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Introduction

Several standards specify methods for measurement and/or evaluation of noise. The final objective
of the PCD 454 - 1:2023 series is noise reduction.

A number of noise control measures are offered. However, in order to be effective, the most
appropriate noise control measure(s) should be chosen for a given situation.

It is important when non-acoustic experts are involved in noise control practice for these experts to
have a basic knowledge of noise emission and propagation characteristics and to understand
the basic principles of noise control.

To assist in the development of noise control in the workplace, it is essenti hat the
information contained in these recommended practices is disseminated through erhational
Standards.

In order to reduce noise as a hazard in the workplace, individual countries have ational
legislation. Generally, such national legislation requires noise control measur
order to achieve the lowest reasonable levels of noise emission, noise

exposure, taking into account:

a) known available measures; @

b) the state of the art regarding technical progress; cj

c) the treatment of noise at source;
% chines and equipment.

This part of PCD 454 - 1:2023, together with the tw8 t rts in the series, outlines procedures to
be considered when dealing with noise control @™ woxkpla€es, within workrooms and in the open.
These recommended practices give in relative w térms the basic information necessary for all
parties involved in noise control in workpl ile design of low-noise workplaces to promote
the understanding of the desired noise cefitro) requifements.

n and noise

d) appropriate planning, procurement and insta

The purpose of the PCD 454 - 1:20
control and the practical implem
all workplacesand its main fun

| bridge the gap between existing literature on noise
oise control measures. In principle, the series applies to

a) to provide simple, bri ofmation on some aspects of noise control in workplaces;

b) to act as ide
text books ] reports and other specialized technical documents;

The PCD :2023 series should be useful to persons such as plant personnel, health and safety
officers, engi , managers, staff in planning and purchasing departments, architects and suppliers

dchines and equipment. However, the above-mentioned parties should keep in mind
e to the recommendations of the PCD 454 - 1:2023 series is not all that is necessary to

The effects of noise on health, well-being and human activity are many. By giving guidelines for noise
control strategies and measures, the PCD 454 - 1:2023 series aims at a reduction of the impact of
noise on human beings at workplaces. Assessment of the impact of noise on human beings is dealt
with in other documents.

il ©ZBS 2023- All rights reserved
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Acoustics — Recommended practice for the design of low-noise
workplaces containing machinery — Part 1. Noise control strategies

1 Scope

This document outlines strategies to be used in dealing with noise problems in existing and planned
workplaces by describing basic concepts in noise control (noise reduction, noise emission, noise
immission and noise exposure). It is applicable to all types of workplaces and all types of sources of
sound which are met in workplaces, including human activities.

It includes those important strategies to adopt when buying a new machine or equipment. &

This document deals only with audible sound.

2 Normative references <<,

The following referenced documents are indispensable for the application of\thi zibar National
Standard. For dated references, only the edition cited applies. For u ences, the latest
edition of the referenced document (including any amendments) applies

IEC 61672-1, Electroacoustics - Sound level meters - Part 1: Spegifications

ISO 717-1, Acoustics — Rating of sound insulation in bui
Airborne sound insulation

ISO 3740, Acoustics — Determination of sound pq, e
use of basic standards
'o noise emission values of machinery and

ISO 7235, Acoustics Laboratory Meas e ocedures for Ducted Silencers and Air-terminal Units
Insertion Loss, Flow Noise and Tqg S Loss

andYof building elements — Part 1:

noise sources — Guidelines for the

ISO 4871, Acoustics — Declaration and \er
equipment

Part 3: Precision method form ent by scanning

ISO 9614, Acoustics — Deterfinatiog ohsound power levels of noise sources using sound intensity —
eﬁ

iption, measurement and assessment of environmental noise — Part
ent procedures

ISO 1996-1, Acoustics

1: Basic quantities @d'g
ISO 1996-2, stic

2: Determination o

Description, measurement and assessment of environmental noise — Part
nvironmental noise levels

ics — Estimation of noise-induced hearing loss

ISO ,
I % coustics — Measurement of office screen sound attenuation under specific laboratory

cona S

ISO 10140, Acoustics — Laboratory measurement of sound insulation of building elements — Part 2:
Measurement of airborne sound insulation

ISO 11200, Acoustics — Noise emitted by machinery and equipment — Guidelines for the use of
basic standards for the determination of emission sound pressure levels at a work station and at other
specified positions

ISO 11204, Acoustics — Noise emitted by machinery and equipment — Measurement of emission

sound pressure levels at a work station and at other specified positions — Method requiring
environmental corrections

©ZBS 2023- All rights reserved 1
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ISO 11546-1, Acoustics — Determination of sound insulation performances of enclosures — Part 1:
Measurements under laboratory conditions (for declaration purposes)

ISO 11546-2, Acoustics — Determination of sound insulation performances of enclosures — Part 2:
Measurements in situ (for acceptance and verification purposes)

ISO 11654, Acoustics — Sound absorbers for use in buildings — Rating of sound absorption

ISO 11690-2, Acoustics — Recommended practice for the design of low-noise workplaces containing
machinery — Part 2: Noise control measures

ISO 11691, Acoustics — Measurement of insertion loss of ducted silencers without flow — Laboratory
survey method

ISO 11820, Acoustics — Measurements on silencers in situ

ISO 11821, Acoustics — Measurement of the in situ sound attenuation of a remova %

3 Terms and definitions

For the purposes of this standard, the following (terms and) definitions s %

3.1 General noise descriptors <

3.11

sound pressure level Lp

ten times the logarithm to the base 10 of the ratio of the m% sound pressure p, in pascals, to

the square of a reference value, Po

where the reference value, po, is 20 &Q,

NOTE 1: The soun urellevel is the main quantity to describe the noise at a given point. It is
expressed in decibels andysheuld be measured with a standardized sound level meter (see IEC
61672-1).

NOTE 2: cy weighting (A or C) or the width of the frequency band and the time
weighti - [fast], | [impulse] or peak) used should be indicated.

NQTE 3 :'Ror example, the C-weighted sound pressure level with time weighting peak is LpC, peak.
E

The notation Lp is used whether the sound pressure level refers to emission (see 3.2),
ission or exposure (see 3.3).

ntinuous sound pressure level Lpeq,T

re level of a continuous steady sound that within a measurement time interval, T, has the
an square sound pressure as a sound under consideration which varies with time, and is the
level of the mean square sound pressure over a time interval

Lpeqr = 10lg [+ [} 10°1%© 7| dB

NOTE 1: Equivalent continuous sound pressure level is expressed in decibels.

NOTE 2: The equivalent continuous sound pressure level is the main quantity to assess
the immission at work stations and the exposure of persons.

NOTE 3: When immission or exposure is considered, impulse and tone adjustments, DL
and DL, in decibels, may be used to take into account the influence of impulsive and
tonal components (Lpa, eq, T + DL| + DLT) (see ISO 1996-1, ISO 1996-2 and 1SO 1999).

2 ©ZBS 2023- All rights reserved
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NOTE 4: Subscript “eq, T” is often omitted because in all cases considered in this
document the sound pressure is determined over a certain measurement time interval
(see IEC 61672-1).

