2. Planning foundations — ’

2.1 The physical terms "sound" and "noise"

A thorough and well-founded analysis of noise as an environmental hazard starts with the explanation
of the physical umbrella term "sound":

According to DIN 1320 "Acoustics - Terminology”, sound is defined as mechanical vibrations and —
waves in an elastic medium. These sound events can be produced by the membrane of a

loudspeaker, the vocal cords in the larynx, the string of a musical instrument or the case of a i e
machine. They also include vibrations in liquids and gases, what explains the noise emission of the : e

jet blast from jet planes and rockets. LT L0010
In any case, sound propagation is bound to a transmission medium. The present work deals with Eig. 2/1: Spectral diagram of tone

(1000 Hz), a ring (music), a noise
(traffic) and "white noise"

L]

what is called "airborne sound".

In the following, the notion of sound always implies "audible sound", i.e. the sound that can be
perceived by human ears. According to DIN 1320, this is sound with a frequency within the range of
human hearing. A sound event only causes an auditory event with a person when the sound intensity
lies above what is called the threshold of hearing. Sound intensities above the threshold of pain
additionally create sensations of pain (see section 2.4.1).

The terms "tone",
temporal course.

ring", "sound impulse" and "bang" specify particular sound signals and their

According to DIN 1320, a "noise" is a non-specific and undesired sound signal, e.g. machinery and
vehicle noises. This definition reveals the random and orderless character of noises, which are
composed by numerous discrete tones.

This shows that a noise is an acoustic signal with numerous frequencies which have no regularities,
other than rings for example.

Due to periodic events, noises can also have discrete tones, which are superposed to the noise
component characterized by a broad frequency band. These discrete tones increase the interference
effect of noises considerably and this is why they are considered in the measurement result with an
addition for discrete tones (see section 2.4.3).

Figure 2/1 ﬂ illustrates the difference between a tone and a ring on the one hand and a noise on

the other hand. The fourth example represents "white noise", which is characterized by frequency
components distributed uniformly just above the audible range.

This kind of noise is familiar to us from natural phenomena like the rustling of trees or the breaking of
waves.
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2. Planning foundations

2.2 Noise, sound emission and sound immission

Interfering sound or interfering noises are termed "noise". This shows that the term "noise" includes a
negative assessment of neutral physical terms. According to DIN 1320, noise is audible sound, which
disturbs silence or a desired sound perception or which causes annoyances or adverse health
effects. What we have to consider is the subjective character of the term "noise", which is revealed by
the fact that the negative impacts of noise on a person are associated with their current situation.

In order to guard against misunderstandings, the differentiation between emitted sound and incoming
sound has proved necessary depending on the situation and is common practice in the field of
environmental protection. There is in fact a major difference between the statement that a machine
for example emits too much noise (emission) and the statement that this noise exceeds defined noise
limit values in the affected neighbourhood as an environmental impact (immission).

A systematic differentiation between the terms "emission" and "immission" is regulated by the "Act on
the prevention of harmful effects on the environment caused by air pollution, noise, vibration and
similar phenomena”, in short "Federal Immission Control Act" (Gesetz zum Schutz vor schéadlichen
Umwelteinwirkungen durch Luftverunreinigungen, Gerausche, Erschiitterungen und &hnliche
Vorgange, Bundes-Immissionsschutzgesetz) (available in German). § 3 of this Act gives the following
definitions:

(1) Harmful effects on the environment as used in this act shall mean any immissions which, because
of their nature, extent or duration, are likely to cause any hazards, significant
disadvantages or significant nuisances to the general public or the neighbourhood.

(2) Immissions as used in this act shall mean any air pollution, noise, vibration, light, heat, radiation
and similar effects on the environment which affect human beings, animals and plants, soil, water, the
atmosphere as well as cultural objects and other material goods.

(3) Emissions as used in this act shall mean any air pollution, noise, vibration, light, heat, radiation
and similar phenomena originating from an installation.

Exceeding a particular acceptable extent, they are called "harmful effects on the environment".
Immissions require emissions, which are in the present work sound or noise emissions coming from a
sound source. The term "emission" also designates the process of the emission of sound waves from
a source and their entering the environment.

An immission is therefore at the end of a causal chain with an emission at the beginning. The link
between emission and immission is "transmission" (propagation), which usually weakens the
environmental effects on the propagation path from the source of the emission to the place of
reception (point of immission) due to the distance and local conditions.

The official use of the terms "emission" and "immission" requires the context of human actions with
the consequence that the associated effects on the environment are man-made. This means that the

ﬂ twittering of birds, the breaking of waves and the howling of a storm for example are not noise
within the meaning of the Federal Immission Control Act. In principle, this circumstance is easy to
understand but it can cause certain problems in real life when it comes to sound measurements and
the assessment of complaints as the question of where nature ends and a causer (emitter) comes

into play can sometimes be controversial. These disputes range from the keeping of animals ﬂ (e.q.

cock-crow, the croaking of frogs from a garden pond) to the noise of running waters (in the context of
hydraulic-engineering measures) or to the sound of wind (in the context of tower blocks and overhead

lines). It therefore proves necessary at this point to refer to the term "installations" used within the
Federal Immission Control Act and described below in section 2.3.1.

