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ABSTRACT

The noise from traffic in cities is
increasing, while the extension of
quiet areas is decreasing. As a result,
comfortable sound environments
have become elusive. Prognosticated
rise of traffic volumes and urban
densification within existing cities
worsen the situation. Together,
these developments may lead
to a significant increase of noise
disturbance in (sub)urban districts,
which represents a severe health
risk.
Despite this, little is known about
what constitutes a pleasant sound
environment and what it affords
people. In addition, designing an
acoustically comfortable public
space is still a challenge for urban
planners and designers, as no soundresponsive strategies are available on
how to optimally design a comfortable
acoustic environment. The objective
of the study for this thesis then
was to conduct sound-responsive
strategies for the creation of an
acoustically comfortable public space
and larger public space networks on
the outskirts of Frankfurt am Main.
The impact of seasonal acoustic
conditions on overt user activities was
determined and tested for a multiplecase design in a suburban district
of this German agglomeration. For
this, sound measurements (including
decibel and spectral measurements),
intercept surveys, observations
(including behaviour maps, and photo
surveys) were conducted in winter
(February 2016), spring (May 2016),
summer (July 2015) and autumn
(October 2015).
The research findings failed to
indicate that people appraise
lively (pleasant foreground) and
boring (unpleasant background)

orchestrations as calm environments
(pleasant background) –undisturbed
by traffic noise.People dispraise
chaotic orchestration (unpleasant
foreground), as they strongly affect
their state of mind.

Keywords
Noise pollution, acoustic comfort,
public space, sound-responsive
design

Remarkable was the limited impact
of acoustic orchestrations on user
activities (behaviour) in the public
space over the seasons. Regardless
of the season, only necessary
activities were afforded by the chaotic
conditions in situ . Due to excessive
exposure to traffic noise, optional
activities hardly took place during
leisure time – not even on a warm
summer day. The fact that people
only dispraise chaotic environments
suggests that acoustic comfort can
be afforded under various acoustic
conditions. However, as calm
orchestrations are not recorded and
lively orchestrations hardly perceived,
the suburban acoustic environment
does not afford opportunities for
comfort, relaxation, engagement and
discovery.
One way to escape or to solve the
urban noise problem, in part, is
through a sound-responsive design
proposal that affords various acoustic
orchestrations. This way people
have access to tranquil spaces
undisturbed by traffic noise, as well
as opportunities to choose between
environments different in character.
These insights have been translated
into research-based design strategies
and later tested in design models.
Evaluation has resulted in a master
planning framework for building
tranquil communities on the outskirts
of Frankfurt am Main.
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PREFACE

A residential street where you have
to shout to your neighbour to make
yourself understood, a playground
where you cannot hear the sound
of playing children or an apartment
where the rumbling sound of passing
trains keeps you awake at night!
We all know examples in the public
space where design fails to take the
acoustic comfort conditions properly
into account. Many people involved
in the planning and design of cities
lack an awareness of the urban
sound environment. I used to be
one of these people, as the urban
sound environment is a rare theme
in environmental design. This led
me in the direction of urban sound
environment as possible subject for
my master thesis proposal. In the
course of my research, I have been
able to deepen my knowledge of this
subject, in particular, the acoustic
comfort in suburban public space and
larger public space network over the
seasons.
I have prepared this thesis with the
intention of filling the knowledge
gap on the lived experiences of the
presence of sound throughout the
urban environment. I also wanted
to develop a design proposal in
response to peoples’ needs in their
acoustic environments. This was not
without struggle, as I was recovering
then from a repeated concussion.
This concussion has caused longlasting learning problems, such as
concentration difficulties. For this
reason I have had to extend the
writing time for my thesis. In practice,
this meant working part-time (four
days a week for12 months). This
period was also intermitted with
a period of six months, which
gave me the opportunity to attend
three courses in Earth Sciences at

Utrecht University. This would be
useful, considering I was thinking
of becoming a geography teacher
instead of a landscape architect due
to the effect of the concussion. In
the meantime, I conducted fieldwork
in July and October in 2015, and in
February and May in 2016.
During the fieldwork in February
2016, I interviewed Matthias Müncke
(City of Frankfurt am Main, German:
Stadt Frankfurt am Main) about the
current situation around the problem
of noise in the City of Frankfurt. As
external advisor he gave me in-depth
insight into this situation of noise
pollution in the urban conurbations
of Frankfurt. In particular, he
explained that Frankfurt was lacking
in a clear alternative vision for the
identification and designation of quiet
areas as required by the European
Environmental Noise Directive (END).
So, in this way, I came to combine
research with design for a particular
urban district in Frankfurt am Main
(Germany).
On the basis of a multiple-case
design in this urban district, this
thesis report explains and illustrates
how environmental designers
can contribute to (re)design (and
construction) of acoustically
comfortable (sub)urban public space
and larger public space networks.
Excessive noise is a serious threat
to public health, having negative
effects on health and wellbeing
(WHO, 1999, 2000, 2011). Noise
exposure leads to sleep disturbance,
annoyance and hearing impairment,
but also to other health problems
such as cardiovascular disorders
(WHO, 1999, 2000, 2011). So we
need to start working on the urban
sound environment. However, those

responsible for the interventions in
the public space and larger public
space networks have paid far too
little attention to the urban sound
environment. As a consequence,
the overall comfort in cities has
been reduced. Being (future)
environmental designers, we need
to be aware of the consequences of
our design on acoustic perception
and acoustic experience of the urban
sound environment.
This thesis therefore aims at
understanding what soundresponsive design strategies
(including principles) for the (re)
design of an acoustically comfortable
suburban public space entail. The
skills involved and roles of landscape
architecture (as discipline), and
landscape design (as activity), would
also be investigated. However, as this
thesis combines research and design
this thesis is of utmost importance
for all (future) environmental
designers. I hope this report will
appeal to the imagination of cities’
makers encourage them to adapt our
cities to the urban sound environment
in mind. I do not think cities will ever
be calm, but do believe they can be
calmer when their consciousness is
raised.
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CHAPTER 1

INTRODUCTION

In a time of rapid urbanization
sustainable urban development
and urban transportation are being
addressed as key issues in great
cities around the world. When
focusing on what appears to be
most urgent in urban development,
protection against noise is not one
of the main environmental issues
in urban conurbations. As a result,
comfortable sound environments
have become elusive. Prognosticated
rise of traffic volumes and urban
densification within existing cities
worsen the situation. Collectively,
these developments can lead to
a significant increase of noise
disturbance in (sub)urban districts,
representing a severe health risk.
Fig. 1.2 - View from the south on the skyline of Frankfurt (author).

Section 1.1 of this chapter introduces
the problem definition of this thesis,
while Section 1.2 exemplifies
the acoustic problem. Through a
literature discussion, important
knowledge gaps in the field of urban
sound environment are identified.
This identification is followed by the
research objective in Section 1.3. In
Section 1.4, the properties of sound
waves are introduced to allow the
reader to understand the terminology,
and Section 1.5 provides an outline of
the thesis.

1.1

Problem description

Excessive noise is no mere nuisance,
but a severe health risk. It poses a
serious threat to public health, having
negative effects on one’s wellbeing
(WHO, 1999; 2000; 2011). Long-term
exposure to noise has acute, as
well chronic, effects on people (see
Figure 1.1) (WHO, 1999; 2000; 2011).

If acute, the effect can disturb sleep,
provoke annoyance reactions and
lead to hearing loss (WHO, 1999;
2000; 2011). In the long term it can
also lead to such chronic effects as
cardiovascular disorders, cognitive
impairment and mental disorders
(WHO, 1999; 2000; 2011). Hence, we
should care for our ears, as sound
also impairs learning at school,
productivity at work and healing in
hospitals (WHO, 1999; 2000; 2011).
As environmental noise affects a
large number of Europeans, the
public perceives environmental noise
as a growing environmental concern
within the European Union (EU). Of
particular importance is traffic noise,
which is addressed by ‘Directive
2002/49 /EC of the European
Parliament and of the Council,
more commonly known as the
Environmental Noise Directive (END)

[1] (EP, 2002). The END commits
competent authorities to significantly
decrease noise pollution where it
can induce harmful effects on public
health and wellbeing (EP, 2002).
The primary trust of the directive
is to avoid, prevent or reduce, on a
prioritized basis, the harmful effects,
including annoyance due to exposure
to environmental noise. In addition,
the END requires member states to
‘preserve areas where environmental
noise quality is good’ through the
identification and protection of
designated quiet areas within the
urban environment (EP, 2002).
The idea of quiet areas is based on
the assumption people have of the
need to escape from noise pollution
and access calm areas to seek repose
from the routines and demands of
city life. Consultation in relation to
the identification and designation of
11
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Fig. 1.1 - Relationship between acute and chronic health effects of noise (WHO, 1999; 2000; 2011).

quiet areas in urban areas under the
END have so far failed, as regulation
on what constitutes a quiet area is
somewhat limited. The END, for
instance, does not contain a precise
definition of what constitutes a quiet
area. It is up to each competent
authority to develop its own approach
to the identification and protection of
such areas (EEA, 2014a; 2014b; 2016).
Germany is one of the leading
member states in the designation of
quiet areas. There, various attempts
for designating ‘quietness’ are based
on the assumption that a quiet
area is an area with very low noise
levels. Current practice among other
German competent authorities,
such as the City of Leipzig and the
City of Munich, have resulted in the
designation of ‘Rückzugsgebiete’.
Several natural and recreational
areas with sound levels below the
45 dB Lden and 40 dB Lngt and a
minimum surface area of 20 ha
have been designated as areas for
retreat (EEA, 2014; 2016). In most
agglomerations it is impossible to
designate quiet areas based on the
assumption that a quiet area is an
area with a low noise level; this is
because quietness is elusive. In
the real (sub)urban context sound
pressure levels below 45 dB Lden
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or 40 dB Lngt are hardly ever found
(EEA, 2014).
One of the noisiest German
agglomerations lacking a clear
alternative vision for the identification
and designation of quiet areas is
Frankfurt am Main (M. Muncke,
personal communication, 3 February,
2016). Being an important financial
and service centre, Frankfurt attracts
more commuters than any other
German city [2] (see Figure 1.2) (SFM,
2015a). Over 325,000 inward and
68,000 outward commuters travel
between the surrounding areas and
the core district each day (SFM,
2015a) (see Figure 1.3). Together
with a large number of visitors, the
commuters make about 3.5 million
trips a day in the districts bordering
on the municipal area of Frankfurt
(SFM, 2015a).
As a result, Frankfort Airport is one
of the main international airports
for passenger traffic and largest
employer in Germany. In addition,
Frankfurt’s Central Station is the
main rail junction in the national ICE
network, and Frankfurter Kreuz the
busiest interchange in the German
motorway network. All the commuter
travel brings Frankfurt economic
prosperity, but the downside is the

noise produced by road, rail and
air traffic. According to an urban
noise ranking in which noise maps
of 27 German agglomerations with
more than 250,000 inhabitants
were analysed, Frankfurt is one
of the loudest agglomerations of
Germany [3] (IBP, 2011). The noise
maps indicate that most of the noise
pollution in Frankfurt is caused by
road and air traffic noise (Figure 1.4).
This traffic noise affects almost onethird of Frankfurt’s population (SFM,
2015a).
The situation around traffic noise
in Frankfurt is bound to deteriorate
as the city struggles with a housing
shortage [4] (SFM, 2015a; Barhke and
Kempermann, 2014). From now until
2020, the City of Frankfurt aims to
build 6217 new homes a year to keep
up with the demand (SFM, 2015a;
Barhke and Kempermann, 2014). This
is a problem as urban development
possibilities within the municipal
districts will have been exhausted
within a few years’ time (SFM, 2006).
As the result of previous plans, a
further structural expansion at the
outer edges of the municipal borders
is in competition with other uses,
such as open areas and green spaces
that have an important recreational
purpose for the people living in
Frankfurt (see Figure 1.5) (SFM, 2006;
2012).
For this reason, the Urban
Development Department (German:
Stadtplanungsamtes) is pursuing
subsequent densification in
conversion or restructuring of streets,
blocks, quarters and districts (SFM,
2006). Although the housing supply
at the moment is increasing, finding
affordable rental homes remains
difficult in Frankfurt (M. Muncke,
personal communication, 3 February,
2016). Therefore more people will
choose to live in the commuter belts
of Frankfurt the coming decades,
where a prognosticated rise of traffic
volumes will occur [5]. Collectively,

these developments lead to increased
traffic noise in urban districts and to
reduced extension of quiet areas.

HAMBURG

1.2
BERLIN

COLOGNE

FRANKFURT AM MAIN

MÜNCHEN

Fig. 1.3 - Commuter travels from and to Frankfurt (SFM, 2015a).

Literature discussion

In recent years, there have been
some major developments to
efficiently combat the invasion
of noise pollution in the urban
sound environment. Numerous
investigations on noise propagation
and reduction in urban areas have
been carried out (Shaw, 1996; Fields
et al, 1997; Kang, 2001; Ismail and
Oldham, 2003). In addition, new noise
control measures, calculation models
and design methods have been
developed (Ballas, 1993, Gaver, 1993,
Maffiolo et al, 1997, Dubois, 2000;
Yang and Kang, 2005). One possible
solution to noise pollution adopted
by the END is to offer quiet areas to
inhabitants.
International studies provide evidence
of the beneficial effect of spending
time in quiet areas.. Although there

Fig. 1.4 - Distribution of road and air traffic noise in Frankfurt with decibel levels above 65 dB (HLNUG, 2016).
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Fig. 1.5 - Frankfurt is surrounded by a green belt of orchards, nature conservation, farmland and parks (author).

is only marginal evidence that quiet
areas compensate the long-term
health effects from too much noise,
research has demonstrated that
people with access to quiet areas are
less sensitive to annoyance effects by
noise dose [6] (Berg et al, 2012; EEA,
2014b; 2016, Öhrström et al, 2006;
Saadadmand et al, 2013; Shepherd
et al, 2013). Certainly, the studies
confirm that the importance of
spending time in quiet areas reduces
annoyance in people; however, to
achieve this result the level of noise
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must be at least below 65 dB. Only
under such circumstances do people
value a quiet area for restauration
from time to time (EEA, 2014b; 2015).
A quiet area affects our state of
mind, depending on whether the
orchestration of sound sources
are appraised as pleasant or
annoying. Our satisfaction of such
orchestrations has to do with the
sound pressure level of the acoustic
ambience, lack of disturbances in
a given location or level of control

people feel they have over sound
(Andringa and Lanser, 2013). While
pleasant (often natural) sounds,
for instance, make us feel calm,
a sudden ‘loud’ sound made by
machines or other people might force
us out of this state of mind and can
lead to additional stress. In the same
way, people can become attuned to
sounds that most disturb them and
heighten their annoyance.
Sound-responsive urban design
allows us to understand how different

acoustic environments affect overall
health. This might limit health
effects from annoyance and improve
wellbeing (Cerwén, 2016; Farina,
2014; Kang, 2007). But still, very few
scientific-based design strategies
are available for environmental
designers on how to optimally design
public space and larger public
space networks to improve acoustic
comfort. A general concern has
been that, while a lot of attention
has been given to noise abatement
and noise protection, little has been
done in terms of understanding the
experiential potentialities inherent
to the urban sound environment [7]
(Botteldooren et al, 2008; Cérwen,
2016; Hedfors, 2003; Hellström, 2003;
Brown and Muhar, 2004).

1.3

Research objective

At the moment, environmental
designers neither have the
knowledge nor are equipped with
sound-responsive strategies for the
(re)design of acoustic comfortable
public space, as both are lacking
in the field of building architecture,
urban planning and landscape
design. Although there is knowledge
on noise abatement and noise
reduction, the current state-ofthe-art prediction methods and
noise control measurements is
complex (Kang, 2007). They involve
technical knowledge of physics
and mathematics of sound that is
hard to understand, not to mention
incorporating it into plans for
environmental designers, including
building architects, urban planners
and landscape designers (Brown and
Muhar, 2004).
Besides, understanding the current
state-of-the-art prediction methods
and noise control measures is not
enough to allow environmental
designers to create more acoustically
comfortable environments (see
Section 1.2) (Kang, 2007). Therefore,

this research aims at examining and
defining sound-responsive design
strategies (including principles)
which are characterized by sound
measurements, intercept surveys,
unobtrusive observations and design
models for the improvement of
acoustic comfort in the public space
and larger public space networks
in the outskirts of great cities over
the seasons (Lenzholzer et al, 2013;
Creswell, 2014). This has led to the
main research question:
What are sound-responsive design
strategies for the (re)design of an
acoustic comfortable suburban
public space of Frankfurt over the
seasons?
To answer this question we draw
on a substantial case on suburban
public space in Frankfurt-Niederrad
(abbreviated Niederrad). Niederrad is
one of the noisiest suburban districts
in the south of Frankfurt am Main,
being in the proximity of a motorway,
railroad and air route (HLNUG, 2016;
Muller, 2013). As a result, the people
living in the district are exposed
to an increased level of road, rail
and air traffic noise, representing a
severe health risk (SFM, 2015). The
subsequent densification and rise
of traffic volumes – in combination
with increasing requirements in
terms of healthy urban living impose
greater demands on the urban sound
environment. Frankfurt has effective
legislation to reduce noise, but this
does not necessarily lead to better
acoustic comfort, as noise pollution
arises from possibly badly designed
buildings at possibly wrong locations
and an ill-considered transportation
system [8] (see Chapter 2).
Yet, road and rail traffic noise
does not cause many complaints.
People are more concerned about
the heavy metal thunders enforced
by the planes taking off every two
minutes from Frankfurt Airport.
As two flying routes run directly
above Niederrad, the city district is

situated directly under the approach
path of the crossing aircrafts.
As result, residents living in the
suburban district feel deceived by
the roar above their roofs every
two minutes. In 2011 they started a
protest movement (Bartsch, 2011;
Reiss, 2012). In the beginning, about
3000 citizens participated in the
demonstrations (Bartsch, 2011) that
have continued to take place since
the opening of the new northwestern
landing strip at Frankfurt Airport (M.
Muncke, personal communication,
3 February, 2016). The impending
deteriorating situation regarding
traffic noise in Niederrad has induced
the following sub-research questions
(abbreviated RQ) on this substantial
case:
RQ1 What acoustic comfort conditions
are perceived in Frankfurt-Niederrad
over the seasons?
RQ2 What acoustic comfort conditions
are appraised by people in FrankfurtNiederrad over the seasons?
RQ3 What is the impact of acoustic
comfort conditions on overt user
patterns in Frankfurt-Niederrad over
the seasons?
RQ4 What are principles for (re-)
design of an acoustically comfortable
suburban public space of Frankfurt
over the seasons?
To answer these questions, we define
acoustic comfort as the state of
mind that expresses satisfaction with
the acoustic environment. Acoustic
comfort deals with the question of
what makes an acoustic environment
calming, interesting and pleasant to
be in and to be used. In the context
of this thesis particular attention is
paid to acoustic comfort in public
space, such as streets and adjacent
parks, and gardens and squares.
Such places are important for social
interaction and local spending in
cities.
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Definition of terms

The research on acoustic comfort
conditions, as presented in this
thesis, benefits from the literature in
the field of urban sound environment,
a field that considers the musical
compositions that result from a
variety and mixture of sounds that
immerse in the urban environment
(Kang, 2004; Farina, 2014). More
precisely, this field is concerned with
the combination of all sounds heard
in a particular area, as modified by
the acoustic environment considered
as a whole (Brown et al, 2011).
Basic properties of waveforms
are discussed here in order to
allow the reader to understand the
terms adopted. Concepts used to
differentiate waveforms in the sound
and/or acoustic environment are
amplitude, cycle, frequency, phase
and wavelength. The most essential
properties of sound waves are
frequency and amplitude. Frequency,
reflecting the number of cycles per
second (see Figure 1.6), is measured
in hertz (Hz) and describes how high
or low a sound is. For example, a
1000 Hz waveform has 1000 cycles
per second. Amplitude reflects the
change in pressure from the peak
of the waveform to the trough (see
Figure 1.6), indicating the level of
loudness measured in decibels (dB),
the so-called Sound Pressure Level
(SLP).

1.5

Thesis outline

Sound-responsive urban design
allows us to understand how
different acoustic environments

affect overall health. This might limit
health effects from annoyance and
improve wellbeing (Cerwén, 2016;
Farina, 2014; Kang, 2007) despite
the fact that little is known about
what constitutes a pleasant sound
environment and what it affords
people. In addition, designing an
acoustically comfortable public space
is still a challenge for environmental
designers, as no sound-responsive
strategies are available on how
to optimally design a comfortable
acoustic environment.
The objective of the study for
this thesis then was to conduct
sound-responsive strategies
(including principles) for creating an
acoustically comfortable public space
and larger public space networks
using a substantive case on the
outskirts of Frankfurt am Main (see

90º

a

0º

0º

270º
90º

0º

0º

f
270º

Fig. 1.6 - Amplitude (a) and frequency (f) as properties of sound waves (Rossing and Moore, 2013).
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Although the minimum audible
decibel level for the average ear is
about 0 dB (threshold of hearing),
decibel levels of 30 dB will cause a
painful sensation, and levels above
140 dB will increase the risk of
permanent noise-induced hearing
loss (see Figure x). For amplitude,
a change of 1 dB is just perceptible,
but changes need to be around 3
dB or more to be of any significance
at all (Kang, 2007). An increase
of 10 dB, for instance, produces a
doubling of the strength in sensation
(Schaudinischky, 1976).

LOUD

Frequencies in the hearing range
are from about 20 Hz to 20,000 Hz
(or 20 kHz) (see Figure 1.7) (Kang,
2007). The upper frequency hearing
drops gradually with increasing age
(Kang, 2007). The older one becomes,
the more the auditory capacity of
high pitched and soft sounds are
reduced. Infants, for example, have
a full range of perception, while
adults can only hear sounds between
20 and 16,000 Hz, with perceptual
frequency changes of 0.3% (Zwicker
and Feldkeller, 1967). This feature
of human perception also applies to

amplitude.
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Fig. 1.7 - Audiogram including the noise-induced hearing loss (Rossing and Moore, 2013).

Section 1.3). For this, the skills and
roles of landscape architecture (as
discipline) and landscape design
(as activity) are under investigation
throughout the entire report. The
following five chapters answer the
research questions accompanying the
research objective.
Chapter 2 introduces a
comprehensive literature review on
the urban sound environment for
determining the impact of seasonal
acoustic comfort conditions on overt
user patterns in suburban public
space. Next, Chapter 3 explains how
the impact of seasonal acoustic
conditions on overt user activities are
determined and tested for a multiplecase design in a suburban district
of Frankfurt. Chapter 4 discusses
the research findings from this
multiple-case design as a means to
understanding how the urban sound
environment allows different human
activities and – given that activity –
acoustic comfort as well. The insights
are translated into a design proposal
for the redesign of existing public
space as presented in Chapter 5.
The discussion, conclusions and
recommendations are outlined in
the final evaluation in Chapter 6.
Finally, this chapter also raises
several more questions to serve
as a recommendation for further
exploration in research and design.
The chapters described above
should be read in sequence as they
elaborate on the problem description,
literature discussion (including
knowledge gaps) and research
objective introduced. In addition,
it is good to know that this thesis
is presented in printed or digital
versions. The appendix in the digital
version has been added as separate
documentation in order to distinguish
between the rough data and the
interpretation of the data [9].

Notes
[1] Within the European Union the
Environmental Noise Directive
(END; 2002/49/EC) relates to the
assessment and management of
environmental noise (EP, 2002).
[2] Frankfurt am Main is an important
financial and traffic hub attracting a
lot of expatriates and immigrants.
[3] People living in Hannover are the
most exposed to excessive noise (IBP,
2011). Frankfurt is ranked second,
followed by Nuremberg (Rank 3),
Bonn (Rank 4) and Cologne (Rank 5)
(IBP, 2011).
[4] At the moment about 693,000
people are living in Frankfurt.
However, Frankfurt’s population
is growing due to a strong natural
increase and a positive migration
trend; in other words, more babies
are born in Frankfurt and more
people are moving there (SFM,
2015a).

noise mapping and action planning
every five years in compliance with
the END. This is stated in the Federal
Pollution Control Act (German:
Bundes-Immissionsschutzgesetz,
abbreviated to BImSchG), which
advises regional authorities, such as
the Darmstadt Regional Council, (EP,
2002). The last noise maps and action
plans for Frankfurt (as part of the
Rhine-Main region) were published in
2010 (RD, 2010a; 2010b; 2010c).
[9] The digital version of this thesis
includes an appendix with sound
clips (audio files), which can be earwitnessed while reading. Readers
are advised to use the two-page-view
mode and select one cover page to
read this thesis as intended.