3.1.3

work station

position, in the vicinity of a machine, which can be occupied by the operator or a position where a
task is carried out

3.2 Noise emission descriptors

3.21
noise emission

airborne sound radiated into the environment from a defined source (machi &
equipment)[see Figure 1 a)]

sound power level Lyy
ten times the logarithm to the base 10 of the ratio of the sound power in diated by the
sound source under test to the reference sound power Po = 1 pW

NOTE 1: Sound power level is expressed in decibels and is d/de of the emission

of a sound source (see the ISO 3740 and ISO 9614 series). The freq@€ncy weighting or

the width of the frequency band used should be indicated

NOTE 2: For example, the A-weighted sound poweple [RVY§

3.2.3

emission sound pressure level Lp Q
sound pressure level caused by a sound so er¥est at its work station or at any other

specified position

NOTE 1: Emission sound pr u%is expressed in decibels (dB) and is an additional
descriptor of the emission of a $o solkce (see ISO 11200 to ISO 11204).

NOTE 2: The frequen i

used shall be indicat

NOTE 3 : For exam e'€-weighted peak emission sound pressure level is LpC peak-

d/or the time weighting or the width of the frequency band

gighted emission sound pressure level is often averaged over an operational
oufce; it is denoted LpA.

3.24

surface soungfpresstge level LpA.d
A-weighted goundhpressure level averaged on an energy basis over a measurement surface at a
distance ahfro e Sound source

E: When d = 1 m, itis usually noted Lpa 1m.

3.

m% oise emission value L

any oNihe A-weighted sound power level, the A-weighted time-averaged emission sound pressure
level,or the C-weighted peak emission sound pressure level, determined from measurements

NOTE 1: Measured values may be determined either for a single machine or from the average of a
number of machines.

NOTE 2: Measured noise emission value is expressed in decibels and is not rounded.

3.2.6

noise emission declaration

information on the noise emitted by the machine, given by the manufacturer or the supplier in
technical documents or other literature, concerning noise emission values

©ZBS 2023- All rights reserved 3
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NOTE: The noise emission declaration may take the form of either the declared single-number
noise emission value or the declared dual-number noise emission value.

3.2.7

Uncertainty K

value of the measured uncertainty associated with a measured noise emission value

NOTE: Uncertainty is expressed in decibels and is not rounded.

3.2.8
declared single-number noise emission value Ly

sum of a measured noise emission value, L, and the associated uncertainty, K, rounded to the
nearest decibel (dB)

Lg=L+K
3.2.9

declared dual-number noise emission value L and K

measured noise emission value, L, and its associated uncertainty, K, both the nearest
decibel

3.3 Noise immission and noise exposure @

3.3.1
noise immission at a work station
all noises that arrive, whether or not a worker is present, r ific time period T, at a measuring

point (work station) in the actual situation; i.e. noise comin machine, noise coming from the
other sound sources and noise reflected by the ceiling; 1‘ nd any fittings [see Figure 1 b)]

NOTE: T can be the duration of a mea
duration a worker is usually presen .w‘.
workshift.

3.3.2 %

noise exposure of a person

all noises that arrive, over a specifie t T, at a person’s ear in the actual situation [see Figure 1

¢) and Figure 2]

sure descriptors
ted sound pressure level normalized to a nominal working day,

operating cycle of a machine, a process, the
e measurement point, or the duration of the

3.3.3

noise immission and
equivalent contin i
el

LPA,eq,To ind

f 0\s the reference duration (e.g., 8 h) and T is the duration of the workshift

NOTE 1: Immission is measured at the work station. Exposure is measured at the ear of the
person.

NOTE 2: Lpaeqr, Can result from the energetic summation of immission or exposure values,
LpA,eq,Ti/' measured over individual time periods T; with XTj =Tg .

NOTE 3: In some countries, a rating level L is used:

L L + DL, + DL;dB

pA I

PAr = pA,equO

where DL| and DLT describe impulsive and tonal components.

4 ©ZBS 2023- All rights reserved
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Noise emission; sound radiation of a

- machine:
=N\
— | \

— machine related

% ) — specified operating conditions

— independent of environment

— work station related

— real operation

\ \ ( / % b) Noise immission: sound impact at th&
work station:
YRR\ ®\

— dependentoni

:\\ // i — contributio N%d sources
N 7 6;

\
/ c) Noi e; sound impact on human
\

son related [at one or several
ork stations
or for a person moving around (see
Figure 2)]

— real operation

— dependent on exposure time

— contribution from all sound sources

Fig n of the difference between noise emission, noise immission and
& noise exposure (see also Figure 2)

== S= =

ES Eo N
\\*(/ W\ (//%
)1\ )1\

Figure 2: lllustration of noise exposure for a person moving around
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3.4 Noisereduction

341

sound reduction index R

descriptor of transmission loss defined as ten times the logarithm to the base 10 of the ratio of
the sound power incident on a test specimen to the sound transmitted through the test
specimen (see Figure 3.)

NOTE 1: It is expressed in decibels and is frequency dependent.

NOTE 2: Methods for determining the insulation of walls, doors, ceilings and windows are

described in 1ISO 10140 (all parts) and in ISO 717-1.
q
§
i
\

) )
|
i

s
K}
“7

1 2 3

Figure 3: uw of reflection, absorption and transmission at a
bound
Key %
1 reflection %
2 absorption
3 transmission k

proportion of the sound which is incident on a partition or wall is reflected, a proportion

med into heat (i.e. is absorbed) and a proportion goes through the wall to the other side
. transmltted) The sound insulation of the wall determines what proportion of the incident
oufd is transmitted.

soun sorption coefficient a
fraction of the acoustic energy absorbed when sound waves strike a surface

NOTE 1: The sound absorption coefficient is frequency dependent.

NOTE 2: A single number rating is given in ISO 11654.

3.4.3
equivalent absorption area, A
area, in square meters, obtained by summing the products a; S;

A = alsl + azsz + e = (75
6 ©ZBS 2023- All rights reserved
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where

ai is the absorption coefficient of a partial area, S;s of a room surface;
S'is the total room area (=X S; );

a is the mean absorption coefficient of the room

3.4.4
insertion loss Di
difference in sound power level or emission sound pressure level with and without a noise coftrol

device applied to a sound source
NOTE 1: Insertion loss is frequency dependent and is expressed in decibel@

NOTE 2: The A-weighted insertion loss is always related to a given

source.
NOTE 3: The insertion loss is used to assess the acoustical per nclosures (see I1ISO
11546-1 and I1SO 11546-2), screens (see ISO 10053 and ISO 11 iféncers (see ISO 7235,
ISO 11691 and ISO 11820).

3.4.5 (-)

reduction of sound pressure level at a work station

result of a set of noise reduction measures described b ference in noise immission levels

ere numeral 1 means before and numeral
been taken.

NOTE: For example, LpA eq,8h,1 — Lp
2 means after technical measures for r

3.4.6

direct sound

sound which propagates directly fro% ce to the point of observation
(0]

NOTE: No reflection

(o] Ived so it is not affected by the characteristics of the room in
which the source isgdocated.

