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European foreword

This document (prEN 12354-5:2022) has been prepared by Technical Committee CEN/TC 126
“Acoustic properties of building elements and of buildings”, the secretariat of which is held by AFNOR.

This document is currently submitted to the CEN Enquiry.
This document will supersede EN 12354-5:2009.

EN 12354-5:2009 has been revised in order to extend its application to any type of constructions
(heavy or lightweight) and to better predict low frequencies down to 50 Hz. The document has
therefore been deeply restructured. The application clause, which considers all the different equipment
types and their particularities has been kept and restructured.
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1 Scope

This document describes calculation models to estimate the sound pressure level in buildings due to
service equipment. As for the field measurement documents (EN ISO 16032 for the engineering method
and EN ISO 10052 for the survey method), it covers sanitary installations, mechanical ventilation,
heating and cooling, service equipment, lifts, rubbish chutes, boilers, blowers, pumps and other
auxiliary service equipment, and motor driven car park doors, but can also be applied to others
equipment attached to or installed in buildings. The estimation is generally based on measured data
that characterizes both the equipment (source) and the sound transmission through the building. The
same equipment can be composed of different airborne and/or structure borne sources at different
locations in the building; the standard gives some information on these sources and how they can be
characterized; however, models of the equipment itself are out of the scope of this standard.

This document describes the principles of the calculation models, lists the relevant input and output
quantities and defines its applications and restrictions. The models given are applicable to calculations
in frequency bands. It is intended for acoustical experts and provides the framework for the
development of application documents and tools for other users in the field of building construction,
considering local circumstances.

The calculation models described use the most general approach for engineering purposes, with a link
to measurable input quantities that specify the performance of building elements and equipment.
However, it is important for users to be aware that other calculation models also exist, each with their
own applicability and restrictions.

The models are based on experience with predictions for dwellings and offices; they could also be used
for other types of buildings provided the dimensions of constructions are not too different from those in
dwellings.

2 Normative references

The following documents are referred tosin thertext lin’such :away that some or all of their content
constitutes requirementshof-this;idocament:For/dated references; only’ the edition cited applies. For
undated references, the latéstledition of the referencedidocument (indluding any)amendments) applies.

EN ISO 16032, Acoustics - Measurement of sound pressure level from service equipment in buildings -
Engineering method (1SO 16032)

EN ISO 10052, Acoustics - Field measurements of airborne and impact sound insulation and of service
equipment sound - Survey method (1SO 10052)

EN ISO 12354-1, Building acoustics - Estimation of acoustic performance of buildings from the
performance of elements - Part 1: Airborne sound insulation between rooms (1SO 12354-1)

EN ISO 12354-2:2017, Building acoustics - Estimation of acoustic performance of buildings from the
performance of elements - Part 2: Impact sound insulation between rooms (1SO 12354-2:2017)

EN 15657:2017, Acoustic properties of building elements and of buildings - Laboratory measurement of
structure-borne sound from building service equipment for all installation conditions

EN ISO 10848-1, Acoustics - Laboratory and field measurement of flanking transmission for airborne,
impact and building service equipment sound between adjoining rooms - Part 1: Frame document (1SO
10848-1)

EN ISO 3740:2019, Acoustics - Determination of sound power levels of noise sources - Guidelines for the
use of basic standards (ISO 3740:2019)
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3 Terms and definitions

No terms and definitions are listed in this document.

4 Relevant quantities

4.1 General

This document describes calculation models to estimate the sound pressure level in buildings due to
service equipment. The output data of the models correspond to quantities expressing the building
performance (sound pressure levels in rooms generated by the equipment installed in the building), as
the input data correspond to quantities expressing the product performances for both the source(s) of
sound (the equipment itself) and the building elements involved in the transmission of sound.

In this standard, the output quantities are determined, like in EN ISO 12354-1 and EN ISO 12354-2, in
1/3 octave bands at least in the frequency range 100-3150 Hz, possibly extended down to
1/3 octave 50 Hz if building element data and junction data involved in the transmission of sound are
available, and up to 5 kHz, particularly for airborne sound quantities. Service equipment performance
data are based on measurements according to EN 15657 where measurements are performed in
1/3 octave bands in the frequency range 50-3150 Hz. However, for some service equipment, the
frequency range of interest won'’t cover this complete range.

NOTE For measuring airbornersound power-of. equipment in reverberant conditions, EN 15657:2017 refers
to EN ISO 3740 to EN ISO 3747, in which'only’ limited information can'be found for measurements performed in
small reverberant rooms, down to 50 Hz, in 1/3 octave band and applied to non-stationary sources, as well as for
their accuracy. Nevertheless, the measurement procedure is fully given in the standardized application documents
focused on laboratory measurements for each type of service equipment (for example, in EN 14366-1 for waste
water pipes).