[5] The young adults who once moved
to Frankfurt for jobs, are now moving
out into the surrounding areas for
housing to raise their families (as
a consequence of family planning)
(SFM, 2015a).
[6] Noise annoyance is a feeling
of discomfort affecting general
wellbeing. The term will be discussed
in more detail in Chapter 2.
[7] The concern stems from the
argument that auditory perception of
an urban setting is on par with visual
perception; this requires coherence
between visual and auditory
environmental design. Public space
and larger public space networks
are incomplete in their design, as
the urban sound environment is not
coherent with the intentional use of
the public spaces.
[8] In Frankfurt, the current focus of
urban noise climate is on completing
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CHAPTER 2

LITERATURE REVIEW

We often refer to noise as an
unwanted sound. Such unmusical,
loud or disturbing sound has the
potential to lead to emotional
responses that often manifest
in frustration (Ipsen, 2002). The
current practice of reducing noise
levels often does not provide
improvement of the negative
sensations that noise produces on
the listeners. As a result, noise
mitigation in many cases is not
sufficient to create a pleasant
acoustic environment (Farina,
2014). However, noise also has the
potential of being redesigned or put
into a context that makes it more
appreciated (Schafer, 1977). As
environmental design can influence
this experience of the urban sound
environment, we need to know which
aspects we can influence through
design and which ones we cannot
(Lenzholzer, 2015).
This chapter describes a theoretical
framework for determining
the impact of acoustic comfort
conditions on overt user patterns
in public space. It aims to give us
an understanding of how the urban
sound environment affords different
human activities and – given that
activity – acoustic comfort as well.
The first section discusses the
factors determining the orchestration
of the urban sound environment
(see Section 2.1). Next, Section 2.2
explains how sound affects our
thoughts, feelings and behaviour
on whether sounds are pleasant
or annoying. Section 2.3 introduces
a model for exploring human
responses to sound according
to different acoustic conditions.
Finally, Section 2.4 is concerned with
sound-responsive strategies for the

management and design of acoustic
environments.

2.1

Acoustic environment

As explained in Section 1.4, the
sound environment consists of all
the sounds heard at a particular
location considered as a whole.
Another term used to refer to the
sound environment is the acoustic
environment. Although there are
no precise rules about the more
appropriate use of terms in the
field of urban sound environment,
the terms ‘sound environment’ and
‘acoustic environment’ are used here
with precise meanings for specific
purposes (Brown et al, 2011; Farina,
2014). Sound environment refers
to the transmission of vibrations
in the air in the form of sound
pressure waves, as explained in
Section 1.4. In contrast, the acoustic
environment refers to the perception,
interpretation and reaction to a sound
as further clarified in this section.

Perception
Our ears explore our living
environment for acoustic threats or
opportunities. Both left and right ears
are constantly screening the sound
environment, as sound waves once
in the ear must be heard (Zeitler
and Hellbrück, 1999; Zwicker and
Fastl, 1999). The fact that we are
hearing non-stop makes it necessary
to unceasingly adapt our ears to the
acoustic environment (Augoyard
and Torgue, 2006). The adjustment
of hearing is driven by two parallel
processes called (a) synecdoche
and (b) asyndeton. The first process
refers to the aptitude to extract one
specific audible element through
selection, while the second refers to
the selective deletion or overhearing
of sounds (Augoyard and Torgue,
2006). In combination, acoustic
perception through synecdoche
and asyndeton form the base for
meaningful interpretation of acoustic
environment.
However, this remarkable hearing
system is under threat (WHO, 1999;
2000; 2011). People are living in
sound environments that are filled

MECHENICAL
SOUND

SOCIETAL
SOUNDS

NATURAL
SOUNDS

Fig. 2.1 - Acoustic orchestrations are depending on the overlap between sound sources (Farina, 2014).
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Fig. 2.2 - Audiogram with common sound sources in the human hearing range (Rossing and Moore, 2013).
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Fig. 2.3 - Audiogram showing a masking effect of mechenical sound (blue) (Rossing and Moore, 2013).

with sounds that have little or no
importance. The sound of cars,
planes, trains, cooling systems,
ventilation, machines, amplified
music and announcements is ever
present. This mechanical sound is
characterized by high amplitude and
low frequency sound that impacts
on health. Constant exposure to
moderate or intense sound levels, on
the one hand, leads to a temporality
threshold shift, which is experienced
as a loss of sensitivity when the
stimulus is removed (Schafer, 1977).
The presence of frequencies below
20 Hz, on the other hand, results
in the experience of nausea and
dizziness (WHO, 1999; 2000; 2011). As
a consequence, people are not able
to recognize a common sound from
ambient background sound.
This is a problem and rather
a complicated one. The sound
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These studies suggest that how we
appraise the acoustic environment
depends on the overlap between
the (a) natural, (b) mechanical and
(c) societal sounds [2] (see Figure
2.1) (Schafer, 1977). Natural sounds
are represented by all the sounds
that result from climatic conditions
or animal vocalizations, whereas
mechanical sound is produced by
motorized vehicles and industrial
machines and technical devices.
Among societal sounds are human
voices and footsteps, but also bells,
whistles, horns and sirens (Krause,
2013).

output of a police siren in a lively
neighbourhood, for instance, might
be barely noticeable, while the same
siren in a calm neighbourhood might
result in a temporal or chronic loss
if the attack is sudden. In order to
reduce the negative impact of noise
on wellbeing, we need to know the
characteristics of the audible sounds
that induce these unwanted effects.
Much research on this aspect is
concerned with the identification
of sound sources or sound events.
Such research explores how
differently sounds affect our state
of mind, depending on whether they
are pleasant or annoying (Kang,
2007). Not much research has been
conducted on the experience of sound
of the urban sound environment as
a whole; in other words, the total
ambient acoustic environment is
considered and no specific sound
is isolated (Kang and Zhang, 2002;

In Figure 2.2 the most common sound
sources are plotted according to
their frequency and amplitude that
represent the level of audibility by
humans (Goelzer et al, 2001). The
x-axis (horizontal axis) measures
frequency and represents the full
range of perception from 20 to
20.000 Hz. The y-axis (verticalaxis) measures amplitude; from
a minimum threshold of 0 dB
(threshold of hearing) to 120-140 dB
(threshold of pain). Very soft sounds,
for example, are plotted at the very
bottom of the graph, whereas loud
sounds are plotted at the top of
the graph. The same applies to low
pitched and high pitched sounds in a
spectrum from left to right.
Orchestration
Figure 2.2 illustrates that climatic
sounds produced under local weather
conditions, such as rainfall, water
streams, thunder, and wind gusts
soft-to-moderate low-pitched sounds,
such as the dripping of rain (water)
or the rustling of leaves (wind).
Furthermore, the figure shows that
most animal and human vocalizations
produce soft-to-moderate sound with
a high pitch, except that of a barking
dog. Sounds from motorized vehicles

produce a high-pitched sound, as the
noise of a motor vehicle is caused by
the engine, tyres and air turbulence.
In contrast with traffic noise,
noise produced by ventilators, airconditioning, jackhammers and drills
produce a low pitched sound. The
actual sound for these examples all
contain frequencies that are audible
to humans; however, the way their
amplitudes are distributed among
these frequencies differs.
In general, mechanical sound has a
considerable masking effect over
natural and societal sound (see
Figure 2.3) (Kang, 2007). Such a
masking effect occurs when the
threshold of audibility for one sound
is raised by the presence of another
(masking) sound (Kang, 2007).
Higher frequency sounds can also
mask lower frequencies to a degree
as the frequency range of masking
is greater with the increase of the
amplitude of the masking sound
(Kang, 2007). Hence, the sound is
covered up, not eliminated. Masking
can change the orchestration of the
urban sound environment due to
spectral masking. This occurs when
the frequency range of masking
increases with the increase of the
amplitude of the masking sound.
In addition to spectral masking, as
described above, temporal masking
exists. Temporal masking occurs
when a signal is masked by a sound
proceeding it (forward masking),
or following it (backward masking).
Spectral masking, as well temporal
masking, orchestrates a sound
environment with different fidelity,
in other words, the identifiability of
sounds or sound sources (Guski,
1997; Zeitler and Hellbrück, 1999).
Foreground sounds in this case are
important indicators for what is
going on in an environment, while
background sounds indicate proximal
situational awareness, in other
words, whether a sound environment
is agitating or restorative (Andringa
and Lanser; 2011; 2013; Bosch and
Andringa, 2014). A combination of

pleasant and unpleasant foreground
and background sounds determines
the overall appraisal of the sound
environment (Andringa and Lanser;
2011; 2013; Bosch and Andringa,
2014). Based on this assumption,
a difference is made between (a)
high-fidelity (abbreviated to ‘hi-fi’)
and (b) low-fidelity (abbreviated to
‘lo-fi’) environment, depending on
the ] signal-to-noise ratio of the
acoustic orchestration(Schafer, 1977).
In hi-fi environments sounds may
be heard and perceived clearly by a
listener, while a lo-fi environment has
overcrowded and masked signals,
and lacks clarity (Farina, 2014).
Hence, hi-fi sound environments
are meaningful, whereas lo-fi sound
environments are not.
Propagation
That the sound source largely
determines the sensation the
acoustic environment is meaningful;

however, the transmission of
vibrations through the air is more
important in determining the
urban sound environment. Such
transmission does not stop when
it reaches the end of the medium
or when it encounters an obstacle.
Rather, a sound wave undergoes
certain behavioural changes. Possible
behaviours include (a) reflection, (b)
diffraction and (c) transmission into
the obstacle (Kang, 2007).
Reflection occurs when a wave
reaches the boundary between one
medium and another, when a portion
of the wave undergoes reflection and
a portion undergoes transmission
across the obstacle (Kang, 2007).
The change in direction after a
soundwave falls on the boundary of
the obstacle is called reflection (see
Figure 2.4). The additional vibrations
are absorbed by the boundary and
converted to heat, or are transmitted
through the boundary to the other

Fig. 2.4 - Reflections (above) can turn into reverberation (below) in street canyons (Kang, 2007).
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side (Kang, 2007). The amount
of reflection is dependent on the
dissimilarity of two media. For this
reason, the use of hard material,
such as concrete, is avoided in the
construction auditoriums and concert
halls. Instead, their walls and ceilings
are made of softer materials that
have greater ability to absorb sound
(Kang, 2007).
As illustrated in Figure 2.4, reflection
of sound waves off surfaces can lead
to reverberation [3]. Reverberations
often occur in a small room, as the
reception of reflections off of building
facades cause reverberations that
prolong a sound. Whereas a reflection

travels in a straight line from the
source to the listener, reverberations
concern a series of late reflections
which arrive after the direct sound
(Kang, 2007). After a certain period,
the number of reflections becomes
so high that individual reflections are
no longer discernible. Reverberation
is therefore defined as the time it
takes for reflected sound to decay 60
dB after the source is cut off (Kang,
2007). In other words, it refers to the
time that a reflected sound is still
audible after it has been produced
and the sound source stops because
of the surfaces around it (see Figure
2.4).

In the urban sound environment
reverberation is a common
phenomenon, also as a consequence
of diffraction. In the case of
diffraction, however, the time it
takes for reflected sound to decay
is much longer, depending on the
building configuration and the
space materialization. The basic
characteristics of the urban sound
environment in urban streets and
squares, surrounded by reflecting
building facades, affect the way
reflection patterns are distributed in
the public space.

Fig. 2.5 - Diffraction involves bending of waves around obstacles (Kang, 2007).

WARM AIR

COOL AIR

WIND VELOCITY

Fig. 2.6 - Refraction occurs under different atmospheric conditions (Kang, 2017).
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Besides, reflection soundwaves
can undergo diffraction. Diffraction
involves bending waves around
obstacles and spreading out of
waves beyond small openings
(see Figure 2.5). Diffraction plays
an important role in the auditory
perception in the public space, due to
the fact that users can hear sounds
around corners and barriers (Kang,
2007). The amount of diffraction
increases with increasing wavelength
and decreases with decreasing
wavelength. Hence, when sound
strikes a boundary, sound passes
around an obstacle if it is not there,
or reflects back towards the source.

However, basic characteristics of the
urban sound environment in urban
streets and squares differ. Streets,
whether single or cross streets,
function as an acoustic canyon in
which sound reverberates (Kang,
2007). The wave transmitted through
a street canyon is especially felt in
relatively narrow streets with tall
continuous buildings flanked on
both sides of the road (see Figure
2.4). The configuration of squares,
however, is characterized by an open
area that is surrounded by buildings
on several or all sides. The level of
reverberation in such a public space
depends on the ratio between the
square width and building height
(Kang, 2007).
Materialization of the urban sound

environment also affects the
behaviour of sound waves. As a
consequence, sound waves, for
instance, can undergo refraction.
Refraction of waves involves a change
in the direction of waves as they
pass from one medium to another.
It is accompanied by a change in
the speed of sound as it encounters
a temperature or velocity gradient
change in the air (Kang, 2007).
Several atmospheric conditions,
such as variations in air, wind and
temperature, cause the refraction of
sound as shown in Figure 2.6.
In the case of wind, increase in wind
speed with altitude results in upwind
by which less sound is received.
Controversially, when wind speed
decreases with altitude, more sound
is received downwind (Lawrence,
1970; Kang, 2007). The effect of
temperature on sound propagation
is comparable to that of wind, as
illustrated in Figure 2.6. The effects
of temperature gradients on sound
propagation vary between nighttime and day time. An increase in
air temperature with altitude, which
usually occurs at night-time when
the ground air temperature is lower,
results in sound waves bending
downward (Kang, 2007). Contrarily,
a decrease of air temperature
with altitude, which usually occurs
at day time, when the ground air
temperature is warmer, results in
soundwaves bending upward (Kang,
2007).

2.2

Acoustic experience

Whether we are able to recognize
the acoustic sound environment
as meaningful depends on
the perception of the acoustic
environment. Acoustic experience
concerns more than just sensing
the environment as it also refers to
more complex understanding the
relationship between (a) cognition
(thinking), (b) affect (feeling), and

(c) behaviour (actions) (see Figure
2.7) (Lang, 1987). In fact, acoustic
experience deals with how we
interpret acoustic conditions in our
thoughts, and how these affect our
feelings and actions.
Cognition
Section 2.1 indicated that, in contrast
with other senses, our ear as a
sensory organ has remarkable
properties and capacities for either
(a) single-source or (b) multi-source
sound perceptions (Zeitler and
Hellbrück, 1999; Zwicker and Fastl,
1999). The perception of a singlesource sound is different from that
of multi-source perceptions since
the attention of subjects is not
automatically focused (Bodden and
Heinrichs, 2001). When dealing with
multi-source sound perceptions, it is
more difficult to define the meaning
of a sound source (Kang, 2007).
Whether an interpretation is actually
meaningful or meaningless depends
on the level of attention of the user
towards the acoustic environment
and the activities he/she carries out
(Kang and Zhang, 2005; Raimbault et
al; 2001; 2003).

When listening is an active conscious
activity for the user he or she is
tuned in to a specific sound. The
same applies for a user whose
attention is directed elsewhere but
pays attention to a specific sound.
In both circumstances the sound
environment is perceived through
single-source sound perception. In
the case of background listening or
distracted listening, multi-source
sound perception is applicable. In
such a situation a listener is engaged
in other activities and does not
pay attention to a specific sound.
Also, stable sounds and pass-by
sounds, depending on their direction,
proximity and dominance, may
provide different characteristics and
thus affect user perception (Genuit,
2001).
Besides user perceptions, the level
of significance depends on basic
cognitive processes of (a) learning,
(b) remembering, (c) categorizing
and (d) generalization (Lang, 1987).
Learning takes place when we gain
knowledge or skills to recognize
sounds from previous experience.
Sounds, however, can only be
recognized as they are remembered
(Lang, 1987). A new-born baby, for

AFFECT AND
APPRAISAL

COGNITION

EXPERIENCE

BEHAVIOUR

Fig. 2.7 - Relationship between cognition, affect, and behaviour (Lang, 1987).
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example, will learn from experience
to discern differences among various
sounds in order to recognize a
mother’s voice. Whether we forget or
remember certain sounds depends
on their importance to use and how
deviant they are from people’s needs
in public space. This determines how
we categorize and label sounds in
schemata.
In general, the satisfaction of a user
with the composition of the acoustic
environment depends on his or her
acoustic competence. The term
‘competence’ refers to the ability of a
user to perceive, interpret and react
to acoustic affordances as meaningful
in the public space (Augoyard and
Torgue, 2006; Gibson, 1977). People
construct schemata to organize
patterns of thought and provide a
framework of the sound environment
for future generalization [4] (Lang,
1987). However, only sounds that aid
our memory – thus are remembered
- can be recognized through
generalization from past experience.
In essence, generalizations enable us
to make sense of the environment.
Affect
After generalization, cues about
the acoustic environment thoughts
create feelings. In different sound
environments we may find ourselves,
for instance, feeling happy or sad,
stressed or relaxed, and excited
or depressed. Such feelings - in
turn – influence our perception of
the environment (Carmona et al,
2010). Several studies dealt with this
relationship in the context of core
affect (Andrea and Lanser; 2013;
Bosch and Andringa, 2014; Kuppens
et al, 2012).
According to this concept people
assess the sound environment
based on (a) valence and (b) arousal
(Andringa and Lanser, 2013;
Alvarsson et al, 2010; Russel, 2003).
Valence is concerned with feelings of
pleasantness (displeasure-pleasure),
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Fig. 2.8 - People can appraise lively, calm, boring, and chaotic orchestrations (Andringa and Lanser, 2013).

while arousal is concerned with
feelings of activation (passive-active).
Although affect can be harmful under
excessive exposure to noise, our
affective experience normally helps
us to evaluate acoustic environments.
Affect sends a signal to us, for
example, that foreground sounds are
pleasant when we are feeling serene,
or that the background sounds are
unpleasant when we are feeling
anxious.
We experience these signals in the
form of (a) moods and (b) emotions.
Mood refers to the positive or
negative feelings that are in the
background of acoustic experience
(Lang, 1987; Isen, 2003) . Most of
the time we are in a positive mood,

which encourages us to make the
most of the acoustic situation we
are in (Isen, 2003). However, when
we are in an uncomfortable sound
environment, negative feelings will
reinforce a bad mood. Emotions, in
contrast to moods, are shorter lived,
stronger and more specific forms of
affect (Andringa and Lanser, 2013).
Emotions are caused by specific
sound events that are accompanied
by high levels of arousal (Andringa
and Lanser, 2013).
Although emotional responses
differ from each other, they are also
related to one another. In most cases,
users, for example, find soft and high
pitched sound more pleasant to listen
to than loud and low pitched sound in

single-sound source perceptions (see
Section 2.1). Partially for that reason
natural sounds are more preferred
than mechanical ones (Kang,
2007). This applies in particular for
vehicle sounds and construction
sounds, which are regarded as most
unpopular (Farina, 2014). Although
the movement sounds of vehicles,
like sharing, collision, frictional
movements and rolling, are highpitched, they often produce an
indistinct and annoying background
noise or near-ground sound that
cannot be identified (see Section
2.1). For this reason road, rail and
air traffic noise is often perceived as
unwanted and classified as noise.
Users, however, have different
reactions to sound due to differences
in noise sensitivity, resembling a
level of allergy to sound (Dodd,
2001; Farina, 2014). Their emotional
responses are related to general
predisposition to the pleasantness
of sound sources or the capacity
to discriminate noise (Job, 1999;
Weinstein, 1978). In addition,
individual differences are influenced
by other factors, such as gender
and age (Yang and Kang, 2005; Yu
and Kang, 2008) [5]. Other important
factors that might play a role in
multi-source sound perception are
related to the (a) appreciation, (b)
expectation and (c) experience users
have of the urban sound environment
(Schulte-Fortkamp and Nitsch, 1999;
Botteldooren et al, 2001).
Behaviour
Despite individual differences in the
experience of moods and emotions,
everyone describes moods and
emotions similarly to how we make
sense of the acoustic environment,
and each affects the other (Andringa
and Lanser, 2013; Carmona et al,
2010). However, unlike cognition,
affect is present to self-report on
pleasantness and activation. This
means that feelings guide our
motivation, which - in turn - create

behaviours.
The acoustic environment is rich
in affordances for behavioural
opportunities (Gibson, 1966; 1977;
1976; Gans, 1968). Based on this
assumption, a difference is made
between (a) high-affordance
(abbreviated to ‘hi-af’) and (b) lowaffordance (abbreviated to ‘lo-af’)
environment. In hi-af environments
behavioural opportunities to
fulfil people’s predispositions are
perceived clearly , while this in a
lo-af environment is not the case.
Therefore the acoustic environment
consists of potential setting activities
and an effective setting that consist of
the affordances a user pays attention
to and/or uses (Gibson, 1966; Gans,
1968). However, not all affordances
are perceived by potential users, nor
are all perceived affordances used
(Lang, 1987). Only the affordances
a user pays attention to and/or
uses constitute an effective setting
(Gibson, 1966; Gans, 1968).
An effective setting can afford three
basic urban activities: (a) necessary,
(b) optional, and (c) social (Gehl and
Svarre, 2013; Gehl, 1971; 2010).
Necessary activities include regular
daily activities at work or school, that
is activities that are needed for a
purpose or reason, like shopping at
the grocery store to buy vegetables,
walking to and from a bus stop
for going to work, or working as a
postman to earn a living. Optional
activities include regular activities,
mostly practiced during leisure time,
which a user can either choose to
do or wants to do. Optional activities
can, in the public space, be either
passive or active activities. Passive
activities compromise sitting down
to rest or read the newspaper, while
active activities compromise strolling,
walking or jogging.
Social activities develop around
necessary or optional activities, and
can only take place in the presence
of other users. They include all

types of communication in a public
space, when in the same space,
when passing each other or when
connected to either necessary or
optional activities. As for optional
activities, social interactions can
be either passive or active. Passive
activities are social interaction with
users who know each other; active
activities are concerned encounters
with strangers on the street.
Examples include playing, greeting
and conversing, but also watching
and listening to other people.
The most overt behaviour, whether
it concerns a necessary, optional or
social activity, occurs within a certain
duration and a certain timeframe; this
behaviour changes due to diurnal
and seasonal cycles (Farina, 2014).
Acoustic comfort conditions are thus
concerned with the organization of
activity sequences in the urban sound
environment. As the urban sound
environment affords different human
activities, which change throughout
the day and through the season, they
afford –given that activity - different
acoustic comfort conditions as well.
So, what acoustic conditions make a
public space a pleasant environment
to be in and thus to be used?

