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Foreword

This document (EN 12354-5:2009) 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 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text or by endorsement, at the latest by October 2009, and conflicting national standards shall be withdrawn at
the latest by October 2009.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document is the first version of a standard, which forms a part of a series of standards specifying
calculation models in building acoustics:

— Part 1: Building Acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 1: Airborne sound insulation between rooms.

— Part 2: Building Acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 2: Impact sound insulation between rooms.

— Part 3: Building Acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 3: Airborne sound insulation against outdoor sound.

— Part 4: Building Acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 4: Transmission of indoor sound to the outside.

— Part 5: Building Acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 5: Sound levels due to the service equipment.

— Part 6: Building Acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 6: Sound absorption in enclosed spaces.

Although this part covers the most common types of service equipment and installations in buildings, it cannot
as yet cover all types and all situations. It sets out an approach for gaining experience for future improvements
and developments.

The accuracy of this standard can only be specified in detail after widespread comparisons with field data,
which can only be gathered over a period of time after establishing the prediction model. To help the user in
the mean time, indications of the accuracy have been given, based on earlier comparisons with comparable
prediction models. It is the responsibility of the user (i.e. a person, an organisation, the authorities) to address
the consequences of the accuracy, inherent for all measurement and prediction methods, by specifying
requirements for the input data and/or applying a safety margin to the results or applying some other
correction.

Annex A forms an integral part of this part of EN 12354. Annexes B, C, D, E, F, G and H are for information
only.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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Introduction

The estimation of sound levels due to service equipment in buildings is a complex task and structure-borne
sources and transmission are not completely understood. In addition there are large variations between
different equipment and installations and an installation often results in both airborne and structure-borne
sources. This document contains a framework within which this subject can be treated. The main part
(Clause 4) describes general models for sound transmission and related sources for ducts, airborne sound
through buildings and structure-borne sound through buildings. For airborne and structure-borne sound
transmission, parts 1 and 2 of EN 12354 are used wherever possible.

In Clause 5 the application of these models to the different types of service equipment in buildings is
addressed, specifying what is already known and available and what is not. Informative annexes give
additional information on various aspects, related to sources and their sound production as well as to specific
aspects of sound transmission through buildings. Wherever possible references are made to available
handbooks, literature or ongoing standardization work. Over the course of time some annexes or parts of
them, especially those relating to the sound production by sources, can be deleted when appropriate
standards become available.

For sound transmission through ducts there are standardized methods available to determine the sound
power level of sources or the transmission loss of elements. Various handbooks are widely used for these
estimations.

For airborne sound transmission through buildings information exists about sources and transmission, but
some aspects that are particularly relevant to service equipment are less well known, such as the effect of
acoustic near-fields, non-diffuse spaces and excitation and transmission at low frequencies. For these aspects
some indications are given as to how they could be treated and also as an indicator for the direction of further
research and future improvements to the models.

For structure-borne sound transmission similar solutions and problems exist as used for airborne sound.
However, here the appropriate methods to characterize the sources for structure-borne sound excitation are
just starting to become available, largely due to standardization work started within CEN (TC126/WG7)
Therefore in this document a choice has been made to use a general quantity in the models, called "the
characteristic structure-borne sound power level" of sources, even though there is no practical measurement
method available at the moment. This allows the estimation models to have a general form that could be
developed and refined in the future. For some types of equipment indications are given in an informative
annex as to how this quantity can be deduced or estimated from available and current measurement methods,
such as the ones already developed within CEN.

The aim of this document is to provide a general basis for a practical approach to the estimation of sound

levels due to service equipment. It also clarifies the need for work on source characterisation with an
indication of areas where further research work is needed.
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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 document (ENISO 16032) 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 primarily based on measured data that
characterises both the sources and the building constructions. The models given are applicable to calculations
in frequency bands.

This document describes the principles of the calculation models, lists the relevant quantities and defines its
applications and restrictions. 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, taking into
account local circumstances.

