiet urban areas on traffic
noise annoyance and sleep disturbance.
General description for a non-expert audience ifiay’s report’).

Traffic noise in European cities is a major sourgke annoyance and sleep disturbance.
A good approach to reduce the harmful effectsaffitr noise is to creatquiet facades and
quiet urban areas The project QSIDE provides strategies and toolput this approach in
practice.

1. Outline of the project
The main objective of the project QSIDE is to destoate how European cities can
effectively reduce harmful effects of traffic noiseannoyance and sleep disturbance - by
offering two types ofefugesto the inhabitants:

- quiet facades of dwellings,

- quiet urban areas such as parks and quiet resideateas
For example, a quiet facade offers the possibiitghoose a bedroom on the quiet side of a
house, thereby reducing the chances on sleep luistce by traffic noise. The refuges can be
created in new urban areas, but they can alsodsect by modifying existing urban areas,
for example by modifying traffic flows or by choagi specific orientations of houses with
respect to roads.

In the project the general temuiet placesvas introduced, which includes both quiet facades
and quiet urban areas. The figure below illustrétesbeneficial effects of quiet places.

°_o e e | quiet quiet
AaAa Q Eﬁ N facade i ; area

Quiet facades and quiet areas are good for inhatiga
The general term ‘quiet places’ is used for quagiaides and quiet areas.

2. Project partners and funding
The prolect was performed in the period 2010-20L8dven partners:
TNO Delft, coordinator of the project

- Ghent University

- Chalmers University

- University of Gothenburg

- VTI Gothenburg

- city of Amsterdam

- city of Gothenburg.
The four involved cities are indicated on the gapgical map shown below. The project was
financially supported by the Life+ program of ther&pean Community (project QSIDE,
LIFEO9 ENV/NL/000423).
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3. Results of the project
Main results of the project are the following.
1. A website / document with recommendations and dimeg for EU cities on practical

aspects of quiet places in cities.

2. A new calculation method for traffic noise levetgjaiet places in cities.
3. Results of analyses of the effects of quiet plamesnhabitants of cities in NL, BE,

and SE, and considerations of possible calculaibemes to predict the effects.

The three results are briefly described in theofeihg sections.

3.1 Result 1: document for EU cities

A document has been prepared with recommendatiods gaidelines for EU cities on
practical aspects of quiet places. The document prawmarily prepared as a website
consisting of several webpages, but a single pdfiee of the complete website has also been
prepared.

The website has the internet address www.gside@uwadl remain accessible after the end of
the project. The website describes various aspécfsiet places, such as:

indications of benefits of quiet places in termsexfuced annoyance,
recommendations for (limiting) noise levels at qéiégades and in quiet areas,
descriptions of other qualities than low noise Is\at quiet places, such as vegetation
or nice architecture,

examples of quiet places, with videos and pictures,

traffic noise control and quiet places in relatiorsustainable urban planning,
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- brief descriptions of scientific QSIDE work suppog the recommendations.
The intention is that cities will find material othe website that is helpful for the
implementation of quiet places in the noise pobtyhe city. In this way, the website should
be considered as a tool that supports the proteeta creation of quiet places in cities,
which is an important element of European enviromialenoise policy (see next section).

In April 2013 a QSIDE workshop was held in Lyon, ew the website was presented to
representatives of cities and to researchers ¢égmsothat are related to QSIDE.

The screen dump below shows the top of the welcsereen of the website, including a pull
down menu with various items.

J Introduction ‘ ‘ Overview | ‘ What is a quiet place? ‘ ‘ How can cities create or protect quiet places? ‘ ‘ Scientific support ‘ | QSIDE ‘ | About ‘

Quiet places in cities
Download PDF document of the complete website

Quiet places improve the quality of a city, and improve the life of the inhabitants. At quiet
places the inhabitants can relax and recover from their daily life and work. This website
describes why and how cities should create or protect quiet places. First have a look at this
short introductory video (about 2 min).

traffic noise and quiet are

Two types of quiet places in cities are considered:

aniet facades of dwelling -

lllustration: top of the welcome screen of the wiebaww.qgside.eu.
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3.2 Result 2: method for calculating traffic noisdevels at quiet places

Before explaining the new QSIDE calculation methag first mention that EU cities
regularly produce maps of traffic noise. An exampléhe noise map of Gothenburg in 2007
shown below. The colour represents the noise levelecibels. Noise levels are high (red)
near busy roads and lower (green) in quiet arelhs. nbise maps must be calculated with
methods indicated in a European document that msnoanly calledEnvironmental Noise
Directive (2002/49/EC).