2.3

Acoustic comfort

The previous section indicated that
sound affects our thoughts, feelings
and behaviours on whether they
are pleasant or annoying. The fact
that sound affects how we think,
act and feel indicates a direct
relation between our appraisal of
an acoustic environment and its
selection of overt behaviour (Kuppens
et al, 2012). Our satisfaction of a
user with the composition of the
acoustic environment, however,
mostly depends on the meaning
of the acoustic environment and
its behavioural opportunities.
Therefore, acoustic comfort can best
be determined in terms of fidelity
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Fig. 2.9 - Urban activities take place under different acoustic conditions (Lang, 1987; Gehl and Svarre, 2013).

and affordances (Andringa and
Lanser, 2013). Associated with these
interpretations, people can appraise
the acoustic conditions as (a) calm,
(b) lively, (c) chaotic or (d) boring
(see Figure 2.8) (Adringa and Lanser,
2013; 2014).
Appraisal
The appraisal of chaotic or calm
depends on the identifiability of
sounds or sound sources, so people
know what is going on around them
(Andringa and Lanser, 2013; 2014;
Guski, 1997; Zeiler and Hellbrück,
1999). Both calm and chaotic
environments are composed of
foreground and background sounds.
Calm conditions are characterized
by hi-fi orchestrations with pleasant
background sounds, whereas chaotic
conditions are lo-fi orchestrations
overloaded with unpleasant
foreground sounds (see Section 2.1).
Calm conditions therefore provide
opportunities for relaxation and
recuperation, as these conditions
comprise predominately pleasant
background sounds, including a
few sound notes (abbreviated to
‘note’). Notes form the anchor or
fundamental background sounds in
a calm environment (Schafer, 1977).
They do not have to be listened
to constantly, and might even be
overheard in this hi-fi orchestration.
In calm conditions notes are often
immersed in a blend mundane
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of sounds against which sound
signals can be perceived. However,
the more chaotic a situation, the
more difficult it is to interpret due
to an overabundance of unpleasant
foreground sounds in lo-fi
orchestrations, which make people
feel distressed (Kang, 2007; Zhang
and Kang, 2007)..
Whether people appraise acoustic
conditions as lively or boring
depends on perceivable behavioural
opportunities (Andringa and
Lanser, 2013; 2014). These are also
determined by the orchestration of
foreground and background sounds
in the acoustic environment. Lively
conditions, on the one hand, are filled
with pleasant foreground sounds
that constitute hi-af orchestrations
in which behavioural opportunities
to fulfil people’s predispositions are
perceived clearly. Boring conditions,
on the other hand, are characterized
by unpleasant background sounds
that is low on affordances for
behavioural opportunities
As a consequence, boring
conditions are low on meaningful
audible affordances. As the
acoustic environment is filled with
unpleasant background sounds, it
is neither pleasant nor activating.
Lively conditions, in contrast, offer
opportunities to attract attention as
people can hear a lot of the sound
signal (abbreviated to ‘signal’).
Signals are distinct foreground

sounds that attract the immediate
attention of listeners (Schafer, 1977).
Think of all the bells, whistles, horns
and sirens to which we are exposed
in everyday life. They are well-known
and transmit permitting messages to
those who can understand them [6].
Here, the presence of pleasant signal
sounds allow people to explore and
learn.
Competence
Acoustic conditions can afford all
kinds of activities, but not all activities
take place under all acoustic
conditions (see Figure 2.9). The
local acoustic condition of a specific
site can heavily impact on whether
people stay in a place or not (Gehl
and Svarre, 2013; Gehl, 1971; 2010;
Gehl and Gemzøe, 2001). If people are
walking from one place to another,
for instance, they usually stay under
suboptimal acoustic conditions, but
for staying activities, a public space
needs more comfortable conditions.
While necessary activities, for
example, take place under all
acoustic conditions, this does not
apply to optional activities (Gehl
and Svarre, 2013; Gehl, 1971;
2010). These require a higher level
of satisfaction with the acoustic
environment. The more satisfying
the acoustic comfort conditions, the
more optional activities occur and
the longer necessary activities last.
Social activities are the fruit of the
satisfaction of the acoustic comfort
conditions because they occur
spontaneously when people meet
in a public space. The more people
appraise an acoustic environment as
comfortable, the longer the stays and
the more social interactions will take
place.
However, there is a large individual
variation. The same level of
fidelity or affordance of acoustic
conditions may be attractive or
unattractive, depending on the
acoustic competence of an individual.

The lower a person’s acoustic
competence the more restrictive or
pressing the environment becomes
for behaviour to take place (Lang,
1987). This restrictiveness can lead to
a higher level of noise annoyance. In
contrast, acoustic environments are
too comfortable and also decrease
opportunities for behaviour to take
place (Lang, 1987).
Provided that people have
competence to adjust, lively, calm,
chaotic and boring conditions can
also enter the zone of acoustic
comfort. Hence, the more familiar
a persons is with conditions, the
more or less uncomfortable it gets;
furthermore, the competence an
individual possesses influences the
response to the acoustic condition
(Andringa and Lanser 2013; Lang,
1987). This suggests that people can
undergo an experience shift (see
Figure 2.9). While calm environments
with natural sounds, for instance, put
us in a tranquil state of mind, sudden
‘loud’ and ‘annoying’ mechanical
sound forces us out of this tranquil
state and becomes the focus of our
attention in a chaotic environment
(Andringa and Lanser, 2013; 2014).
Even though an acoustic environment
affords a particular set of behaviours,
this does not mean that the
behaviours will take place, even
though the people perceive the
affordances and are competent
enough to use them. On the other
hand, if the affordances are not there,
the behaviour cannot take place.
Hence, the acoustic environment
can be adapted to afford desired
behaviour, or else people concerned
may adapt their behaviour to cope
with the environment as it is.
These adaptations, however, are
accompanied by stress reactions.
This happens particularly in
situations that are not self-chosen
(Lang, 1987).

Performance
How performance affects our
behaviour depends on our intentions,
as well the affordances of the
acoustic environment. Intentions
constitute complex function of
the schemata we possess, the
desirability of a behaviour and its
perceived consequences (Lang,
1987). For this reason people will
always scan the acoustic environment
for opportunities to fulfil their
predispositions. The acoustic
environment can fulfil four types
of predisposing in public space,
depending on people’s motivations for
needs in public spaces: (a) comfort,
(b) relaxation, (c) engagement and (d)
discovery [7] (Carmona et al, 2010;
Carr et al, 1992)

engagement and discovery can be
found in lively environments due to
the presence of pleasant foreground
sounds.
Neither boring nor chaotic
compositions fulfil any of the
predispositions for comfort,
relaxation, engagement or discovery.
This is because boring environments
decrease acoustic competence
as they are too comfortable. In
addition, chaotic environments are
too challenging for behaviour to
take place. However, a person can
perceive affordances for adapting the
acoustic environment to his/her own
needs. In other situations settings
are stressful, but since the (financial)
reward for being there is high, we
accept stress.

Comfort is a basic need (Carr et al,
1992). It relates to our requirements
for safety and health (Carmona et
al, 2010). Relaxation is distinguished
from comfort by the level of release
it describes (Carmona et al, 2010;
Carr et al, 1992). It addresses the
need to rest and enjoy. Engagement
addresses people’s social needs; in
other words, the need for contact
and social interaction (Carmona et
al, 2010; Carr et al, 1992). Some find
sufficient satisfaction in peoplewatching (passive engagement),
while others desire more direct
contact (active engagement).
Finally, discovery represents the
desire for stimulation. This includes
opportunities for new experiences
that excite, educate and delight
(Carmona et al, 2010; Carr et al,
1992).

To protect people against stress
reactions from sounds that are
considered as undesirable or
dangerous, we are currently
focusing on noise abatement and
noise reduction [8]. But reducing
noise levels often does not provide
improvement of the negative
sensations that noise produces on its
listeners [9] (Ruiter, 2000; SchulteFortkamp, 2001; Kang and Zhang,
2010). Noise mitigation is therefore in
many cases not sufficient to create a
pleasant sound environment. When it
comes to the creation of an acoustic
comfortable public space, the needs
are beyond just controlling noise.
Sound-responsive design needs to be
considered for the re-orchestration of
the acoustic environment.

People scan the environment for
opportunities to fulfil one of these
needs. Certain acoustic environments
might fulfil latent predispositions,
which become manifested when the
affordance of a particular pattern
of the environment becomes clear.
Thus, the pleasant background
sound in calm orchestrations affords
comfort and relaxation. Likewise,

2.4

Acoustic design

The notation of the role of the
environmental designer in creating
acoustically comfortable public
space emerged from the work of
Schafer (1977). He argues that the
urban sound environment is full of
ubiquitous traffic sound that serves
to destroy and drown out natural
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comfortable public space. Today,
our greatest acoustic efforts are
concentrated on defensive strategies
for protecting people in public spaces
(Hellström, 2003). Without getting
side-lined by these issues, Hellström
(2003) suggests that environmental
designers should aim at harnessing
positive sounds and creating an
acoustic panorama that reflects the
rest of the environment.
Defensive strategy
The defensive strategy focuses
on the protection of people from
mechanical sounds considered
undesirable or dangerous (Hellström,
2003). This has been the dominant
attitude towards the management
of the acoustic environment (Brown
and Muhar, 2004). For this reason
defensive attitudes include much
work pertaining to noise abatement,
such as the improvement of road
surfaces [10] and the limitation of top
speeds at night [11].

Fig. 2.10 - Park Buitenschot, Amsterdam. Photo: Paul de Kort (Landzine, 2016a).

sounds. As a result, users in the
public space have lost the ability
or desire to carefully listen to the
acoustic environment and are no
longer able to ignore unwanted
sounds. To Schafer (1977), the role
of the environmental designer is to
listen, analyse and make distinctions
by which acoustic comfort may be
improved. This requires a critical
reflection and polemic attitude
across interrelated spatial scales and
across different temporal horizons.
Landscape architecture (as discipline)
and landscape design (as activity)
can play a major role in the design
of urban sound environments, as the
problem of noise arises from badly
designed buildings at wrong locations
with ill-considered transportation
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systems (Farina, 2014; Fowler, 2013).
Although environmental designers
have little knowledge of applied
acoustics, transport engineering
and urban physics, they are trained
to approach the acoustically wicked
problems with innovative design,
which might contribute to acoustic
environments that people perceive
as enjoyable and less stressful.
Following the work of Amphoux
(1993) on sonic identity, Hellström
(2003) describes three general
attitudes towards the management
and the design of the acoustic
environment. In his research, he
distinguishes the (a) defensive, (b)
offensive and (c) inventive strategies
for the creation of acoustically

An example of the defensive approach
is the acoustic design of Park
Buitenschot (designed by H+N+S).
On behalf of the Schiphol Group, a
multidisciplinary team designed a
recreational park (36 ha) that reduces
ground noise from aircrafts, but
also adds a recreational park (see
Figure 2.10) (Landzine, 2016a). Basic
elements consist of three-metre high
embankments to disperse the lowfrequency noise caused by aircraft
taking off, which reduces noise by
5.5 dB (Landzine, 2016a). One-metre
wide paths between the ridges
serve as walking paths for visitors.
The ground ridges themselves are,
in particular, placed strategically
with relation to the sound waves for
optimal sound reduction. The ridges
provide vistas and lines of sights
through which rooms emerge that
can be used for sports and cultural
events (Landzine, 2016a).
The defensive strategy in relation
to the acoustic environment is

concerned with the reduction of
background sound levels in urban
situations. But the approach
also emphasizes the importance
of protecting acoustic qualities
such as the spatial and temporal
configurations that constitute
the objective conditions of the
acoustic environment. To create
acoustically comfortable public
space, it is advisable to reduce the
background sound level to below 65
dB (Kang, 2007; Zhang and Kang,
2007). Research has indicated that
when the sound pressure level is
below 65 dBA, other factors, such as
characteristics of each sound source,
social interactions of users and
acoustic effects of space, play a more
important role (Ballas, 1993, Gaver,
1993, Maffiolo et al, 1997, Dubois,
2000; Yang and Kang, 2005).
Offensive strategy
The offensive attitude, in contrast, is
more focused on the identification
of the acoustic qualities of the
sound environment so that these
can be accorded their importance,
but also create opportunities for
people to choose between acoustic
environments of a different character,
considering that people’s opinions
about sounds and noises greatly
differ (Hellström, 2003). When this
is not taken into account there is a
risk of annoyance connected with
undesired or frequent exposure. In
general, offensive strategies focus on
existing sounds that people want to

hear rather than on protecting people
from these sounds. Such a broad
approach to the acoustic environment
includes the enhancement of wanted
sounds, as well the reduction or
elimination of unwanted sounds
(Brown, 2012; Brown and Muhar,
2004). Offensive acoustic design can
be achieved in many different ways
and on different levels. However, I is
recommended to keep the level below
50 dB Lden (during the day) and
preferable below 45 dB Lngt (during
the night) (EEA, 2014b; 2016)
Therefore a popular offensive
strategy for combatting the invasion
of noise pollution is to offer access
to quiet areas (Figure 2.11). The
idea of quiet areas is based on the
assumption that people have the
need to escape from noise pollution
and access calm areas to seek repose
from the routines and demands of
city life (EEA, 2014b; 2016). Section
1.2 has already indicated that quiet
areas have the potential to decrease
people’s annoyance with noise. At
the moment, such quiet areas are
provided in urban parks far from
traffic congestion; however, in urban
areas reduction of traffic noise is not
often easily made. Despite this, quiet
areas can be created on block level,
taking into consideration the building
and street orientation, as well the
positions of different functions
in public space (Hedfors, 2003;
Southworth, 1969). This will require
explicit zoning requirements for new
construction that offer the possibility

to design acoustic environments,
including the identification and
designation of quiet areas.
The concept of quietness may be
of great importance in the (re)
development of urban areas, in
particular, when densification of
consolidated cities is pursued. For
the identification of quiet areas it is
important to consider the distribution
of urban green in an urban quarter
or urban block. The pattern in this
case is sometimes more important
than the coverage, as dispersed and
clustered urban green distributions
exhibit different noise levels (Kropp
et al, 2016). Dispersed smallsized urban green tends to lower
traffic noise levels. On the contrary,
clustered large-sized urban green
configurations with the same area
tend to have higher noise levels
(Kropp et al, 2016). This suggests a
need for small public urban green
spaces, also known as pocket
parks (Cerwén, 2016; Marcus and
Francis, 1998; Peschardt et al, 2012).
Ideally the pocket parks are tied into
neighbourhoods to combat noise
pollution as well as to help improve
wind nuisance, heat stress and air
pollution. A source of inspiration for
this approach is the design of Paley
Park (designed by Zion and Breen).
The park consists of a vest pocket
park in midtown Manhattan (PPS,
2016). Here, movable chairs and a
waterfall provide a dramatic focal
sense of quietness in a crowded city
like New York (see Figure 2.12) (PPS,
2016)
Inventive strategy

0º

0º

0º

Fig. 2.11 - Designation of a quiet facade or quiet area as offensive strategy (EEA, 2014).

Besides defensive and offensive
strategies, there are inventive
strategies. Inventive strategies is
concerned with the designing of,
such as sound marks (abbreviated
to ‘marks’) under calm and lively
conditions.Marks, like signals and
notes, stand out from background
sound. However, what differentiates
marks from notes or signals is that
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Fig. 2.12 - Paley Park, New York. Photo: David Maddox (PSS, 2016).

they are noticed and appreciated
by the listeners; the sound has a
particular meaning as it is unique to
a particular location or site (Schafer,
1977; Smith, 2000). With the design
of sound marks, it is possible to mask
unwanted sounds so that they are
no longer heard at all, or not heard
to the same extent (Alvarsson et al,
2010). According to this strategy,
comfortable acoustic conditions can
be achieved through innovative design
interventions with the introduction of
pleasant foreground and background
sounds (Hellström, 2003; 2010;
Axelsson, et al. 2014).
By adding a wanted-sound approach,
it is possible to mask unwanted
sounds so that they are either no
longer heard or not heard to the
same extent (Nilsson, Alvarsson,
Rådsten-Ekman, & Bolin, 2010).
However, the introduction of a
masking sound does not necessarily
improve acoustic comfort in all
situations. As explained in the context
of the defensive strategy, it is only
meaningful to introduce sounds
when the (pre-existing) background
sound level does not exceed 65 dB
(Kang, 2007; Zhang and Kang, 2007).
All sounds above this decibel level
are perceived as disturbing, while
below 65 dB the characteristics of
the sound source are more important
(Kang, 2007; Zhang and Kang,
2007).While the division could be
debated, it is interesting as an aid for
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introducing new sounds in acoustic
design considerations. It has shown
that there is scope for changing
the acoustic design of the acoustic
environment.

attaining a low noise level is not
sufficient. Audio-visual interactions
might influence people’s response as
compared to the things seen as sound
is information poor, but emotionally
rich in terms of experience (Carmona
et al, 2010; Gibson, 1986) . This
applies, in particular, when sounds
are related to scenes, as this gives
people a sense of involvement and
more comfortable overall experience
(Annerstedt et al, 2013; Kang, 2007).
Hence, the combination of visual
and acoustic cues are useful for
managing and reducing traffic noise,
and providing acoustic-comfort
conditions in the urban sound
environment. An impressive example
that takes both cues into account is

Further, the perception of the
acoustic environment can be
enhanced through the incorporation
of inventive approaches, provided
that the background sound level is
below 65 dB (Cerwen, 2016). The
findings also support the standpoint
that the design of acoustically
comfortable public space involves
aspects that go beyond what can be
measured through decibels (Cerwen,
2016). Much inspiration for this
this approach can be derived from
design projects at the interface of
public space and sound art, such
as Composed Nature (designed by
LoLa). Composed Nature consists
of a permanent installation of 64
trees in a deserted recreational
forest (see Figure 2.13) (Lola, 2016).
Here vibrating motors affixed to their
trunks cause the tree leaves to rustle
in a controlled manner to produce
the favourite sound of rustling leaves
(Lola, 2016).
The installation is a great example of
sound mark design. However, in the
design of acoustically comfortable
public spacewe must not forget that
acoustic comfort is linked to audiovisual interaction (Annderstedt et al,
2013). To make these areas attractive,

Fig. 2.13 - Composed Nature, Dordrecht. Photo:
Geert-Jan Hobijn (Lola, 2016).

the design of Lincoln Park (designed
by West 8), more commonly known as
Miami Beach SoundScape (see Figure
4.14). Its audio-visual programme
supports the New World Symphony
Building, as it provides free space to
sit at, view and hear performances
with concert level quality in the park
(Landzine, 2016b). This programme
is supported by families of custom
park elements, such as a Ballet Bar,
Projection Tower and Media Hydrants
(Landzine, 2016b).

2.5

Conclusion

This chapter has illustrated
that people are living in sound
environments filled with sounds that
have little or no importance due to
the masking effect of mechanical
sound over natural and societal
sound. Such a masking effect occurs
when the threshold of audibility for
one sound is raised by the presence
of another (masking) sound. Masking
creates foreground and background
sound in the orchestration of the
acoustic environment. Foreground
sounds in this case are important
indicators for what is going on in
an environment, while background
sounds indicate proximal situational
awareness: in other words, whether
a sound environment is agitating or
restorative.
A combination of pleasant and
unpleasant foreground and
background sound determines the
overall experience of the sound
environment. According to this
experience, sounds affect our
thoughts, feelings and behaviours by
being pleasant or annoying. The fact
that sounds affect how we think, act
and feel indicates a direct relation
between how we appraise an acoustic
environment and its selection
of necessary, optional or social
activities. The satisfaction of a user
with the composition of the acoustic
environment, however, depends

Fig. 2.14 - Lincoln Park, Miami Beach. Photo: Robin Hill (Landzine, 2016b).

mostly on the meaning of the acoustic
environment and its behavioural
opportunities. Acoustic comfort
therefore can best be determined
in terms of fidelity and affordances.
Through associationwith these
interpretations, people can appraise
the acoustic conditions as calm, lively,
chaotic or boring.
The appraisal of chaotic or calm
depends on the identifiability of
sounds or sound sources, so people

know what is going on in their
surroundings. Both calm and chaotic
environments are composed of
foreground and background sounds.
Calm conditions are characterized
by pleasant background sounds
in hi-fi orchestrations, while
chaotic conditions consist of lo-fi
orchestrations wich are overloaded
with unpleasant foreground
sounds. Whether people appraise
an acoustic condition as lively or
boring depends on perceivable
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behavioural opportunities. These too
are determined by the orchestration
of foreground and background
sounds in the acoustic environment.
Lively conditions are filled with
pleasant foreground sounds in hiaf orchestrations, whereas boring
conditions are characterized by
unpleasant background sounds in loaf orchestrations.
How the different acoustic
environment affects our behaviour
depends on our intentions as
well as the affordances of the
acoustic environment. The acoustic
environment can fulfil four types
of predisposition in public space,
depending on people’s motivation
for their need of public space, like
comfort, relaxation, engagement
and discovery. Predispositions for
comfort and relaxation can be found
in the pleasant background sound
of calm orchestrations. Likewise,
opportunities for engagement and
discovery can be found in lively
environments due to the presence of
pleasant foreground sounds. Neither
boring nor chaotic compositions
fulfil any of the predispositions for
comfort, relaxation, engagement
or discovery. This is because
boring environments decrease
acoustic competence as they
are too comfortable. And chaotic
environments are too challenging for
behaviour to take place.
Even though an acoustic environment
affords a particular set of behaviours,
this does not mean that the behaviour
will take place, even though the
people perceive the affordances
and are competent enough to use
them. Contrarily, if the affordances
are missing, the behaviour cannot
take place. Therefore it is important
to accommodate calm and lively
orchestrations that fulfil people’s
predispositions of public space in
sound-response design. This can be
achieved through the incorporation
of the defensive, offensive and
inventive strategies, provided that the
background sound level is below 65
32

dB (Cerwen, 2016). While the division
could be debated, it is interesting as
an aid for introducing new sounds in
acoustic design considerations.
It has shown that there is scope
for changing the acoustic design
of the acoustic environment, and
that the perception of the acoustic
environment can be enhanced.
In addition, the findings support
the standpoint that the design of
acoustically comfortable public space
involves aspects that go beyond what
can be measured through decibels
(Cerwen, 2016). However, before
considering the implementation
of the strategic strategies in the
outskirts of Frankfurt we first need
to know how people react to acoustic
conditions, what acoustic conditions
are present, how they are appraised,
and what they afford in terms of
activities and – given that activity
– acoustic comfort. This brings us
to the introduction of the research
design in Chapter 3.

Notes
[1] Most of these studies are
laboratory-based, with the exception
of a few studies on environmental
noise on regional scale (Carles
et al, 1992; Ferguson et al, 2006;
Porteous and Mastin, 1985; Schafer,
1977; Truax, 1978; 1991; 1999; 2001;
Southworth, 1969;;; Viollon et al,
2002).
[2] The sounds that orchestrate the
urban sound environment can also be
divided into geophonies, biophonies,
and anthrophonies (Farina, 2014;
Pijanowski et al, 2011a; 2011b;
Schafer, 1977). Such a distinction
is, however, more appropriate for
the orchestration of rural sound
environment.
[3] Reflection can also lead to
echoes. Echoes are different from
reverberation. Where reverberation

tends to combine as prolonged sound
waves, echoes are characterized by a
time delay between the perception of
the reflection sound and the original
sound wave (Kang, 2007). However,
where reverberation is common in
the urban sound environment, echo
is not.
[4] Generalization can be based on
a stimulus or response. In the case
of stimulus generalization, the same
responses are given to a response
in different sound environments,
whereas in the case of response
generalization, different responses
are given to the same sound
environment (Lang, 1987).
[5] With increasing age, for example,
users are generally more tolerant to
biophonies produced by animals and
humans (Kang, 2007). Youth, on the
other hand, tend to be more tolerant
to anthrophonies, like road traffic
noise (Kang, 2007). While it has been
indicated that no other factor than
age affects noise sensitivity, it has
been suggested that women have
a tendency to be more sensitive to
noise than men (Weinstein, 1978;
Mehrabian, 1976; Taylor, 1984).
[6] This notation receives support
from research findings, indicating
that affective evaluations of sounds
are more important than acoustic
properties when it comes the
categorization of sound (Berglund et
al, 2002).
[7] The warning signal of an
ambulance, for example, enhances
road traffic to make space so an
ambulance can access its destination
faster in case of an emergency.
[8] The overview of needs in public
space proposed by Carr, Francis,
Rivlin and Stone (1992) is derived
from a journal article on human
motivation. Here, Maslow, Langfeld
and Herbert (1943) identified a
number of factors that are essential
in motivating people according to

their needs. The theory, which came
to be known as the Hierarchy of
Human Needs, distinguishes five
basic human needs: physiological
needs, safety and security needs,
affiliation needs, esteem needs and
self-actualization.
[9] This includes tools such as noise
barriers, low-noise road surfaces
or the use of green roofs and green
facades.
[10] The improvement of road
surfaces concerns the replacement
of paving stones between tramlines
and development of low-noise road
surfaces (whispering asphalt) (RD,
2010a; 2010b). The improvement of
road surfaces is common practice in
Frankfurt. Recently, an experiment
has been conducted on newly
developed low-noise road surfaces
in construction in Wächtersbacher
Strasse (Fechenheim) and
Offenbacher Landstrasse (Oberrad)
(Müncke, personal communication, 3
February, 2016).
[11] Limits for top speed have
been set for urban roads and urban
motorways, allowing one to drive at a
maximum speed of 30 km an hour on
urban roads and 100 kilometres an
hour on urban motorways (RD, 2010a;
2010b). As road traffic noise forms a
substantial risk, especially if the night
sleep is disturbed, an experiment has
been set up for allowing top speeds
of 30 km an hour at night on selected
major roads (Müncke, personal
communication, 3 February, 2016).
So far, the results, particularly in the
sensitive night-peak times between
5:00 and 6:00 pm, show significant
noise-reducing effects (Müncke,
personal communication, 3 February,
2016).
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CHAPTER 3

METHODS AND MATERIALS

The research objective of the
study presented in this thesis
was to conduct sound-responsive
principles for the creation of acoustic
comfortable public space and
larger public space networks in the
outskirts of Frankfurt (Lenzholzer et
al, 2013; Creswell, 2014). Specifically,
the research focused on a multiplecase design for the urban sound
environment of Niederrad, an urban
district located in the southern
outskirts of Frankfurt, where the
acoustic comfort conditions have
already been set as a prelude to
further deterioration. Since the
opening of the northwest landing
strip in October 2011, people
have been holding petitions and
complaining to the authorities about
the increase in the number of flight
movements (see Figure 3.1) (Reiss,
2012; Rheker, 2012a; 2012b). This
means that periods between noise
events are shorter, giving those
concerned less time to recover.
This chapter sets out the multiplecase design and methods for the
evaluation of the urban sound
environment in Niederrad, starting
with a description on the research
area in Section 3.1. Next the
multiple-case design of this thesis
is introduced in Section 3.2. This
section is followed by a section on
the cross-case comparison to assure
the triangulation of the evaluation
methods and case studies (see
Section 3.3). Finally, Section 3.4
emphasises the significance of this
thesis.