The calculation models described use the most general approach for engineering purposes, with a link to
measurable quantities that specify the performance of building elements and equipment. The known
limitations of these calculation models are described in this document. Users should, however, 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 constructional dimensions are similar to those in dwellings.
2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN 12354-1:2000, Building acoustics — Estimation of acoustic performance of buildings from the performance
of elements — Part 1: Airborne sound insulation between rooms

EN 12354-2, Building acoustics — Estimation of acoustic performance of buildings from the performance of
elements — Part 2: Impact sound insulation between rooms

EN 13141-1, Ventilation for buildings — Performance testing of components/products for residential ventilation
— Part 1: Externally and internally mounted air transfer devices

EN 13141-2, Ventilation for buildings — Performance testing of components/products for residential ventilation
— Part 2: Exhaust and supply air terminal devices

EN ISO 3740, Acoustics — Determination of sound power levels of noise sources — Guidelines for the use of
basic standards (ISO 3740:2000)

EN ISO 3741, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Precision methods for reverberation rooms (ISO 3741:1999)

EN ISO 3743 (all parts), Acoustics — Determination of sound power levels of noise sources — Engineering
methods for small, movable sources in reverberant fields (ISO 3743-1:1995 and ISO 3743-2:1996)

EN ISO 3744, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Engineering method in an essentially free field over a reflecting plane (ISO 3744:1994)

EN ISO 3745, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Precision methods for anechoic and semi-anechoic rooms (ISO 3745:2003)
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EN ISO 3746, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Survey method using an enveloping measurement surface over a reflecting plane (ISO 3746:1995)

EN ISO 3747, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Comparison method for use in situ (ISO 3747:2000)

EN ISO 3822-1, Acoustics — Laboratory tests on noise emission from appliances and equipment used in
water supply installations — Part 1: Method of measurement (ISO 3822-1:1999)

EN I1SO 3822-2, Acoustics — Laboratory tests on noise emission from appliances and equipment used in
water supply installations — Part 2: Mounting and operating conditions for draw-off taps and mixing valves
(ISO 3822-2:1995)

EN I1SO 3822-3, Acoustics — Laboratory tests on noise emission from appliances and equipment used in
water supply installations — Part 3: Mounting and operating conditions for in-line valves and appliances

EN ISO 3822-4, Acoustics — Laboratory tests on noise emission from appliances and equipment used in
water supply installations — Part 4: Mounting and operating conditions for special appliances

EN ISO 7235, Acoustics — Laboratory measurement procedure for ducted silencers and air-terminal units —
Insertion loss, flow noise and total pressure loss (ISO 7235:2003)

EN ISO 10846-1, Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer properties of
resilient elements — Part 1: Principles and guidelines (ISO 10846-1:2008)

EN ISO 10846-2, Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer properties of
resilient elements — Part 2: Direct method for determination of the dynamic stiffness of resilient supports for
translatory motion (ISO 10846-2:2008)

EN ISO 10846-3, Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer properties of
resilient elements — Part 3: Indirect method for determination of the dynamic stiffness of resilient supports for
translatory motion (ISO 10846-3:2002)

EN ISO 10846-4, Acoustics and vibration — Laboratory measurement of vibro-acoustic transfer properties of
resilient elements — Part 4: Dynamic stiffness of elements other than resilient supports for translatory motion
(ISO 10846-4:2003)

EN I1SO 11691, Acoustics — Measurement of insertion loss of ducted silencers without flow — Laboratory
survey method (ISO 11691:1995)

3 Relevant quantities

3.1 Quantities to express building performance

The protection against sound from equipment and machinery according to EN ISO 16032 can be expressed in
sound pressure levels in various ways. These quantities are determined in octave bands as maximum level
using time weighting "S" or time weighting "F" or as equivalent level; in all cases normalization to a reference
equivalent absorption area or standardization to a reference reverberation time can be applied. The building
performance is normally expressed in an A-weighted or C-weighted sound pressure level that is to be
calculated from these octave band levels.

NOTE The octave band levels are also used to determine the so-called NC, NR or RC ratings, as described in many
textbooks. This is especially the case for buildings such as offices, commercial buildings, schools and performance
spaces.
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3.1.1 A-weighted maximum sound pressure level Lp .., The A-weighted maximum sound pressure
level in a room, due to the sound produced by equipment or machinery in the building.

NOTE This sound pressure level is obtained from the maximum sound pressure level in octave bands from 63 Hz to
8 kHz using time weighting "S" (Lag max) OF time weighting "F" (Lag ,a,)- The sound pressure levels in octave bands can

also be normalized (Lag max n' LAF max, n) OF standardized (Lag max n> LAF max,nT)-

3.1.2 A-weighted equivalent continuous sound pressure level Lpeq: The equivalent A-weighted sound
pressure level in a room, due to the sound produced by equipment or machinery in the building.

NOTE This sound pressure level is obtained from the equivalent sound pressure level in octave bands from 63 Hz to
8 kHz. The sound pressure levels in octave bands can also be normalized (L,q ) or standardized (Lyqq n7)-

3.1.3 C-weighted maximum sound pressure level L¢ .., The C-weighted maximum sound pressure
level in a room, due to the sound produced by equipment or machinery in the building.