3.4.7

reflected sound
sound at any point ip &
excluding the direct

eSulting from reflections from room surfaces and fittings, and

3.4.8
diffuse-figl ditigns
sound n in rooms or regions of rooms where the sound is reflected so often and uniformly

from of the room and the fittings that the sound pressure level of the reflected sound is

y point inside the region

non-diffuse-field conditions
sound propagation in rooms or regions of rooms where sound does not propagate uniformly in
all directions

NOTE: Non-diffuse-field conditions are the case if

a) the ratio of any two dimensions out of the three is more than three, or

b) the absorption of the surfaces of the room is notably non-uniformly distributed (e.g. a
room with hard walls and absorbent ceiling), or

c) the absorption is high.

©ZBS 2023- All rights reserved 7
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3.4.10

reverberation time Teo

time, in seconds, it takes for the sound pressure level in a room (originally in a steady state) to
decrease 60 dB after the source is turned off (See Figure 4)

NOTE 1: The reverberation time is frequency dependent.
NOTE 2: It is useful for describing the acoustic properties of rooms with a diffuse
sound field; room volume must be taken into account.

3.4.11

spatial sound distribution curve
curve which shows how the sound pressure level from a reference sound source decreases\when
thedistance to the source increases

eriz

NOTE 1: Spatial sound distribution curves are frequency dependent and

the acoustic properties of rooms. In some cases, several spatial sound distgiut S

are necessary to characterize a room.

NOTE 2: From this curve and for a given range of distan source, two main
guantities are determined (see Figure 5): Q

a) the rate of spatial decay per distance doubling (DL2), and <

b) the excess of sound pressure level (DL).

Three distance ranges are normally of interest: ne@r, d far regions. These two quantities

(DL2, DLf) are useful for assessing the acoustj room.
Y Q\
(.) |
& b =]
O
<§\ )
T

X

Figure 4: Idealized time history of sound pressure level after the sound source is turned off

Key

X time,ins
8 ©ZBS 2023- All rights reserved
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Y sound pressure level, in Db
T reverberation time

3.4.12
rate of spatial decay of sound pressure levels per distance doubling DL»

amount, in decibels, by which the sound pressure level decreases over a given range of distances,
when the distance from the source is doubled (see Figure 5)

3.4.13
excess of sound pressure level DL¢

average difference, in decibels, over a given distance range, between the spatial sound
distribution curve of the room and the spatial sound distribution curve for a free field (6 dBK

distance doubling) (see Figure 5) %

DL,

y

NN

d/2 d 2d 4d X

= —
Do
=

Figure 5 — Example of:
i) a spatial sound distribution curve for aroom and for
the free field;
ii) the three ranges of distances;
iii) the determination of the spatial decay (DL5); and
iv) the excess (DL¢) of sound pressure level

©ZBS 2023- All rights reserved
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4 Basic concepts in noise control
4.1 Basic noise control strategy
Effective noise reduction will only be achieved by dealing with the problem in a systematic manner.

Listed below is a series of steps that should be considered when formulating a noise control
strategyand implementing noise control measures for new and existing workplaces.

a) Determine objectives and establish criteria.
b) Carry out noise assessment by identifying:

i)the areas concerned,

iithe immission at work stations, &
iii)the contributions of different noise sources to the immission at work stations, %
iv)the exposure of persons, %
Vv)the emission of sources in order to rank them.

¢) Consider noise control measures such as: §
i)noise control at source, @
i) noise control on the transmission path in the workplace, %
iii) noise control at work stations. %

d) Formulate a noise control programme. %

e) Implement the appropriate measures. ®

f) Verify the noise reduction attained. ®

us technical measures (see I1ISO 11690-2) and there
m. These measures are noise reduction at source (e.g.,
duction by increasing the attenuation of sound during its

4.2 Concept of noise reduction

Noise control can be implemente
maybe several ways to solve a #1gj
machines, working processe
propagation (e.g. using en
(e.g. using cabins).

Technical measure, o% ntrol should be applied in order to implement the state of the art with
regard to noise con Rardhis purpose, it is necessary to compare and determine the effectiveness
of these mea S. ustical quantities are used for this purpose. They describe the acoustical
features of ie sound sources, the noise reduction attained in workplaces, and especially at work
stations, souhd sources are operating and some noise control measures have been

imple

between regulations, standards and the use of acoustical quantities to assess noise
easures offered by the market is illustrated in Figure 6.

10 ©ZBS 2023- All rights reserved



PCD 454 - 1:2023

o
UL g
— /@@ F\éﬁﬁﬁﬁ\ﬁ

machinery

additional noise reduction measures

characteristic acoustic quantities
market

purchase, assessment, planning, design

regulations, standards
user of technical equipment %

f noise immission and noise exposure levels ar ssible effects of noise on man are

~NOoO O~ WNPE

reduced. Such effects include hazards to hea d y, for example impairment of hearing
capacity, stress, disturbance of speech c¢ icai and recognition of warning signals,
disturbance of tasks requiring high concentr% tentiveness.

5 Assessment of the noise sit &,

5.1 Quantities for noise emiss'&s iseNMmission and noise exposure

5.1.1 Noise emission quantigns 3.2 and Figure 1 a)]

An important charactegsti ission quantity which is normally used is the A-weighted sound power

level (Lyya) under dgf Ing and operating conditions.

Another characteristie{’e ion quantity is the A-weighted emission sound pressure level (LpA) at
a specified itiog for defined mounting and operating conditions and due to the machine only.

There ar tRer noise emission quantities such as frequency band levels, the C-weighted peak

emiss essure level at the work station and the time history.
B ethods for measuring and declaring noise emission values are given in the 1SO 3740 series,
th 0614 series, the 1SO 11200 series and ISO 4871. Noise test codes specify, for families of

machinés and equipment, mounting and operating conditions during the determination of noise
emission quantities.

5.1.2 Noise immission and noise exposure quantities [see 3.3 and Figures 1 b), 1 ¢) and 2]

In contrast to the emission quantities which are intrinsic descriptors of machines as sound sources,
noise immission quantities describe the total sound impact on the work station, and noise exposure
quantities describe the impact on human beings.

Noise immission quantities are evaluated at a given work station and over a time period representative
of the daily (or weekly) activity at this work station. If several activities follow one another at a work
station, it may be necessary to evaluate a set of noise immission values at this work station.

©ZBS 2023- All rights reserved 11
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Since they are specific to a person who may daily (or weekly) occupy different work stations, noise
exposure quantities can be evaluated from the noise immission or exposure quantities and the time
spent at each of the work stations concerned.

Noise exposure quantities for a person who occupies a single work station are identical to the noise
immission quantities of that work station.

In general, values of Lpa eq,8h. LpAr @and LpC peak are compared to noise immission and

exposure limits. The measurement uncertainty should be added to these values prior to the
comparison with limits.