3.1

Research area

Niederrad is characterised by a
recent but rich urban past. The
first settlement dates back to 1128
(Hardt, 2007; 2011), when Kaiser
Lothar II von Supplinburg granted
Ritter Konrad von Hagen about 200
acres of forestland located between
Schwanheim and Königsbach (Hardt
2007; 2011). Konrad von Hagen
constructed the Kelsterbacherstrasse
and Schwanheimerstrasse, followed
by the ‘Rodung’, known as ‘Rode’. In
1151, when the settlement numbered
12-16 houses, its name was changed
into ‘Nieder-Rode’, followed by
‘Niederrad’ not much later (Hardt,
2007; 2011). The residents at that
time lived from agriculture and
fisheries.
Urban development
Over the years the settlement
expanded (291 ha) to the south,
bordering the estates Oberforshaus

and (now remains of) Villa Weinsberg
und Stadtwald (see Figure 3.2;
Figure 3.3). It is ideally situated on
a loop of the Main, but limited in the
area available for farmland, so the
ancillary activity of the Niederäder
became the washing and staining
of clothes in the laundries of
neighbouring rural populations. For
a long time, the village was referred
to as the ‘Wäsherdorf’ (English:
scrubber village), attracting leading
companies on laundry cleaning
and bleaching, including a cotton
mill (1760-1825) owned by Johan
Friedrich Müller in Frauenhof (see
Figure 3.3) (Hardt, 2007; 2011).
Many infrastructural and urban
developments were established in
Niederrad and its surroundings in
this prosperous period, including
‘Galopprennbahn Frankfurt’ (1865),
‘Main-Neckar-Brücke’ (1880),
‘Friedhof Niederrad’ (1881), ‘Schleuse
Niederrad’ (1883) and ‘Niederrader
Kläranlage’ (1887) (see Figure 3.2;
Figure 3.3) (Hardt, 2007; 2011).

Fig. 3.1 - Protest against air traffic noise in Niederrad. Photo: Sascha Rheker (2012b).
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1:15.000
Fig. 3.2 - Remarkable remants in the urban development of Niederrad with (a) Oberforshaus, (b) Villa Weinsberg, (c) Frauenhof, (d) Galopprennbahn, (e) MainNecker-Brücke, (f) Friedhof Niederrad, (g) Licht- und Luftbad Niederrad, and (h) Zick-Zack-Hausen (Hardt, 2007; 2011).

In 1900 Niederrad joined the
municipal district of the City of
Frankfurt am Main. By that time
it had grown into a village of 8800
residents (Hardt, 2007; 2011). In
1925 businessman Eugen René
Lacroix opened an international
delicacy company, named Lacroix.
After closure of the factory decennia
later, Niederrad – an urban district
of Frankfurt - was designated a
residential area. This residential area
included the settlements Bruckfeld
Siedlung, Adolf-Miersch Sieldung,
and Mainfeld Siedlung. The Bruckfeld
Siedlung (with Zick-Zack-Hausen)
was first planned by environmental
designers in the 1920s under the
direction of Ernst May, followed by the
Adolf Miersch Siedlung and high-rise
Mainfeld Siedlung (see Figure 3.2;
Figure 3.3).
The residential area of Niederrad
forms part of the western wing
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of the university hospital of
‘Goethe-Universität’ (German:
‘Universitätsklinikums Frankfurt’).
Furthermore, the district also
borders on ‘Bürostadt Niederrad’
(1963), an office area located in the
neighbouring district, Schwanheim.
The office area, which is home
to some important Frankfurter
institution, also houses the sewage
treatment plant which was built
in 1887. In addition, a golf course
(former horse race course) is
located in the neighbouring
district Sachsenhausen, as well
as the Frankfurter sports stadium
‘Commerzbank-Arena’.
Acoustic conditions
Today, Niederrad is one of the nosiest
suburban districts in Frankfurt,
as all kind of traffic noises can be
heard in this residential area. As
the urban district is located near

Frankfurt Airport (German: Frankfurt
Flughafen), the people living in
Niederrad are plagued by air traffic
noise from the approach route from
the northwest landing strip, but also
from the take-off path that passes
directly over Niederrad (see Figure
3.4).
Noise maps on road, rail and air
traffic , however, indicate that road
traffic is, by far, the major source of
traffic noise in Niederrad (see Figure
3.5). The urban streets in Niederrad
are catalysers of road traffic noise
in Niederrad, as the urban district
is located in the proximity of heavy
traffic roads such as HamburgBasel (A5) and Ruhr-Munich (A3),
as well Wiesbaden-Hanau (B43) and
Wiesbaden-Ludwigshafen (B44).
Other traffic noise in these streets
is generated by the urban transport
network, which compromises 3 train

lines (S-Bahn S7, S8, and S9), 5 tram
lines (Strassenbahn 12, 15, 19, 20,
21), and 5 bus lines (Bus 51, 61, 78,
79, 80) (see Figure 3.6). Rail traffic
noise, however, is concentrated
around Station Frankfurt-Niederrad,
which connects the urban district
with regional trains to Koblenz
Hauptbahnhof (Regional Express
RE2) and Mannheim Hauptbahnhof
(Regional Express RE70).
The impact of these traffic sounds
- collected in noise maps - show
the distribution of sound pressure
levels of road, rail and air traffic. The
noise maps illustrate that the urban
district, whatever the sound source,
is exposed to calculated sound
pressure levels above 65 dB (HLNUG,
2016). Such decibel levels exceed the
defined threshold of 55 dB for day
and night periods, which is defined in
the European Environmental Noise
Directive (abbreviated to ‘END’) [1]
(EP, 2002). This means that the traffic
noise impacts health of the people
living in Niederrad. This is no mere
nuisance, but impairs learning at
school, productivity at work, and

healing in the hospital within the
urban district (DPA, 2014; WHO, 1999;
2000; 2011).
The City of Frankfurt is conscious
of the problem and has worked out
noise reduction plans and noise
management action plans for several
city districts [2]. For Oberrad such
plans have been completed, and also
in Sachsenhausen a comprehensive
noise abatement plan has been
drawn up (RD, 2010a; 2010b; 2010c;
SFM, 2005).. But still, little attention
is paid to Niederrad, which is directly
located along the departure route
where aircraft take off every two
minutes (see Figure 3.4; Figure 3.7).
Neither a noise reduction plan, nor a
noise management action plan has
been published.
Therefore the residential area of
Niederrad, which in addition consists
of office and hospital area, formed
the subject of the multiple-case
design recorded in this thesis. The
residential area was chosen for
further evaluation, considering the
area in Niederrad has been publicly

accessible and frequently used,
both on weekdays and in weekends.
Neither applied for the office area, or
for the hospital area.
Research sites
Three streets fell within the
residential area under investigation,
including Kelsterbacherstrasse
(including location A to E),
Bruckfeldstrasse (including location
F to J), and Adolf-Miersch-Strasse
(including location K to O) (see Figure
3.8). Kelsterbacherstrasse was part
of the first occupation of Niederrad,
which dates back to 1128 (Hardt,
2007; 2011). Today the street is used
as a thoroughfare for cyclists and
pedestrians (see Figure 3.9). The
business structure in the street
includes a bike repair shop with
limited opening ours. Two ‘trinkhalle’
are located on these streets. These
are the sales stands for alcoholic and
non-alcoholic beverages for people
who gather here. ‘Trinkhalle’ also sell
necessities, such as tobacco, sweets,
and magazines.

A

ca 1900

B

1819

C

ca 1900

D

1927

E

ca 1920

F

ca 1900

Fig. 3.3 - Archival footage of (a) Oberforshaus, (b) Wolle Mühle, (c) Galopprennbahn, (d) Main-Neckar-Brücke, (e) Bruckfeld Siedlung, and (f) Waldbahn (1900). Photo:
Bezirkverein Niederrad., 2016).
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1:150.000
Fig. 3.4 - Niederrad plagued by air traffic noise from flying routes that approach and take-off from Frankfurt Airport (HLNUG, 2016).

Bruckfeldstrasse is the main
shopping street of Niederrad (see
Figure 3.10). The business structure
includes small retail stores, discount
stores, service providers, several
restaurants and a hotel. In addition,
some doctors’ and lawyers’ offices
are located in the upper floor of the
houses. The acoustic environment of
the Bruckfeldstrasse is characterised
as an interstate thoroughfare and
shopping street. The traffic noise
is almost exclusively due to cars
38

and delivery transports, as only
a few trucks travel this road. Only
a small percentage of the people
that work in the office district
use the Bruckfeldstrasse to avoid
waiting times at traffic lights to the
Niederrader and Schwanheimer
Uferstrasse during the busiest traffic
times. Besides, much of the traffic
noise is caused by public transport,
including tram 15 and bus 51,passing
through Bruckfeldstrasse, including.

Adolf-Miersch-Strasse is located
in the extension of Triffstrasse
(see Figure 3.11). Together the
streets form a thoroughfare for
fast-moving cars to and from the
office in Niederrad. The FrankfurtNiederrad station is located on
an elevated platform above AdolfMiersch-Strasse. The main platform
consists of two platforms accessible
from the street via lifts and stairs.
Interchanges for tram lines 12 and
19 (19 running only at certain times)

Fig. 3.5 - Noise maps with the distribution of road traffic noise during the day (left) and during the night (right) in Niederrad (HLNUG, 2016).

Fig. 3.6 - Noise maps with the distribution of rail traffic noise during the day (left) and during the night (right) in Niederrad (HLNUG, 2016).

Fig. 3.7 - Noise maps with the distribution of air traffic noise during the day (left) and during the night (right) in Niederrad (HLNUG, 2016).
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1:15.000

Fig. 3.7 - Within the residential area Kelsterbacherstrasse, Bruckfeldstrasse, and Adolf-Mierschstrasse are under investigation (author).

and bus lines 78 (runs only from
Monday to Friday) and 79 (runs only
in the mornings from Monday to
Friday) are located under the station.
Most of the buildings on the street
are residences, with a few services
located on the ground floor, such as
a hotel, a pizzeria, a fitness centre,
a tanning salon, a hairdresser and a
confectioner.

3.2

Research design

The research - as a multiple-case
design – showed the causal links
between lived experiences of noise
disturbances in real urban situations
to be too complex for a single case
(Farina, 2014; Yin, 2003). Certainly,
a single-case design captures
an evaluation of lived acoustic

40

experiences, but the experiences of
noise change during the day, varying
with seasons.
Undertaking multiple-case studies
generates more appropriate
explanations of seasonal acoustic
comfort conditions in suburban public
space. Therefore seasonal fieldwork
was conducted on the public space
of Niederrad in July 2015 (summer),
October 2015 (autumn), February
2016 (winter), and May 2016 (spring).
Each season was treated as a
separate case, but similar evaluation
methods were conducted using four
research protocols, as indicated in
the conceptual framework, illustrated
in Figure 3.11.
The first protocol investigated
acoustic comfort conditions that were
perceived in suburban public space of

Frankfurt over the seasons through
measurements (RQ1). The second
protocol examined how people
appraise acoustic conditions in the
suburban pubic space of Frankfurt
over the seasons through intercept
surveys (RQ2). Third, the impact of
acoustic comfort conditions on overt
user patterns in suburban public
space was investigated through
observations (RQ3). The fourth
protocol explored principles for the
(re)design of acoustic comfortable
suburban public space of Frankfurt
over the season through design
models (RQ4).
The sequence of the seasonal case
studies was primarily fixed, in the
sense that the cases of spring,
summer, autumn, and winter
followed one after the other. Excepted
here was the immediate collection
of both quantitative and qualitative

Fig. 3.8 - Kelsterbacherstrasse with urban morphologies that date back to 1128 (author).

data according to the observation
protocol, first tested in a pilot case
design in February 2015. The content
of these protocols run parallel due
to restrictions in time, resources and
weather conditions as related to the
fieldwork conducted in a strict order
across the multiple case studies.

3.3

Research methods

The multiple-case design, described
above, primarily relies on a mixedmethod approach for the evaluation
of the complex problem of noise in
Niederrad (Patton, 2002; Creswell,
2014; Milburn and Brown, 2003).
A combination of quantitative and
qualitative methods was employed to
complete this evaluation, including
sound measurements, intercept
surveys, unconstructive observations

and design models. Together, these
methods delivered an empirical
database to inform sound-responsive
design principles for acoustic
comfortable suburban public space.

to high pitch sounds as they stand
out as a note, signal or mark. In
preparation for the actual fieldwork,
measurement protocols were
developed for these criteria.

Sound measurements

This measurement included
decibel measurement and spectral
measurements at 15 locations
along a predesignated route
in the Kelsterbacherstrasse,
Bruchfeldstrasse, and AdolfMiersch-Strasse (see Figure 3.6).
At each location data was collected
for duration of two minutes with a
Voltcraft SL-50 Digital Sound Level
Meter and a Tascam DR-05 Digital
Recorder [3]. After the fieldwork,
measurements in the morning (7:00
am to 9:00 am), noon (11:00 am to
1:00 pm) and early evening (5:00
pm to 7:00 pm) were processed for
location B, Location H and Location
H, as sound pressure levels and the
sound sources reached their maxima

Decibel measurements constitute
a common method in current noise
abatement and noise reduction
practice. As indicated in Chapter 2
it is important to use these method
in order to determine wheather
a background sound level needs
to be lowered below 65 dB. A low
background sound level, preferably
below 65 dBA, can make people
feel more comfortable, even the
foreground sounds reach higher
levels (Kang, 2007; 2002b; Kang, et
al (2003); Kang and Zhang, 2002;
2003;; Yang and Kang, 2001; 2003). In
addition, people are more sensitive
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during the rush hours captured in
those periods [4].
First, decibel measurements and
spectral recordings were stored in
digital format in a memory storage
device (e.g. external hard disk drive).
Second, audio recordings were
processed by applying Amplitude
Statistics and Frequency analysis
in Adobe Audition [5] (Farina, 2014).
Third, the results were combined
and plotted into spectrograms,
accompanied with tables of averaged
decibel levels (see Chapter 4).
The spectrogram represents
fundamental pitches in the acoustic
orchestration across frequencies
and time of individual sound sources.
Likewise, the spectrogram illustrates
fluctuation of amplitude within
that same spectral measurement.
Lastly, the results were documented
in the appendix for cross-case

comparison. In this way the collected
measurements and observations
were accompanied by additional
research notes and weather
conditions, such as temperature,
precipitation, wind speed and wind
direction, all of which were registered
by a reference station at Frankfurt
Airport (Gehl and Svarre, 2013; Kang,
2007).
Intercept surveys
Conducting intercept surveys among
people in the public space is a
renowned method for investigating
people’s acoustic experience
related to the characteristics of
the acoustic environment (Kang,
2007; Rychtarikova and Vermeir,
2013; Susini et al, 1991). This survey
focused on the acoustic comfort
conditions at three locations in public
space that visitors chose to fulfil their

Fig. 3.9 - Bruckfeldstrasse with view on the office area and sewage treatment plant (author).
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acoustic demands of that moment
(Gehl, 1987; Whyte, 1980). The
intercept survey covered individual
characteristics (age and gender),
followed by two questions, as well as
a field left for ‘other comments’.
In the first question, respondents
were asked to note down three
noticed sounds; and respond to the
noticed sounds on a scale ranging
from favourite (F), neither favourite
nor annoying (N), and annoying (A)
(Kang, 2007). The second question
asked them for a rating of in situ
acoustic experience according to
their level of comfort at Location
B, Location Hand Location K,
highlighted in Figure 3.8 [6] (see
Chapter 2). Here, multiple answers
were possible, as people could
express their satisfaction with the
overall acoustic comfort as well
individual sounds on a five-point

scale from very uncomfortable (-2) to
very comfortable (2) [7] (Johansson et
al, 2014).
People from the selected public
spaces and larger public space
network were randomly approached
to complete a three-minute
questionnaire. Some of the people
who filled in the intercept survey were
also asked to participate in a followup interview on a different occasion.
The selection of these people was
based on a general intention to
add additional information on the
problem of noise in Niederrad.
The answers were organised in
Microsoft Excel and analysed using
IBM SPSS Statistics (Cerwén, 2016).
Next, the ratings were visualised in
diagrams, using Adobe Illustrator
to provide an organised overview of
either the appreciation of noticed

sounds or the perceived acoustic
comfort judgement. The interviews
were analysed in relation to other
research findings, including aspects,
ranging from design considerations
and acoustic experiences to policy
recommendations.
Unobtrusive observations
Observations represent a well-known
method to investigate the character
and use of public space to deliver
relevant spatial information for the
(re)design of the street. (Deming and
Swaffield, 2011; Meijering et al, 2015).
Similar to studies from Golicnik and
Ward Thompson (2010), this study
combines unobtrusive observation
with geodata analysis. Observation
protocols were developed in
preparation for the actual fieldwork.
An accurate map of the series of

streets on scale 1:1000 supported
the transfer of the precise location of
park-over user patterns to the plan
and a table to add date and time of
the observation of the moments.
Observations were, for example,
recording user patterns, including
typical local movement (behaviour
maps), concentration of typical local
activities (behaviour maps), and
typical activities (photo surveys) on
the plan [8]. Each recording was
completed with a descriptive note
on the decibel measurement and
audio recording conducted during
the observations. During the data
collection the researcher followed
a fixed route, visiting 15 locations in
the streets under investigation [9].
This procedure was repeated every
two days for four seasons: during
weekdays - from 7:00 am to 7:00 pm

Fig. 3.10 - View on Station Frankfurt-Niederrad above Adolf-Miersch-Strasse (author).
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PREPERATION

First, the frequency of typical local
movements and density of typical
stationary activities was transported
into ArcMap, providing an extensive
dataset that included information
on overt user patterns in the public
space of Niederrad over the seasons.
Second, the dataset was used to
analyse the use of the public space
during the day and over the seasons
in order to select appropriate
timeframes for further investigation
[11]. In addition, photographs were
organised and presented in an
overview of fast-freezing situations
to illustrate changes in activities
at a location over time (Gehl and
Svarre, 2013). The data collection
and data analyses resulted in a
dataset of user patterns for different
times on weekdays and weekends
over the seasons. Third, the user
patterns were compared with the
accompanying spectrogram. From
this, one could determined what
acoustic comfort conditions enable
and what acoustic comfort conditions
interfere with overt user patterns
in the public space of Niederrad
throughout the day and throughout
the season (Kumar; 2011, Cresswell,
2014).

employed to acquire the knowledge,
insight and skills to solve the
noise problem at different scales
and abstraction levels (Lawson,
1980; Nijhuis and Bobbink, 2012).
Hence, design exercises, such
as brainstorming, sketching and
modelling, were performed as a
research method (Cross; 2006; 2011;
Francis, 2001) The design exercises
aimed at translating, testing and
adjusting the results of the fieldwork
into sound-responsive principles for
the (re)design of existing and new
acoustic comfortable suburban public
space (Klemm et al, 2013). Besides,
site visits (test walks), map studies,
archival research [12], document
studies and expert assessment
formed an important part of the work,

just as the genuine understanding
and innovation where it rose from.
From this a concept with guiding
design question (abbreviated to ‘RQ’)
and sound-responsive principles
were developed and tested in models
at various scale levels (from scale
1:10.000 to 1:200). This model testing
involved the creation of related
planning and design alternatives.
These alternatives were based on
relevant knowledge and a suitable
‘narrative’; they also addressed the
research in a different way. From
the most convincing model and its
‘narrative’ a final design diagnosis
was deduced and cast into seasonal
design proposal models. In iterative
planning and design, exercises for

RESEARCH PROTOCOL

PILOT CASE DESIGN

RQ1

RQ2

RQ3

RQ4

WINTER
CASE DESIGN

and in the weekend from 7:00 am
to 7:00 pm. After the fieldwork the
photo surveys were stored in digital
format in memory storage device (e.g.
external hard disk drive). Besides the
behavioural maps - originally mapped
by hand –were re-coded in digital
form to geodata using ArcMap; and
combined with statistics in Microsoft
Excel [10] (Golicnik and Ward
Thompson, 2010).

SPRING

SUMMER

AUTUMN

CROSS-CASE COMPARISON

To generate sound-responsive
principles for acoustic comfortable
public space in Niederrad, urban
configurations and their influence on
pedestrian exposure were analysed.
Iterative design model testing was
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RESULTS

Design models
SOUND-RESPONSIVE CHALLENGE

SOUND-RESPONSIVE STRATEGIES

SOUND-RESPONSVIVE DESIGN

Fig. 3.11 - Conceptual framework with multiple-case design.

the development of sound-responsive
principles were further tested against
various criteria. These included fitting
into the urban context (e.g. building
types, access systems, etc.), response
to the past of the site, provision of
acoustic comfort, stimulation of
social activities, and compliance with
the concept (including guiding design
question) (Alexandre et al, 1997;
Lynch, 1960). The collective results of
these exercises formed the basis of
the overall design proposal.
The final products and solutions of
this proposal are presented here
in a master planning framework
(1:5000) and public space design (at
scale 1:1000) presented in additional
drawings/diagrams, cross sections
(1:200 at scale) and audio-visual
artist impressions. Prior to this,
each seasonal design proposal was
presented and provided with feedback
during expert assessments and
design tutoring with experienced
designers (for example, my thesis
supervisor), knowledgeable experts
and novice fellow-students (Cross,
2006; 2011). .

3.4

Research quality

The use of multiple case sampling
added to the validity and reliability
of the research findings through
replication logic (Yin, 2003). As
already explained, this research
design is more powerful than a
single-case design, as it provides
more extensive descriptions and
explanations of the impact of
seasonal acoustic comfort conditions
on the use and potential use of public
space.
Cross-case examination was
employed to develop an in-depth
understanding of the impact
of perceived acoustic comfort
conditions on the use and potential
use of suburban public space. A
comparison of the measurements,

surveys, observations, and models
was conducted across all the cases
(Yin, 2003). In addition, the research
results, as well design models
of each case as an entity, were
compared to each of the other cases
(Yin, 2003).

development, as they involve issues of
health. Research has been conducted
on the health impacts of long-term
exposure to noise, as well as the
potential benefits of spending time
in quiet areas (Öhrstrom et al, 2006;
Shepherd et al, 2013).

For this cross-case comparison the
collected data of each evaluation
method was analysed separately
for each case, and then compared
in a combined result to offset any
weaknesses from a single method
with the strengths of another
(Gelafshani, 2003; Cresswell, 2014).
Hence, the comparison conveyed
detailed information divided over
multiple datasets for concurrent
triangulation (Cresswell, 2014). As
a result, cause-effect relationships
were identified, but insight was also
provided into the similarities and
differences across cases.

Few environmental designers are
already exploring the negative
aspects of acoustic environments in
conjunction with restorative aspects.
But we are, in general, unaware
of the importance of sounds for
designing healthier environments.
Whenever the urban sound
environment is on the agenda, the
primary concern is noise abatement
and noise reduction. The significance
of this study reported in the thesis
then may lie in the understanding
of how the urban sound environment
can be altered in the planning and
design of acoustic comfortable public
space.

Moreover, design thinking on the
research findings was ensured
through an iterative design model
testing (Millburn and Brown, 2003).
This model testing suited the testing
of the guidelines formulated in
design models as it included the
deconstruction of the problem into
series of structural reframing of
the problem, the use of similar
situations, and trial and error until
an appropriate solution is reached
(Milburn and Brown, 2003). In the end
the design models were evaluated
and transformed into environmental
design principles by logical reasoning
and using design exercises as a
research method (Lenzholzer et al,
2013).

3.5

Research significance

The typical characteristic of the
research design of this thesis is that
it entails, in addition to research,
a substantial design component
(Duchhart, 2011). This is not without
reason. Urban sound environments
are becoming increasingly recognised
as being significant for sustainable

Chapter 2 has already introduced a
theoretical framework in which both
the positive and negative impacts
of noise on health can be combined
and in which health effects as well
as (social) behavioural aspects are
integrated. The research findings
and design proposal presented in
the following chapters represent
a first attempt to bridge the gap
between academic knowledge and
practical applicability (Lenzholzer
et al, 2013). They will demonstrate
the significance of sound-responsive
principles for designing healthier
environments.