The causal chain of emission - transmission - immission plays an important role in the context of
noise reduction as each of the three components can be the subject of noise reduction measures.
The voluminous set of technical regulations developed for this purpose can be classified according to
these three subject areas as illustrated in figure 2/2 using the examples of fundamental technical
directives and standards. This figure comprises the most important "technical rules" for the
description and solution of noise problems:
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Concerning emission / the source of noise

DIN 45 635 Measurement of noise emitted by machines

VDI 2571 Sound radiation from industrial buildings

VDI 2570 Noise abatement in manufacturing plants and workshops - general fundamentals
VDI 3720-1 Noise abatement by design - general fundamentals

Concerning sound propagation
DIN ISO 9613-2 Acoustics - Attenuation of sound during propagation outdoors
Part 2: General method of calculation
VDI 2720/1 Noise control by barriers outdoors
VDI 2720/2 Noise control by means of shielding indoors
VDI 2720/3 Noise control by means of shielding in near fields; partial enclosures of noise sources

Concerning immission / noise exposure

DIN 45 641 Averaging of sound levels

DIN 45 645-1  Determination of rating levels from measurement data
Part 1: Noise immission in the neighbourhood

DIN 4109 Sound insulation in buildings; requirements and testing

VDI 4100 Noise control in dwellings - Criteria for planning and assessment
VDI 2719 Sound isolation of windows and their auxiliary equipment

VDI 3745-1 Assessment of shooting noise

Concerning the overall context of emission - propagation - immission

DIN 18005-1 Noise abatement in town planning - Part 1: Fundamentals and directions for
planning as well as for restrictions on particular sources of noise

16. BImSchV Traffic Noise Ordinance (Verkehrslarmschutzverordnung,16th Federal Immission
Control Ordinance )

Schall 03 National calculation provision for rail traffic noise

RLS-90 Guidelines for the noise protection at roads

18. BImSchV Ordinance on the prevention of noise from sports facilities

(Sportanlagenlarmschutzverordnung, 18th Federal Immission Control Ordinance)
Airport Air Traffic Noise Guideline (Flughafen-Fluglarmleitlinie)
Landing field Air Traffic Noise Guideline (Landeplatz-Fluglarmleitlinie)

In the following chapter, we will go into more details about these and other directives and regulations,
especially about DIN 18005 (Noise abatement in town planning) which covers the whole problem, as
far as it is necessary in the context of the Noise Manual for Urban Development.
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2. Planning foundations

2.3 General legal foundations

This section contains an assembly of legal regulations and directives which are essential for noise
control issues within urban development and the administrative handling of noise as an

environmental problem. The following chapters 3, 4 and 5 give more details on these legal aspects in L Sliidlel_!_uuli_ohe
regard to the main sources of noise. Léarmiibel
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2. Planning foundations

2.3.1 Pollution control rights

The terms "emissions" and "immissions" treated in the previous section are taken from the above-
cited Federal Immission Control Act (Bundes-Immissionsschutzgesetz) (available in German and
English), which also plays a major role in the context of noise abatement, as its purpose is to "protect
human beings, animals and plants ... against any harmful effects on the environment and to prevent
the emergence of any such effects". This act enshrines both the important polluter pays principle
and the principle of precaution. The Federal Immission Control Act is characterized by a wide
scope.

It is a federal act implemented by the Lander governments. The Ordinance on the Responsibilities
according to the Federal Immission Control Act (Verordnung Uber Zustandigkeiten nach dem Bundes-
Immissionsschutzgesetz, BImSchGZuVO) (available in German) of the Land of Baden-Wurttemberg
contains the responsibilities of the different local authorities for the implementation of the Federal
Immission Control Act. These responsibilities cover above all the licensing for the construction and
operation of installations, their monitoring, the determination of emissions and immissions as well as
subsequent orders.

Subsequent orders occur in the context of complaints for example, with the "best available
techniques" and the aspect of technical "proportionality" being important standards of assessment.
Other important terms within the Federal Immission Control Act are "harmful effects on the
environment" (see above) as well as "installations", which are divided into installations "subject to
licensing" and "not subject to licensing".

The Ordinance on Installations subject to licensing (Verordnung tiber genehmigungsbediirftige
Anlagen, 4th Federal Immission Control Ordinance) (available in German) with its index of
installations subject to licensing plays a significant role in practice.

According to § 3 (5) of the Federal Immission Control Act, installations are:

1. any operating plants and other stationary facilities,

2. any machines, equipment and other non-stationary technical facilities as well as vehicles and craft
unless they are subject to the provisions of Article 38 below (i.e. unless they take part in public
transport, e.g. forklifts) and

3. any premises used to store or deposit materials or to carry out work likely to cause emissions, with
the exception of routes used for public transport.

The definition of the installation term shows that it is not restricted to commercial facilities (operating
plants) but also covers the private and domestic domain as well as leisure time, sports and hobby.

Besides the above-mentioned definitions, the following provisions within the Federal Immission
Control Act are relevant for noise abatement issues:

The provisions on the construction and operation of installations (88 4 to 31a of the Federal
Immission Control Act),

the provisions on the nature of installations, substances, products, fuels and lubricants (88 32 to 37 of
the Federal Immission Control Act),

the provisions on the nature and operation of vehicles and craft, construction of and alterations to
roads and rail tracks (88 38 to 43 of the Federal Immission Control Act),

the provision on noise abatement plans (§ 47a of the Federal Immission Control Act),

the provision on planning (8 50 of the Federal Immission Control Act).

The planning principle standardized in 8 50 of the Federal Immission Control Act is binding for all
planning authorities on the national, federal and municipal level: "In the case of regional planning
projects and associated measures, the land earmarked for specific types of use shall be zoned in
such a manner that harmful environmental effects ... on areas that are exclusively or predominantly
used for residential purposes as well as on any other areas worthy of protection are kept to a
minimum."

‘Bundes-
Immissionsschutz-
gesetz

Bim G

Download in German:
BImSchG

EU-Richtlinie-2000-14-EG

Download in English:
F-I-C-A
EU-Directive-200-14-EC
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This provision establishes a close link between pollution control rights and land use planning, an
important aspect of municipal noise protection. The new provision on noise abatement plans (§ 47a
of the Federal Immission Control Act) also affects municipal concerns, especially as the regulation,
according to the Federal Immission Control Act in Baden-Wurttemberg, assigns the responsibility of
drawing up noise abatement plans to the municipalities (see section 6.1).