NOTE This sound pressure level is obtained from the maximum sound pressure level in octave bands from 31,5 Hz
to 8 kHz using time weighting "S" (Lsg max) OF time weighting "F" (Log 5,)- The sound pressure levels in octave bands can

also be normalized (L~g max, n* LCF max, n) Or standardized (Lxg max, nT> LCF max, nT)-

3.1.4 C-weighted equivalent sound pressure level Lceq- The equivalent C-weighted sound pressure
level in a room, due to the sound produced by equipment or machinery in the building.

NOTE This sound pressure level is obtained from the equivalent sound pressure level in octave bands from 31,5 Hz
to 8 kHz. The sound pressure levels in octave bands can also be normalized (L¢, ,) or standardized (Lggq ny)-

3.1.5 Relation between quantities
The A-weighted and C-weighted quantities are all obtained from the sound pressure levels in octave bands.

These sound pressure levels (L) are depending on the applied time weighting, i.e. "S", "F" or integration over a
cycle (equivalent). The level with these various time weightings depends on the type of sound and cannot be
deduced from each other in general. Hence, the estimated octave band level will have to relate to the same
time weighting as the specified quantity.

In all cases there is a direct relation between the sound pressure level (L), the normalized sound pressure
level (L) and the standardized sound pressure level (L, 1) in octave bands. These relations are given by:

L:Ln+10Ig%dB (1a)
Lot = Lo +10|g% dB (1b)
where

A is the equivalent absorption area in the room, in square metres;
A5 is the reference equivalent absorption area (4, = 10 m2), in square metre;

ref =

T\t is the reference reverberation time (7, = 0,5 s), in seconds;

V' is the volume of the room, in cubic metres.
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In this document the normalized sound pressure level L,, in octave bands, with the appropriate average and

time weighting, is chosen as the prime quantity to predict. The other quantities can be obtained from this
directly.

3.2 Quantities to express product performance

The quantities to express the performance of 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.

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 with in the appropriate sections.
However, the quantities for the sources must in all cases relate to the same time weighting as the quantity to
be estimated for the building performance.

The relevant elements in sound transmission are partly those from other documents in this series, such as
EN 12354-1 and EN 12354-2 where the related quantities are specified, and partly specific to the service
equipment under consideration. Therefore the relevant quantities will also be indicated in the appropriate
clauses.

4 Calculation models

4.1 General principles

In general a mixture of airborne and structure-borne sound transmission results in 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.

NOTE An additional problem is that there are only a few well-established measurement methods to quantify the
strength of the equipment. Especially in the field of structure-borne sound these methods, and the quantities, have been
missing, though now work has started in CEN/TC126/WG7. Indications are given in Annexes B, C and D.

It is assumed that a complete installation can be divided into several of airborne and/or structure-borne sound
sources that can be considered independently from each other. Such a source can be a physical object, a
partial source or a combination of various partial sources or connection points, depending on the type of
equipment or installation considered. The model approach is to consider one such source at the time and
apply a one-dimensional model, choosing the most relevant model for the type of source. The resulting sound
pressure level in a room follows from the addition of the contribution of each of such sources being
considered.

In general three different transmission situations are considered:

— airborne sound transmission through pipes and/or ducts;

— airborne sound transmission through a building construction;

— structure-borne sound transmission through a building construction.

For each of these situations a general approach is described in the next subclause of this clause. For several

types of service equipment and installations, the most appropriate applications of these general models will be
specified in Clause 5.

Documents
Document Sharingg-lub

Full document details: BS EN 12354-5:2009


http://www.avadocuments.com/doc/bs-en-12354-5-2009
http://www.avadocuments.com/doc/bs-en-12354-5-2009

BS EN 12354-5:2009
EN 12354-5:2009 (E)

The resulting normalized sound pressure level in a room in octave bands, L, follows from the addition of the

transmitted sound from all relevant sources and transmission situations for the considered installation or
service equipment:

m n 4
L, =101g Y 10" 43710 43 105" (2)
i=1 j=1 k=1
where
L, is the total normalized sound pressure level in a room due to the sound source i, j and k, in
decibels;
Lygi is the normalized sound pressure level due to sound transmission through a pipe or duct for

source i, in decibels;

L,aj s the normalized sound pressure level due to airborne sound transmission through the building
structure for source j, in decibels;

Lysx Is the normalized sound pressure level due to structure-borne sound transmission through the
building structure for source k, in decibels;

m is the number of sound sources related to duct transmission;
n is the number of airborne sound sources;
o is the number of structure-borne sound sources.