Notes
[1] In Frankfurt, the current focus
regarding urban noise climate as
stated in the Federal Pollution
Control Act (German: ‘BundesImmissionsschutzgesetz’, abbreviated
to ‘BImSchG’), which advise regional
authorities, such as Darmstadt
Regional Council, is on completing
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noise mapping and action planning
every five years in compliance with
the END (EP, 2002). The last noise
maps and action plans for Frankfurt
(as part of the Rhine-Main region)
were published in 2010 (RD, 2010a;
2010b; 2010c).
[2] The action plans focus on the
development of a reliable public
transport system, introduction
of traffic-calming measures and
noise abatement measures at road
junctions (RD, 2010a). In addition, the
action plan aims to protect schools,
hospitals and other noise-sensitive
buildings. For protection of these
buildings, quiet sides are designated
or noise barriers applied.
[3] During the measurements
equipment was held at a distance of
80 centimetres in front of the body at
ear height to minimise obstruction of
the body (Dings, 2013).
[4] The places under observation
were also frequently used by people
both on weekdays and in weekends
within these timeframes.
[5] For data analysis, the duration of
the recording was shortened to 90
seconds to avoid disruptions in the
recording.
[6] The comfort evaluation included
the following question on acoustic
comfort: How do you experience the
acoustic conditions at this moment in
this place?
[7] The first is concerned with the
identification of sound sources or
sound events, while the second
processes the urban sound
environment as a whole; in other
words, ambient/background noise is
considered and no specific sound is
isolated (Kang, 2007; 2002b; Kang,
et al (2003); Kang and Zhang, 2002;
2003;; Yang and Kang, 2001; 2003).
[8] The documentation is concerned
with the frequency of local cyclist
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and pedestrian movements in a
behaviour map. The same applies
for the concentrations of activities,
whereas the photo surveys give more
specific information on typical urban
activities.
[9] The streets under investigation
were divided into subareas for
observation, to ensure that each
round of observations included every
part of the site in a consistent way
(Eliasson et al, 2007; Golicnik and
Ward Thompson, 2010).
[10] Next the geodata in ArcMap was
exported to Adobe Illustrator and
converted into behaviour maps (scale
1:1000) using symbols with different
stroke weight, fill colour and opacity
for systematic documentation of
intensity local movements and local
activities.
[11] This created a rich, spatially
explicit database of observations
that made it possible to investigate
what over-user patterns took place at
different times of the day or days of
the week.
[12] The archival research included
the identification and consulting
of documents, maps and (aerial)
photographs dating back to the early
Middle Ages. These records are
held in communal archives of the
Institute of City History (German:
‘Institut für Stadtgeschichte’) and
in custody of the City of Frankfurt
(German: ‘Stadt Frankfurt am Main’)
and Neighbourhood Association
Niederrad (German: ‘Bezirksverein
Niederrad’).

CHAPTER 4

RESEARCH RESULTS

Chapter 3 indicated that the acoustic
comfort conditions in Niederrad are
already set as a prelude for further
deterioration in the urban open
public space. Niederrad, however, is
a convenient place to live for those
working in the financial and service
centres due to the proximity of the
Frankfurt International Airport and
the public transport connection to
the city centre. Moreover, rents are
affordable in the neighbourhood,
as there is a wide range of
different accommodation options.
Besides its excellent location
and affordable housing rents, the

neighbourhood is characterized by
facilities that cater to the needs of
the international character of the
expats living in Niederrad. There
are lot of restaurants and bars
located in the areas, as well as
a number of bakeries, butchers,
grocers and pharmacies. The
people living in Niederrad certainly
have no shortage of activities to
keep themselves entertained.
Nonetheless, it is expected that
the local acoustic situation in this
neighbourhood heavily impacts on
overt user patterns.

This chapter aims to gain an
understanding of how the urban
sound environment affords different
human activities and – given that
activity – acoustic comfort as well.
Based on the theoretical framework
as described in Chapter 2, this
chapter is organized around four
propositions on seasonal acoustic
comfort conditions that can be
checked using the data acquired (see
Section 3.3). The first proposition
is that over the seasons, chaotic
conditions are mostly perceived in
the public space of Niederrad. This
proposition is checked using decibel

1:15.000
Fig. 4.1 - At location B, H, and K sound measurements and unobtrusive observations were collected (author).
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Fig. 4.2 - Spectogram with high fluctuations in amplitude at location K in the noon and early evening during weekdays in spring (author).

and spectral measurements in
Section 4.1. The second proposition
implies that people appraise lively
and calm conditions in Niederrad´s
public space over the seasons.
The level of truth is discussed in
Section 4.2 according to the results
of intercept surveys. The third
proposition is concerned with the
prospect that acoustic comfort
condition heavily impacts on overt
user patterns in the public space of
Niederrad over the seasons. Whether
or not this hypothesis meets the
propositions is demonstrated in
Section 4.3. The fourth proposition
is that current practises on noise
abatement do not contribute to the
(re)design of acoustically comfortable
public space in Niederrad over the
seasons [1]. What sound-responsive
design principles can contribute is
further explained in the design model
testing results (Section 4.3).

4.1

Sound measurements

In total, 72 decibel measurements
and 72 spectral measurements
were collected at location B, H,
and K throughout the day and from
season to season (see Figure 4.1).
The morning (7:00 am to 9:00 am),
noon (11:00 am to 1:00 pm), and
early evening (5:00 pm to 7:00 pm)
measurements were processed into
decibel levels and spectorgrams for
each location. The measurements
were conducted in order to check the
proposition that chaotic conditions
are mostly perceived over the
seasons in the public space of
Niederrad. First the average levels
of the decibel measurements were
calculated as represented in Table
4.1, Table 4.2, and Table 4.3. Second
spectrograms were conducted as
previously explained in Section 3.3.
The spectrograms illustrated in
Figure 4.2 consists of one x-axis
that measures time (in seconds) and
two y-axes that measure amplitude
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(in dB) and frequency (in Hz). The
spectrogram indicates that quiet
audio recordings have lower peaks
in the waveform than loud audio. In
addition, the spectrogram shows
the frequency components of an
audio recording through colour. The
colours range from dark blue (lowamplitude frequencies) to bright
yellow (high-amplitude frequencies).
The spectrograms based on spectral
analysis produced for winter (see
Appendix A), spring (see Appendix
B), and autumn (see Appendix D)
mostly recorded low-amplitude
frequencies. The spectrograms
produced for summer (see Appendix
C) deviate from this, as the brighter
colours represent greater amplitude
components. This is because no wind
protector was used for the portable
audio recorder during the first field
research in July 2015. In order to
avoid too much noise from wind on
the additional field recordings a wind
protector is used.
According to the decibel

Table 4.1 - Minimum (min), maximum (max), and average (avg) decibel measurements (dBA) at Location B (author).

Day
Tue

Sat

Time

Winter

Spring

Summer

Autumn

Min

Max

Avg

Min

Max

Avg

Min

Max

Avg

Min

Max

Avg

7-9

61,4

76,5

69,0

50,1

78,1

64,1

27,1

82,7

54,9

60,9

83,1

72,0

11-13

56,0

77,3

66,7

44,8

73,5

59,2

49,5

88,6

69,1

52,0

77,2

64,6

17-19

56,9

84,1

70,5

47,7

84,1

65,9

53,4

84,1

68,8

50,3

74,9

62,6

7-9

58,1

76,9

67,5

56,4

80,9

68,7

55,7

80,1

67,9

55,1

78,9

67,0

11-13

61,6

83,0

72,3

50,2

89,1

69,7

40,0

87,0

63,5

54,8

82,4

68,6

17-19

58,1

78,7

68,4

49,3

77,0

63,2

51,0

81,4

66,2

54,3

87,6

71,0

Table 4.2 - Minimum (min), maximum (max), and average (avg) decibel measurements (dBA) at Location H (author).

Day
Tue

Sat

Time

Winter

Spring

Summer

Autumn

Min

Max

Avg

Min

Max

Avg

Min

Max

Avg

Min

Max

Avg

7-9

57,4

70,2

63,8

57,8

71,3

64,6

58,3

77,6

68,0

54,1

81,9

68,0

11-13

61,4

76,7

69,1

55,1

71,3

63,2

56,6

81,1

68,9

60,7

59,3

60,0

17-19

61,9

82,3

72,1

56,7

76,1

66,4

23,2

82,0

52,6

62,6

84,0

73,3

7-9

64,8

77.6

64,8

54,6

72,3

63,5

53,8

73,2

63,5

58,2

74,0

66,1

11-13

63,5

82,2

72,9

56,3

76,8

66,6

49,7

81,8

65,8

60,9

71,8

66,4

17-19

61,6

74,8

68,2

56,9

67,5

62,2

36,6

43,7

40,2

58,9

81,7

70,3

Table 4.3 - Minimum (min), maximum (max), and average (avg) decibel measurements (dBA) at Location K (author).

Day
Thu

Sun

Time

Winter

Spring

Summer

Autumn

Min

Max

Avg

Min

Max

Avg

Min

Max

Avg

Min

Max

Avg

7-9

55,8

76,7

66,3

60,0

76,8

68,4

66,6

83,2

74,9

60,9

74,6

67,8

11-13

61,6

83,4

72,5

69,1

69,1

69,1

63,9

92,0

78,0

58,7

75,3

67,0

17-19

61,9

81,5

71,7

27,6

75,2

51,4

59,1

77,3

68,2

59,9

71,8

65,9

7-9

59,5

82,8

71,2

60,5

87,3

73,9

35,7

79,1

57,4

40,5

76,1

58,3

11-13

64,9

81,8

73,4

61,4

79,7

70,6

61,4

81,2

71,3

29,7

70,2

50,0

17-19

59,8

77,3

68,6

61,0

93,3

77,2

62,7

77,9

70,3

54,1

78,6

66,4

measurements and spectral
measurement, the acoustic
environment of Niederrad consists
of lively (pleasant foreground),
boring (unpleasant foreground) and
chaotic (unpleasant foreground)
orchestrations. Calm orchestrations
were not present as no recording
was undisturbed by traffic noise.
The recordings demonstrated that

road traffic was the most dominant
and constant sound source in
Niederrad throughout the day
and over the seasons. As a result,
the acoustic environment of the
neighbourhood was characterized by
high fluctuations in amplitude due
the traffic noise disturbances that
reach maxima far above the 65 dB
(see Figure 4.2). Above this decibel

level the acoustic conditions provide
no opportunities for relaxation and
recuperation.
A few measurements with decibel
levels below 65 dBA were measured
in Kelsterbacherstrasse; in other
words, at Location B. However,
averages below this level are
hardly ever found due to strong
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Table 4.4 - Age of the respondents at Location B, Location H, and Location K (author).

Location B

Location H

Location K

Location B + H + K

N

%

N

%

N

%

N

%

< 20

2

6

4

7

2

4

8

6

21 < 30

0

0

2

4

5

9

7

5

31 < 40

3

9

13

24

11

20

27

19

41 < 60

12

34

14

26

12

22

38

26

> 60

18

51

21

39

25

45

64

44

35

100

54

100

55

100

144

100

Table 4.5 - Gender of the respondents at Location B, Location H, and Location K (author).

Location B

Location H

Location K

Location B + H + K

N

%

N

%

N

%

N

%

Male

18

51

32

59

27

49

77

53

Female

17

49

22

41

28

51

67

47

35

100

54

100

55

100

144

100

fluctuations of amplitude within the
spectral measurements, especially
in winter [2] (see Table 4.1). Within
the orchestration, footsteps, with
the exception of those of a starved
alley cat spring were recorded in
spring as fundamental pitches (see
Appendix B). In addition, soft-tolow-pitched sounds of dripping rain
(water) and rustling leaves (wind)
could be heard under certain weather
conditions in all seasons. However,
in the spectrograms, fundamental
pitches were hard to identify as
they overlapped, or were mixed or
masked by other sounds without
hindering. They merged in an overall
unpleasant background sound that
is neither pleasant nor activating. As
a result, the Kelsterbacherstrasse is
characterized by boring conditions
and low on meaningful audible
affordances.
Bruckfeldstrasse, in contrast, is
characterized by a lively environment
according to the measurements
conducted at Location H. The
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recordings indicated that the
acoustic environment of this street
is characterized by the presence
of motorised vehicles, aircrafts,
commercial bustle and other local
sound sources, such as the church
bell chimes [3]. Other common
sounds recorded were the voices
of passing school children, the
commuters during rush hour and
the surge of shoppers in shopping
streets, but also traffic noise. As
a result, Bruckfeldstrasse was
filled with fundamental pitches
that produced by vocal cords,
such as speaking, calling, singing,
laughing and groaning. Such sounds
attract the immediate attention of
listeners, especially in sspring and
ssummer, when people not only
consider they own routines but
notice urban activities of others as
well. Despite the lively conditions on
Bruckfeldstrasse, which is filled with
pleasant foreground sounds, people
are not undisturbed by loud traffic
noise. As a result, average decibel
levels far below 65 dB are hardly ever

measured, except for the decibel
measurement with an average
of 54.9 conducted on a summer
morning at location B (see the bold
pressed number in see Table 4.1)
and the decibel measurement with
an average of 40.2 dBA conducted
on a summer evening at Location
H (see the bold pressed number in
Table 4.2). Other low averages are
characterized by a low minimum but
a high maximum decibel level.
The acoustic conditions on AdolfMiersch-Strasse measured at
Location K are most chaotic, as this
street is not undisturbed by traffic
noise at all. Another disturber was
construction noise at the tram
stop during renovation in summer
(2015), autumn (2015), and winter
(2016) (see Appendix A; Appendix
C; Appendix D). According to the
spectral measurements, traffic noise
is the main cause of disturbance on
Adolf-Miersch-Strasse. These traffic
noises compose an orchestration
that is overloaded with unpleasant

foreground sounds, reaching maxima
far above the comfort level of 65 dBA
(see Table 4.3). The high-pitched
sounds caused by the engine, tyres,
and air turbulence of a motorized
vehicle comprise the main source of
interference. Sounds from railroad
and air traffic are important too,
but are less ubiquitous as they are
heard with interruptions. Due to the
presence of the traffic disturbances
on Adolf-Miersch-Strasse, neither
signals nor notes can be perceived
in its chaotic orchestration. This
applies to almost all spectral
measurements, as noted in the
appendix, with the exception of the
measurement conducted on Sunday
morning. In general, the more chaotic
the spectral measurement, the
more difficult it is to interpret due
to an overabundance of unpleasant
foreground sounds, which makes
people feel distressed.

above confirm the proposition
that chaotic conditions are mostly
perceived in the public space of
Niederrad over the seasons. However,
the traffic noise disturbances are
not equally distributed over time
and place. Differences in decibel
measurements, for instance, were
attributed to weekdays and weekends.
The same applies to fundamental
pitches in spectral measurements
that occurred at locations H and
K. As a result, Bruckfeldstrasse is
characterized by a lively character;
and Kelsterbacherstrasse by a
boring sound environment. However,
as decibel levels below 65 dBA are
hardly ever present in the public
space, people have no opportunities
to escape from noise and spend
time in calm orchestrations that are
undisturbed by traffic noise.

The research findings described

0%

50%

100%

0%

50%

4.2

Intercept surveys

A total number of 144 respondents
were interviewed after eight days
of fieldwork at Location B (N=35),
Location H (N=54), and Location K
(N=55) [4] in order to check what
acoustic conditions people appraise.
The composition of the respondents
at the different locations, in terms
of age group were comparable, as
most of the respondents consisted
of young adults and elderly people.
About 92% (N = 133) of the total
number of the respondents lived in
Niederrad, whereas 8% (N = 11) of the
respondents were visiting the area.
More information on the composition
of the respondents can be found in
Table 4.4 and Table 4.5.
When people were asked to note
down three sounds noticed,
mechanical sound was rated mostly
in Bruckfeldstrasse (at location

100%

0%

CAR/TRUCK

WIND

SPEECH

MOTORCYCLE

RAIN

SINGING

TRAIN

THUNDER

LAUGHTER

TRAM

RIVER

FOOTSTEPS

AIRPLANE

BIRD

BELL

JACK HAMMER

FROG

CLOCK CHIMES

VENTILATOR

INSECCT

FIREWORKS

MOOZAK

MAMMEL

SIREN

MECHANICAL SOUNDS

NATURAL SOUNDS

50%

100%

SOCIETAL SOUNDS

Fig. 4.3 - Evaluation of mechanical, natural, and societal sounds as favourite (green), neither (blue), and annoying (red (author).
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H) and Adolf-Miersch-Strasse (at
location K). Common mechanical
sounds were the vibratory events
of road, rail and air traffic, but also
the sirens of police, fire trucks and
ambulance vehicles. People also
rated a few societal sounds from
speech and footsteps, in particular, in
Kelsterbacherstrasse (at location B)
and Bruckfeldstrasse (at location H).
Natural sounds were not perceived
as notable sounds in the urban sound
environment of Niederrad. Most of
the natural sounds heard were wind
and rain. In addition, some people
heard birds, insects and mammals.
Four persons even recognised a
croaking frog at dawn and dusk.

annoying (A). Favourite sounds were
predominantly bird songs in spring
(see Figure 4.3). However, a barking
dog was experienced as being
annoying. The same applied to the
buzzing insects in summer. Natural
sound was followed by societal
sounds. Each societal sound was
neither perceived as annoying nor
as favourite, with the exception of
speech, which is rated as the most
favourite (see Figure 4.3). In addition,
people appreciated the clock chimes
of the church bell, in particular,
on Sundays during the service.
The survey results showed that
mechanical sound is perceived as the
most dominant as well as the most
annoying sound source in the acoustic
environment of Niederrad (see Figure
4.3). Jackhammers and ventilators,
for instance, are not appreciated.
However, the least appraised sounds

The majority of the ratings appraised
natural sounds, mostly on a scale
ranging from favourite (F), neither
favourite nor annoying (N) and

100%

0%

100%

FOREGROUND

BACKGROUND

KELSTERBACHERSTRASSE
100%

0%

100%

FOREGROUND

BACKGROUND

BRUCKFELDSTRASSE
100%

0%

100%

belong to traffic noise anyway. Among
the most annoying noise sources
for respondents were motorcycles
(including scooters and mopeds),
followed by airplanes and trams.
The ratings of the respondents
on their individual sound sources
confirm the proposition that people
appraise calm orchestrations
over chaotic orchestrations, and
lively orchestrations over boring
orchestrations (see Figure 4.4).
The evaluation of the orchestrated
ambience at location B, location H
and location K showed that people
deviated from this proposition, as
they could not appraise acoustic
environments undisturbed from
traffic noise with decibel levels
below 65 dB. Nevertheless, people
described their perception of the
individual sound sources as well as
the orchestrated ambience at the
locations at levels between very
uncomfortable and comfortable (see
Figure 4.4).
In Adolf-Miersch-Strasse (at location
K) the perception of mechanical
sound sources as well as the
chaotic ambient environment were
appraised as (very) uncomfortable.
At location H, perception of the
societal sound and mechanical sound
varied between uncomfortable and
comfortable; however, overall, the
lively background was still rated as
comfortable in Bruckfeldstrasse.
The same applies for the appraisal
of the boring conditions at location B
in Kelsterbacherstrasse. Thus, even
though people experienced noise,
they were able to find short-lived
moments perceived as acoustically
comfortable.

FOREGROUND

BACKGROUND

ADOLF-MIERSCH-STRASSE

Fig. 4.4 - Evaluation of foreground and background sound from very uncomfortable (red) to very comfortable
(green) at location B, H, and K (author).
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In the field in the intercept survey
left for ‘other comments’, people
explicitly worried about the air traffic
noise. This is not surprising as 92%
of the respondents (those living in
Niederrad) are plagued by air traffic
even though a night flight ban was
operative (see Figure 4.5; Figure 4.6).

Fig. 4.5 - During the observation was confirmed that the people living in Niederrad are plagued by air traffic noise (author).

Fig. 4.6 - Since de opening of the northwest landing strip protest banners are hang up in the neighbourhood (author). Photo left below: Sascha Rheker (2012b).
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policy recommendations. People
mentioned, for instance, the
neglected maintenance of facades
and the lack of trees and plants.
Others complained about the
lack of protection for cyclists and
pedestrians. These complaints
concerned obstacles on narrow
sidewalks, long waits between
pedestrian islands and confusing
cycle slip lanes. Seniors also wanted
benches for resting.

4.3

Unobtrusive observations

Unobtrusive observations were
conducted in parallel with the sound
measurements. In total, 72 behaviour
maps and 72 photo surveys were
collected at locations B, H and K
throughout the day and over the
seasons (see Figure 4.1). For each
location the measurements in the
morning (7:00 am to 9:00 am), noon
(11:00 am to 1:00 pm), and early
evening (5:00 pm to 7:00 pm) were
processed. Walking rates were
highest between 7:00 am and 9:00
am and 5:00 pm and 7:00 pm. Most
people observed walked to train,
bus or tram stops within these
timeframes, whereas at noon people
walked to the supermarket. This
indicated that most visitors lived or
worked nearby the streets under
investigation.

Fig. 4.7 - Behaviour maps at location H in the morning during a weekday in spring (author).

According to the ban, take-offs and
landings are not allowed between
11:00 pm and 5:00 am (RD, 2010c).
Furthermore, between 10:00 pm and
11:00 pm ; and 5:00 pm and 6:00 pm
annual averages of 133 schedule
flights are permissible (RD, 2010c).
People would like to get rid of this
last restriction.
In addition, people mentioned the
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importance of fewer interruptions in
minor streets and reduction of traffic
signs in order to reduce accelerating
and decelerating engines at this
location. Besides, several persons
mentioned that they, in particular,
where annoyed by the sound that
an occasional tram produces when
it squeals on a corner. Additional
reactions, besides the acoustic
environment, included aspects,
ranging from design considerations
and acoustic experiences to

The pedestrian movements were
collected in behaviour maps
(see Figure 4.7). These maps
indicate typical local movement
and concentration of typical local
activities. The local movements are
represented in terms of frequency;
in other words, the thicker the red
line the more intense the pedestrian
movement. The typical local
activities are concerned with the
representation in terms of density.
The red circles, in others words,
indicate the concentration of activities
in terms of few, moderate and
intense. The filled circle represents

the volume of pedestrians sticking
around, while the open circle
represents the volume of pedestrians
walking by. The behaviour maps are
accompanied with photo surveys that
show typical activities (see Figure
4.8).
The results of the observation deviate
from the prospect that acoustic
comfort conditions heavily impact
acoustic comfort conditions for overt
user patterns in the public space
of Niederrad over the seasons.
Although there were a lot of people
on the street in Niederrad, only
regular daily activities, so-called
necessary activities, were afforded.
The behaviour maps for location B,
for instance, indicate typical local
movements of the commuter rush in
the direction of Rennbahnstrasse and
surge of shoppers in the direction
of Bruckfeldstrasse. Only around
lunch time were a few conversations
registered in Kelsterbacherstrasse
during the fieldwork in spring
and autumn. In Bruckfeldstrasse
a few optional activities were
carried out during leisure time at
Bruckfeldstrasse. However, most
of the local movements and local
activities indicated on the behaviour
map are concerned with necessary
activities. In general, the movements
were concerned with daily shopping
for groceries, whereas the activities
indicate where a concentration of
people waited for a bus or tram.
Here, the set-up of furniture near
bus and tram stops had more people
staying. The same applied to AdolfMiersch-Strasse, where the station is
a popular destination.
In general, the behaviour maps
indicated a clear routine of overt
user patterns in Niederrad on
weekdays (see Figure 4.7). In the
early morning bakeries open their
doors at 7:00 am. People grabbed
a coffee and bought sandwiches
at the local bakeries before taking
public transport to work. After the
rush hour of commuters, school
children passed the street on their

way to Frauenhofschuler (primary
education) and Salzmannschule
(secondary education) each morning,
with the exception of the fieldwork
during the summer holidays. Around
noon a search of shoppers, mostly
seniors, moved in the direction of
Bruckfeldstrasse on a regular basis.
As a result Kelsterbacherstrasse had
low activity rates, but high rates in
frequent visitors walking through the
street.
In Bruckfeldstrasse people gathered
to have a lunch at the local bakeries
about 3.00 pm as well. Meanwhile,

MORNING

postmen delivered packages in their
vans. After lunchtime some parents
took their children to the playground
at Bruckfeldplatz or Haardtwaldplatz;
however, in general, there were
not many children on the street
(see Figure 4.8). Only a few playing
activities were registered across the
seasons. Other observed activities
that people engage in seemed to
correlate with available options,
such as viewing window shops of the
local retailers. In the early evening
(5:00 pm to 7:00 pm) commuters
returned home from work by public
transport. Most people went straight

NOON

EARLY EVENING

F

G

H

I

J
Fig. 4.8 - Photo survey at location F, G, H, I, and J in morning (left), noon (middle) and early evening (right)
during weekdays in spring (author).
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1:15.000
Fig. 4.9 - Distribution of road traffic noise trough propagation in Bruckfeldstrasse (H) and Adolf-Miersch-Strasse (K) (HLNUG, 2016).

home, while others congregated at
Trinkhalle for a drink.