Technical details on the implementation of the Federal Immission Control Act are laid down in
ordinances and administrative regulations. The Federal Immission Control Act contains the following
ordinances and administrative regulations on noise issues(all available in German):

"Traffic Noise Ordinance" (Verkehrslarmschutzverordnung, 16th Federal Immission Control

Ordinance),

"Ordinance on the Prevention of Noise from Sports Facilities" (Sportanlagenlarmschutzverordnung,
18th Federal Immission Control Ordinance),

"Ordinance on Road Noise Protection Measures" (Verkehrswege-
SchallschutzmaRnahmenverordnung, 24th Federal Immission Control Ordinance)

"Ordinance on Equipment Noise Protection" (Gerate- und Maschinenlarmschutzverordnung, 32nd
Federal Immission Control Ordinance)

Sixth General administrative regulation to the Federal Immission Control Act - TA Larm

The above-mentioned ordinances and provisions show that the complex field of construction noise
was refined within the scope of the Federal Immission Control Act. This includes the administrative
regulations enacted for the protection from construction noise within the framework of the previous
act, whereas the Building Noise Act (Baularmschutzgesetz) itself was repealed by § 72 No.2 of the
Federal Immission Control Act in 1974. Emission limit values for single types of building machines are
to be added according to the provisions of the Ordinance on Noise Caused by Building Machines
(15th Federal Immission Control Ordinance). Building machines are part of a special category of
equipment operated outdoors, which are also listed in the EU directive 2000/14/EC (EU-Richtlinie-
2000-14-EG) (available in German and English) on noise emissions for outdoor equipment. The

directive gives the maximum noise emissions for 63 types of machines and equipment when placed
on the market.

What does not belong to the scope of the Federal Immission Control Act is aircraft noise, which has
its own act (see section 3.2).
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2. Planning foundations

2.3.2 Building law

I8 1 (Scope, Definition and Principles of Urban Land-Use Planning) of the Federal Building Code

(BAUGESETZBUCH, BauGB, 1986) (available in German) stipulates that preparatory and legally
binding land-use plans "shall contribute to securing a more humane environment and to protecting

and developing the basic conditions for natural life". According to 8 1 para. 5 of the Federal Building au B
Code, what has to be especially considered is the "general requirement for living and working

conditions which are conducive to good health" as well as environmental concerns.

Baugesetzbuch

Urban land-use planning treats especially the following noise-relevant problems:
Federal Building Code
. Confirming the inventory of consistent mixed uses and allocating new consistent uses aiming (English translation)
at traffic avoidance ("Municipality/City with short paths"; "Densification of settlements near the
stops of public transport")

. Enlarging/conserving/protecting large-scale cohesive recreation areas

. Determining the locations of new uses in accordance with the need for noise protection or with Ba“NVO
emission characteristics

. Relocating the fringe zones of emission-intensive uses due to immission conflicts with uses in
need of noise protection

Baunuizungsverordnung

. Changing designated noise-intensive uses
. Representing areas with use restrictions etc.

Noise protection within urban land-use planning includes the following general recommendations:

. Polycentric city or municipality structures and a consistent mix of uses shall be encouraged in
order to prevent traffic

. The reduction of emissions at their source has priority over immission protection measures

. New building areas/commercial areas shall preferably only be built in connection with public
transport and rail etc.

§ 9 (Content of the Legally Binding Land-Use Plan) gives significant noise protection planning
measures by listing possible designations on urban-planning grounds.

According to § 9 para. 1 No. 24, the legally binding land-use plan can define "protected areas to be
kept free from development with their uses, spaces for specific installations and measures to provide
protection against harmful environmental impact within the meaning of the Federal Immission Control
Act, and the provisions to be made, including building and other technical measures, to provide
protection against such impact or to prevent or reduce such impact".

According to § 9 para. 5 No. 1, the binding land-use plan shall indicate "spaces which, on
development, will require special physical provisions to counter external forces".

The legally binding land-use plan contains an environmental impact assessment if it prepares
projects according to Annex 1 to the Environmental Impact Assessment Act
(Umweltvertraglichkeitsprifungsgesetz, UVPG) and the mentioned characteristics/values are on hand
or may have considerable negative environmental impacts according to the required preliminary
examination of individual cases or if it replaces a plan approval decision according to Annex 1 to the
Environmental Impact Assessment Act. According to § 17 of the Environmental Impact Assessment
Act, the environmental impact assessment "shall be performed in the planning procedure as an
environmental assessment pursuant to the provisions of the Building Code".

No. 18 of Annex 1 to the Environmental Impact Assessment Act lists building projects like holiday
villages, hotel complexes, leisure parks, car parks, industrial zones, shopping centres or urban
development projects. But projects listed under the other numbers also require an environmental
impact assessment if the admissibility of the project is based on a local development plan.

Noise protection often plays an important role as for decisions on the permissibility of individual
projects. This is especially true for:

- exceptions to and dispensations from the designations contained in the legally binding land-use plan
according to § 31 of the Federal Building Code (para. 2: "...after taking due account of the interests of
neighbours, deviation is compatible with public interests")
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- the assessment of the permissibility of development projects within built-up areas according to § 34
of the Federal Building Code (para. 1: "The requirements of healthy living and working conditions
must be satisfied; the overall appearance of the locality may not be impaired.")

- building in the undesignated outlying area according to § 35 of the Federal Building Code (para. 3,
second indent: pollution control as an important criteria for deciding about the permissibility of
projects)

The "Ordinance on the utilisation of land for building" - Federal Land Utilisation Ordinance
(BAUNUTZUNGSVERORDNUNG, BauNVO, 1993) (available in German) - contains a pollution
control ranking corresponding to the purpose of the specific area by classifying the types of building
zones according to 88 2 to 9. This classification concerns both emissivity and immission sensitivity of
the authorized uses. This is why the classification of the areas according to the Federal Land
Utilisation Ordinance (e.g. industrial areas, commercial areas, core areas, mixed areas, village areas,
general residential areas, purely residential areas, small housing estates) can also be found in the
context of the definition of immission guide values in the technical set of regulations on noise
abatement (see section 2.5). Noise abatement issues are not only significant in the context of
planning industrial uses (Gl areas, i.e. commercial areas, and GE areas, i.e. industrial areas) but they
also represent a particular problem when defining other "special areas" according to § 11 of the
Federal Land Utilisation Ordinance.