5.2 Description of the noise situation

In order to describe the noise situation in defined areas of a workplace, indoors or @he

following steps are normally carried out:

a) determination of work stations and related immission quantities;
b) determination, for each person, of the work stations involved and the co ing exposures;
¢) determination of sound sources and related noise emission quanti

These data can be listed on a noise information sheet such QSQhown in Table 1 for

industrial workplaces. Noise maps can also be useful (see Figurg

12 ©ZBS 2023- All rights reserved
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Table 1: An example of noise description of a workplace

A) List of work stations

Work
station
No.

Description of
work station
(task, job
function,
machine
operation,
process, etc.)

Machine No.
(No. from C)

Noise
Immission

values

Additional values
(e.g., LpC, peak: DLI)

B) List of persons

Work station

Noise exposure

Person No. 1(No. from A) tion 2 values
Duration NoO. %60y
A tion

; p)

2 N

3 b

. (\\/
C) List of equipment/machin \)
Machine Destri ~\ound Emission Operating
No. f i power level sound condition
pressure
level

1

2

3

&e coldmns can be added if there are more work stations.
N\
t . 90
98 e
= = % o 107
92
| - s mm =
a) Indication of noise levels at work stations

©ZBS 2023- All rights reserved 13
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o I o)
A e ‘
A
N ®
loo A---Dl

b) Indication of region of noise levels (colours are often used for such noise maps)

= e N\
95 C.\

90 95 105

e 95 Sy <(/

I — ( [
c) Equal noise level curves (here with % ents)

Figure 7: Different illustrations of noise a given
workplace

Key
O upto90dB ®
A from 90 dB to 100 dB %Q
] above 100 dB %
5.3 Use of noise information sh %&oise maps
Noise information sheets and %{ can be used for a variety of purposes:
a) to assess noise im f& 'on. ork stations;

b) to identify the lo€a \ gh-noise areas and dominant sound sources;
c) to identify nai %
d) to show the a @

tt

ere noise immission levels exceed relevant noise limits;

Se situation at a specified time;

ools,at the planning stage of a new workplace;

f) asan@i sess the effect of changing a machine, a working process or a working layout;
i ctiveness of measures taken or planned,;

setting up a long-term noise control programme;

ofm the persons exposed about the noise situation;
g)an aid in the performing of audiometric programmes and to motivate workers to wear
persSonal hearing protectors.

6 Parties involved

Noise control measures may modify substantially the machine/operator environment. It is therefore
recommended that all interested parties be involved in any proposed control measures.

Representatives of various functions in the company may be involved: i.e., management, planners,
purchase department, health and safety committees, medical orderlies, maintenance, process and
production departments, technical staff, unions and, obviously, the workers involved. To ensure
effective participation by all parties concerned, prior and appropriate information and training
are often necessary.

14 ©ZBS 2023- All rights reserved
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The diagnosis of the noise problem, its study and the definition and implementation of noise control
measures are normally performed in collaboration with the parties concerned. In many
situations, the involvement of external parties such as health and safety and labour protection
authorities, specialists in acoustics and ergonomics, etc. is recommended. Such collaboration
between the company representatives and external parties ensures that all constraints specific to the
project under study are taken into account when choosing the noise control measures.

The success of noise control planning is dependent on active and committed involvement of
company management representatives.

7 How to tackle noise problems in workplaces

7.1 Noise control objectives

with their activities. When setting objectives in relation to the acoustical quality of tion or
workroom, the required noise levels, reverberation time and sound propagation para ould be
set.

Objectives should be based on general knowledge on how noise affects people’s heal% fetes
k

NOTE: Details are given in ISO/TR 11690-3.

Noise control objectives should be based on the fact that noise s uced to the lowest
r

levels feasible, taking into account technical progress, production pr@cessésgtasks and noise control
measures. The main objectives can be expressed in terms of n@ise im ion and/or noise exposure
levels. Commonly considered A-weighted values that shou exceeded for noise immission
and/ or noise exposure are the following:

a) in industrial workplaces, 75 dB to 80 dB; %

b) for routine office work, 45 dB to 55 dB; \

c) for meeting rooms or tasks involving c@\ 35 dB to 45 dB.
NOTE 1: The above values z@n ed target values. National regulations should be
consulted for noise immissio d/ osure limit values.

NOTE 2: Impulsive gand
broadband noise. T

ise can be more dangerous and annoying than continuous
refoge, the control of such types of noise should have high priority.

A convenient way to set e contol objectives for workplaces is to link noise levels to the type of
task and the acoustica ies of the workroom.

oise levels in different workrooms are given in Table 2. Recommended
es, equivalent absorption areas and spatial sound pressure decays

Recommended baékgro
values for revesberation
are given in 3.

N

©ZBS 2023- All rights reserved 15
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Table 2: Maximum recommended background noise levels

Type of LpAeq
room dB

Conference rooms 30to 35
Classrooms 30 to 40
Individual offices 30 to 40
Multi-person offices 351045
Industrial laboratories 35t0 50
Control rooms in industry 3510 55
Industrial workplaces F€51t070

NOTE: Background noise is noise arising from indoor technical equipment ( nMon systems) or

noise coming from the outside, with production machines off in the case of a{or in industry.

Table 3: Recommended acoustical properties of workroom

Room Reverberation time Rat _ ?Ounddpreﬁﬁure dDicay
volume rdistance doubling, DL2
m3 s dB
Less Lower than
than200 0.5t0 0.8 C—)
Between Between —
200 0.8 and 47
and 1 000
Greater than \) Greater than 3 to
1 000 (\
N 4
n

NOTE 1: These recommen
higher than 03 or if the e
meters.

area or the spatial decay is preferred.

ally fulfilled if the mean absorption coefficient of the room is
al bSerption area is higher than 06 to 09 times the floor area, in square

om without diffuse-field conditions, see 3.4.9 and ISO/TR 11690-3), the

7.2.1 General

The acoustical

control meas i isting workplaces should be combined with the overall design of a whole new
plant or th ication of existing ones. In this way, acoustical design and noise control can be
carried o ost effective manner in close relation to the construction of the plant or
modificati production process or building structure. If noise control is the only target, there is
freed ncentrate on noise control at the initial design stage.

Wi tihg workplaces, retrospective noise control measures can be more difficult to achieve.

In every acoustical design and noise control task, it is useful to draw up a plan of operations for
different action stages. Whatever the task, there are some basic stages which follow the progress of
the work. These stages are

a) preliminary planning and design,
b) planning and design,
¢) implementation of measures, and

d) assessment and acceptance.

The importance of these stages varies with the task. In the acoustical design of totally new
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premises, the preliminary planning and design stage and the planning and design stage play very
important roles since, in this case, it is possible to influence all factors related to a good acoustical
environment.

In the modification of existing workplaces (because of the likely effects on production/processes),
there are more constraints on noise control actions, and more emphasis should be put on planning
and implementation stages.

There should be a system for organizing and controlling the work. This can be best achieved by
establishing a project group. This group should have the necessary authority and influence at the
planning and implementation stages and should ideally include a representative from each involved
section of the company plus an acoustical consultant. A representative of health and safety and/or

labour protection authorities may also be included. \
7.2.2 Preliminary planning and design stage

At the preliminary planning and design stage, all the acoustical and noise control des
be considered; i.e. objectives, effects of production solutions, effects of basic
general procedures related to noise control planning. The organization of th

planning group and introduction of the required professionals in the gro
stage.