4.2 Quantities to express building performances (output quantities)

4.2.1 General

This standard aims at predicting sound pressure levels in buildings and comparing results to values
measured in situ. Field measurements of sound from equipment and machinery are performed
according to ENISO 16032 (engineering method) or EN ISO 10052 (survey method) with results
expressed in terms of sound pressure level in various ways: maximum A-weighted and optionally C-
weighted sound-pressure levels using time weighting “S” or time weighting “F” for non-stationary
sources, as well as equivalent continuous sound-pressure levels determined with a specified integration
time for stationary sources. A-weighted and C-weighted values are obtained from octave-band
measurements in the frequency range from 63 Hz to 8 kHz. The corresponding single number values
are detailed in Annex D.

NOTE1 Time weighting “F” is likely to lead to measurement results less reproducible than time weighting “S”.

NOTE 2 Octave band levels are also used to determine the so-called NC, NR or RC ratings, as described in many
standards. This is especially the case for buildings such as offices, commercial buildings, schools and performance
spaces.

In all cases, normalization to a reference equivalent absorption area or standardization to a reference
reverberation time can be applied.

4.2.2 Relation between quantities

» o«

The above sound pressure levels depend on the applied time weighting, i.e. “S”, “F” or integration over
a cycle (equivalent). The levels with these various time weightings depend on the type of sound and
cannot be deduced from each other in general.
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In all cases there is a direct relation between the sound pressure level (Lp), the normalized sound
pressure level (L,) and the standardized sound pressure level (Lyr) in frequency bands. These relations
are given by:

A f
Ly =L, —101g% (1a)
T AT
L. =L +10lg—r¢ — 4101g—ref ref 1b
L e N RT3 (1b)
where

A is the equivalent absorption area in the room, in square metres;

Arer  is the reference equivalent absorption area (Aref = 10 m2), in square metre;
T is the reverberation time in the room, in seconds;

Trer is the reference reverberation time (Trer = 0,5 s for dwellings), in seconds;

V is the volume of the room, in cubic metres.

In this document the normalized sound pressure level L, is chosen as the prime quantity to predict and
noted Lne (“e” for equipment) instead of L, usually used for impact sound level. The other quantities can
be obtained from this directly, particularly, the‘sound pressureilevel L,)(to be compared to measured
values) obtained using Formula (1a), knowing-the équivalent absorption area of the room, where the
measurements have been performed.

4.3 Quantities to express product performances (input quantities)

4.3.1 General

The quantities to express the performance jof products-relate on,the one hand to the sources of sound
and on the other hand to.the transmission of sound. In general, this concerns both airborne and
structure-borne sound.

4.3.2 Sources of sound

In the case of airborne sound sources, the basic quantity to express the source strength is the airborne
sound power level, measured according to the standards specified in 4.1.

In the case of structure-borne sound sources, the basic quantity to express the source strength is the
installed power level (and sometimes the blocked force level); these quantities are defined and their
measurement is specified in EN 15657, which so far, is restricted to steady-state vibrating sources.
Quasi-stationary sources, i.e. stationary within the time window chosen for its duration, and more
generally non-stationary sources must be predicted with care, following the information given
in Annex D.

If different operating stages are identified in the time response of a given equipment, each stage shall be
studied separately, each considered as an independent source.

The relevant sound sources differ for the various equipment and installations considered. Therefore,
the relevant quantities to express the performance of sound sources will be dealt within the
appropriate sections. However, the quantities for the source shall in all cases relate to the same time

weighting as the quantity to be estimated for the building performances.
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4.3.3 Transmission of sound

The basic quantities to express the transmission of airborne, impact and service equipment sound are
defined in EN ISO 12354-1 and EN ISO 12354-2, as well as in EN ISO 10848-1, which also specifies the
measurement methods for flanking transmission. These quantities as well as the prediction methods
themselves used in this standard, are defined from and based on the SEA approach, which theoretically
only allows predicting sound in stationary or quasi-stationary situations; for the other cases, follow
Annex D.

5 Calculation models
5.1 General principles

In general, a mixture of airborne and structure-borne sound transmission causes the sound level in a
room due to service equipment. Which of those is dominant, depends on the type of equipment and
installation as well as on the type of building construction. Furthermore, service equipment and
installations often consist of several sound sources and several connection points between the
installation and the building structure. This makes a general prediction method rather complicated.

It is assumed that a complete installation can be divided in several airborne and/or structure-borne
sound elementary sources that can be considered independent from each other. The model approach is
to consider one such an elementary source at the time and one operating stage at the time if several
stages are identified (see 4.3.2)! The resulting Sound pressure’level in a room follows from the sum of
the contribution of each of such elementary sources.