What counts in practice is the possibility according to § 1 para. 4 of the Federal Land Utilisation
Ordinance to structure a building area (e.g. a commercial area) according to the type of permitted
uses and the type of enterprises and installations and their particular needs and characteristics. And,
above all, an area-related sound power level for noise immissions can be defined according to this
ordinance.

Other provisions that are significant for noise protection issues can be found in § 15 of the Federal
Land Utilisation Ordinance about general conditions for the permissibility of constructional and other
installations:

These are inadmissible when they can produce nuisances and disturbances which are unacceptable
in the building area itself or in its neighbouring area according to the type of building area or if they
are exposed to such nuisances and disturbances (para. 1).

We also would like to point to the newly added paragraph 3, according to which the permissibility of
installations in building areas shall not only be assessed within the meaning of the procedural
classifications of the Federal Immission Control Act and the provisions made on the basis of this act.
This makes clear that an "installation subject to licensing" in the context of pollution control may not
exclusively be placed in an industrial area.

The consideration of pollution control in building procedures is ensured by the general clause of § 3
of the Federal State Building Code (LANDESBAUORDNUNG, LBO, 1995) and the general
requirements defined there: It determines that installations are to be arranged, constructed and
maintained in such a way that public safety and public policy, especially people's life and health, are
not in danger and that the installations can be used according to their purposes and without deficits.
The same applies to the demolition of installations.

The provisions on the operation of building sites (§ 14 of the Federal State Building Code) as well as
on the protection from vibrations and noise (8§ 16 of the Federal State Building Code) have to be
considered in particular. The provisions on service plants (88 32 to 35) are to prevent among other
things the sound transmission to adjacent rooms. If dwellings are shielded from a noisy environment
by constructional sound insulation measures, the aspect of interior noise produced by service plants
becomes more and more important. The requirements for the sound insulation of exterior building
components are elaborated in DIN 4109.
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2. Planning foundations

2.3.3 Civil Code, Criminal Code and Administrative Offences Act

Noise as an aspect of civil law is treated in the German Civil Code (Birgerliches Gesetzbuch, BGB)
(available in German), especially in the following articles:

§ 906 (Impacts from the neighbouring plot)

"The owner of a plot of land cannot prohibit the impacts of gases, vapours, smells, smoke, soot, heat,
noises, vibrations and such coming from another plot insofar as these impacts do not or only
insignificantly impair the use of the plot of land. The same applies to a significant impairment by a
customary use of the other plot which cannot be prevented by economically reasonable measures. If
the owner must hereafter tolerate an impact, he can demand an appropriate financial compensation
from the user of the other plot if the impact impairs the customary use of the plot or its proceeds
beyond reasonable measure. ..."

§ 1004 (Right to an injunction)

"If the ownership is impaired other than by removal or withholding of the possession, the owner can
demand remedy of the impairment from the interferer. If there are other impairments, the owner may
seek a prohibitory injunction. This right is excluded if the owner is obliged to tolerate the impairment."

Various legal rulings on the reasonableness of noise from sports facilities and traffic, which may have
a similar impact like an inverse condemnation, had a major influence on the regulations on traffic
noise protection (see section 3.1).

Emitters of noise can be prosecuted. The 18th amendment to the Criminal Code (Strafgesetzbuch,
StGB) includes a section on "Crimes Against The Environment"”, with § 325, § 325a (Air Pollution and
Noise) replacing § 63 (Offences) of the Federal Immission Control Act.

According to § 325a para. 1 of the Criminal Code "whoever, in the operation of a facility, especially a
plant or machine, in violation of duties under administrative law, causes noise which is capable of
harming the health of another outside of the area belonging to the facility, shall be punished with
imprisonment for not more than three years or a fine". This shall not apply to motor vehicles, rail
vehicles, aircraft or watercraft.

In the case of noise as a consequence of individual behaviour, 8 117 (Inadmissible noise) of the
Administrative Offences Act (Gesetz Uber Ordnungswidrigkeiten, OWIiG) (available in German) is to
be applied. It reads as follows:

"Anyone who, without justified reason and to an inadmissible or avoidable extent, causes noise which
is capable of annoying the general public or the neighbourhood substantially or of harming the health
of another commits an administrative offence."

Such offences are punished with a fine.

For the selection of the administrative treatment of remedial measures it is important to make a
distinction between noise caused by an installation and noise caused by individual behaviour as
the ordinances of the Federal Immission Control Act are to be applied in the first case and those of
the Administrative Offences Act in the second. In the context of noise from sports and leisure
facilities, restaurants and amusement parks for example it is hardly possible to separate purely
technical operational noise from the visitors' activities, cheers and roars (see chapter 5 and section
6.4). This why city planning must never neglect the social aspects determined by individual behaviour
in connection with intended uses.
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2. Planning foundations

2.4 Acoustic principles

The application of technical directives, standards and official ordinances on noise abatement requires
a basic knowledge that goes beyond the principles given in sections 2.1 and 2.2. What still has to be
treated is especially the measure for noise, its mathematical and metrological handling and its
assessment.

2.4.1 Sound scale
The ear's range of perception

The human ear is able to perceive sound vibrations with a frequency ranging from about 16 to 20,000

oscillations per second (hertz). Figure 2/3 ﬂ differentiates this frequency range, that lies between
very high and very deep tones, according to speech, music and other noises. By clicking on figure 2/4

ﬂ, you can select different audio examples of particular frequencies.