Noise control objectives should be decided at this stage (see 7.1 g

tures should

uction and
ormation of a
decided at this

s 2 and 3). The upper

limits for the immission noise levels in different parts of the plant sually set by regulations.
Possible noise emission limits for the machines to be used a be considered. However, when
designing new plants or modifying existing ones, the o ti Id generally be more stringent
(lower emission and immission noise levels) than tho iR the relevant regulation. Objectives
regarding the acoustical quality of the room (reverbera atial sound distribution) can also be

set (see Table 3).

An important aspect in noise control is the Ioc i
machines and equipment. If the productic automatic, only the maintenance personnel
are exposed to possible high noise level machines and equipment. In this case, low noise
exposure of workers is much easier t eve but should, however, be considered at this stage. In
some situations, automation or rem Of the process, the machine or the equipment may be
the only feasible measure.

statlons in relation to the position of noisy

The choice of the productio
flow is often the key pointgmh
good acoustical desig %
and fittings as possib
separated from noi

% od” acoustical design is often possible only in small spaces which are

At the preli plameing stage, each activity should be identified and its location considered in
relation to t of noise. Proper planning should consider locating noisy machines away from
work stati isolating machines from work stations. Offices should be sited such that they are not
affec e and structure-borne sound (see ISO 11690-2)

ction companies or companies participating in the erection of large technical facilities, it is
nece to meet the in-situ noise control requirements of the client, designer and other contractors
and to €onsider the possible consequences of project costs.

7.2.3 Planning and design stage

At the planning and design stage, effective noise control by design needs to consider three phases:
a) determination of noise emission values of machines,
b) estimation of sound propagation parameters of the room and of noise immission levels, and

c) selection of noise control measures
Because this stage has the most influence on the outcome, the assistance of an acoustical
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consultant is often useful.

7.2.3.1 Determination of noise emission values

An acoustical environment can be designed and an appropriate noise control plan be drawn up only if
the noise emission values of the machines are known. The determination of noise emission values is
described in Clause 8. If these emission values are not known, estimation may be helpful.

7.2.3.2 Estimation of sound propagation parameters of the room and of noise immission levels

The most efficient way to estimate noise immission levels and sound propagation parameters of the

room is to use computer-based noise prediction techniques developed for the acoustical design of

workplaces, in conjunction with experienced interpretation (see Clause 9 and ISO/TR 11690:8).
orm,one

In addition to the prediction of noise levels in production areas, the transmission of
room into another should be examined (see ISO 11690-2:2020, Clause 6). %

7.2.3.3 Selection of noise control measures

ish the noise
parameters and to

It is necessary, when deciding which noise control measure(s) to adog
emission levels of machines, the noise immission levels and the sound pye
compare these with the objectives. The following steps should then b

a) consideration of the relevant noise control measures,

b) evaluation of their effects on noise levels (see Claus O/TR 11690-3), production
process and other aspects.

Based on these evaluations, the most appropriate se ‘% ntrol measures should be selected
escrip

and the detailed plans with necessary drawings arie, d i
made (see ISO 11690-2).

ions of the work to be done should be

7.2.4 Implementation stage ®
When deciding the time schedule fo S@ementation of the measures chosen, the following
items should be considered:

a) priority of the task involyed, v

b) relationship to othe ks, a

c) planning of eac %
The following gene %es apply.

a) The taSks telated”to building a new plant are carried out in this stage; for example,
| Jeihts, Wibration isolation (e.g., floating floors), structures for airborne sound

bsorbent lining of surfaces are accomplished (see 1ISO 11690-2).

s related to machine structures are carried out by the machine manufacturer in
collaboration with the buyer (see ISO/TR 11688-1 and ISO/TR 11688-2).

c) Silencers, isolators and enclosures are considered in relation to the installation of the
machines andequipment (see 1ISO 11690-2).

In 7.3 is given information specific to the case of existing workplaces that are too noisy.
7.2.5 Assessment and acceptance stage

After the completion of the new plant or the modification of the existing one, the acceptance
inspection is carried out. This includes the following tasks (see ISO 11690-2:2020, Clause 8):

a) measurement of noise immission levels (and, if necessary, of noise emission values and
sound propagation parameters) in relation to the objectives;
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b) verification of the performance of noise control devices, if any;
c) identification of possible installation faults and their repair;
d) identification of possible manufacturing errors in machines and their repair;

e) statement of possible additional tasks to reach the objectives.

7.3 Dealing with existing noise problems
Noise problems in existing workplaces can be due to many things such as
a) lack of basic knowledge of noise generation/control,

b) insufficient care in design and installation of machines, and

c) lack of maintenance of machines and equipment. %
The strategy for dealing with such problems should at least always follow five
follows.

i s, etc.).

Step 1: Avoid noise (turn off machines that are not used, avoid impacts an
Step 2: “Do things right” (shut doors in buildings and enclosures, hutters and other

components, etc.).
Step 3: Substitute a noisy process with a quiet one (see ISO 11680-2:2@20) Annexes A and B).

Step 4: Plan quiet areas.
Step 5: Implement noise control measures (see ISO 1169 .

The identification of noise problems, and the planni %\ ation and verification of noise control

measures are described in 4.2, 5.2 and 7.2.

In many cases, noise problems can be solved %} cialized acoustical knowledge. This applies
mostly to steps 1 and 2, but can also be tr, , 4 and 5. In all cases, a strong motivation is
necessary and the assistance and advic Q sons with experience in noise control will help.

8 What to do before buyin %machine

8.1 Questions thatapotentﬁ! buyer Should consider

Before purchasing a ne chi a potential buyer should always consider the following basic
questions.

a) Is informatio claration) available about the noise emission of that family of
machines abolt the lowest noise emission level achievable?
b) Has a#Specific request for information or guarantee on noise emission been included in the
tendergo p tiabsuppliers, and is the request properly formulated?

h i the noise impact of the new machine on the workroom where it will operate?

wer these questions, the potential buyer should do the following.

c)

|
d) dy the noise immission information available for the workplace where the machine will
operate, or, if it does not exist yet (planning stage), for another workplace with similar industrial
activity.
e) Study the noise emission information that may already be available in the company for
similar machines.
f) Consider the noise immission limits applicable to the workplace concerned and, if any, the
noise emission limits for the machines.
g) Examine the long-term noise reduction programme of the company, if any.
h) Determine what noise emission information and, optionally, what compliance with a noise
immission requirement the purchaser can reasonably request from potential suppliers, taking into
account technical usefulness and practicability. This may imply an interaction between several
parties inside and outside the company and a dialogue with potential suppliers.
i) Consider what this noise emission information means, how it can be used and for what
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purposes.