In general, two principally different transmissjon situations/are considered:
— airborne sound transmisgion through a building construction;
— structure-borne sound transmission through a building construction.

For each of these situations a general approached, will-be described in the next subclauses. The most
appropriate applications of these general models are specified for several types of service equipment
and installations in Clause 6.

The resulting normalized sound pressure level in a room in frequency bands, L', for the considered
installation can therefore be written:

N, N,
| L 10 L 10
Lye =101g(}"10 neak /10, >'10 nes.m /10 (2)
k=1 m=1
where
X is the total apparent normalized sound pressure level in a room due to the considered
ne installation, in decibels;
I is the apparent normalized sound pressure level due to elementary airborne sound
neak  source k of the installation, in decibels;
X is the apparent normalized sound pressure level due to elementary structure-borne sound
e source m of the installation, in decibels;
Nq is the number of elementary airborne sound sources composing the considered
installation;
N; is the number of elementary structure-borne sound sources composing the considered
installation.
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In case the source and the building performance are to be expressed by maximum levels, the results
from Formula 2 can be considered as an estimate of the upper limit (all events assumed simultaneous).
An estimate of the lower limit would then be the maximum value of all the sources considered
separately (all events occurring at different times).

The models can be used to calculate the building performance in frequency bands, based on acoustic
data for the sound sources and building elements in frequency bands. From these frequency dependent
performances, the single number rating for the building performance (A- or C-weighting) can be
deduced similarly as for the measurement results in accordance with EN ISO 16032 and EN ISO 10052.

The models assume a diffuse sound field in the source and receiving rooms. Though often a sufficiently
realistic assumption, large deviations may occur at low frequencies. Since sound from some service
equipment will be dominated by low frequencies, such deviations cannot be neglected. Special attention
will be given to this aspect for the application of the models to specific service equipment and
installations (see Clause 6). General information on this aspect is given in Annex B.

Calculation examples are given in the informative Annex G, including calculation examples of Single
Number Quantities for products measured using EN 14366-1.

5.2 Airborne sound transmission through building constructions

5.2.1 General

The output quantity is the sound, pressure level, in the receiving room considered. Two different
building configurations can be considered as shown'in Figure 1:isource within the receiving room and
source in a source room adjacent to the receiving room; the term “adjacent to” means “next to”, “above”
or “diagonally connected through one junction<to’as specified/in EN ISO 12354-1 and EN ISO 12354-2.

These two configurations are considered in the next subclauses.

The sound transmitted depends on the'source.and the building structures involved in the transmission.
The basic quantity to express the source strength is the airborne sound power level Lw, in dB ref. 10-12
Watt, measured according to the standards specifiedin.4.1; the transmission term depends on the
configuration considered (see 5.2.2 and 5.2.3)

NOTE The case of source(outsidethe-buildingismotinthe scope of the standard; the prediction of this case is
considered in EN ISO 12354-3:2017, Annex E.

1@ 1@ "k

Key
1 Source
2 Receiving room
3 Source room
4 Direct path
5 Flanking paths (indicated for one junction; 4 junctions participate in the transmission)

Figure 1 — Configurations for airborne sound transmission: source in receiving room (left);
source in another room, case of rooms next to each other (right)

10
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5.2.2 Source in receiving room

The resulting normalized sound pressure level in a room, Lpea, for one sound source in the same room
simply follows from:
Lne,a =Ly, - 4dB 3)

The sound field in the receiving room is supposed to be diffuse and the sound pressure level estimated
sufficiently away from the source. The transmission term reduces to a constant.

5.2.3 Source in another room

In the case of a source in another room, the transmission from source room to receiving room normally
involves the transmission via various transmission paths between elements (i) of the source room and
elements (j) of the receiving room as indicated in Figure 1 (right). All these paths are taken into account
in the prediction method defined in EN ISO 12354-1.

The resulting transmitted normalized sound pressure level L’n.. can be written as a sum of the sound
power level of the source and a transmission term, expressed from either the normalized level
difference D, between source and receiving rooms or the apparent sound reduction index R’":

A
S
L'ne’a :LWa —10 1g£TJ—Dn [4’a)
L' =L R-101g| 25 |- 448 (4b)
ne,a ~ ~“Wa % ) S_ -
S
where

Lwa is the airborne sound powerlevel of the source, in decibels;
As s the equivalentabsorptionarea ofithe source roomsinisquare meters;

D, isthe normalized level difference between the two rooms in dB, asdefined in
EN ISO 12354-1;

R isthe apparent sound reduction index in dB, output data in EN ISO 12354-1;

Ss  is the area of the separating element in square meters.