Figure 2/3 ﬂ further illustrates that the audible range has a lower limit as for sound pressure, which
is called threshold of hearing. The sound pressure (more exactly a change in the sound pressure)
corresponds to the pressure fluctuations of sound waves and is relevant for the perception of
loudness, because the higher the pressure fluctuations, the more energy is transmitted by the sound
waves. Above the threshold of pain, the auditory event is associated with sensations of pain.

The decibel scale

The values of the sound pressures given in figure 2/3 ﬂfor the audible range cover a scale from
0.00002 to 200 pascals (Pa), i.e. a range of seven decimal powers, illustrating the astonishing power
of perception of our sense organ, the ear. This also shows that a linear sound scale based on the
absolute sound pressure values would be unsuitable due to the wide range of values.

A logarithmic scale was therefore defined for the sound scale as a means of presenting a
manageable range of values and of better corresponding to the non-linear perception of loudness.

The scale used at the right margin of figure 2/3 ﬂ is based on the sound (pressure) level and
indicated in decibel (dB = 1/10 bel). A sound pressure of 2x10-5 Pa is assigned to the threshold of
hearing (at 2,000 Hz), which is equal to the sound level value 0 dB on the decibel scale. The
threshold of pain forms the top of the scale with a sound level value of 140 dB and a sound pressure
of 200 Pa. If the A-weighted sound level is used, the threshold of pain is at 120 dB(A).

The decibel and the definition of sound pressure level

The unit "bel" is named after the American scientist Alexander Graham Bell (1847-1922) and it
represents no physical unit but only a dimensionless measure, just like the term "per cent". It
expresses the ratio of a physical quantity (usually power or intensity) and another value of this
guantity as a decadic logarithm relative to a specified reference level. The result is called "level”.

As the sound power is proportional to the squared sound pressure, we can deduce that:

1 bel = 10 dB : tenfold power or tenfold pressure relative to O bel
2 bels =20 dB : hundredfold power or hundredfold pressure relative to 0 bel

This explanation leads to the following definition of sound pressure level:
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Explanation of the abbreviations:

Lp = sound pressure level

p = sound pressure (at this level value)

pO = reference sound pressure

(standardized threshold of hearing = 2x10-5 Pa)

Properties of the sound level scale

The absolute sound pressure increases tenfold each time the sound level increases by 20 dB. A
sound level difference of 6 dB corresponds to a sound pressure ratio of 1:2.

The sound power (in watt) and the sound intensity (in W/m2) increase tenfold in steps of 10 dB each.
A sound level difference of 3 dB corresponds to a sound power ratio of 1:2.

In the context of noise protection, it is also important to know that the human perception of loudness
follows a power function as well, i.e. that a tenfold increase in the sound power or an increase in the
sound level by 10 dB is perceived as a doubling of the loudness. "Loudness" is defined as a measure
of subjective loudness assessment (in sone).

A-weighting

The perception of tones of identical sound pressure by the human ear varies according to their

frequency (tone pitch). This can be seen in figure 2/3 ﬂ in which the curve of the threshold of
hearing depends on the frequency. High tones are perceived comparatively louder than deep tones.
In order to ensure a metrological registration of noises that is true to human perception, the fact that
the perception of loudness depends on the frequency is taken into account by using filters which
muffle frequencies of the measured noises to different extents within the sound level meter (see
section 2.4.4).

The present context only requires the internationally used "A-filter" or the A-weighting curve given in
figure 2/5. This is why we will only use the A-weighted sound level with the unit dB(A) in the following.

Figure 2/6 gives an outline of the sound levels of everyday noises with the measurement being
carried out according to the procedure mentioned above.
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2. Planning foundations

2.4.2 Methods of calculationn
Sound level addition

The impact of several sound sources leads to an increase in sound immission. However, sound level
values must not be simply added arithmetically. This means that the sum level L of the three sound
levels

L1 =35 dB(A), L2 = 40 dB(A), L3 = 45 dB(A)
is by no means 120 dB(A)!

The three sound levels must rather be added energetically according to the following formula:
L = 101g > 10™*
1

First, the expression 100,1Li must be formed for each addend Li.

The further calculations can easily be done with the help of a calculator which has the functions "10x"
and "log".

L =10 Ig (103.5 + 104.0 + 104.5) dB(A)
L = 46.5 dB(A)

The sound level addition can also be done in pairs for two sound level values with the help of figure
2/7 by reading the value on the addition scale, below the difference of the sound levels that are to be
added, and adding it to the higher of the two sound levels.

Sound level difference between Lr,1 and Lr,2 in dB(A)

0 1 2 3 4 5 6 7 8 910 1520

3 2,5 2 1,5 1 0,5 0

Add dB(A) to the higher level

Fig. 2/7: Addition of sound levels

By adding only the addends L2 and L3 from the example above, you get:
40 dB(A) + 45 dB(A) = 46.2 dB(A)

From this we can conclude that the addend L1 = 35 dB(A) does not influence the sum level strongly
and could have been ignored in the first place. The following significant rule can be deduced from the
addition scale in figure 2/7:

If two sound levels differ by at least 10 dB, the lower level does practically not contribute to the sum
level. We can therefore approximately conclude that (with or without the use of A-weighting):

65 dB(A) + 54 dB(A) = 65 dB(A)
43 dB(A) + 44 dB(A) + 58 dB(A) = 58 dB(A)

(since 43 dB(A) + 44 dB(A) can give at the most 47 dB(A) and this is 11 dB less than 58 dB(A))

The addition of two identical sound levels results in a sound level higher by three decibels, which

Fig. 2/8: Example of a point sound
Source (jackhammer)

- / " ==
Fig. 2/9: Example of a line sound
source (road traffic)

Fig. 2/10: Example of an area sound
source (large car park)

Decibel calculator
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means a doubling of the sound power due to the definitions given in section 2.4.1. So we can say
that:

55 dB(A) + 55 dB(A) = 58 dB(A)

You can sum up sound levels online with the decibel calculator.