8.2 What information to request from potential suppliers
The basic information to be requested from potential suppliers includes the following noise emission data:

a) declared single-number A-weighted sound power level, Lyya ¢, or dual-number value (see
Table 4 and ISO 4871);

b) emission sound pressure levels at the work station(s):

i) declared single-number A-weighted sound pressure level, Lpa d, or dual-number
value (see Table 4 and ISO 4871),

i) declared C-weighted peak emission sound pressure level, Lpc peak,d if rel

c) reference to the standardized noise test code used or, if there is no such co thesmachine
concerned, a full description of the noise emission measurement method, th r i6h position,
the mounting and operating conditions and the workcycle of the machine th een used.

It is recommended to request:

i) emission sound pressure levels at the work station(s) in frequ@,

if) sound power levels in frequency bands, and (

i) information on the directivity of the sound emission, g r
Table 4 gives an example of a typical noise emis§ tay Sheet to be supplied by machine
manufacturers at the request of the potential buyer. §hetechnical data and description of the machine
should be given in other data sheets for the supp ification.
ncerned, the above noise emission quantities
should comply with the requirements hi code. Explicit reference in the noise emission

declaration to the applicable standardized W@iseMest code, if any, should be given. If the noise test
code offers alternatives (regarding, 0 in nd mounting conditions, workcycles, work station

positions, noise measurement metho 0 noise test code exists, the noise emission declaration

should yield all information nec ke the noise declaration clear.

Additionally and followin p reement between the buyer and a potential supplier, noise

emission data for workc %?‘ ing and operating conditions different from those specified in the
Vi

relevant noise test coc % d those that correspond to conditions of operation of special interest

to the buyer, may & ed by the supplier.

If a noise test code exists for the family of
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Table 4: Noise emission data sheet

1 Machine
1.1 Type: 1.6 |Noise-related machine parameters
1.2 Model: Rated electrical power:
1.3 Manufacturer: Rated mechanical power:
1.4 Machine No.: Rated speed:(as examples)
15 Year of manufacture: Max. speed:
etc.
2 Measured noise emission values ‘
_ o Operating Other agreed operating co 'tN
Noise emission measurements conditions
according to ISO...and 1SO... according to
ISO...
No load See
2.6.1

2.1 Sound power level Ly, 4, dB

(dB, ref. 1 pW)
2.2 Measurement uncertainty dB
2.3 A-weighted emission sound dB

pressure level at workstation,
2.3.1 |Alternatively, 1 m-surface sound

pressure level, Ly, 1,

,or
2.3.2 |Maximum value of sound ®

pressure level at 1 m dB dB dB

distance from machine \@

surface and 1,60 m abov

the floor, Lp 4 1m.max

dB dB dB

2.4 C-weighted peak emigSion
sound pressure level
station, L,

25 Optionally, s or L, in octave bands for operating conditions according to ISO

N
L., {L(Pwork station [J
©¥@dB

63 | 125 | 250 | 500 |1 000 |2000 |4 000 |8000

2.6 n on operating conditions

2

2.6}

2.6.3

3 Noise abatement

3.1 Are noise reduction measures included in the design of the machine? Yes [1 No [J
If yes, what noise reduction measures have been
E=1 0] 0] =0 T P PP PPPPPPPT

3.2 Is there a low-noise version for this model of machine? Yes [0 No [J
If yes, which noise reduction has been achieved? ...

No load Load Planned use

Reduction of Ly, dB dB dB
Reduction of Ly 4 dB dB dB
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4 Declared values
Alternatively: declared single- |dual-number (4.2)
number (4.1) O d
No load Load Planned use
4.1 Declared single-number noise
emission value
4.1.1  |Sound power level, Ly, 4 dB dB dB
Emission sound pressure level dB dB dB
4.1.2 lat work station, Lp 4
4.2 Declared dual-number noise dB dB dB
emission value
4.2.1 | Sound power level, Ly 4 dB dB dB
Uncertainty, Ky, 4 dB dB dB
4.2.2  |Emission sound pressure level dB dB dB
at work station, L, ,
Uncertainty, Kp, dB dB \ dB
4.3 C-weighted peak emission \ N\
sound pressure level at work dB % dB
station, Lpc peak ( .

8.3 Declared and additional noise emission%
Values of noise emission are given by the manufa ifi théynoise declaration. The method and

procedure to verify these values are defined in ISO
in the noise declaration. This may be

s 70)7
% asured under various operating conditions,
otild make a clear distinction between declared

Additional noise emission data may also h
information that has been estimated, calc
test environments, etc. The noise declarati
and additional noise emission values

8.4 Meaning and use o Ission values

Noise emission values argfintringic\characteristics of a machine. There is no unique and simple
relationship between the %e ission values of a machine and the noise immission values
that will be encounter@ e machine is finally in operation in a workroom. Noise emission
information is not provide information directly usable for assessing noise immission
levels. General mission sound pressure levels at the work station(s) of a machine are
higher than the ission sound pressure levels at the same work station(s) given in the

noise emi n desdlaration because of sound reflection by walls, contributions from other sound
sources,@nd rating conditions different from those for which the noise declaration is given.

Noise e[ values may be used for the following purposes:
of the machine with the lowest noise emission;

b essment of the state of noise reduction technology;

¢) to allow a technical dialogue between buyers and suppliers;

d) prediction of likely noise immission levels in the workroom where the machine (and others)
will operate (see Clause 9 and ISO/TR 11690-3);

e) evaluation of compliance by the buyer with specified or guaranteed noise emission levels.

The user of machines shall follow legal requirements laid down by national regulations in the field of
noise abatement at the workplace and its vicinity. The machine user shall therefore ensure that legal
obligations regarding noise immission are considered in the planning, purchasing and acceptance
of new machines. In addition to other technical requirements, the machine with the lowest noise
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emission should then be searched for, identified, and selected if feasible.

The availability of noise emission values prior to purchase allows a potential buyer to consider at
the planning stage all possible noise reduction measures.

From the noise emission data of a machine, noise immission levels in the workroom where it is to
operate can be estimated (see Clause 9 and ISO/TR 11690-3). From predicted noise immission
levels, it is possible to estimate whether noise immission targets are achieved. If the prediction shows
that these target levels are likely to be exceeded, then the potential buyer should discuss with the
potential supplier possible technical noise reduction measures that may be taken on the machine
(see 1SO 11690-2:2020, Clause 5). If such measures are expected to be insufficient, the potential
buyer should envisage technicaland/or organizational changes within the workroom (see Iﬁgo-

2:2020, Clause 6).

8.5 Requirements for noise immission levels (9
Additionally to the declared noise emission values, a potential buyer may ask ento guarantee
that a given noise immission level at defined positions in a given workroom,an i
conditions of the machine shall not be exceeded once the machine is4 i
implies close collaboration and a technical dialogue between the vario
outside the company, because the noise impact of a new machine dépent
situation of the workroom concerned.

ned operating

. In practice, this
s“involved inside and
gely on the initial noise

A-weighted immission sound pressure levels at the work stat% machine can be about 5 dB to
e

vels, due to noise from similar
opexating conditions different from those for
which noise declaration was made. Consequently, oge nly be sure without any calculation that

0 an A-weighted noise immission target of 85

dB to be exceeded if the declared A-weightedN % sound pressure level of the machine at its
g fations, proper estimations or, preferably, noise

pliance with noise immission objectives is likely to

predictions are necessary to determine
be obtained or not.