The source room shape and sound field distribution, the source direct and near field and the radiation
pattern of the source will influence the actual excitation of the building elements in the source room.
However, all these aspects involve non-diffuse fields and are not considered in EN ISO 12354-1, which
assumes a diffuse field in the emission room.

Formula (4b) allows calculating L’ne. from the airborne sound power of the source, assumed known,
and the apparent sound reduction index calculated using EN I1SO 12354-1.

NOTE1 It is useful to define a unit power apparent sound pressure level L’neao characterizing the global
airborne sound transmission to the receiving room and obtained by replacing the equipment by a unit power
airborne sound source (Lwa = 120 dB) in Formula (4b); see examples in H.2.2.

Formula (4a) allows checking before the equipment is installed, if there is a noise problem,
assuming Lwa. known and D, measured on site.

NOTE2 The above formulae assume that the reference values for pressure and power are such that

PoCoW et /pfef = 1. This is the case with ISO-reference values and p,c, =400 Ns / m?3.

11
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NOTE 3  The SEA-based prediction method used in EN ISO 12354-1 theoretically implies that the source should
be anywhere and everywhere in the room (thus generating a diffuse field), which is not the way equipment are
characterized in laboratory, usually using a reverberant room with the source installed at specific locations close
to the real field situation. Such input data might lead to less accurate prediction results, when using
Formulae (4a or b).

If the source is close to any element i in the source room and mechanically linked to it, the airborne
sound nearfield of the source is taken into account within the structural power (installed power)
transmitted to element i, input quantity for predicting structure-borne sound defined and measured
according to EN 15657 (see 5.3). More generally, nearfield airborne excitation from a source close to an
element could be approximated as structural excitation [12] and characterized using EN 15657.

If the actual source is enclosed or partly enclosed, the whole system can be considered as the source for

which the sound power level follows from the sound power insertion loss D, of the enclosure and the
sound power level of the source: L L
according to ISO 11546 [1].

5.3 Structure-borne sound transmission through building constructions

Wa.enclosed = Lwa ~ Pwa - The sound power insulation can be measured

5.3.1 General

The output quantity is the sound pressure level in the receiving room considered. Two building
configurations can be considered againnas;shewn in Figure 2:/source within the receiving room and
source in a source room adjacent to the receiving room; the term “adjacent to” means “next to”, “above”
or “diagonally connected through one jundtion to”,as spécified ivEN ISO 12354-1 and EN ISO 12354-2.

However, both configurations lead to the same types of path,direct and/or flanking.

NOTE In the case where the sgurce «s pmechanically fixed on an element of the receiving room, the
transmission paths are the same whether the source is mounted inside or outside the room.

The sound transmitted depends on the source/and the|building structures involved in the transmission.
The basic quantity to express:the source strength,is |generally, the installed power (structural power
transmitted to the receiving element), defined)in,EN-15657;, the iinstalled power depends on the
characteristics of the source, the mounting and the supporting building element. The transmission
terms depend on the configuration considered and the type of elements, heavy or lightweight (more
precisely of type A or type B respectively, as defined in EN ISO 12354-1 and EN ISO 10848-1) involved
in the transmission.
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prEN 12354-5:2022 (E)
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Figure 2 — Configurations for structure-borne sound transmission: source in receiving
room (left); source in another room, case of rooms next to each other (right)

The general case, corresponding-to any mobility conditions between source and receiver and any type
of receiving building elements is considered first in '5.3.2./Predicting equipment sound levels in the case
where the receiver mobility is much lower than the source mobility is very specific [2] and considered
separately in 5.3.3.

5.3.2 General case

5.3.2.1 General

The general case corresponds to any mobility conditions-between source and receiver and any type of
receiving building elements:'The'two'key'input' parameéters for prediction'are the equipment installed
power Lws; of the source connected to'element i indB 1ef.10-12 Watt-as-defined in EN 15657, and a
quantity characterizing the transmission path from element i to the receiving room called unit power
apparent sound pressure level, (symbol L’yes,0,) for transmission.

Source term

The installed power level Lws,; is determined according to EN 15657:2017, Clause 5 for any installation
conditions from the source characteristics and the receiver mobility:

Re(Yy o) Yo
Ly ~101g . | Lygoq ~60dB
‘YS,eq + ‘YR,eq,i‘ (Sa)
where

Y is the equipment single equivalent mobility as defined in EN 15657;

eq
Vg eai is the receiving element i single equivalent mobility as defined in EN 15657;

7eq71
L, is equipment single equivalent free velocity level in dB ref. 10- m/s as defined

vhed in EN 15657;
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