In the weekends public life started
a few hours later, but also showed
striking patterns. On Saturdays,
people first gathered in the street
with the opening of the weekly
market at 8:00 am. About 11:00 am
people tended to gather at Trinkhalle.
The size of the tumultuous crowd
increased during the day to 24 people
in the early evening. At the same
time, whole families would go out
for dinner, whereas young adults
were sent out to pick up a pizza.
On Sundays people sleep in, as no
people were encountered during
the observation until a few racing
cyclists passed the Adolf-MierschStrasse and Trifftstrasse at 9:45 am.
Not much later, more people entered
the street for breakfast at the local
56

bakeries. In autumn, a few (grand)
parents went to the playground on
Sundays, but in winter, spring, and
summer most took their children for
a walk to the hairdressers or bought
groceries winterspringsummeron
Saturdays.
In spite of the public space having
local and frequent users, people
hardly meet each other there, as
only a few optional activities and
hardly any social activities (social
interactions) were observed.
Regardless of the season, only
necessary activities were afforded by
the chaotic conditions in situ. Optional
activities were hardly practiced during
leisure time - not even on a warm
summer holiday – due to excessive
exposure to traffic noise. As a result,
social activities only sporadically
developed around necessary and
optional activities in spring and
autumn, with the exception of the

days with moderate to heavy rain.
From a comparison of the different
unobtrusive observations it seems
that local weather conditions had
more impact on the user activities
in the public space than acoustic
comfort conditions. So the acoustic
comfort conditions had limited impact
on overt user patterns in the public
space of Niederrad over the seasons.
However, the fact that people are
not spending much time outside for
optional activities may be explained
by a lack of acoustic comfortable
public space.

4.4

Design models

The results of the measurements,
surveys and interviews described
above were used to analyse what
design interventions contribute to the
(re)design of acoustically comfortable
suburban pubic space. Iterative

design model testing was employed
to acquire the knowledge, insight and
skills for solving the noise problem
at different scale and abstraction
levels. The different design model
tests showed that current measures
for controlling noise pollution to
be a sum of small achievements.
However, the interventions were
out of place as they neither fitted in
the experience of the public space,
nor in the context of the larger
public space network. Despite this,
the seasonal design model tests
were not conducted in vain. The
tests led, in fact, to the insight that
the most propitious approach to
creating acoustic comfortable public
space is to consider the defensive,
offensive and inventive strategy
concurrently, so their respective
strengths complement each other
(Cérwen, 2016). Returning to the crux
of the problem led to the decision to
integrate the three strategies into
one design proposal, to be explained
in the next chapter. For now, this
section discusses a framework for
sound-responsive design principles
investigated in the design models.
These principles, categorized as
defensive, offensive and inventive
princples, will be discussed below.

movements and rolling movements
from motorised vehicles . Technical
adaptations on cars, trucks, and
trains were deemed appropriate
measures for the reduction of noise
at the source. Electronic engines are
not effective as most of the traffic
noise is caused by the rolling noise
produced by tires on the road surface
or the friction between a metal
rail and a metal wheel. However,
re-orchestration of traffic noise
provides realistic opportunities
for improving the overall acoustic
ambiance, including rolling noise. As
traffic is the result of the travelling
cars, trains, buses and trucks,
re-orchestration can be achieved
through change in the quantity of
motorised vehicles and their speed
in a certain direction (Farina, 2014;
Kropp et al, 2016; Yu and Kang, 2008).

another barrier or building on the
opposite side of the street or road, or
when high-sided reflective vehicles
run close to the barrier (Kang, 2007).
The situation in
Kelsterbacherstrasse is comparable
to situation described above. In
this narrow street canyons cause
reverberation. The same applies
to Bruckfeldstrasse, where the
reception of road rail and rail traffic
reflections cause reverberations that
prolong an unpleasant foreground
sound (see Figure 4.9). Here, the time
it takes for the reflected sound to
decay 65 dB after this source is cut
off is much longer, for instance, than
in Adolf-Miersch-Strasse, particularly
under wet surface conditions.
However, also the wide street
canyon in Adolf-Miersch-Strasse is
not without annoyance (see Figure
4.9). Here, strong southwest winds
disperse road and rail traffic from
the street through dispersed building
blocks in the Adolf-Miersch-Siedlung.

Traffic noise is also characterized
by high fluctuation in terms of
accelerations caused by pedestrians,
intersections and parking places.
Noise redistribution is thus an
interesting measure for controlling
the urban sound environment.
Redistribution is an effective
measure in overcoming noise from
interruptions through the removal

Most of the traffic noise in the streets
under investigation was produced
by a variety of vibratory events
through sharing, collision, frictional

Defensive principles
The defensive approach for acoustic
design includes the reduction of
background sound level in the public
space around 65 dB, as explained
in Section 2.4. Three aspects of
noise reduction can be considered:
the source, the sound path and the
receiver. The most popular mitigation
measure in controlling mechanical
sound environment is noise reduction
at the source. This implies reducing
the level of unwanted noise or
mitigating noise at the source with
noise barriers, for example. However,
the effectiveness of noise barriers
is often significantly reduced after
(a) single or multiple reflection(s)
(Renterghem and Botteldooren, 2002;
2003; Renterghem et al, 2002). This
occurs, for instance, when there is

A

B

C

D

Fig. 4.10 - Examples of (a) general building form with additional (b) setback in lower stories, (c) inclined
balconies, and (d) inclined windows (Kropp et al, 2016).

57

of traffic. However, removing traffic
might cause congestion – including
increased noise – elsewhere. So in
terms of the overall noise impact,
noise redistribution is a local
remediation solution but does not
address the problem at the source. As
an alternative to noise redistribution,
traffic noise can be orchestrated as
well with, for example, lane closure
or opening, intersection control,
ramp metering and dynamic speed
limits. With such measures, the
fluctuation of interrupted traffic flows
can be controlled and sound levels
attenuated (Farina, 2014).
One of the most important
interventions to overcome this effect
of accelerating and decelerating
engines is the design of the
intersection. A common practice
has been to replace crossings by
roundabouts as a safer alternative
(Farina, 2014). Replacement of
crossings by roundabouts is, however,
doubtful, as noise reduction depends
on whether heavy vehicles are
tolerated or removed (Farina, 2014;
Kropp, 2016). Where heavy vehicles
are tolerated, an intersection
designed as a roundabout is
recommended, as roundabouts tend
to have lower noise levels (Kropp,
et al 2016). An illustration: as soon
as heavy vehicles are removed the
situation changes and crossings are
more desirable. This is because
they maintain a more constant
flow, whereas roundabouts tend to
result in higher congestion in traffic
networks [5] (Kropp et al, 2016).
Offensive principles
After reducing background sound
levels through traffic management,
the effects of architectural changes
and urban design options need to
be considered in urban quarters
and urban blocks for the creation of
quiet areas (see Section 2.4). Quiet
areas can be created through the
designation of quiet facades in the
(re)development of urban areas. Quiet
facades are building facades that are
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Fig. 4.10 - Examples of (a) urban street with additional (b) despressed road, (c) inclined barriers, and (d)
second road level (Kropp et al, 2016).

so arranged that the reflection can
be directed to less sensitive areas
(Kang, 2007). The sound pressure
on the facade during the day is then
not higher than 55 dB (EEA, 2014b).
This enables people to sleep with
their windows open without being
disturbed by traffic noise at night,
while during the day it allows outdoor
space at that facade without undue
disturbance from noise.
To warrant a quiet facade, it must
be located adjacent to areas without
direct traffic-noise exposure, such
as (semi-)enclosed courtyards
(Berg et al, 2012). This can decrease
decibel levels by around 10 dBA
(with a deviation of 3 dBA) for low
frequencies approaching hard
facades [6] (Berg et al, 2012; Kropp
et al, 2016). When there are no
opportunities for the identification
and designation of quiet areas, an
alternative solution can be found in
architectural elements, the facade
shape and the width of the street.
In addition, Urban furniture in the
urban sound environment can also
transform the propagation of sound,
whereas add-on small barriers,
absorptive layers and shaped
balconies can alleviate exposure

(Kang, 2000a; 2000b; 2000c; 2000d;
2007; Kang and Zhang, 2003; Kropp et
al, 2016).
To make a building self-protective,
a setback in the lower storeys is a
relevant intervention for the reduction
of noise levels (up to 4 dBA) for
pedestrians and on the facade in
the lower storeys (see Figure 4.10)
(Kang, 2007; Kropp et al, 2016). This
noise reduction is proportional to
the setback dimensions (Kropp et
al, 2016); in other words, increasing
setback depth reduces noise for
pedestrians and increasing setback
height reduces noise on the facade
(Kropp et al, 2016). Setbacks of five
metres in depth and two floors high
are the most efficient within the
sequence (Kropp et al , 2016). The
addition of balconies can reduce
decibels by at least 5 dBA on each
floor of the facade, except on the
ground floor (Mohson and Oldham,
1977; May, 1979; Hothersall et al,
1966; Hossam El-dien and Woloszyn,
2004, Kropp et al, 2016). The most
efficient balconies are inclined
ones with a ceiling on the lower
stories to reduce additional noise for
pedestrians. Triangular prominences
and shielded inclined windows on the

facade represent another important
intervention to reduce noise reduction
on the facade (Mohson and Oldham,
1977; May, 1979; Hothersall et al,
1966; Hossam El-dien and Woloszyn,
2004, Kropp et al, 2016).

al, 2016). More relevant, however, is
to design a solid looking barrier, as
the more solid the barrier looks, the
more effective people think it is in
attenuating noise (Villon et al, 2002;
Villon, 2003).

Next to the design of a self-protective
building, the configuration of street
and adjacent public space affects
acoustic comfort in the urban sound
environment. Multiple reflection
as a result of reverberation, which
causes sound levels to rise, has to
be dealt with here (see Section 2.1)
(Kang, 2001; 2002a). To overcome the
effect of a street noise, barriers are
often introduced in different street
configurations (see Figure 4.11).
Although barriers have little effect on
the reverberation on facades flanking
the street, they can reduce the level
near pedestrians when provided with
an inclination of more than 4 dBA
(Kropp et al, 2016). The addition of
absorption on top and at the source
side of an inclined low barrier can
improve this reduction of pedestrian
exposure once more by 4 dBA (Eckici,
2004; Kropp et al, 2016). For a vertical
barrier, in contrast, the most efficient
faces for adding absorption are on
the receiver side and on top (Kropp et

In the case of a depressed road, the
effects are minimal if the sides are
straight and reflective (see Figure
4.11) (Kang, 2007). The addition of
an inclined barrier on the edge of
the road makes a depressed road
more effective, as it reduces noise
by 7 dBA for pedestrians and on the
ground floor (Kropp et al, 2016). This
improves with the addition of inclined
walls. Most efficient for pedestrians
and the facade, however, is to design
a depressed road with inclined
containing walls and inclined barriers
on the edge. A second road level
also helps to reduce noise levels for
pedestrians and along the facade (see
Figure 4.11) (Kropp et al, 2016). The
addition of parking space, inclined
walls and inclined low barriers linked
at both sides reduces noise up to 11
dBA for pedestrians and on the lower
storeys (Kropp et al, 2016). A second
road level is a relevant intervention,
particularly in the urban context
when the sight of a sound source
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Fig. 4.12 - Examples of (a) street canyons with additional (b) noise barriers, (c) green facades, and (d) urban
green (Kropp et al, 2016).

is obscured. The hearing level was
assessed to be greater than when the
sound source could be seen, either on
the whole or in part (Jin et al, 2001;
Kang, 2007; Magrab, 1975). In urban
situations urban green can have a
similar effect. Only the colour green
reduces perceived loudness, and
therewith traffic noise disturbances
(Scheuermann et al, 2016).
Inventive principles
When the background sound pressure
level is reduced to around 65 dB in
a quiet area, sound marks can be
designed according to the inventive
approach, as explained in Section
2.4. As motorised traffic, cyclists and
pedestrians are found in the same
street canyon, the design sound
marks are important for creating
lively and calm orchestrations.
Environmental designers are capable
of masking traffic noise with sound
marks with notable signals when it is
at the lowest level Sound marks are,
in particular, important in the design
of an urban sound environment, as
introducing a pleasant sound affects
acoustic comfort perception (see also
Section 2.2). Both active and passive
sound marks can be considered.
Active sound marks, on the one hand,
are the result of interesting activities
in the urban sound environment,
such as life music. Such marks are
achieved through the positioning
of different functions in the public
space (Hedfors, 2003; Southworth,
1969). It therefore important to
provide specific locations for
programming and to consider the
acoustic design of the space. Passive
marks, on the one hand, are design
objects with favourable sounds for
functional and aesthetic purposes.
This can be achieved through the
introduction of a water feature,
planting rustling vegetation or the
construction of suitable biotopes for
songbirds (Brown and Rutherford,
1994; Cérwen, 2016; Dawson, 1988;
Hedfords, 2003; Krause, 2013).
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Of the examples a water feature is
often the most common, as most
users find the sound of water
attractive, but only when the
flow rate of water is not constant.
Furthermore, keeping the same
sound level range makes people
lose interest; the effect on adaption
may diminish with time (Jeon et
al, 2010; Coense et al, 2011). Other
important sound marks that need
to be considered in the design of
acoustic comfortable public space are
rustling vegetation (Cerwén, 2016;
Hedfors, 2003).
Rustling vegetation not only
contributes to acoustic experience,
but also absorbs sound, reducing
traffic noise (see Figure 4.12)
(Farina, 2014). This acoustic effect
of vegetation arises from three
mechanisms: sound absorption,
which occurs when a sound wave
impinges on the vegetation, sound
reflection, when reflected back,
and sound level reduction, when a
sound wave is transmitted (Kang
and Oldham, 2003). However, the
effectiveness of a landscaping
attribute depends on its application.
As an example, green facades can
absorb noise reducing sound levels
by up to 10 dB, whereas a belt of
trees and shrubs between 15 and 30
metres wide can reduce sound levels
by as much as 6-8 dB (Cook and
Haverheke, 1972; Kang and Oldham,
2003; Scheuermann et al, 2016).
Adding even a small amount of
diffusion to a public space can be
beneficial from the viewpoint of
noise reduction (Kang, 2007). This
applies to street trees, even potted
plants, but is similar to furniture,
such as lampposts, benches and
dustbins, which can also effective
in reducing noise (Kang, 2000a;
2000b; 2000c; 2000d). In addition,
rustling vegetation can be used for
the construction of suitable biotopes
for the attraction songbirds and other
animals that produce favourable
sounds (Dawson, 1988). This not only
improves the acoustic environment,
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but also air pollution, heat stress and
wind nuisance in the neighbourhood.

4.5

Conclusion

With respect to the propositions
introduced at the beginning of
this chapter, the decibel and
spectral measurements indicate
that chaotic conditions are indeed
mostly perceived in the public space
of Niederrad over the seasons.
However, the acoustic environment
also consists of lively (pleasant
foreground) and boring (unpleasant
foreground) orchestrations. The
acoustic comfort conditions do not
change much over the seasons
as road traffic noise is the most
dominant and constant sound source
in Niederrad throughout the day and
over the seasons. As traffic noise
disturbances reach maxima far above
65 dB, the acoustic environment
provides no opportunities for
relaxation and recuperation.
Despite the fact that people have no
opportunities to escape from noise
and spend time in calm (pleasant
foreground) orchestrations that
are undisturbed by traffic noise,
they appraise lively and boring
orchestrations for their fundamental
pitch. Thus even though people
experienced noise, they were able to
find moments in the orchestrations
they perceived as being acoustically
comfortable. This did not apply to
chaotic orchestrations where people
tended to react with annoyance. In
the field left for ‘other comments’ in
the intercept survey, people said they
were explicitly worried about the air
traffic noise. This is not surprising
as 92% of the respondents (those
living in Niederrad) are plagued by air
traffic noise even though a night flight
ban is operative.
Although chaotic orchestration
strongly affected the mindsets of
people, they had limited impact on

the user activities (behaviour) in
the public space over the seasons.
Hence, the results do not confirm the
third proposition, as regardless of the
season, only necessary activities were
afforded by the chaotic conditions in
situ. Optional activities were hardly
practiced during leisure time - not
even during a warm summer holiday
– due to excessive exposure to traffic
noise. As a result, social activities
only sporadically developed around
necessary and optional activities.
In a comparison of the different
unobtrusive observations, it seems
that local weather conditions had
more impact on the user activities
in the public space than acoustic
comfort conditions. So the acoustic
comfort conditions had limited impact
on overt user patterns in the public
space of Niederrad over the seasons.
However, the fact that only necessary
activities are afforded under
suboptimal acoustic conditions
suggests that a higher level of
satisfaction with the acoustic
environment can allow more optional
activities to occur and necessary
activities to last longer. Social
interaction can take place through
these activities. As people only
dispraised chaotic environments
(unpleasant foreground), acoustic
comfort was already afforded in
various acoustic conditions. However,
the spectrograms ( included in
the appendix) indicate that these
moments are short-lived. In
addition, the current orchestrations
of the acoustic environment do not
afford opportunities for relaxation,
engagement and discovery, as calm
orchestrations were not recorded and
lively orchestrations – undisturbed
from traffic noise were hardly
perceived.
The different design model tests
showed current measures for
controlling noise pollution to be a
sum of small achievements. The
interventions, however, were out of
place, as they neither fitted in with
the experience of the public space,

nor in the context of the larger public
space network. Despite this, the
seasonal design models were not
conducted in vain as overlapping of
the models indicated that the noise
problem rose from badly designed
buildings located on wrong locations
and in ill-considered transportation
systems. After returning to the crux
of the problem, defensive, offensive,
and inventive principles were
explored.
The defensive principles focus on the
protection of people from mechanical
sounds considered as undesirable
or dangerous with the reduction of
background sound levels through
traffic management. In contrast, the
offensive principles are more focused
on the identification of the acoustic
qualities of the sound environment
so that these can be accorded their
importance. A popular offensive
strategy for combatting the invasion
of noise pollution is to offer access to
quiet areas. Principles to achieve this
consider the effects of architectural
changes and urban design options
through the designation of quiet
facades in the (re)development of
urban quarters and urban blocks.
Besides the defensive and offensive
principles, inventive principles are
concerned with the design of sound
marks. According to the accompanied
design strategy comfortable acoustic
conditions can be achieved through
innovative design interventions when
background sound levels are below
65 dB.
With regard to the design models,
an assumption and starting point for
the actual design proposal, the most
propitious approach in the (re)design
of acoustic comfortable public space
is to consider defensive, offensive
and inventive aspects concurrently,
so that their respective strengths
complement each other. The design
proposal presented in Chapter 5
therefore incorporates all three
approaches.

Notes
[1] According to research design,
discussion of the outcomes of the
iterative design model testing in
Section 4.4 was intended. However,
the outcomes were not sufficient,
as they consisted of incoherent
interventions in the public space and
larger public space network. A design
concept was developed as alternative.
This design concept is introduced in
Chapter 5.
[2] Strong fluctuation of amplitude
within spectral measurements is,
in particular, measured in winter.
It is expected this is because most
deciduous trees are without foliage
during this season.
[3] The presence of these sources is
no coincidence. People produce them
in everyday life, for example, during
travel between home and work.
Meanwhile, they do not only consider
their own routines, but notice the
daily activities of others as well.
[4] As low response rates can
introduce bias into survey results,
satisfaction of acoustic comfort
conditions is only concerned with
the acoustic conditions at the
three locations. Hence, no further
subcategorization according to the
response rates in winter (N=30)
spring, (N=34); summer (N=43), and
autumn (N=37) is needed.
[5] A crossing is, in any case, better
than a roundabout for reducing noise
levels for pedestrians and along the
facade. This is due to the low traffic
flow and the resulting higher driving
speeds, as vehicles need a larger gap
to enter a roundabout (Kropp et al,
2016).
[6] The attenuation of sound
pressure differs from programme to
programme. Yet, a garden or park is
always better than a parking lot.
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CHAPTER 5

DESIGN PROPOSAL

Prevailing (inter)national standards
and legislation aim to protect
people against the long termhealth effects of noise exposure.
This is of particular importance in
the Environmental Noise Directive
(END)of the European Union as it
also requires the protection of quiet
areas where acoustic conditions
are good (EP, 2002). Consultation
in relation to the identification and
designation of such in urban areas
has so far failed, as regulation on
quiet areas is somewhat limited
(Section 1.1). For instance, the END
does not contain a precise definition
of what constitutes a quiet area
and, therefore, it is left to each
competent authority to develop its
own approach to the identification
and protection of such areas (EEA,
2014b). As a result, there is no
clear alternative approach to the
identification and designation of
Quiet Areas within the Environment
Department of the City of Frankfurt
am Main (see Section 3.1) (Müncke,
personal communication, 3
February, 2016). This is because
the provision of access to a calm
sound environment is neither a
necessary legislative action nor a
task for authorities in suburban
situations. Rather, it is a matter of a
well thought out acoustic comfortconscious design proposal, as
concluded in Section 4.5..
The argumentation above supplies
the background reasoning and
application for the design proposal
illustrated in this chapter. Drawn
up in the design proposal is a
design challenge (see Section
5.1) and a design approach (see
Section 5.2) for a more acoustically
comfortable public space and a

larger public space network. The
factors signalled] through the lived
acoustic perceptions of the people
living and working in, and visiting the
series of streets (and locations,) have
been brought under attention in both
sections . The design approach is
further explored in a master planning
framework, which is described
in Section 5.3. This framework
aims at forming more tranquiller
surroundings based on observed
behaviours and proposed usage
patterns. Section 5.4 presents three
design elaborations of the master
planning framework. Those include
pubic space designs with partial
elaborations and profiles of relevant
components of the public space.

5.1

Design challenge

As regulation on quiet areas is
somewhat limited, the prevailing
noise directive has led to many
different interpretations for the
designation and protection of quiet
areas (EEA, 2014b). The designation
of ‘quiet’ has resulted in various
attempts to designate quiet areas
based on the assumption that a
quiet area is an area with very low
noise levels. Current practice in
the City of Leipzig and the City of
Munich, for instance, resulted in the
designation of ‘Rückzugsgebiete’ as
explained in the ‘problem description’
(Section 1.1) (Müncke, personal
communication, 3 February, 2016).
According to this legislation, several
natural and recreational areas with
sound levels below the 45 dB Lden
(during the day) and 40 dB Lngt (at
night) and a minimum size of 20 ha
were designated as areas for retreat

(EEA, 2014b; 2016).
In Frankfurt it is impossible to
designate quiet areas based on
the assumption that a quiet area
is an area with a low noise level,
as the sound measurements
indicate that quietness is elusive
(see Section 4.1). According to the
decibel measurement and spectral
measurements, sound levels below
45 dB Lden or 40 dB Lngt are hardly
ever found in the urban areas of
Niederrad (see Section 4.1). Yet
a clear alternative vision on the
identification and designation of
quiet areas is missing within the
Environment Department of the
City of Frankfurt. Meanwhile, the
situation around the preservation
of quiet areas in Frankfurt is set to
deteriorate as Urban Development
Department pursues subsequent
densification in the conversion or
restructuring with regard to streets,
blocks, quarters and districts
(Müncke, personal communication,
3 February, 2016; SFM, 2006).
Current building plans of the
Planning Department (German:
‘Stadtplanungsamt’) aim at urban
densification of Niederrad. The
department has developed building
plans for the redevelopment of
existing urban tissue, including
Bürostad Niederrad and Mainfeld
Siedlung (see Figure 3.2).
The building plan for Bürostadt
Niederrad is most ambitious. The
plan aims at transforming the office
district into a mixed commercial and
residential quarter. Several buildings
have already been demolished for
replacement by new apartment
blocks. Some 3000 new apartments
for approximately 6000 people will
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1:15.000

Fig. 5.1 -Current situation with locations for the developmetn of off-street garages along throughfares (author).

1:15.000
Fig. 5.3 - Offensive strategy for building characteristics in Niederrad (author).
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Fig. 5.2 - Defensive strategy for building communities in Niederrad (author).

