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Foreword

The text of the International Standard from Technical Committee ISO/TC 43 "Acoustics” of the
International Organization for Standardization (ISO) has been taken over as an European
Standard by Technical Committee CEN/TC 211 "Acoustics", the secretariat of which is held by
DS. o

This European Standard shall be given the status of a national standard, either by publication of
an identical text or by endorsement, at the latest by May 1999, and conflicting national
standards shall be withdrawn at the latest by May 1999. ‘

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium,
Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, ltaly,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzeriand and the United
Kingdom,
Warning

This document was published as a European Standard to provide a harmonized base for
national standards. .

It is @ guidance document which means that it cannot;be used fortype-approval purposes.

The guidance contained in this_standard, is, not:intended: to be exhaustive, but to highlight
important aspects to which attention"should be'given. i

s0Endorsement notice

The text of the International Standard ISO/TR 11690-3:1997 has been approved by CEN as a
European Standard without any modification.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member body
interested in a subject for which a technical committee has been established has the right
to be represented on that committee. International organizations, governmental and non-
governmental, in liaison with 1ISO, also take part in the work. ISO collaborates closely with
the International Electrotechnical Commission (IEC) on all matters of electrotechnical
standardization.

The main task of technical committees is to prepare International Standards, but in
exceptional circumstances a technical committee may propose the publication of a
Technical Report of one of the following types:

— type 1, when the required support cannot be obtained for the publication of an
International Standard, despite repeated efforts;

— type 2, when the subject is still under technical development or where for any other
reason there is the future but not immediate possibility of an agreement on an
International Standard;

— type 3, when a téchnical committee has’ collected" data of a different kind from that
which is normally published as an International Standard (“state of the art”, for
example).

Technical Reports of types 1-and 2 are subject to review Within three years of publioatioh,

to decice whether they can be transformed into International Standards. Technical Reports

of type 3 do not necessarily have to be reviewed until the data they provide are considered
to be no longer valid or useful.

ISO/TR 11690-3, which is a Technical Report of type 3, was prepared by Technical
Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

ISO 11690 consists of the following parts, under the general title Acoustics —
Recommended practice for the design of low-noise workplaces containing machinery:

— Part 1: Noise control strategies
— Part 2: Noise control measures

— Part 3: Sound propagation and noise prediction in workrooms



ISO/TR 11690-3:1997(E) ©ISO

Introduction

This Technical Report is intended for use by all parties involved in noise reduction
in workplaces and design of low-noise workplaces. The objective is:

- to make them aware of what is the current technical consensus regarding
sound propagation and noise prediction in workrooms,

- to aid the interaction between them within a common technical framework,
- to promote the understanding of the desired noise control requirements.

This Technical Report provides the connection between the emission of sound
sources e.g. machines and the sound pressure level at workstations caused by
their operation in a workroom. Therefore, it allows an interchange of information
between machine suppliers, who are responsible for noise emission values, and
machine users, who require low noise immission values.

A further target is the assessment of the acoustical performance of a workroom.

These tasks arg [connécted\by 'the, determination’ of the sound propagation
descriptors of a workroom.

A methodology for noise prediction in workrooms is presented and a structure is
given for the classification of prediction methods according to the level of detail of
input parameters.
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Acoustics — Recommended practice for the design of
low-noise workplaces containing machinery —
Part 3 : Sound propagation and noise prediction in workrooms

1 Scope

In this part of ISO 11690, sound propagation in a room is considered together with
the prediction of sound pressure levels and of noise immission at the workplace.

Details of the description of the physical phenomena involved in a noise
prediction scheme are strongly dependent on the situation being considered and
the way this situation is modelled (input parameters, calculation techniques). This
dependency is sunveyed and, the methaodology. for. noise prediction is described.
Recommendations are provided concerning the use of noise prediction as an aid

 for noise control in workrooms.rEXamples ofcuse-of)noise prediction methods are

given in annexes A to E.

2 References

References listed in 1SO 11690-1 should also be consulted when using this
Technical Report.

3 Definitions

Definitions given in ISO 11690-1 apply to this Technical Report.

4 Basic principles of sound propagation in rooms
4.1 Sound propagation descriptors
A basic element for noise prediction in workrooms is the prediction of the
distribution of sound pressure levels caused by an omnidirectional point source.
This distribution is infiluenced by :

- the shape and the volume of the room,

- the absorption of the surfaces,

- the fittings.
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The resulting sound level distribution can be considered using a spatial sound
distribution curve (see definition 3.4.11 of part 1 and figures 1 and 2 of this
- Technical Report). The information contained in this curve can be summarized, for
a)given distance range, by two quantities (see definitions 3.4.12 and 3.4.13 of part
1): ' :

- the rate of spatial decay of sound pressure level per distance doubling
(DL2),

- the excess of sound pressure level with respect to a free field (DLf).