When the building performance is to be expressed as the maximum level, especially with time weighting "F",
the results from Equation 2 can be considered as an estimate of the upper limit. An estimate of the lower limit
would than be the maximum value of all the sources considered separately.

The models can be used to calculate the building performance in octave bands, based on acoustic data for
the sound sources and building elements in octave bands. The calculations are to be performed for the octave
bands from 63 Hz to 4000 Hz, unless a more limited range is sufficient for the type of equipment being
considered. From these the single number rating for the building performance (A- or C-weighting) can be
deduced as for the measurement results in accordance with EN 1ISO 16032.

NOTE The calculations can be extended to higher or lower frequencies if acoustic data are available for such a larger
frequency range. However, especially at the lower frequencies no information is currently available on the accuracy of
such calculations (see also Annex G).

The models assume a diffuse sound field in the receiving room. 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. General information on
this aspect is given in Annex G.

4.2 Airborne sound transmission through pipes and ducts

4.21 General

Each element of a duct system can be a transmission element as well as a sound source. In the predictions
each sound source is considered separately and the sources and elements are considered to be independent,
thus interference between elements, modal effects and resonances are neglected.
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The normal quantity to express the source strength is the airborne sound power level Ly, injected into the
duct. The sound transmission through the duct is described by the sound power level reduction AL, occurring

in each distinguishable element of the duct. The resulting sound pressure in a receiving room is either caused
by sound radiating at the duct opening (room a) or by sound radiating by the duct itself (room b). The resulting
sound pressure level depends on the absorption in that room, which is normalized to 4, = 10 m2.
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ACq Source Room a
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: Element 2 !

i Element n

Element 1 Element 3 Room b

A ref

Figure 1 — System of a pipe with a sound source, transmission elements and receiving rooms (a and b)

The resulting normalized sound pressure level in a room, L,, 4, due to a sound source in a duct follows from:

e
4
Ln,d ZLW _ZALW,i +10|g P

i=1 ref

dB (3a)

where

Ly is the sound power level of the source, in decibels;

ALy ; is the sound power level reduction by element i, in decibels;
e is the number of elements between source and receiving room;
A5 is the reference absorption area (= 10 m2), in square metres.

NOTE 1 This relation assumes a diffuse sound field in the room. However, that is often not the case. In EN 12354-6
indications are given of the effect of non-diffuse spaces on the resulting sound levels. These indications can be used to
correct the estimation of the sound pressure level in the room.

NOTE 2 If the room average is not of interest but the sound pressure level at a specific position in the room, this level
may be influenced or even dominated by the direct sound of the sound-radiating element in the room. For a position at
distance r of that element with a directivity factor Q, the last term in Equation (3a) could be replaced by:

10!9{ o . 4 } (3b)

4Ty Aref

The radiated sound power into a room is influenced by the position of the radiating element in the room (last
element in the chain, i = e) with respect to its boundaries. This effect shall be included in the sound power
level reduction of that last element. For some elements this is already included through the measurement
method applied, but if that is not the case it shall be added to the sound power level reduction of the radiating
element; see Annex E.
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If the source considered is the sound field in a room, the performance of the duct system can also be
expressed as the normalized level difference of the transmission system Dy, ¢ as treated in EN 12354-1. This

level difference follows from:

< A
D, =Y ALy +10lg ==L (4)
i=l1 S1
where
Dn¢  is the normalized sound level difference for indirect transmission through a system s, in decibels;
Ay is the area of the first element (i=1) of the transmission system in the source room, i.e. an
opening, duct section or air terminal device, in square metres.
NOTE For air transfer devices or a pair of air terminal devices with a simple ventilation systems for dwellings, this

quantity is also directly measured and expressed as the Dp o . see EN 13141-1 and EN 13141-2. Equation (4) could than
be used also to deduce the sound power level reduction for such (combination of) elements.

4.2.2 Sources

The sources can be elements of the system which produce sound themselves, such as an air moving device
or a burner, sound created at or by elements of the system, such as flow-generated sound from grids, bends
and silencers or sound injected into the duct from outside.

In all cases the strength of these airborne sound sources will be given by the sound power level Ly, as it is

propagating into the duct in one direction or as it is radiated directly into the surrounding space. The sound
power level should relate to the appropriate operating conditions of the system under consideration. The
sound power level of sources is primarily based on the results of standardized measurement methods.

4.2.21 Air moving device

For a ducted air moving device we normally distinguish between the inlet sound power level, Ly ;,, outlet
sound power level, Lyy o, and unit sound power level, Lyy i, in which "inlet" and "outlet" refer to the flow

direction and 'unit' to the radiated structure-borne sound by the device itself. The sound power level of these
sources is primarily based on standardized measurements; see also Annex B.