Energetic averaging

The process of averaging is analogous to the energetic addition of sound levels with the exception
that after the addition of the elements 100,1L, we have to divide by the number of elements, and this
before taking the logarithm.

L =10lg lZm”m
L]

In our example, the average sound level Lm is:

L1 =35dB(A), L2 = 40 dB(A), L3 = 45 dB(A)
Lm =10 Ig (1/3 (103.5 + 104.0 + 104.5))
Lm =42 dB(A) (rounded up)

The example shows that the energetic average level of a series of different sound levels lies closer to
the higher values than it would be in the case of arithmetic averaging.

As the averaging often concerns noises varying in time, the corresponding method of calculation can
be adapted to this issue by dividing by the total observation or measurement period "T" instead of the
number of values and by multiplying each of the addition elements 100,1L by the impact period "ti" of
the sound level value Li during the total measurement period.

1 0.1Li
L=10 = 10"t
lgnzi“

The calculation steps shall be illustrated using the example of a fictitious noise measurement during a
measurement period T = 16 hours from 6 am to 10 pm. The following energetic average values are
assumed for the individual hours:

6amto8am:60dB(A)tl=2h
8amtol0am:45dB(A)t2=2h
10 amto 6 pm:35dB(A)t3=8h
6pmto8pm:45dB(A)t4=2h
8pmto 10 pm:55dB(A)t5=2h

Which average sound level results for the whole daytime from 6 am to 10 pm (T = 16 h)?

Lm =52 dB(A) (rounded down)

This result also shows that the highest sound level values (in our example the six loudest hours)
influence the result of the average sound level the most.

The following statements can easily be deduced from the rules of energetic addition and averaging of
sound levels:

- Halving (doubling) the impact period of a noise leads to a decrease (increase) of its average level by
3dB.

- Halving (doubling) the sound power of a noise also leads to a decrease (increase) of its average
sound level by 3 dB.

Decreasing sound level during sound propagation

The sound pressure level decreases with increasing distance from the source of the sound. The
theoretical description of the decreasing sound level assumes that the point source of a sound emits
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sound waves in the form of a spherical wave to all directions of a room. This means that the sound
power from a sound source spreads to an always growing spherical surface with increasing distance.
This leads to the following ratio for the sound level decrease L if the distance between rl and r2 is
increased:

AL=20Ig (rofry)

This means that the sound level decreases by 6 dB each time the distance is doubled, provided that
there is no loss during sound propagation and that the sound comes from a point source (figure 2/8

L1}

In the case of line sources (figure 2/9), which have a wide linear expansion in comparison to the
considered distance and which run in a straight line, the sound is radiated in the form of a cylindrical
wave. This leads to the following ratio for the sound level decrease L if the distance between r1 and
r2 is increased:

AL=101Ig (ry/ry)

This means that, in the case of a line sound source (e.g. roads, railways, long pipelines), the sound
level only decreases by 3 dB each time the distance is doubled, provided that there is no loss during
sound propagation.

In reality, however, sound level decreases during sound propagation differ from these theoretical
values as factors like the sound-absorbing properties of the earth's surface or various weather
conditions (wind and air temperature) have to be taken into account.

What is more, the sound radiation of many sound sources does not correspond to the ideal forms of a
spherical or cylindrical wave as they have a certain directivity. The influence of the earth's surface on
the propagation of sound results from different forms of vegetation and development as well as from
sound-shielding and sound-reflecting structures on the propagation path of the sound waves.

The very complex process of sound propagation outdoors is the subject of DIN ISO 9613-2, while VDI
guideline 2720-1 deals with the special aspects of "Noise control by barriers outdoors". An acoustic
shadow can be created with the help of soundproof obstacles, similar to the shielding of light waves,
but this measure is less efficient due to sound diffraction.

The calculation directives DIN 18005-1 and RLS-90 (among others) treat sound level decreases
through both clearances and additionally shielding obstacles. The complex of sound propagation is
therefore the determining factor for the dimensioning of noise protection walls and barriers.
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2. Planning foundations

2.4.3 Definitions of further terms
Equivalent continuous sound level

The average sound level L, calculated in the previous section is also called "energy-equivalent

sound level" or "equivalent continuous sound level" due to the obligatory energetic averaging. It is
commonly abbreviated as Ly, or Leg.

An equivalent continuous sound level is an A-weighted sound level with a constant amplitude, which
transmits the same amount of sound energy in the reference period as a sound level with a
fluctuating amplitude corresponding to the interference effect of a steady continuous sound.

The process of averaging is used as analysis basis for noise measurement. If the range of
measurement variations stays below 10 dB, the average sound level lies about 1/3 of the range of
variations below its upper boundary. The exact procedure of averaging sound levels varying in time is
given in DIN 45641.

According to the modes of operation of noise meters described in section 2.4.4, the average sound
level can be differentiated according to various time weightings:

"FAST" time weighting: Larm
"SLOW" time weighting: Lagm

"IMPULSE" time weighting: Ly,
"FAST time weighting with takt maximal sound level": Lygrt

Figure 2/11a illustrates the problems associated with the indication of average sound levels. You can
see that uniform traffic with 2,000 cars per hour has about the same average sound level as a single
train in one hour. This may lead to the conclusion that an adequate assessment of certain sound
situations is not possible on the basis of average sound levels. One can reply that this procedure has
proved itself in practice and has become a useful instrument of administration. "The special features
of railway traffic" are taken into account by adding a bonus of 5 dB in order to avoid serious
miscalculations as for the application of the average sound level (section 3.1).

The impulse-weighted average sound level

The impulse-weighted average sound level LAIm differs from the strictly physical energy definition of
the equivalent continuous sound level as it weights impulse noises (e.g. shooting noises, striking
mechanisms etc.) more due to a short rising time constant and a slow falling one.