1:15.000
Fig. 5.4 - Inventive strategy for building connections in Niederrad (author).

65

Fig. 5.5 - Master planning framework for building tranquil communities in Niederrad (author).
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be built in 2017 (SFM, 2015b). In
addition to the transformation of
Office District Niederrad, a design
competition has been announced for
the redevelopment of the existing
residential estate, the Mainfeld
Siedlung (SFM, 2015c). Currently,
the existing buildings and urban
fabric of residential estate, built
between 1968 and 1972, no longer
meet the requirements for housing
conditions in Germany (SFM 2015c).
The Planning Department of
Frankfurt therefore examined the
opportunities for redevelopment that
extend beyond the high-rise estate.
The concepts, as part of the design
competition held in 2009/2010, have
not provided a sound alternative
for the Mainfeld Siedlung, as there
have been loud protests against the
demolition of the existing high-rise
buildings (SFM, 2015c).
Altogether, the densification plans
for Niederrad have led to increased
traffic noise in urban districts, with
a reduction in the extension of quiet
areas. As a result, people living in
Niederrad will be exposed to an
increased level of road traffic, rail
traffic and air traffic noise, posing
a severe health risk (see Section
1.1). The impact of the lack of
tranquil areas is underestimated, as
urbanization continues to jeopardise,
while increasing requirements for
healthy living conditions places even
greater demands on urban sound
environment. The Environmental
Department of Frankfurt has effective
legislation to reduce noise, but this
does not necessarily lead to better
acoustic comfort, as noise pollution
arises from possibly badly designed
buildings located on possibly wrong
locations, and an ill-considered
transportation system [1] (see Section
4.1; Section 4.4).
To reflect on this further deterioration
of the urban (sound) environment,
people should have opportunities
to engage in tranquil sound
environments that are undisturbed
from traffic noise. Such areas can
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prevent feelings of discomfort
and encourage people to listen to
acoustic environments that are purely
designed on aural qualities (see
Section 4.4). The following design
question (abbreviated to ‘DQ’) is
based on this assumption:
DQ How can tranquil sound
environments serve as a medium for
healthy living conditions in FrankfurtNiederrad over the seasons?

5.2 Design approach
To answer this DQ, the design approach for this thesis shines light
on the potential impact of tranquil
communities, which consider health
as a strategic design concern. Tranquil communities are an identified
and designated cluster of urban
blocks which promotes conversation and contemplation related to
sight and hearing in desirable green
walking environments. The concept is
a simple, tough, and clever solution
to the acoustic discomfort problem
in Niederrad. Starting point for the
design approach is that the most
propitious approach in the (re)design
of acoustic comfortable public space
is to consider defensive, offensive and
inventive strategies concurrently, so
that their respective strengths complement each other. For this reason
the design approach incorporates all
three strategies.
Defensive strategy
As explained in previous chapters
(Section 2.4 and Section 4), the first
step is to reduce background sound
level according to the defensive
approach in which Niederrad can be
divided into clusters of urban blocks.
The clusters are defined through a
transit network for passing traffic
and a local network of shared space.
Within the local network one-way
looped streets are developed for local
traffic, so none of them can serve
as a through street (see Figure 5.2).
This way people are protected against

traffic noise disturbance above 65 dB.
When quieter walkable environments
are formed according to the defensive
strategy, pedestrians not only pass
goal-oriented, but also stroll and
dwell. Regardless of promoting
walking as a purpose, a desirable
walking environment intensifies
the use of public space and in doing
so, raises the frequency of people’s
social interactions (Sinett et al, 2011)
Such social activities develop along
walks; when heading from side to
side, walkers turn or stop to see,
greet or talk with others. A walkable
environment not only increases the
potential for social interaction, but
also the sense of communities within
an urban district.
This is a fundamental tool for
building a social network and brings
social support to people living in the
neighbourhood (Claris et al, 2006).
Several studies indicated that the
design of such shared space can
dramatically boost opportunities
for people meeting, sharing and
mixing (Appleyard, 1981; Leyden,
2003; Sinnet et al, 2011; Sustrans,
2006). Donald Appleyard (1981)
demonstrated, for instance, that
people living in walkable districts
(light traffic car volumes) have three
times more links with neighbours
and twice as many acquaintances
than those living in car-dependent
districts (medium to high car traffic
volumes).
Offensive strategy
The next step is to offer access
to tranquillity according to such
offensive strategies as an alternative
approach for the designation of quiet
areas in urban situations. In this
context, a tranquil community can
be identified as an area that is not
exposed to sound-pressure levels
above 45 dB Lden or 40 dB Lngt (EEA,
2014b). The idea behind this approach
is that communities should provide
people opportunities to choose

between acoustic environments
with different characters, as there
is otherwise a risk of annoyance
connected with undesired or frequent
exposure (Cerwén, 2016; Hellström,
2010). Pilot projects form a means to
develop different characters. These
projects are designed with and for
communities to test concepts and
ideas for urban regenerations so as
to make small pieces of public space
within a community into green spaces
offering little havens of respite.
A distinction is made between pilot
projects with precedence and those
with potential, which differ in building
approach (see Figure 5.3). Pilot
projects with precedence are focus
areas that have risen to the top based
on their potential impact for social
interaction under special tranquil
acoustic conditions. For this design
proposal, two prioritized pilot projects
need to be designed with input from
the communities. Pilot projects with
potential are not prioritized but can
be implemented on the request of
residents for the promotion of social
cohesion within the specific identified
area. Here, local people are invited to
develop their own ideas for the design
and furnishing of their communities.
Such locally developed ideas, focused
on creating a more locally oriented
public realm, generate a sense of
ownership of public space.
This means that building tranquil
communities might facilitate the
establishment of forms of activism
and bottom-up processes. Such
colonization requires more flexible
design solutions that allow people
to take ownership of streets and
adjacent public space. This is
necessary for the creation of healthy
living conditions in Niederrad,
considering the people living in,
working in and visiting the urban
district travel goal, orientated from
A to B using multiple modes of
transport without considering the
acoustic environment.

Inventive strategy
The final step is to design sound
marks according to the inventive
approach, as described in Section
2.4 and Section 4.4. According to this
approach environmental designers
are capable of masking traffic noise
with sound marks with notable
signals when the noise is at the
lowest level. The approach explores
possibilities for adding new masking
sounds considered as desirable.
According to this view, people need to
be exposed to natural sounds rather
than protected from them. The same
applies for societal sounds but to a
lesser extent.
As explained in Section 4.4, both
active and passive sound marks
can be considered in the design of
acoustic comfortable public space.
Active sound marks, on the one hand,
are the result of interesting activities
in the urban sound environment,
such as life music. Such marks are
achieved through the positioning of
different functions in the public space
(Hedfors, 2003; Southworth, 1969).
It therefore important to provide
specific locations for programming
and to consider the acoustic design
of the space. Passive marks, on the
one hand, are design objects with
favourable sounds for functional and
aesthetic purposes. Passive sound
marks can be achieved through the
introduction of a water feature,
planting rustling vegetation or the
construction of suitable biotopes for
songbirds (Brown and Rutherford,
1994; Cérwen, 2016; Dawson, 1988;
Hedfords, 2003). By designing sound
marks, environmental designers can
celebrate natural sound in cities.
Acoustic comfort, however, is closely
linked to the visual impression of the
space. Therefore this last approach
aims to transform pubic space into
pocket parks to listen to, purely
designed on aural qualities in order
bring pure acoustic experience.
When leaved vegetation is planted

it can reduce noise to the human
ear by approximately 50%, which
improves acoustic comfort in streets,
squares and parks (Claris et al, 2016).
In addition, tranquil communities
can contribute to the reduction of
air pollution, heat stress and wind
nuisance in urban conurbations.

5.3 Master planning framework
According to the design approach,
all the people are pedestrians. Even
those who usually drive, cycle or
commute by public transport change
their mode at some point and cross a
street. When this is the case, tranquil
communities bring a pure acoustic
experience for comfort, relaxation,
engagement and discovery.
According to the defensive, offensive,
and inventive design strategies,
a master planning framework
has been developed for building
tranquil communities in three steps
concerned with characters and
connection (see Figure 5.5). However,
as the different design model tests in
Section 4.4 showed current measures
for controlling noise pollution to be
a sum of small achievements, no
specific design principles are listed.
Instead, a sound-responsive design
framework was developed (see Figure
5.6) that consists of a set of principles
and strategies for application in
design practice to help approach or
resolve problems with the designation
of quiet areas in consolidated cities
where densification is pursued. The
principles that can be taken into
consideration in each step were
already discussed in Section 4.4,
leaving this section to discuss the
principles that are most appropriate
to the approach for the actual design
proposal of Niederrad.
Building communities
The first step was to build
communities by according them
defensive principles. For this, traffic
flows were re-orchestrated among
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INVENTIVE STRATEGY

TRANQUIL COMMUNITIES
Fig. 5.6 - Sound-responsive design framework as design approach (author).

located on Adolf-Miersch-Strasse
(see Figure 5.2). This car-share
service provides an electronic carshare programme along the lines of
Autolib’ (France), BlueIndy (United
States), Carma (United States), Citélib
(France), DriveNow (Denmark) and
ReachNow (United States). Shared
space initiatives are implemented on
all streets between and among the
building blocks. The communities
cordon off a perimeter and keep
passing through on this perimeter .
Within the communities, local
networks with one-way looped streets
are developed for local traffic, so
none of them can serve as a through
street. Within the shared space, the
lack of rules encourages drivers to
slow down to under 20 kilometre per
hour, creating a pedestrian-oriented
environment where people are aware
of fellow road users. Such maximum
speed levels ensure the lowering of
noise levels under 65 dB to overcome
severe and profound hearing loss
from traffic noise disturbances. In
this way, tranquil communities can
be easily implemented at low cost,
mainly by changing traffic signs.
Building characteristics

Fig. 5.7 - Depending on the width of the street road trees or detention bassins applied (author).

designated clusters of urban blocks
(see Figure 5.2). In total, nine urban
clusters were identified in the
residential area of Niederrad (see
Figure 5.3). The tranquil communities
were defined by means of the main
streets, including Niederräder
Ufer, Bruckfeldstrasse and AdolfMiersch-Strasse/Triftstrasse. Other
borders were defined by railways :
namely, a re-positioned station in
the west and Deutschordenstrasse/
Rennbahnstrasse in the east.
Only tranquil communities were
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identified and designated in the
residential area of Niederrad,
including the redevelopment of
the Mainfeld Siedlung (see Figure
5.2). As explained in Section 3.1,
communities were not identified
for the office area (Bürostadt
Niederrad) or for the hospital area
(Universitätsklinikum Frankfurt).
Within the designated communities
roads are transformed into shared
space with off-street garages for a
(future) electronic car-share service

The second step was to build tranquil
communities according to offensive
principles as discussed in Section 4.2.
For this, two of the nine communities
were designated as communities
with precedents, while the other
communities have the potential
to become tranquil communities
(see Figure 5.3). Local roads are
transformed into a green desirable
walkable environment, where is
little segregation of pedestrians,
cyclists, and drivers, both for
building precedents and potential
communities. This has numerous
of co-benefits in mitigating ambient
noise levels. The calming traffic
measures, for instance, can minimize
traffic disturbance by an average
of 3 dB(A) (Bruitparif, 2015). Next,
tranquil communities are created

by arranging building facades in the
direction of (semi-)enclosed pocket
parks. This way the (new) pocket
parks in Kelsterbacherstrasse,
for instance, are tied into the
neighbourhood and help to combat
noise pollution as well as to improve
wind nuisance, heat stress and air
pollution.
For this redevelopment of the local
networks, locals are ask to re-image
and activate the streets in order
to make the public space in the
communities more active, vibrant
and engaging in social interaction.
In the case of this design approach
framework, pilot projects take a
holistic approach towards traffic
calming and space activation. The
intention of the pilot projects is to
attract new users to stay – and to stay
longer – in acoustically comfortable
urban open public space in order to
afford social mixing. For this, some
communities are designed as calm
environments, while others are
designed as lively environments. This
means that tranquil environments
are not necessarily quiet areas
with low noise levels. Rather, a
tranquil community is an acoustic
environment undisturbed by trafficnoise induced disturbances aimed at
bringing pure acoustic experience for
comfort, relaxation, engagement and
discovery of the (sub)urban public
space.
Where there were no opportunities
for the designation of pocket parks,
an alternative solution was found
in the creation of a setback of five
metres deep and two floors high,
as found in Adolf-Miersch-Strasse.
This intervention reduces noise for
pedestrians and the facade in the
lower storeys. Other interventions
are made through changes in the
configuration of street and adjacent
public space. Both roads and squares
are depressed or new landforms
are introduced in the urban context
where the sight of a sound source is
obscured.

Building connections
To promote walking in green
desirable walkable environments,
connections are built according to
inventive principles. In addition,
active as well passive sound marks
are designed for the celebration of
natural sounds. Active sound marks
are designed through the strategic
positioning of gathering places,
such the tram stop in Adolf-Miersch
Strasse, the water playground in
Bruckfeldstrasse and the terrace in
Kelsterbacherstrasse. Besides the
programming, the acoustic design of
the space takes into account acoustic
materialization. For this reason,
the use of hard materials, such as
concrete, is avoided. Instead, the
plastered facades are replaced by
walls of softer materials that have
a greater ability to absorb sound,
such as the wooden facades in
Bruckfeldstrasse.
Also, passive sound marks were
designed for the celebration of
natural sounds in Niederrad. The
designs introduced water features,
the planting of rustling vegetation
and the construction of biotopes
for songbirds. This led to the
pocket parks functioning as a green
detention basin, which are purely
designed on aural qualities. The main
features of the gardens are water
features, parabolic-shaped walls,
local depressions and vegetation,
all of them used as instruments to
reflect, absorb and block the sound of
traffic noise.
The pocket parks in the different
tranquil communities are connected
by a coherent green slow-traffic
public space network (see Figure
5.7). The network connects
communities along desired
pedestrian and cycling routes
that encourage people to linger,
socialize and spend time. The
network provides pedestrians and
cyclists minimal disruption to the
most direct route, while at the same

time integrates public transport at
Bruckfeldstrasse and Adolf-MierschStrasse. This revitalization of the
public space can be coordinated with
the existing planned re-pavement
schedule of the City of Frankfurt am
Main.
On a larger scale the network is
connected to linear walking and
cycling routes, such as the Green
Corridor Bicycle Path (German:
‘GrünGürtel-Radweg’) and the Main
Cycleway (German: ‘Main-Radweg’)
(see Figure 5.4). This connects
pocket parks in tranquil communities
with larger recreational areas,
such as ‘Der Carl-von-WeinbergPark’ (German: ‘Waldspielplatz’),
‘Elli-Lucht-Park’, and ‘Licht- und
Luftbad Niederrad’ (German:
‘Flussschwimmbad’). For this, a new
cycle route has been created along
the river bank of the Main. The bicycle
route ambles through an park-like
orchard of fruit trees bearing apples
and cherries that are growing on a
noise barrier (see Figure 5.5).
In addition, another larger
recreational area is in the planning,
as the Planning Department
of Frankfurt has announced a
competition for the redevelopment
of Galopprennbahn Frankfurt (see
Figure 5.1; Figure 5.5). In the current
programming of this site the intention
is to redevelop the grounds of the
former racetrack into a public park
in the north and a location for the
DFB High Performance Center
(German:’ Deutsche Fusßall Bund
Akademie’, abbreviated in German to
‘DFB-Akademie’) in the south (SFM,
2015d). According to the preliminary
plans, the entrances of the DFB
High Performanc Center are based
on the plans of the competition
winner (Büro kadawittfeldarchitektur,
Aachen) these will be accessed
via Schwarzwaldstrasse and
Kennedyallee (SFM, 2015d).
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Fig. 5.9 Visualisation of Kelsterbacherstrasse with water element and biotope restauration in spring (author).
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5.4 Design elaborations
Within the master planning
framework three design elaborations
were explored in two communities
with precedence (see Figure 5.3;
Figure 5.5). The design elaborations
for Kelsterbachestrasse,
Bruckfeldstrasse and Adolf-MierschStrasse have as motive offensive and
inventive design considerations that
originated from the master planning
framework. Through in-depth
interviews it was investigated how
locals would re-imagine the streets.
The suggestions including design
considerations people mentioned in
the field for ‘other comments’ were
also taken into account (see Section
4.2). The local people indicated
several actions for short and longterm improvement in public space
design. Although the improvements
differ from street to street, all the
improvements that people mentioned
are related to revitalization of the
public space in Kelsterbacherstrasse,
Bruckfeldstrasse and AdolfMiersch-Strasse to connect tranquil
communities with each other.
Kelsterbacherstrasse
Currently Kelsterbacher is already a
popular thoroughfare among cyclists,
who aim to avoid the fast traffic in the
Rennbahnstrasse, Bruckfeldstrasse
and Trifftstrasse. However, the
street has been criticised for the
parked cars in the streets. Those

A

ca 1900

are obstacles that not only block
off the narrow sidewalks, but also
form interruptions for cyclists in the
minor street. If the street is to be
revitalised, the suggestion is to turn
Kelsterbacher into a bicycle street
with different calm orchestrations
(see Figure 5.9).The design
elaboration proposes to expand the
pavements on Kelsterbacherstrasse
for pedestrians to a minimum width
of 3.7 metres so that pedestrians
and cyclists have more room (see
Figure 5.10; Figure 5.11). As within
the shared space, car drivers are
encouraged to slow down to under
20 kilometres per hour, so noise
levels are lowered to below 65 dB
and reverberation is prevented.
Nevertheless, as the historical
facades need to be restored,
reflective facades will have to be
made absorbent or diffusive with
acoustic materials.
For the same reason, a programme
has been re-introduced in
Kelsterbacherstrasse. According to
the design proposal, for instance,
a café will be re-introduced as
active sound mark) in In Frauenhof
(see Figure 5.10). This way the
acoustic environment will will
provide affordances for behavioural
opportunities, such as sitting on
the terrace. In addition, passive
sounds are being designed in the
re-introduction of ‘Nieder-Brunnen’
and the ‘Großer Waschbach’. Both
water elements are part of an old soft

B
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water stream from which the urban
district made its fame as a ‘scrubber’
village (Hardt; 2007; 2011) (see Figure
5.8). The ‘Großer Waschbach’ will be
re-introduced in the form of hollow
roads or a detention basin, while a
water feature will be positioned at
the location of a disappeared ‘NiederBrun’ (see Figure 5.9; Figure 5.10).
The water features form an integral
part of the public space design, as
they produce favourite notes in lively
orchestrations of the urban street.
At the street intersections, amongst
rustling vegetation, the water
features mask unwanted sound and
act as meeting points.
For those who prefer even calmer
orchestrations, pocket parks can
be built in the coves of building
blocks to provide opportunities
for relaxation and recuperation in
hi-fi enviornments. The acoustic
conditions in the pocket parks
comprise predominately pleasant
background sounds, including a few
sound notes (abbreviated to ‘note’).
The pleasant background sound
consists of interrupted water flow.
Sound notes that form the anchor or
fundamental background sound of
the calm environment are created
with biotope restauration that afford
birdsongs.
Bruckfeldstrasse
Bruckfeldstrasse will be turned
into a lively pedestrian street with

C

Fig. 5.8 - Archival footage of Großer Waschbach, Kelsterbacherstrasse, and Niederbrunnen. Photo: Bezirkverein Niederrad (2016).
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1:1500
Fig. 5.10 -Design elaboration on Kelsterbacherstrasse as bicycle street (author)

Fig. 5.11 - Design section on Kelsterbacherstrasse as bicycle street at 1:400 (author).
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Fig. 5.12 - Visualisation of Bruckfeldstrasse with sunken square used as ice rink during christmas market in winter (author).
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mixed functions within walking
distance of each other (see Figure
5.12). The Bruckfeldstrasse is the
most decisive attribute of the design
for the development of a hi-af
enviornemnt. The aim of the design
elaboration in this street is to get
people walking, rather than choosing
alternative modes of transport. To
boost retail spending, transit stops
will be incorporated a short distance
from each other. The tram line is to
be integrated in the design, along
with a bicycle path. Although cars
are not allowed in Bruckfeldstrasse,
passing trams can cause traffic
noise disturbances in the street. For
this reason, part of the road surface
will be improved and depressed. In
addition, multiple reflections as a
result of reverberation will have to be
dealt with. Therefore self-protective
buildings will be constructed from
wood in the urban quater, with
rustling vegetation planted in the
street profile, adding a new layer of
sound, produced by trees.
A small barrier will also be
introduced. The barrier is designed
as a wall with sitting places and
interactive water elements, such
as bulkheads and small openings
for play. The wall reflects a more
inclusive design of transit stops for
the elderly and disabled, who, in the
current situation, cannot board the
tram without help. For this reason,
furniture is integrated into the
design. In addition, the wall is pulled
into the Bruckfeldplatz and creates
the edge of a foyer with a café and
other attributes, such as a terrace
with bookshelves. A square, lowered
by 0.5 metres and covered with tiles
in the style of the rest of the street,
is located behind the foyer (see
Figure 5.13; Figure 5.14). The raised
bed edges create small spaces on
the lawn between different types of
perennial flower beds and trees.
A gradually sloping topography in the
square creates a stage, as well as
a basin where active sound marks
can be heard. Year round the square
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can be used for urban activities,
such as concerts and ice-skating;
it might contain a playground and a
terrace. Most trees are preserved in
the design of the square, creating an
intimate character, while others will
be removed, opening the space for a
market (see Figure 5.14). Apart from
the lively shopping street that will
be filled with pleasant foreground
sounds, the square can bring
engagement and discovery as well
comfort and relaxation. Here, signals
are given off by playing children that
attract the immediate attention of
listeners (Schafer, 1977). However,
there are also moments in this lively
orchestration that can be perceived
as calm. At such moments, rustling
leaves and bird chirping can be heard.
Adolf-Miersch-Strasse
In the current situation in the AdolfMiersch-Strasse, people want
protection for pedestrians and
cyclists on the four lane fast-traffic
street. Most people complained about
the long waits, pedestrian islands
and confusing slip lanes, while others
were upset by the overload of traffic
signs. People complained about the
chaotic conditions in the streets as
well, which were overloaded with
unpleasant foreground sounds.
To overcome this problem, AdolfMiersch-Strasse will be turned
into a depressed road for through
traffic (see Figure 5.2; Figure 5.5).
In addition, a second road level will
be added to reduce noise levels for
pedestrians along the facade; parking
space will be provided for electric
car-sharing programmes.
The idea behind the electric carshare programme is that people
can reserve a car using a flexible
navigation app. The app is set to find
the shortest route and the fastest
mode of transport, including routing
for public transport, bike-sharing and
pedestrian routes. In the case of the
electronic-car-share programme,
people can pick up a car in a

residential area and drop it off at their
destination. Moreover, an additional
bicycle street parallel to the AdolfMiersch-Strasse will be added for a
direct connection with the replaced
train station (see Figure 5.15; Figure
5.16; Figure 5.17).
Besides this, a the offensive strategy
was used to convert urban blocks
into self-protective buildings.
The buildings have a setback of
five meters depth and two floors
high, allowing one to close gaps
between building blocks, creating
enclosed courtyards or atria (roofed
courtyards) (EEA, 2014b). To warrant
a quiet facade floorplans are so
planned that bedrooms and living
rooms with large windows are
situated in the direction of the parklike environment, and less sensitive
rooms, such the kitchen face the
Adolf-Miersch Strasse. The parklike environment is planted with
rustling vegetation and designed as a
noise barrier with three -metre high
embankments to disperse the lowfrequency noise caused by aircraft
taking off (see Section 4.4; Figure
5.17).
Aural gardens are designed
for installation on top of the
noise barriers to provide calm
orchestrations with pleasant
background notes and a few signals.
The gardens are to listen to as
they are purely designed on aural
qualities. The main features of the
gardens are water features, parabolic
shaped walls, local depressions and
vegetation, all used as instruments to
reflect, absorb and block the sound
of traffic noise in the wide-street
canyon of Adolf-Miersch Strasse.
In addition, gravel paths and trees
will be used to add sound that make
visitors feel comfortable in opening
up to the acoustic orchestrations.
Within the aural gardens people, in
particular, children, can discover
what animals are living in ‘Baume
Hölen’ by crawling into one of the
observatories. The observatories are
designed so people can see and hear

1:1500
Fig. 5.13 -Design elaboration on Bruckfeldstrasse as pedestrian street (author).