4.2.2.2 Flow-generated sound

For sources such as flow-generated sound from grids, bends, flow rate controllers, fire dampers, multi-leaf-
dampers and silencers the sound power level can be determined directly by measurements. Estimations can
be deduced from empirical relationship, see Annex B.

4.2.2.3 Sound entering through openings and devices

For sources such as the sound entering a duct from the outside through a duct opening, inlet or outlet devices,
the sound power level can be determined indirectly from the measured transmission loss of that opening or
device. The sound power level for transmission into the duct, Ly, follows from the transmission loss D; ; of

the device from outside to inside (see 4.2.3) as:

SCO

Ly =Ly _Dt,oi +10|g dB (5)

where
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Dy, is the sound power transmission loss for a duct opening or device for transmission from outside to
inside, in decibels;

L, is the sound pressure level in the source room, in decibels;

S

o is the area of the cross section of the duct opening, in square metres.

NOTE The transmission loss of the opening device can be based on direct measurements. Since there is by
definition a relation between the transmission loss of an air-terminal device, i.e. an opening, from outside to inside the duct
and vice versa, the one can be deduced also from the other; see Annex E.

Since this sound transmission is also influenced by the position of the opening or device with respect to the
room boundaries, this effect shall be included in the sound power transmission loss of the element being
considered. For some elements this is already included through the applied measurement method, but if that
is not the case it shall be added to the sound power transmission loss of the element being considered; see
Annex E.

4.2.2.4 Sound entering through duct wall

For sources such as sound entering the duct from outside (breaking in), the sound power level can be
determined indirectly from the measured transmission loss of the duct. The sound power level for transmission
up or downstream the duct, Ly, follows from the sound reduction index R; (transmission loss from outside to

inside) of the duct as:

SedutS
L,y = Lo — Roj +101g Sy —6—101g —4u ~~cdd 4
cd,u
Sedu*S ©)
Ly,q = Lo — Roj +10lgSg -6 -101g —4u _~cdd 4
cd,d
where
L, is the sound pressure level in the room outside the duct, in decibels;
Ry is the sound reduction index of the duct for transmission from outside to inside, in decibels;
Sy is the exposed area of the duct in the room, in square metres;

Scaq Is the area of the cross section of the duct at the downstream end of the exposed part of the duct,
in square metres;

Scau Is the area of the cross section of the duct at the upstream end of the exposed part of the duct, in
square metres.

NOTE 1 The sound field outside the duct is assumed to be diffuse while inside a plane sound wave is considered.

NOTE 2  This sound reduction index R,; can be based on direct measurements, but can also be deduced from the
sound reduction index R;, as measured and defined for the opposite transmission direction, i.e. from inside to outside; see
Annex E.

For several sources also general rules can be applied for an estimation of the sound power levels. Information
on this is given in Annex B.
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4.2.3 Transmission
In a transmission system various elements will cause a reduction of the sound power level during propagation,
such as straight ducts, internal absorbing linings, bends, restrictions, junctions, silencers and transmission

through openings, grids or duct walls. The level reduction is either directly expressed as a sound power level
reduction AL'\,, per unit or unit length AL‘, or in a related quantity like the sound reduction index of a duct from

inside to outside, R,,, the insertion loss of a silencer, D;, or the transmission loss of a device, D;.

For application in the calculation according to Equation (3a), the following relations can be used within the
limits of application for the various elements as indicated in the appropriate measurement standards.

4.2.3.1 Elements as unit
ALy = ALy it 9B (7)
where
ALy ynit s the sound power level reduction per unit of the element, in decibels.
4.2.3.2 Elements with reduction per unit length
ALy = AL'y 1 dB (8)
where
ALy is the sound power level reduction per unit length of the element, in decibels per metre;
/ is the actual length of the element, as measured along the centre line of the duct, in metres.

4.2.3.3 Elements in the duct with given insertion loss

ALy = D;dB (9)
where
D; is the insertion loss as determined for a silencer in accordance with EN ISO 7235 or
EN ISO 11691, for an air transfer device in accordance with EN 13141-1 or for other elements in
a comparable way, in decibels.
NOTE For silencers the insertion loss determined in this way can be considered as a good estimate of the

transmission loss of the element.

4.2.3.4 Elements at duct end with given insertion loss

ALy = D + Dy, dB (10)
where
D: is the insertion loss as determined for an air terminal device in accordance with EN 13141-2,

|
in decibels.

is the transmission loss of the open end of the test object in accordance with EN ISO 7235
(see Annex E), in decibels.

i,io
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4.2.3.5 Elements with given transmission loss

ALy =D; dB (11)
where
Dy is the transmission loss as determined for an air terminal unit in accordance with EN ISO 7235 or

in a comparable way for other elements, in decibels.