The Environmental Noise Directive also indicateat tbities should provide information on
quiet placesbut quantitative methods for obtaining this im@tion are not specified. This is
a problem, since it is known that noise levelsiaéplaces are in general underestimated by
standard calculation models — including the new &ltulation model Cnossos which is
intended for the next EU noise mapping round in72201
As a first step to solve this problem, QSIDE pargnieave developed an engineering model
for calculating noise levels at quiet places. Talel takes into account:

- effects of multiple reflections between buildingsai street

- scattering of sound waves by turbulence in the aprhere.
This is illustrated schematically in the figure d&|

atmospheric turbulence

o

source receiver
canyon —_ canyon
reflections rooftop reflections
/\ /\ O AN /\
intermediate
canyons

=
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The QSIDE calculation model is axtensiorof standard calculation models such as Cnossos.
This means that one should first calculate a nmiaps with a standard method and next add
an improvement calculated with the QSIDE model.sthu

standard noise map + QSIDE correction = improv@denmap
This approach is illustrated in the figure belohowing standard and improved noise maps of
a small area of the city of Gothenburg. The noisg@ iwn the left was calculated with a
standard model and the noise map on the right stmevsnprovement obtained the QSIDE
model. On the roads and in areas near the roaglsgike levels are high (purple). In areas
that are shielded by buildings (yellow), the staddaise map shows low levels (green) while
the improved noise map shows higher levels (orange)

standard calculation improved calculation

low levels in shielded areas higher levels in shielded areas

3.3 Result 3: method for estimating the beneficiaffects of quiet places.

Annoyance and sleep disturbance by traffic noisa ity are conventionally estimated by
means of exposure-response relations. For exarypieally 25% of all people living in
dwellings with a traffic noise level of 60 dB attlnoisiest) facade of the dwelling consider
themselves aannoyedby the traffic noise. In QSIDE various possibletinoels have been
explored for refining this approach, taking intecagnt the beneficial effects of quiet facades
and quiet areas.

The figure below illustrates the methods explomre®@SIDE. The house on the left doest
have a quiet facade, since there is traffic on Isadles (front and back) of the house. The
house on the rightloeshave a quiet facade, since there is only trafficome side of the
house. Consequently, the people living in theHefise are expected to be a bit more annoyed
by the traffic noisepn the averagethan the people living in the house on the rightis is
illustrated by the smiling and non-smiling faces.

° o e e | quiet ( ; )quiet
o I | Q Eﬁ N facade area
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The explorations in QSIDE of the various possiblethods are based on extensive studies of
annoyance and sleep disturbance in five cities:tArdam, Antwerp, Ghent, Gothenburg, and
Stockholm. Results of surveys in the cities havenbelated to noise levels at the most and
least exposed facades, and also to quiet or grezas anear the dwelling. Some of these
analyses showed clear effects of quiet facadegalom lines illustrated above, while other
analyses showed no significant effects. Swedish Ruatth results indicated a significant
effect of a quiet fagcade on traffic noise annoyartegrther, Swedish and Belgian results
indicated that sleep disturbance is significanffeded by a quiet facade, and also by the
location of the bedroom on the quiet facade.

Consequently, a single method for estimating tliecefof a quiet fagcade on annoyance and
sleep disturbance has not been formulated in QSHokever, the analyses and surveys have
been described in various articles in scientifiarfals and at international conferences
People interested in these results can consujbtimeals and proceedings of the conferences.

4. Environmental impact of the project

The work performed in QSIDE should be taken int@oant in future updates of the
Environmental Noise Directive. The project has it new results and insights about quiet
facades and quiet urban areas, which are impoei@ntents of the Environmental Noise
Directive. The current version of the Environmenbibise Directive does not provide
sufficient guidance concerning the methods howehsements should be addressed by the
cities. Advantage should be taken here of the QSH3Hlts.