8.6 Verification of declar ission and/or noise immission levels
The buyer of a machine ma determine whether or not the noise emission values given
inthe noise emission de ion he supplier are exceeded and/or that a specific noise immission

requirement is met.

Verification of declhar e emission values shall be made in accordance with the methods
and proceduregfgivenig ISO 4871.

protocol etween the buyer and the supplier (see Clause 5 and also ISO 11690-2:2020,
Clau

%e;pments

8.

Noise emission declaration by machine suppliers is made compulsory by some national
regulations. The ongoing standardization work will make updated methods for noise emission
measurement and noise test codes for families of machines available as International Standards.
Through the proper application of these standards, comparable noise emission data will be available
for most machinery on the market. For each family of machines, these data indicate clearly and
objectively the range of noise emission levels (see ISO 11689). The noise emission value of a
machine relative to the values of the family to which it belongs allows potential buyers to consider
quieter options.

VerificatioE iseNimmission values should be conducted in accordance with a noise measurement

An example illustrating the range of noise emission values for two specific families of machines is
given in Figure 8. An international noise data bank storing declared noise emission values appears to
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be the appropriate tool for this purpose.

9 Noise prediction as a planning tool

There are many technical measures for reducing noise immission levels in workrooms. The calculation
of sound pressure levels and the choice of the most appropriate measures are key issues if reliable
indoor noise prediction techniques are to be used.

These techniques can be applied most usefully at the design stage of a new workroom. They are
also a very useful tool in the case of existing workrooms with an unsatisfactory noise situation or
in the case of workrooms that have to be modified due to the starting of a new activity and/or to some
work reorganization.

Machine No. of Operating
type machines conditions
tested ' 70
i
74 n
Type 1 73 12
57 L
33 i
Type 2 33 12
30 L
Figure 8 — Illustf@atio e range of noise emission values
(A-weighted sotind level, Ly,,) for two families of electric hand-held

% tools
Key

11 means idle at th% uf speed

I2 means idle a peed

ith tooboperating under specified conditions
Lt%

Seve ossible designs of a projected workroom or several possible noise control measures to
reduce noise immission in an existing workroom can be simulated and their individual efficacies
compared using indoor noise prediction techniques. This makes such techniques a powerful decision-
aid tool.

eviation

, Lnis the highest, and Lm is the mean value

Practical implementation of indoor noise prediction techniques to a given situation implies the
appropriate modelling of machines and equipment as sources of sound, and of workroom internal
architecture and fittings as elements influencing sound propagation. This modelling together with the
choice of the indoor noise prediction technique which is the most appropriate to the case under study
is a matter for an expert acoustician. ISO/TR 11690-3 gives a brief description of indoor noise
prediction techniques available today and a general methodology for the practice of indoor noise
prediction by parties such as acoustical consultants and health and safety and/or labour
protection officers with good expertise in noise control.
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10 Long-term noise control programme

Companies are on occasion forced to use noisy production means in their working processes.
Controlling noise gradually is more feasible than trying to do it at one go. It is therefore in the interest
of the company to have an official long- term noise control programme. This programme is
intended to fulfil the requirements of various relevant regulations and to anticipate their potential
changes. Its content is different for projected and existing workplaces.

In the case of projected workplaces, the purchasing department requests from suppliers all data on the
acoustical performance of the various machines and equipment in writing. The specified performances
are then normally verified and a comprehensive reliable data bank on machine noise emission data
can be developed step by step. On this basis, a prediction methodology can be used to fo€cast the
noise im- mission and exposure levels in workplaces.

In the case of existing workplaces, the noise situation is periodically verified by m
site measurements. The measured data are recorded together with the measu nd “eperating
conditions and the date. This practice allows one to determine the less naj i
comparing various workplaces. It also allows comparison or possible changes\i
during a given time period.

noise situation

One of the main actions in the noise control strategy is to identify the u% es and to rank them.
This ranking takes into account the sound power levels, the duration©f opetation of the machines and
the number of machines. Joined to a prediction methodologygit ehables one to define the most
effective noise control actions.

The agreement between the effectiveness of the implethen se control measures and their
initial specifications should always be verified and regi iting.

The success of the long-term noise control progr d
staff (engineers, management) becoming res
noise control. E

s, among other things, on the company
oise reduction and technically trained in
The long-term noise control programme edify that:

a) noise immission at work stati etermined and recorded,;

b) noise emission shall be
transport systems, working

r each source (machines, equipment, devices including
, etc.) under the usual mounting and operating conditions;

c) if possible, relev erfiission data shall be obtained from the manufacturers and/or the
suppliers of machi ipment (noise emission declaration, see Clause 8);

ro her or not any noise immission, noise exposure or noise emission limits
ionalsegulations are exceeded;

g) this document (and possible other national or international standards or guidelines and technical
literature on noise control) shall be considered as a source of information on technical measures
[see ISO 11690-2 for noise control (emission and immission)];

h) noise control measures shall be in agreement with the current state of noise control
technology;

i) each noisy area shall receive an adapted noise control treatment.

The long-term programme should specify for each noisy area:
j) the desired objectives;
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k) the time schedule for the implementation of noise control measures;

1) the noise emission reduction achievable for each source (in terms of sound power or
emission sound pressure levels);

m) the noise control devices used (in terms of their insertion loss);

n) the sound propagation parameters of each workroom (in terms of reverberation time and/or
spatial sound pressure distribution);

0) the noise immission reduction achievable at each work station;
p) the immission at each work station and the noise exposure of workers.

The implementation of the long-term noise control programme should be monitore hieved
noise level reductions should be determined and reported. The programme sh riodically
updated.

Care should also be taken to ensure that reduction in noise emission is chieved when
feasible, even if it has little influence on immission or exposure levels at a'gi ine. Indeed, in the
long run, noise reduction may only become fully effective when all no measures planned

have been implemented. &)

NS
S
S
A

26 ©ZBS 2023- All rights reserved



PCD 454 - 1:2023

Bibliography
[1] ISO 354, Acoustics — Measurement of sound absorption in a reverberation room

[2] ISO 717-1, Acoustics — Rating of sound insulation in buildings and of building elements — Part
1: Airborne sound insulation

[3] 1SO 717-2, Acoustics — Rating of sound insulation in buildings and of building elements — Part
2: Impact sound insulation

[4] 1SO 1996-1, Acoustics — Description, measurement and assessment of environmental noise
—Part 1: Basic quantities and assessment procedures

[5] 1ISO 1996-2, Acoustics — Description, measurement and assessment of envir xoise
—Part 2: Determination of sound pressure levels
[6] ISO 1999, Acoustics — Estimation of noise-induced hearing loss

[7] 1SO 3740, Acoustics — Determination of sound power levels of noise squrc delines for the
use of basic standards

[8] 1SO 3741, Acoustics — Determination of sound power levels % energy levels of noise
str

sourcesusing sound pressure — Precision methods for reverberation S

[9] ISO 3743-1, Acoustics — Determination of sound power sound energy levels of noise
sources using sound pressure — Engineering methods for, le sources in reverberant fields
— Part 1: Comparison method for a hard-walled test ro