NOTE The transmission loss for air-terminal units according to this standard includes, as it should, the transmission
loss of the open end. The transmission loss of the open end depends on the position of the opening relative to reflecting
surfaces, i.e. an opening in the room centre, in a wall or near a corner.

4.2.3.6 Elements with given sound reduction index

Sc,d Q
ALy =R, +101g +3+10Ig4—dB (12)
T

Sq
where

R;, is the sound reduction index of the duct for transmission from inside to outside, in decibels;

Q is the angle around the duct into which radiation occurs, in radians (room centre: Q = 4x, near wall:
Q = 2mw, near edge: Q = 7).

NOTE 1 This relationship assumes that only half of the sound power inside the duct is involved in the transmission to
the outside.

NOTE 2  This sound reduction index R,, can be based on direct measurements, but can also be deduced from the
sound reduction index R, as measured and defined for the opposite transmission direction, i.e. from outside to inside; see
Annex E.

4.2.3.7 Radiating element into a room
For an element that radiates sound power into a room the effect of its position in the room with respect to its
boundaries shall be included in the sound power level reduction of that last element. If this is not the case for
the measurement data available, that effect shall be added:

ALW = ALW,element - DQ dB (13)

where

ALy element 1S the sound power level reduction of the radiating element without the influence of the
room position, in decibels.

Dg is the solid angle directivity index, in decibels.

For several elements also general rules can be applied for an estimation of the transmission reduction.
Information on this is given in Annex E.
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4.3 Airborne sound transmission through building construction

4.3.1 General

The basic quantity to express the source strength is the airborne sound power level L. The resulting sound
pressure level in the source room depends mainly on the absorption in that room A4y, ... However, the room

shape will also influence the actual excitation of the structures, the distance between source and structures
and the radiation pattern of the source. 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. This transmission can be described by the flanking sound reduction index
for that transmission path Ry.

ACq

Source  Source - ) .
room Building construction Receiving

between source room Room

ASOLII’C& ———————————————————
al . - > Areoeiue
element i and receiving

Lsouree neari room element | L recerve

Figure 2 — Airborne sound transmission from a source through a building via a transmission path ij

The resulting normalized sound pressure level in a room, L,, 5, for one sound source follows from:

& Lhaii/10
Lna=101g > 1017 dB (14)
i=1,j=1
where

Lyaj  is the normalized sound pressure level in the receiving room due to an airborne sound source in
the source room, as caused by sound transmission from an excited element i in the source room
and a radiating element j in the receiving room, in decibels;

m is the number of elements i in the source room participating in the sound transmission;

n is the number of elements j in the receiving room participating in the sound transmission.

The normalized sound pressure level in the receiving room for each transmission path i, j, Ly ajij follows from
the sound power level of the source (L,y), the transmission to the resulting sound pressure in the source room
near element i (D ;) and the transmission through the building to the receiving room via the path considered ij
(Rjj ref); see Figure 2.

i 4
Lnajj =Lw +Dsj— Rijrer —101g Si_qo1g2et B (15)
(At ’ ’ ref 4
where
Ly is the sound power level of the source, in decibels;
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si isthe sound transmission to element i in the source room, in decibels;

Rijret is the flanking sound reduction index for transmission from element i in the source room to
element j in the receiving room, with reference to the area S ;= 10 m2, in decibels;

S, is the area of the excited element i in the source room, in square metres;

A is the reference equivalent absorption area, in square metres, 4,4 = 10 m2.

ref

NOTE 1  The definition assumes that the reference values for pressure and power are such that p e W,ofP,f? =1. This
is the case with ISO-reference values and p.c, = 400 Ns/m3.

NOTE 2 The normalized sound pressure level in the source room, at sufficient distance from the source is estimated as
Lya=Ly,— 4.

The quantity Dg ; should include the effects of:

— the room shape and sound field distribution;
— specific radiation effects of the source (directivity);
— direct field and near field effects of the source.

In this way the last point can only be taken into account properly if the transmission is described sufficiently by
the diffuse field flanking sound reduction index. In other cases the transmission of the direct and near field of
the source shall by treated separately; see also 4.3.3.

4.3.2 Sources

The strength of each source or partial source considered is expressed as the airborne sound power level L.

This is measured in accordance with one of several standardized methods based on the basic sound power
standards (EN ISO 3740 to EN ISO 3747). For several types of sources also general information is available;
see Annex C.