Partners of QSIDE are well-known researchers irfigi@ of environmental noise control in
Europe, and as such the partners will continugdmpte the QSIDE results, also in relation

to the Environmental Noise Directive and the newopean calculation model Cnossos.
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5.4.3 After-LIFE Communication plan

The after-Life communication plan for the QSIDE jeat was completed in August 2013.
The plan is described in a short report, which e@spleted in August 2013. Below the main
text of the report is reproduced.

Early in the project it was realized that it is ionfant that the QSIDE results will remain

available after the project. This applies in patac to the results of QSIDE Action 5, in

which recommendations to cities were formulatedceoning the protection and creation of
quiet facades and quiet urban areas. Cities may itk account quiet facades and quiet
urban areas in urban noise policy. To this endpmenendations were given in Action 5 for

values of traffic noise levels at quiet facades ianguiet urban areas.

To achieve continuing availability of the QSIDE uits, it was decided during the project that
the main deliverable of Action 5 — a document wgbhommendations and guidelines for EU
cities — would be prepared in the form of a webditas website is referred to as the ‘QSIDE
website’ here.

In general, a website is a good medium for presgnsicientific and practical results. A
website is often considered more attractive thgrager document or electronic document.
The QSIDE website will remain accessible afterehd of the project.

On the QSIDE website the visitor finds various epds of quiet urban areas, some which
are illustrated in a lively way by videos. The maontent of the website is formed by the
Action 5 results. A link to the QSIDE project wellesis included.

The QSIDE website offers the opportunity to dowdlothe complete website as a
pdf document (without the videos). The internetradd of the website is www.qside.eu. The
figure below shows a screen dump of the top ofntbleome screen of the website.

The QSIDE website will be the main future ‘link’ theeen QSIDE and EU cities. Cities that
are interested in the results of QSIDE and wantenmdiormation will find on the website two

contacts that will help them. Help may be providedtwo ways: i) direct answers to

guestions, or ii) referring to the appropriate expethe QSIDE consortium.

During the project, a considerable number of sdienarticles on QSIDE work have been
prepared, both for conferences and for journalsn&of these articles have already been
published, such as the articles on work in QSIDHEiokc3. Other articles are still in the
review process (for the scientific Journal “Actaustica united with Acustica”), so these will
be published after the end of the project. Thisstlates that QSIDE partners will continue
their scientific work in this field.

Future presentations about QSIDE are already pthrkiea conference in the Netherlands in
November (“Geluid, Trillingen en Luchtkwaliteit”,es http://www.geluidentrillingen.nl/)
there will be two presentations about QSIDE. Attheo meeting in November in Ghent
(SONORUS, see http://www.fp7sonorus.eu./) theréalslo be a presentation of QSIDE.

The partners of QSIDE are well known experts inftélel of environmental noise control in
Europe. In these roles they will recommend that widlebe made of QSIDE results in the
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context of various European developments that meguroin the future, for example a
possible update of the Environmental Noise Directior a revision of the European
calculation model for environmental noise (Cnossos)

£ QSIDE - Windows Internet Explarer SIS
Fle Edt Vi

sw Fayoritss Tools  Help

J Introduction ‘ ‘ Overview ‘ | What is a quiet place? ‘ ‘ How can cities create or protect quiet places? ‘ ‘ Sclentific support | | QSIDE | ‘ About ‘

Quiet places in cities

Download PDF document of the complete website

Quiet places improve the quality of a city, and improve the life of the inhabitants. At quiet
places the inhabitants can relax and recover from their daily life and work. This website
describes why and how cities should create or protect quiet places. First have a look at this
short introductory video (about 2 min).

Two types of quiet places in cities are considered:

quiet facades of dwellings,
quiet areas such as parks and quiet residential areas.

* = | quiet quiet
=1=) =1=) acade ? ; ;

Screen dump of the QSIDE website, showing theftdavelcome screen.
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6. Comments on the financial report
Included in full version of final report.
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7. Annex
Signed Participant Cost Statements of all partners

Included in full version of final report.
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