The spatial sound distribution curve and these two quantities are used to describe
the acoustical characteristics of a room. The sound pressure level caused by a
given-source is indeed smaller if DLf is low and DL2 is high (see 6.3 of part 2).
Annex D shows how the acoustical characteristics of a room can be described
from spatial sound distribution curves. :

The spatial sound distribution curve is determined on a free path with no obstacle
between the source and the receiver. For its measurement, see 8.4 of part 2.

NOTES

1 An International Standard specific to the measurement of spatial sound distribution curves in
rooms is in preparation (ISO 14257 presently at the stageiof draft). ‘ :

2 When sound sources (machines) with dimensions too large to be neglected are considered,
the sound distribution curve may differfrom that of @ (point‘source for distances less than the typical
dimension of the machine.

4.2 Rooms with diffuse sound fields

If diffuse sound field conditions are met (see definitions 3.4.8 and 3.4.9 of part 1),
at a certain distance from the source, sound pressure levels are nearly constant
and independent of receiver position, as shown in figure 1.
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Figure 1 : Examples of spatial sound distributionocurves for an omnidirectional
point source and two rooms with different sizes, equal absorption coefficients and
diffuse field. The dotted curve is the spatial sound distribution curve under total
free field conditions. Lp denotes the sound pressure level at a given point when
the sound power level of the source is 100 dB.

The sound pressure level of the diffuse field depends only on the total sound
power level of all sources in the room and on the equivalent absorption area A. In
rooms with a diffuse sound field, there is a direct connection between the
reverberation time and the expected spatial sound distribution curve. It is therefore
also possible to qualify such rooms by their reverberation time. In this case, noise
prediction is relatively simple.
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4.3 Rooms with uniform sound propagation

In many workrooms, diffuse sound field conditions cannot be assumed e.g.
because the height of the room is less than one third of the length (flat rooms). In
such rooms, even far from the source, the sound field depends on the position
being considered and is characterized by a spatial sound distribution curve.

In many workrooms, it can be assumed that the absorption and the fitting density
are similar in different parts of the room (this includes a room with an absorbing
ceiling and a reflecting floor). in this case, a single spatial sound distribution curve
along a free path (not close to walls or fittings) represents the sound propagation
and the acoustical quality of the room.

As an example, figure 2 shows two typical spatial sound distribution curves in a
flat room containing fittings.

1 2 3 & 5 10 m 50 100

distance ———=—
e——e  with fittings, with reflecting ceiling
m——=a  with fittings, with absorbing ceiling
-------- free field

Figure 2 : Examples of typical spatial sound distribution curves for the same flat
and fitted room, with and without sound absorbing ceiling. The dotted curve is the
spatial sound distribution curve under total free field conditions. Lp denotes the
sound pressure level at a given point when the sound power level of the source is
100 dB.
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It is often useful to split the spatial sound distribution curve into three sections
depending on the distance from the source (see 3.4.11 of part 1). The first section
corresponds to-the region near the source. In this region, the sound field is
dominated by the direct field. The rate of spatial decay per distance doubling, DL2,
is in most cases approximately 5 dB to 6 dB. Increasing the number of fittings in
the vicinity of the source tends to increase the sound pressure level close to the
source and to reduce it far from the source.

The second section of this curve corresponds to a middie region. In this 'region,
DL2 lies in the range 2 dB to 5 dB and DLf in the range 2 dB to 10 dB.

In the far region (third part), scattering effects of fittings are important. The
absorption of the walls, the density and the absorption of fittings have a dominant
influence on the sound propagation far away from the source. Therefore, in this
region, DL2 may be greater than 6 dB and DLf may be negative.

4.4 Rooms with non uniform sound propagation

In some situations, the room shape, absorption and fitting density differ from one
part of the room to the other to such an extent that it is not possible to describe the
sound propagation in the room with a single spatial sound distribution curve. In
such situations, it may be necessaty'ta-describe the/sound/ field in a way which
takes into account the above factors. Fittings can also be considered individually.

5 Noise prediction in workrooms

Noise prediction in workrooms'{(see 9-of part 1)"is an aid in making decisions
regarding noise control measures. It allows calculation of the sound pressure level
at any point and determination of sound propagation descriptors. It is therefore
possibie to compare these values with specified values or limits and to compare
various solutions of a noise control programme. Aithough several noise prediction
methods are available, all of them are -based on a common procedure. This
procedure is summarized in the flow chart shown in figure 3 and is outlined in the
next clause. .

6 Methodology for noise prediction in workrooms

Noise prediction in workrooms should follow five steps described below.

6.1 Objectives - Values to be achieved

At an early stage of a noise prediction scheme, acoustical descriptors must be
chosen and target values defined by the parties involved, taking account of the

various constraints associated with the project. Such descriptors can be sound
pressure levels at workstations, immission and/or exposure data, spatial sound
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