Fig. 5.14 - Design section on Bruckfeldstrasse as pedestrian street at 1:400 (author).
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Fig. 5.15 - Visualisation of Adolf-Miersch Siedlung with replaced train station and bycicle route in summer (author).
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1:1500
Fig. 5.16 - Design elaboration on Adolf-Miersch-Strasse with additional bicyle street (author).

Fig. 5.17 - Design section on Adolf-Miersch-Strasse with additional bicycle street at 1:400 (author).
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animal vocalizations that produce
soft-to-moderate sounds with a high
pitch at ground level.

5.5

Conclusion

Building Tranquil Communities
provides an alternative approach for
the designation of quiet areas in a
real (sub)urban context, where sound
pressure levels below 45 dB Lden
or 40 dB Lngt are hardly ever found
(EEA, 2014). The design approach
promotes more flexible solutions
for forming quieter surroundings
in densely populated and heavytraffic urban districts. At the same
time, the approach enables people
to colonize their communities and
take ownership of the buildings and
spaces there.
According to the defensive, offensive
and inventive design strategies
a master planning framework
has been developed for building
tranquil communities in three
steps. The steps are concerned with
building communities, characters
and connections. However, as the
different design model tests in
Section 4.4 showed current measures
for controlling noise pollution to be
a sum of small achievements, no
specific design principles are listed.
Instead, a sound-responsive design
framework has been developed (see
Figure 5.6). The framework consists
of a set of principles and strategies
that can be applied in design practice
in order to help approach or resolve
problems with the designation of
quiet areas in consolidated cities
where densification is pursued. The
essence of the framework is based on
the assumption that acoustic comfort
only can be achieved when the noise
level is at least below 65 dB.
When this is the case, lively
and calm environments can be
orchestrated with the design of sound
marks. Sound levels are lowered
according to defensive strategies

for building tranquil communities.
This is achieved In the design
proposal aimed at building tranquil
communities. Important soundresponsible principles are concerned
with the re-orchestration of traffic
noise for reducing background sound
levels. Next, the background sound
level is further lowered according
to offensive strategies for building
characteristics and achieved through
the designation of precedence and
potential communities, so different
acoustic environments can develop.
Finally, inventive strategies are
applied by building connections
consisting of green desirable
walkable environments in which
design of sound marks are introduced
for the celebration of natural sounds.
The sound-responsive design
framework described above can be
implemented wherever there is need
for forming quieter surroundings,
whether located in the core district,
special district or (sub)urban district.
The steps are easier to implement
in a neat street grid, but may also
be adapted to other configurations
as in the Niederrad case. Therefore
the model can be used in any
urban situation and is far cheaper
than building new infrastructure
in suburban districts for removing
traffic noise from inner cities.

help reduce wind nuisance, heat
stress and air pollution. The need
for tranquil public space is likely
to increase in the future as cities
become more densely populated.

Notes
[1] Current legislation is in line
with regional action plans set by
the Darmstadt Regional Council
(German: ‘Regierungspräsidium
Darmstadt’). In this plan the Council
encourages the decrease of noise
pollution and shielding quieter
areas against further pollution,
in particular, where it can induce
harmful effects on public health and
wellbeing (EP, 2002). One criticism of
the action plan was that while a lot of
attention was given to protection from
noise, little has been done with the
experiential potentialities inherent in
the sound environment.

The design elaboration has
demonstrated that calm, as well as
lively, conditions can be orchestrated
in tranquil communities. Although
the master planning framework
only mentions the implementation
of pocket parks in the building of
tranquil communities, the design
elaborations indicate that certain
urban configurations are needed for
other types of public space, such as
an urban square or courtyard. Despite
this, the overall design proposal
indicates a need for small public
urban green spaces, whether or
not called pocket parks. Such small
public urban green spaces are ideally
integrated into neighbourhoods
to combat noise pollution and to
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CHAPTER 6

EVALUATION

The previous chapter provided a
framework for building tranquil
communities as an alternative
solution for the designation
of quiet areas in the suburban
public space of Frankfurt. As
the agglomeration represents
the problem of commuter noise
comparable to other metropolitan
regions in northwest Europe,
the sound-responsive strategies
for building tranquil sound
environments is relevant to the
redesign of other suburban public
space in great cities. This might
limit health effects from annoyance
and improve wellbeing. However,
this thesis reports an initial
attempt to bridge the gap between
academic knowledge and practical
applicability. It demonstrates the
significance of sound-responsive
strategies (including principles) for
designing healthier environments.
Nevertheless, evaluation is needed
for increased research into different
solutions and applications to the
problem of noise.
Thus this chapter will discuss the
research methods and materials (see
Section 6.1) and offer conclusions on
the substantive research findings
(see Section 6.2). In addition,
section 6.3 reflects on the acoustic
environment as design strategy for
the construction of acoustically
comfortable public space (Schön,
1983). In this reflection particular
attention is paid the role of landscape
architecture (as discipline) and
landscape design (as activity) in
this. Furthermore, this chapter
includes policy recommendations
for the City of Frankfurt on problems
and potentials of the urban sound
environment in Niederrad. This

way the Environmental Planning
department can protect people
against health impacts of long-term
exposure to noise, as well as offer
people possibilities to benefit from
spending time in tranquil spaces.

6.1

Discussion

The study was based on a multiplecase design, as the causal links
between lived experiences of
noise disturbances in real urban
situations are too complex for a
single case (Farina, 2014; Yin, 2003).
Certainly, with a single-case design
lived acoustic experiences can be
evaluated, but these experiences
of noise change during the day, and
vary with seasons. Undertaking
a multiple-case study generates
more appropriate explanations of
seasonal acoustic comfort conditions
in suburban public space. For this
reason, seasonal fieldwork was
carried out on Niederrad’s public
space in July 2015 (summer), October
2015 (autumn), February 2016
(winter) and May 2016 (spring). Each
season was treated as a separate
case, but similar evaluation methods
were conducted according to four of
the research protocols, as indicated
in the conceptual framework.
The multiple-case design, described
above, relies primarily on a mixedmethod approach for evaluating
the complex problem of noise in
Niederrad (Patton, 1999; 2002;
Creswell and Miller, 2000; Milburn
and Brown, 2003). A combination
of quantitative and qualitative
methods was employed to compete
this evaluation, including sound

measurements (such as decibel
measurements and spectral
measurement), intercept surveys,
unconstructive observations (such as
behaviour maps and photo surveys)
and design models (Gibbs, 2007).
The benefits and limitations of the
individual evaluation method are
examined below.
Sound measurements
The objective of the acoustic
measurement was to collect
research-based recordings on
seasonal variation in acoustic
comfort conditions, including mapped
overviews of the distribution of
sound levels. This was achieved
through decibel measurements and
spectral measurements conducted
during field visits for the recording of
seasonal acoustic comfort conditions
(see Section 3.3). One benefit from
this method was that existing noise
maps could be complemented
with actual sound-pressure level
measurements and audio recording
in situ. These could be represented
in sequence in easily interpretable
presentation of the distribution
of the measured sound pressure
levels and noticed problems and
potentials observed on the given
route per season. A limitation of
the recording protocol, however, is
that in decibel measurements and
spectral measurements it does
not always better reflect the reality
than modelled or calculated noise
maps. This is due to different local
conditions, such as rainy weather
or the presence of a weekly goods
market.
Intercept surveys
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As sound measurements cannot
capture acoustic experience,
sound surveys were conducted for
complementation of the decibel and
spectral measurements. One of the
benefits from the intercept surveys
was the insight they provided into
how people appraise the acoustic
environment in Niederrad (see
Section 3.3). In contrast, the intercept
surveys using the other methods
provided a quick and easy tool for
the evolution of perceived acoustic
comfort conditions. However, during
the research the respondents’ rate
appeared to be lower than expected,
as Niederrad is home to many foreign
nationals. These people, mostly
expats, could speak only a few words
in German or a few words in English.
In consequence, it was hard enough
to build up a natural conversation, let
alone conduct an intercept survey.
Unobtrusive observations
Unobtrusive observation aimed at
observing the impact of perceived
seasonal acoustic comfort conditions
on overt user patterns in the
public space and larger public
space networks of Niederrad (see
Section 3.3). The objective was to
conduct observational analysis
through behavioural mapping and
photo surveys. The observation of
typical user/visitor movements and
activities turned out to be a very
valuable method for gaining insight
into the use and potential use of
public space and larger public space
networks. This applied, for this
thesis, in particular, to examination
and definition of design strategies
on the programing of public space.
The acquired knowledge on overt
user patterns was applied to
recreation in small-scale tranquil
environments as the medium for
urban healthy living. Observation,
such as recording, however, is a
weather-dependent method, as
observation surveys are depending
on the presence of respondents. This
makes it difficult to conduct surveys
when it is rainy, windy or cold. Under
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such bad weather conditions, not
many respondents are in the streets,
let alone in a public space. Moreover,
behaviour observation is labourintensive, time-consuming and costinefficient. In particular, for mapping
a large area, many measurement
points have to be used, which was
the case here.

different ways besides the design
protocol conducted for this thesis
(Cross; 2006; 2011; Lawson, 1980).
As a consequence, the outcomes
of individual or combined design
exercises can generate different
design outcomes.

Design models

In short, the research results (see
Chapter 4) and design proposal (see
Chapter 5) of this thesis are based
on in situ measurements, intercept
surveys, unobtrusive observations,
and design models. For this reason
the multiple-case design provides
insight in the acoustic environment
of Niederrad, but does not provide
an accurate representation of how
people perceive the urban sound
environment in general. More realtime information on acoustic comfort
conditions and overt user patterns
in situ need to be conducted for
various case studies - across both
interrelated spatial scales and across
different temporal horizons - for
the defining and examining specific
guidelines for sound-responsive
design.

To generate sound-responsive
design for acoustic comfortable
public space in Niederrad, urban
configurations and their influence on
pedestrian exposure were analysed
(see Section 3.3). Iterative design
model testing was employed to
acquire the knowledge, insight and
skills to solve the noise problem
at different scale and abstraction
levels. Hence, design exercises, such
as brainstorming, sketching and
modelling, were used as research
method. The design exercises aimed
at translating, testing and adjusting
the results of the fieldwork into
sound-responsive strategies for
the (re)design of existing and new
acoustically comfortable suburban
public space. Design thinking, which
is the core of the creative process
for any environmental designer, was
employed through systematic context
research, precedent studies and
design model testing. Design thinking
turned out to be very relevant for
defining sound-responsive design
strategies, as it is a process for
solving wicked problems (Rittel and
Webber, 1973). Working backwards
and forwards in research and design
at different scale levels per case
made the design proposal more and
more compressive throughout the
assignment (Patton, 2002; Kumar,
2012; Nijhuis and Bobbink, 2012).
Rather than refining an initial
idea, design thinking encouraged
the exploration of many possible
(and impossible) solutions first,
and then a narrowing the options
to come to a final solution. The
planning and design exercises can,
however, be structured in many

Future research

Nevertheless, it is not recommended
to continue the elaborating and
long-term fieldwork conducted for
this thesis as it was labour-intensive,
time-consuming and cost-inefficient.
Instead academics are advised to
continue examination of seasonal
perceived acoustic comfort conditions
on overt user patterns in residential
areas in singe-case studies. The
research for this thesis, for instance,
might be followed up with a similar
research approach on the office and
hospital environments in Niederrad
on hot/warm summer days [1]. In
addition, academics are requested
to examine on the effectiveness
of design interventions for the
defining of sound-responsive design
principles on various scale levels
in urban situations. Such research
should be more targeted than in the
academic publications now available.

A more targeted research subject,
for instance, could be the impact
of different types of urban green
or frequency levels from electronic
sound-device installations or objects
on acoustic comfort (e.g. Klemm et al,
2013). Researching such a targeted
subject can contribute to overall
comfort, but also has the potential to
complement research on other urban
challenges such as wind nuisance,
heat stress and air pollution.

6.2 Conclusions
The research objective here was
to examine and define soundresponsive design strategies for the
(re)design of acoustically comfortable
suburban public space in Frankfurt
over the seasons. Investigations
focused on what acoustic
orchestrations afford different human
activities and – given that activity –
acoustic comfort as well. This clearly
indicated a need for tranquil sound
environments for comfort, relaxation,
engagement and comfort in public
space.
RQ 1
Regarding RQ1, decibel and
spectral measurements in the
acoustic environment indicated
that the acoustic environment of
Niederrad consists of lively (pleasant
foreground), boring (unpleasant
foreground) and chaotic (unpleasant
foreground) orchestrations. The
acoustic comfort conditions do not
change much over the seasons
as road traffic noise is the most
dominant and constant sound source
in Niederrad throughout the day
and over the seasons. As traffic
noise disturbances reach maxima
far above the 65 dB, the acoustic
environment is prevented from
providing opportunities for relaxation
and recuperation.

RQ2
The research findings on RQ2 showed
that chaotic orchestration strongly
affected the mind states of people
as they are lo-fi. However, as people
had no opportunities to escape
from noise and spend time in calm
(pleasant foreground) orchestrations,
undisturbed from traffic noise, they
appraised orchestrations as lively
and boring for their fundamental
pitch (and not for the affordance of
behavioural opportunities). Thus even
though people experienced noise,
they were able to find moments in the
orchestrations which they perceived
as acoustically comfortable. This did
not apply to chaotic orchestrations
(lo-fi) were people tended to react
with annoyance. According to the
field left for ‘other comments’ people
explicitly worried about the air traffic
noise, revealed in the field left for
‘other comments’ in the intercept
survey. This is not surprising, as 92%
of the respondents (those living in
Niederrad) are plagued by air traffic
noise, even though a night-flight ban
is operative.
RQ3
Observational results related to
RQ3 indicated that acoustic comfort
conditions had limited impact on
the user activities (behaviour) in
the public space over the seasons.
Regardless of the season, only
necessary activities were afforded
by the chaotic conditions in situ.
Optional activities were hardly
practiced during leisure time - not
even on a warm summer holiday –
due to excessive exposure to traffic
noise. As a result, social activities
only sporadically developed around
necessary and optional activities.
From a comparison of the different
unobtrusive observations, it seems
that local weather conditions had
more impact on the user activities
in the public space than acoustic
comfort conditions. So the acoustic
comfort conditions had a limited

impact on overt user patterns in the
public space of Niederrad over the
seasons.
However, the fact that only necessary
activities are afforded under
suboptimal acoustic conditions
suggests that a higher level of
satisfaction with the acoustic
environment can allow more optional
activities to take place and necessary
activities last longer, such as those
with social interaction. As people
only dispraise chaotic environments
(unpleasant foreground), acoustic
comfort was already afforded
under various acoustic conditions.
However, the spectrograms (see
Appendix A to D) indicated that
those moments are short-lived. In
addition, the current orchestration of
the acoustic environment does not
afford opportunities for relaxation,
engagement and discovery. Calm
orchestrations were indeed not
recorded and lively orchestrations –
undisturbed from traffic noise were
hardly perceived.
RQ 4
The results concerning RQ4 have
shown current attributes for the
controlling noise pollution to be a
sum of small achievements. The
interventions, however, were out of
place as they neither fitted in the
experience of the public space, nor
in the context of the larger public
space network. However, seasonal
design models were not conducted
in vain, as overlapping of the models
indicated that the noise problem
arises from badly designed buildings
located at wrong locations and illconsidered transportation systems.
Returning to the crux of the problem
led to the development of a defensive,
offensive or inventive design model.
The defensive model focused on the
protection of people from mechanical
sounds considered as undesirable
or dangerous with the reduction of
background sound levels through
traffic management. In contrast, the
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offensive model was more focused
on the identification of the acoustic
qualities of the sound environment
so that these can be accorded
their importance. According to
the strategy a diversity of acoustic
environments is preferable over
more uniform acoustic environments
that comply with certain legal noise
limits. Therefore clam places as
well as more lively places should be
found in noisy neighbourhoods, like
Niederrad.
In addition, the inventive model
was concerned with the design of
sound marks when background
sound levels are below 65 dB. The
most propitious approach in the (re)
design of acoustically comfortable
public space is to consider defensive,
offensive and inventive strategies
concurrently, so that their respective
strengths complement each other.
This way the public space can be
transformed into desirable green
walking environments for listening,
purely designed on oral qualities.

6.3 Reflections
The notation of the role of the
environmental designer in creating
acoustically comfortable public
space emerged from the work of
Schafer (1977). He argues that the
urban sound environment is full of
ubiquitous traffic sound that serves
to destroy and drown out natural
sounds. As a result, users in the
public space have lost the ability
or desire to carefully listen to the
acoustic environment and are no
longer able to ignore unwanted
sounds. To Schafer (1977), the role
of the environmental designer is to
listen, analyse and make distinctions
by which acoustic comfort may be
improved, as shown in the previous
chapters. In this context soundresponsive design relates to the
notation that design praxis within
the public space must engage
understanding about site, ecology and
social function (Schafer, 1997; Truax,
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1999; 2001; Westerkamp, 1974; 2006).
At the moment the increasing
proliferation of electro-sound
diffusion in public space also gives
environmental designers a new area
in which to explore (Fowler, 2013).
Hence, there is increasing potential
of audio-visual design interventions
via a screens, visual projection or
smart facades, but also loudspeakers
and portable devices, like mobiles
and tablets. The difficulty of these
types of acoustic design is that some
environmental designers simply
create electro-acoustic sound art,
to be played back over multiple
loudspeakers, and utilized for any
public space.
As a consequence environmental
designers simply present sound art
installations within the public space
that ignore the expectations and
needs of the local community. The
role of environmental designers as
custodians of the urban environment
is to similarly understand the impact
electro-acoustic installations as a
shaping device for the problem of
noise in urban sound environments.
However, it is the rapid urbanization
(including subsequent densification)
and its immediate impact on public
health of a noisy future that remains
the greatest argument of pursuing
sound-responsive design strategies.
As explained in previous chapters
environmental designers need to
understand the health impacts of
long-term exposure to noise, as
well as offer people possibilities to
benefit from spending time in tranquil
spaces. Design thinking needs to be
conducted on programming, planting,
furnishing and materialization if
access to tranquil communities within
the larger public space network is
to be provided. The visitor’s choice
has been previously (see Section
5.2) raised as an important issue
to consider in the (re)design of
public space, as there is otherwise
annoyance connected with undesired

or frequent exposure. Therefore it
is important to accommodate calm
and lively orchestrations for soundresponse planning and design that
fulfil people’s predispositions in
public space. This can be achieved
with various defensive, offensive and
inventive strategies at macroscale,
mesoscale and microscale levels.
According to the defensive, offensive
and inventive design strategies
a master planning framework
has been developed for building
tranquil communities in three
steps. The steps are concerned with
building communities, characters
and connections. However, as the
different design model tests in
Section 4.4 showed current measures
for controlling noise pollution to be
a sum of small achievements, no
specific design principles are listed.
Instead, a sound-responsive design
framework has been developed.
The framework consists of a set of
principles and strategies that can
be applied in design practice in
order to help approach or resolve
problems with the designation of
quiet areas in consolidated cities
where densification is pursued. The
essence of the framework is based on
the assumption that acoustic comfort
only can be achieved with the design
of sound marks when the noise level
is at least below 65 dB.
In particular (future) professionals
in the field of landscape architecture
(as discipline) and landscape design
(as activity) can make a major
contribution through the celebration
of natural sounds in cities (MacHarg,
1969). The introduction of water
features, the planting of rustling
vegetation and the restauration
of biotopes for songbirds play an
important role in this. In particular,
biotope restauration according to a
careful programming of activities
requires additional advanced and
methodological knowledge on
preservation, regeneration and

creation of environmental conditions
providing a habitat for specific plant
and animal species. Such habitats
can be formed by different types of
urban green, such as a green belt
(urban forest), parks and gardens.
In addition, larger public space
networks can be planted with green
facades, street trees, borders
and potted plants (perennials), as
illustrated in the master planning
framework (see Section 5.3) and
design elaborations (see Section
5.4) in Chapter 5. Challenge for
environmental designers is then to
explore how these principles can be
implemented in the design of tranquil
communities.
Reflecting on the design exercises
outlined in this thesis, the
environmental designer must
be acquainted the generation
of research-informed design
intervention across both interrelated
spatial scales and different temporal
horizons (Schön, 1983). This requires
intellectual knowledge on applied
acoustics, transportation engineering
and urban physics, but also a critical
reflection on and polemic attitude to
the design of a comfortable public
space.
Certainly the design within the
acoustic design must also myriad
notions about site, mobility and
social concerns remains a constant
reminder of the complexity of the
forces that shape the comfort in
the urban sound environment
(Fowler, 2013; Jacobs, 1961; Rossi,
1982). How exemplary design
models will negotiate such qualities
when delivered via traditional
approaches in the making of cities
may be increasingly difficult to
sustain, particularly in the light
of the problem description of this
thesis that suggests that the urban
sound environment is becoming
increasingly important as aspect for
consideration.

Perhaps the strength then of
the sound-responsive strategies
(including principles) as discussed
in this thesis is not so much the
absolute the accuracy by which a
acoustic design can be measured
or disseminated, but the changes
opportunities that arise for
environmental designers when
considering the public space as
capable of constructing lively and
calm environments, which may
consequently shape and form
new healthy living conditions.
Notwithstanding that the elaborating
and long-term fieldwork conducted
for this thesis was labour-intensive,
time-consuming and cost-inefficient,
it is recommended to continue
similar research for assimilating the
next generation of environmental
designers with a knowledge of soundresponsive strategies for shaping
acoustically comfortable public
space.

6.4 Recommendations
This thesis has now been completed,
but the objective to conduct a
sound-responsive strategies for
creating acoustically comfortable
public space and larger public
space networks in urban settings
remains underdeveloped. Although
different design strategies have been
explored, it is too early to determine
which are preferable in terms of good
practice. However, the idea of building
tranquil communities can provide
competent authorities an alternative
approach for the designation of
quiet areas in Frankfurt. The City of
Frankfurt is advised to no longer seek
quiet areas based on the assumption
that a quiet area is an area with very
low now noise levels. Instead, the
Environment Department and Urban
Development Department therefore
need to seek collaboration with
environmental designers and other
experts on the subject. In addition
the authorities concerned should

also take more of facilitation role in
the involvement of citizens in open
planning processes for building
tranquil communities.
To promote this policy the city
council should incorporate soundresponsive design in their decision
making. Furthermore, they can make
the objective of building tranquil
communities part of their urban
master plans and other large-scale
transformation plans. Municipal
officials/civil servants of the City
of Frankfurt that co-design urban
morphologies can then incorporate
tranquil communities in zoning
schemes, and embed them in the
design ordinances or building
regulations. In the zoning schemes
the officials need to consider what
clusters are transformed in shared
space and how off-street garages
are provided. In addition, they can
incorporate the sound-responsive
strategies for public space planning
within tranquil communities.
Moreover, tranquil communities can
be easily implemented and at low
cost, mainly through adaptation of
traffic signs.
Other policy recommendations are
concerned with the designation of
pilot projects. A distinction has to
be made between pilot projects with
precedence and potential, which
differ in the building approach.
Pilot projects with precedence
are focus areas that have risen to
the top based on their potential
impact on social interaction under
special tranquil acoustic conditions
(Chapter 4). These are designed with
input of the communities (in-depth
interviews) and in collaboration
with environmental designers.
Pilot projects with potential are not
prioritized but can be implemented
on the request of residents for the
promotion of social cohesion within
the specific identified area. Here,
local people are invited to develop
their own ideas for the design and
provision of their communities. It
is in this part of the process that a
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facilitating role of the city of Frankfurt
is required. This entails raising public
awareness, stimulation of bottom upinitiatives and creation of incentives
for house owners, housing and retail
cooperatives, by means of informing,
consulting or participating.
To facilitate the connection
between tranquil communities,
governments need to provide a
coherent green slow-traffic publicspace network. Such a network
connects communities along desired
pedestrian and bicycle routes with
minimal disruption, while at the same
time integrating public transport.
The design of the larger public
space network can, internally, be
commissioned to a municipal official,
but can also be delegated to design
companies. Environmental designers
working for such companies can do
much to foster the implementation
of sound-responsive measures,
particularly if they have expertise (or
collaborate with experts) on applied
acoustics, transportation engineering
and urban physics. Finally, it is
recommended to coordinate this
revitalisation of the public space
with the existing repaving schedule.
This way the Urban Development
Department can pursue subsequent
densification in conversion or
restructuring of streets, blocks,
quarters and districts without
reduced extension of quiet areas.

Notes
[1] These were not included in this
thesis, as the urban space in the
residential area is accessible to the
public and frequently used by those
either living, working or visiting in
the area ,both on weekdays and on
weekends. This is not the case in the
(semi-) private office and hospital
areas.
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