The takt maximal sound level procedure

The average sound level Lygty, resulting from this procedure weights the impulsive characteristics of
noises more than the energy-equivalent averaging does. Similar to the Impulse sound level meter,
this procedure assigns a seemingly longer period to short-time level peaks. This is due to the fact that
level peaks are scanned in a uniform interval of 3 or 5 seconds and so the actual level curve is
replaced by an echelon signal.

The takt maximal sound level is usually higher than the average sound level L, and further

increases with the impulsive characteristics of the noise. It is therefore not necessary to make an
impulse addition.

Exceedance level

Exceedance levels are based on the frequency distribution of measured sound levels. They allow for
a more detailed description of the basic structure of an existing noise situation than the simple
indication of the average sound level could.

Mitolungs
gl

Fig. 2/11a: Comparison between the
average sound levels of cars and an
express train
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Lgs is the sound level which is attained or exceeded during 95 % of the measurement period. It is

called the "background noise level" and used for the analysis of constantly dominating extraneous
sounds.

L, is the sound level which is attained or exceeded during only 1 % of the measurement period and is
therefore regarded as the "average maximum level".

Rating level

The rating level L, of a measured or calculated situation serves as a comparison with the immission
values (limit values, guide values and reference values). Just like the average sound level, it refers to
limited periods of time, e.g. an eight-hour working shift, the time from 6 am to 10 pm (16 hours) or the
time from 10 pm to 6 am (8 hours or the loudest hour).

In contrast to the average sound level, the rating level cannot be directly determined through
measurements. It is the result of weighting level additions (or deductions), which cannot be deduced
metrologically but are applied according to the agreements reached in the various sets of regulations.
Level additions are applied for example in the context of more disturbing noises during specified
resting periods or of sounds with impulsive characteristics or discrete components or as a result of
meteorological corrections.

As for road traffic noise, a level addition is considered which takes into account the increased
interference effect of nearby signal-controlled crossings - an addition which would not be absolutely
necessary according to comparative measurements. Vice versa, the lower subjective interference
effect of railway traffic leads to a level deduction (called railway bonus).
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Noise measurements

2.4.4.1 The significance of noise measurements

Although noise emission and immission, especially in the case of traffic noise, are calculated
whenever possible (see chapter 3), noise measurements still are and will be relevant and regulated in
particular ordinances and regulations. Table 2/1 gives a summary of the way noise pollution is to be
determined according to the current state of the relevant regulations and directives.

The determination of noise pollution through measurements is used among other things to assess
noise in individual cases (e.g. after complaints), to determine noise emissions from sound sources (e.
g. lawn mowers, building machines (according to DIN 45635, enveloping surface method, figures

2/11b and 2/11c) as well as to assess noise abatement measures (e.g. installation of soundproof

windows).

Furthermore, it is necessary to carry out measurements in the case of complex noise structures
which cannot be calculated. Another context for noise measurements is noises with discrete

components.

|Source of noise  |Method IRelevant regulation

Road traffic Calculation 16th Federal Immission Control Ordinance, RLS-90, DIN 18005-
1

IRoad traffic IMeasurement DIN 45642

Railway traffic Calculation  |16th Federal Immission Control Ordinance, Schall 03,
Akustik 04

Air traffic Calculation  |AzB (Anleitung zur Berechnung, Instructions how to calculate)
according to the Air Traffic Noise Act (Fluglarmgesetz), Airport
Air Traffic Noise Guideline (Flughafen-Fluglarmleitlinie), Landing
field Air Traffic Noise Guideline (Landeplatz-Fluglarmleitlinie)

Air traffic Measurement [DIN 45643-2 (Aircraft noise monitoring systems within the
meaning of article 19a of the Civil Aviation Act
(Luftverkehrsgesetz))

Air traffic Measurement |DIN 45643-3 (Determination of rating level of aircraft noise
exposure)

|Commerce [Measurement |TA Larm (Technical Instructions on Noise)

|Commerce Calculation  |[DIN ISO 9613-2, VDI 2571

Building sites Measurement |AVV Baularm, Gerauschimmissionen (General administrative
regulation for building noise)

Spare time Measurement |Recommendations by the Federal States’ Immission Control

activities Committee (L&nderausschuss fiir Immissionsschutz, LAI), VDI
3724 (draft)

Sports facilities Measurement |Ordinance on the Prevention of Noise from Sports Facilities
(Sportanlagenlarmschutzverordnung, 18th Federal Immission
Control Ordinance)

Water traffic Calculation  |[DIN18005-1

Measurement |DIN 45642

Table 2/1: Summary of the type of noise determination from different noise sources required by the

relevant regulations

Measurements for official interests may only be carried out by technically qualified persons or
institutions. According to § 26 of the Federal Immission Control Act, recognized measurement
agencies for emission and immission determination are designated by the authority responsible
pursuant to Land law through the announcement of the authority. These agencies must provide
skilled personnel and the required technical equipment.

I

Fig. 2/11b: Enveloping surface
method, hemisphere method

s [rpre—

Fig. 2/11c: Enveloping surface
methode, five side method
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2.4.4 Noise measurements

2.4.4.2 The process of measuring

As climatic conditions can influence noise measurements, these influences have to be taken into
account during the planning of measurements. In order to prevent background noise from wind, the
microphone must be equipped with a windbreak out of porous foam (fig. 2/11d). What also has to be
considered is the fact that the results can differ substantially depending on the wind direction and
wind force. This is also true in times of temperature inversion, when sound is reflected and can be
perceived over long distances. If the ground is frozen or covered with snow, the absorption properties
of the soil may vary significantly, just like the rolling noise of cars can be changed by rain.

The priority as for noise measurements lies in the compliance with the relevant regulations. The
following aspects play a particular role:

Parameters:

Measurement device:

Measurement
location:

Measurement period:

Noise status:

Analysis method:

Are determined by the frequency and time weighting at the measurement
device (e.g. A and f).