[10] 1SO 3743-2, Acoustics — Determination of sdwnd r levels of noise sources using sound
pressure — Engineering methods for small, mov, r in reverberant fields — Part 2: Methods

for special reverberation test rooms

[11] ISO 3744, Acoustics — Determinatidn of Sound power levels and sound energy levels of noise
sources using sound pressure — Engipee thods for an essentially free field over a reflecting
plane

[12] 1SO 3745, Acoustics —
sourcesusing sound pressure

[13] ISO 3746, Acoustics etermination of sound power levels and sound energy levels of noise
sources using sound Survey method using an enveloping measurement surface over a

reflecting plane
[14] ISO 37@3 s — Determination of sound power levels and sound energy levels of noise
ilg s

ingtioR of sound power levels and sound energy levels of noise
ion methods for anechoic rooms and hemi-anechoic rooms

sources us d pressure — Engineering/survey methods for use in situ in a reverberant

[15] | -I5 Acoustics — Hearing protectors — Part 1: Subjective method for the measurement
of ation
[16] 4869-2, Acoustics — Hearing protectors — Part 2: Estimation of effective A-weighted sound

pressure levels when hearing protectors are worn

[17] ISO 4869-3, Acoustics — Hearing protectors — Part 3: Measurement of insertion loss of ear-muff
type protectors using an acoustic test fixture

[18] ISO 7235, Acoustics — Laboratory measurement procedures for ducted silencers and air-
terminal units — Insertion loss, flow noise and total pressure loss

[19] ISO 7574-1, Acoustics — Statistical methods for determining and verifying stated noise emission
values of machinery and equipment — Part 1: General considerations and definitions

©ZBS 2023- All rights reserved 27



TCD XXX:2023

[20] ISO 7574-2, Acoustics — Statistical methods for determining and verifying stated noise
emission values of machinery and equipment — Part 2: Methods for stated values for
individual machines

[21] ISO 7574-3, Acoustics — Statistical methods for determining and verifying stated noise
emission values of machinery and equipment — Part 3: Simple (transition) method for stated
values for batches of machines

[22] ISO 7574-4, Acoustics — Statistical methods for determining and verifying stated noise
emission values of machinery and equipment — Part 4: Methods for stated values for batches
of machines

[23] ISO 9614-1, Acoustics — Determination of sound power levels of noise sources usin
sound intensity — Part 1: Measurement at discrete points

[24] ISO 9614-2, Acoustics — Determination of sound power levels of noise source
sound intensity — Part 2: Measurement by scanning

[25] 1SO 9614-3, Acoustics — Determination of sound power levels of noise r ifg
sound intensity — Part 3: Precision method for measurement by scanning

[26] ISO 10053, Acoustics — Measurement of office screen sound atte I specific

laboratory conditions
n&ﬁ d insulation of building

nking transmission for
joining rooms — Part 1:

[27] 1SO 10140 (all parts), Acoustics — Laboratory measure
elements

[28] 1SO 10848-1, Acoustics — Laboratory and field measugfe
airborne, impact and building service equipment soun e

Frame document

[29] 1SO 10848-2, Acoustics — Laboratory and fi surément of flanking transmission for
airborne, impact and building service equipm tween adjoining rooms — Part 2:
Application to Type B elements when the j i small influence

[30] 1SO 11200, Acoustics — Noise tedfby Machinery and equipment — Guidelines for
the use of basic standards for the d jO¥r of emission sound pressure levels at a work

r

station and at other specified positfon

[31] 1SO 11201, Acoustics — Noise egitted by machinery and equipment — Determination of

emission sound pressureglevels aty a work station and at other specified positions in an
cti

essentially free field ov, plane with negligible environmental corrections

[32] 1SO 11202, AeBu oise emitted by machinery and equipment — Determination of
emission soundgpreSstireMevels at a work station and at other specified positions applying
approximate ikonmewtal corrections

[33] ISO Acotistics — Noise emitted by machinery and equipment — Determination of
emissj ressure levels at a work station and at other specified positions from the
SO evel

[34 11204, Acoustics — Noise emitted by machinery and equipment — Determination of

emissigff sound pressure levels at a work station and at other specified positions applying
accurate environmental corrections

[35] ISO 11205, Acoustics — Noise emitted by machinery and equipment — Engineering
method for thedetermination of emission sound pressure levels in situ at the work station and
at other specified positions using sound intensity

[36] ISO 11546-1, Acoustics — Determination of sound insulation performances of
enclosures — Part 1:Measurements under laboratory conditions (for declaration purposes)

[37] ISO 11546-2, Acoustics — Determination of sound insulation performances of
enclosures — Part 2:Measurements in situ (for acceptance and verification purposes)

©ZBS 2023- All rights reserved 28



TCD XXX:2023

[38] ISO 11654, Acoustics — Sound absorbers for use in buildings — Rating of sound absorption

[39] ISO/TR 11688-1, Acoustics — Recommended practice for the design of low-noise machinery
and equipment — Part 1: Planning

[40] ISO/TR 11688-2, Acoustics — Recommended practice for the design of low-noise machinery
andequipment — Part 2: Introduction to the physics of low-noise design

[41] 1SO 11689, Acoustics — Procedure for the comparison of noise-emission data for machinery
and equipment

[42] 1SO 11690-2, Acoustics — Recommended practice for the design of low-noise workplaces
containingmachinery — Part 2: Noise control measures

[43] ISO/TR 11690-3, Acoustics — Recommended practice for the design of low-noise wgQr ces
containing machinery — Part 3: Sound propagation and noise prediction in workrooms

[44] 1SO 11691, Acoustics — Measurement of insertion loss of ducted silencers with
Laboratorysurvey method

[45] ISO 11820, Acoustics — Measurements on silencers in situ
[46] ISO 11821, Acoustics — Measurement of the in situ sound attenuat% ovable screen

[47] 1SO 11957, Acoustics — Determination of sound insulation perform
Laboratory and in situ measurements

of cabins —

[48] 1SO 12999-1, Acoustics — Determination and applicatj easlirement uncertainties in building
acoustics — Part 1: Sound insulation

[49] 1SO 16283 (all parts), Acoustics — Field me sut sound insulation in buildings and
of building elements \

[60] IEC 61672-1, Electroacoustics — Sound. L rs — Part 1: Specifications

[51] May D.N., (ed.). Handbook of Nois % ent. van Nostrand Reinhold, New York, 1978

[52] Nordic Noise Data Bank, Akusti % Ium/ELAB, N-7034 Trondheim, NTH Norway

[63] VDI-Richtlinie Emissionsk er hnischer Schallquellen (Emission values of noise
sources). Beuth Verlag, Berlin

[54] Notes doumentaires%’a ue Olivier Noyer, 75680 Paris Cedex 14, France (Noise control

inspecific industrial br%
[55] ANSI/ASA 912 (R2017), Methods of estimating effective A-Weighted sound pressure
levels when he@ging pratectors are worn

N

29 ©ZBS 2023- All rights reserved