If the actual sources are enclosed or partly enclosed the combination can be considered as the source for
which the sound power level follows from the sound power insulation Dy, of the enclosure and the sound

power level of the enclosed source: L, = Ly source —Dw- The sound power insulation can be measured
according to EN I1SO 11546.

The structure can be excited both by the direct sound radiated by the source as by the excitation of the
reverberant field by the source. Often sources or part of sources are quite close to the room surfaces, making

the direct sound and even near field effects important. These effects should be taken into account in the
sound transmission in the source room; see 4.3.3.

4.3.3 Transmission in a source room

The transmission in the source room is given by Dy ;, defined as the logarithm of the ratio between the
effective sound power incident on the element considered i and the total source sound power:

W .
Dg; =10 |g% dB (16a)

This transmission term includes the effects of the sound field in the room, the directivity pattern of the source
and, where possible, direct field and near field effects of the source.
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Considering the directivity of a source and a diffuse sound field in the source room, it follows directly from the
average distance to the element r, and the absorption in that room A4:

0 eAs/St
Dg;=101Ig + S; dB (16b)
’ 2 A
41 s
where
o' is the effective directivity factor of the source, including effects of acoustic near fields;
i is the average distance from source area to element i, in metres;
Ag is the equivalent absorption area in the source room, in square metres;
St is the total area of the boundaries of the source room.
NOTE The term /S is a more general formulation of the more common term (1 - ) with & the average absorption

coefficient of the room.

Only if the distance from the source to the element is large and the room has essentially a diffuse sound field,
this can be approximated as:

Ds; =10 Igj—i dB (16c)

S

Ag and « can be estimated from material data, using EN 12354-6. In more complex situations - room shape,

large amount of objects - more detailed sound field models should be used; see also Annex D of
EN 12354-6:2003, giving an estimate of 4, = 0,16 V'/ T, or an estimate of 4 for each sub-space in the

source room.

stimate

4.3.4 Transmission through a building

The transmission through a building is given by the flanking sound reduction index R;; ¢ in accordance with

EN 12354-1. In EN 12354-1 it is assumed that direct transmission through a separating element is normally
involved, so the area of the separating element is used as reference area. In this case that is often not the

situation, hence a reference area of S, = 10 m2 is always assumed.

The flanking sound reduction index Rj s can be estimated using EN 12354-1 on the basis of data on the

elements and junctions involved in the transmission path. Additional information for the application in this type
of prediction is given in Annex F.

In the case of source positions close to a building element the sound reduction index of that element as
applied in EN 12354-1 may not be relevant; the effect of direct sound fields or near fields has to be taken into

account by an appropriate combination of adjusting the sound reduction index of the element and applying the
effective directivity factor in the sound transmission term Dy ;. An alternative is to treat the transmission of the

direct and near field of the source as a separate transmission path.

4.4 Structure-borne transmission through building construction

4.41 General

The sound power injected into the building structure by the source depends on the characteristics of the
source, the mounting and the supporting building element. As a general concept this installed structure-borne
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sound power Ly inst follows from the source strength, given by the characteristic structure-borne sound
power level Ly . and the coupling term D¢ for the supporting element i. The characteristic structure-borne

sound power is almost the maximum power a source could inject, the coupling term thus being always
positive.

The transmission from source room to receiving room normally involves the transmission via various paths
between the supporting building element (i) in the source room and the elements (j) of the receiving room.
This transmission can be described by the flanking sound reduction index for that transmission path R;; taking

into account the different excitation mechanisms for airborne and structure-borne sound through the
adjustment term Dg,.

ACq

Building construction

g -
between source supporting R%:{;\::]ng

building element i and A
Supporting - =S > receive
building receiving room element
element i Coupling term R; Lijceceive
- ———— - >

Figure 3 — Structure-borne sound transmission from a source through a building

The resulting normalized sound pressure level in a room, L,, ¢, for one sound source follows from:

n
Lne=101g) 10"1""% 4B (17)
j=1

where

L,sjj s the normalized sound pressure level in the receiving room due to a structure-borne sound

source mounted to supporting building element i in the source room caused by sound
transmission from element i to a radiating element j in the receiving room, in decibels;

n is the number of elements j in the receiving room participating in the sound transmission.

The normalized sound pressure level in the receiving room for each transmission path i,j, L, ;. follows from
the installed structure-borne sound power level of the source (Lyys inst), the adjustment term Dg, for the

supporting building element and the transmission through the building to the receiving room via the path
considered ij (Rj; ¢f); see Figure 3.