Determines the exactness of the measurement (requirement of the norm).
Determination of the microphone localization depending on the task and

environmental conditions.

Is determined by the task and noise situation. The measurement period
must be long enough to deliver representative results. What has to be
prevented is the impact of extraneous sounds on the measurement results.

The noise source must possess the adequate operating status.

Delivers the final assessment on the basis of single measurements, e.g.
after the consideration of additions (measuring time, noises with discrete
components etc.).
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Fig. 2/11d: Windshields (windbreaks)
at microphones
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2.4.4 Noise measurements
2.4.4.3 Measurement devices and their modes of operation

Sound level meters (figure 2/12b) record and process sound. The most common devices react to
sound in a similar way as the human ear. The structure of all sound level meters is basically the
same. Each system has a microphone as receiver, followed by processing units as well as an output
unit. The basic structure of a sound level meter is illustrated in figure 2/12a.

Incoming sound waves are converted to electrical signals in the microphone. Very precise condenser
microphones are usually used for this purpose. As the measuring signal of the microphone is very
small, it is amplified before further processing (pre-amplifier).

Even simple devices are equipped with filters allowing for aurally compensated measurements.
Different filters (A), (B), (C) and (D) have been developed in order to account for the various reactions

of the human ear to different ranges of sound pressure ﬂ (Fig. 2/3). The most commonly used is
the A-weighting filter, which is defined in international standards.

After further amplification of the signal, the sound pressure is squared, resulting in the sound energy
or power. The next step is a time-weighted averaging adapted to the sound signal (time weighting).
The usual time weightings are "Fast", "Slow", "Impulse" and "Peak".

The different time weightings allow for an adaptation of the measurements to the particularities of the
sound. "Fast" time weighting is mostly used for traffic noises. The current result is displayed at the
measurement device in a digital or analogue way (indication of the current level). As mentioned
before (section 2.4.2), an energetic average sound level is usually produced to assess sound signals.

This level (Leq) can also be displayed at the measurement device.

The devices for official measurements must comply with DIN EN 60651 or DIN EN 60804 and be
authorized by the Federal Institute of Physics and Metrology (Physikalisch-Technische
Bundesanstalt). Furthermore, these sound level meters must be calibrated at regular intervals
(including the application of a calibration certificate). They can then be designated precision sound
level meters. But even these devices have to be controlled by a portable acoustic calibrator (e.g. a
pistonphone, fig. 2/13) and, if necessary, adjusted for each measurement if the results are expected
to be precise.

The available sound level meters can be classified into three classes:

Classl: M easurements which require a high accuracy (e.g. examination of guide value exceedances)
Classll: M easurements which require less accuracy (e.g. measurements clearly below guide values)
Classlll: Low accuracy, suitable for survey measurements and pre-measurements

The costs for a sound level meter range from about 200 to 20 000 €.

The selection of the measurement device should be adapted to the particular purpose. Important
aspects which have to be considered when purchasing a sound level meter are for example the lower
level limit, the level range, sound level averaging, the pause button for the suppression of extraneous
sounds during the measurement, stability, humidity resistance and possibly calibration capability.
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Fig. 2/12a: Block diagram of a sound
level meter

Fig. 2/12b: Modern sound level meter
with a microphone
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Fig. 2/13: Pistonphon
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2.4.4 Noise measurements
2.4.4.4 Noise maps

The presentation of noise maps is newly laid down in the draft of DIN 18005 Part 2, which is to
standardize the presentation.

The results of the Traffic noise mapping Stuttgart (1998) are to be presented in the following as an
example of a traffic noise map predominantly based on measurements.

A sound level meter which allowed for the determination of the exceedance levels Ly, Lg, L1g, Lsg,
Lgo, Lgs and Leq Was used for the measurements.

A preliminary study clarified the necessary measurement periods in the proximity of roads required
for an adequate representation of the noise level at a particular type of road and for the reduction of
the measurement period.

The noise measurements were carried out at road measuring points by the side of the road on
weekdays. In accordance with the measurement guidelines, holidays and days with adverse weather
conditions (snow, rain, strong wind) were excepted. The noise levels for roads where no
measurements were conducted were determined through comparisons by analogy with adequate
roads.

The results are available (in German) at: http://www.stadtklima-stuttgart.de/index.php?laerm_db

Table 2/2 gives the final results of the road measurements as frequency distributions.

’ Noise level categories ’ Day ’ Night

’ < 35 dB(A) ’ 0.00 % ’ 0.52 %
’ <40 dB(A) ’ 0.00 % ’ 5.62 %
’ <45 dB(A) ’ 0.52 % ’ 35.89 %
’ <50 dB(A) ’ 5.62 % ’ 60.61 %
’ <55 dB(A) ’ 35.79 % ] 79.69 %
’ <60 dB(A) ’ 60.61 % ’ 87.33 %
’ < 65 dB(A) ’ 79.78 % ’ 93.60 %
’ <70 dB(A) ’ 89.55 % ’ 97.71 %
’ <75 dB(A) ’ 96.86 % ’ 99.54 %
’ < 80 dB(A) ’ 99.51 % ] 100.00 %
’ < 85 dB(A) ’ 100.00 % ’ 100.00 %

Table 2/2: Total frequency of lower deviations of the noise level categories (TRAFFIC NOISE
MAPPING STUTTGART, 1998)

The frequency distribution of the noise level categories (see fig. 2/14) clarifies the traffic noise
pollution in Stuttgart, which is typical of big cities. Average levels of less than 50 dB(A) occur rarely at
daytime and are restricted to narrowly defined purely residential areas without through traffic.
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Fig. 2/14: Frequency distribution of the
noise level categories in Stuttgart

(1983, 1998)

Fig. 2/15: Traffic noise map for
Stuttgart, road traffic noise at daytime

Fig. 2/16: Traffic r;oie map for -
Stuttgart, road traffic noise at nighttime
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