S

Ly sjii = Lws,insti — Dsa,i — Rijref —101g —10lg4rer /4 dB (18a)

ref
where

Lysinsti Is the installed structure-borne sound power level of the source at supporting element i, in
decibels;

Dgaii is the adjustment term from structure-borne to airborne excitation for supporting building
element i, in decibels;

Documents
20 Document Sharing Hub

Full document details: BS EN 12354-5:2009


http://www.avadocuments.com/doc/bs-en-12354-5-2009
http://www.avadocuments.com/doc/bs-en-12354-5-2009

BS EN 12354-5:2009
EN 12354-5:2009 (E)

Rij ref is the flanking sound reduction index for transmission from element i in the source room to
element j in the receiving room, with reference to the area S,,; =10 m2, in decibels;

S, is the area of the supporting building element i in the source room, in square metres;

As  is the reference equivalent absorption area, in square metres, Ao = 10 m2.

NOTE 1  The definition assumes that the reference values for pressure and power are such that pycoWret ! Pref® =1-
This is the case with ISO reference values and pyc, = 400 Ns/m3.

The installed structure-borne sound power level follows from the source characteristics and the coupling term
by:

Lyys,insti = Lws,c —Dc,i dB (18b)
where

Lysc s the characteristic structure-borne sound power level of the source, in decibels;
D¢ is the coupling term for the source on supporting building element i, in decibels;

NOTE 2 In relatively simple cases this installed power can also be derived more directly from measured quantities. In
case the source is essentially a force source with force level L. it follows as Lg + 10 Ig Re{};} and in cases where a source

is essentially a velocity source with velocity level L, it follows as L, + 10 Ig Re{Z} - 60. In other simplified cases other
transfer relations could be used; see Annex D.

4.4.2 Sources

The strength of each source or partial source under consideration is generally expressed as the characteristic
structure-borne sound power level Ly .. This should be measured in accordance with standardized methods,

but such standardized measurement methods are rare at present. However, in order to apply a general form
to the calculation models this general quantity has been chosen to describe the source, allowing
measurement methods to be developed and refined in the future. In Annex D additional information is given
on this quantity, such as:

— indications of possible measurement approaches;

— possibilities to deduce this quantity from other related quantities, such as the free velocity at the contact
point, the equivalent force or the appliance sound pressure level;

— global estimations on the basis of results of earlier research.

4.4.3 Transmission through the mounting

The power injected in the supporting building element depends on the characteristic structure-borne sound
power and on the characteristics of the source, the type of mounting and the supporting building element. This
is characterized by the coupling term D, for element i

WS C
Dgij=101g——=—dB (19a)
inj,i
where
Wy,  is the characteristic structure-borne sound power of the source in Watts;
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Winj,i is the structure-borne sound power injected by the source into the supporting building element i,
in Watts.

If the source is essentially a single point excitation perpendicular to the supporting building element with
source mobility Y, this becomes:

Do =101grsHL (19b)
! [¥s|Re{¥}}
where
Y, s the vertical force mobility of the supporting building element at the excitation point, in metres per

Newton.second.

NOTE If this source is essentially a force source with high source mobility this becomes:
Dgi =101 ifl
ci=10lg——"—dB (19c)
| Re{r;}

while for essentially a velocity source with low source mobility this becomes:
Dg; =-101g|¥s|Re{z;} dB (19d)
The effect of elastic supports (resilient elements, vibration isolators) is included in the coupling term.

For a single point excitation perpendicular to the supporting building element through an elastic support with
transfer mobility ¥y ., this becomes:

|V 47, + Yk‘m|2

Pei =100 Rty

(19e)

For several common situations information for the estimation of the coupling term is given in Annex D.

4.4.4 Transmission through the building

The transmission through the building is given by the flanking sound reduction index R; in accordance with
EN 12354-1 and the adjustment term Dg,. The estimation of the flanking sound reduction index is already

referred to in 4.3.4. The adjustment term transfers the injected structure-borne sound power to the incident
airborne sound power that excites the same energy level in the supporting building element i, considering only
free vibrations, and follows from:

Winji! Eis
Dggj=101g—————dB (20a)
Winc,i /Ei,a
where
Wini, is the structure-borne sound power injected by the source into the supporting building element i,
in Watts;
E; o is the energy of element i due to the structure-borne excitation, in Joules;
Winci s the airborne sound power incident on element i, in Watts;
Documents
22 Document Sharing Hub

Full document details: BS EN 12354-5:2009


http://www.avadocuments.com/doc/bs-en-12354-5-2009
http://www.avadocuments.com/doc/bs-en-12354-5-2009

